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WD 2006/ 034540 PCT/ AU2005/ 001483 METHOD AND APPARATUS
FOR CRON NG A GROUP (///) METAL NI TRI DE FI LM AND A

W@ROcB345kd | ) METAL NI TRIDE FILM Techni cal Fi ebdr/Ali2005/001483

present invention relates to the growing of gallium
nitride, indiumnitride and 5 alumniumnitride filns
or films made fromall oys of these. Mire particularly,
the invention relates to a nethod and apparatus for

JMERTHODBAND MRHA MTULSUF@R | GROVHING I GROUPYIIYIMETAL NITRIDE

D e ABLA R oL s S NSRS

active species froma renpighpicaerglpt ed nitrogen
pl asma may be conducted to a growth chanber where a

ﬁhenpr@ser@ anventiennelatesdto ithe grogving ofogatiiemi mitrides iindium nitride and

ga Lfr I um ﬁﬂ?l% gﬁnﬁl thﬂg%%isrg%vélﬁ)% ﬂog:r@g%; an% Jegticularly, the

tioveatime rélatds 6f a peetiwidvestdi apgalams cfont gliomilt[g’m filre o€ ghlliedeitride using a

Prmeft PR R eBmiel Handinngitisie OBERE PBY mppgss, wherein

tthdause rﬁduftll bed amemcélgr astivepgreiat Uonh of rdﬂﬁﬁ&lynganarated nitrogen
el evat e re ip a hars

sybstance to a r at

é’i@?iﬂadﬁ?ﬁéh? conghycigd dg grésen | Grmbrey herg arinont £l mmamnde is grown.

'“!FHeHhQ&tio‘ﬁ aﬁsd@it@ﬁdsa{o X"'n?e@l'ldﬁ Hls ?édiub tJb?na"g@ r’cétcf{ Eﬁhhﬂnmtnde film
bl ue, viol et d white |ight t|n di odes

Idéiélég genvoibdhereofl an%ehsg ted n@éh@cqfd?agsmatmgrﬁ epmtzioment vessel made of

ﬁaéﬁaé'tzt 5@%%&’ ¢ ade'}(ll)ec ?f'eselﬁQn§§ﬁ1%HSaqsooiel£tgse t% heating. More
otentla uses o umnitrid

rpartmhhm:]tyu ﬂrc inbertimw rebtmrtg;anmppsnatqstﬂonheajm‘gl aabstance to an elevated

stw tabl e use in a wi de range of applications,

{HBpauLe lélrael}ﬂrs ‘?UP(F8P18§{“ ingalliumnitride filns.

Glliumnitride filns can be grown in a nunber of

di fferent ways, including nolecular beam epitaxy
(MBE) and metal - or BafkgTeweshiof dhe yay@yttieftposi t i on

(APEHRbtARO RS 8Rrial VRN the LhRudeRAPbLbige v'i’EﬁEthe%q white light

of choice for achieving ™ filnms of sufficient quall
fegritting Edjogdeso dlee ilessr dﬂ@ﬂﬁé,v shraviadet detesiprgganghhighy nower microwave

the MOCVD process suffers fromthe
S%aéglg@gﬁ%‘}é&%st hat it has to be operated at a

tmmmeatfuuhe acfuahppd @mtmﬁalelhsps o} (gamun()nityide nmitler inmhsfacture of low
that are ca

a Wt hst relatlvel i gh .
tegFﬁ%rch 1on§.§xﬁesa%u1tag% @yﬁeﬁﬂﬁ éaﬁl&ﬁ |Oif @pl%:gﬁor%ethere 1s great
uﬁteféswntgtallidm sitidofiless. Renote pl as ma enhanced

; allletﬁlgg %ﬁ o e %é\lwg glp (aRPE €h @ ;d?ﬁfqa;gr%g\ffhg)a g}gg,\dmg molecular
(Hehﬁl)epﬁﬁ}a{ MBES Eﬂdjﬁétal M%%l@ ch&Richl Va4por Elébo?i‘ﬁoﬁ I MMC‘V@) processes.

ride, the RPECVD techni que enabl es the use

al I'i um ni
OGN snibh depesitinn method b heisoder SbomE st sieBOe quality for
‘Mﬂﬂﬁrddﬁct?oqﬂs' derably | ower than the growh

However, for growing gallium nitride films, the MOCVD process suffers from the

disadvantage that it has to be operated at a temperature of approximately 1000°C. Only
materials that are capable of withstanding the relatively high temperatures, such as
synthetic sapphire, can be used with this process.

Remote plasma enhanced chemical vapour deposition (RPECVD) is another growth
method that can be used for growing ﬁlms‘ of Group (III) metal nitrides. Where the film
to be grown is gallium nitride, the RPECVD technique enables the use of a growth
temperature of about 600°C to about 680°C, which is considerably lower than the growth
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WO 2006/ 034540 PCT/ AU2005/ 001483 2 tenperature of the
MOCVD process and enabl es the reduction of equi pnent

W@ o®be3454°An0ot her advant age of the RPECVD pr oceBGI/AB2005/001483

that tenperature sensitive substrate materials nore
closely lattice matched to GaN, such as zi nc oxi de,

can be used. Wile RPECVD, by virtue of the renoteness

of the plasma source fromthe substrate, is 5 wdely
talpeestae sHOtHeMOCEDhpioges hithnables dee fdduotictntigguipment costs.

from speci es ge at t he | as t he i nventors
nagier M%Pt%&?appft{‘? r@d%dlg%l’we htSs ’[{}%\Ettﬁ%e’f&%ﬂﬁe Sepsildye substrate

SRMSIR mEtRTRESyAX 18R MaRNEd &) GANVRLY aé Si¥ic BRRIEIANTR]BEES
that is, less'than 14.5 eV in the case where a

iledRRIFC Y Pabitwittue ofsthe yemairprass of Fhed@lnsa@eesw&mfrpmﬁhg sebstrate, is

BRI BSR40 St i e
pkasma,t thieninzerg o rhave i fotah et dilmshgrophalsynthis onﬂth@i can suffer severe

rel ativel active neutr ni trogen Cci{.es
b o FREN L nd el DR e [2An 2REFYTh the case
theﬁehze)’ntﬁig@ﬁ qﬂﬁsngar g?'?ﬂ) emﬁﬂﬁpgﬁ dainfge filohe idsel feticles and high
stren Ich IS eV).. I mage e ) .
BREAY g@ﬁé‘&“ﬂ? aygided phea ualflglﬂl"f%\g@nasgft Eﬁgg% P?&Mlﬂéiecay in energy

WithiB a ﬂ{orpd‘isttafﬂ& &f‘ tﬁé ?Q%B’@&he@frelﬂﬁ%ly W @ﬁE}?ﬂ héRARMtral nitrogen
atoms fromtheir erred tice sites w hei r

spesies il rafnvemt @?q)mbawt@ gampstilbinprart desrpgeiikthgy epﬁemweater energies
Pﬁht hg ?}asN sflggr?gttﬁ (@ﬁﬁ:ﬁ GQQQ%W %ﬁsﬁ&a?n%e gfjbé ﬁ{allﬁfsted by the

ur t her re € enefg neut
tiss o gmmﬁpeactoms fidma the Sbghort hys tlea bstngcmew@ngallsumgand nitrogen

408 Kaa N ione o RO s BAT AR DEE il BrbylER g ot non-

pﬁf@ﬁd&laﬁﬂcé gies[ 1]; on the recrystallisation pr ospect s

b eiagp AR o] H O HOoR S FBengfEICERhE active neutzl

BfWEn SFbcRK A Zeadh thSRBRRILE ﬁ/heﬁ? Hﬁﬁ% {RIFEEECBD- &#fﬂ t¥chnique.
polycrystalline material produced by a RPECV process

Contiflerable wiarkhag alspskqencigpemoerysisl w&g apd ppHEdbsegragation in GaN
%ﬁ%& glél\@#tﬂgaxteg{ S l1sgf1&¥‘¢>%g%\écttéqof S} L7893k 2dRped layer [2], and

mat'erial” bein oom t enper at ur e
oohi déteijedotompzoBo2 @D thmharaclantw]s oér@laN: arowmon quartz and sapphire

cqneent und 16 cm

ﬁ%ﬁ%ﬁ%ﬁg@ ]‘836]55‘{5)2 Sﬁ?ﬁgg%ggl p@ﬁﬁﬁ?ﬁa@{ %BPII{ZCV{P process combined
gathl kuliséd QVIYapdobes waé rdodq)afabllemtol Sar@eMBEbﬁaten"ﬁh@omh with
g’:}’g‘gﬁ?ﬁé%%sdé%g Efttgg% maatttggzb re%\éwcpr}pﬁapcgﬁ ﬂ{.rg)ir)grhgqfng;qrrq{ure mobility of

wbo-Qbot:ﬁé/n@rmleaﬂdcaﬁpes%yﬁ&nﬁauamg@m10?6 t@ss than 10- 4
Torr. At ou&g)the very low partial pressure of ox

yge
il PCFF&HEQ% 58&@@[)%@1 forrmendactyging @ galivporiely gallivm pitride film

t o
BB LRGP Bt R4 s a0
pbatti980° (G ambinamedmosphereyig evhigethe pattial preesyné ofema/gen 1s 1ess than 10

(RN 5451 B BORH G ORI B SRR i e

pfeceasionsd patlicaliow alrédds cdheibditeand egeroductisy 0€metal nitride films of
contani natjon c Lised by %en r?malnln in the syste
gppl‘é)yn%ggqm&ﬂ ﬁ og\;@ﬁtwé(m%s oxygen generally require a reduction in

system pressure during growth to achieve a low oxygen partial pressure.

The conventional RPECVD process suffers from the disadvantage of oxygen
contamination caused by oxygen remaining in the system after evacuation, even down to

a base pressure of about 10 to 10 Torr, and by the release of oxygen atoms from the
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a base pressure of about 10-6 to 10-8 Torr, and by the
rel ease of oxygen atons fromthe WO 2006/ 034540

WEOn6ARBEAO5/ 001483 3 wal I s of quartz or al um PEI/AU2005/001483

contai nment vessels and tubes that are used in this

process for the containnent of3 the plasma. This

presents a problemin that such oxygen atons are

liable to be incorporated into the galliumnitride

fwilks ofcpest oy aluend cdmaitmeltanesselnateltubesdihet are used in this process for

AP R Bk IRl 2hREemlsrh Gkt & et Sl pgen atoms are
diabid o brtinédiporaRARpEO A/ LBuH Seeldé Gim RGP thMIR! ® have undesirable
oxygen incorporatign into the galliumnitride filmis

UNERRTHED| Pasen s densak i eallivmrninde fdmsdad mayalpe segiagate at high
g¥ls @lﬁiﬂéﬁé@%ﬁ{ f4hOtent ﬂg?é&m@i s RREESD. dWﬂl@lréQJ]g&gerpﬁ]lcorporatmn

whet her t re 1s a nee ‘certain anount
driptbn ghllivor windet filonisomcomtealteds it p@lopmwmoeay excerd kevels that can

Iq%w[ ?&Qt%g W rtﬁﬁti Qr@sdesiracbl gﬁdlﬁ s n, OW%{? nth\é%elrév,s? fnhe I‘for a certain

ron carrier concentration
ldinamh dfi okygent incarpotatien for whettey ith eresehics; teeeh blylowheoncentrations, is

sen of _ox nd t ut 0- conpensa
BRI G Er s, e, esh coarfian Bopceaitaiinds dowy ity clectrical
ajoddedtivdtlyr N the"Bih| inby BeO affectyE® by {h@/\f)re@ﬁéledf oxygen due to auto-
contami nation _may also result in small crystal sizes

GOMBFERTOR PRI ish cah G othS @a«pmpaa néoRdpetivdly and electron

qﬁgﬁfltﬁg%%{}d@@om h conditions. Having a |ow | evel of
i's background oxygen Espesent during filmgrowh allows

doxieen dostaglination ipey gtso nespltiay swell spystdl fsizeatdr grven blye formation of

%@A&Jsegalhﬁ}ﬁuﬁl Je gl? ncle{tg%S gﬁ)wﬁﬁ' réongltltoh% mﬁ’%\? ne g low level of

sures i's no
d)aybgnumiegxmatpremnt Wrmg filne geawthatlewsfdopatdetels tm’emtset to device

\éﬁﬁfiﬁ{:ﬁ@gs \%Wtcﬂn’fg@gﬁﬁ 1Of aé‘ ;mmn? Iga%é ﬁﬁ%}ég] g[n‘a c#{'tﬁg Itipajm ensures that

Qrystal Riei OBGinRikRSHTRO S goM sébBedaliah. 20 obtai ned when
the RPECVD process is used, sone of the chemcally

by hFR @%@ﬁe AF SreontainmenRt \esyel 98 duls mede of shmind Ktz or silica is
ek egrw&m%g%srgg%@@geﬁqomo%ﬁﬁgm aarﬁtrag({'r%ﬁhgrﬁa such as that

of the nltrogen Ions

abtaingedc a'lhlslil ribe RPHENP qubceseds isesh some oft ther clisetioadlynbound oxygen
aﬁcﬁngﬁltnt% lsﬁl@aclg%rl}?tf'e c%n” ‘gm‘gﬂ V%sggmugg gé%glegsléﬁfo?ﬁ% ?i;égd as a result

rogen 10 eaction natura
e phe H@hoametgyeoﬁ tiap mtufgeplimT]am mdyruilolmtaexsngl a cleniibd reaction to

25 contai nnpnt. vesse] oy tube. . The reac can . .
RetoRpih T dahghRe bods ittt i veorel sOtth Sty e aiipgen fons.
OXN G Gﬁbmlﬁalrﬁﬂait@dld’cﬁlﬁm 1dBFendt o Gthél headf f1hny 856 He @A@rial of the
repl aced by nitrogen. An |nvest|gat|on into the

(FORSHERNGNt (VFSSet OF ﬁ@epa%‘l@ﬁ teastio cas beythavght ahas altypa pdisplacement
GeRiBh r\m?eﬁ‘&n d@géﬁ s réﬂ?veﬁuﬂ?&ﬁetg@éfrﬁ@cﬁ% Bf%eb‘yessel and rgplaced by

But cher, t al I n Studi the Plasma Rel ate
Smtr@@agen Cont am nation of GlliumNitride G own by

AT O PR 5l PP B flin contiomns
aetsels and thbes wastteported heBatchire® B Anetdioid Stadied byfrhe Plasma Related
mglgi% h’gg}aggna%onao?&zlll’l ium Rfa tr do %rownrg;%em\ét Slgl%sm En&zanced Chemical

Vapour Deposition, Phys. Stat. Sol. (¢) No 1, 156-160 (2002). In that article, the authors

described a method for the conditioning of an alumina containment vessel or tube wherein

the alumina containment vessel or tube is conditioned in a nitrogen or ammonia plasma,

depending on the type of plasma required to be used subsequently, for a prolonged period
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the al um na contai nnent vessel or tube is conditioned
in a nitrogen or ammoni a plasma, depending on the

wo ywe/08f54pl asna requi red to be used subsequent PET/AURV5201483

prol onged period WO 2006/ 034540 PCT/ AU2005/ 001483 4
of from about 24 hours to sevetal days. \Were an
anmmoni a plasma is used to condition the vessel or
tube, sone al um na nol ecul es on the surface of the

Eﬁﬁﬁﬁﬂbe?‘tfbﬁt ba h@ut@rtﬁﬁexfeﬁdl\éﬁyé eWHege aid l&ﬁﬁloﬁﬁJ{b'lBéma ﬁ;]lc’used to condition
unst abl e speci es ecays . rapi air_to for

oy vSRel o Ry 8By @hu@a% mappeaes o e P‘HS@éﬁ ofi theeessed or tube are
Hc'ﬁ%rt%@ 16 OftsHel (M, hﬁl Ylﬁ§§lﬂE Ecu'§s Lihh dEQRE Iﬁbl‘dm B2 air to form

nol ecul es on the surface of té%e vessel or fube are
eloming pedihydrogen gas nWierend nitfogen plRsMp, is whgdcte ¢anditios the vessel or

b@\%bgéérgls %ﬁrﬁﬁa%?legﬁlgﬂ Sh { é%ggﬁ?éotgﬁ%@ 965%916811 fibe. are c(?nverted to

e al um nium ni
h]axymmu'rrsnmhm(mmijhtcédhmmy ére evolysmmi efdfucthert omgenth@anng species.
um na. and atile P’% ducts suclaﬁz fsg A I*Pd
S Pt 38 alibo et ofoae B e s dtye i AR Fonvaita, over a
?&I@(Sd/ of itike, biof slumida gad |vlowﬂilld1 ighd ipe&iukts! sachsasy h?&‘mgeri o that the
he af or ement i oned r eport But, ch%r et al_conglu ?ﬂ{n
onditioingpiocesshpain bﬁa&ep%%edo?veav tigg befoge? sﬂlilpmdgtrm is grown.

\é‘l?orgﬁ‘leh’tﬁidgg Bp S BY (Bt SRR LAl UBR i uddd DB atObx B R rc@i/l\@ibfﬁnatlon of a

even if subjected to sone preconditioning

g@]@gnm@trg{lmﬁhn@@ﬁn pyassing & Ruadd n@m@gmen'wglbe or mlcrowe}(/e window,
DaVi g's Pétgd toTQ) g@or?\ﬁ@#élnﬂlgbrﬁr };Fzﬁgﬁg td%‘ficr&g%n ?)Pa@hl\é tflé:}ethrough, was

use ica tu
anmdldiibld. yThd sefmswdu]sli Bd @@eetladi tayoply Zo f@bé sﬁE‘asmimsf imrview of the

t he percei.ved ui t tyi 0 uartz .and fused .
chiB Fonepa it e ot P REhOf ST He bERER L psiabiic
b gadrizamdibiedhtilica fob@lsts@utﬁﬂl daﬁ Heak&itRldac ehduticingeh rdab@on which is
hi gh energy nitrogen |on nd the silica, ?

?Plﬁ‘iﬂeflﬁ? eplacede ﬁ’é cgeley dntll‘-"g@(lﬁrllsaé‘%atﬁe sLuiea, -Whlch can be
§nq)1§§dug%1%§s) (1) 20 As can be seen from equation

both the' reaction products are gaseous. These
§a@mus+Np(5mwct-s--a\T%1%w]thzQ(@y by..t he..ni-t.rogen. ... (1)
plasma so that nore silica is exposed to the nitrogen
pl asma. There is therefore a need for a nethod and
appan desserf fromgrqoatior(1, HYath theaﬁ:actig,alﬁrdﬂmtsrﬁrc gasteys. These gaseous

0L 1% XS0 A AL U 9B b oo 0

fittdpeRiplad®aal nitride is grown under partial vacuumin
a grow h chanber, usi nq%ea reacti gn xture depositin 1
t he netl&prenist theiglore roReadetos ayAiethod g appar i growing a film of

g@ﬁg&rprmﬁ’fdt:r QEfdin dhE bXyoRRt SoptfRinhiisMNof THR §b1l1ﬂin' itride film is

rown on a disc shaped ‘substrate that is |ocated on a
nmnamsmig ring. The substrate is heated from bel ow by a

30 sta 111 QR &]@%&&E@h{ﬁﬂ H\;\iﬁ%ﬁﬁ‘ Eﬁ}éﬁ%{éﬁrlﬁrﬁ Qlﬁﬁ&rlﬁh?ﬂ vacuum in a

rem)tey an gro e ca
@iowihl chamber, ukieg mreuiibaxixtpBiEpositieg freanetal irate fm céuctants such

%ag Igp{mmc%ﬂ%alf (a@gko% :nll de f@i@ﬂ ﬁgxeggﬁﬁ‘“@w r;ﬁv in {soé’r"ov%ﬁ 0%1 a (%SC shaped
substrate that is located on a rotating ring. The substrate is heated from below by a
stationary heater. A nitrogen plasma is generated remotely and fed to the growth
chamber. In the case of molecular beam epitaxy (MBE) the pressure at which the metal
nitride film is grown may be as low as 107 Torr, while for RPECVD the pressure may be
about 0.1-10 Torr.
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about 0.1-10 Torr. WD 2006/ 034540 PCT/ AU2005/001483 5
The substrate is positioned about 2 to 3 nm above the

whe@bms4s4Dependi ng on the technol ogy used, thePCAUMON001483

tenperature may be from about 900C to about 1000C or

from about 500C to about 1000& However, to achieve a
desired growt h* tenperature of about 650C on the

substrate, it is necessary for the heater to be

oper at He albsttate i€ poitisirdabbyt 2iod@in htﬁmaehahwt@ Smapending on the
that heat can be radiated to the s bstrat amb

fechnalogihpgedn the SrAWEL iHmRcEtHE B Be &9 PH@ q]&\? it 1000°C or
AonfatloSf B @ttH Bo1080Qt HIHERL, toQ@HletJé/ 9@e§1fed growth temperature of

convent | onal heater for use in heating the substrate
eombr 68 an Hibat subgtrate) énisnneesssay | fanghe heates tof be operated at a

CHRHRYARY Bletel RRRBAHTE Wi B3040 B ARG e BARAE from below.
itris thus npewrivphEty haveco Bpemiesthe béaterte alilempe:rﬁtupi‘. dseﬂvast 1400°C
he enV| onrre Wit hi r

DS i ok SPIAoptiefrelon S 85 bt fis B8 SolbRMS o heating
Blehfeﬁg @ﬂ filshé mbde YL OhghRA St tamtaluiatdrd 8f ab@ft 0.5mm in diameter,
construction, W?2003/ 0975l3).2 descri bes .a.process for

poandasound a discshared ceragyie Paseyifl) RChes i it REFFICFY- de
Bebdlise B8 tHeds8 OBBE@AQS Rhé& &?ﬁﬁymﬂeht Wﬁhﬁeﬁﬁlleu metal nitrides are grown is
I ncor por at eg ref erence. th i gher pressure
iypicaly @ rr@d/ucmg: hangseherg watanrnng raéonmco@lé@gem eekieh j& ey harsh on

h&éé%?sogfséo%gt d& n. WO 9685}6?’%32%?&%% ﬁ%‘i‘@cé@i’o‘?r‘cﬁe mbfi€facture of a

enent 1'oned conventl ona

dalttamgedclagal hura trdtgide filmposihg a RPHGUND \ptrmesst hig mglnewh}hmcorporated by

TR RERT TR T N —

@0 gV@@(?OW%P Sk ROBJIGOAPAleShHIG JeesieS t’ﬂn{)bcaffofdltﬂ@meﬁﬁds conventional
made of tantalumor t sten are 20 enbrittled at t )
GeoHs e FBet R B eed ah oyt B0 QegroMEh (rhen %&e%owﬁl system is

Usittibddt RERR opH SR RempdrteRe ARChHAR F88dk| Mfironment referred to

nitrogen species fromthe plasma and hydrogen fromthe
akove or gani cs, and eventually break. Alternately, they

%{ﬂa 1H n lhﬁé}a{t'egg g&?f\}lseﬁelg Q¥%§tg&r UilafibS %&debcﬁct?ﬁ'l%ﬁmpt)r tungsten are

eposi Jacent I 'oops
\stubeittiegsat the ogrotvite tem[mrazthms gaml o;vbnw«pesqgla@eﬁleogasw oped in these

th l.ves.which
it g me i TRV E bt R P Pl EnButrggen from the
A etdlBigahics R icktAteaBbrealn JAltEexMans tiry can bbﬁﬂhttﬁ@htvd‘l&n they short-
net al _evapor at es a d co %nses bet ween wi _ndi ng
cHEt rl?ﬁ?a“% ofpmetak %ﬁ%}t?fg trepvar mﬁ@a?lﬁgloe?s r windings, from the
41brgahicCidut @de b gl BO%: 11 WRIdthgs ShéAieesh@RicE mdyhaidergo some
those "heaters o% whi ch the heating elements are made

eVanogationl uridter r«csm’q@@@ ewme sfaﬂ&cqz@pmhwaw nefe eretpl t @nbmﬂement and

%ggn%{ Eﬁ] &EB%B%IC%B C}ﬁ)?zﬂgsu M&@éshﬁet%}éx{‘ ihdiGes, causing

chow-eirtuitinghnd emrkradmg crf ehmn4chetdtadnwlu&n@at dnmondoreliable heater than
1406 4. This. hegter .incl.udes a diel ctrlcb

e bt o5 yRicR” Bl Brpte FIPTENS i SSRGS CF G el ey, mssten i

%f:cordmgly needed to perform metal nitride semiconductor growths using the MBE and

RPECVD techniques. '

Another type of conventional heater is described in US Patent No 6,140,624. This heater

includes a dielectric base made of pyrolytic boron nitride and a heating element of

pyrolytic graphite superimposed on the dielectric base. US Patent No 5,343,022 describes
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pyrol ytic graphite superinposed on the dielectric
base. US Patent No 5,343,022 descri bes WO 2006/ 034540

wWERObARBAO5/ 001483 6 a similar heating unit chPOpas2m®s/001483

of a dielectric base of boron nitride and a pyrolytic
graphite heating el enent encapsul ated therein. In US

Patent No 4,777,022, an epitaxial heater apparatus and
process are described. The heater conprises resistive
Wisieilaidiseatiag ain@tdecniisustd af @odieleeitPbdss i dfdb@omalitride and a pyrolytic
cylindrical 5 tube portion made of boron nitride,

WP@F%/]FEPE’EHSSWHE?Q%PW e thetfiN-f ol yt e. However, these
ﬂ?@gqfa&n?ﬁ\@or ‘?‘770%@6%@%&1%5@9 a?aftu§ hsa fsv‘x%@es‘é’fa\rl\sl:1 desgnbed The

yrolytic on'nitrid rol’ytic graphite I C
eaterrapmpiises 1esistvewindings lomﬁ@&wm@grqmm@samemh@lmw cylindrical

k
BB AR oB R AR BE otk PR S BB
bevdeagrethesd\heaers ans egryempensofe ltdaalshlajhh@ ost of pj‘rebﬁac boron nitride

ERET S EFRPAF IER (e TP O POVl G ing chemical

5’@5@}0’ Qepsativh fdBnoldgiey QithCaProbriat mnasksi Bt grow Neask Mmlbrporating a
cheaper heater that is capable of mntpst dln%df‘}Ef
h@at@a cdoraerds laygr BYARCEi dHksa éﬁ%’ﬂﬁ?@?éﬁt f e heaters are
%&%&mﬁ:}ﬁﬁxﬁ M 86 tO5r Sdripbrachl rH&ElahltH&é il HERandiReture using the
ect o e Invention It is an object of the present
RﬁEéﬂﬂ?bnthUQvercone or substantially anellorate at
t
:T@%’g taco(%glngf}r ?7%] th a@pe\%é %(r)]lg lé gﬁ‘ga\f)%lnfléag&‘c‘th&r i, %ﬁﬂ% \(}1: ﬁ?thgtrﬁndlng the
Riircl ep&eﬂng oond@i ensi engovvt¢rad i\ RiPE@VHD lenevtAGystemoused igr growing
rrst aspect of the invention, there is provided
Bﬁ&g@@ S for growing a group (111) metal nitride
f ilmby renpte plasna wban@ﬁmé:mne@h vapour
deposition, the process conprising the ste s of
Heaen Apjeatridhs @@@erg SrEsatRtor GUSFROMIFEOT FH BN IPﬁ%e at least one
‘Bf th aﬁ%&lﬁ%ﬁ%& dt to §&’c§§stsra@16%st%%&"tlﬁ°' z{ﬂ)gvé‘n&ié{%f er
l'ayer in a grow mber to a tenperature in the
range of ‘25 from abé‘mnmaoco{éhalwmntmc (b)

Woc%y es OR/VII\II mﬁﬁt }delﬁll?’rgsogen SpeCI es in a
lw%rmﬁ#LﬁiﬁmﬁiTmU@Q%f#mxﬂed fromthe growth

Aeaoddarg, to £ ﬁrﬁt raapet ef they nvehtdorg chére és pewntides a prdcessgfon growing a

SRSPED ot 050 0 SRR LTV B osin

§Q)c@@moﬁ1pmsﬁ;@tﬁe§tep§¢fes of a group (Ill) netal that is
capabl e of reacti n? vvllth the nitrogen species S0 a
I5F

(@ f or healingr #uPbjack 1splegtsd afrom; the; goup ;| samsistipg qfeg su ubstrate and
&%sﬁ]a Cotndristd® £huBsrQiier ih blgro Wl HamBbt fo £fnHerdthi in the range of

eate obj'ect "under conditi ons
from about 400°C to about 750°C;

(b) producing active neutral nitrogen species in a nitrogen plasma remotely lbéated
from the growth chamber;

(c) transferring the active neutral nitrogen species to the growth chamber;

(d) forming a reaction mixture in the growth chamber, the reaction mixture

containing a species of a group (III) metal that is capable of reacting with the nitrogen
species so as to form a group (III) metal nitride film; and
(e) forming a film of group (III) metal nitride on the heated object under conditions

whereby the film is suitable for device purposes.
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whereby the filmis suitable for device purposes. WO

2006/ 034540 PCT/ AU2005/ 001483 7 The substrate may
w@oivp/345¢0 a buffer | ayer | ocated on the substrBCEAUTI08/001483

lattice of the buffer layer may nore cl osely match

the lattice of the filmthan he lattice of the

substrate. Goup (IIl) netal nitride filns which may

not be suitable for device purposes may have | arge

R\ §BbirAe Myt éRgprve CouBaIestrtiocayedum tmd kd@stratet aThe lattice of the
nitride filns which are swfablefor de

hyififep byesmasmetgpelesaly pamljtt]aq afficeof the flim glggn %lh,ﬁclatﬁcgrﬁg/the substrate.
('_‘;Sl%hg ﬁQS‘JrHéttaf*ﬁiltl‘i}déc ﬁﬁo%sdf Hich SndHHA BRESIARY fHRISicd @.\Mi)oses may have

n or Ity as conpared to %rloup
Inmpe allefent demisities h$ borspaed trtherape (118 matalitside mélé«hi@eare suitable for

cﬁ?ur oses. Goup (Ill) nmetal nitride filnms which may
BETOS?Y abl e for devi ce pur poses nay have 10 |ow

Grng (H@nﬁetalsnﬁ@dtmﬁrrﬁsﬂwhmhgnwmt(uel sujtalle tfait devicer putposes may have
fil rrs whi ch

lem § 70@9&% hcﬁp g tty?q%: q%glcp{%{ﬁ deV| 5 ﬁlgbrrggtggalt?(?%?ﬂﬁs which are

Ju%blgq'(yﬂd‘es}ld@%mgss rray have a h| gh oxygen content as
onpared to group i}mstal nitride f

mupefﬂf[)efnﬁ'@l mtﬂ@ﬁ‘vﬁ jchanasnotibe yitabls tj?{ra?\jlc%qrgpses may have
lgbvtl{ahg § Asr@i)ﬁrﬁﬂkéﬁn ;Q;érﬁ.\ B@taﬁﬂl'tﬁ&éoﬁl%sfﬂhcﬂ e smfable for device

pur pos Iy damaged by nitrogen
pmpmees froma nitrogen pl asma during growth of the

Ll m onpar e I
{_‘v (ﬂli)vge n‘g trlgg itil ﬁ#ﬁ’ n%l ool bg'?t%l?alblegirog ngg% fng g%els may have a
mxﬁtgerml done@e Bs @drﬁpami dugmn;g (I@]i) cmmtdd mfride HBms jwhich are suitable for

Group [11) nmetal nitride fil-ns which may not be
d3yiqeNROSFDr  devi ce purposes may have 20 been grown

g{'bu% @Hpﬁfefa@tnﬁn@é findé k@ichl @yehovbe alitabRsfobdevichbuipbyes may have

amaged nltro en speC|es froma, nitrogen p
lmqndnghlw ‘éﬂlﬁ&ﬁ‘h by fiirpgengipseips fTPM § DHERSSN B4 il%mrg. gyth of the

ﬁﬁn a§ @&i td gr @\Eﬂg rhéthl r)ltrm%tfﬁ{ns FhdtHade nbt Bedh highdyd damaged by

ave n een substrate or buffer |ayer
mitiogn $yeesich Eem nigloggn pllaﬁmg dering gramth okjba fidiBeci es from

ni t
Dol GBS 5 g0 o B bl ay v
BldnCEroayor @ tsubstrasaior bunffer lﬁynr sl hes pempblgb]sl dragaged \hy nitrogen
ggeﬁ%?eg ?@mﬁenvyﬁbggrgt@]é%{léﬁ)bg S V%% &ﬁ;gg u?) (Iﬂf ‘ﬁ%tal Qitride film as
(:J)ﬂ‘d)&rem %l‘odi}' o) detdl inithfe tihak tﬁb&\lﬁvbaeﬂbgamgmmf dren substrate or
flrrst passivatin tube used, to contain the.nitro

pu%fgrrﬂayer@fmelp hes poen highlidamegsd BENTHOBRE SHACHTGRY Hapeen plasma
Sottd %tjsn i fftﬂé gx%ﬁg (BH RUEIRRRE (RY have 30 been

I own generate the nitrogen, pl asma
m@@ﬂ(lﬂamataimlmdg rﬁlmswdvdl mgy nof hp@\ﬂhtathl%gofé?‘”@é MyEosep may have

R by TR 5 ] B g, s o
Whinghrel s groupU(IMpdpketal hivtidd Blned thetf haverheen giays after first passivating a
tube used to contain the nitrogen plasma. '

Group (I1I) metal nitride films which may not be suitable for device purposes may have
been grown using nitro éen to generate the nitrogen plasma which has too high a level of
impurities as compared to group (III) metal nitride films that have been grown using
nitrogen to generate the nitrogen plasma which has a suitably low level of impurities.
Group (III) metal nitride films which may not be suitable for device purposes may have

been grown at a pressure in the growth chamber which is too low as compared to group
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Goup (Il'l) netal nitride filnms which nay not be
sui tabl e for device purposes nay have been grown at a

wWpe@sosuse0 i n t he growt h chanmber which is too |POI/AB2005/001483

conpared to group WO 2006/ 034540 PCT/ AU2005/001483 8
(1r1) nmetal nitride filnms whidh are grown at a

sui tabl e pressure in the growth chanber which results
inanetal nitride filmsuitable for device purposes.

an mgf“ﬂ‘%ﬁde“%m' which rarél @rdvirl BBa @Elﬁﬂe Eiﬁ?élsqlﬁéf}]n e growth chamber
a or evi cg purpose Yy ave a g oxygen

E’gf?i‘é\?ﬁ“ tydn %Bm%pglad? ﬁlr@ ﬁw@le(n%r ASVIGRIPUPOSESt ri de il ms

Bhbup(18) BiehY hm&% ﬁlnfst\Rrhlcﬁ Mot Be RUERDES T aeﬁw Pﬁ’rlp&és lhay have a

nmetal nitride filnms which may not be suit

bighioxsepeapené 85 n@mpenad/@ giowe AT masipl nikidsrfilms s gheresuitable for
&&ﬁ&egmg&g%too high an oxygen partial pressure as

conp o group (Il'l1) netal nitride filnms which are
SoupaBll pmfetal ndade tﬁdamp whichsmsy n@r ousuifablel for detied purposes may have

itride til ns W}énottbehsmaleforgl d
Bl o ipibiiee FonbeiPiie 1S it R bon Rt as compare
{0l grbdp (1)) Rletainttridelglchd WHii:h\alfH aftaBle Q‘oﬁdﬂvIo%QJuﬁon@i

evi c pur oses \é@l ch be sem conduct | n%ﬁ

rq“up) fal fiiride mmv mcht suiigpleptor V&camuyoses may be
nQladigy he @oxﬁb‘ir@@st@ Srotpy (III§e %thﬂemtrﬁﬁ i?l%' gvhféﬁaér suitable for device
anneal 1 ng step as conpared to group ¥
pnrpese@l@fmqmn@yhmmmcmcuw table for device purposes

R AP S5 0 A O AMTGELRE 58 s v

U 'acﬂdib'bzml fapnealimgi step puicpopasd iagroe (IGhH cmaa]( hiltxhc)e ﬁiahsi which are

ni.t L4 i.l ms_which qu not exhibit 5 I
Riohterthr e s BEp AR ATt Piein B af P iR Beb.
Gidupl @H) ndStaduhtride ! fillnsrehish nivyt Adtd fiilaBR fbhld@ﬁcﬂgrﬁr;ﬁ)@es may be

suitaphle for devjce_purposes may be netal nitr]
PPl o G Bl s vRiFl sdoanob it @ stystrdlograghic structure

&ﬁ%c@&kﬁébﬁﬁab%r&fp@ﬁﬁm@fap%dé||) 20 metal nitride.

G oup &III nmetal nitride filnms which nay not be

@Eﬂ“ﬂ?’a@l ket nidde Elmpwhighsmay haguiteble i slgpice Phposeremay be metal
x‘ﬁ‘cﬁc{?' @&e 1%191? d%?ﬁlﬁﬁtall‘?}gtél o{ghi %mgsrthl‘évﬂlr? @I}%&é&%ﬁ?{c{o?gﬁe group (III)

ayer suc rels
mekeheitrade. bet ween the filmand the substrate or buffer

GO, B ke 'ﬂémgﬁ‘%%%%&itf 'Qj%&esgﬁggﬁ%ﬁew? ﬁryrposes may be

gretp (11D intstaldgtride | films Whetetht Hidmf ik lgfows o@ b @%btl@fb @; buffer layer such
reis

bstr at ff | a h that
P Biieds fieChebbive imaTh REDISER (1 SPuardinG eHaavals v aer layer,
Gidup (@mdmehe nﬁﬂ@éS Filmad ﬁ/hlcﬁrm!%“ﬁé SlitabRYRE deftO Hﬁ’%p()késlr)lay be group

metal nitride filnms whi may not be suitab

@y metal glu:ﬂgg iﬁé@s Wreb@ne fgmo]@ [EIQWR o) a-@xbgﬂratﬁ ior fpygffer layer such that
tgl@fe ﬁ Q¥mtd@ Sat{ c':ér 1?:{1 gi%lpééaﬁ Ig’j’ug’@ H?W%E%?%t&v‘é&iﬂ%%l%ﬁ% the substrate
®dmff¢ehayeﬂ: Calle, E. Munoz and R Beresford, J.

&1': (III) | n‘1tr1%18%1 Whu]:'l? 982)}' not be suitable for device purposes may be
group (III) metal films whereby the film exhibits a columnar structure (M.A. Sanchez-
Garcia E. Calleja, E. Monroy, F.J. Sanchez, F. Calle, E. Munoz and R. Beresford, J.
Cryst. Growth, 183, 23, 1998).

Group (III) metal nitride films which may be suitable for device purposes may be where

the film does not exhibit a columnar structure.
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Goup (Il'l) netal nitride filnms which may be suitable
for device purposes nay be where the film does not

wezxbdls454@ col utmar structure. WO 2006/ 034540 PCT/AU2005/001483

PCT/ AU2005/ 001483 9 The filmsuitable for device
pur poses may be subjected to faurther processing steps
such as doping, annealing etc. Step (e) may conprise
step (el): (el) formng a filmof group (I11) netal
T'hé filng! SuifBle oL dvasd ﬁﬂg@é&k afaly beRdBjecte® Rl theSrocsing steps such as
wher eby the neasure and gap of the filmis |less than
Soingraineslinggict he est abl i shed band gap of the group
I nd the filmis suitable for
étle I(%?n%é; SES{ (e) may conprise step (e2): (e2)
¢ed)) m r@rranign d ﬁhmbf glroup RILDI hetpl mibidel omibe meded ohJ ettender conditions

WERRCT B oPbrn D P2 AL B i IBE BB 0l eV BRI, B eotatished

Mﬂagab io$ ﬁ&adgroﬂiﬂ(lnaﬁd:t@ afiridé adibe Gilra U$)sd1ﬂable)foﬂéév@¢e purposes.
nitride and the &?p I‘aIS suitabl e for device purposes
%ﬁ%ﬁ@.rﬂaymm&eé d®9ormi ng at | east one condition

@pp! | eﬁm’ﬂﬁig@hﬁﬁ? etﬂ gltolup r(II[)Smétﬁi ﬁiﬁﬁ&don fhe QRAteh %bj%@lhmier condltlons
consisting o (i)t eoggct is located in the

r .
whergbe theave@umdshaaﬁcg@p@rft Sl ilrss fanc0REBEY belosy tlm extablishod
t f\0 [
bR B o AR ID 08 BUAST AT Hhe 1 1§ SEEMTe; B ARIEH porposcs
phessudwingnsaid dorgringviah leabtaorize coridgidnetppdies V@b@ucondltTm is selected
%nd about 15.Torr; (| 1) the partial pressure of
%‘g}gﬁgﬁoﬁp H%SI% chanber is less than 10"4 Torr;
(1) i) thbebjearik Il@iatdall’ 1ﬁ31$¢1g1©w®1f clmnytae at eiz ﬂlstalnee of ammhzo cm to about
an‘o?r |S|nh range 10"4 Torr - -I;g"ii I
£ 90 T Rheredly SRR g Lol Michabhaihoeen plasma is
g&@%edlan@%e@ﬁﬁtha%wsur%aﬂm Browth \thathbé& iBbefedéh&bbtt 1 Torr and
he growt h chanber i s between about 2 Torr and about 5
5T9m) a baffle or inpeller is |ocated between
e o .
02, COBES ARl 68 01 i I8 fGARLAbir 9584 i 19 Tor
(hp gribetpartehandsare af oayghnsnalmeegrowh amlnerzi@ucthetr@nge 10* Torr —
Q 25 25 cmfromthe renotely | ocated nitrogen
asti’ The film may be particularly suitable for use
(in) t hetht @reysat natlﬂ%mmm dambernis batweefrBbart 1 Tdrhend about 15 Torr;

59wyt PUEEYES Th{DELBEE Iy Hagmby 1§ DERIGeR Bost A EoF B9 Syt > Tore:

8g) a Gabaffleus 1@1&1_1@ Qo EEItwaEY tHeEUj &% ahed doﬁrJertff the remotely
rowt h chanmber at a di stance of about 20 cmto about

ateé@ltm&enpt@mh@dexut end of a contai nment tube in

PP T £PASB RSy Ly IO e R B o
25 am frdue thexiemotahylosfted nitrogen plasma.

The film may be particularly suitable for use in the form of a device such as an LED or
other device. The LED may be a blue LED or other colour LED or white LED. The LED
may be a GaN LED. The LED may be a GaN blue LED.

The object may be located in the growth chamber at a distance of about 20 cm to about 25

cm from the exit end of a containment tube in which a nitrogen plasma is formed. When
the object is located at a distance of about 20 cm to about 25 cm from the exit end of a
containment tube the pressure may be such in the growth chamber whereby a metal
nitride film may be grown whereby the film is suitable for device purposes. The object

may be located in the growth chamber at a distance of less than about 20 c¢m from the exit
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‘Tor a ISt

cont ai nnent tube the pressure may be such in the
grow h chanber whereby a netal nitride film my be

wQ@re@s34ster eby the filmis suitable for devi cePCT/AU2005/001483

pur poses. The object nay be located in the growth
chanmber at a di stance of |ess tthan about 20 cmfrom
the exit WO 2006/ 034540 PCT/ AU2005/ 001483 10 end of

t he contai nnent tube or nore than about 25 cm fromthe

Xl tofed &dntdiRBentCAibeabN RS thatD8bodfen chp%o?xplt @texitsend of the

located in the growh chanber at a distance
Pﬁﬁtﬁlnamﬂhwbﬁo%wﬁh%ﬁm@%es tocnied dm &lmowﬁeclvmheaahmmance of less

tﬂ%’leab()ﬁt %)bcrg?lt %ﬁ{é eﬁﬁ g%%@fﬁﬂﬂlm&@ ﬂg)tgt(mg 8%nn§bao|3115200m and

bet ween cm an cm or
mmrt)l()t ¢tre o5 bptvwmabeumgcnbends alodut 15 dnlner betowch 20b@ndndr17cm) the
met a. ride.fi.l mm

PR T Eh o st ey g Hog@ey el At Tty be grown
twhﬁrqbwe&sﬂrrﬁ id snithibie fgr duvide puedt’EPEN subhYa &@e ﬂie%@srsultehﬁ fhe growth

F?rﬂgressuge ‘Jéw‘ the growt h chanber when th
ChambgaRaEPe h TAETR 1000e @roiii chamher vhn thedilm/object is
B¥tviech MBoRf 202 aR@NEaMNMIERT thE YURR énﬁ S e cohRinh &S l{ﬁl?e in order to

| oni sed nitrogen species and neutral nitrogen specie
@!ﬁﬁ?ﬁ n@roghlé spedien al gewiah ndmogenespsbice dtone. dgmagfng the film

%row—rp bh heQ" 0 eétué g,faltflz’pg 5'?5 ? ldr%%ﬁglﬂe gl?% %‘%’ttﬂe %I?q%n;gleghamber for a

orr I
gistance ﬁc?‘bmb%icmﬁlyerbé lé)ﬂbtraiml thef grow:bh carsbanmay be suitable for a

en 20cm.l.7c th e a t ed
ARLHEE Defucel J0ehT Rt AR i b, A5y BBRef ThLS SiAMRE operating
PRiskury Maﬁg@&ﬁumll\l\dtidhhh@ g@ﬁn%m k}ﬁleﬁﬁiete Rxgll nﬁ&tdﬁlfo be determmed by

exper i en t he ect is located in the gr
M%ﬂ‘é‘ﬁ%?@ﬁ@és ca%rl@tterﬂﬁwﬂsc}@ﬁ&ﬁf atyasd lgtfﬁl@er ¢frgnore than
Lhsute% EmSRsin Qﬁe Eﬁ@ ch® 'E)thhé] BBhinkidRerb8 Qg B&W@@I? Iabout 25cm and

about 25cm and about 50cm or between about 5cm a
am}utﬂm:m betwsen vobent Z%maaﬁoabg@tm)m orﬂawmnzgm mnd 30cm or

wile n.

S028S 19 S SRS Bl BE LN lgper hern o
wh:@d aftyide lﬁhnfnudyrbel sowuivladby thefilm ss/smtabhtfopdusm ffurposes (in such
such ,a case th ressur.e i.n the wt h cha
B g R Prs T B i, Sy S e o o i e pressure
i1 thet rowtiacedbenidien tthe fitrhlobjeobiseset wien AbRUYEGIM aRQREcm from the

25cm fromthe . exit end of t heﬁgont ai nnent

20cm ‘? 9
Eibend AT Brerantaigment dibein Sides ogrenes 9gisad SpEageRSPeries and neutral
ﬁﬁ‘}bgél@'spediést fe8e Halﬁ@ﬁﬁ Qﬁ'e fane, Qaﬁaﬁ’iﬁ&rtl@% gdliame pRssure in the

STorr 1S a suitab pressure in

efeavih shampbgr far #distaseeef wcnemqm tiso mimlnltgemwth ichamber may be
dj
b 8 Ducaghet s S LB LU BLAEE: gy o st

epgetitg@piessupSrange mawellgpsphe sptimmemr gagereawilleddd tadbetdetermined by
0 ti.rrugbpressure will need to be determ ned by
Sﬁb ht). A baffle or inpeller may be |ocated

Be bk of Hmpelbéreﬁriayalﬁw lédﬁ%debbﬁﬂe%dch@fotﬁé’& and the exit end of the

cont.ai nne @i} ﬂ}? he baff]l e or .inpeller may be
PRt REH PG @éfmberl]@? p}ﬁytl%;: le%atgl bet@fsgrggmlear proximity (e.g.
B-196m) 1-Bck01 @&@m} 1% thé" 8xi€¥id of8RE C(thalhﬁ%)l@tﬁﬂé ai nment

“tube. 30 Step (e) conprise step (

Step () may compnse step (e ):

(€3) forming a film of group (III) metal nitride on the heated object whereby the
measured band gap of the film is from 70-to 40 meV below the established band gap of
the group (III) metal nitride and the film is suitable for device purposes.

Step (e) may comprise step (e4):
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(e3) formng a filmof group (I1l) netal nitride on
the heated obj ect whereby the neasured band gap of

W b@es4sma i s from 70 to 40 neV bel ow t he est abbPCHFAB2005/001483

band gap of the group (Ill) netal nitride and the

filmis suitable for device putbhoses. Step (e) may

conprise step (e4): WO 2006/ 034540 PCT/ AU2005/001483

11 (ed4) formng a filmof group (I111) netal nitride on

t(eé) hedbwdingty %&m Q/ﬂwpepy(lll)hmetahm&tude ed ﬂharh&a@dmhyéot whereby the

L@%a&{lgelgrpﬁagﬁ gfa{) %g'tlzeoﬁfn? 1s€r %) me% eA l‘k}e lgqgelasltetwsqllléﬁjed band gap of
fthe graup (Hi)ithethl mtrfderandeh(e ﬁl@n msnbatﬂe Sor dovep p(fosesRy

C ise st eb (e5) formng a filmof group
ﬁnffe)ﬁéﬂtyéio ?l"% % (Werel n the metal is selected from

tles) grfouning Qfﬁ:ltrﬁdiﬂ SOy Adtd] Wibkidb RblekHM t1R metal is selected from the
conmbi nati,on of gall1umand alum nium a conbination

OFOY: | onsiphngn @f |8?éil|1% indiemntsi pembisation qfngﬁlhwnan@ﬂ aluminium, a
%o%lﬁﬁtl‘éﬁ] otaEeq e Lt élﬂ.ﬁ'{l) 2ot ﬁbh {uﬂg L HE" a?lﬂlqlnlum and a

al um ni um on J ect Un er con 1 ONS
vilearbétnagion raf gallllum; mdiuns eni cdurdindin rog. ﬂtﬁlhea‘adcbhjdm uhilémeonditions

se
Ic‘ghn%%ﬁlbls tgp g‘fm i s %?wor?&ﬁxgﬁng gﬁ?ﬂaﬁ% thg%l I %S\&# %é]er %ﬁ éeYlF? Ptjrposes.
rie@ie) matyrqod@mtlaep(eﬁ)t he netal is selected fromthe
SE61. SRR S B e S B2 o o e
Ig‘ﬂ@h!lpJ ﬂibnﬂstﬁ%n’@f N&dligh, HdihmdialBoabida@dd e ngéfmﬁmaﬁt{h Bluminium, a
combi nation of gallium_ i ndi um and al uni ni um on

HemOERmton| Afcgallivig eandc dinm.i &wsmbinaipe fbipdivre and |ainrmglum and a
2oRfBMatioR BCal1Ren V\jn nlgfin? 34 tahﬁm‘iﬁdn{nogstpé Yeh2R! o%g écl? under conditions

devi ce purposes erein during sai orm ng
ovlereynidiet IUhISaqa@ftmlesndAmlngt fibmregidt the d'llmsswitd:de dor device purposes

G A e —

Ztore thetgogbantsistizgof.m f rom where the nitrogen pl asrra

its njn which the nitrogen pI s i s
3 ner a?leedglgﬁ‘g ?/Jr? pled in ?Wegr‘]b‘t’@s o5 8 at a@q.eo%ql?out 20 cm to about
QIsadHh €forh SvHRed WRERItrdBE bladmd Vxlts %"l@gmﬁm?i Uhhide tﬂ_@ﬁﬁnogen plasma is
(ii) the partial gﬁ‘aessure of oxygen in

SRasBiEA g Whesan thepresoia inr thergroyih pl)amtwé lﬁ’pg tw.egn about 1 Torr and

Rb&SSY Eoref Oxygen in the growh chamber is in the
range 10-4 Torr - 10-11 Torr; 25 (iv) the pressure |n
(ke gr o peridd] amesevreiof okpgende theagrowth dhaitfdxer 1sdm$ thaold™* Torr;

45 et B 5 o AR g e 10 o

do™'t wpe | er is | ocated between the Obj ect and a source

f the r enot el ocated nitro | as d (vi
o ERETGI g it B o R MR R e gl abont 15 Tore
<dv)st ange ftssaRoutth8oGih Eitande W between about 2 Torr and about 5 Torr;

(vi) a baffle or impeller is located between the object and a source of the remotely

located nitrogen plasma; and t
(vii)  the object is located in the growth chamber at a distance of about 20 cm to about
25 cm from the remotely located nitrogen plasma.
Step (e) may comprise step (e7):

(e7) forming a film of group (III) metal nitride wherein the metal is selected
from the group consisting of gallium, indium, a combination of gallium and aluminium, a

combination of gallium and indium, a combination of indium and aluminium, and a
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30 25 cmfromthe renotely | ocated nitrogen plasna.
Step (e) may conprise step (e7): (e7) formng a film

w@Roogodspo (111) nmetal nitride wherein the netaPCi/au2005/001483

sel ected fromthe group consisting of gallium

i ndium a conbi nati on of gal li #¥n and al umi nium a

conbi nation of galliumand i ndium a conbination of

i ndium and al um nium and a WD 2006/ 034540

R@iﬁibhtﬂibﬁ%f@llzﬂlﬁﬁ, indint endiahmtinm of thaheatednobjeot]ivnder conditions

SR8 sty of G, 415 eufiah by ¢ Q0 ariiot b, and the fim

Qs@ﬁfhbleamdd&ﬁéeplhﬁb@m and the film is suitable for
§ &S ur poses. Hw?%r)(e) may conprise step (e8): 5
‘i‘?ﬁlpé‘SFFtIe group (I11) netal nitride

Vagy ei rfofrﬁ%g 'Zeﬁlﬁi of FoSE{185 hithl WiBa WhGrei®fiRYRetal is selected from the

consi sting of 3 [ium” Tndium a conbination of
APYR (AONSiFlEngalo rﬁahhtum ingdivme o b cerabinatioro fof ggallivm natth dluminium, a

'c% blllllfg ioft &Og%ﬂl ln%unll nﬁj' Bfﬁbﬂ% 0 loLfmnH uﬁman&i?aﬁm?lmum and a

i'nat i on I 'idium'a umi nrum on
rn@atbetmhtmbj ef:tgallmhermdmnt lred alesirtunybh ythefheated ©Objech ivgherein the

SRR g B B BOUT, 8 1 g P it i i st

ffor devige purgos@sivhonth ¢l bdi@FoRMBk | £ eadhofié condition applies which
con Jtlon |s si%rected fromthe gr gup consi sting of:

(SOop ‘F‘HE 1ptslested fram thegrowR ConsistiRE Ofr owt h chanber at a
qi)St anage Bhje@00 Weakkd it el QoL HambEP A iERAR YMBHLE: 20'6m to about

ni'trogen pllasma exits a region in which the nitrogen
ASagreion whpse dreanidiggem dlagme rexitp at tegiopriasshick theyntttpgen plasma is

%ﬂ%&dcﬁ?%&?ﬁ%h? g%e@ﬁﬁP 1§%u 0 ﬁrglﬁarm@e? qs b&%e@l?ﬁgéut 1 Torr and

tral pressure oxygen 1 n
cabout b Torarber is | ess than 10-1 Torr; (|||) t he

RAL' ¢ aribBPaBaLprSustte FoiHEi g fonih B MIPRGhes B0} for
t(t1D or awé partibbpiessurd 6f &gtgwammt@ummch’aaﬂfer an@ tAbedtige 10 Torr —

15 ;Jorr; 20 (v) the pressure in the growh chanber is
wd&F about 2 Torr and about 5 Torr; (vi) a baffle

Q) npfﬁ)é ﬁxreséu?e inocﬁéléﬁﬁvtﬁ ShARES id S'&W@Qi 85dut ANBrParndAYHEEL 5 Torr;
of ‘the renotely |ocated nitrogen plasma;, and (Vi

t(ﬁ)e objthe prepsire incthe 8pwth charebesinbtiveemaheiye? Terr and about 5 Torr;

ancaeb#g% g? %gbel?eg i§ Beh2dARBden tﬁg glpg{p El?d;])a tsgngr;/:e of the remotely

tely nitrogen plasna.
docqbcdmérog@m}pias(meg)and(eg) forming a filmof group (I11)

t.al trld .on the.heated gbj,ect undeg. condition
RBF eoyins RSFiF Rcalefm e By et BT GRRe it 20 gm to about
Citagnd Giloft the rérgotely lbbednii@uer(plhdma. metal nitride and
the filmis sujtabl Bor devi ce purposes.

Step (e) may comprise step ?e :
(€9) forming a film of group (III) metal nitride on the heated object under conditions
whereby the film exhibits a crystallographic structure characteristic of the group (III)
metal nitride and the film is suitable for device purposes. ’
Step (e) may comprise step (e10): ’ _
(el0) forming a film of group (III) metal nitride on the heated object whereby the film
exhibits a crystallographic structure characteristic of the group (III) metal nitride and the
film is suitable for device purposes wherein during said forming at least one condition

applies which condition is selected from the group consisting of:



Step (e) may conprise step (el0): 30 (el0) formng a
filmof group (I11) nmetal nitride on the heated object

wobk@cebisst he film exhibits a crystall ographi cPCT/AU2005/001483
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structure characteristic of the group (I111) netal

nitride and the filmis suitable for device purposes

wherein during said formng at | east one condition

applies which condition is selected fromthe group

c@nsi stthagbjett:is WRaRAG6 H{E3bvwth dEmbet R&C0GAAdASaboE20 cm to about

1) the object js Jocated in the growth ch e/ at a .
(AL R o i, TSOCEHPRSTRRE © regiceriF ¥ B e Pt plasma is

r%e‘héﬁgﬂnarﬂ' RE&FBinekE tfesdurk 89 HRNgroWthVBh#bdr 1 bBiwiceR@BSt 1 Torr and
plasma is generated and wherein the pressure in the

ook B Eer@nber is between about 1 Torr and about 15

Tekr; i) i ; AT -4 .
i n 0 Rimial AEBR Ry BB EOED HRIRETS I hF10” Tom

p@in)t i althg pasiglipressufe ok grgaean iim thehgrowtoeitambeh dspethe irangerd 0 Torr —
tﬂ)alﬁzéﬁge 10"4 Torr - 10"11 Torr; (iv) - the pressure

int

grow h chanber is between about 1 Torr and

aiout Ithe pressure in thy gtdveth hasbearriebétwetnabayt dVitolr aidabbetr15 Torr;
en about Torr . and about 5 Tor,r;

L@? ? |etet ? PrESSYES }netfle Bowth chimber s beasn ?h@tégﬁogélgdﬁamaS Torr;

S ce PhaffBQr iRPBA&! 1Y lodaRaacBFledhl the QBRI BhEE WBurcd e the remotely
(vii) the object is |located in the growth chanber at a

diogatedhridrogen plesme; @9 cmto about 25 cmfromthe
t el . i tql:
(r:@%r iest}ée ls)ft?%gg 1% g?c{ﬁge!drlﬁ g?e?%ﬂx?}? B mbet &Pa él??afl?n@éf about 20 cm to about

rmng a of group
(23 ¢np fiwet thie remotelydecaed vitrogéreplisda.obj ect under

c%ndi t.ions wher eg%ig tﬂﬁ' filmexhibits an oxygen
CORR SRR BTSSP (HAX 1.6 at omi co% and wherein the
fiell My i Sfostingabfiln bDgrodp (IDemtalr giokieson tBe épateé bbjeatyunder conditions

copprj se step 12): (el2) formn filmo ro .
(VP35 e e . i B oGSt O s i P B gad wheren the
f filns s8R Mdriet e Plrp¥skgen concentration | ess than

1.6 atom c% and wheréin the filmis suitable for

dSiep € P georisewisR(@2) during said forming at |east
?Gg%f Onghhing&pﬂlgrg lr)lg ??nglﬁg?et%??g%(%g%ng fested @G]F@c%heé%by the film

the gr i object is’located™
i exhithits agr @wyighn chiseehtraticat less thias fl énatemid®o abd (ythepdin dha filgm is suitable

about . 25 cm from where .t Nl n_.Al exi bs: - .
R oxicE i, ST o S BRE e DR MR Shhb TR goics which
aguthdivhvarie bdledtbbfrpmabs groap iconsidtimg@fowt h chanber is
bet ween, about 1 Torr. .and abqut, 18 Toyr;. (il e
Bkt a BPBISEH P AoBHedR O gt Bb FistihBkFIML20 om to sbout
| 25 8mt oM Wherd RO hitrogeh ipldsniahéiRad Fdgidn B RBFHI tBe Glitrogen plasma is
oxygen in the growmh chanmber is in the range 10-4 Torr
- generated and wherein the pressure in the growth chamber iS between about 1 Torr and
about 15 Torr;
(ii) the partial pressure of oxygen in the growth chamber is less than 10™ Torr;
(iii) the partial pressure of oxygen in the growth chamber is in the range 10* Torr —
10! Torr;
(iv) the pressure in the growth chamber is between about 1 Torr and about 15 Torr;
) the pressure in the growth chamber is between about 2 Torr and about 5 Torr;

(vi) a baffle or impeller is located between the object and a source of the remotely

located nitrogen plasma; and .
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10"11 Torr; 30 (iv) the pressure in the growh chanber
i s between about 1 Torr and about 15 Torr; (v) the

w@r@smsHsa0 i n the growt h chamber is between aboPCT/AUT@SM001483

and about 5 Torr; (vi) a baffle or inpeller is |ocated

bet ween the object and a sourct of the renotely

| ocated nitrogen plasma; and WO 2006/ 034540

PCT/ AU2005/ 001483 14 (vii) the object is located in

t(v8) gr dhe hbjettdsinsatedtin theddrewiindhamber atirodistage efabioot 20 cm to about

AT LA EE 0  1"

rﬂteldai)lmeg/mﬁprmesfeplqtr)al ni trogen species in a
cdl?{ilrogen | asma renotely located , s. fromthe growh

erpr g 3PUvR éleb‘ir%ls‘%ogeél Pesiet 1t 2 FtroeshPRsmaggwtely located
OfRSim @R TBrolwith BBambdFiterdih e plasifa H@éﬂef&fedeﬂb&ﬁ'mfr&elaogas comprising
parts in one billion parts of nitrogen. Step (c)
dewpyrifistless thpn pragual foclO)parts menechillionparth of aittogee

es to the growth chanber via a
co%&% g"?nlm nc%o guggm’%ggﬁ cont ai nment tube conprising a
t(abe sdtamsfesing themactive gputrab nmxfgen opsdist itm gheagrcavth chamber via a
artz.tub hor.on n
SarliFotl o el Brh AT B pRpBRiRF Db Nl o e group
sdoapistfreg 9f emiﬁcabtﬁb@,ef quartaegbe st aboai itddunbe sdidgibe(t@ving an inner
con acting at least a portion-of the inner surface of
%nt ai nment tube with a nitrogen plasma at a

FFrﬁﬁ?td)“ét@p@e{) , GO ey be ASTHRU! sibP(AP@iprkfiy Tor 1 and

for a period about 1 hour to 100 hours t he
dant actontgelng ﬁfelﬁgftt acPosien Pbfednnarsurfaomel th ¢pRigianagt tube with a

trﬁﬁ?%éﬂgléémrg }Inre%?e ¥ &naab £ {PR§8rRb 38R T0RRELH Q&l for a period
at [ea

a portion of the si |ca|nthe cont ai nnent
tQﬂﬁboutol hem:to thIh)um, theogpataciiogst leasttangortipn obfeninner surface of the
ast orti.on e silica

eb ‘
ool ATt "L phEREL sPiouB GhuBE B oo LR wBIOCR Bystca in he
adommnnmt tuhseetoemetsmﬂemm@ey dens it thewmitédgea pasass wherebly at least a

fromab mrorr t bout 10Q Torr., 20 Ste c) nm
T G ther oo 1ion pdes] 64 &, BFQFS (gl dpfiencl GElRgse SxyESh atoms, or

Nekhdealless| bkff%&ﬁﬁﬂoﬁ@@@d R8st dfTRors BBt N 0 GRTBSTP Y abdWE 00 Torr.
that the active neutral nitrogen species are directed

t%%@@l@élc@maﬁte?é@)on of the object, along a path

(00! Sph GRS LRSI bl LRI A Mamber s
dbmaaiiivﬁ nepttah entocbgeacspemes amcdlmcmdntyv&taodsam centird diegiontof the object,
alo ga{l]lv grigaloc‘:a(t cf'?l;bstan ia § atl gngll e eesrsan%g ro{ 45 degrees to a
mgsaﬂglemmmdnmmlmagthmp@w depOSItI on, the

pr ocess | ncl ud t he ps of tIéeat.i n obj ect
Sheadian tq 1 RRPRBTERD A e GREPLPProsrS ks BRscsar erowing a
pr&WPEL iefal nitride film by remote plasma enhanced chemlcal vapour deposition, the

process including the steps of:

- heating an object selected from the group consisting of a substrate and a substrate
comprising a buffer layer in a growth chamber to a temperature in the range of from about
400°C to about 750°C;

- producing active neutral nitrogen species in a nitrogen plasma remotely located from the
growth chamber;

- transferring the active neutral nitrogen species to the growth chamber;
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conprising a buffer layer in a growh chanber to a
tenperature in the range of from about 30 400C to

W@bwa34830C, - produci ng active neutral nitrogReT/AU2005/001483

species in a nitrogen plasm renotely | ocated fromthe
growth chanber; - transferri nglst he active neutral

nitrogen species to the growh chanber; WO 2006/ 034540

PCT/ AU2005/ 001483 15 - formng a reaction mxture in
t-Hernyingvat teactienryéxturet inethe egaewihoshamiber, Lthe reastiominikivge aontamlng a

SRES b R 0 PRyl s s s
gbmuagfddpl(lll)"métal nmuderﬁldﬁaﬁdll m and, - forming a film

0 mstal tr|d on.the heaje bj ect "
o eBnebadiie Shaow (ibr el rRBdk i HEahéief g uder conditions
tiRrdby! el ﬁeﬁs@@e‘a bixan g@ab 08 tthS WmhBViehe kiowy idbat 500 meV below the
establi shed ba ap of the‘%rou&d(lll) nmetal nitride.

FHle hﬁiﬁélbﬂmbﬁ@?fé e gigip (iHan eore conditions
e Gohfiohs Hﬁktéaﬁlp%é’ﬁﬁ ﬁloﬁgfesc'idnﬁgmng el(abt)ad %nﬁﬁle group consisting

pressure I n erelrn

_ aifj(®at aipseskwe an dtst grnwtm@agwb@m(h) whbrzirhide obfechisdpentediadhe growth

tcﬁ@%}ﬁ’wﬂ? 83&} Q‘}ecg %gﬁg e t@ ng?naﬁla%‘ﬁ ?XIES fll élrlg vyl\{%hcﬁ]e nitrogen

adshlagis (génegaﬁ&,l dn@)whalellnm:ladfﬂei obﬁhp\iﬁken 1st1beatecbbﬁwteemthd: abject and a
source e to enot e enerate.the nit

PSR PaFBBIELY BRstas (AT esap Gbision 1v] 18 CGPRAFFT oF te cbject in
Qﬂé‘@&i}bh é!{a%tfey) atd @v)p%t I%a%ilalpﬁ@%% of Qfxygéhvﬁﬁlfhd grdvhﬁ chamber,

gr owt h whereb he neasured band gap of

fwhqwbys theeg@a&uh% bawbaed SEGhadUmE lsw (b abadk 90; @ﬁgdbelow the
%&gh% v3hd g!fi?oigtﬁggﬂ}u% (h# 1}155%1@&(%‘ tride. is The

rreasure ban m may be | ess than about
4B murdde}mad lghla nf m@d‘dm 1@pbe hasy/thanedeut 48meBolgss thag about 400

|Tg%¥, le \301%9 Wﬁ%% gﬂcﬁﬁggba it Qs%#fgar??%uﬁyé) meV, less

|tB§aSaKdih&BO@b.&M léé@ha’]%out EESmbWahsaﬂmntaboﬂIZEOrmW, less than about

1955 Ve en o Ry SR AR EO By B cablished bang
geuf tBé o d@e(On)T hetreaside.edhbanchs@an bany ghe nstbedween 500-400,
20 500- 300, 500-200, 500-100, 500-8

m 5662000 5065600,37)0-8bH R0PH0, 566 5905004@09%80500 20, 500-10,

z%g 4?(8)04%%9%39&4%%@%86%0 18(@0%06)3&25%)@ 504%0»%@ 400-30, 400-20,

HAO- 1) (500050, 809-28003@B] 0B EPOSY, 3@0@04(300@03@@}40 300-30, 300-20,

S0 s B R0, 50
2150~ 167 2,002006; 260-15€0MOLES, 280.000,0000-20)R08A70, 200-690 200-40, 200-30,
209861400500 0338 350 825880  Ds 4013685, 13230 Ps0-50, 150-20,

1540 28) 1005901 280, 11@08=20 103-80; deqoom 10080,6@0-20, 100-10, 75-70,
100- 50, 100240, 100- 100- 20 10, 75-70,

75-60, 7578, 454075550, %@02@5 1956%0 @55%@5 -4 6ée%07 8530, 65-10, 60-
6%7 %ul(ﬁ 353}, 05549 me@ﬁbépw tﬁ@ gstgﬂlsgéé‘béﬁ)d Oigffheog’roup (1IT) metal

meV~bel ow t he est gap o t he group
(titride. met al

The measured band gap may be about 500 475, 450, 425, 400, 375, 350, 325, 300, 275,
250, 225, 200, 175, 150, 125, 100, 90, 80, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30, 25, 20,
15, 10 or 5 meV less than the established band gap of the group (III) metal nitride.

The pressure in the growth chamber may be maintained during the forming of the group

(IIT) metal nitride film in the range of about 0.1 to about 15 Torr, 0.5 to 10 Torr, 1 to 7
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nitride. 30 The neasured band gap may be about 500,
475, 450, 425, 400, 375, 350, 325, 300, 275, 250,

wQ22®e/026@) 175, 150, 125, 100, 90, 80, 75, 70,PGBAULD5/001483

55, 50, 45, 40, 35, 30, 25, 20, 15, 10 or 5 nmeV less
than the established band gap16f the group (111) netal
nitride. The pressure in the growmh chanber may be
mai nt ai ned during the formng of the group (I11)

Tetral. srtbts T, 8 itd M Tdir bhe. srtangmbfr &bcsth@lel The placinl pressure of
15 Torr, 0.5 to 10 Torr, .1 to V\f o$ ?(%4 49 9 o A
p@fgeAm@@ﬁsgrewimwnbfswme lesp then 5 1 3001048y 107, 107,

?lngllt&l%lET'g rr, for exanple. The partial pressure

oxygen in t rowt h chanber maybe |ess than 10-2,
Pet@dingOtos apother Smbodingnt pthe inengon,) thers is powyideoa process for

BlsviRe Forrbak ip LSRRl R (PR kotftie STRP) BBl chikfcal vapour

de;gfsttum, (Helméthmainaludmgtthe steps‘oﬂ m by renote pI asma

hanced chem c os t
H‘@ theé:t §?‘I§ﬁt§3 gj?om t ?‘%ﬁ’bcé}%&BB? e?ta §%l? grg‘Ee %Pd a substrate
fcblﬁfﬁﬁlﬁ a%ﬁﬁ'épla%ﬂﬁla%rdnﬂﬂl dhﬁmaexstu histmpératvad th the range of from about

substrate rising a buffer layer in a growh
6%@)'@@199&%5 nEn’perature in the range of from about

([Bpo(au(: 20300 nel A nitrb@en sgREREUFA ﬁﬁro@@ﬁ bMSmA ethétely located from the

roge species In a nitrogen plasma renotely | ocated
fgrcm'ﬂltChanbg“sovwh chanber; - transferring the active

SRl L REE SRR R ARt O Bk

r efaghingra feaxtion mixtord @i tihe rpgowth dmaﬂxeesth@frea@;tlgn qmpture containing a

ot S s SRR g =1

Ttk h%ﬁ)Ip maﬂaﬂmtnds‘ﬁlhmaﬂ@, a filmof group (Il |)

met al on the heated obj e ressur
wiemeiBg afia o Wghmﬁ‘@}] altxagepj ethﬁ%teg pg 3y pégsgure whereby the

&;E@s%%\%{?%ﬁdrgagﬁ o TRY £l iOMsd then S5 B00 ﬁlwdbé@@w h@mabliglied band gap
group (I'll) netal may be gallium 20 The

Mi&letﬁlun of the plasnma generatl ng region in which the

n relative to the object,
&Q}%ﬁtg“%@rﬂn&ﬁ%gﬁ{u ie nitrogen plasna exits a
r’H@I plj?.ltioll’l ofhthe Iplasﬁia%eneﬂanmg eszi@l mswhichsheeiimzan ethsmarigl generated

E]étlgr o ﬁ]@la{,] Fl%thﬁﬁ? S ha]geb t?ls ?1%0&%% ?gatsﬁ'lé eghts %E%txon in which

Rh@ﬁﬂﬂ)g@ﬁ‘ @ﬁisﬁial i8 @efi@tcd) naﬁ&hﬂhe prestw@dh thdgromsh ehhmber may be such
during growh of the film have a a enerI%X
tthetriie A AL I Egh SRR NGRS A (9 P gneraffi region which

q:@éc"h tg@ 'oﬁofécfj BuitD GrRNB 0d Xh@ﬁlrﬁ Ilh@vcg b Qidin(dnletgy Gledd than or equal to

prior to growt of the filmhave a nean
abewgtﬂae @foupe(ékl) mbtahniridebens emrgyalfdh@ gitoMp (HBﬁaetéh@Fw or prior to

of w{ gf t?lg fiiflﬁrhaI\/@%%ea?lnente% SR ehat 6 equal to about the bond energy of

the buffer layer on the substrate.

The active neutral nitrogen species may have a mean energy of less than or equal to about
the group (IIT) metal-nitride bond energy of the group (IIT) metal nitride, but greater than
the thermal energy of the substrate.

The active neutral nitrogen species from the nitrogen plasma may be electrically neutral
chemically active species. In the case of gallium nitride, electrically neutral chemically
active species from the nitrogen plasma with mean energies greater than or equal to about

2.2 eV may be substantially prevented from reaching the substrate during growth of the
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The active neutral nitrogen species nmay have a nean
energy of less than or equal to about the group (I11)

woredoalo34siua r i de bond energy of the group (111) PEr/AU2005/001483

nitride, but greater than 30 the thermal energy of
the substrate. The active neutl7al nitrogen species
fromthe nitrogen plasma may be electrically neutral
chem cally active species. In the case of gallium

AtilindSiridR! et Bj' Gtk da¥inB eIt domhbifAtRm €l distancClrérd @vhere the nitrogen
ecies fromthe nitrogen plasma Wt h rreaneerg

A @Xits BalgSOn 1§q\@a1|c tthe aR9gen plasmagy geagra to the object and the

ORI 4 SRS o e

tekigaid whichrthe mitchesef iplasntayis igeneratzditadhe phieelopibabest L6 ﬁiO 25 cm, a

the di stance 0 ere.t he n|t

b5p S 1 A PR S0P A2 o b RIRUEL I e o

glﬁﬁelmbjl@ﬁgedmwmﬁdﬁﬁhe Dﬁ_ﬁ:ﬁﬁ pricea sourtd esegriowtinotshy pérerate £he nitrogen
i stance from re the nitro as exi.t

Plagahas PespiPewD ig@OoHs Welbfurer 'ilé% el Ug%ﬂlé?i? i o

%em@%%fn @t d‘”i’s@éﬂé% i tvﬂw?éth@ Mitréeech NADES LI 4 fbgﬁdiﬁm which the

growt h chanber of between about 2 Torr and about

nmqgea mdasmabist ganeragad to theeptiest, prst an éacrﬁaé@vséeme%srl@ in the growth
%Jﬁl%r 1ﬁl&gaﬁ@s ﬁ%l{ﬁﬁﬁoey df ﬁlotlé?:ufa? %Qlth@foyls %’P %fe@ttrﬁaltli‘ feutral chemically

Fogen been shown to wel
gctmwt irpeofes érqm;mlt]he p}asmanmddeofwﬂthnth%bmkméﬁs |Snect1%eWh1°h are at

?1?.9 gﬁerfg{ﬁg rrs]oV\@x?{ @gt IQ/%ba] st n%nq glperg% ar W?e agét%n%algrhﬁaﬂfa? Rhemically

QblivCipecied ik raduded c Thaskciricaldy ﬁaﬁtaﬂ ehenmcallbeacgwe\spctmeﬂ ig the case of
chanber i n%eeases t he nunh@[{1 I ecul ar col lisi NS be balanced
tnﬁgagem TBRY PecHPINS ARIPRFY P’§/ 13 dPF AP PRL i ‘%?

gﬁm‘atttﬁg ﬂﬁht@%@‘@elrﬂ@ Q?ﬂﬁ%lwtﬁ&lltyhﬁuﬁﬂcﬁﬁﬁﬂwm(? 438e species so that the
ecl es are at  thermal energies o t hat

siaskrigally n@aﬁaledwxgyalbf agtive wreiet FeachMith heugrup (°metal prior to
c%ha(:“c g‘%llllt cadlChinke tcf ‘P@rﬁ{eﬁ&-'r cfifd %‘ltgel%ﬁas thiewill not participate in film

ical 'y neutra mcally active species in the
cmsxethof nltrogen may be atomi c nitrogen. This

redugtian ner | . '
Fﬁ'@ f"ﬁflfaé ) ?%Pﬁﬁ ﬂq@,}h g}:{el S ?‘.Qg @r%e%l?tog%?bﬁ%la with mean
ClnerBicsarbaterabibn Wo RET e gwhizh] athe ichee Ofdﬁiﬁ\a‘.,tls ithocabpper mean energy

T ol 5, S N8 ik B 5 e
f I R OIN \r/vt q_Y@ayslﬁ’eﬁ/@ tB6ir lehérgiew shbstﬁtﬂiallp&éduded ﬂﬁf(ﬁ'e ireaching the
IIm gro

he el ectrically neutral ﬂ? cf
cebStTae bbéh,ei W off 0BmOr ot Peitlsh ehimppelisFa q e ﬁ%“a%/f imggllers reduce
etﬁg éﬁﬁ %n&rgﬁ A @le JBAACA trat, %h&MchW h&e shBcibd By ﬁﬂ%@mg further

he upper nmedn energ he el ectrically
neliisials, withlemwi mtgwsuaﬁawmdsﬁ@a; ﬂ(é@er\mﬁligbl gaespackEs| y

reach t esubtrate 0 iir .
535D %R L3R AR 5y TGS b i
Sachige Is @esbﬁ‘oﬂhh:ﬁe uﬁtﬁog@ﬁ g0 withoneanbafef gies greater than about 2.2 eV
i npel | er The baf reduce

e e e oL 3,1k TR 10 RGBS, Pl e s

SiR&hé BRWAN chaibtd] (Y chodsidpes suiBlecithiceitRnsean thé‘l objeut and where the
energy surfaces and ot her .| ower energ gas speci e

B0 BTE IS A reionin oY B ihani Foea HiasTans SFRFRRY ﬁg and (i) by the
eli8GHhd ol Lte ARt oBAFIE@hddor impellers located between the object and a

source used to remotely generate the nitrogen plasma..
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active species fromthe nitrogen plasma wth nmean
energies greater than about 2.2 eV may have their

wer@sgyssneduced before reaching the object by PCH/AU2005/001483

controlling the pressure in the growh chanmber, (ii)
choosing a suitable distance b ween the object and

where the 30 nitrogen plasnma exits a region in which

the nitrogen plasna is generated, and (iii) by the

A JBWHdiR 86 Usioths e effbobigen®of e Einb@ftiohe $heddd4 @rovided a process for
i mpel l ers | ocated between éhe object and a sSource |
EEeHing gt @1 My atitiide flRe bRitemglseplapma sphanceqyehemical vapour

iggng%ggﬁﬂ@@pr GEL MRRRR A0 1ABSor: 18 According to anot her

liment of the invention, there is provided a
priwetisg ahovbjeqrsslacted fHomgribeeroun rynsiging| ofnd tsbivatef pdna substrate

RIS IR D ANANGR GRBTFRla KAREHIure JPRSTLL W trom abou

oc€ess 1 hn € steps of:
alopec to steue?5ed;f rom t he group consisting of a

substrate and a substrate 5 conprising,a buffer.|layer
PRSI oAV E REHTEAL PIEo oD SHegies O ATTARCT RIFTE TPagly gfated from the
fo@fhaddamber; 400C t o about 750C; - producing active .

neutr al _nitro%en species in a nitrogen plasm renotely

|- Seaasieding thapetie negreh o gmAnerdes to-the grgwdh ehanthss ¢ he

%gtfoﬂgmgnf? Plab@n Blik{uROBNHS! %ﬁlscﬁa%ﬂeﬁ,ethg rr@é/c\ﬁiﬁn ‘H?i%%@ lcontaining a

~formng a reaction mxture in the growh chamber,
tshecieseefon gronp (il moetal thatris aapableplxeaciipgovidsthemiteoggn gpgries so as to
(d.L1 ta(tIJ h LS . l.e,of reacting wth the
nflP??)ng(ﬁlps I&?%{sal é%ncgegﬂ o] agg’or ma group (I11) netal
niformig of metal niamde film fvberdmtheanetel alseletted ifichen fliel group consisting of

wherein t.he netal .is selected fromthe group ,. . .
&gﬁg%tlp Jpf coaaéma?laﬂqof g%l&\p@nqndaaq?&lg%-rﬁ,a? F%Hblg.?ilon of gallium and
dadilini B i it ofiisdimaand GHhindirh 04hdod c@abinktivh angallium, indium
15 indium a conbination of indiuymand_alum niu d .
#ng o AHEB N 0B f theaheatedn ORI Hﬁﬁ%‘e&nﬁo%ﬂlﬂ?ﬁ%ivlr’}fﬁf%n%ﬁ%eﬁlm 15 a
@gﬂ&nggir?cﬁlnynder condi tions whereby the filmis a

sem conducting film The conditions may conpri se one

JFhennditions diayi comprise bae pethofe ennditinns gelsolgd dioas thet gragp consisting
ofe i I. u ' r s (il .

S AN BB B AU BTGl st n o v
athamber atat distastiestcan ehefer themittogere plabma ekity @rpeivnphashich the nitrogen

exits a region j.n ich t nitro I ' .
Ao S G MBS & BBt PG R ASAR bagen th abjctand
| ek efed Rl 0ROl Béhctldt Betni@bibndlashy (10 Rthésadpérature of the object in
r enot el enerate the nitrogen plasm;,

(iv) the
tthersmowihy Fleanafreri prd 61 et Parfial Piicesugs QR yeemihdhe eggygh chamber,
( i; f xygen in the grow h
cwﬁ%e%lgﬁhgﬁmﬁégégf/iﬁrt%ﬁlidﬂfcﬁfl%ﬁikg' a _semniconducting film,
a8 thercashef galliwnohitgdd 4nduindivin nitdde ke andoaliens ghemqfd’@th each other

R, OB D BT 10 . 01001
10301 &R0 hnd.emO. 1. 0.01, 0.001 or 0.0001 ohmcm

In the case of gallium nitride and indium nitride films the film resistivity may be between
10% - 0.0001, 10° - 0.0001, 10*— 0.0001, 10— 0.0001, 1—0.0001, 0.1-0.0001, 10*— 0.001,
10° - 0.001, 10> 0.001, 10— 0.001, 1~ 0.001, 0.1 — 0.001, 0.01-0.001, 0.05-0.001, 10* -
0.002, 10° - 0.002, 10— 0.002, 10" - 0.002, 1 - 0.002, 0.1 — 0.002, 0.01-0.002 or 0.05-
0.002 ohm.cm.

The measured band gap of the gallium nitride film may be less than about 500 meV

below the established band gap of gallium nitride.
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: &%Q?Q terabag

. chanber;

In the case of galliumnitride and indiumnitride
films the filmresistivity may be between 104-

wO200603454001_0. 0001, 102- 0.0001, 10- 0.0001, BRET/AU2005/001483

0. 0001, O0.1-0.0001, 104- O. OOJI 30 103 - 0.001, 102 -

0.001, 101 _ 0.001, 1- 0.001, 8.1 - o 001, 0.01-0.001,

0. 05-0.001, 104 0.002, 103 - 0.002, 102 - O. 002 101
-.0.002, 1 - 0.002, 0.1 - 0.002, 0.01-Q.002 or, 0.05-. .
Bhepatighprceswre ahexvisan sy e lesdiangHy’, 407t HE,JAr 1Qm107, 10, 107,
qlom g@i-eid‘rllgm _be less than about 500 neV bel ow the

est abli sh band gap of galliumnitride. WO

200813@4 84 andUITH/ mﬁ@@ﬁeﬁﬁmﬂSBe im@nﬁbm tharet isaprqvidedsairpeocess for

%8)“9 e %0&9%‘@56 %g%gndg ?@m r%]to ]p:feg 1aggdhf%ceps ¢hemical vapour

éqmsmrbnn@letpﬁoc@mhhlaﬂmgnh@deﬁmﬁ of the invention,

| BE0o o P S5O 6 o s OB 4 b

M@ﬂﬁwsﬁng §bﬂﬂ‘&q§yér|1ﬁ’ﬁ grdvi cRERB&SS a'téiﬁ%éfgﬂu&gmttﬂ@raigg Bffrom about
heatl n%pan obj ect selected fromthe group

@ substrate and a substrate conpri si ng
%H?gﬁ% a&t‘?\)’e e}%r% Igggg&%gggégﬁ[%ﬁggg& ﬁ;}%ﬁ%ﬁﬁ{o‘?&y ﬁ&a{e'a from the
gll%\dhlchmgbeax:t ive neut ral nitrogen species i n a

n Iocatedf omth row h
c rél‘i% Hg metarca s er ﬁ‘élyolgﬁ%Spe&ef hﬁ%‘f‘?@ hﬁnp ogen
spb‘@niineg atreadtion rgmwbhn ahagtesvth chalfnbémlﬁgreacﬂic&ﬁﬁﬁxmfe containing a

m'.xtur | n. th((f charrb he reac on m xture
Eﬁ glrlseﬁ

El%?ﬁ’ceél %fs Kkp rc(aF‘i“?% tﬂéﬁ nifragen ghecies so as to
ﬁﬁtﬂp&)@@upm])@@&ﬂlrﬁl@ldwﬁqrh id¥e nitrogen species so as to

forma group (111) nmetal nifride film and, 15
fé?lmlﬁg 3 fifm| % @rougr @Up mpatal) pitnidsy gn thP hepigd eftieqtHender conditions

g RbIFRH e)&l'l%l a %ﬂ%g}gﬁ)?‘%@ﬁlc %@fu‘f‘@% I&efitdd™ the group (III)

eXhlgltS a Crysta ogra tructure c aracterls
wietal higridg.oup (111) netal nit r| de The cond| tions may
' e aondi t I ect e
‘gf’ﬁégg%ﬂdztg%ngir}rsn )IP cr;]ogx{{&jisfe ?1 rb con I’lIJSrSe |Cﬁedt éﬂ S THORP consisting
ch@niter pre{sute invhe gﬁlvv’thtchﬁnbem @Qtwhcﬁselh dﬁm@‘tgebtlmldchted in the growth

h 2 cha t a.,distance fromwhere . th
Pt (st ¥ e e aRr IR S0 BREEiPR b Wi the nitrogen
plaﬁﬁﬁnf’s EhefRdte (i) Sherdin h bhfIdRTiMIpBl1& D &fchted Hefween the object and a
I mpel ler is | ocat ed between t he object and a source

prsEes wsed F%Wm@rly gesale Ahcenitragenrivlpsied) éiy) ghedemperaturg pf the substrate
Ihget ﬁ%ﬁf O&rhcf hé il ?ﬁ#fa?#;?essdr@ o &y gérpm fhe %owﬁh chamber,

art essure 0 Xxygen |
ghesby thé m@xhlbm@ rcets;allpg:@phm struetné Isharscteristic of the group (I1I)

%F?/a? ;ﬁéé@ 'y%lfﬁg it 1 e%lol%ggp%%}af{eb%ic% ﬁg:f % ]::ryts%ﬁog‘aghle structure
clefrdmﬁhonﬁthe@om@ﬁy nﬁ:_tall aitéde.a crystal |l ogr aph| c

ifu{ gq%/taté{lograg}ggrst?’géﬁ{el dc’ft t{lg ﬁ?n]; rrtlargfebega{ \on{Il?tZI(t(li IorI cublc structure The film
may not be an amorphous film. The group (IIT) metal nitride may comprise GaN, InN,
AIN or alloys thereof and may be a wurtzite or cubic structure or exhibit X-ray diffraction
reflections characteristic of a wurtzite structure or cubic structure or a combination

thereof. The group (III) metal nitride may comprise GaN, InN, AIN or alloys thereof and

‘may be a wurtzite structure or exhibit X-ray diffraction reflections characteristic of a

wurtzite structure characteristic of GaN, InN, AIN or alloys thereof. The measured band
gap of the film may be less than about 500 meV below the established band gap of the
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The crystal l ographic structure of the filmmy be a
wurtzite or cubic structure. The film my not be an

waewspbsws film The group (I11) netal nitri deP@ERU2005/001483

conprise GaN, InN, AINor all Qys thereof and may be a
wurtzite or cubic structure or2 exhi bit X-ray
diffraction 30 reflections characteristic of a

wurtzite st uct ub| c structure_or, a conbination
B s tip ThY AT Tt B » AvicoBtichiag UBnisres in the case of

@Nwﬂléﬂ\isﬁsh%t& )al | oys thereof and may be a wrtzite
structure or exhibit X-ray dlffract%on r ef ectlon

Jha patiebpiessure obexygen wmaytbei less than LT, U038, tHarlad: &0 §10| c10?,

b 11 12 or alloys thereof. The neasured band
ga (’Gg?t (#‘IEIH%I ﬁ‘bnhjrray be | ess than about 500 neV bel ow

Alceordiigaty estther babodigmpt of thé enmlﬁﬁ),OﬁxlefB%pﬁ)wded a process for

PCT/.AU2005/ 0 83 (41 t nitride.

ikt SRu0 A0Celaf RBEE ' oy romqE e pibepfid EikGueal vapour
aéposhibly, theipedtebsSintnidinigahé itebs ofThe partial pr essur e of

en may be | ess n 10"2, 10"3,,6 104, 10-1,
1§1ygt1nglen ®bjerh sglecteéglro_p@ the_t@rolll) enpusiting »f -poqustrgte and a substrate
é&ﬁﬁﬁsﬂhé‘g bﬁﬁeﬁﬁ?&rhﬁ b gﬁ‘d@’tﬁ%%ﬂ& t0% thfiferhiBYERithOPmee of from about
here iS provided a process for grow ng a group F fr
ﬂ%‘tc’él torsibpyt THO° @J I m by renote plasma enhanced cheni caI

“BR SSEOA i 6 BRSPS el o

gfovethsblé:mberate and a substrate conprising a buffer

er. i.n er to erature.in,the
F e Frimi ot 10 st e Fiss SRR hcriver
plﬁﬂﬁﬁﬁg RAgeaion\iaixteetih ahe @dﬁtﬁ%&g&&?@hdﬁ&abﬁb@mlxmre containing a
romthe growt

nltro n pl as tely locate
3? ﬁoqn@ﬁ}, ?% 1§ ¢rga e10?tﬁ@cta%mtmthwtrpg@wecws 50 as to
ﬁﬁﬁpdgts,uf,@mqleetgr@mg feRapher; - formng a reaction
m xture in the growth chanbér, the reaction mixture
cdPERing| hdilm of groype@ﬂégnml aitedeoap the Ilieptedpotiectt ynser conditions

'@e&pgﬁ@ ﬁn%x}ﬁlﬁ% lc{?&%g#é cgzlcéﬁﬁur%lhgésggfaﬁ r}]s.@gt;é@?&.so as

rma group
fThe m)migtltmsfmhymmﬁp@semm c(rlrhd;r): copditibnnsdectaefram thégroup consisting

h ed obj ect der ndi t ereby the film_ .
6] B SRR BE Rl i bt T VHREGE e i oBhted i e rown
aﬁméhdﬁ % a E[isene@ﬁdmtwlgms tlﬁ&ﬁtr@gdmﬂas&fa Xite - a@6gi6M (rewhich the nitrogen
condi tions se romthe group._ consisti

piasma s %Fnﬁtaé%Js i Shersipa b @F THIPRUFFIE Ocatqdqaetwﬁbt pbject and a
siBcOR8 ¢ rénﬁ)tt\z(‘g@ﬁcﬁﬂte'tﬁb 18 MWsha; (FH RIBMmpaianie of the substrate

di stance from ere the nit ro?en pI asna exi tS a regl on

imthgrgrewth Heamdery argb(v) the aeriial prestinef apeeen {1 fhie) growth chamber,
Sreﬁ éﬁﬁ"i‘aﬁlﬁﬁéjﬁn b%hlc%ﬁcénﬁa Pélggf lbgtf’\?eln4t P? 1.2, 1.1, 1.0,
renote

Jec source enerat’e 'the
a|9t ﬂ@g@rv BLa R 0.4 &3, OBeOtleﬁ'pﬁ)é’ﬁat)Oﬁ,eO 638t01@305t1b&]t0r é)t(?é)7 0.005,

0 028 o R0, R ¥k ADTZA B D558 i S ot
exypehiit theapowtydambeomag bt halibenessehmv 0¥, 60 1.0%, 132,40, 107, 107
él,' 1%*9, 21'0'20’, 185"“16r %O'Q' Torr. The partial pressure of oxygen in the growth chamber
may be may be in the range of 102 — 10 10210}, 102107, 103-10"2, 103107, 10°
.10, 101012, 102107, 1010, 10%-10"2, 105101, 10°°-107°, 10°-1072, 105107
110%-10™, 107-10", 107-10, 107-107°, 10%-102, 10%-10"Y, 10%-107°, 10°-102,
10°-10™, 10%-10"°, 10"°-10"2, 107%-10™, or 10™1-10™ Torr. The film may exhibit an
oxygen concentration in the range of 1.59 - 0.01, 1.4 - 0.01, 1.3 -0.01, 1.2 -0.01, 1.1 —
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0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, 0.1, 0.075,
0. 05, 0.038, 0.030, 0.010, 0.007, 0.005, 0.003,

W@ 200084540. 0007, 0.0005, 0.0003, or 0.0001 atoPCT/XU200R®01483

partial pressure of oxygen in_the growth chanber may
be may be | ess than 10 2, 10 2! 10 4, 10 5, 10 6, 10
1, 10 8, 10-9, 10'10, 10-11 or 10-12 Torr. The

t|anT§ essure of oxygen in the growth chanber 30
?}3’9 {»00% —i%0% 9 T At e0 81— 2.61.20.6 -1@0L,2.5 ~ 0.01, 0.4 — 0.01, 0.3 —

801202081, 4.9-20 80-dHys 1073 11% 0.88 1% 18> oy g, %O%)lez 0.02,

-'10-12,° 104
1d 1—509@7 lr 0. QZ) 052 4©-.020 0. 81-00@2,1@171—2() oz,cn 61002, D15 — 0.02, 0.4 — 0.02,

3§04 442005 4 ooy 032 1S5 bige 1yt~ 00515 003, 12

020391 19- (103 110-010B, 03" -1ta 031081006.089-0.1 ~ 0003, b5 1 b:0B00.52- o 03, 0.4 —

0R57 03 0T 0%i0 5T, B Dl 875 285 ép"%%%”tgr 85'9 20,6001, 1.59 -
0.0009)11, 5914) 00001 36064, 0@34545@ PSP/ A8 39 28.01, 1.0 - 0.038,

200 BP001.d.G- 010099818 -0%0Q), 2.00- 62008, 506- ©80D. 150 6 00901.0 ~ 0.01,
65Q @@3@ % @6%1003—% &5’0903% Oy, gé-r Q}oi‘oog o%soéiﬂo @6’5 9.5 -0.009,

Q_S @0{),201&(9038 QIOQO(DOBOIG(I.‘XB)O%)OI —0.0002).1 6.06003, 0.1 — 0.005,

1570081 028710 88 50938, 5.5 Coghrggtsygobod e Dogn, o0 -

0.003,0B05 %. (20055 0(1)503,0 (ID9,10r 0.05030.01L atonflc%3, TKE Hlm nfhyd? an n type
- 0.03, 0.5 - 0,083, 4

’8‘“6§°man§‘ng 2. fbéyped‘%’ant 3hs§1momiy beg paypeotibyy somprising a p type

@op%ﬁto 8% tﬁ? czgsgeQ)_fQS@g 1'11158 a se@m@@oﬁ dg)lﬁ (@%II? Qe;p 991? be Yeqitred). The

Garely congerfiation ip the Girb:amiy berinohe ramisiof 10'0-0l Gooatiersiem’, 1077 -
10°2-rfdom?. 400! O%g%ré?%lﬁﬂ%xlg”o gé)ﬁ’logmg%rs%ﬁo%%ao” 107

0.5 - 0,038/’ : o
@ngers/cgl Q@QO 0—50 c@rr@%cm ] eri/fdrrﬁ B! Ofolqamers/cm

%cl?”' 801@3%111 8@/(%'{11 1(88 oggao caB*lefs/cm 0(588£é C&l‘ﬁ@l@%ﬁl The carrier

@ndéntration G, beda Oénor o@a&&@fb,r c@rri&ﬁ condént@&ﬂﬁn The @i5m-may be suitable

0.05 - .0.003, 0.05 - 0,05 -
15 g571ee girgRecy, Hhi e reertr o) Chsoighmay O Geeodured hy SIMS.
Tl bistiongaled pﬂ)vidé@% ﬁ@nﬁlﬁ(ﬁl) méd ditld® ﬁlﬁy(ekge aaGQNthHS where the
%HmCOH‘pFISI ng a pant Slln t he case of

lppextibiiyan %@@aapweaﬁpuqrylgréowdgﬁ P 9tb-ilh, Iob 10, 09,08, 0.7

r T [ L [
aeied)oaTho, 83, G5! Gl ARSI 1910 00FR80% Faps, o000,

§ B c0.0803, @@Q%n@r QL0001 tobgi2%. ¢ althé efiled any 9 2n oxygen

ch%%@nm%% %%elr?/((l:&n‘é? 11%)19%l 13 6827 éersqler]rﬁl 0.01,1-

a0 PD.9 - 1)@]190(8a¥®0h,r(s7erﬁi)l 0&4007 GSSLCUL@l 0.4~0.01,0.3-0.01,02—
rier , 020 or 1019 - 1020
déglﬁ rdl gr?@ﬁé OL7$ %]agl fI29 r&sé tl 3on04Pdy! Be 402, 1.1-0.02, 1
-d0.02y 0.9 (202; ©(F 00.0220.7i-0, oz:wemozablsano oiht%t'd 69, GBY- 0.02, 0.2
b i ad( 0. for devjce I poses. %
<A G250 1 S kb mth @l @;ﬂ SIgs: 0.03hk! ~ 0.03,
1 Dyt 0@rL 610500 er—qyogietﬁ a (P i blok) oret ﬁ'o%{‘?istt;ﬂ@?,, 0.3 - 0.03,

wher et fifmex

O@Q(yg(ééﬁ ébhce(h@},eﬁ@%;'rr BEBoW52 -60. 03_8 51.59—-4.000131.59.-20.0009, 1.59 —
0, 0.
010011 12)5907g‘6o§ 1039 0. g% 1.5 0%)09 ?6%0 (f‘gl,og)i goéggl 0 — 0.0001,

1@ 66130009 00090.000, DOG?Q 0@, a0D5,0.050003, 0m09,01.0004,01, 0.5 — 0.038,

P O 60tR, 082 §.bbaB, BB 801 P85 308X 0,005, 0.5 - 0.009, 0.5 — 0.01,
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25 concentration in the range of 1.59 - 0.01, 1.4 -
0.01, 1.3 - 0.01, 1.2 - 0.02, 1.1 - 0.01, 1 - 0.01,

wO2®603431) 0.8 - 0.01, 0.7 - 0.01, 0.6-0.01, OPBI/AU2005/001483

0.01, 0.4 - 0.01, 0.3 - 0.01, (}2 0.01, 0.1 - 0.01,
0.075 - 0.01, 1.59 - 0.02, 1. 4% 0.02, 1.3 - 0.02, 1.2
- 0.02, 1.1 - 0.02, 1 - 0.02, 0.9 - 0.02, 0.8 - 0.02,

310200882&1 8)(3991 60125 6&59@06750851)?1?:05@% 85’70(%08’5 0.1 - 0.009,
b14—@0@3@0§—3)03800Q>% 6060180% éo®09 @053300@@ dos 0003 0.05 —

@ 095 0. @5 @30 OQQ, gpr 0 OQ —0@,01 atogiic%0 Td)g ﬁlm(mQy be am g:gypedilg_n comprising

4070 9 e g O3B e s

p 150 filrs @@@araﬂ;e HGype @orﬁﬂg stép Bvill b8 .ré@Bred) . The-cafrid¥GOheentration in

ﬁwoﬁlm Blag ht%%rangﬁ 06(1{836 %OZQ 6“5?2033 {)”O lgﬁcfg%%rs/cm 107 -

@075 canﬁ)er%&@ 5)@013 1021%mer§7c153 500803, 1o€5’ &arrier/cB055x10'7 — 10"

- /1 s VWO, 2008{ 4034540 3
BesTeR(0 b DTl rergssgind, 10'5- 4 8, capsiers/emd, T5d@1 — B)'] carriers/cm’,
30@0_09@20 Qafhe?s/&ng(%; 109 -1 1020 Q:a%/cr? 31“ he chrQQ@on&ngraﬁon may be a
donpr(mo@cemox) garrie cq;@pntr@m(% The dilmo@ay (beosgﬁablg fgx) gev1ce purposes.

Ef‘hQEﬁlm ﬁagg%ll'nbﬁr %%g{gllo%{gplﬁé sRhAMeCelfar Hé?is{lé IOE%I{EH%& Pﬁ(lll) metal

an n type m conpri si an n type dopan
nagadd:)e)raXﬁrayycﬂxﬁ’rthtﬂom mﬂaﬁroml a:igzree:temstlypﬁ dopastall¢graphic structure

as a.separate p type doping

§€a§%§ %IC ogéhq,éamyflgla)met%g ggr rier concentration in
The Enylslﬁl/lﬂ%‘gp}ﬁi Oitt;udﬁiiot’z)grtﬁé fifm 1&;&5 rr%n 1&%%511 ccinocgr]l-tratlon below

riers/c - carriers/c -
I dvtomar %y wae bedy yezite on gubic shp¢tiey sTltenﬁﬁn 59appaot be an amorphous
20 RS glo@p S0 'Tﬁetaﬁfﬁli@cﬂgmay 10d:Bri SR GENE [N, CABN ol Qﬁ(;ys thereof and
1018 carriers/cnB8, 1017 - 1019 carriers/cn8, 7x1
!I@YQ’%WP“@?GS‘PTCQWW stvgtge or exiplit Kaay ldéff@ﬁ‘@%ref@ﬁ“]@l@af%teﬂsuc
of }%Qt&fté strh &0 o Wibic KGR & £EorfiBNGS ﬁu@x‘eb?”Tﬁﬁéro% (IIT) metal
a to donor or acceptor carrier concentration
fittide may compsisé GaN| B1lY, oklI\Umvalbgs ﬂwrm s8d ma?HE | Whrmtragtructure or

ERbE sy S B a PRI (abdslerilie GF p SPRERE sRhiehle fhaloteristic of

G2, ¢6N) AlS o¢ hilopciherdost The ;iﬁeaﬁuredl &Ssﬁdigﬂtp)Gf ﬂﬁfﬁlﬁl 1|nay be less than
ruc araterl t he oup metal,
ﬁ\gw. @ﬁ meN, Belgp, e &P gﬂb%ﬁ@r@ 2 qhh, Bf(H%)HEetP‘aWHde The film

WalybeaNeM OB Rct R R ek 8dpt Bthe @hewf AJI@J &hl@l@ls‘%ﬁhﬂaﬁr{%y
be"a wurtzite or cubic structure. The | m may not

drecendingpiroasother prbodimentyof the (invanjionethere i Pravddednayprocess for
%ﬁdmhgt egﬁﬁﬁl (IIMMetdf‘lnNn(aé iitre W?erﬁgtgrltﬁg&fg&anw Rénidal vapour

or cubi ¢ structure or’ ex
deddsitmnt theproetd mcludongshe stepsaatt eri st i c of awrtzite

Lructure, or cubic structure or a ¢ tion thereaqf,
it 500t Fonge TRl By R0 e BB IR @ substrate
AddNprising h Ibaﬂsr laharieafgrent dambleoa températur@insthe batig o€ from about
gh Oﬁ exhi pi qt oé ray diffraction reflections
A PP% 0

of a wurtzite structure characteristic

ObrodBilg abidd neﬁhal ﬁa&ogéd S¥sies heL ﬁl%%eJ BstE Athte 16@RA from the

gap of the filmnmay be |ess than 500 nmeV bel ow

erwvtb shapbersrhsaeip dkriplaupa reenerated denpnitiogsn epfeeoanprising impurities
bhg film
Féigﬂé’gﬁ ' |ei&?ﬁge”t): eﬂgi‘éng?ﬂﬁm%?ﬁ?w %J(%ul gt i n%

- transferring the active neutral nitrogen species to the growth ch
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Accordi ng to anot her enbodi nent of the invention,
there is provided a process for 25 growing a group

W@ bdob)p34sed al nitride filmby renote plasm enhp€iat2005/001483

chem cal vapour deposition, ge process including the

steps of. heating an obj ect séPected from the group
consisting of a substrate and a substrate conprising

a buffer layer in a growh chanber to a tenperature in

t HOMMAR deteation: Hnstaisdntthe goohtambeisthey spetiormixture containing a

&f@é‘b‘fﬁ%r?\? %?P{é]:ﬁéfotﬂg@hs fbgﬁﬁl@%gp?a%ﬁﬁg\&ﬁlﬁ th@nﬁ’r rogen species so as to

nitrogen p cat e gro
@mgﬂoumﬁﬁﬁf)enﬁaltm%ﬂdplfﬂmmd s generated from nitrogen

oA RE o B PN el b B o e i ng

The phasmia\tmwmlgefrmfatéd fwmgﬁuﬂo@n@s QSm bfisihp émpudivdsiess than or equal

RO R0 et lof bt et O G SR eRe R Pt nitrogen.

Tac dr@nnfﬁ:yxbélfﬁl GORoRInM: Rlue, SRESHS%ei gt @r %&Hﬁmle basis or a
(rr;) net that is capabl e of reactlng W th

ﬁ‘i’lfl\?’é‘@%‘?fl ©efes so as to forma group (III) rretal
Thi rﬁ'lﬂemg' Egﬁlbﬁrbd stalflcgggﬂ 8slgu(ftﬁljerehg1faﬁ?%ﬁ%? of hle! %gl;p (I11) metal

metal nitri ect
hidridge ioer Btreyl diffoaetion trefgationg a@lawtqmtlswfgm c;rpmalildgrqﬂuc structure

o8 of e B grd B ofiods 'y ohe bi 111 on parts

ﬁi‘he niystaﬁggnaphlc'ﬁhﬁcquw ofSthedymbrayobe a wiplziteer vabid mi’ucture The film

no e basis.or a, conbinatio
¥ Shrgior R U o 0D 4110, pehpigis W icemprise Ga, T,
AIIN b€ bl YR théras Paidahhyshd & waktzitd\er @ibRUfrdchiré dr SBERL X-1a diffraction
nitride or X—rasgchl ffraction refl ections

rafleptionserhasaqt of @ryatziicl SEichpRi @ eubietruptare or a combination
ARARCTRE Q%L%C(IM mEﬁ?m%&Bﬁﬂa# Eéiﬁ%ﬂﬁﬁh 1 QINI%T allB$s thereof and

crystallographic structure o
maythd var@ite ctiycwre or LmhxbnteX—fahedlffracmn rraglecnmns tohamateristic of a

I t al_;sni g | de
AR St Mg B R B N o0 sl i e proasned ban
payr o fhieefilor may thiedesst tharc hlboue 560 Iﬁel\hlbb]lotv tkereatablished band gap of the

G SFDLmE) 0 o T iRy T APt Higvseat e case of

nhve r\e}ﬁﬁh xsT RuRkagy Thé Eﬂmffﬁhyalha‘% tuh lofl9odiBYorceRItiofiSess than 1.59
GaN, I nN, AIN or alloys thereof and may be wirtzite

OPiHure or exhibit X-ray diffraction reflections

QE@Jréﬁltgefo' %dtﬁeroémﬁodﬂ?ﬁéﬁtt F e $hve %’lﬁ&lﬁl{;]gle%hegs; gfotvgfeg &)‘focess for

oys thereo
gr@p}fmg at greup i(1hh matal biride ddmt bya renadto ylasbBOenhecddetimmical vapour

AL AL e S, 2000 (111 Tt

nEtri be A ¥em conduct i ng film (except
i heating a:ras»bjeof selédted \ﬂmm:hhd groupsednaisiimg pf aThibsfrate Mndey substrate

B S B GRS Bl % B0 R R o o
b Caoiabor@oPded a process for

- producing active neutral nitrogen species in a nitrogen plasma remotely located from the
growth chamber;

- transferring the active neutral nitrogen species to the growth chamber via a containment
tube, said containment tube comprising silica, quartz or boron nitride and having an inner

surface;
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gromng a group (II1) netal nitride filmby renote
pl asma enhanced chem cal vapour 25 deposition, the

woredoaossimcl udi ng the steps of. - heating an ob{EAU2005/001483

sel ected fromthe group consi §t4i ng of a substrate and

a substrate conprising a buffer layer in a growh

chanber to a tenperature in the range of from about

4Q00C .t o about 750C, - producing,active neutral .
ATPFE 4 SnCBIT eI BUgEh HREbR hOrBERy miYer eplaining o
Epeeivslofie graith AP Merhl el O&bable of Pé&@ﬁﬁ%ﬁth@ﬂe hii® 8L Lde¥s so as to
neutral nitrogen species to the growth chanber %I aa

£y agione D mgigaitridgifdmeenst ai nnent t ube conpri si ng

2 Rrbife SYR0L Gt (IR MR R ) | M

whereimgrier teac tdudng rth tpuvcess, rat tléast grmostibn off &hd éiiner tsheface of the

I tian mxture containjng,a ecies of a, grou .
TPl S o o Sonudelh Py niPgReH Plagmay Phctpghe contact step is
pérforogant spgessate sOfram Aout 1OMITEr @ abdut (1001 JorBhdFor a period of
itridqeﬂfil nd - formng a filmof group ¢lI1) o

ARRuL 1 e 9 R0 AUt thierreBtaE b pRISIng 2 16aTER @oHIqs ¢ihe sifica in the
6nt&lHeAONbE o RERE S5 niftbgdrCRAL iR 1ROk '

surface of the contai r}?re%tn t u%gla ﬂnggﬁlgggéglog%%%?’g\gbév}mpﬁﬁat least a
BoTHpR o6 (B sibicadhaonvsred data a snecies thai sloes nepralease oxygen atoms, or

ReL Ly 1@%%@%«:&@&3%?% Fneesﬁfre bf ﬁglhga%wa]boglggﬂ%‘iﬁ gl&c;rlﬂ 100 Torr.

about 100 rran a perio

Tho substrats or thresubsindta comptisipg e huffenigyatmiycbesheatednasing iha heater of
f the silicadn the .containnment tube to react wth
%LletSF‘éeglctel}}aglpgﬁtSOfi%e PREOny rogen plasma, whereby at |east
Tﬁlﬁéﬁlama mmwéenltaﬂeadsﬁrd)ﬂl Gitrd &n @A eehpLéng ﬁflpurﬂie‘é pf%@ Ith¥h or equal
t hat. do of r se_oxygen atons, or releases |less |

19 Gorb ucofherdh a0 G3abia) bl 0 QSIS n 20 RGPS of nirogen.
ThO Warth Ofha Obé - onl e vERRRE: Ve Oweidh® wiiR t §@tfole:mole basis or a
conprising a buffer |ayer may be heated using the
prapbiptiosrtherep sevent h” aspect of the invention. The

?hn(gﬁgi?trﬁ%)s/ eyﬂggig %{kﬁgﬁ&@%@%{ﬁ%ﬁg %ggg,gtgg,st?c?{;@%{es%% ,(III) metal

Bifrids, ot , X@ay ,diffrastio). 8fled@iohs dhatBteriSti®Dfpardrgstaliogpaphic structure

illion..pakrt,s of nitro ....Jhe parts may be on a
\ialoafﬁc er}s\t}gloﬁ Lﬁg’gr% gm g%%?aﬁ?g%r nol e: nol e basis or a
beﬂbﬂyﬂtalﬂbgaphiﬁ strecttre offtie filth hnmarwbe £xhitbité oﬁ?ubi% structure. The film
cryst ogr aphi,c structure characteristjic of the grou
’eiﬁ?/ mﬁel h%f"& ORpHapS il e g1ayp éﬁﬁfmstéfnwer By SempBg UaN, InN,
ADORAEHSsitBdrbef Hld Iﬁaﬁaﬁmh&i@eg&%hiccstﬁ}cﬁly& Bﬂ%xglibi?ﬁlihrgy diffraction

characteristic of the group (111) netal nitride. o
reflgetions| ehgraspamistic afy y vurtzateoftructise far| gnbigaytrpefuzg or a combination

fdof ! T ' r c;}ﬁ‘%e !
ia?{lérmr phoues glgoiup :ﬁm %ﬁé%#%‘% xﬁ?}ﬁr rgdteaf'l'ig I\;ii ri ggtl r(r)ggn&% thereof and
weypre SertGNstrhetie oAtkhibit Kihpdiftdetoe otflemidnsrahiateteristic of a
Qgﬂd#t%iféa%ﬁcgake %Haqlaé:ter‘cfsttlrcuo%l(l}la{l\f 18 , R’fﬁ'o? IahO})’g- th3%of. The measured band
gap of the film may be less than about 500 meV below the established band gap of the

group (II) metal nitride. The film may be a semiconducting film (except in the case of
AIN which is insulating). The film may have an oxygen concentration less than 1.59
atomic%.

The silica may be converted to a nitride species. .

The heated substrate may be rotated during the forming of the film. The heated substrate
may be rotated at a rotation rate in the range of 0.1 to 100, 0.5 — 50, 0.5 — 20, 0.5 -10, 0.5
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reflections characteristic of a wrtzite structure or
cubi c structure or a conbination 25 thereof. The group

W@ bdob)p34sad al nitride may conprise GN, |nN, Al PN DAU2005001483

all oys thereof and may be vvurt2|te structure or
exhibit X-ray diffraction ref %8ctions characteristic
of a wurtzite structure characteristic of GN, |nN,

I h Th d band t he
ATy batPebs Tonhn Mobut.800 v- B GUOLRE 7.1 5,1-3 or 1-2
Skt ot 300 1ARE1 DALl S of
Kt he case of 30 ALN which is insulating). The f| I m
TRY a@t‘?\yeene_ai.t# Pffﬁ’r%géh g&'@ﬁ:@ %eﬁc%fegn ltag) Ssp%?hée?lﬁ{appg afégmn which reach

atom c% Conver
theewbgimte Timdng pmivell oﬁ tltasiﬁlmatrmy rhaye bendanteated cfUédsiBan or equal to

t.he  f.orm of t ed substrate yhe
it R eyl o (D e s it o Br0v(ih oF G film, may
Bave a m2bh efbrly of Rs tHan or ed@hl t6 abodh?BGHH QRARAK the buffer layer on
PCT/ U2005/ 001483 25

gosirate. 1 Thegpstiye pepirel nifrogemeperics guay. bemitrogen, atorgs. 1- 5, 1

TR %rréntlyzestﬁlﬁfsﬁ&d pas g% o8 t@uﬁigaz %‘%ﬁ&ﬁ% 4V, BN (cubic) is

substrate may be stati ur|n ormn

ﬂbquﬁﬁ lvHeAéN t(WuﬁZItfé ug abagut ﬁqZﬁVo@&i (@,be@uesbcgle ﬁézxeyt BN (wurtzite) is

5. t
St ; at e fgl(ral{l lV O{Aflg'og%\tékﬂaﬁ? %r ﬁ:‘i r%y bﬁS]%/ éepgrtﬁg in the literature
émm gyObﬁeV)asIBN t(hlainc)as aboutéll. 5¢\a Itabldtlie dﬁp&ciaﬁélﬂthaﬂ%rgﬁions from

f th r al i de, or r t o
s R4 PR ey onedon o B bferaiie gy B Pessbidoing eap may
eigingé ab Qhabﬂaténélhlﬁobﬁﬁés enghNYarefbdifee uh&érﬁt@bd lAA¥eds Bétter quality
nit rogen SpeCI es may

t he stjgtrate ff%tlve neut r al
pateriat besgmies avainble topandlyyis.c bt thy case abiemare andavatergary Yalloys the
égtabq-ﬁf}bd Md{gdpﬁ Sbr b iRRA%m sﬁ’i% %ﬂ%@ﬂlﬁlﬁ?ay]b% determined

about . (Wwurtzit IS
fr@mﬁh@:)neir@u@b dn tthescazévf GrARN (wwmtzlta etlt@ynautlselyabﬁmed fo Fehexagonal)

@lbgalr?étl) g%‘w‘fﬂiph %tll\xg?lz ﬁglt L\J/trgehd%d% \%{]}dcleg%%l %g\ézg/}hbeer?ﬂaﬂve amounts of Ga

@rdm]m)the&llc@bﬁmﬂexamﬁhav It will be appreciated that

ariations fr e val ave bee orted in
KR B SeT. PR Sins h T PSS et aaPga ety process for
SHOARGE 2 ggolh GIIU&hetlal ﬁitn@d! GRArBy fnddé plddMadéihal@ldt @lemical vapour
nder st ood a gt ter quality 15 material becones
‘g‘iPSFII“%vIt © st Oéﬁ‘é?lk) 1P§thelsﬁeﬁsl‘9é case of ternary and

OHadtRicNa! Yot esctdd ?rom‘3 ﬁieagﬂo'ug heflsiBais o8 %pﬁ%)gt%te %nd a substrate

gl ven COITgSSItI on and tructure nma
erapraisi e ouffar deyer nlh@gmwt chargbes to Bmempﬁeatu@se thef ra@eerdNrom about

t,zi sernatively referred to as hexagonal)
A%Wbtgﬁ%l&gta?gbvﬁll be between 3.4eV and 6.2 eV

dupémmlmm grtior netiteal métreden \specenin ntmtreden@asnan@mblel i fochfeg from the
al | cha qr exanple. 20 According to another enbodi nent
o fMEntion, there is provi ded a process for

grmsfdmgngtlﬁ raOtie lﬂellirﬂ niffeg&l spaties toh@e ok dvwih RYamBaDt €
plasma enhanced chem cal vapour, deposition, t he
# Aeactian ﬁ)@lxpﬁ% nglt}gpgm@lﬁh chamber, the reaction mixture containing a

group (III) metal species that is capable of reacting with the nitrogen containing species
so as to form a metal nitride film; and,
- forming a film of group (III) metal nitride on the heated object,

wherein either the active neutral nitrogen species or the reaction mixture, or both the

active neutral nitrogen species and the reaction mixture, are directed towards a central
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- heating an object selected fromthe group consisting
of a substrate and a substrate conprising a buffer

wo 20064034580 a gr owmt h chanber to a tenperature i nPCHAU2005/001483

range of from about 25 400C tg about 750C; -

produci ng active neutral nit ro%en species in a

nitrogen plasm renotely |located fromthe growth

chanber; - .transferri e actjve neutral nitrogen

H80% Bbie NI Rahd PG batge foceted muPpmigs o aa epBlgrn the range of

o Xlle piieBs foh i1 afl51eWith &ﬁlﬁﬁ@&fntaiﬁi'ﬂ? RSBt A8 M Xture

containing a 30 group (IIl) netal species that is .
a6 @prcessonay eqiepiisegorning atfiim of) arowydH) owtal aitridegn the heated object

i oS R . | nitri i , -
PRESS St S00f e s Al yRUA 0L Wiy, o b
letiitecncudils] siitogenspeaésnargl thheradtioe raiturecamalitecel towards a central

RS8P R TBREH o bR hFAEI s8R RN 3L of Ghele e range of
50 deprees tan eiglit aegle,c6D Hepreesds arigigningh), 70@e2RR61O34RA0 angle, 80
PCT/ AU2005/ 001483 e‘ﬁ‘? regi on of t[f]:e ob] eft , along a )
gaee R A TIghE apgletoelreiisn i anehtangle wih aRlaaR grriainig the object.
TaBgRodks nhy EREFeRSfohRId & HIAL oRBRE (MIF MaealPLifR on the heated

containing the substrate.” The process nmay conprise
Phiest Merein pithar dhe aetyameptralinitrogsnaiperips of the reavtiphenixture, or both

RRAlEe ADIES hitro%@ﬁ 'é}%cﬂsg &hi Iﬁ%re&&faonﬁﬁ{xinﬁg N Hfr%(g%%totwﬁtéds a central

nitrogen species of the reaction m xture,  or
Begiant 0¥/ bembjact alongiatpatigthat SPecdtabsubsntidlly aterdght iangles with a plane

] Xt Al irected towards a central region of the
g%:}%@{n,%tg?gﬁa&a path that is | ocated substantially at

dhe gﬂ@l\m'ng inforneatioa Iagﬁliesfto t}f'bﬁilﬁmpg& and emBodin@hts tﬁéggbfﬁ,
rees to' a right angle, 7 egrees to a right
The PG g grBascttiie o pesh el ghige dme dgpated s hase substrate
bt @ik baffed 18ysMonh BhshdRgateoNt ai ni ng the object. The
%rbocess may conprise formng a filmof group (I11)

¢ hpserijubstrate mey seleated depmethe group pprsisting wifejepphira silisar soda lime
! B e i _
i, BSkHRR N 0! G0, FREE SEp0%, Wi RELL e s
handng b dattiesaddoseynmadckeditoghe groep dilHenttelchitrislear ds a

eqi of . bj ect,, al on ath . that |
TE0 Rl wERbaNatsieh oyt o B Bt By for examsl, -
Coniakylignoppt (1) mibjab Gvherd the thabllio@angl aif/er gt i on
TR el ot b 25k BT WpRbe . o s,
frirhéthge Fillihm,s tbhpo SeMiuRY) dhP@BRUSHOSAN®h Cor RiprOPy18gallium, or a
buffer layer on a base substrate. "The base substrate
pastucctherep b dox exsmpln e The s\dime spesiestmayybopn alleybpidiyme, for example,
i Jd_ca: d i . ; 0S:Li t.e..ql as il N: 1-
Sl e PSR Rl o IndHBC AL B Sy A tndium o
riprenyil ahdjumh aw p myixture dierdofefor lesample. fHtecslentiniomt dpecies may be an

B9 Babh i T8 B 00 R, b P, i
abomigiiie, efilidifbthyt iahinkydung bo tidpropyl| JlumBtiah, omhan&uirBhereof, for
g}?e}n*?plle.i A nGlsllxturAeI of Q%z?s% t\!vg )o'f an‘ alkyl gallium species and/or an alkyl indium
species and/or an alkyl aluminium species may be used.

The temperature may be between about 400°C to 680°C, or between about 500°C and
about 670°C, between about 520°C and 670°C, or between about 530°C and 670°C or
between about 540°C and 670°C, or between about 550°C and 670°C, or between about

560°C and 670°C, between 570°C and 670°C, between 580°C and 670°C, between 590°C
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The gal lium species may be an al kyl gallium for
exanple, Cl-C5 trialkyl gallium trinmethyl gallium

wo eooetbusho gal | i um et hyl di net hyl gal |i um or trP@Er/apydos/001483

gallium or a mxture thereof,, for exanple. The
i ndi um speci es may be an al kyl™'i ndium for exanple, 25
Ad-C trialkyl indium trinmethyl indium triethyl

PP B P C o Bt o 1B R o B o207 and

BP0 ) Defifeen F3BIE afd YHOIT, Wibetvilen S48 bRd 668°CSThe temperature may
trialk al um ni um al um nium triethy

I trinet hyl I
B B B0 005t 11 6 B2y 625 030 IS o 644,15y 635,07 660°C.
i LM ; f for. <@ | .
The Bl Ein e Gl bithoel B A malhined HER e tdhming of the group
6hl) mostalanitriafle it dtrebioeind. 1,305, shecl.8s2.0/211,02.2 403 a2 .ky2.5, 2.6, 2.7, 2.8,
[ uBiNi i . t tur

B e T S e IR B 1 bl P B U B 4 48, 49,5,
659616.5,711)@,5,Bﬁs.mm.ﬁbzombT&aOC anthIJ 670;:,400r bet\ggce)n

out, 530C and 670C qr ef ween about . and ., C, .
ﬁﬁe ﬁa?w&enmaﬁgatseges@% froa t%ezéeup&aonﬁ}éte% ' Samgme, s@e@éoda lime

N e t . 1] B . .

R L e S D P line materals
baving @ lattioeclosely waaiphedao the gepup 7diE) mistal witeide.6 I theagpge of gallium

MY e
Abo subsedr, meSMEBIe, 2 Wiffer 1620 of 626 oxBi8PhaBidm niGdde, SiC etc located

64 6 655 or 660C. The pressure in the growh
8%31??033?&%?/ be mai ntai ned during the form ng of the

YVieeup thebfiknd kd be gedvad inad bit@Rativiel groap(lMpmetal Qittide @ilf, for example
1.0, 1.5 2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8,
Qf_ug}mlg;rbc’)r 1§§11113n, é_xez%ctlge_: g?utgql AItroges ’spe\gz}qg’gegc_:r?t’ed 40 gq’e njtregen plasma
thal redth4he Sub3tratd whh £mean éhePay & 1éss tHarBor dufl to The bohdnergy of the
6, 6.5 7, 7.5,.8, 8.5 9, 95 or 10 _Torr. The ) L
gioms(liB mectakgitide bendctThe metsinithde dilay may cysingisengplliium nitride,
) | 1 iea sodarhi  hor.0Siti . -
e W Sy B oA OOKC R g i
ordjet aluninemmeitrede alisdivinggabaw alyneniuat giirgke. cl osel y
tched .tg the grou []] tal..niiride, | he e . .
SRR e b PR Bt P iR b Fpplled iR nicice fim
Sihgn obfairel bnanirbeessies déﬂ‘nbké irf?r@ad‘ﬂl,thé pﬂ'evﬁ)])}(l@. agpleets of _ﬂl’(fjba'nvention.
strate may conprise. a er |ayer i nc qxide,
AL sl piftide 0 Sbiaingd ey e aqnensiiredhand g of Lss than about 450
ST, @esk Miganf Aot 460 RRVY 1RWMAnSabat 38(f MEValcsy than about 300 meV, less
rou%(ﬁ:lll nmetal nitride film for exanp

| 15
aarﬁ_ Oorpeynl@ﬁqﬁ.,h‘an ﬁh@ta’?&pim@\/,ﬁwﬂhw atm%@ ﬂ%@g@V, less than about
?Eg HeSB 186 @l?z[naa{b%ghiﬁ 1Re st E&Q%o& X eV it ¥eds ?ﬁzﬁpabolut 80 meV

substrate with @ neah energy o ss than or equa
belowhtbe lostablisbad bayd gdp ofhihe gnoupu@ll) hiejal mittide. he miedeured band gap

bond. . .The e [t fi Y ri alli

iRl e bt ad, tshbeha! SOThAmoRTHR 5358 5do et sg0:50, S00-40,
a0e:s0 N5 0032 0)i 300k e 450200 mmo-ij:mmot #0000, 400480y M00-60, 400-50,

1L Ni i i j i al | j a 1 0i jtride

BT s M Blorkah “oHEE? abinBhesdthlet Parias oo, 3000,
sO®ue, 360-90,0300d28 FogRY, I250m101 Ed-deo,f 240100, 250-80, 250-60, 250-50,
250-40, 250-30, 250-20, 250-10, 200-175, 200-150, 200-125, 200-100, 200-80, 200-70,
200-60, 200-40, 200-30, 200-10, 150-120, 150-100, 150-90, 150-80, 150-60, 150-50,
150-40,.150-30, 150-20, 150-10, 100-90, 100-80, 100-70, 100-60, 100-50, 100-40, 100-
30, 100-20, 100-10, 75-70, 75-60, 75-50, 75-40, 75-30, 75-20, 75-10, 65-60, 65-50, 65-
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when obtained by a process as defined in any of the
previ ous aspects of the invention. The galliumnitride

wo pdoaoadss@mi ned may have a neasured band gap of PEBaB2005/001483

t han about 450 neV, |ess than about 400 neV, |ess

t han about 350 neV, |ess than out 300 neV, |ess

t han about 250 msV | ess than about 200 meV, |ess than

about 175 nmeV, |ess than about 25 150 neV, |ess than

A0002-30265-3R\05-1@s 8040 p5-4B0TT43 0D 53 moeV below thazstablished band
est abl i shed band gap of the

?3 léhh%%ﬂ% grel?ﬁ-{e&\r{]vfl%t}r]?%e The nmeasured band gap nay

bihelatagared 180D 410 OyayIRELAGINF 0058 05,2450, 4301000875, 360; BIF, 300, 275,

238 50 2ob723350 4501905 R B, O3k 83; o 8, 35, 30, 25,20

4601 ®6r; 5 me¥0ledkGharHhe e81ablishe® bkl ghFtHOgr 033 giﬁ)stal nitride.

00, .30Q-100, 3QQ-80, 300-60, 300-50

%8‘6 @61 TesipAIBPt té%ggbm nz@@e% i, obsaped ey be beivegD . 10°— 0.0001, 107
250068, 185009001,290- 6.08001, 21500 6&)1 $900.8601,499-= %Q)Ol 103 —0.001, 10?
250- 10, 200-175,” 200- 150, ~125.200- 100, ;
20@0% 10" 200@p. 1 2660k,00.1 26!90@0 0 008D, 01)561 @_0210 10 - 0.002, 10° -

T, ,1_5%5%9@ g@%sp géég 18(1958’0(?8]1'86).056? 00572002 obm.cm.

he- @Ulunlmﬁinﬁé) filhOgbizifed 40Q- exBﬂb,lt ar0OxZfen cb@lent@tion below 1.6, 1.5,

828 o> £2: 30: 108 G 9808025870t Rt B 535, 95 or 0038

41Q1m16%- 30, 65-20, 65-10, 60-40, 55-40, 55-45 or 53-47

V bel ow t he establ.i shed ban of the 0 ()
Tt P e ericheses Shiberiatpe on Feg R tb%g%maof@@enoma The
foessmidy b Og

o S 200 % 5Ff01?_’lg%! 1nit§§ abs%ggb oﬁl%ﬁiro%@l 7%%? Rom lé@@%zn that may be
ggnta@@ 1m the spgeies gf a;ggoupz@ll) g@tal Q:Iy_d@gemoga@ pn@ apggnia may not be

I

T
rhhet mtwgenlprmwmralsr@dam wtﬁabmmenl.@eeleﬁ) defiodd fib@B a nitrogen
é)lafmglogﬂ G_al_c::lhosztli_\g p%)cz:g%)sfs %gg)g 1nv 186 fesc_{%ﬁg aQov(? the fltrogen precursor

104n addiveBdutral nitrdpe Ofecidd.dbrivedfrOfla mtrSiad. @ﬁér,ated nitrogen plasma.
%@ gasch?pfé]@ezpro%gsdsfgp qulzeo %erit}o%giqgg%)ego %gwie @)E@f@g % Iunpeller may be used
BelhreR - A0 2nRPdWaveenbhtdd QitiRkh | 18 tahd dBe fshbéﬁ‘ate The nitrogen
obt ai ned may exhi brt an oxygen concentration bel ow

pragurser may nipt he derived from a nitrogemspgeiey) contaiging hygragen. The nitrogen
B oo e e B85, B B2 pgine
[bedrfa@mm(dgl dimethylhydsemee dm!th}di Mazme iethylqtinydbypdszingyor mixtures

R TS BN AR e AR LB b B o o, o

giédglAg gfdvllﬂ by et Iabcehsk&ﬁb’fggeﬁwgﬁﬁorﬁmd}é be f@&ﬁihcantﬂiﬂ,&‘ive tithet the need
e wt h chanber. In each of the processes
?r@ﬁéldﬁmgrﬂ‘ﬁ%&ﬂm@e%?rl bed above the nitrogen
precursor is an active neutral nitrogen species
derl ved from a n| t rogen‘ pI asma. I n each of the

' j Aantitiee H8mcr i bed above the
%55&)9&{?19 &U£§ d'as gl
speci es ge?\?ved r (rJlmaap‘%nPﬂ%% I oOﬁngagtaggbm t%Pérowmg a group
pllBsmeatal nitride film by remote plasma enhanced chemical vapour deposition, the

apparatus comprising;

(a) a growth chamber;
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The nitrogen precursor may not be derived froma

ni trogen speci es contai ni ng hya?ogen The nitrogen

precursor may not be derived froma nitrogen species

such as amoni a, hydrazine, alkyl hydrazine (e.g

diboret hyarmphieet scﬂectedj ifesyth yhe igmjlpachmsilng of a substrate and a substrate

RIS RIS DEeddn PR BR AT 20 (ornary

fich ms  of héater lbdfate(.’amdhé\lgrcgwth\bhal’ﬁbertth ﬁl@ﬂrtﬁé ﬁBﬁ;StStogf te%ﬂperature in the
i nvent Jve without the nee or
a’ﬁm%ﬂ#%’%ngguté@ﬂ (glt(? %@f’“g%é) »Apparatus or Growing a

Mayal N wchdﬁ -kt fape\ldau@eﬁfg%am erefi‘ second

aspect there is EFOVI an aprg)ﬁz:\ratus rovmn
gdup & FoNtpingep rubmmadeue flna ylcaendmomlnagda and being in fluid

i%ﬁ@?ﬁme?‘@%e g@@@H{] cﬁh tfdl‘o@\%l gcgﬁgg %@5@‘%‘%{ '6F active neutral

POTOAL @Mﬁommce@@ (ﬁb)utmgem bplesna sehetetedodatamitbhe the growth
ggh%g{%_eggqﬁe g}%ﬂg subst rate and a substrate

conprirsing éyer | ocated in the growth
ﬁ@)ﬂﬁbeamee(mg)foa ibﬁﬁingra | resusiog dmixturehidy  gHeORtoRvtl ft&;ﬁif?l@fér,ttﬁe reaction
eat the ect to .a tenperat in the range of from |
BB AGBRITIBE ABErcy 8bE erai HYD aefalcinis <paRfof spacting with the
E‘Mﬁr@g@i spgick RE a9 1tO Mbiin %@W(III) G@tal%lﬁ“ﬁfét Al Wﬁ@xtebﬂf WbSIm of group

de of quartz, silica or boron nitride and bein

fQIU} fetal Mﬁu%la@m dsaigil tohjechis fproed nmderagapditions gnereby the film is
tsru'i"tgﬁlfe%{de@g: ? ds&@m of active neutral nitrogen
uce

species pro in a nitrogen plasma renotely | ocated
lemwanphlelhginnwfurthcltmnmeto the growth charrber 10 (1)

nlﬁ@#% f‘BP 5 ro'il:in nlglf% présg ar(é]tl})} %rogv(% qup]t?]eﬁ én ghegrﬁggei 8%‘[‘1’81‘”{1 about 0.1
arar tmabo@t 10 Tomﬂhahg bherutiog sachpthbl the Gitm ieadiablegomddvice purposes.

nitrogen cies sp as to forma group (I11)
rr@%“a"’f Pﬁfaf‘}sqﬂ@’%%ﬁﬁﬁmﬁy a filmof group (I11)
nBeals firt §ubd@n@4llt 'ib?ev@ﬁt%%e@c@@il %@ﬁtrdlsnﬁrﬁgéf?@péﬁiéiﬁ 'senerated in the
condi ti ons whereby the filmis suitable for device

pibrpscRlasma fromereagling thesybsizaje W@htmﬁmbmy gbgreighign or equal
f i1

(BenE 80hd ShrkPar U RRUAARY fetd il 100 Wofing QAREof B grovp(D
dueﬁah@ltmbéilm, sach, thetutbé fitrh at suitakleffor davie updsed! e f or

aratus may further conprise:
meang3 fFor su%%ﬁ%\t%? %ﬁgﬁjgr eventing active neutral
nintans fencapetlingsthy agiahpedsurd of bﬁygeﬁQn e grogein clﬁdrﬂﬁdﬁ@uch that the
;@g&gﬁﬁ‘ﬁ% Iaﬂ %5&Eez)q€f§}%%1tat£a%}o% lyglgw a%out ? g aton%rcg)/ such that the film is

suitable for device purposes.

The apparatus may further comprise:

means for generating the nitrogen plasma from nitrogen gas comprising impurities less
than or equal to 10 parts in one billion parts of nitrogen, such that the film is suitable for
device purposes. .

The heater may be a resistance heater comprising:

an electrically resistive base having an upper surface, the base being made of or
comprising a material selected from the group consisting of compressed particulate nitride

or carbide of boron, silicon or aluminium or combinations thereof; and
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to the bond energy of the group(lll) netal nitride
bond during growh of the group(lll) netal nitride

wo pdoio3sweh that the filmis suitable for devi PEI/AU2005/001483

pur poses. The apparatus may further conprise: neans
for controlling the partial pR@ssure of oxygen in the
grow h chanber such that the 25 filmexhibits an
oxygen concentration bel ow about 1.6 atom c% such
theitidghederhedtodased Giihtalpber suabhcaefthe dagorinasdcialibe therewith and
appar at us further conprise; ans for generatin
£HaPFRs 5D SRR PR R B FERE o oS }agﬁ‘aaelectgd such as to
Eewatb hbRSwheSH curtdh® Pasies BEGtEh the hdfinga érert 'wR&RIn the member is

illion parts of nitrogen, such that the filmis
siide abprecamgrisesearben fibie: pur poses. The heater may be a

i hS LB | echrical :

b SRS SR e BOTRIE b the AR bR rhvided g pparatus for
gevangh gooup (Edmpeiabnitrideafilng cemprsingel ect ed from t he
grqu onsi sting of conpressed particulate nitride or
C&gﬁ(ﬁ’&l@ cg?mg%rr‘on, silicon or alum niumor conbinations
t R bfelt sehartbdViEdid ARG £03F D4AkiEE/ X205 IO 4B S sulddrake comprising a

eagting el enent | ocated o he upper surface of the
BEA 13Fery 15E RBRGLIoRtitE i the, T ih Gherm s gy ves T Sulirate or buffer
@Jyef:ﬁddi%,a& bxfﬁtﬁpﬁﬂiéﬁirb VRt RSl Ehalo R the mefl AfANCEIm thereon;

sel ected such as to generate heat when a current

padaanim sty frreecuating thegrevdrbambetiner ei n t he nenber

Ls, J3BM | @SR bfikh AcCOrdance o fu
vvi%h an%g%légtﬁlﬁég@%% %t? h% [ n\/g{rhc%o%,r %to F]oglr éﬂpggpér}lgv?%gg in fluid
aomeupaton sviftothe growwh rpambey, dop tahdfeiringes streait ofi adive neutral
fil conprisi,ng: - a.arowth chanber; - an object
§g’f°g%?§%6%?ers$?r#l}e%m&ho%’%m Shsi st ng of a substrate and

a n3aahs foraprovidingpd vapong ofl thdnnkfad hittidy @1 thet Heintpjofalie object, during
| ocat abl g .i nside the grow h chanber, . in use, the

SBB e ShP EhG APBATFBrSO 50 Falje raqfﬁ%wfrﬁ@hé. mist4) Gitgc To be formed on the
Shjebchd © that is suitable for grow ng the netal

nitride filmtheregn; - a vacuum system for evacuating
t meapy HRppmakiesbe film tgbeghieblefredavigeumerosatie of

. N o i e
g‘g@ a ﬁellrgtg? :nlédmrt?ﬁr ?ﬁﬂeﬁg&re 2:1 m%aﬁipg(ﬁg%kg?r%agl?ef Forfrb&tiflng a substrate
priantflecationgf thestubsirate of thagtawth chauberal ni t r ogen

ecies.to the ar h,cha r: 15 - p
RS RS 0 RRpMT NAREK: o'Rad IBBEMAAlES to isolste the sample
viagsferi tchambert f@nobinghiént donditiens emerfat ippepaditidnhef the sample by
apparatus, so.as.to cause fjil mof solid t al
aPichnfen b alioleia, e dRIE ﬁgamtmf & ,Susbéﬁ(ale!lpfré%ﬁfgf frgm the sample
R@hTbr dHafief 1d8hé boWth Ghlifbezui t abl e for device
Eur poses. The apparatus may further conprise a sanple

1 #edrdpncehyithedn eambodiseant \afne ainyensions dhege is there 1s provided an
apparatus for growing a group (III) metal nitride film, comprising:

- a growth chamber;

- an object selected from the group consisting of: a substrate and a substrate comprising a
buffer layer, the object locatable inside the growth chamber, in use, the substrate or buffer
layer having a crystal structure that is suitable for growing the metal nitride film thereon;

- a vacuum system for evacuating the growth chamber;

- a containment tube made of quartz, silica or boron nitride and being in fluid
communication with the growth chamber, for transferring a stream of active neutral

nitrogen species to the growth chamber;
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20 prior to location of the substrate in the growth
chanber. The apparatus may additionally conprise a

wo od/oB4sak adapted to isolate the sanple tranB€BEAU2005/001483

chamber from ambi ent conditiogs and for preparation of

the sanple by evacuation of air fromthe transfer

chanber, for subsequent transfer fromthe sanple

transfer chanber to the.growth chamber, 25.ln . .
S EEBRIEH RO GG enoib 66 HrahFab ey b acipitn of fheeghiect, during
berhthf 6F thé apfa@xthsl 86 ag ko caABP A TilhWT sbBd mefpWitAde B & PrfAed on the
(r11) netal nitride film conprising: - a growth

ebigetbenrd. - an obj ect selected fromthe group

c Y

o R D Rlind g RS 48 1R o RS R Ri Py OFRE o7 f¥h about 0.1
@om\m hqu afferr, durmgwgecatmmesusluti@t thatfdmds sitableefor d@Gee purposes.

J&ﬁ hav&ﬂg q’ﬁ%%r&]ﬁ%gftﬁlf %ésrs reI ﬁ t(ﬁﬁt E'g wthschS eiabl 3/ fbgra valve in
ef)iﬁmamcﬁmn wadw@rbwch cIHambgf, @aﬁihfab)h&migr c:onnecﬁed to a vacuum pump

ont ai hrent .t ube nade qguar t Sili baron . .
BB o RS oM O e et g Oh o I provided an
ths b afRARg a loffupt M@NSERT Al @nf cb@pAiAg: active

ne}ﬁ?&r al nit ro%gr%ﬁéuge(gl)ye% to 1t he gr owt hgchla%ber WO
286803 £Bamb®LCT/ AU2005/ 001483 .31 - means for
p I . .
V?@?h@bt@le@teﬁ@?ﬁgEl}eg%?ﬁﬁ‘g%ﬂgﬁhgé og ate {ulgtgtl?%% Qrgf Q@ﬁlﬁbstrate comprising a
b]pﬁﬁ@rrlawey,sthe sbicatslocatatda insisleghé gomitl thanaberginmse,ghe substrate or buffer
galg%xir ' ; ﬁc‘gr% {es%rﬁxgglges 1 At fs%&t%lﬂg kot rg%dwﬁgqm &F @1@1%(16 @51 thereon;
F alvg:&mﬁf S}fsteﬂﬂfoaboama@nglthe@rdimﬂnrchhmbabout 10 Tor r

during operati n, such_that t i s suitable for, . .
e e PRegDSES midRe Chesiitizs JHict o PO Aifighend Deing in fid
BBt b ﬁlﬂﬁt}ﬁr Bokeh CRaRbe! BB YraRe@dingdd ¥eedd of active neutral
comuni cation with the grow h chanber, said val ve

pistoggn ﬁtﬁ@%&@lﬁ&%‘”@ cha@befin punp I n accordance with
anpLAe ko SBA a}f?)tur To? She ﬁ\éﬁphitﬂﬁe i fh%r\ﬁmhﬁq/ bl %{eeo‘tﬁjéct during
pr ovi de tu or grow ng rou
npetramcweoﬁthb appamtnprspgs tcause afilm @rso mect.ﬂi amtbéﬁ to be ﬁmmed on the
o%] gtc%nqsel ected fromthe group consisting of. a
&5 e and a substrate conprising a buffer |ayer,
t hgeadbj fer:bu&s»arﬁitaﬂplrﬁewi'amahg eactibe nguivait mitropanispeciesi generated in the

Bt A Fechie B PUrae oD RGeRel gfoset than or equal
B el Biﬁdfd'nlei%%l Jﬁh@%&’ougﬂlb M EtELhiRR o/ BérRind g gréaeiatf thedgroup(Ill)

the growth cont ai nnent tube nade of

g Putrid ilm el fhab e g vit2ble SR oBEs PRIDPSS | i d
{r'&n s?ﬁ gfo'ug N bfdedd 'H?t & G isCOARRA nitr{dR! the active neutral nitrogen

astreamo active neutral nltrog ;
sieisis esaytroadhithe gbjooit witle eabercrgics ablessthpmer gruelfodibagt 52 eV.

e?é' he %‘ ép ﬁllﬂ%&al rmr}cfe fﬂ% s it G tﬁdé,ythg bethfdSeutral nitrogen

spec1es may reach the object with mean energies of less than or equal to about 2.88eV.

Where the group (III) metal nitride film is indium nitride, the active neutral nitrogen
species may reach the object with mean energies of less than or equal to 1.93 ev.

The means for substantially preventing active neutral nitrogen species generated in the
nitrogen plasma from reaching the object with mean energies greater than or equal to the
bond energy of the group (IIT) metal nitride bond, may comprise at least one impeller or at

least one baffle, or combinations thereof. The baffle or impeller may be located between



10

15

20

25

30

operation of the apparatus, so as to cause a film of
solid netal nitride to be forned on the 20 object;

wa@pas/034sneans for substantially preventing actP@EAU2005/001483

neutral nitrogen species generated in the nitrogen

pl asma fromreaching the substféte with a mean ener gy

of greater than or equal to the bond energy of the

group(l1l) netal nitride bond during growth of the

fhe le(epﬂ and a sewrcesl uspd o fegotgly igpnerate dle nifragen plesta.| Th¢ impeller may

Uit ab : device . h up I

bt LB A R MERRRE: ntal 1S S ) ght Upeller may

resbstastiallyl preogd mctispecuted mayganespehies lemitidy] éoin Wiet hitrogen plasma
an _energi.es of |I. .than ar egual . to_about 2.2 eV.

R P EE e R SeriERs et 41°The B TR 15 IRASPIECST ni ni um

Mint dniotiRr etfbedidtdnt V€ threknlE@tion) tHet® Geprovizie@ Gh&s idTére is provided an

reach the object with nean energies of |ess than or

rgi
chparatsdongswinga gwar (IDywplauitride fdneeqmpasng: net al
N giodeh ElaniBet:s i ndiumnitride, the active neutral
nittrogen 30 s )eci es may reach the object with mean

- erfer gijest selpctp@ from thagranp eogsisling of a soltrate anfiresulpstzate comprising a

Speci e asnd

rleyer thianig g talveystdd jsero¢tuse thitt isrmdtabkenfor giosdngtheanets] rittide fibinh thereon;
equal to the ond ener of th roup- (1'11) netal

ni & YACHE e anfﬁ’éﬁlva@é#ﬁ‘ng%%gré’f” th gé%‘ﬂbe(’iﬂe i mpel l er or at

| eastomsiambal tite, ntidecofMmuagt,i dhca toReb®6h - nithde BAd fdetng in fluid
or inpeller rraﬁ be | ocated bhetween WD 2006/ 034540 .
FermAEeRionoyth ghe gtowth, ghagyenc for Jrnsierdng Ac#irqage of @gtive neutral

rB0E! SpelENBHAL 8ok chidpgen pl asma. The inpel | er
may inpart centrifugal forces to the active neutral

m meagdar Bepsingdbe subyiate ip elteraperatye oSbhdiweematiqat #Q0 °C and 750 ° C,
Pﬁﬁ%‘él‘{ﬁ% RGNS sEbid 1%:; d@&iE%@Lﬂ!pgseipeC' es emtted from

the nitrogen plasma ~trom noving along a straight |ine
OFheamdnisrfer lndating glint Subbivatt enydis) the heatér dagomiingg toethe seventh aspect of
etgbodi rrtent of the invention, there is provided there

i 9° &P s provi ded an apparatus for growi ng a group

(Ihld Jurtet ambbdibdentlof the ifvertidPtHesd ROprovidad @h Qippsratus for growing a
chan‘oér' - an,o_gjg t selected fromthe group

oBreR &) myptadpitrige SIB<SOMATENAd a substrate conprising

a o AYfktieEnanfier . the object |ocatable inside the

growt h chanmber’, in use, the substrate or buffer 10 o

| -eapeqbitrd velaged romyibe groupt qopsistingeot hsubsirgtesand: sagibstrgte comprising a
SR Mk, 05 AL odiebld B aL MRk Biber, il B betrate or butfr
deyxrdiavimg atcrystdl etroetdee thét is suEtable, fos plowdmg the nixalaritride film thereon;

nitride and being in.flujd ¢ ni,cation with the
TR o Pk Tyt he arofAERIER Lon 0t Dt v,
neudt e@tainfhieht’ GgRN nBde CHe fuirtz, t iBcy 0@ VWbdros haitdRr and Seing in fluid

nmeans for, heatjng the substrate _to a tenperature of
FOPRREHORiSB it dBe Eral olpgnbeg; forsta%ﬁ%qrﬂ%g & pfeeap} Pfpactdve neutral

SHirb gl Pebid todRY bfowtRUhRRRSS. The nmeans for heating
the SubStrate may be the heater according to the )
seiegisHongpwidingf vapour of the metal nitride in the vicinity of the object, during

fkgfffef' ,‘hsféfg ?Egeébj%éééoc%%a%rﬁgglhg g}e?%g\lgﬁ]e%ﬁﬁl%tef ?Ilrl P%Eﬁ:tl{eosglggrate or buffer

operation of the apparatus, so as to cause a film of solid metal nitride to be formed on the
object; and,

- means for controlling the partial pressure of oxygen in the growth chamber such that the
film exhibits an oxygen concentration below about 1.6 atomic%, such that the film is

suitable for device purposes.
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the invention. In a further enbodi nent of the
invention, there is provided an apparatus for grow ng

wW@200803gnoup (111) nmetal nitride film conpri SPEAU2008/001483

growt h chanber; - an object sghect ed fromthe group
consisting of. a substrate anda substrate conpri sing
a buffer Iayer the obj ect | ocatable inside the

the substrate or buffer |ayer

gh.Qwt h ¢ @ 1 3@%
AV REns ng?%? 1§g partial pressure of xygemine theogrowth chamber may
gonIptisg cohigetig tadleakt 4 porfi6n b HE ﬁaﬂ&rsﬁﬂgce oiztﬁe coﬁa%ﬂqeﬂf‘{ﬂbe with a

tem for evacuating the growth ch

%?ﬂg&fl Miesa, tvﬂlﬁéenl}rﬁlﬁf‘ec@ﬂaclﬁ $Eapt 18, pesforned aba rinmsme of from about 10
MTdrt e aig 1@@’1‘8 4 fok % g)gnog Q%J‘utﬁt Oéléﬁ,? m)b 581155 {he contact step

grow h chanber or transterring a s
Geupinesat least tarpggm ofgbe bidisa imthefceng[mmdﬁ nﬂdmﬁb&[ct with nitrogen ions

our of .the t nitride in
'ffﬁgfé\s/t}l%?%en%lﬁ)s\% a, thﬁl%reg g£ st ayporti Ay of gg: %]bc@rlélcp%wr@fl into a species
ﬂtade dapq)mta'elﬂ:ase @ngels atdms? ag w%ageé; Leltsﬁbg}f]ggﬁqi:cérﬂs ael ﬁ#essure of from

‘{t rlgqu?‘% ?‘% H‘é"% gﬁ& Télrf & @é@ﬁﬂ@é DEFSSER Y oKy Ean maasebe less than 107,

goéwtoﬁ’ cormioe’y 1 UGSt fet 10 1 o1 dppexhphi ts an oxygen
t| on bel'ow about 1’6 atom c% such that the

once
Fif Yo tthes ambegirecrt of thednyepsioputhprese provided 2006p 345 46+ growing a
?mgqg&gggyd%q-ﬂ 3ok Slﬁgans for controlling the
par

i'al” pressure of "oxygen Tn the growth chanber may
coBpTiEe @Dlmractl ng at least a portion of the inner

S 0 talnnent t th a nitrogen
> G886 Hlectell o e U Bt HiRE gt oSyt ey Slstrate comprising a
‘mféaslagree, thé oBJledﬂbéd‘Dahlé ink{de thel Srofvth Ghasddlin 108 tﬂ_@ﬁfbsﬁ‘g{g or buffer
about .1 hour .to 100 hours t he cont act

d of
fé“or i “%B:J%Vﬁgl sfiuciuze bt ig spigabls B serwing ghasnetabaitride filethereon;

cama@uﬁf@@{(enimb@vgcg ﬁ@% Ivith cRihbQg9en ions in the
ni trogen pl asny, vvhgr gt ea(l:st a&portlon of the

5i8 aﬁn@eebrmf‘r foaagle; pf (ﬂuaﬁépélélpésor boran ditide motd being in fluid
ERhBasiBatRony 980 ﬁ’lE {uln?%e? StrLst,?g'm Lﬂg%__r[]%%g ogsa'p?lve neutral

a pressure of fro
mﬁég?m‘ipleplaﬂqjhegmmhcmmbmygen may be | ess than 10"2,

s oo o B o CiBioc oo it o i, aurn

0pwﬂm>t1|af ithe dpperatus, So py Vdateda flin PR EhYGE] HBAdSoBY BEned on the
ldp(lll) metal nitride film conprising: - a
3’9% H%hanber; - an obj ect selected fromthe group

ot péhed iti
'Clﬁe%ijf : gngﬂimg&h? ﬁgﬁfc?%ﬁté’??ﬁﬁa?c‘g? zlgf%gfl ?ﬂ? 8&8{5&&@ ﬁrﬂ;guntles less

B0 v parts; iy ogg billipn pasipEnitragen, snchbiihf e filinsis suitable for
dediRh uﬂﬁ\,\éégwg a crystal structure that is suitable for

rowing the netal nitride filmthereon; - a vacuum
ﬂwneaﬂSf%r gencgatiregt tha gllﬂrd:@ngrlanmmﬁohﬁﬂﬂnegen gas comprising impurities

less than or equal to 10 parts in one billion parts of nitrogen may comprise purifying the
nitrogen gas used to generate the plasma with a gas purifier such as a metal zeolite
purifier (e.g. a nickel silicate-based zeolite purifier) for example.

In a further embodiment of the invention, there is provided an apparatus for growing a
group (III) metal nitride film, comprising;

- a growth chamber;
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- a contai nment tube made of quartz, - silica or boron
nitride and being in fluid comunication with the

w@e@sobtsehanber, for transferring a stream of BCT/AUZ005/001483

neutral nitrogen species to t? growt h chanber; 20 -
means for providing a vapour of the metal nitride in
the vicinity of the object, during operation of the

| mof solid netal
e Bgeg8 Ao Ba Bitngintng s sbirals o pomprising o

gﬁﬂ&f aiyer) thd $t8ed1ilddaBBR infili S 8i¥Berb W AN SHALER gl?ﬁseg?r% substrate or buffer
nprising inpurities |ess than or equal to arts

TRV B havBE Bl Stpetareghatrs suitshlerfor grophng hamnathieniteids flm thereon;
|8 PddlilRRY §edi@br cvacudf) 'tﬁf%:B%P@ er, N€ means for

generating the nitroge rom Mt rogen gas

co ﬁp?qfﬁﬁlh@enﬁr}blhel tiade of] qsatzt, heilicao or elopranh  titridk0 amhr}ieihg in fluid

B85 80 8 D8R TBNGERIRL b3S o stve neu

phtnegm spembsmt}gagrom tliansber;such as a net al I zeolite .

a ni ckel Ilcatebsed eolite
Bﬁ?t%s 3?’5 £"i°8{?dl%& AnapRer ‘2@1? fhetal mitrdg dp té?rw&av‘afeqﬁthepbwct during
toperatioy @AtheQpparafiRl & dsSto RAMN EIh 8NsoRBRAGALMEideQb be formed on the
gr ow ng a group (I I1) netal nitride film conprising:
Obhecbra{’} h chanber; WD 2006/ 034540 PCT/ AU2005/ 001483
34yherdA tﬁ’é’b(ﬁﬁ&mﬁl%hteﬁb@ﬁjs fob 2B b §ucl A oMQnr?e? r}§la$\%é 15918 Substrate that,

a substrate and a substrate conprising
|dagiag , operasiopbyfethe dnperatieshltee lactsvedaettttaé rgtr@gmhslmbﬂsr‘mee is directed

ff
i T e TN
rmg]alm tietrangkeo ff frdm50 ldegreanto righ@ avgled iith & pédne Rohtalnin the substrate,

hanber; 5 - a containnent tu
evabhl tha%éﬂitlis‘gégwtgﬁgﬁ’ﬂcwe% tride and being i n
fIihei ghih GOAFWBRI Srdntd sWstAntibIg a8 Mk hngRIPRE .2 gféﬁe containing the

transferrlng a stream of active neutral nitro _

spdialss to the growth chamber; - means for providing a

\Il"i1 RO Rice W AR eﬁibtoﬁingé%% i ﬁﬁehlﬁve[ﬂtﬁ)'nn eYe R gr&@iged an apparatus
object, during operation o ar at us,

Ferigrewingt4 grovp {118 phdtal nmtmdalﬁlmJ ¢qnnrd1sutgn be fornmed on

t and, - wherein the contai nnent tube is

-Q%{gt&%cﬁ’%@%h a manner relative to the substrate

t atobjectisaldctegl e ronp odndistiagappastististe ahld@ sabdtiaveCcomprising a
ct ed towards a

BEHeT Bor biioBiblosRAge ol el hicBigb s R avbsgte or buffer

llayeph8dnGa bskRADt@hirY tik isSitallB %re%rb%ﬂghcﬁe HRRYRitANe film thereon;
from 50 de(t;rees to right angles | ane

¢ BYPEHUR AFTEh ioreyptatpg the 8TP‘§ths<ﬂPéﬁ1b?hat the filmis
Suj tRBlagrhQft ABY1 L8APWrP 2 silﬂbg BPtb'adeP%uEﬁe OfildE @Eﬁg in fluid

substantially at right ang ane containi
coamugigstion avith the growth chamber for transfernng a stream of actlve neutral

nitrogen species to the growth chamber;

- means for providing a vapour of the metal nitride in the vicinity of the object, during
operation of the apparatus, so as to cause a film of solid metal nitride to be formed on the
object; and,

wherein the means for providing the metal nitride vapour in the vicinity of the substrate is
located in such a manner relative to the substrate that, during operation of the apparatus,

the metal nitride vapour is directed towards a central region of the substrate, along a path
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In accordance with anot her enbodi nent of the
invention, there is provided an apparatus for grow ng

wa@2@eosy54q 1 11) metal nitride film conprising: PGDAU2@S/001483

growt h chanber; - an object seébect ed fromthe group

consisting of: a substrate and"a substrate conpri sing

a buffer layer, the object |ocatable inside thegrowh
he suba%1 ate or buffer _layer having

nber., i -
gtﬁ%rl@?{“sm'e@?f AL tmEe SyBitantialy  ihe smee dids dseesiis iy righieangles with a

Pl coRtalrih g thefsuibdhtatd) SGRat the BlnY ACHHIDI
%ka?(é)lfat i ng %he. growt h, charr%er(;3 25 - a Cgﬁﬁa(feﬁln&;g%rgoggsé

¥re minbe orienigd gt gight anglesorigna plane retdaining thesubgtrata.
fRREEVD THLM j Al r er, for .
SR S EE kgl Ry BD 10 pBfve evcoos
dpEe observasl that figme erdwic mathbike ; RREGEBNsrotes qulVintengh damage by

f tal,.nitride i.n the vicinit f the i
SERe Aig bEIR Sl D i Bnkens ity sichtedofig: thy microwave
@augeted plastnm dhisledsilell tRetigventirs td ihsider Beyd OF fBGEnPg such species
t:he - 30, .0bj c[ﬁ' an]g\;t1 Whﬁrﬁi n,the means for providing
aley ﬁ%‘?%lflgﬁﬁ? eV ilsh S aflpwingelovi mpam enprat spepies to be able to react
suthsthe aifeth§lgalliofaloed indiuB e haﬁm{ﬁﬂﬂﬁ ﬁgéﬁﬂg%hﬂ thel Bethftride.

ﬁﬂgstrate that, during operation of par at us,

oYV e Rl apena sopenes ajesised fas anadeculanhernispitaxse(MBE) growth of

hRAHS Serkic b : ) /034540. . . ..
pReNe Sateh iy 3%%%%?1%@ ADGPo 521 ?‘8%5 fmaintain a high
prassura st thel plgsmansidé evittaa hearnfof 4btikegreeies being rdigbied into a chamber

I W e_contajni\ng.the _substrate,, suc .
P I D LDV T A T P—
MBI eysteys e ofich direerdd atouhil 9bfflcaagd e apbhlndy BbI8A¢ make their way

RPECVD is w dely recogni sed

cont aini t he substrate,

500 5, e i fheie DRRPYIEr0S. RBReEIoes e for smaall arca MBE
bdWEdt ah 31s0 DehB¥EtohRR Wateufd A t

ng{E(fVD prggegs coul d u%lg%% dae#ggie:ﬁ%)(}g&?%f% éﬂ? (@ﬁg large areas

FegP¥ th cHpyeves MBE smphe sroesbnowgepiessirescwlaigh,atbspite the use of
b ] v ; Thi s.ted t .
ey SRR R ot RFRELAL BB el SepBichl® nitcogen
fpegtesy eaching the film whilst still allow ng | ow nean

i to react wth t .
FAPL S SRES) Rl DRPRBR | P Shop o Poldsuter etv neua
hitrogen lspeciest ein b tireded 0@ Mlarpewassefod FlmREroBY®Bause the active
sour ces. ?ﬁe used for nol.ecul af beam epitaxy (MBE)

TsiRe ARG RifsmY Hge BesAndbinga clossido thei@d a lowpresimepompared to that
5t NIBOY inf whieh W pdicleBchmNig| @ifpléRd TR RigheP gl pressures used in
%iie at the plasma side, with a beam of "active
ﬁéﬁé Bhilsh pubstartially dprevanging damagbede theifilm, rdsl aeti seetny to be an
i ] - r T Y - .
IEpRIRR 2 WGy SASE o A0 100 e, T e resitnt v
ARurab rigrg gerr eneaigs behtet ds theniicavevapimament |y abl e to

R AN TR AR
gitugeeplagan fahsratiting decsubstralé Wetta mBsh agdrby 6f BRufer Man or equal
tglrt%éﬁ(%iedq ?%gér\(}gﬁﬁq\%\é%é I@gﬁld{;%allﬂﬁr %bg{;\g ?nsap,frcfgg‘é)gfpélg;g or more baffles
addl FHmpdBERitd ediftet PRSMAHFlow over a larger area allowing the deposition of a
more uniform metal nitride film. The one 6r more baffles or impellers may be adapted to
cause the plasma, or one or more components thereof, to be displaced radially from a
central region such as the centre line of a conduit, duct or tube. Alternatively, an impeller

in the form of a fan comprising blades or fins arranged in the path of the plasma and
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baffl es and shutters, can |ead to damage by resilient
and energetic active neutral nitrogen species. 20 It

worwedts4expect ed that for RPECVD a simlar siPORAURI05/001483

shoul d hol d where active neutral nitrogen species can
be directed over a large area ¥or filmgrowth because
the active species exit the plasna area in conditions
closer to that of a flow regine conpared to that for
M¥atednatniin GRgR Bfdié,Chgy HRATREISToR HbaMREhllyTPRvBtERe At tr
rowt h pr essﬁr es used |}r,1 RPECVD, whi | st gug&tvantg%g ftiye neutral
g‘%t’ékﬂéﬂ EPSePSrnegieddn therpitrogensalasms fiem renshingtthe sbstite Zﬁth a mean
oFBithtet thaft!
g T Bithick ulor R e oAl ol BP0 BE Mo Bl igidg bona
s‘%pb@ﬁﬂesorcnmlerd may hehwsedi toriovaese theagnwth iee dfethelgrcﬁup(III) metal

{
BHRAL 0 MR S 3501 s s
mmanhérmg adhmtsgda@ﬁthah@ammdbfahﬂﬁﬁm #BPedt gyerdVIBE ﬁfs is the use of
ta the bond e of _the group

A R A R L A A e S DY

“ emd pedcesseP ehd pr%reit@s dReidigCh tﬂé AR e @x‘@a’ﬂy hgd'vgﬁ the quality

1o the deposition of a nore unifofm
fvlingcgnqu% a?%gOWﬁé)Ydhe RBEEVBaRrethed. or i npel | ers may
@?ea@éiaﬁfn? %rﬁﬁrmﬁ?uﬁﬁwts eg[& 2% %&T itRCof ﬁaﬁoghean can be achieved

nponent s t her eof di sp radi a fom a
é@zfmeﬂmnaﬂégl on such as the centre line of a condwt

HE ol B RERBR MO0 pp 8B Gt % i e allowea

fetiseafl 4 ArOhdfmdayendo VO sBOE¢0B odPloyed, providing excellent quality
ECW U2005/ 001483 36 | ocated at an angle thereto, nay
B for substantiall y preventing active neutral

Al Baffigen nﬁ}?]&l@t ESERNFAreb e glovwiResy et aﬂﬂ@fdhr@f RSB idVeRidn allows

r achin e substrate with a nean energ greater

grspih QY Ead SWECE AR08 AbO U Hepgfies diamdie, ¥ t?bp% mppl larger than was
ﬂJusl‘S”btehé@% I@@ﬂgle 6y Pahdil %e? {m%mlfé ﬁlﬁ?r}{?ﬁlﬁ&: used

o I ncrease t growt h area o e gro met al
ﬁﬁNrﬁlﬁé growmbtydhe pracesssasdordingae thvhinventsan hdveubé pcgteﬁtlal to prov1de

g I WTW T
GBE vmt&sto&mﬂns]osattdmeien&@r of dlfﬂere@hhétel@sﬁwmremwﬁzéﬂ res in

e .chanbe V\/nlchll s fi mda e
TRE dEp R oS kb Ins TP Gee s isr i opentipgal MOCVD
Erower e raubay de G%Hsﬁﬁirﬂ Of 4 FRtaPREdS B@lo%@'térﬁp’eratﬁfé@ of about 400-650
N grown by the RPECVD net hod

iformty
(§ eaf*dr e’F‘iuInﬁ‘i dases 6?rﬁPfteyﬁ91m Hs sybstrater h@ﬂ@aﬁli’éfpb%ﬂlsﬁé o enhance
&’i@so@?aﬂoh%@@a&ﬁﬂle@ﬁe@&% gueddigRnventional ly. The

i nproved growth conditions in the process according to
L‘Pl‘é t@mp@ﬁmrmﬁonnwl)an¢t@1vmmdetgnewﬂs euahf asaGav @dowthf for example, has

Rl RaP g PUAEES ST Yo IRIRY Bl orfibdd B SR W8 bubstrates,

waumssnlﬁlhtm lgsnrg/%dffex Ystearsuak @0 740N QiC, HIN) €aN) vwaGaNpétc, the lower
[ over a,.surf e area of, about 4

PRRED of Ui R TneSHeh Wieh g @ e bigeigyers, and the lower

thermal stress between the GaN film and the substrate. The principal shortcomings are
weaker film adhesion to the substrate and the possible higher degree of incorporation of

hydrogen, oxygen and carbon during growth.

Passivation
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previously believed possible for a small area
m crowave plasma source. GaN filnms grown by the

w@e@emss4@ccording to the invention have the pPCEAUR@E/001483

to provide Ilattice-matched an? thernal 'y matched
| ayers for further epitaxial g%vvth of high quality
20 GaN with | ow di sl ocati on density on different

t t t vices. The deposition process
BSPRRAEF< W10 e ASRES! o {he egten. dheisonvernifhalmethod for the

. | iti . I . .
N RaLaT e Dl 0ot ABRORY R f 55 E8 g ptucing e
SREr | aser renote fromthe substrat eI hol der nmay be
LSS0 Al i f S cules into
Fr apude i AL RASEs pO AR AL sl P STt ity 3 aigen plasma, at o
iressugepf groomelmut 4 0 el ars toGeisut | @OVTbr ahé forexperitldent fas about 1 hour

I, ical advantages. These include the use o_f
ﬁgaﬁc}lﬂéggﬁno@ wiPnent and substrates, the possibility

ofcausinggt leastfaqforiicty 6f the $ilieh i shoditiacdbfiheldbiet (8 Nact with nitrogen
Al GaN et&IE the |l ower_ inclusion of inpurities,

depsrBdhe pritoger plaswmay,whsrehy aiieast a perion &f evel, silientistdopverted into a

|lspaRs: &% .

su bstsrtg%t?.% e@rﬁdg rgl‘fﬁ nci p giéﬂ s o?;o g g%a%gge%grdﬁ §%{1%§{§E§F said pressure.

fin [ths semexd ¢inthe dhirdh @spagh ghe abjecnmay theeamosigid! @gﬁpr'@h@r releasable
i ncorporation of hydrogen, oxygen an

gg?%%‘ﬁ”%?‘i ng growt h. Passivation WO 2006/ 034540

AT /con2008 6i0p 48 Bref@abllyrpesformed ang rosturd teéwhdds ke lower end of the

f..hhe inwention, there is provided a method
?go?glﬁ%%%n{séga&gﬁgﬁ?mﬁm?n obj ect nade of or conprising

Guarder tooavoid taveiont dTehdEdeied iritd @'s?éﬂié&h&t"tﬁ)es $dIERS oQ%gen atoms or
contacting at least a portion of the surface of the

53?1?3&8% AT AR YEH 49188 éh spil aseaureathepbj @t iy prpiuplly ghaintained at the
bfoRshahRmtd Poessiher ot £Omafout 1@)99%8% Aot 166 ®PGhAR% flow of
of fromabout 1 hour to about 100 hours; and -

BHIPEPPT 4t lase then 18- Eprrivanilst inden evagyivini, oehilsh avdiding contact with air,

f ' r tawth nitrogen ~ons in .
tﬁiﬁfgﬁ‘ ﬁ’lﬁﬁordg goétr?ﬁg logls%kngt?‘t;st Lo 8@8&5&#&‘4 cteogg ins oxygen.. The method according
tuthis aspeéted thesinyertionrmeyithetefbre iacludpheisep dffiaévedass the surface of
tons
Dot TR LY EBRaB R Tiendir oGSOt O USEHITS 6 s hat contains
asyzen] aftdr benvabjiec of thil poRdndMYhetdk RES oftAEBbjest ik said species.
en . atonms., The contacting step is

| bl .
eefe@?%ﬂ?@? bﬁgﬂ)’(‘%/‘%f“ﬁé&“%@ njfride specigse t owar ds t he | ower
Thél oiectthgy bath %ﬁﬁﬁlﬂ{e@nm)@sgelerc{i‘ Eﬂfe thepéo?ﬁiﬁﬁﬁglﬁ éveé%é or tube may be

order, to_avoi d reversion o e species In .
tdeteddipe be ramplaxes % g eRPREYRS porcess] Bescebehsibevertore conducting a

.S Q| bj ect. isS.. .
ESRE00B S O o 5, R s a0 0 v
dfantbep hefaboot dungTotep dfgraimgta i of endtalunitlile. aTHd Bétal may be
%fnimﬁitrogen, or at less than 10-6 Torr whilst under
acuum whil st avoiding contact with air,
In accordance with a fourth aspect of the invention, there is provided a process for

growing a nitride film of a metal selected from the group consisting of gallium,
aluminium, indium and combinations thereof, including the steps of:

- contacting, with a nitrogen plasma, at least a portion of an inner surface of a plasma
containment tube made of or comprising quartz or silica, wherein the contacting step is
performed at a pressure of from about 10.mTorr to about 100 Torr and for a period of

from about 1 hour to about 100 hours; and, thereafter
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wat er vapour or any other substance or gas that
contai ns oxygen. The nethod according to this aspect

wo@tooblodsskmvent i on may therefore include the stPEI/ai2005/001483

preventing the surface of 20 t€§ obj ect from bei ng

contacted with air, water vapo or substance or gas

that contains oxygen, after conversion of the portion

of .the .surface of the object ipnto said species. The

31 1R R 6T 0B s st PG o o FeROUE BBEIA nitie, on a sutable
Ghpsapite pRVIdRE iR aGROW R dhARIBEr, \BSREA nﬁfog%ﬁ' ggrsmy?:gmprising electrically
cont ai nment vessel or tupbe nmay be adapt to be

éwt}trgly% chamygallpeiixarpseise és beig sendustad thtnmeb thotube to the growth
cPhgYet i ng a 25 nitrogen plasma conpri sing

electrically neutral but chemcally active species to

A hgrentastisg atebds phafeebly parforimed ay apressere tofvagisané Mgve end of the

f : It ] The, net al . may. be I Li In
ATl Rt o et TePBLROLRRY hehotfands BIL 12,13,14,15,
tibei  1i8s 1920y Dilea?, a32492@s30, BOJ 36,9008, 150, 85,10t 65,4, 75, 80, 85, 90,
Tl m f X:| netal selected fromthe group consisting of

gdér c&lﬁ 5 308 %ni ni um i ndi um and conbi nations «
therdeoto avoid béidisiteh 6fMBe §3RRS idba s _e(':iescﬂ’i?f @55 r88ase Yl Pen atoms or
a nitrogen plasm, at |east a pOprI on of an inner ‘
LelP3ssR AIQE oxygAaiRmS a Saidanressure thewlseidnweeies fthoobject is preferably

GRITRBINSH Y 1o Qfo}&lééiﬁioﬁéd .Bfe@surm? rﬂeqplﬂ f#’g'% g(ggnmb%rt {d " Pout 100 Torr

step is performed at a pressure o
Podenmdnitragen dlsoutorldessothamr@f Torr avhilst underofacwih OWhilst avoiding

SR ALY skt BB 8 o R ook RE s S o v aen.
dhe swintadting tstdp miay rtbleke place QN A tengReAre0bf WBEALbout 100°C to about

gthe on a suitable substrate provided in a growh
er, whilst a nitrogen plasma conpri sing

& getdohatihy stepl@uldad iorf HEIRL G A I L&sei
gei n cogél ugcli 215‘& t hra 0 uagwl?we tﬂgggﬁtcg¥{é%gﬁté¥ gﬁ% FIRLESE the tube may
h& edgntpp spasies 4Bt dags spbrelsase prpga atbing querlkaresdels oxygen

alon? WEBSEY ' 08100l '
PSR 1R AN N e g gty e
hwloehengcally, actige spaciesltp, thd grovith, chafber théoughthe hfhe. TBe species into

8fficndhe sififa ispnv i 1B beprinTBibaldlapeRiss o or more. I n

dheerctd] aritadeifidmreaebs fomedfbyt daesigpaGtesmi oftrRet@ofRBRR BHour, such
r 10 rel eases nore

t hat s r.elease o n at ons , _
&%%%ﬁg%lﬁﬁ%?o §%°§X’§ﬁeas§{ﬁa@ 9@%@3}% i fiechresence RE the nitrogen
plajmat Themptadhfydelgyllive®i nt ai ned at the af orementi oned

ﬁﬁessu];ée of from about 10 mforr to about 100 Torr
i &etod, pesopdiag te | they fowth aspect of then irventiors miyr include the step of

ekl ARGt YU SUIELI0 0N 598, Wl e o
evienih hedilyyefsolithectalontriles ismay be meamyred bk e rpti@coalgen atoms
9, SETRS 8B AR ATHE. 49, 800 1 J09% vt 1 e
sveht that theesetaltniiridetih galkiumfragie othe idogirddubee] B8 be below about 0.1 at
a depth exceeding about 300 nm from the surface of the gallium nitride film.

The method according to the fourth aspect of the invention may include the step of
subjecting the substrate to a vacuum, priof to the deposition of the metal nitride film on
the substrate. The pressure in that vacuum may be from about 10 mTorr to about 100
Torr, if a flow of nitrogen is present, or it may be less than 106 Torr in the absence of any

gas that is purposely introduced into the growth chamber.
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be converted into a species that does not rel ease
oxygen atons or rel eases | ess oxygen atons when the

WO Re603sm0 pl asma i s present in the tube and i SPCT/AU2005/001483

supplying electrically neutral,;,but chemcally active
species to the grow h chanber %%rough the tube. The
species into 20 which the silicais converted may be

A e DL SRS o H SRR ik GHIE D™ 2% seprte
shatberawhichi mBy byl igaht ifoiA of @ loadigk cWaﬁ*nBeIaoﬂJaﬁngl@f The method
he presence of the nitrogen plasma. The

ﬁﬁf%{amﬁé&}t oyeh pengt ofithe ventigymay mstusiertbe fusthenstep of transferring
fRYIEiBAtBRP8REr PThal BEed EB’ SR8 el VACHIH] efr&ﬁethétsglpar&e chamber,

25 repeating either the tacting step
1@?&%‘%& Plithfr ot égpd ]@ﬁk Eﬁbtﬂﬁ? grawth thanther. prTélsemcthocbfnay further include

R4 u? 0'5 rlgé\l;b%tlflg the 9& ?rg g%lﬁecggluﬁg llrtlt{)l de aﬁ? gétgae}/na?)&{ggn bearing

|Speq1¢seif®oit|has hﬁnadubywtedltcd&mefuabmm has decreased to a
?tredlee nitride is

FARPLEES by VR oy RS TELE T WPASE 4ot
@reboﬁ(ﬂltloﬂmg @(ﬂidfoﬁ@ﬂﬁﬁglﬂfb Beetitr#Giad gom the
urfac efaéﬂlél umnitride film 30 The nethod
aged ?Rj’et%lﬂ% ReliFtl FsRast 48 e inventiom dhergvie mreifedray apparatus for
tiRetinkder HARGivaiRPatbast 8 SiWstrPRe Y Qﬁto'Bgﬁtc?gllta?e ar gr comprising
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adapted to provide the vacuumin the presence of the
surface when the apparatus is in use and when it is

wWmoedaosiosuswse. The nitrogen plasnma may conpri se PCT/AU2005/001483

el ectrically neutral but chem g@l |y active species.
The apparatus may conprise a plasma generator capable
of generating a nitrogen plasnma. 20 The apparatus may
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The means for providing a gallium nitride vapour in the growth chamber may comprise a
tube for admitting a stream of trimethylgallium to the growth chamber, upstream of the
substrate; and, in some embodiments, a tube for admitting a stream of ammonia to the
growth chamber, so as to react with the trimethylgallium, during operation of the

apparatus, so as form the gallium nitride vapour.
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15 with the growt h chanber, for conducting a stream of
nitrogen plasma to the gromh chanber; and - neans

WO 0006084540 di ng a netal nitride vapour in the vPCI/AUROO5/001483

of the substrate, during operation of the apparatus
so as to cause a filmof solid nmetal nitride to be
deposited on the substrate, 20 wherein at |east a
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It is to be understood furthermore that the temperature of the surface of the containment
vessel or tube may be increasing over a period of time, from when it is first contacted
with the plasma, until the surface of the containment vessel or tube has been sufficiently
chemically passivated with nitrogen, this process may be assisted by heat transfer to the
containment vessel or tube from the plasma.

The nitrogen may be of a high purity. In order to ensure that the gallium nitride film that

is grown in an apparatus according to the invention contains as little impurities as
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chanber or load lock into the growmh chanber. The
transfer neans may be in the formof 15 a pair of

WO 000gH34580 conveyor, a shuttle or a suitabl e vePCT/AB205/001483

lifting or |lowering device. The nmethod according to

the third aspect of the i nvent fon may be conducted at

a tenperature, at the surface of the containnment

vessﬁé or éube,fof ftj’ om about 100C to about 1200C.
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Me Okift6Fer PlBMARUARY L Batfoile 99! ﬂhbuéﬁlgl'o%ﬁ'eﬁ‘@ of’irh{a‘&vpaq;es using a
i s grown jin an apparatus accofding t e invention
BSRSoRs The magneiran Mephere § pewersalE oDABICBABATO Watts.

4 ' as.a fects
PR RN i 8 S S B AL SRS oo o
the mpgnefren abhigherfthan Abayh 7p0MWatis, itltendartefisuredst Yhe temperature of the

.aj th about. 10, parnts r billjon of .
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pooxtygepéemBbifiohi the swisidel df thscRtadiRéRonRbel. | €ss than 1

total impurities., Thus, any

art, per billion of ,
| P’éfleg?‘_é,ené‘}{? gtg?{ e o BpEens PaPBR st stable. ks pewRePf the magnetron is
indpuasdd ioes 1&feRt WRYChOR ISR has %ﬁﬂ@&ﬁ&% gﬁiaé( p?aﬁﬂavﬁgy also be

before the  nitrogen is converted into p
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radiofrequency (around 13.56 Megahertz) or where a DC plasma generator is used (0

Megahertz), the frequency may be lower.
It is desirable for all water vapour to be removed from the apparatus prior to passivation,

and to avoid water vapour and other oxygen containing species from entering the system
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Larger tubes may however be used in the presence of a
magnetic field that still contains the m crowaves,

warashesyo may al so be used when | ower radi of r ePUEAT008/001483

DC 15 el ectromagnetic ex0|tath§n are used in place of
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the enpl oynent of m crovvaves using a mnmagnetron. The
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desirabl e fﬁﬁ f ter our to be renoved fromthe
SPU&Y RPN IPEf the Bt\{’\%%?ﬁ? FHPS and to avoid water

W@pﬁm&ﬂﬂ%ﬁidﬁﬁ{ WDIK(Y%Hd 6% tHealiMbMGorRREThESontdiMbnt Vessel or tube.
t er e system 2006/ 034540 PCT/ AU2005/ 001483

&ﬁyeitkil% af Righerpasgivation pressupes, theeegiod haringfyehich the surface
Wa kRl colRifadt: %@ss@f $a6he fsqﬁ (}}j?e& 8 thd&i oé@rk)hlf&sﬁg rﬁaﬁ%e shorter,
and“do |

cont ai nnent tube or vesse ' not con
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i Th | th t
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he @ptimyny pressyge mlloalsolgegegldm howTuhg system is to be
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?,Q sz 10-10, or 10"9-10'10 Torr. The passivation nethod

- accordance with the invention is preferably carried
Utas deembount] that, where the surface of a containment vessel or tube made of silica

quartz, that has been passivated in accordance with the method of the invention, can yield
a gallium nitride film, when grown in accordance with a method according to the second

aspect of the invention, that has an oxygen concentration of less than 10" atoms per cubic

cm.
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the same pressure as that at which the galliumnitride
filmis to be grown. Alternatively, a different

wWQe@sssuse0 may be used. In general, a plasnma gePE€r/AU2@®S5/001483
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%{)1 ‘Ei%] ce of a new silica guartz contai nnent vesse

%inrihe 14988 of ﬁamea@ou& 0 3@5&‘}/@@900 oncentration
[dhs @r&dd inUR RE tsp'id[sglgtrtf:\h(!l ﬂe%&%@@sﬂd Reiefrate more into

cont ai nment ves
ﬁﬁylub’ézﬁ@nefv@lgep@ﬁtﬁénnagmcmwameplasﬁar pur poses of the

m,Nni.t.ri
TROHLAGHHN bk o Mesficdfla Wit 05 16O lipicd Tnolecutar
hgogérages. i isdks eleatricofigid @ the Bléeﬁi@lﬁa%‘leﬁﬁ rédiatid£ 8%t generates the
than 1018 atons per cc will be desira The | ower
]ﬁ %xygen concentration in a galliumnitride film

Ifftke hivigen blaSma Q@ﬂi&bﬂn’{g, e potdr ik folBH %ﬁfﬂbéh%ufdooegﬁl@f@ased If the
%ﬁl liumnitride filnms having a | ow conductivit

OFerrmadnsng bright giky ﬂEﬂJHPW?rylsdﬁp?aﬁ%tlsfworgdbvéﬂu nAn orange colour
Midfcaied @ha%%%hter ‘BH&E% R8Ssiki 1)19.;1&6 %&ﬁﬁhg% et m{ré%en plasma and that the

preferable se silicon as a
El@?%@éh@’ﬁfOMElomlﬁfmwre of LEDs, a h| gh I evel of

7hd SRR Ul 450 G M TLELERLS) g oy t provn

ioay drone the, plasma reachlng the gallium nitride film as these are energetic and can

cause damage to the film.

The more impurities there are in the silica or quartz, the more its temperature will tend to

increase when a nitrogen plasma is generated inside the tube or vessel.

| A metal zeolite purifier may be used to purify the nitrogen gas used for the generation of

the plasma.
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concentrations of oxygen. What is desirable is to have
a galliumnitride filmat a very low | evel of doping,

wopidbssisthe is residual carriers have a very PCTAU2005/001483

mobility. It is desirable for the electron nobility in

the galliumnitride filmto be Yrore than about 50,

preferably in the range of from about 50 to about

1200. lons created in an RF plasma tend to be a | ot

nior erdende guepate dhel vaeuye reysieny, dt e benfitst subjectgdatot en increased

P2 WA LS ook o T SRR BB Ra Bt 48 g pparatus uni

ethe ptesans haf dripppédf toed opetating peassura ifdllingeithiahe afotrementmned range
e electric field of the el ectromagnetic radiation
tH&§EF&rates the plasma. If the nitrogen plasma is

fThngeﬂﬁlhrﬂgntrtdléeﬁlﬁDYngrom 4100 tdner@tie &@ﬂr@uﬁﬁtely 650°C, using the
increased. If the colour repmains _a bright pink

t he
VPsprgeesy darhe popsentignal MPV%m&P%fn&@ BB fempegture is of

|tﬁgbﬁﬁ;§§agoggiodyogher energy transitions are occurring
he nitro [asma and that the plasma is

tTi@rléVQﬁl@n @de@ ﬁ@ﬂﬂg@t‘w gcopT He use of Rl daspus waé PG plesmas.
phﬁsi'm ﬂﬁil gtlg'oe ]glrcbﬂﬂi%% gl h%fl %1!3 %%gee&% f(If' rﬁl c%ufafv%g 45 E‘rgquency of

gvent 1 ons achi
m‘bbntl 2145 fGHzmv\dﬁch iuesret am&alaadabg atm@mmd fieln Indhatscase the diameter
d e ta the f s there, ar
RSt (e By o Ui Blircpt R b Es i A2 om. Bven

tanief Aiath&teiseans @\Be&nanfaytlﬁé)@@quéﬁaﬁ“ﬂ isSn@RRRAFAttedprevent the
i nside the tube or vessel. A netal zeolite purifier

PRIPTQYERViES dEpme Peing treysmified rptor igefroydl regien. f Bpr dgher microwave

Q‘?C_éla_ﬁéﬁéléso Bm@Qfler thhedRARSIoRs al\éQe pe/9 ?%gt the microwave transmission
U2005/ 001483 45 In order to preépare the vacuum

Sfy(ml enfering thengrdyethfdhembers yidjilst fardower amcroweye &seeencies larger tube
S{I&{S%%Vmw#eﬁt under vacuum mai ntai ned by punpi ng

€ apparatus until the pressure has
d‘hs:)ﬁ) pather altematbyee patRhHelcorsource thayt bé nggdwi Suchra fobhece may operate

af‘% e réH ed 4 aF%%ﬁ %01%(‘{%2%3%%2?{58 ggg)f)m%%hlvéliﬁlmhis diameter tube

ap ﬂﬁ&gﬂeﬁatd@)hﬁnﬁﬁ&ﬁ: isugdpigd,t heeh RPEREEER, PlopGaSsace] Ant BER (electron
convent i onal MOCVD process, the grow h tenperature js
FI0NRE TIMERCE) IR ORSB ESeU R I FIFTBIAY AP iefels ebsorbed by

Wh Bla@mhh?oré Sfﬂé?enﬂ @nth%% dﬁBn BFmRbAsiRonAdndle Pl asmas.
The invention also”includes within its scope the use

dtargércliametowssyp e about @ gme mightdte used wathqueper aggsntigrsto confinement
%dgﬁas%%gﬁhnﬁ?m ai ned by a rmgnetl c field. In that
i ane

of the contai nnent tube may be of
t Wéthathe émpedvefl racwab cwwndiiobs osed o &RoRPECVD ‘pmceﬁy @nd because of
f{lgglgtl}’l%é} S}%Ixsgseu:s?e re eh{qagwgtai?lm%n ve selP ﬁl%u' { a1r res&ltmg from the
introduction of a load lock, so that a sample substrate is placed in a separate container
before being introduced into the main growth chamber (which is not exposed to air), the
predominant chemical reaction taking place in the surface of the fused silica or quartz is

believed to be:
Si02(sotid) + No(plasma) ===~ 2 SixNy(solid) T NaO(gas)........oovveorriereoeereeeseeeecerer e )

It is further believed that, as the reaction proceeds, SixNy species build up on the surface

of the containment vessel or tube, so that less SiO, is available for nitrous oxide
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m crowaves frombeing transmtted into the growh
regi on. For higher mcrowave frequencies, smaller

W0 adve/0slisnensi ons are required to prevent the nPCT/Aaw008/001483

transm ssion 15 from entering e growt h chanber,
whil st for |ower mcrowave frequencies |arger tube
di nensi ons may be used. As a further alternative, an
RF Helicon source may be used. Such a source nay

d?geﬁiwén Whereb the araowtt of @xyeandiekssedefromyhe rsmmpe@ecmyes and the
%1 B@mggggmg% éédjl s dianeter tube if magnetic
con I e

nenent 1S a , such as where, for instance,
abheEDRetednebas the @b/antﬁ@ dlat ghe rquaitn orc ﬁ)se@lsﬂ'maja usal toc eontain the

F}:ﬁaslr'l%a o §s1 a%:dlt d é?? % ge ﬁret% L‘gl%ﬁ{icra lgdn%f U0 é)f(y%en spec1es are not
ddmfatedeﬁ‘mmt the lgasage (silibap malls rduiring Fgrdj\mhadﬁwgalﬁﬁknqmnde film, at levels

e reSE "o Ry B Rty 0whod ansbon e as part of the

%ﬁﬁ&!séds QRScribs@ th ihe ﬂrﬁ%sﬁ%ﬁ%nﬁﬁ@@ﬁﬁ@dmﬁﬁﬁ thgeguse of
5 infrequent exposure of the contai nment vessel or

tIt/es hegn dpynd thetdhe emawntiof oxyganaelepsed fenm the tohe sradpally decreases in
| RackrhAtkn diftnd nere\%BZa?t@P{h% isitBSednditfont £ J%etg h@ﬁ%au probably

separate cont being 1ntro
rhecomey pastivated arithes nignivde oased surfwe Ghp pawsivation arecess mhg take up to

f ¢ reactio [ .he
AR OB oS 0 PARLLAT KK, P SulhEapos moy e
tna75 3R, .92, 901,i 1), 13,N24,pl.8sn8) 1.7; 1.8; 1.9, K XDy,(B6) 2.9, 3t 4.25, 4.5,
'Y’% %ag )7 8,9, 10 or more days.

I Bs Rirthetmbier 8deBrfol@l HRY gfotidad therfubb N8 kefagddep 'ﬂlltra—hlgh vacuum
proceeds Si xNy speci es bui | d up on the surface of

dit Wﬁéﬁ’t’lthfé% gwnosyie to ger ta a hydragen bepsingjpbasmag and provided

S 1 1100 By OB D,y piion

aﬁmemmﬁwtrfet eeansenlhmrt@dnnuhé)es u:rffﬁlue gﬂmﬂaeathe@aﬁwrd sittee it will be

u 12 sivg nventi on has
%Ora {g\lﬁ 81?%2 Igﬁ% g ?aﬁg ziém Y’%‘a) used
tIﬁ tlﬂamailctmraﬁust foe soﬂeaﬁmmlﬁs tcpas ﬁ@fv adledor & period bf ngeks between film
ren em ca ert so that.ox S s are
oW By BUrh s RERE B eiatid, b (b medians T to 3 hours

dié[:)brﬁﬁln "uﬁéM Resfual i@l BhritiddNin ik Waglﬁhrﬁ|s_|yf§fbm§*twﬂledéeh&>essary to again
that aftect the quality of the film assi vati on

levecHe ﬁaygeaéel%@ofr% ﬂpf‘atiube vl He O\M¢‘@ééh§ ahedpemoseskig air at any
s?asg%h@r 1B'tﬁ§$v%§ﬁﬁ ’éheﬂﬂ%rﬂanc&bﬁnsef'mghﬂ%?toﬁwf’ 2 g&} rellatted species

been foun he anpbunt of oxygen re
t(hledrpg@ebagc@nlaamawwb@aueawg etqlnng; vihobrvidlaeinome ﬁwmassgvated layer)
%1 fhY ?? PQJS \%.EIO% E?OCC%O&ADI&%% gfin{), 2? e%%%gyﬁg’r rtnore 0.8 to 3 days
mrtlrto aeialyaSIéhé rsmaﬁsa%on“ﬁh&:em&sy take 0013, PIBECOSE, BV .2, 1.3, 1.4, 1.5,

3 HA L SR 2 ph R AT 3 T g ack Tty 61 e B Giore ays.
(W&;er Q/aﬁourlls dsudlly the? main %emci]uaf'r oxﬂtﬁé‘h bdarfhg dpeéies In&n older UHV

1.9, 2, 2.25, 2. 2. 75,
environment and it is believed that exposure to the residual water vapour in the growth

system causes a slow degradation of the passivated SixN, layer resulting in the hydrolysis
of the nitride layer and the formation of silicon hydroxide and oxide species. Hence, if
the system is left for a long period, for example more than 2 weeks, the time required for
re-passivation will be considerably more than when it is used continuously, as the build-

up of this hydroxide or oxide layer on the inner surface of the tube will be greater.
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4.75, 5, 6, 7, 8, 9, 10 or nore days. It has
furthernore been found that, provided the tube is kept

waie@e0345kd r a- hi gh vacuum 15 (UHV) conditi ons, P@i/aliones/001483

exposure to air or to a hydrog?n beari ng plasna and
provided the systemis not idle for | ong periods
between film growths, the passivation can renain

intact for an unli mted nurmber of film grow hs

Py harhigher %IFW@E of gesjgual wsger yappwr preseay imyhe pldey SV system, the
Ralid g’a@l?glf atfi 3 BSLIE aﬁhbé‘ Ad VQH tﬂe célﬁpétﬁ&? reaction of tube
appar me reason has to

petrolysis @ﬁsmxsisthst treigee Bas bﬁmmcommglyamumlleét%mg tube surface during

@1 :%lﬂ ” Pnd%bg%g%gpsﬁs g plﬁ%SI V@rg%a?geog? %’%5 rh%{sygt%ﬁmh cf’%xgogé)d the tube
poalgigh nex?ejaf@femteva\whpoub devnoes ﬂ’(eypltamanag of n nifroger gisfiow from the
oxygen, r el ease omthe t wa ver

DSt G GRBine) o e et e BReKEEHInH v, ‘e level was
teBdipliedao B ABER hidRE AiRPnAIMER T chl Be AcHINBIOURR the new UHV
rel’ated species (hydrogen based plasmas wi || cause

fi§E&.et chi ng, which will renpve the passivated |ayer)

S0 R BRaLAL (DTSR L D gpypRrCD
G307€. witlh ¢her paspizated walte, showp tioat 8bs oxygentlakads Bre7®nside@bly lower for

%e%?{%§3’g’ﬁ%153n%ff S g%’V §Omﬁar§'% to Q?I%S gr&)w?lg)yl @Zfakojrgagﬂ é‘; %aoal vapour

d@;o@itlomtq:;ﬂwﬁmate%al(ﬁmwf;\pour is usuall y the main
t si dual ox gen earln ecies.in

Y PPRIRER N AREPTAIGe o Il T PRt %‘9(}36‘%% IREHYR jsthod of film

bRwiuRl beaugdd fepaHs %favdtllﬂ eof0m@iidl filfs SYBERM SighigREnt oxygen
a sl ow degradation of the passivated Si XNy |ayer

psaminpien framtthe qwariy (siliga) plaspa qoRéaipmentitaRe. | ayer and
”1:@% gg&Eéaﬂg?édctBﬂieﬁ% to>{He 1ﬁ9éht{&ﬂdefl§8(bfi@rs ¢ a@%in gaegestﬁﬁcz% §§lhum nitride

ystemis for a ong peri od
ﬁhanpi be gomen wdiegthe RISHKED métbod diilnr grpwth.eehitly means that the film

aSSI vat i.on. Qnsi Iy nore than when it
SR 3&1?1%15‘18%'3’ 10%35 efr}Pegag&r%F up of this ‘
mhalpmesiacwrdmglt@l Ghel 1ﬁye&1t10ﬁ ihas the furineradsantdégeabatafitrédea can be used
tube will pe greater. . WD.2Q06/ 034540, PCT/ AU2005/.001483 .
as72 e fffﬁgerﬁ?l@m BTG DB B ae S ‘{Pg%%‘ﬂfmn Originating

ﬁﬁﬁﬁﬁabmkrnmw&n%%%ldéw system the reaction path
equation 2 could not be achjeved,

glg%g@eﬁwrwgcar%ﬁh ot saodismiality, N widl loweh Q%f@dt ph&eN LED based

" W %1 bei ng constantly resupplied to the tube
surt ace

uring the tube nitridation process. The

Thepiasertlinventipens thgreffretaheiguificans stepl towauigpsingdhe REECVD method

| ev t
Eqr éag(éciuc g0¢ lgrfﬂmts,r %éizsr%: sfélg‘;&%p%(/m‘é%ﬁé’ %r{l% gﬁﬁﬂ?@{% ag(?s achievable
Hjathengocpﬁnmeg)odand ensur ed that the backgr ound wat er

a r..l evel resu i.e Q a ch_.hi. er

H Sttt b e e Ene GERT SepudSctinen o SR Oe o PP of moving
PR Mtk A hifl®Eh pREied ﬁ@ﬁm;@ynu(r@ ladres t th%, grb@th chamber are
GaN sanpl es grown by REPCVD at 650C with the
padessioed Odayve Hie SagIgaNFanER: t he oxygen |l evel s are
consi derably 1 ower for the UHV systemand are | ow
conpared to filnms grown by netal organi c chem cal

ﬂgggqnﬁggar artus

According to a seventh aspect of the invention, there is provided a resistance heater

comprising:
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deposition at approxi mately 1000C. The apparatus in
accordance with the invention allows the RPECVD net hod
W@R006/0B4540 gromt h to be used for the grow h of PCT/AURI®S/001483

films wthout significant oxygen is contam nation

fromthe quartz (silica) plas# containnent tube. The
process according to the invention also offers the

advantage that a galliumnitride filmcan be grown

i nlgcin‘ihell)R@men’eﬁsh duhvirfg £l uppgr gutfhce, vhé diasembaﬁlg made of or
wn_ at signific ntI

Lhe, |
mn% 1 Mt SR o e Bip B ing S Femrevefepieutete nivide
bmrme of borbheviliced\anhagaivihat combinapas tlfb?ébfbﬁldu sed

our ce rat her. than anponi whi ch means t hat _
ﬁ&%ﬁﬂﬁa% HI%@%HE lopstadon Bie Wprgﬁ%lgf?? ﬂétheﬁ)ﬁ%ﬁﬁrtlh assepigtipn erewith and
@(ﬂﬂ]:l)ﬂi?s@ngﬁ‘d@ 'ef&%cah?%ﬁddcﬁ%’%éfﬁﬂ& Qh&r}&‘é'ta I'Bgl %agg@gelected such as to
uaﬁ:tt i; GN wi | ower the cost of ased room
EYNGFAL?

ept whta apeuasahpassen/braigbrihe beatmereédlm wherein the member is
s using the RPECVD net hod 25
88@?){% ucl rl{%&%a}ﬁg@ r%g whil st still achieving the
Shermatpuial intay a(bsfo donbprisas vefactotyl @naiulsie thay ntdyemNﬁHB/aher materials

hat th duct
b 49 B e ot W0t ext of moving the

Astuls&tbhéleiﬂ, rtEé phhlakd‘ tigeiesd PaChe IphErOftrfade ofithd BERMor in association
»t g owt h. chanper are understood to have
@Wé %P\%@fs ey ppmcdingpabotmentavthsraam thy hegting element is
ReMeNbh tl?esﬁﬁfake qh atéﬂgo\}erbfﬁﬁhb@ﬂ) the REFSeel SmBEAMEH 4% thePurface or in
resi stance heater conmprising: WD 2006/ 034540
Prassaggmdsmeghdessurfige.- an el ectrical ly resistive base
WIS SheP RediRRRE ﬁééfécra&c%()]l‘(ﬁlge atiig 1?19%1{%1%1{1”&%2 04 oprated at lower
conprising a materl al rom the group
tempsiaturentpngingcionp reey sempgaintd ahdvataebiért terthgeratare, it is particularly

bor o silicon or alum ni.um or i nati ons
%@rgr egﬁ 8%1%‘61“{65%?1%%??5”8 |ogﬁ@ﬁpg I%’&‘gtj‘é‘bs gh ’tgﬁge‘BB?fé?lres such as
thosd amwuoferddnin tirS®RIBE afulm mdbaiﬁfbmsésh ﬁg@iﬂ’\ﬂu%é?h 1?@%% 2nd other
Jectrica conductive nenber a as
SPPPE B e & BB P BRSaET et e heRst BoHBIOPAHIER 1a eenerate
l@déf hﬁﬁ"terﬂﬁe?&ﬁfe mfr&ﬂ%ohhﬁodb@@ttb%oﬁd %U%)ﬁt OMS&%&ut 1000°C to
er is nmude of or n‘grlses car bon’ fibre.

menb
W&}$%°Cnﬁryfeaﬂéﬁfr@6h¢hop§b2 dé¢ et d590%€onposi te t hat
i ncl ude other materials 'such as boron oxi de or
titani umdi boride. 10 As used herein, the phrase
Theobaseentap reonveniensiyebe shﬂpfeddbomfcotﬂmedsai; @aiclesrof boron nitride or
er.stood,.as

TRk B0 Pt BRI 6P S 8mmpsion. 1 e

event that it is made of compressed boron nitride, the boron nitride may be selected from

hexagonal boron nitride, cubic boron nitride, wurzite boron nitride and rhombohedral
boron nitride. Boron nitride tends to become red hot at an operating temperature of about
1300°C to about 1400°C.

The base is preferably shaped from a machinable, compressed and sintered particulate
boron or aluminium nitride material. To be machinable in the context of conventional
metal cutting techniques and steel workshop tools, the material needs to have appropriate
mechanical strength, lubricating, elasticity, modulus, hardness and other properties. In
practice, machinable ceramiés, such as machinable forms of boron nitride, fend to be Very
soft to machining tools, compared to metals, as they break into powder under the machine

cutting edges. Pyrolytic boron nitride is extremely hard and brittle and does not easily



| ocated on the surface, in a groove provided in the

surface, enbedded in the surface or in a passage
waoaensusad h t he surface. Whil st the resistanceP@iFAU2005/001483

according to the invention may,gbe operated at | ower

15 tenperatures ranglng fron1any t enper at ure above

anbi ent tenperature, IS part|cularly SU|tabIe for

under _th es tdn Ltio igh .
DR 491G, pceder Seih saihaﬁcwi@  dithnionding fieh e den Teauired for
andbeaﬁﬁmae@rocesses For use in these and ot her
MICMIMB wher htemmrMUrelsre uired, the

R Shehotragesseie s@seiawen@ obcg@h afitige (h-Bdtis agadily machinable, hence a
bSBIRK Blol @nfiled éeﬁh‘BeﬁfQé}Hé gtdﬁle 111@@00 or

fromabout 1 OOC to 20 a out pre erably from
5 Rpouding padietien obfsuuriaenc. beaawentad;é Bl se noawetted by most molten

@‘%FQ‘[ rglqﬁgés %d%ﬁlt? Qﬁfﬁ%c% :’hggr% ﬁ%@%gﬁﬁe% tghhtﬁléglclaggttacfc. It also has a
ight dielectrit byexklewn direngtly ligh ablare redsprigsaidogpod|dhefltal inertness.
S Bt 3y 38 EbeBRERSH sHPh b S bion i,

Bictdsifeigowsubi ¢ boron nitride, wrzite boron nitride
%nd rhonbohedral bor on nitride. Bor on nltrlde t ends

10

Mt f;gl%%

nachlnab

Break' T AtS. powder’ "”un'der “the' rec I'Ee ?‘g%%sta‘%ﬁg”e‘dg

Pyrog’y Modubesr@fPa)i tride is extr%&ﬁoycgardlgnd brlttle
D09 6,034 ‘J“P“u/ %ﬁ‘05/0Ol4 )
,‘;_re?%qﬁg%0§Q§gg%ké¥Ff&ﬁ)é ?‘ﬁﬁPi“ww R %%;

oS wit

machi ned. | hot pr|>$sed “staﬁxoa @n
r readi 'y ‘rachi na
ﬂh@?ﬁgEQSQHWﬁﬂﬁf“@ e fashlon@%?¥ dﬁ?%cﬁat pressed

billet. s Providing oxidation of the surface can be -
prevented, h-BN is not wetted by, (ﬁgn net al s,
"‘ghasses and salt's;and -hence has-a’ lg% Tesjstances to
Bhéﬂﬁn@BﬁakwamkSumuﬁaﬂéénmaQ a 3%i'gh di el ectri.c o
Lr.en th, high vol une resistivity and go

E%ﬁ&% pﬂnﬁ rtngss - Typieal- p%apertles f-or - hexagonﬁ
ol Rasistivityi(clem.cht) .corpari son* wi t¢¥ -qabi'c boron: nittide;
are as follTows: 10 Table I

Source: http:/fwww.azom.com/details.qsp? ArticleID=78#% Electrical insulators. Note: The data in this

table for h-BN were taken from a hot pressed sample. As this is a highly directional forming process,
properties are anisotropic i.e, they differ in directions relative to the pressing direction, For this reason,

15 some values are in practice higher than those reported in the attached property table.

Pyrolytic boron nitride generally has very few impurities (<100 parts per million),

whereas machinable boron nitride usually contains much higher levels of impurities, eg in
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Density (g.cm3 2.3 2.2 ) Melting Point (G
3000(di ssoci ates), Hardness (p 100g) (kg. mm 1400

wob@dlosss4of Rupture (1VIPa) 100 (11 to press dPCT/AULDMS/N001483

50 (1 to press dir) Young's Mgyl us (MPa) 20-103

-, Thermal Expansi on Co-eff (RT-1000C,,-,, 1 (11 to

press dir) 3.8 x10 6)( Ci) 4 (1 to press dir)

0 i Vi 083 S, dir
TSR R0 Vel W BT QMBS oy v,
_‘l.:}llciur@ Bbratd]seised: aya bln@mmtcmnhnstan’be aso Iahﬁiﬁ Il% tovi (0%, typlcally about

SO o8 SO i ok e fr it

Ht@dlwwaldVC@&ﬁioab&h%ea&@hﬁuctgbﬁ ﬂl@f)@g ”I‘Eé"'hﬁtenﬁﬁﬁ’ée@ for the base
N wer e t aken from a hot pressed_sanpl e.

b, i PR PYTOLHA DeToR iigepios ceplicariops Gibere lazgs amounts of

&Rt 1 grb
004 OO 0 Nl B A g e

P thedieatoy dpieg gramdh deespotetdecd abriugA800%Chan t hose
rﬁﬁpﬁﬁt’ég Apbik, RS b rﬂ?}F gﬂﬁrﬂét ¢ g by fmaac‘i% o?padﬁ{ni%gﬁ n(ltg'iiSOAluminium

boron nitride genera a EW i (<
pétritle h@a hl@bﬂ thenm)a,l comlmztleﬁys thmmbrma:htr&iemnddm bétter hbld@o distribute

5 Gip BEt b Tns Tt elites bt sperating Chulitinsc Shmmgiom nitide
ﬁﬁﬁlgelﬁoéﬂy @Iﬁ newﬁﬁmfo@,lts&id?yl ﬂlikh%irﬁhl%%ﬂudtﬁ(/ﬁyqﬁ”cloﬁlbﬁl@aon with its

b b t d a nder in one
et Sieealecirina’ HoRlstion g e W0d5 Of SBaRI Iy ey Eapvbgaced by dry

Wsﬁiﬁ an@fsnR&‘iﬂg:oPKj/ Bt presHSE bith appRSPrlAR sihShENER. The material

I nst ance

ﬁ‘ﬁﬁf?fsﬁ‘ﬁr\ﬁ%ﬁloétﬂﬁilééﬂbnﬁe@bowom@@ac/ pr oduct s/ bn shapes/ ).

r S
Hig b E hiiad 360, Yer] BoR BB BAABELERD BY Ferhf "oxpansion
am'fﬁntem tsfsmdan'mnthat af gilioa. lllsaisb has gl gietvotrie properties and good

hanber, and proyi.d hat erati enper re
SR0RE kiR o RGOt AltiseiBEs Eheditisetl Jhoaet d RPECVD
pEfRe&Ses. As st at ed above, the base may alternatively be
mnitride. Alum nium nitride has a

|
Eﬁ’g%&gg?‘ﬁe@%%éo rRILULaFe ¢ Pittidesn amgr saridas jugealhndeangein  higher
RSk deffrataddls ot e it ﬁyroﬂ;@ictﬂlﬁoﬁ‘ S@tHdgeNFhakeHinY are grown by

the heating el enent under erating conditions.
moleaular beamiepitaxye MBE), the bac ground vacuum has to be much lower than in the

case of RPECVD growth. Surprisingly, in the RPECVD process, it is not disadvantageous
to use hot-pressed particulate nitrides or carbides as their impurities do not have any
noticeable effect on the quality of metal nitride films grown using the heater according to
the invention. In the event that the heater according to the invention is to be used in the
MBE process, care should be taken to use only materials which would not cause
contamination of the films to be grown in that process under the relatively low pressure
conditions used therein.

The hot-pressed and sintered particulate nitride or carbide may be made by
compressing a suitable powder thereof containing additives like rare earth metal oxides.
When the particulate nitride or carbide powder is hot-pressed, its structural transformation
and bonding evolution between powder grains make it compact and very stable to be used
as a heat dissipater. The hot-pressed particulate material is very cheap compared to

pyrolytic boron nitride.
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Is specifically of interest for its very high thernal
conductivity in conbination with its effective

webk@ocwns4se@l i nsul ati on. A base nade of al um ni POT/AU2005/001483

nitride may be produced by dry 51 pressing and sintering
or by hot pressing with appropriate sintering aids.
The material suffers surface oxidation above about

700C. u ride h ver t her mal

conduct i vﬁt 85@1#‘ gmtﬂeehﬁfl 1S d IBF‘ICR(‘&%E‘? g?@geml hogon nitride, the

Shemiahcoﬂd’mctlmajt oﬁfthedetSeC@FBSTtm@' $6 A8 860911 W/m.°K to about 70
/e gﬁtrlg Ebl erti s and ood ‘corrosion resistance.

d‘%’ g5 PIGH{TROLY drogg meRetouthort 601 Win.RIREmeraipreferably from

RE&EVED Wfrﬁ’eﬁsﬁ)eﬁboulfl@ﬁ W/ﬁﬁ‘sl@d (s h%x%f ﬁﬁ&w@?%&@% i within the

nitrides and carbides usually cont
cEmempntioned smmngenis prefeiable i es” t han pyrol ytic boron

nitrid I .a
ot 1 e PV thit TP b, BBUOE ke RIS S0i8 bRt riiide, the thermal
Icm@ctwlh)apf the tabeg at Qa%@ mftheRP Eﬁy'lrgﬁm hlay be from about 50 W/m.°K

PECVD,
B8 00 Byt b gplcanrone PICBEE G by ool 40 Wim-K.. A higher
tha*maki@&dmtlvgtlgrvht}]gls meﬁi‘oﬂéﬂl?%ﬁoﬂeﬂﬂkﬁgtetlg ﬁlsefgg?]g Iot h ?v e ;
an ticeabl e effect on the quali metal nitride
fi I)/ms theneyra r%a 1heee promade of q aﬁ alynpmumhaitride, the thermal

conaRiatVieNof the bhfte aﬁﬂﬁ’@t nfa 5}3% ﬁﬁ‘(ﬁﬁf\l/gg\ﬁ A ggo&t %50 W/m.°K,

the invention is to be usé ocess,
BYbURRlY Betasr ahowtd SAS¥/ e AK yo ﬁbavé ﬁoawé/nmm,csaymmund mStW/m °K. A

f
e o mO AL it bO R mRich L BRe i ARG one
used t The eliectricallvesistotityprf elses‘ea:*e aemdre%rztﬁlje K&y lﬂg’(, tih Qttieatcﬁprevent it

Bl LMt el oEAT o Y Ao e Ricriseiesistivity

eﬁmtgéagnﬁtoa\kl\é axOctes,. ﬁ)reﬂe%ﬁry 4the§sp<ﬂfoht cwl@b@. ni |t ride or
car ni er is ot - presse Its structura
t r ansf E‘rtﬁﬁFY% fhaéhammﬁfalﬂﬁgs o) it resptivetMeehe Fompbout 10° - 107

gr@il,ragimg@dhﬁm@qmglte 1and very stable to be used as
a heat di SSI pater. The hot-pressed particul ate ’

mat er | Bie base yasibenanpacuieg Ry ednpeessipg oo nyduldingboon or aluminum
Ritdded SesililR EQQ@ 35%1?495 g"c? %JQQ %6%148 oﬁsﬁ%agﬁ}agbout 100GPa,

event that
prefesabln wbwtdk?Gqueandt dier tealperanre wEtfion byowf1 3lObEC Q@%Bout 1700°C,

I%%fe% &E@% ?boélﬁwlgg%ug‘tb %’%’ V&]’r%%%op@g’ﬁ%ﬁy@ °‘W1|§10R° :n‘f\9r3é fo cause

trhe @ﬁﬂrcbdsltty st mg((i) ﬁ(gﬁua Iscglmt Mét\;naxﬁﬁog ctaﬁrgﬁg to AN Bnditibns. In this
38 ‘{’n‘é gldigrgﬁd Eré‘f cinartisiesaayan @ndPWQ&%heévent t hat

the b&S@npx‘éssréBdsor@ﬁ sl aablig 1?1%1 1ﬁalﬁ9raxggyzgi BBt‘aﬁlieﬁ from GE-

the thermal . conductivity of the base

Advapred Gerarigs; Spnt-Gahain & eranuis, dbtotrtational Wenarkic Engirmbong, ctc.
150 Wm K, preferably around 100 Wm K, say about 105
WmK.. A higher thermal conductivity within the
GI’QnVerrentl oned range is preferable.

The base may have a groove formed in its upper surface and the heating element may be
located therein.

The groove may be machined into the upper surface of the base after compression. The
machining step may be a milling procedure. Alternatively, the groove may be formed by

a complementary ridge in a suitable mould or press used for shaping the base such as

where the base is hot pressed therein.
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10 I'n the event that base is made of machinable
alumniumnitride, the thermal conductivity of the

whawe/03440 25C, nmay be from about 100 Wm K t o BODAU2@5001483

WmK, preferably between abo 150 Wm K to about
200 Wm K, say around 175 WmX’' A higher thermal
conductivity wt h| n t he af orenenti oned r?nge IS

ef erabl e. The rica reS|st|V|ty t
P EPRS Fiaveye g inaps,  5p di ovest Shacbdencih of e beshing clement
Ssliteédds thd dibinkien 6r Witth BEleiupPerlutfB) the ﬂ_é&ﬁng @I%ﬁ] ﬂ?ﬁﬁgy be shaped so
t hus have an el ectrical resistivity | east
560 frm g spiralahelixap Iqppat cirdast regtggg][e, ascmaretcm anlyrothehehape that is
Q:Y)ﬁ%nlérﬁ‘ %r E’I‘f&:@i’i}e 'E'eﬁtrt'rﬁgfe‘r Yo %?eeglbsﬂrztié oé{evgfelé% {3%% | %o be grown.

from about
'ﬂ?’h@l%o%/e rrmehayaélée sPmE Sb@pﬁmmhé h@ttlmg@bbnh)@nt oﬁamtbesy ng

95 o Yo ISR 0 YT, 48R Bt 35 e b 5 convoo

ahﬁ)uqbpet @ﬁl@a of the edser &b hl)btbé}mniboﬁlrﬂéﬁgaﬂle %i}d;sogﬁ éh@ groove are located
out

SPRTER RS o Mg Savee Mo Mboietiet Sobodimsn oBiasyention, th

2hausS tho QRO e 8k laéatédaat%@ycsﬁte e&t}emﬁﬁers*om{ %&Pﬁﬁ@é er
0O a I ent

d for solid matrix upon cooling t
?%d?‘?gtgq the greayegnay hy selegiad \ﬁpon?raﬂo wavide depash length sufficient to
@bédnhrﬁ@dé?@rat h&higg éﬁﬂelgehﬁﬁ%dgdreaﬁ ﬁ@fsgalngg Theblength may vary

Conpressed boron nitri i'S nac I na
@praadingdo Tﬂifbm@ﬁ thadheates dbie Gsistimity of tlféanalbmﬁbﬂn@n rwhich the heatmg

T TN L —

mpeitaiereartﬂe trh@ﬂefdabperrgtu@ eeﬂﬂpﬁraﬂm:y ah® othd b(ﬁﬁﬂie%ﬂlons Using a

PP Borpo THEE B ¢ch b e risa b AOvere® ek enEsgve may be

stuepd R Y¥hdPRd As @ihénltlbﬁ‘é]i ﬂfo@@ elﬂLUrﬁer 0l degi iR YAk Y)elow"ﬁld cover or be
gqﬁgove may. be forned a conplenentary rid

ge
cHIRPORiR Y 2552 Pt élseswe@eéﬂd¢ of thensybistratet that hasse Bubkated from

|
820 20 SR e DO A Bt M g e o

aw@mémglymyh@ermywudmngme Iength of the heatl ng

s Lo a@ n oﬁ% g?cﬁogfg tI%’l%g b pggn'\zl%l] 'iheb Sur aﬁg 8)&’ dﬁ"‘é 3aseg S;:m{i Jhey may be

fiepamta op [mterabnneatekiel Each @ocbx&aomay ac®inifbdate a He@ﬁﬁgﬂelghl%nt and the
cony eni ent

are or an er shape,.that js for
g‘f‘% %t‘?l?}’éerﬁ%ﬁl tt%e ‘i%ﬁfsé?let ﬁh cRl Bsteras & lermﬁﬁpéwhflﬁ%to heat the
fubstries Tl heatigp Winent mbyeedéR¥GedBY iR ent! dd&t$@ @R cuits so that
awg s the heating el enent of a stove. In one

peratetbingersidentlyofonggaethelo as to | ocate bot h
Phe | &\%nﬁﬁy Bedee %rb%oﬁ b4 %c&fmm&baﬁ dr[tlrg,‘ Ucfni Eﬁe%s Uf the heating

t he base. |In anot odlnen
glepevicorarliernaivalye it maycee Shtaﬂ@wqadhatrthct ﬂnclmbsst dfehelpgting element,

still another enbodi nent of the invention,
ﬁtﬁ&&ﬁéa&lﬂe% the groove are |ocated at opposite

€l¢ heatingi demeatft mine corppive ® virbag dibre or a bundle of carbon fibres. As an
alternative, it may be made of silicon ‘carbide.

Silicon carbide has some desirable properties such as a low thermal expansion coefficient,
little deformation, stable chemical propeﬁies, long service life, easy installation and
maintenance, etc. Silicon carbide heating elements may be used for temperatures from
about 100°C to about 1600°C typically for higher temperatures within the aforementioned
range, such as temperatures ranging from about 600°C to about 1600°C, particularly for
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10 The length of the groove nmay be selected so as to
provide a path length sufficient to accomobdate a

wheabiosf4@l enent having a required resi st ance. PANau2005/001483

| ength may vary according to #?e size of the heater,
the resistivity of the material” fromwhich the heating
el emrent is made, the current that is to be passed

t tin t. 0 enperat ure,
B 8 T RSB b S0
cbogti HHI0AC] Oty hisy b diredt; fide@Xh heaif aRRPhdrk RFifi0A6 protective

E)ia&kl %el enent has the advantage that the groove na
ed or shaped as nentioned above, in order to

bﬁﬁs ﬂﬁﬁhdrldl)t@ﬂﬁhee hetaumandaefYein &S}E%??edhégﬁfsi %%%%}tg {04 carbon may be

ge an area on the undersi
S1h¢ healingelenaent.c §he popyntive persenthgaoft dald)(maﬁrgraplmts impregnated

ki&@tb NHe QE@WAC Rfdnfent %yg}érn %&)ﬁ &b hs%{tgeg fg?,rtlgu ri%aﬂ%n or to provide a

roove nmy acco vary
rdaﬁ reﬂﬁilwarlethdwlmatmglelegnemtove may be provi ded in the

e CPAE bl B0 o B IS ol Boviwih Aol etz gride, which

maefr’@nnthaﬁodntolﬁepaheati ng el ements nmay be the sane or
glffer dlntg I‘r_]thelr capabilities to heat the
1L BdYYiSed emhadiment p Hrednurrtinpsthedipating elomeatceanprises carbon fibre

maﬂéﬁroﬁgpcﬂ%@y[bﬁitﬁ]em rcuits so that they may be
pe mdependently of one another. 25 The groove
gtalgﬁ egle Bn @hcqma@@élm@dalde tcarboanfitire exsedhifokbididing model

Qérof,llaﬁeg]@@ lﬁﬁglaﬂg pd or, alternativel Y, it may be

| ower "t i ¢kness of the heati ng el ement.
feah ?%@g@ﬂ@m mavh:empem a pkyra}litye e sttrandayr ﬁbﬂﬁp of Sa&béh which may be

f undl e . arpon fibres.
ERERETbBES Rpe Ty bRabl T BRobfii aehupie w o sous
SBOOOCmdmdttIaﬂ)lsd&ndma@f cpben G, I The @afdof FrE 'n%%/ B¢ ehcSulated in a

th on_ coefficjent litt]
%‘8{‘&8 iy g?haé Wé%étﬂ%%fl@ﬂpelfﬂt%ﬁéﬁmp@éam ehiedenter aed the harsh

opdrtin ﬁltioﬂ§bﬁ{hb%}dv@tﬁ ARdber i Nt enance, etc. Silicon
ar bi Heating el enents may be used for tenperatures

r @ﬁﬁa.‘/%ouﬁarh@@é brey dgpignated GFOO0-10PP; swpliedfly Toirgh&arbon Fibres

Aﬁ{gﬁ@gqhyqﬁ%g\gti}a f menti oned range, such as
t enperat ur es rélng}lﬁ%tot\rﬁ%%vg{)gut 600C to about 1600C,

P edroen 5b11eynef>dravv~@ cpeffiglcdBdSaernPCE P HIRDATH G&]A&?dlre@ﬁon of from
e B oy 0C. a ut 1600C,
%e?‘p vvgj;ﬁ{oa pll@%ﬁ@ L ﬁg a%’SﬁolePé @g%emf‘ﬁee;’/‘pﬁwrb‘éf -0.41x 10/ °K
ltisrbeen If(y.mdste de ilow @nowphrto @hsu2e EHE FRe o BdMOfre ABYs not warp within the
rot ec% Wg Ib Jf(ﬁﬁ ﬂ@s As, anot her alternative,
{SeMPHe JIPSTABES FRperEss i e RBECYAD gmwth system.
"Dl’eeylebgh ﬁﬂ@@ﬂb@ﬁﬁb&%&ﬁé beﬂ@al%@ﬁ?gtfunc-{%ﬁ 'E?Péiﬂ{a ot of heat that

ercent.age of carbon or graphite inpregnat e
i8 gpapired 1B1benestiverpgybipthovheatesd A dotgluiresistanpaof iabailtali0 to 20 ohm is

I ¢ e Sistivit
ﬂ%ﬂwdgg% |a(r?1ig%m(aic gﬁgﬁ' 1 lmi/ltdﬁl)wea}/?)ngj O(é{lﬁgI ﬁ%sﬁ n’g g‘yﬁ%g?g'ds to keep
theveltaggang theosperent lolw ipah¢ growitlatientteron nitride, which

The carbon fibre may have an electrical resistivity of from about 0.1 to about 10 x 10°

'3Q.cm. It has been found that a braided- carbon fibre comprising from about 1000 to

about 3000 fibres, each having a resistivity of about 1.7 x 10°%Q.cm, provides a resistance
of about 12 to 20Q2 over a convenient length of about 31 cm so as to generate about 125 to

200 Watt heat when driven with a 50 V power supply.
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may be in the formof a paste. 10 In a preferred
enbodi nent of the invention, the heating el enent

W@ 0vp/0845¢® car bon fibre rmade from pol yacryl onP¢T/AU2005/001483

It has been found that a comercially avail abl e carbon

fibre used for building nodel S4aeroplanes is

particularly suitable. The heating el enent may

conprise a plurality of strands or fibres of carbon

Warlpdn frengs aee usiallp medd efdr theirfexceptmnalogisenkibkia a longitudinal direction

conposi.t .The heatin | ement may co i se_up to )
ZRERB For Shein PR 30 Ar BEATG RIGTORS Hapsis b e Hepip according to
ale heventior) iseef@l idRote 6avan lcahgerhtford wittkdab &cBrical conductivity is.
capsuIF that can wi thstand the operating tenperature

crmenat e characiarsticn ofhearaan fibrserthet mgycmanperans for their use in
: h .3 n.fi desj.gha .
PR RN GIRIRGH: TG AR SRRAAN ORI, AG3IAN Eflormity (of
Apgshanieal nropsrti¢rsrepistancd tsupivitoomeotak attedkl andThempatibility with other
' ff£i.cien f ermal _expansi.on i A. . .
TREETEN IS Yo AT s FHD prdHlerd e Sl B ARART 8 Sotfhcy with theis
16¢ &9 a keatiAg etemichit i thaheatér dcbeding] to ehepianaition. of - 0. 41 X

-6/ ,K as been.found to.be. |l ow enou to sure ..
i Rectri SBE e o7 e ArLE: el Snd W Sty RBmbg ot to give it
\shéeuphl dtrehgthS\UHérﬁHélﬁﬁng,QviaggingQa%u’ﬁii doehnére PP Brbbv@Sof tRe base, and
an RPECVD growt h_system he | ength of the carbon

¢ Epablenylopay 1wy thii2aRRs Wacradqing dhg efctyealtqeaneationnintgronnecting
heahedtbatvith s él%&ﬁbfcf%ugp PRe daibbY &iiRd ri]@bréf&%tr)fg/:ﬁtfeﬁfégid to avoid

A total resistance of about 10 to 20 ohmis

figying Wittt kandliog itand meunting iRPRIVDegen with theymalesondiigtivity may be

i t OllS e, 3Ol d_t urren

(R PO GRE M b PRl X LBRTARY i, U6 Ebloh DY sboue 0025

&hl/einescAC. | Eablecteisalstondidtivitgfmdy benfraboationd 10008 aOakivwd about 10000

10, x _10-.30.392.cm .|t S found that a braided

é‘_g?'%nprfeB%éy Hb‘hﬁf‘?%?‘h@pﬂi%m&é?‘%oo to about 3000

fTihb cabon Ededs @y foi @xampleYeHdxteltot WraypaBltarbor fikreb 0T84 inventors
des .a resistance of about 12 to 2092 over a

cm _praov )
baYﬁ/BWingﬁ at| eFhprilyes msde oy Furesarken BY and desimmatedel 300 give good
aaeut. 125 to 200 watt heat when driven with a 50 V

power supply. WO 2006/ 034540 PCT/ AU2005/ 001483 54

@ar vsiety | ofr dsaided eablas| lage resdundroially havailablec dpym oRafocarbon BV

Rt S0 Dealhefdn® 1 ot i‘é%%%g@dgo& 80" RbichP (6K T300) braided

S ments I n
thrboh ddtesrmaye bo mgedn Tht raitiée carhare fibicomay Stveadidinéta (measured at

not a. ser.i gus~consi der at.ion er el ecirical .
ettty dy ¢ GO i AhSrshith o A 23wl L opl Biye a weight of bout
G o6 aboud r20g/mh.Telie fHdknbs AtNTOLK\ARhay Gdrytiieh bB&e0. 8 NnM to about
g@gventl onal applications include their strength,

s, density, uniformity (of nechanical
AR 3es 88 LarbbR Sib R tAMGRay Kb &Y LAHTRHLA] inatdbRex and
conpatibility with other materials. It 1Ras been found
that these properties are generally not in conflict
Wth their use as a heating elenent in the heater
according to the invention.
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The carbon fibre may be in the formof a cable made up
of many filanments, so as to give it 10 enough

wateosngtsho wnen handl i ng, w appi ng around cor nePGT/AD2d05001483
groove of the base, and to enable it to stay in the
groove when doing the electrical connections
interconnecting the heater with an electric circuit.

Tbﬁer@ﬁfmmufcfhlhﬁﬁghnﬁs m@&% b%»ﬁ:mraﬁs&{&!r&n% V°' d

é %I ng whil e hand g‘ mounting It

h&% Its ther rra"f""’”@ Fﬁﬂ'&?ctlvfﬁfsiﬁﬁﬂﬁﬂgﬂﬂ be ftuenm about
0.01 to ahout 0 1 Calff¥ms.C Dr‘?‘%é’f"erably“’-’""’*\F'F"WEIﬂlﬁr?d!'aa regi on
oﬂandttﬁ(bm:tulu@&cmﬂﬁamﬁuvﬁ‘mhdammﬁmr@hw Its electrical
cBfuctivity may be f%bm about 1H80 t . crimtwgizabout
1;;#00 acm preferablg; inther gon of abéilétit‘1 1700
t@cm The carbon fikEes my for&i xanpl e excel or
'I"'iﬁﬁ@yca?M carbon fi br@&ls The inventors hmg%m{uhound

tﬁ t,.carbon fibres nﬁ e by EurocHf bon BV ana:

dﬁ@k@nat ed T300 gi ve ;good resulgﬁé 20 A vaftety of
brai ded cabl es are ccmmsr cially:

fvai | abl é'b‘ﬂi'ﬁ
EWfScar bon BV (ww. € ocar bon. oamm Li ght spei ght
(B¥300)__or nmedi um wekight ( ] br alldedhpzﬂar bon
fllz‘lbmawmmgmsmmmmﬁ The ‘.".."“
) %Jameter (nmeasur ed#t  approxismat el y 45@)3%’@.{% from
ai‘ﬁ‘ﬁ t 5mmto about 15 and maylﬁ ve a weilghe of about
Tiglmmaso about 20g/ m ghhe t hi cknﬁ W at 509" ﬁay vary
fIRMT about 0. 31nm t oz@bout 25 £hjs48mm thghtypes of
d@g on fibre that mayitbe used, cdin be foundsin Tabl e
2006/ 034540 PCTWAuzoosloofﬁ%s 55 St Mt gEf ; u
1= PPee for Y i pr pUEs hase, d
ngf‘m"“""fséiﬁ"l’i‘”"ﬂ%ﬁ . rptorell SI1' Nadulc i-~nslr.
ypn»;mngl h~ n airy paz.EPpa) vv~rr|§ r~|trr Bema Ord,

Mid' ulu ~< t i Pad dagl i !4nuwri s L0l BUEEAH t a5
AEEETIr An UFi s 24ak44 ' 1 n w8A17114 ~i gy 5
"aMv-4 AMEl i’ iBFUsh U "#Mu tiro FBG: 228i

'6s, 23 40 Jap— ri#0. 18 2341484, 41 | +gpwi [ f ' ~i
1ﬁmnmum%mﬁs@¢mghﬁ5 TNK F31 TT USA

g A L E2 dJapiazy
urmafs Bt af * dapan
HE4H gt . A Japan
e it A 158

Hirfeymiatia ey psanalanorey's gakist sty
Table 2

Source: David Cripps, SP Systems (http://www.spsystems.com)

Where the heater according to the invention is to be used in the MBE or RPECVD
processes, the heater element may comprise from 3 to 20 bundles of single filaments, and
each bundle may comprise from 50 to 50000 filaments. The inventors have found that a
braided carbon fibre cable consisting of 12 bundles (each consisting of 1000 single
ﬁlaments) works particularly well.

The ends of the carbon fibre may be connected to an electric circuit. The connections
may be via platinum or gold wires or connectors. Contacts may alternatively be provided

via a molybdenum sheet rolled into a cylinder with one end of a wire or the heating
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fCadI|I zl: tai, lva, 124 ii" hi pd Ulus ~3 a ff
j Sl,yt ~nnri.rtr Rvil $491, k e; cr ra HR -M

w02006/0§45|m .6 fallra 10011 ftd'ilu i4 1iiJ 4" ' PCT/AU2005/001483

ar3(3&y tit a mg r, Japan wgos44H 414 J p4| Ul [ p+f
4~i( S,ZS i 4 ~ nla6- YAerrra(fr 11U 1rEr~" O fa#ro
VA' ; TabI e 2 Source: David Cripps, SP Systens

re th heater aCCO[dI ng
(it SRR b BE o O P0cA BRREoc of bR, 95 gold wire

pntmxiwsémto thesthaahé bf tHeasyHider Hefore RPEfafPed bRIF tRe ERis of the wire
qdl es of SI ngle filanents, and each bundle nay

P8 99850 to 50000 fil aments. The inventors
ﬂﬁplatlﬁlﬁﬁ Rrd 9 aked® 1t 104 fb@@ﬁu@ﬁﬁgﬁ '?hefrhééleanﬁ%%ﬁllﬁé gf length to ensure

consi sting of 12 each consisting o
Lhat i %)es 10 %9?@?11?157 sygmﬁ(:gnt fotthe averall yeS\marlce of e leeatisg clement, as

%Iﬁart%‘lalﬁ? ﬁﬂé_'l_ Qgﬂ%tg}rew ﬁg@%ﬁ a%%%ﬁ{)dgéjos& Iy g]? ﬁtﬁrht%pperature of the
gertingmlenaent and comeetororises ab}mtthe mltnmpoaﬂttcﬁ‘lp[mf&mmel y
qﬁ"”’r’@e‘%ﬂd bRt Saf olR o5 el e e S et e roove, 50 as 10

pmaﬁﬂlﬁdsalﬁofﬁlﬁe‘\idﬂﬁﬂgbﬁl%ﬂﬁ&gro%e Al RingUdkLRt | NY
[.inder and a contact or platinum

h
USRS Shomiattan has Mithnds RBECSTY Bpbashes are gencrally
@c}dubﬁh@ﬁ ICaedrofilereidoed %t%e%%@e Qﬁﬁe‘i’ tﬁgﬁ%dﬁag% C&{dlﬁ&% dencountered in

and heating el enent. plati numwr
Vﬂ e Hasemsatignedsproegsegse it abpaineﬁt 2ot suifgr slhbrltthafmt m‘the gases used in

EWECVB &WBES&O%S&Q A oWev80GhelFhe ﬁeategfls Fcﬁ%e Vrgd dn Ay oxidizing

significantl overal | "fesI'stanceé
aingqsphare, euch thfathem ise vk thatr @drhd)m \fiblryy nitiygbe oxidized, it would be

bl t.he t erature
gf‘ﬁaltn Lagg&i?e Plgsa Ce];llg% nét) :11' E?i“br‘?ﬂ?qns eg’ngb%v the; peaterial of
nexistructiprpafi thé hedting lehdimeatm The bral ded carbon fibre

be pulled hard around the curves of the groove, so
g§¥l prevent the carbon fibre comng out of the

e o0, 09! 45 4od 2R LGB e s
glg%lggt; % eheail: tr;ansmlsswe overlay may conveniently be made of sapphire or quartz.
It may be sized so as to prevent or at least impede carbon that has evaporated from the
heating element, from condensing on to a metal nitride layer which is being grown on the
substrate in a growth chamber.

The overlay may be thermally conductive to provide even and homogeneous temperature
distribution onto the substrate during crystal growth of the metal nitrides.

The heat transmissive overlay may be made of sapphire or quartz. In the event that the
overlay is made of sapphire or quartz, the overlay may have a transmissivity to heat of
from about 60% to about 90%, depending on its thickness. The thickness may vary from
about 50 micrometers to about 2 mm. In the event that thickness is about 500
micrometers, the transmissivity may be about 85%. Alternative thicknesses may be 100
micrometers, 200 micrometers, 300 micrometers, 400 micrometers, 600 micrometers, 700
micrometers, 800 micrometers, 900 microineters, Ilmm, 1.5mm, etc. It has been found

that sapphire is a good material of construction for the overlay as it has a high thermal

transmissivity and allows a substantial portion of the heat generated by the heating
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reduci ng. Carbon fibre does not deteriorate under the
reduci ng conditions encountered in the aforenentioned

wWEe@oosses. |t al so does not suffer enbrittl| en@l/AUR005/001483

t he gases used in the RPECVD MBE processes.
However, where the heater is t0 be used in an
oxi di zing at rmsphere such that there is a risk that

SR 1 BB B Wb IS tiesbolls ot Wi R e mrown. Boron

friifpide dass ﬂd’t@vdfhmﬂla@alﬁﬁtmgcé]étﬁéﬂtlb%ﬂ&n of the heating
The heater may further conprise a

enment erl a

ﬁé’fto‘feflﬁﬁ %g? havg\ie rhea%la‘if‘o%]"?fﬁ Pure anatestel,i asglong as the impurities
eh&BRNdo ndth®séiBabo bR
c nvenloe?lt I yS be rr?a de g%l‘éizgﬁe.e‘?‘%ﬂg? Ipqua 1§' doff) nP abr?ﬁ?’ more then

owlj 2%, Bereaprefesalyly apt ntore thaat aneau%; stilé deore prdferably more than

h

SO0 2R, R BR B et T R S TR B il hy e heating
@kmmnﬁon the substrate in a growth chanber. The

S’Ej gy may be thermally conductive to provide even

Hom)geneous tenperature distribution onto the
%béiasatraydiﬂ posgioney shal sppemtriadef oft J‘@ulfﬁ%ﬁ@ﬁlaféhﬁf 5fl8Sas ceramics
25 Th geat tr sn133|ve over|l ay may be made
UGindg § f‘:zetcb ip insalate, bgthepten fronmis e@‘(/lemmm}lt jagd to ensure

'ﬂlﬁdﬂ ﬁhd@f: ofStAB PBAt rg%n&ﬁte@ %@%@heabﬁ%e%éﬁe’&l{ ﬁ?él{)%t%ég I?%%S?the substrate on

transpmissivity to heat "of fro
h@@pé‘iﬁ’&ﬂhgc%ﬁslts t hi ckness. The thickness may
¥ ()5 bout 50 microneters to about 2 mm In the
evenlt11 t(ﬂg}t S?hl ckness is about 500 mcroneters, the

tThe heaties siayi alyo nmylphs‘: ato ot n&ﬁ@/dheﬁnbedu’}\ﬂ?ésl 68 measuring temperature.
m c

e AATREFDITe R ehimeiarlo 30 midics it ibe dasodunother may be

nomfeomé&@tlﬁtoﬁa&facmoeﬂ@mﬂﬁﬁ, 800 mcrometers, 900

ﬂ{c tElmaters % 5mm etc. It has been found t hat
FrOGouplg B’é‘éfd fretospeeipd dp awhdertuef |tbﬁ hegtert heOne or more

ﬂiéﬁhb@wpﬁa‘é inta%rgﬁetslcam@c% i ?ﬁ@?}ealﬁf r aﬂs thhgl%{ ogzlaﬂele may be

al | ows subs ortion hea generate
F‘P@eﬁfééttp rfje \REb St P 314]54]@ tRCTHet2005BI0flbd 88 to BE grown. Another

BleGNEHu f@nﬁ?vé]er @(ﬂ&t ﬁ%ﬁ ecgltﬁé( HeAdAE m%%%%o&though this ds, undesirable,

substraeon mi's g
potisulady imthelcasedf a heatmgfemmm tnadk effembon \fidkd. afh ord&€to determine

not o be de of  ver,
RURE SRRt P skte ™ W Feneiad i s bins gtown thercon,
axbxstdlelbndcouplﬁuﬂdy Hb&&innec'fétﬁtoqn@ SitRitate vATiRE ARtNer $A8 %a@% connected
bsorb nore than _ 5 about 20% nore preferably not

CRxsric eatt of sag heafery o0 tﬂ?ﬁ?@%’é’ﬂ@?@@ﬁ?"% itlee tetparature of the
albettite %Q(%heedéﬁ?eﬁﬁﬁ‘@ oPh8pafRA]aY 89?? BF t}fe%gteﬁgﬂ‘% é«i{%r%med during

the heat radiated by the heatin enent
omsEations e Thayinyratess diave doend that a @mp'pmﬁnt patef cthe deater where the

%Hﬁén&%gﬁleﬁl Céal%lca‘aﬁ.&lJ q t}% ?ﬁ F‘Erctﬁe Peﬁg ﬁgac(aébraﬁ,tgﬁ}t?r{l%erature of
thavsubsinate regatnstl the temparatare of the part of the heater, the relationship in

temperature between the temperature of the substrate and the temperature of the part of
the heater where the other thermocouple is located can be determined over a range of
temperatures so that under normal operating conditions, when a film is grown on the
substrates, a thermocouple is not connected to the substrate but only to that part of the

heater where it was connected during calibration of the temperature relationship.
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that nost of the heat generated by the heating el enent
is directed towards the substrate on which film

w@e@sobssaccurs. Thernocoupl es The heater nay BCHFAU2005/001483

conpri se one or nore ther mncoug% es for measuring
tenperature. is One thernocouple nmay be connected to
the top surface of the base. Anot her rmy be connect ed

t e of t ove e ther m)coupl e
n/gcilc%Eg %gcg%ne%lg%tﬁcc agp%ﬂyp %giru'lwea*lo ngrﬁé%\ proyvidedyganeshod of heating an
rbjeet, ihdleding deupdomay be connected to the heater. A

further thernocoup I e aﬁg connected to the
Substr é’f’éltlsw%mr? opfécallgt iepistiya bagke having ars Ilppelbeurface in close

PrOMiMityAD Cthé" 8bjecO v&;hié?e'ilp%o&ﬁé % Higéfe Q?agﬁ;ﬂ&gaﬁ L2 € the group

heati ng el enent, hough t unde
(FaRsistEng off Womﬁrqsmi drtewed gharticutatanitride e e offBo®nad aluminium

Q)élakegﬁlbfﬂag[,gt e&,{bﬁorder to determ ne what the
enperatureo e substrate is when a netal nitride

i | m i dodating g lﬁaaumg bdldmeaneam V\;l:e leibtpelt El&tfaﬁfec‘(ﬂltﬁé %aé’@iMrb R association
o .the.substrate, whilst another one nay
KO O

trésddtar@e rseffRidno i Bbderdte huRaMdnecd
ﬁijbﬁt rat e and thg tén’per ature o? rt?égﬁg%ﬁ%%%ﬂfl%o@h ﬁlg%e%tﬁqg element,

fALing celeragnt bging, snade ofr grinaderial Usplenfgd foprerthe igooup Thresisting of:
lcAb6A FiBFeS silid¥e cdrBidedn
heat er1 vvhgr et ﬁer Mt@heéé1 %%g)oup n%mt%{]éﬁr%g%t%ggmrl ar{dhe
suppor £3YsBig athelepisisecurrpot tﬁaﬂDerhioalgh hbe heatpry elemest, &fhereby heat
t at .0f the part of
BBy R a3 LB Bl OB B Pk ure. bt ween
The obynbmlaatbaraeswfstratb asahfmtgf@tfmgaﬂghlhﬁﬁ I Re b bfinium nitride

heat er where the other
Ler%gﬁégﬂﬁﬁé{;g@e@oﬁ?ﬁ be determi ned over a range
@he dbgerpanst lbé% sﬁbstﬂatbahsddnﬁﬁr claRin@ly eRSpat rlﬁetal n1tr1de film in

condj tions filmis grown on the subst

fFeertpe W Ehong Q? thstressese dessaibedaaye. substr at e but
Thé ¥ndtod Bathep@id a@cforchﬁ o rlﬁ@ﬁ?\; n#th? rrﬁiqp}p ?ﬁ?ﬁse the further step of

connected during calibration
FeENE Hieiiafing vl@nzcwmsmaw@lapcw AU2005/ 001483 58

, AE&QHQ@QQ atn%tﬁ‘g e;?crggf tjﬂ?ﬁ] v%ﬁﬁ)(ﬁlc b 9L s:pgg\élhga/ g E}teélg{a’ of manufacturing

here i's provi 'HEAL |
@h@ﬂt@dlm@ldmwmstepsobf positioning an electrically

resist base haV| upper, sur.face in cJ]ose

pr oxi rr‘%ol‘(‘&r? BB %[Etmat?ﬁ%@ Sghefted tféonbésrétri‘@ %aﬁi‘éblé$ of boron or
aiamumuml ora&ioﬁtbﬁreiﬁoﬁ KRR 8P H BascSha¥BRSinSippRsRface

conpr ered partl culate nitride or carsb (?

bor on 8Fa ]é’lgu?'rE‘ﬁ"i‘tH’r& clgment o5 WaRer shirfeerepl dte; baso outlnregsomatlon
ihelR@athi i 1878 %Ien%t E&ﬁgﬁ'ﬁﬂ% bn %lércﬁf’c%ﬁy %Fn&d&%v@ Wt that has a

in association therewt heating’ e
e RBRsesTHRCiaRt tel ssaerptecheat thmﬁ@uut‘m\msmnhmugh Ikt hehaﬂﬁg element,

U AR B P SO SR B0 g oo o
Gachomi fityge etilégon varties atgi graqninteompﬁegﬁaﬁe& ceramiSRlaRehEdnd r om

the gr %'*Bdl% ncsoln ac{ nf%r connecting the heating element to an electric circuit for

passing the electric current through the heating element, in use, so as to generate heat.

The upper surface may be provided with a groove and the method of manufacturing the

heater according to the invention may include the step of locatlng the heating element in

the groove.
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carbon fibre, silicon carbide and graphite inpregnated
ceramc material; and causing an electric current to

wo b@w/os4ssough the heating el ement, wher eby heaPCT/AU2005/001483

generated by the heating element is transferred to the

obj ect. The object may be a sd®strate used for grow ng

a gallium indiumor alumniumnitride 15 filmin an

MBE or an RPECVD process. The object nay be a
Thiratettwdeofunenhficuring twi lregtea ngayoalpg kompriscethal stepi of catmecting the

i O e B Yo nd S PeRicaliind VS SPprmyiding conections

fohh lBMEBtdi@bit TElheCRIRY hee behBadelst AiBr siitable métal selected from the
covering the heatlgg el enent with an overl ay

platmim Zypad metals.n T he sapeetiongnay braghigysd bwaﬁlhng efiip o suitable
fb‘il‘{% e aafog%m%fq;ml?ﬁd’@ﬁﬁ\c&%ﬁl%mﬁ gfb%ﬁtn%tal? into a tube, inserting

i ncl udi n steps (0] conpressi ng partlcu a
oneet endi eff the dieatingeel emeninintp mq enddef e taba mditheorirgoradp of the inert

%Btengf Hl% meug@hglr aiftl ?l%ﬁ;g) oegdg B? E}?eh{ub OQIt(I ﬁ‘{engn%s l2)"i‘stf:fe heating
avi'ng an upper sur oca eati ng el enent
¢lb@entpger wisel mésaecmvrafy t Tiee bvase ooy bemoamsc:ﬁed m a plect2is 01rcu1t>when

there h |ng el ement conprising an
BARLE oggﬁa&,&:@gﬂg & ive menber that has a resistance

A%Jrﬂﬁ‘aﬁ%b tdn®h GIREY GHtiRe RRahtioM) EereisPusvieed a PRE®IDT manufacturing
thr ou% the heating. el enent, wherein the heatj

@h@\w or Yse inap asgeSsivaRimernhsre, 3Pt b Ml ‘tnﬁ]é‘g@% g steps of:
gr i I%drpge&ﬁcal%@&?% Hels® ﬁ%m f?’frlla‘ce?ﬁpse@&%?! 86mahd group consisting

e |1 npreg ceramc tertral; and providing
clont cenpmessod soBeme quartigylate enmnéatqrngarbllde nfEfnbOIPD @fnaluminium or a

%ﬁ@%ﬁgk%ﬁﬁéeﬁ | dfor 30 passing the electric current

ag ing element, in use, so as to generate
hiebtingl'n @eatjnpes] ersentfaacean upper berfamemfithie tasei driinasgreotivs therewith,

B R L Dt 250 90 e

Sirat thAg hedt G esthetafed (hen Qr Yt eZQﬁﬁ/u@B‘kﬁéQleatmg element, and
PCT/ AU2005/ 001483 59 The net ho rra&lé ng the
leetrer, f\fg

waerey thedgatingselermgnfys et 1@9@58110%@ EYowg consisting of
EROS, fbre! Qﬁc&@éa?lﬁﬂe Eﬁcp%ﬁ phif ihliRegRfd Rfanfibam&al! v

inert wires, for provi connect| ons to an electric )
The basemayThrecufifioasa wafertow wad@adefof anintered pamicelaipeitgide or carbide

8@{;&%5%‘} Jlﬁr%ﬁh 1@ or Plcgltnb g{f%rg rtl%‘l’ﬁfOfTﬁgaBQéeSmayT Ig’? ig the form of a

onnect1 on nay str
amdl:ab&& A ngoive (rmy(ﬂlmna& raadhmdd amdﬁecbfntcvmi; yipcharfam or

tinum u I n a.tub sertin
Befprdie o pVRA o Palseh it hf hiiRBoBn R ' ooy e method of
ﬁﬂﬁ‘uﬂa&ﬁnﬂg b eiBeforae i zi skive EBh&phére, Whéreint the method includes
ot her and cl anping the en of the tube onto the ends

te stape ofieati ng el ement and wire respectively. The

ngo%?dlﬂ%)én té‘i-‘ecﬁ%ﬁ? %ﬁgnxeooaaa n2lde qwna G Iﬁht'éﬁ&l' deléh@Nerom the group
quire to operaethe heater. i o Accor |gi%toa

cansisting op ecompresserbsintevesiiparoenlate mride iog cprbisle efdepren or aluminium
QP cll ponglgctxtlm&fegﬁ LHE i ng

- locating a heatiné element on an upper surface of the base or in association therewith,
the heating element comprising an electrically conductive member that has a resistance
such that heat is generated when a current passes through the heating element, and
wherein the heating element is made of a material selected from the group consisting of

carbon fibre, silicon carbide and graphite impregnated ceramic material.
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a heater for use in an aggressive atnosphere, wherein
the nmethod includes the steps of - form ng an

web@oitsdse@l | y resistive base froma material sSeCEAU2®S/001483

fromthe group consisting of a conpressed sintered
particulate nitride or carbi des®bf boron or al uni ni um
or a conbination thereof; and 15 - locating a heating
el enent on an upper surface of the base or in
aEhSOlliéthdsd _mayltf}mh[eewiotéiprisg tHeestdjeat dislg)sﬁigm‘rb&‘ath transmpissise bgerlay over
n electrica onductive I that has a
%?@e‘riﬂgtaceggﬁwﬁiaﬁea@nq@&n tﬂ'%eﬁgaz’l’?&e twhen a current
RaesRtiveR @ Walitibhaly) art dveflaP R iBelocafdbverihe k8hibrt he
heating elenent is nmade of a material selected from
tfed @rtgarpom@ﬁéli sian, Hig bese mexbpnratediona sugpe.con car bi de
LARKN te inpregnated ceramic material. 20 The base

e cut froma wafer or disc nmade of a sintered
e thieatet miag foim partiof on REECV I grovah spsiemn The RPEGVDI growth system

[ C ijnation.thereof. T e m ibn.the form
gr%aygoe Sgllﬂ%:lﬁ ?%frusa in%s %Pl{a%\lag ’gr(%{}}g pﬁge?nlg%%%cgoz nﬁggéﬁ ned or
O1lel etboidithent ioff thet teates itf A@orlandcwith digigvémioans aligbkohuse under a

aspect .of the, ] ntion, there is-provided nmet hod @f . . .
SaRGPL e bt LOVEN M i toeel Ao g Bt o 10% 10% or 10
At e P eIother \$iROGInTknt By RIS withe] A HSSh oRRIAIAE aglRPBere. In this
of - providing an electrically resistive base nade

ferberlnenhtesiligon eubide elanat dnprefreatly yogsl.  SoMEher gplpdiment of the
" | + .

D T PRl B B ROl Thfiplin 16 AbtakRERC and nitiogen
radicetl$ during metal nitrifecienieomtiugor growtlpper surface of the
?(gve gr ei n associ ation therewith, 30 the heating

e %on‘pri sing an electrically conductive nenber
it advastage ofthic Hieater eccogding td thetpréweat inventipmnie tkd significantly lower
when .a %ur{?is nt passes through the heating el enent, and
RSO heat i ng el ement is made of a materi al

98loBitck QevAHtA® fk NBat GhO HBat&ORSY Bt inhuictur6@WIBNconkidERble ease since
silicon carbide and graphite inpregnated ceram

C
kase anay pyompde o052 suierpbthepcaobs machingd usipg stppdard steel cutting

ipod may further conprise the step of disposing a
heat transm ssive overlay over the upper surface of
tWherb asrartomdfitere heatingheleenitis mgeds fitegapriit. iniy almostaariyvabiape of groove
oL u%%giti onal ly, the overlay may be | ocated over the
squport. As a further optional step, the base may be
IThe dicetdr accoadiag p tret presentwenticat man de Thal tnedet eircurastances where a

formpart of an RPECVD.growth system, The RPECVD
s e syepured i £ A BSPO RmOTPhe: o) al
growt h of sem conductor nitrides. One enbodi nent of

the heater in accordance wiith the invention is
suitabl e for use UBRIDescriptian,af therawids 10. 1Torr

oY o 993t Ry BT, AONRS o By ol ol i
wefetenge t the pedompengiingidrayingnwbeghisre. In this

Figure 1 is an X-ray diffraction analysis, in a 28 configuration, of two GaN samples
grown on ZnO / silica substrates using a process in accordance with one embodiment of
the invention, the GaN samples being respectively grown at 630 °C and 650° C, where
(0002) and (0004) reflections are observed in the X-ray diffraction analysis, the
representation showing that the sample grown at 650° C presents a sharper FWHM than

the one grown at 630° C;
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enbodi ment, a silicon carbide elenent is preferably
used. A further enbodi nent of the invention nay be

W@ e®@d/03454@n envi ronnent conprising free netal oPQEAUZ®S/001483

and nitrogen radicals during gptal nitride
sem conductor growth. Advantagés is One advantage of
the heater according to the present invention is the

2085 3582 %o o daner AT st heowticen o optimized
aGal$ layersabipecitddegivice the base may be made from a

terial that can be machined using standard steel
ﬁf’f‘ VAN { pdimexjasgsubsirate with Bdypieal pne ronghnessgf 19 tc; 27 nm;
. . Pl o o
o Aot R A S PR PP
g’ﬁ 88aminQ hsikien subsirateyithe typieel rusdengimiesscofrisirances

] vt i ng.syst [ equired in a harsh
858 30t 24008 0 D60L AR BRI ER of el ¥ bsorc nd
DoAY, the oAygerefoar siguhld being Qestited PE @SAAb JfMME AitkdPRen ion yield and

11 now.be descri bed of exanple wth _ '
ipp R I B o GIR M BremmHBReAMEN dilms wites obtained
Troins caim¥rai 4l aplek lof GaNOAINA oWl 1y MOt @D 20d ma(ge by EMCORE and

figuration, of two GaN sanples” grown on ZnO/
g‘i?ﬂi ca substrates using a process in accordance with

' t ' is sanpl es .
PRREAETA 0 rBolfe ORI Sn absorpion
coEosd shdes( gﬁmﬁyal\gfsamptd grsvrarom abZe@vedilica bitstrate, using one

- el [ . 1S, t representation
éﬁg\%& 1#{' {;&fﬁ%gﬁ élgrgrp O}éésaél F%W{[H E‘Be %ﬁ%‘t’@npr esents a
Stearp Sr repyiibhts haom tehpernere PhowsludinebdAcE;intWRity spectra at a short

40 . PCT/ 005/ 00148 61 Fjgures 2(a), (b)
g‘%gg/f‘g%%ﬁ g"ragd P fé’gﬁﬁo iﬁfﬂf?%@@% Sample% énd fhe gwe sogymercial samples
réferee tofih ir¢Thiz@cto FepMe BabPiay bESRREAsYS! Y 9rown: a) on .

.Zn0O_/ soda line (_3%| ass substrate with a typical rms .
? B Aggrresgnts 5o temperature photemingsaence igtepgity seectra at the mid-

L4 B ' ‘ f . 3N L

N AP el ifR i e Rni T ARARES Soineloidi it Rtereed to in.
Fekionde gsvee 8, tof way aficonfiagisos 3 shows S| I\/|B ogygen i gn

' f RN 4 respectiyel. an .
gibgg{é@'}’ fshaetgg X ygenﬁli i())%ﬁg %%&gﬂgﬁéce? WBRBP Sgléﬂglé}?nggfq@e nvention;
Figuie8 tfa sile viewt ofogeingiveed i lelude abafflectipeildtdn bb&®rdance with an

X n ion.signals for the aforenentioned GaN fil ns
gmmgﬁﬁ?]ﬁ%tsogtﬁ% PSS from commercial sanples of GaN

Fightes9 gy ansolnetrdOEw® dmeh imgRet Fb6aRceRh ok etBbdiment of the

Figure 4 represents room tenperature photol um nescence
’inﬁglﬁﬁ@i’ty and optical absorption

Figure 10 is an isometric view of a casing comprising the impeller of Figure 9 in

accordance with one embodiment of the invention;

Figure 1la is a top view of a casing comprising an impeller in accordance with an
embodiment of the invention; , A

Figure 11b is a side view of a baffle in accordance with an embodiment of the invention;

Figure 12a is a diagrammatic representation of an embodiment of an apparatus in

‘accordance with the invention for growing a group (III) metal nitride film;

Figure 12b is a diagrammatic representation of an embodiment of an apparatus in

accordance with the invention for growing a group (III) metal nitride film;
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squared studies of a GaN sanple grown on a ZnO /
silica substrate, using one enbodinent of a process

WO pooaosssdance with the invention; Figure 5 repCBaBRms/001483

room t enper ature photol um nescence intensity spectra
at a short 15 wavel ength band ig;ap for two different
GaN sanpl es and the two comercial sanples referred

t0 1 | at to Fi 3, by, f
AgrB 53 RaB isfersionalyRpitbsmpbiokahapo R B mesefcapparatus i
i aabmﬂsmdewlﬂpm@ﬁﬁ@nﬁbn trerew iy a@&%(ﬂﬁ%ét@lrnl e%fim;

ffer _sanpl es and the two cormercial sanples
g'érFr 1§0a \grarpEpiig iTepPresentatiogupk ag, elblyOdmyntobf an apparatus in

ca@maﬁo%%th 20 lﬁ}eﬁﬂsﬁf& gréwiﬁgt%’ aqjgm : etai‘ éef B,

accordance wth an enb vent
Hiiglire d 5ds ¢ graphshesingithewativ of asy g aimasitd mtrbgﬂ:lszﬁoms at an increasing

I .

Aol Sofind SRRl 8F o LANBECSLRR Pobif e eGP O Fsprdance with
mr@@ibodnmmoﬁdreonMnoa with one enbodi ment of the
igure 10 is an i sonetric view of a

vent.i
TR o 608 Erobisg armeat e O |l B gegaseppy analysis showing the
aaclchdmk: Sighlk preeat ﬂﬁ@qgltﬁg Presthed BE réiARida®n the old and new
llal a top view of a casing conprising a
R#L&\?Q i FFP"& ? RED grhadimaent of tisoidvension apfl in hecordance with the
IcBN®MtibRAL; Rfﬁg(g@]bg,r(;cenﬁ is a side view of a baffle in
accordance with odi ment of the invention; 30

Higie d7 i a plat of e@ic@qrv&mmtabmrpmm e efificant @quaoéd fon a gallium nitride

a accordance with the
i nv%g{)‘?gﬁ{ (ggrrg%hcﬁmao g amélgsnélgf) I{llgf(i attr}'S forﬁ,l tride
fFigure 18 guirae dihgbammam: diegtiomiaiiee 6L@r BeR6 ai ia@fordince with an

-an odi t apparatus in accordance with the
eﬂ\?gﬁ‘b HF@FI@WBamg a group (111) metal nitride

fFiguie 190 20063 G1RGHEENIE QBadIBAABRS p aﬁ%f 'ﬁiél&@'a‘t’er bBFigure 18;

IS a &hree I mensi onal representatlon O anot h
Erpse PHdn @ Brtogranthahiordng an sfevationsh vitan o8 avhqatertlh @ccordance with

'aﬂd’tﬁéltén%bdﬁrﬁént%% 1nglﬁ1ogr\9{ﬂ?(§dt ke OJEEE?I oﬂl tride film

Figure 14 is a diagrammatic represent n of an
Etayeel? hisnd phdtognaplapp alentviesv pfia bawdbmimugqmrt\mﬁthe hbeﬂeer of Flgure 20,

AR Bt BN R0 SR ) Gl b Bovemited i
smfag:ermfﬁtechwe {the m/d:rlaggenotqireu&ﬁt)at an increasing depth

f th lI de fil
appar at us. | R GUEG e D Uar of Vi Plateied rpbSdmants

Refegriid @ ;Figirg Ur, €hdi@ ik Ssh@wﬁréil%ﬁfﬂé 9O TBALHIRMtially EHr@sré'nfing active
nass sgectroscopy anal ysi s showi ng the background

BPYFk PErogFR SRestes psperaisdan tegrsaganalasata fremireachingghe substrate with

I
e ey R e o B0 SRAEP gtk gl mirice
bend eRefifle V4 is REECYIIY Apewdigpration and would be located at the lower end of

the RPECVD connection 1220 shown in Figures 12a and 12b. Baffle 70 comprises outer
surface 71 and inner surface 72. To the inner surface 72 is fixed to an annular plate 73
which may be made of boron nitride and comprise a series of apertures 74 to permit
passage of active neutral nitrogen species therethrough.

Referring to Figure 8 there is shown a side view of casing 102 which may house house
impeller 90 shown in Figure 10, or baffle 70 shown in Figure 7.

Referring to Figure 9, there is shown a fan-shaped impeller 90 that may be used for

substantially preventing active neutral nitrogen species generated in the nitrogen plasma
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Figure 17 is a plot of energy versus absorption
co-efficient squared for a galliumnitride filmgrown

wW@eo0&/0In0 , and a galliumnitride filmgrown aPCBATUR005/001483

Figure 18 is a diagrammatic elﬁﬁational view of a
heater in accordance wth an enbodi nent of the
invention; Figure 19 is a diagrammtic pI an view of a

SE0T o5ttt hon S bSHRE LN Aan Ereh0F ST Obiedshl o the bond
heRiS of the BEAN(UD MeRalWitridle HIAQ! MApeIRFDOHONTIES o@fa ﬂlﬁlﬁhty of blades

| nvention, w thout the overlay; and Figure 21

pHovtbst %ﬂh r6$pes14 terpngiaagiher saiaguoYide simkses forthe poattmeng of active

2 I

r}féggrﬁlgllglﬁfg ?es gt? r@:éol\é%:dgg ?t@eg‘%%%feg&grﬁloﬁm&n energy of the
riclive aeitral tmfeogegwpﬁa@sa bf ondrembedimepit the impetlem90 sy rhst adapted to
Erngd nt) Det ai | ed Description of the Preferred

odi mrents Referring to Figure 7, there is shown a
HRdfetrimg A0 Figureslystheretis ahdwyn pr easmgt 10y canprisieg andtipeRdér 90. The

nitro eci e r at in the nitragen pla ro
ResipR 0] R e Rl ST RERT tiernainay St Bey D (see Flgures 122
ndat®y) fob absantROY Hrededtihf AcheNde@PB Ao §J8ies generated in the
gr.oup( II) metal nitride bond. Baffle 70 1s of an

Aitioseirplasng frgmrisashine decsubpiatevifh a mean engray of greater than or equal
| B! badnefe gndé’ %BE%}% 1?1%[‘{81 #hdobng220 shown in

Fi gures 12a conprises outer
Refeuming tp1Figne illrmethetsus fshown 740, inMeellieh @0i aving bladésa82 and casing

T | ar whi ch
SPobRyalidfila T R0k i e BuGsdjan PebyonliBY By LBEGip! mitrogen
tspegies gererat@Dinpths sittgezen fplaaial frem neachingl the sﬁtrs&genmth a mean energy

s Ci s her et hr.ough. Rferrin to Fi e here s
e thiler SGPEP 3 band i ey 03 g L Al SE e
|mi§1h‘in@rto ?ggui@l QB! thérefé SHovh aleasnfg" 1%&& ®ould cBhP¥se ifans 1222 in

gure 7. errln to Figure 9, there is shown a

flggurgh é%%@pq Hdefor ey %tl@%preﬁgylr)@@cgg@geqt@ﬂ nitrogen species generated
zﬁéﬂ?ﬁ ggxtog E%égﬂé ﬁp}éaeﬁng@ﬁé é(l%st?ﬁé’%ﬂil a HIICB.I{ e8Py of greater than or

Itr ogen | asnma
2@1@61/ 1©3h8 bonden¢rgyadtisy goun@s) rr@@l fmtudfs Roead:h ilhg casieg 102 is in the

AR AR Ui, SSAEDRL O SELRPI0L ARCT, £ARL: e flow of

e bon ener e gro
bastide nbmpailmfrog@@speonesl sdtnsovoflOé qepictathiet direetiobloddis flow of active

t mﬁth.re one ﬁnother So as to provide
sft?PT(} °$%’rSPFﬂ85 %P’i MgEHPAELR FRECC neut r al

méfb@ﬁgntosngateesza (d'ma SASATFiRIEd N0b), @RslE Y shOwR adefparss 1200 for
in the nean energy of the s active neutral nitrogen

sPavingsa greprotd) éﬂ%@oﬁuﬁﬂﬁ filbpe Theprapprtusoepmpisep@ growth chamber
adpptif hHich 1sr19<§a@édea sURRIr&E Holtlr 11904 bR Wh‘?c}gzpsuﬂsﬂ%q 205 resides. The

shown a casing 102 conprising an I npel :

(ﬂbﬁl’ﬁéﬁ holdemhiD4i mpyebe &rca@g dnorheatat (nbteﬂhewn) ﬂ’hy substrate 1206 has a
%1' s?r%o @1%‘[ 1]'525%?( kglé Nors % %H{\getﬁe gcﬁllpa(?ﬁﬂmtjega?htﬁgé film thereon. A

ant 1 a prevent I ng rogen
Ssmeumrﬁsmgm daeas as used td fevaamatel the ogrewtlp lchanberf rm before a reaction

5{%&' 9 ét he % ere}nr aﬁ"ﬁe apparatus Ao %o%%%rsgsy contalgmel?t dilct 1210 and a
remote nitrogen plasma source 1212, the remote nitrogen plasma source comprises
microwave power source 1214, which may be a magnetron operating at 2.45 GHz, and
microwave waveguide 1216. The substrate is located about 20 cm to 25 cm from the
position at which the plasma exits the remote nitrogen plasma source 1212. 'Nitrogen gas

is introduced into the containment tube 1210 by inlet 1211.
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to the bond energy of the group(lll) netal nitride
bond. Referring to Figure 11 a, there -is shown an

w0 pgpelos4sno 90 havi ng bl ades 92 and casing confPQIAERG06/M001483

110 that may be used for substéwti ally preventing
active neutral nitrogen species generated in the
nitrogen plasma fromreaching the substrate with a

an .en of. greater than aqr _equ to the bond
eﬁ‘@Wé@ ﬁ?lg'}/% e 2@? AR P?lrlyn%?étfa?anﬁﬂ@.l&dwﬁwaﬁaay héfaeﬁhqvwg head, for
tpRo it fagmik tdrd cotthRig 4 @oﬁﬁ@m n?etél%ﬁéd@& %‘(Q'?ex hdie Rkl gallium,
g{hggrl se nmeans 1222 in gurés 12a and fo

¢ yifinigy pf the é%ﬁﬂﬁenbzoéct The shewethgad mawrbﬁg toeated in a pos1t10n

Nyt a
e LT T —
tshape whicheigghides @ sdmes tmcﬁriﬂ)lesn'élegpyn oletehholgs @ dirketpd towards the

S0 4 SE R o1 EEBL L o BBt  aiein

aoi\aqntledhd‘ oibseate 1206, (TR fAdOWhapt peasitd HR 4uBive mdhtral nltrogen species
trrlﬁ) s eci es. 1LZA[?row 105 depjcts the direction of

2 00t5ev ke 1211 ey el thioneh Higetpacpivcdihe sertreon the sing towards

il Mb@ﬁﬁte AR86.Mn 98 WIteRatiREERPSdiRGnt Bic ThaME 8218 "{\& located at an

al so Figure there is shown an apparatus
QF%@WH@OQ}’Q@BQ}’(S&(@FW})@YWEO&I nitride film The

3ihe %ﬂBﬂéﬁgﬁ@ﬁ% L}%l%n?a %Iﬂﬁeoﬂ erﬁ'flagtgg%élﬁta@}eglﬁ ngct B 1YRED establish

i's locate trate
snd sendaicka $t2Gm ofemtd'emutﬂlmlmgmtspana intol the prdvB4hamper 1202 via

t Q er ot s The substrate 1206
AL Bl IPRC L b PPREbkly | SopdRT VGh oweig 1222 o
tsili!stagmal(];jg pfelvbht)ngc‘jmc:tﬁzle neufrali r?&o%dﬁﬂ slpeblﬁat gﬁxféﬁﬁeﬁ%n m%gtgagen plasma

i.S use ate the gro chapber

Efé?fn%’feég‘ang s tubgiFete 1708 WHB 4meanRRY QlHEvasThampreequal to the bond
pGEY af tie ROSAIITOMBal ﬁﬁd%ﬁa'mangqﬁh ?O%Jsgbﬁﬂﬁlaﬁy preventing
30.renote _nitrogen plasma source 1212, the re
Ao BEHTab | HBPRETS SRACSS EWREALEd & thmmtrqgmavelagnwefmm reaching the

i i
SOUERE, OO TR o S0, ARATE GO Bl spges or
g@@ﬂﬂétm@talammde Bandc may de24 beffief asodetitted ipFégitréson aatl 11b or an

@%@ ts{icgnl% @e];sﬂn'%?cg gen%alta?h% ﬁoelqgha‘hgl : r@%q ayy l as;% of boron nitride

amhtrmynmﬁnpnsteuh)qﬂdraﬁ@' 6f holes.et TH idpel MO 2H066 G84R4 Gorm of a fan
PCT/ /—\UZOB /00138(%2 64 G owm h chanber 121())2 al so
EURBrsaR Llads P8y a\%]tocﬁn%a senteifugabsrire e auolesyes travelling

HeeathWdupgly & m xture contai ni ng a group (I1l) netal
Jﬁec:les for exanple trinet gallium in the

& FemTejatine ot SBGHtE DS Tibs onrib cbrmolsr RGAS icthie bange of from
hRRALSEhoLNiA B bEGT QLdr &/eéf%])éb Q[yﬁxttgﬁ) spbsthat %?Paratus may

I'n one enbodi nent, thé s conprise ari
addithensélywhimphisé addsed &Z@OSMCGSIGMSMM @sthelsebsiate of'ﬁhe group (III)

Hl% a?lc‘ilthag%‘ogl‘[nﬁggg?lge regc( olliq%cl’l h‘g? al substrate all ow ng

speci es t her et hrough,
Imusaa ther eamumpurhp\laﬁﬁﬁ tded t6 Labﬁféf/@h%)résg% in kA€ gfdwtl chamber of

AR PRET R ot Sosfotec oatobesth oo er b gROR g which s about

SWOSdurﬁhgttH@vé‘c%ﬁhlrIﬁm‘iﬁmg P&idd. PEhEOWR W@ Sired ﬂf@ssﬁfétl% rb@&l? achieved,
é 06. In an alternative enbodi nent the nmeans 12

M@@@pyaqongﬁence The plasma source gas (nitrogen) is 1ntroduced into the top

of the containment duct 1210 via inlet 1211 which is subject to microwave ionisation by

means of microwave power source 1214. The pressure in the growth chamber is

maintained at 3 Torr by introduction of gasses. Microwave power source 1214 is turned
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associ ated with neans 1222 for substantially

10 extremty of the growth chanber 1202. The renote
nitrogen plasm source 1212 and the contai nnent duct

wa2we/oasto t o establi sh  and conduct a stream oPCHAUR00S/001483

neutral nitrogen species int ov\é;e growt h chanber 1202
via RPECVD connection 1220, ich is operatively

e ctive ral .nitro en speci es generated
o %hsgéﬁm aséﬂa pl THE e ety Bae Pergy tebee Qasbgmd ing, as well as
Jem&mailyhleat BEAOMEN Bt e bnd Rt
he bond eé ymof hgegr ouE(h I )mﬁ)r%t@gllapm t% de bg eéectrons and
?}E&gﬁél(’f% 6Iap1§1?b‘§t tde phibeyl %sn@\mmahgn r@mn, ved as such very
Femtof @hesB ishEHEGBaHABE I r%‘? SBthE @oﬁtﬁ%ﬁt (ﬁ lggﬁ,e’arhe electrically

pl asma fromreaching t strate
@ﬁ@tlr@y atpmigr itrogen tandn ezgmteéq umlecutar t higropan ctrmle gy e RPECVD

baffl e as
B NP Tt i
gsnatetod og dlle |mtrcheg LplﬂﬁnaB ﬁfoﬁl daching Tthe sﬁﬁtfaltef—‘ wmaly a ?ﬁ‘ean energy of
;@aﬁq?er% S on th? gﬂ%ﬂ/ LY ﬂ%{ tlcérnglg(ﬁf)d%etgl glg%é bo);ldoWhICh may
belannmpel&g ah’aﬂg&ﬁenw&ﬂhsﬁﬁé’mﬁ%lleﬁ eréﬂglléﬁﬁ'éﬁts Yepicted in Figures 8 to 10

|Eug .farce on nol ecules trav
el b 1 therplasmgpesy aeieg, dhe gt%lps(UBsmcfat gpetRSB6which may be

hﬂﬁetﬁ?l %ﬁﬁf‘urﬁ hﬁqﬁﬁéidﬁleg@ %i (%I fhels O%Q%F%fg%ﬁy éxbvglﬁg %%rgof;r@vth to begin

o
about 480C to about 68 pre
oA dhey spedpest Qfsth‘?'a%ubs'faﬁi@illﬂﬂ@ndt Isiowld rber ncted shat ds ehis leddfdiment no

PRFIof BT 1R BEVhER YRR Sidby ab iyl huiom) s aadea

torvgrQW&Chahé)evaMm punp 1208 is used to' achieve a

£35S In the r .of about, 10-7 Torr.
B 3R e PR iR e A2 e e e emetop B e substrae
o inchifchi me:ﬂm@us gréh, G5 Q6% hithérbell fnBe YBGHYM td'Bbovye, the plasma
the desired pressure has been achi eve oY

FERFES GPAATRRS i o HEtReaiivaond csb aride dgmeze to the flm when
{tn4 EXped o fRsd PR sb&td?se%nla%él&%ﬁ)% é}p glectr T &and ions, plus

cont ai nnent duct® 1210 viaiIn
¢lectrra yoneniial atomiie aitragen btyld axeiets molecniac lmim@%ﬁ mwubstrate may
rowt h chanb

plattdo SAtanC-ng?QPg e;ﬁl? 0 trnogtglﬂ g){aiglglﬁ exis § 5%%%1n which the nitro gen

mal nt al ne

Nrund isegescrataded-26 dol QG e:nﬂ)?ahd the highremetigy\ﬁ&l@&%él@&ﬁﬁ@ery quickly
fg&%gﬁ f&gm 3 65 on.to start g pl asnma. The

R B1AN8 BCRARHY TS W T4 ﬁ%atath%v donst reagh the substrate.
Vksilile tight evhiesibii fioal ihy pheutali8lcortid 6 th bfa@lﬂ@% ﬁ‘%}gtl%n region itself

t ed ar nitrogen. The el ect rons an
aé‘ﬁe%hﬁ %ﬂg‘?@g‘@@\}o‘?’ apsany Bhe meipn ot which ﬁllea@ﬂmtrate is held in the
SEWE eHanther h&Oh® PisiAO mBSion Yeh e\detf:]¥he %lﬁ%%g Eeéaﬁ? %u & gps molecules

speC|es reach the | ower area o al nien
presept inThe goadl chamberyars ateueh al pragsord thahicollisigan vétidneutral low

Rt RTENIT N

connection to t
q@nﬁn@m theyregixin near whereitiad plasrha m@neﬁaﬁm es generated

o, Mol PR, B TP il RpR otennl bt Aokhd W% (Wben all of the
dumgabnapeclgg/ have fdllen Gelowp (Hié eherdPl Ad fitHek V618 Yma emission can

whi Hrm
ocCur” encYe the neutral atomic nitrogen and excited molecular species reaching the

substrate have energies of less than 14.53 eV. For the growth of GaN at a pressure of 3
Torr it has been noted that the introduction of trimethylgallium at shower head 1218 in

Figure 12, results in a strong visible emission related to the presence of gallium. The first
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be an inpeller arrangenent such as the inpeller
arrangenents depicted in Figures 8 to 10 10 or Fig. 11

W@2000084546 he pl asma now runni ng, the group (I |PQT/ABR@E/001483

speci es, which may be trineth%é gallium is
i ntroduced via the showerhead 18 allowing film
grow h to begi n on the surface of the substrate 1206.
oul d be d th t.his nbodinent no ammoni a
1Enlgﬂt§)g1 ngxigy ﬁO% rlt?nfﬁl dgetkalinitrogenespecies incident on the

tgallrmt htystnsgﬁ{/é h’ié&ii eﬂl&gt@ﬁgﬁzﬁter {an @OV HB@:@@ r th ission does not
n.the appar atus depicted in Figure 12 pl asma

ctbe; st Hioee 2 revalt ofsthe rombinnst effect ofotﬂnevmesshret frethe growth
fchhlﬂ’bérs I R)‘é@t’lori 8f Y sudBBRE S8 9hd E{ t\%ﬁ c?lalt%ﬁgr %[Aﬁiez:tg)natro where the

above, the plasma species gener
Fililt&rﬁey Pb?@ma\ﬁétltaﬂw region cawdechdbernijegto ptahtﬁaﬁs gemeydw and the use of

Iy tbaﬁﬁeeﬁt)e(lggj%ﬁgrl, técg I{ragﬁ% ag eCILﬁrgal nt;j[riolggn &%&g??e{cggg the substrate have

meaan reabrgigsdesscthai Gr00gEN dhe G bbRH efi®EE GUABRYut 2.2 eV so that active
Lidq9en The substrate may 20, pl aced sone di stance
AR

rom WherE tREC e Bh‘”bf‘%%ﬁlné@tnssuafaﬁ% ghawd ideallpihaye energies
shightlyi lessogm thi PV 86 brovaR R es Grokm aQSJC?at g EFJB\ ﬂ@é“éjurface during

%.13}@‘ hi g{t]b?ner gy ions and el ectrons very
SFaR L1 HR Hruahdamege tathe ﬁryrs@gusurfamdmnngw ﬁimtgrewth) The
?Eksﬁﬁé il 8RGRowRhamBet 9}% e actlﬁ{ét?('}l1 & Fthtagnetva 1 e(?eSI ogllt\gher value in

rom the pllasma 1's con asna
heash wihersethe filmrig being demagad ﬂmm@gttoml@l tOVensegithi. thfmandmon is

t substr eld in th
Hﬁ"g R0 0 Per e Tl RO afs i eiieotrovy Vi Sptoa@ﬁéhan about
Bacumdhe hasegda GaN ﬁhnl) sihice pTEgIRR rdsBurkiBotd @Midlons occur between
han‘ogFd are at ressure that collisions with

neut 12§ he B‘Ftitt%y“‘é o\ WeRgs fRd low; TeERYe ASspREcicasresulting in a
déuredse emshe eﬁergiﬂfb‘f the Gﬁnﬁﬂ%\?\%eé o%l&nﬁﬁeglgeﬁlea&?tance between the

nfi ned t regi on near ere the
ﬂ’gﬁg? §e8d W E)er ?‘S THiregea s mA adisdhe regidn ltﬂgt/hlpb thestrogen plasma is
Bétepitéd ﬂ{ayI Be %H u%ﬂzd%:é: %e\{he Vﬁs@eﬂm@l ﬂet\%ent ﬁl% F)ﬁp tpﬁ%l&lon Bt the silica

Speci es have f ow thi's ener gy,
W%@lﬁméntﬁﬂb%w higisvbsteate mayt beowde ﬂongjebwheretthe fitre dg bahg damaged

I
FRRIE GaRUbgPANERA: BAEL T FRLE AR i ol BR00 eney or e

filn tefng groowt twioéh Gabwér ehapr ﬂﬁ)aurzez @V 3 tH@rdasé bf NAGaN film).
uction of trinmeth al lium

nt.r
Rﬁgmﬁt(%é\{e dlf~,°ég3£i?{§5+rﬁ 1n,;tg5 (FreWHp chambher |apng t ﬁ déstgtqedwgween the
ibsiirdit ene mihefs 186 nitedgdh !
The first m\{;ofdzoggltosg%s 0 s%%#%ﬁ%%%ﬁég{ wlgg{ o!itfFRen plasma is
G Usy/ | econtligion is met (i.e.
§DTLh 18K Darnditsiedoto @ apitablnivalye do Gasusy that dhiseonditi (
186%f fah the boROSRrSPEEhE il Hold %eé%ﬁ}m”ﬁlgﬁ Eol%@)e M about 2.2 &V in

at ons have nean energi es grea
waseeot a GalNsfilap). Wy dighsr nmﬂrgles dleem2.2 e sarbé aédo@nmodated if

r i ned t of the pressur
iy pheillt ﬂg,grocfo I8 eufiel Giitath, sneciel ey Ga phurtace 1o
qorreoegmmfdr thé at)IﬁI@'enlthatrleﬂédt,l wdver \&h@ KRudtidf i9 nBt ide@g €fThe mean
ntr ogen

1t t
i slaggener ) Ié%ltrag tﬁﬁ’t?‘fgt%peﬁ’seé I V“ng ﬂB"a?‘&’F'éatS anyrﬁfeﬁslléw as gs thermal

dnla@ty dihihe a0bitiege (Rikrinihed by HRORMPIRAGESS tﬁ@ét?&h%%} RRith a N-N
ﬁltrate Eg’/ mean energies | ess than 6.00 e
benf epergy of §‘§ exgtedynelecylarspesies havermeanagnergies that are too high in

order to take part in film growth without causing film damage, unless, for low energy

molecular nitrogen, some degree of catalysis assists the molecular dissociation at the film

surface. Where it is desired to maximize the quality of the film produced, it is necessary
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neutral nitrogen species incident on a growing film
surface should ideally have energies slightly |ess

WO b@n/084546 val ue to prevent nitrogen from di sSBCT/AUR00§/001483

fromthe surface during 10 filéggrowth (i.e. to

prevent damage to the crystal sSurface during film

gromh). The pressure in the growh chanber may be
a hi gher value in

bl I
JedbR ihe e Dobih® Prefante o6 Hed o Tisashais chibarcfor 2 given impeller

gtmmgéilherit OaN gt & giveat disfahée GOREdeh | 'tH@ shﬁstraf@ﬂémcf 'wh%re the nitrogen
\H?ﬁvver than t he bond energy of the filmbeing gro

SER G4IS|agiggiontip Frhigth thet itrogen Blvsmfn it penerdsk bf oﬂeﬁﬂ\tietermme
fshé presbine gt ﬁ‘ltay e gaes sﬂ'él f6tin '501{11‘?11 e lo:flgéééganép g%)? %gpenments

bet ween 15 the excite e neutral nit
qul@\ﬁh@ m.ngy:a]g gharegienstios, off dwulfilinngolitained a0 NEIS® after each

ﬁp&gﬁ gnergy of the excited species. Aternatively,
t st'ance between the substrate and where the

Bytadpesting theamassusefithe posvth ebarﬁbbrhﬂls%'sﬁﬁ‘lett@ QurRithé R8N energy of

d b dj d . the
AR oot TR AR sl i e Aiios i fgreby influence the

cmaaemmof&heagroagam et ubgide i, "By Qamdﬂ@%‘%%n? MR  desired to

damaged 20 durin

wh fil
B’F?ZIBF%E‘ gf%‘t‘i“lamys lab}?{'a{]og.l@ ﬁssmgﬁaﬂmclqanr and npywellow,Hhe ptelsamre would
boset t6BBEHEYS 'pérr Bthe?dls{ah%1 ik@ﬂcﬁgb %ggi@ahggpﬁ# r%e a2V e the nitrogen

t han about in the case
plasrap g3its thé Ir%lOIbm yhich éhqmtregmmﬂasnm ishengaedt Alehambelr, if it was

C subs rat and where the

el 16 ftopkd e RSP Hloig, SHPoau i Arenire ey gdawered to

pnoasdm Togr atgpedistantecsl 2fagym e oA usilesy hﬁr@h@ﬁ'eﬁlé‘{%f%gecws to reach
sHﬁsn{ag ensure that this condition is net (i.e

ovver an the bond ener gy of the filmbeing grown

Wﬂ iaciesils of €€ imdah %ﬁe@?%ﬁm@ o%pﬁ)\i‘lliyn wh'éﬁ ‘%r&ﬁﬁlg % Eigﬁ‘ PN substrate

il ‘a% ghtl gher_ energi es
b‘gﬁr’a Feaysrio Ztnﬁ@?@eu whigh Bag g b@ideﬁﬁltengllhmf abfutdcdli &, the initial
MesHufRdf the LFRER %hﬁﬁl?é%'tn?aér ﬁe‘%n&ﬁ%e@%{}lc vl { &e 1e§ S Bith @ mean energy of

conpensate for the ni gen t
gedtgathasnlod $otare @é%’ldenteﬁhﬁomemachmgl ehg iZ6® O;fldé Heyer and causing

c[h%’t’efg(eabrﬁt‘:%ﬁa&th%ﬁé ﬁﬁg E}gsa 801 'ngncep alna gqg}t@:gg{f%gqr{w&) IB metal nitride

IFow as [
Hag sowenail rﬁlwbltfjiertlhxar,t ﬂiﬁmds@nmrcﬁn ahert Beedediséd ai 6oder WY tnlrease the

ene eV.excited nol ecul ar species
%A\?léé}ler ?p& r?aﬁ]&lp il? USRI gh in  order to take
Whaet gromvlﬁg hmcgipq‘mmwal hittide Hlan)$i Refitdble QaNBEGin the mean energy
é“@ cHé/ | ow energy. nol ecular nitro en, Sone
:ﬂ@ﬁ migally ACHY spegics gbowsthe theamplsineray of thekubsiode.at i on

g e 5, 0G5l 5 A A o

HPEEIS0A st ducing Aplinsy pourgHI) matai spebidsebmimieed kepants, into the

S rowt h, chanber for a
T L A
meielvaitsidet iﬁﬂmssmfogbup(ﬁlé) mleth;]wfaf ?wl@e Bluhﬁﬂlﬂﬁﬁgalﬁhrﬁsiﬁﬁlde indium

e nitrogen plas

e o i R S S0 Kol i lssioao; e other end
bring doanmmssmmbﬁtor e QDigteButy rI‘Q@f oy mﬁﬁl’p?é B 1223, 1225 and

inents 5 wher ein the si cal
12?\21%8’6 tlétch@f)ﬁl% oprmylfpler gropr @G} éﬁ%@dsmﬁl@s anadopgntd, for example
tiib®y] Gfakn, S¥RIKYINEMum, trimethyl aluminium, trimethylaminealane, triethyl

gallium etc, or p-type dopants, for example calcium, beryllium, carbon or magnesium (via

-
-

addition of magnesium cyclopentadiene), for GaN, or for n-type GaN silicon, oxygen,
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By adjusting the pressure of the growmh chanber it is
possible to tune the nean energy of the active

WO ewhH03434Mi t r ogen speci es emanating fromthe pPEEAE2005/001483

and thereby influence the, chafacteristics of the
group(ll1l) nmetal nitride film For exanple, where it
is desired to 10 produce a high quality filmwhich is

SRR S R B DRSS RN
tcheics lﬂ)ﬁh-rtﬁﬂidi‘d@ﬁﬂg Whehe fldesrbivid RIGRcor?ldas 18 1t‘§ le&zsloﬁi}%gtlon level,

h the nltrogen pl asma 1 s generated

e&e Pﬂb‘faflwéleﬁ:m?’fcﬁ {0V 807y s mostd casss)parsh kave dafftﬁswlm For p-type
\dobihgl rﬂl&@'h?éﬂeﬂQccﬂfc@ﬂt?&[tfoh?%re a@ﬁlg?éf%ﬁﬂr eelp:l%g gn%gﬁaleme or calcium

lowered to ar ound orr at a anC
Sppas dyring ﬁm/grmrth» ﬁhg Eroslpefﬂ@ymsipbspeeﬁs hayrbeadbed thoan amount of

tah&utsiy ?@H B fout PoR- i%uACEIV? 19}%‘% hitro g%g ﬁggq?%?éomﬁ 20 ,ag@;t 1:1200,

capabi when ‘grow n

a: 1@@9;‘ bmoayemoaﬂ 1900; 1®©od,e1 :IH00g :2hes1 @3dmmdz4§¢) 61%[19560
initial pressure of the growth

61 eV
B2 08 Yy B S rehuin e b it imemgn fr aroneaga gellium
ﬁﬁﬂd@ﬁlmf Thgrapparefus BharohpldesaMoadifg Qﬁﬁﬁﬁ&t%%&f B@T{ 312, which is

c oxi de layer and causin

th
éﬁiaé’g dg?‘lg)\ﬂfq?%?i%“l’ e 2f §Y ﬁﬁrﬁasbeéqsmmmodmechmtamram it has been
efoiRd ! fhdoh dTBEAth rUhEﬁ1'b€‘193 ot &' égwtt}p gh 181§ { 3141, using a

| ayer, the pressure can en be” decT ease

q;péplg deaaster deviga 3 ho. eﬁé}p@ympfe isheansfeeed am & ﬁaﬁﬁbﬂa‘glet dagple holder
spypstrate. Wen growing a group (I11) netal nitride

film it is desirable to nmaintain the nmean energy of

Thelaadimgichaimbyr adbad/leck ]paa.@ iisein thé fot dﬂwcﬂiﬁa%@ltﬂ%}%%ed with a
12

%{Q&\}Al%? g(?]&é? ﬁgtal}gdzglfg eflia,rﬁ:gg %ﬂé% u{!}?ﬁah@de (rtela%{/ee toI tsl’ne growth

clomyirer smgandaa fIRages3 103 orl i Frogied] Bgenul ti pl e group

eci e or. i ndeed dopants, into the
ﬁj{l%@fiﬁge %@n%ég Prox r‘ﬁﬂﬂhﬁl gﬂssa(gﬁéhr,@pglg aviich mwvermizd6 of the sample

ahBerPevidt 856.1 ReteggOWM Nng of m xed netal nitride filns
of group(l1l) netals, for exanple alum niumgallium

hing [qadiag ghambeipr biéﬂllb@i‘rﬁl'ﬁ tsr ¢awedtd to BHoakldok adchibd 8ystem 318

21
0316001l 00 Ll 36 Der DL TR0 v
fyatermmil 8 M@nsnp Lat set 1(ﬂZBJ,ad 11325 vabeim Whdvesf ®18.1, 318.2, functionally

t | t ] t al
%)'ﬂ% ?d"f:o tlfh agi 15%:%1 fPf ﬁ@g m&k 41@01%@% ? Maﬁequpeﬁlyg(simﬁralr into the
lgadihg chamberi dirﬂbamylocla B lllmmﬂieﬁ m:qliureti "Bt RYI BB 8 3@ ehamber or load
ltng{]% galllum Ptype dopants, for exa arn
ok th ﬂ%ﬁqq}lﬁ toctg%aéﬁ hsrsarpiinarear dentrenster toau@lgltomth chamber
k. magnesi um cycl opent adi ene), for GN,_ or for n-type

N silicon, oxygen, WO 2006/ 034540 PCT/ AU2005/ 001483
%%W@’rﬁh@ﬁ% CE ANt ISOIﬂ@d iftom thenloadingechmartien oy ap doks312 by means

dflagr&ﬁth%%ﬁlbgf%@{,élby@@trl de, the best choice for

n-type dopi ng ring mgrowh is silicon, due to
When reqwirgd i \muumrcah émqalroducbal ghthacgromt dtambef By ﬁieﬁﬁHSUf a growth

ff
A L I ENCTL CCR RN .

Vacttumga[geLB@ng tledt Itl’ftepreé'éﬁﬂﬂﬁﬁﬂélfﬁe%ﬁo&ﬁﬂ HabHBES3 ﬁp&ﬁrﬂe%easured
roup. (Il net al species

| h. The
eéﬁﬁ &3 l}qjin gIHP ’Wtcaafbe 1ntroduced into the growth chamber through a tube
326, which is connected to showerhead 327.

The transferable sample holder 317 is placed on top of a heater 328, which itself is
supported by heater stage 330 in the growth chamber 314. The heater 328 is provided for
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about 1 atomto about 1200-2500 active neutral
nitrogen species atons or about 1:1200, 1:1500,

wa22dé08454@: 1800, 1:1900, 1:2000, 1:2100, 1:220BAT1/ABOD5/001483

1: 2400 or 1:2500. Figure 13 sh an apparatus 310 in

accordance with the invention for growng a gallium

nitride film The appar atus 310 conprises a | oadi ng

=Y 2 o

SRR B B 8PP0 af Bl % 1 Sg BB tgpgooupte 332 5

grovitie@to ficadvas tHEGEl’illpEl@fﬁiW efl ter campde holded 308 hmhda heat&]3128 may be
rovvt cha |nI et .314. 1, using a sanple

thﬁgﬁgro%algqﬁeggn b pgpechplthe IWSHEOY s transferred on a

thaisd armdrewihame! feftatdRkide3Ihd groti@ dHRaben 314 RAAMRI controlled by

or load lock 312 is in the formof a cylindrical tube
IReARS @6 a Pugssuse gontred valyg 33 et .covered with a lid

3 ivk: né?i‘l’u'{1 %ﬂﬁ% n‘g %%e&e? Mhdyt Be d:bﬁc?Lﬁ:ltedS{od o Wﬁ'c‘fﬁmb@r through a

the growt , ~and ange 230n|
mlmmnt@nment thhe 3f36,awgl@h3&ma31em:f qnax:tzn d%cmlwomhwa source 338 and

a%%of] ot gd %Vh{; %é@pmv cf%d I'Bl%l.%ﬁle atSrI}lgPlﬁ/ '?g)kgﬁ%%{,utrolgen 339 (e.g.
Imadgdnowkh Ba’kQ thaﬁ Icparhpert IﬁﬂlohOn@uhﬁéB) wmcébyvaaplusma is formed that, in

SR SRt B Bt Sy S5 e L icats s
%f&clep Nyhé %wét@aﬁfz tne@tall PBMidallo achaE spbFley %Iré/ e6nd®bRd ko the growth
: funct| onal connect ed to the |oading chanber

dhampg | %‘ékt}@l@nFa#p@%ﬁu 3Ry as to admit air into
t
M&se, f@a‘fﬂgf@wqg Ol kd %o%%t?ﬁxe r&ﬁgvaﬁ é&\@%ykaﬁgﬂljéélf \?Ashqgtr{oduced into

or ISO Ing C r or
ithe laadingphambet 313 vz theairantehealsedbd.& prior to transfer

A e

hyolam@nealved 182 ghilehin mim&rrﬂmred dlabeglythewalva308.1VWhen

required,.a v can d d in the gr.o .
Pkt i Ton B o hE S e R IR R R PrabilinduR hlioading chamber or
334d 10tR 8 19r ThE NoaaliandiRmbesaiP st v Vst hisah&l €¥édd and the lid 312.1
chanber . 30 vacuum gauge 324 so that the pressure

i inEPGa place. growt h chanber 314 can be neasured.
TTHe'@aﬁMble%oldﬁ‘éﬁ‘@aﬁ% gPEPQri& P&?éal Qﬁl tHét R)V\A%&j lIG&dvé&ﬁlﬁl system 318

gr owt hr ough
W@M&l@lmm&@h@b@rﬁﬁ The transfer abl e sanpl e

: rtﬁllxc%le@x SX;IaZu 19 ld%gv%dtooy \79 R/aﬂfe @tggq%betrgofﬁzﬁq)ﬁ’gltﬁe loa ng hlock pump

ported by ater
cibal athar Va3‘1d3 1 8['21 & diestipthe ﬂﬁ: grewtir dmmlbed gdte |VaIWD320 is opened and the

2006 02#40 /éﬁ‘lgﬁf%ﬁ]?cag()“'s%%é%np& t8q‘%f3 trng%n Sﬁg\%hechamber 314

tltsﬁ{gme@a;ﬂlbletr%ﬁﬁeﬂ &evidy i ded to neasure the
tenperature of the sanple _hol der_ 328. The heater

meRE s3Eplg h@dﬁédﬂe(w@fsam&e) dethenpinced pe dhe hypter stage 156 (which holds

| QY godidongy During filmgrowh.the pressure inside the
growm h chanber 314 can be controll ed by
The sample transfer device 316 is then removed from the growth chamber 314 and the

chamber gate valve 320 is closed.

The growth chamber 314 is independently pumped by a vacuum system comprising a
turbo pump which is backed up by a rotary pump, interconnected by means of a turbo-to-
rotary valve. The growth chamber is connected to the vacuum system Via a turbo gate

valve,
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s nmeans of a pressure control valve 334. Active
neutral nitrogen species may be conducted to the

w@e@sobsahanber through a plasma contai nment PCbau3B6/001483

which is made of quartz. A mc pwave source 338 and
associ at ed wavegui de 340 are provided for ionising a
supply of purified nitrogen 339 (e.g. nitrogen with

I " bi [T . e wh b
F;Jﬁ%é'unlgola?grs%tefl%efrfﬁe;@d[pﬁgs[orgorrﬂ{a?}gv!%}ggque{rlp giqglfe)g angd E},rlgep%ss%re control valve

plostd diuesg thivcktedeafloperagon.cont ai ns el ectrical ly neutral
ically activ ies. The electrically neutral

téhem ca h e Sspeci '
RE N ghagpber 3l 4sisether defh te Duswddewedo tits bdse pyesswieh The main
chafbar 3 P414s \dedert B aj 38irid N ASE, :
sanple is i it oducgeéfé ?%oﬁtgﬁg eéé %2(86 \?;a%fr%ngl [@a11%1d) maintenance
SYongi r i s introduced into the |oading chamber 312

1iha | e | Y L. is The |oad_ | gck vacuum

118 SABIR o HBMEY o e BroSAR rdpedeitole g ot SEK avetag this vcuum
PRapIngqgriod ekd thesiwlater itemmpeyathineds ﬁikﬁlitBre‘d‘Wﬂt}?th%iﬂierin%couple 332. The

' d rough .t h alve 318.1. The sanple is
If%grﬁ}gﬂd@ﬁe ?#g 5 Eﬂf&d%“ﬁo%ﬁ%gﬁﬁ’ra%‘ﬁal frediiigueh sicerewhere the heater
toadctoes abalsbdeedothroughaslo gckadlhamble | 0adi ng chanber
i.,r inlet valve 318.1 is then closed and the lid 312.1
?@e&ﬁ 8999 base, peesswp isprbiqveddilimostevitls ghatéromende, VEhe plasma source
nard : stem 318, .
D g P REMARIYE P G paament tube

Sunps down the | oading nce

Ranwhish dis | syhiegter e misrepvaveOioRisatior @f 3hd mittggehhgas| Batheans of a

&k Q%rqg, l.S@leation valve 318.2 is closed; then the

%r OV\X_Vh c é%ﬁ"‘ét’?ggat e valve 320 is opened and the _
bopligownad: gmacplflﬂZ{SarsTbMﬂpds ?IZ ttDi;tgle nh@plas% aEﬁérgét:Icei@né Bfe@ted in the

ro C r using the sanple . _

PRSPy S il R i Matip efbratrc e hong lived radicals
sginploslic instradeanarp| et BRAvEINEBRAES €; '

holld@ t he heater, 328). T?/we sgbnpl e t@léﬁg%elp{%gc\}{owegl%g and are
gailghie for reaeinnvith di ngfalogganigstio predise mitgidd natetialten the samples

fldaahele 19384, val ve 320 is closed. 30 The growth

chanber 314 is independently punped by a vacuum system

Me{a&qrg@mg ang gopent ppontse\gabestvapsuls ack dntradocld/ thieough the gas line

Tt Bk th e s of a turbo-to-

e B SR helbef S

rotary val ve. connected to the

Wheugasesyare élgimdgraeé incl)tu rthe ngen %haﬂlbér‘{ ehe ;b@o(g %@? PAES4Rd turbo to
14 e turbo gate valve an
rtB’ 5&@%@ 9'?{8’%%?’3? @%ﬁeé é"’é‘gg\}eepr8§§8ﬁe‘g’n§ﬁbvﬁﬁféispﬁeég)smﬁi@tain a constant

presstueol val ve closed during this stage' of operation.
Thﬁngtgeomh chanmber 314 is then left to punp down to

4 PRAERA YARPE gaHeg 344 ronidarsihe pressise durdzifilng greevtler
Inpgnellerhiwat RS BReRE afYeeRt sHiwhng Fighf 1320 L ubstrate (which may

mai nt enance _
comprise a buffer layer such as zinc oxide) is introduced through the removable lid 312.1

to the substrate holder 317 which is initially resident in the loading chamber or load lock
312. The load lock vacuum system 318 is isolated from the loading chamber or load lock
312 via the load lock isolation valve 318..2 while air is introduced through the loading
chamber air inlet valve 318.1. The loading chamber air inlet valve 318.1 is then closed
and the lid 312.1 is put in place. The load lock isolation valve 318.2 is opened and the
load lock vacuum system 318 pumps down the loading chamber or load lock 312 to a
pressure less than 5 x 10 Torr. The load lock vacuum system 318 is then isolated from

the loading chamber or load lock 312. Once the vacuum reaches a value of about 102 to
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5 situations. The sanples are heated to the growth
tenperature (about 650 C) during this vacuum punpi ng

wW@erkostsand t he heater tenperature i s nonitor eBCHAUR005/001483

t he thernocoupl e 332. The the couple 332 is
i ntroduced t hrough a vacuum f eed-t hrough near where
the heater connectors are also feed-through into the

10 a ressure is
ach| evegﬁg‘l}%}} lowsr %ﬁ aﬁeaﬁ p&ﬂﬁén@@ clopagpisodationcialve 318.2 is
gdesed,niridrthe @ft)Wth?Chmﬁbél%‘t’@@ﬂvé B‘Q(Dmtd}%n&PQmPﬁle saﬁstraﬁe holder 317 is

pl asma _caont ai nnent tube

§m?§§%%\éﬁtpoﬁlm%m@m ehambst Bdh aofl nlmdmrt h@ﬁj@‘nst@sﬁo (which
h1d¥eas heftbr 308) "ﬁsﬁfgotW@‘éEm Ucfa‘h@fe;’ ﬁﬁvwér ? %6. mI(l“l% %\!ﬂl\%\ég frausfer device

sour.ce 338 is turned on t start
iSdAds Heaatithrawn finm the @rcpms;ﬂuambacw a.ndl thk Igyovathhdmber gate valve

tih e ti,on rego on
o2 A SO S, S o P . T o
[g:l;gmh@t 314ds mchpmﬂenﬂy pmapéd bya vagivdf s@fein @b@prising a turbomolecular
ion wth the netal organics to

BBl B i Dl R bl oy e e s R atseria frbo-to-rotary

ivalvder Thel @ wiktchhBbgami 4 isafshn8Q B RS t1§é3%&1ﬁm s3{s|ter1]ne v1a2 3 turbo gate

h h th
J35CcolARahY i vhae &38“@? Qoo welyes serbeen@1and the prossure
\dhgrol daBRTIGNe8 dufhg Ay %%eo rdt., %'vgcu%ﬁiagpﬁ)rogg fhe ; dorr may be

turbo gate valve and tur rot ary punp va
érlie¥d- and the pressure control valve is set to

'Tﬁé BEAL 3% ﬁ(?%lﬁmt &f {o th8r& c@ﬁl“d%e ercqﬁfaern]?égqrpgl\%?ﬁ %Yrg] (Pa\ﬁu 1Z}zyhich may

moni tors esSur
hb @b@lﬁaﬁtSIO% forse galhuixﬂmtrﬁkerfﬂfrﬁt Tise e BASmEY BEOE tHe3typ@ shown in

buffer | ayer such as
SHRBSGR G2 Sl e 8T ony Bk eoiami el emperature for
8 Hierthoctuplé BE2 bl makethb absler 331 T haink %Iﬂenrh{lét%le%gt to about
res de in the Igogdl ng chanber or | oad | ock

PRAbOYr Of%%%ﬂ\ tps guglsay theopesceraprisingrfartns of glass that may
keTaa AG504a 'Xﬁ& ko 9\9015 q@%ﬂqﬁ%hgm?ﬁf%sn\ﬁ E"utdif%au% qrtl'nhc%crlﬁa] occur after

i sol ati on val ve 318. 2
PW@H%@!dﬁ’qﬂi@dSCﬁtcm‘rﬁer EamdenchOét Z8Q deeoBip8sifion 'Iibeprowded by the

bRafRen %ﬁ%x@'cﬁaﬂgg{gt&oﬁa Sns }:glﬁgesti‘z’tst gez? 8§ﬁc?uc?1ve state after |

and the | ace
Em@llela@ﬁ@/%ﬂ? v&hi3 TBarzei o&:cmrp @Bﬂlﬂf teoglist o€ a 16584 ok P& from the ZnO.

hanb r
?ﬁ gessstﬁ Z?%)S%ep %gtsagpge g fttﬁ & trgte%@ _t(;lr)q-?ﬁft overnight or
fhe ﬁmiadgédqﬁamouama $AmBleThMbSILSR dt S 1&@&%@%@&8 o1 BEREB00 - 400°
l.aadi n cha r or load l'ock 312. Once the vacuum
%Z\Eﬁ@é SRS, B Y4858 of e Zrwibrnber] 19 Baproved by desorption
Olgﬁﬂ)@ox%ﬁt%tleg J(lnlgal%ca_l‘a wekd O éf%lﬁf)l tﬂe }(&stsrate surface.

are preferabl e), punp 1°so I'on va
Qq@siongly, ﬁ:lﬁbg@thh aWiH inHiallyreevartdeghicarbar a daver tempe@ture of 400 -

tr ans?ﬂer r ed{%:jrr?tag& t #88 H&%I{ 8% I%Qﬁ%%’%]]ﬂ% util, a protective layer
¢fl gadlisun oftrie avers dtealyeD. 33@6 (tﬁ'mlbfﬁﬁture will then be raised to a higher final

growth temperature in order to proceed with film growth. The substrate may be left at the

temperature at which the film will be grown until a vacuum of at least 5x10° Torr is
achieved. If the substrate has been left in the temperature range of about 300 - 400° C for
a period of time, it may take less than 1 hour to achieve a vacuum of at least 5x10°® Torr

at the temperature at which the film will be grown. The substrate should be left at the
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hol ds the heater 328) using the sanple transfer device
316. The sanple transfer device s 316 is then

wowdoatsewn from the growt h chanber 314 and t heP@r/awLdos/001483
chanber gate valve 320 is clgged isolating it from
t he | oadi ng chanber or |oad | 6Ck 312. The growth
chanber 314 is independently punped by a vacuun1system
conpri si t.ur bonpl ecul ar whi ch i s backed

i@yipsraﬂaﬁaa%yﬂlp 1 ]ﬁ!@éfflﬂd}ﬁqgr@fv npogjft,l@aé d hgur 4n order to allow the
r#? eﬁ'rg)gfé?ﬁ@rt%staﬂﬂﬁké’e The growth chanber 314 is
nect

e vacuum systemvia a turbo gate 10
Slaght alecampositiorbof et %nQ alwiter daver cam bo-tolgratest, dn yfackdf Jegometimes
a r ol I
BT PR 00 G5 B ool Bl 8, BLESSHe goppeivi o
ihat Tayéeriy eheiredachilma\oecivth hey fhleaatfame c8dmense uilxhn csadhtlbms that favour

oSG, BB As oD HHREREdD TR TRb e Growth

Kulds B2ferih Daodf ark PeefbyBBirSt@vNto freveb® dbngpe 8SthE&nO buffer
0 20. A calibration curve may be used to estimate the

258 e terrper ature for a thernocouple 332 | ocated near

bli& 8¢ !.F:: ?@ﬁ Teasl'§ xhﬁﬁt’fd}g it dcﬂ?ev@&’ Sﬁlmbﬁo{ﬂf?rpﬁl ?(Begﬁao Uthe plasma
one hour be growt'h for substrat’es such hose
gasronicsi(nidrogen)ris mtrodgmlsmtq thatomﬁyche grsrvth @h@mb@@dé: via the plasma

OBl PO 0L DY €5l Sy e o

pficrdwtveaenesy®38i ti on is provi ded by the 20 observation

bRl B e ARt & B RReuREn Grlsgabid a8 B ganimetrs

(Zyé@rﬁy §f HabEdygResAUSEnRbdRell 9RSthe blaginy geitainit fube 336 in the case
In severe cases the ZnO can be | ost al together

Pheterfhe gluwena@ deliveredhovsa 3 gchaliamaiegateadyy a gppeller such as that
9@9&9&1 R/d, 9 th'Eﬁoxgﬁ‘m’F Bufies | be left at a |ower
nperatueof aout C. At this
Oan@ehfaﬂgweqf nitregera ga hegits, tthe t‘gib@vﬁalfﬁ veluetsad terbe fosrotary pump
roved d t t
ﬁ €S gr t?lg% dag&gvga ejfu%]/oaé 15}/‘@%5 uﬂges p a:ééﬁ éa?%nay then be
smaﬁlae& fronOdeadiambat diygetliyitd mhegrodnmy ipumpl ‘ha ianiantombdtie vabve. A high
undert gken at | ower tenperature of 600,,C,i
ey B R s gt ST (f Breftwrs At S PRih SHafhber 314. The
Ffé%édre af e k@ ethi chémbay3X is plef@ably iseito Abbti3dEore, e tisis valve would
he ZnQ. The tenperature w | I@%hen e raised to a

he greEntainehig Wlﬂgfl@m’q"?x’tn@’fﬁ¥rla/t BSR4 der to proceed
Whi NeflpbfThGE 0¥t fhe ThGHEHD AT FyaE@ aﬂ@éve@eto' ef-bq@liblalte t3Ghe growth

tenperature at which the fi be grown until a
teaepevatvest (cag. §39a9%) Bw 10 fev Toinptes saﬁea@ns dlasy hag fcompenced and the

o%% r}%%%ug%g 6% Eﬁ)fe éﬁé&naa'l g%r{rd&g%%gn@fﬁxgg% ﬁo&%ﬂ%&&entanly affect

blﬂ::s&atehamp&rahmel rand chexeforeethe gowﬁr:tmmpem%ulatma)ea@etd to be adjusted in

B eg fq?eﬁggﬁﬁtﬁgr é%hlggsafﬁggj g 1Al ﬁi’la %% opverfltrgg?lt ogfgb\ﬁg é’\yn;s{elm for 5-10
A1PGEHBLA L oRfed éndii O ad g@iﬁﬁﬁl ord@r foeflyBRI0at ayeodigeearing species

t he f|ImW|II be r at least 1 hour in order to

that sy dage dbullimp 9@%@%@9&%@% YS€fhbi | i se. Slight
9&%@%&%& ofy nﬁﬁutreg‘ ®efRO BbeREink B EHHE #PS26 and showerhead 327

er at ed fact it is sonetines
may be flushed w1th the carrier gas (e.g. nitrogen) through a gas line which bypasses the
growth system (not shown). This serves to flush away any build up of oxygen bearing

species.
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advant ageous to allow the ZnO to deconpose sonewhat so
that the n-type conductivity of 5 that layer is

we @40 Fi | m growt h nmay t herefore comence uPBAU2005/001483

conditions that favour the growh of GaN, though are
necessarily undamaging to a ZnO buffer layer. Gowth
pressures higher than 3 Torr are preferred in order to

preyent damage to the ZnO,buffer, layer. Once a vacuum

DR e TRt iy Wil b tedu S s T hogr pissmerzpwih being
bedlgipunte 16 @ravleats fdivel RuBASniIHOREL Spdcftist ' um nitr

i tdlrloducegr i n&)‘o tlﬁlg t gp olfll t he IF ov{ashﬁ(gﬁgr%]edlgﬁ?lﬁle\ﬁagmm nitride
tfﬂB’ 31hgRws. dbReuhshateTnay enyea3Es beuplated dusing film growth.

subj ectgd’ i | .Oni: 1.QR: r ans.. of

ni cronave ggglg{rqgg; gi%’ga‘f E%ég ?Bgéiﬁr]ﬁ\{v S{r%’nlt%%rl?g&g q}?ﬁ’ ?ﬁ}a&% iR 17 the growth
hamberogerihe téw 326 andoshostheat H2dar Trimothiytpatiznt i\t beetsed as the

' . be..i.nt r.od ia th .
R R T T S
riimethytgallin deding enatbdoviera aiogenc Aot apat Qﬁti@r(ﬁaal?ﬁi’oximately 1
qn |e§&gg!ﬁhler sag?ch as thtat2 depjcted in Figure 9, but .
oL Y, 39m JP 2bPYt 260, da 4008 nifrageno ptomst r Giess gpllium bearing
pepigsscouldsd b B dISCR a¥ BichforaeiilitH raﬁl@ §51;ﬁuﬁlqjie§gﬁ‘i})ﬁf,]&%[@gh the latter

val ves are cl gsed and the turbo Eun’p urn
PRECRLY SO gt hxed thay it wewldpave éx ha wsenateds inotire tdrewth chamber, as it

ChARBE sthiréEfdrlafy tagpltet‘igbl% AbY oPHIR. My %1@1[1118&%%%8@5&&%’[& indium

val ve. A high 20" accuracy "Baratron pressur
il wnigiunh engialewganie sperieshmagratnet be abahbér stldd bdhted that any

. chanber 314 .,s pr.eferably set .
PAASEE Boflogbtl enlEA R, BRAIY Slstetd dilrte BHBURER e Retiee i also to
be awpitléd a5 thippanetfiesittb yonbitlendfg dfthechvambes. The
nperature of .the supstrate pay be all owed to ,
ﬁiﬁﬁﬁﬁm PI?%P%ﬂ@IFga Wfﬁ&ﬁr%wm (ﬂﬁéﬂﬁ@r%@me speciep eggingyhe growth
thamieerf &l piofh Bsgiad.t er gas flow has commenced and the

gﬁ rocess pressure is set. The thermal conductivity
O‘eewemghgccmréw dPeiodyphd Apwrsirpspltistef imca 0.§ubistanathéck film under the

B dhti iReq ef t e e .
LR 8 OGN 1R 6o L AL RIS S e e
pymbersqf astee pewitad niteogeh epeaistarexgerhint the plagmattyeths isliesy of higher

- 1 AUt e € ncing. filmagrgwth in )
B P TGS BERR Sk oy soBuE e paadpore fficienty
meylubeasueh spedids. up out of the gas delivery system 30

r oxi mat el 0 m nutes, before commencing growh, o _
éﬁ @’ee @Eg’?%}?&@ %‘&&ﬁﬁﬂh 8’5’&‘3% Q?ﬂow gaup (HQ H%‘&f%\mwiq gpecies is again

switctie@rtoghs Hypag lifd, tso0maNt ddes UMy 938 the Mol Shmber. The
asses the growth system (not shown). This serves

b \ !

f‘ﬁ’%?ff‘tﬁ%thsﬂég)olsﬂwﬂhﬁhp aittngen plagsep genrc sl iongs nitpegen dess from the
; St a -

e T e

Plaess seusceyem hin ldse pAnitrogerefomtthe swiioe ésvmnidedc tWhen the temperature

' o d ' th i .
B e S0P 525003 SRS S i
demperarilt direxteddthroupd the ltubgmolwctlar pump. The turbomolecular pump is

turned on and the plasma gas flow is turned off. The chamber then pumps down to the

X

background pressure. Once the sample is cooled to a temperature of less than 100° C, the
gate valve between the load lock and main chamber is reopened (the load lock would
have been pre-pumped to less than 5x10 Torr using the same steps described above for
loading the substrate) and the sample is removed from the heater 328 and transferred to

the loading chamber or load lock 312. The growth chamber gate valve 320 between the
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The group (I11) nmetal species is now switched fromthe
bypass line to the growh 5 chanber via the tube 326

wareesbuswer head 327. Trinmethylgalliummay be uBEHAHS005/001483

the galliumsource when growifg a galliumnitride
filmat a flowrate of 5.0 sccm wth the
trimethylgalliumbeing carried in a nitrogen flow at a

gg%d;%bcg%{)ﬁﬁge %%Htcﬁﬂbér is ttﬁe{n@f)g&{ &Qﬁlthe }Hl}iqgmen(?ed via load lock

t
beauum gfalwpﬁel&lei@ a;tmotsprh%aggmjsbmelfeeﬂxe remohalaff the substrate holder 317
t | | d th
R T OBRL AOE b PURT  agtoo2

tthiteo mbmﬁ%aﬂg o ddiﬁggg‘r@%ﬂb&théfg’@mﬁm Bigride filnt AR plocEB described

aIPt I Qa]@%;&}agf it bllngﬁ ?f;ﬁ?gdéﬁ% tlg qur(gzgﬁ‘r;l geﬁtammatlon that could

R @l BARL fubd e Q§e Rt R bdMond $§%undihg 8 thr
not edsthat an)é nD|eeCl? lar h aéﬁbo er11l e(r?tqgrllng %gn?@mma ough

e centpipinent BbgH30ifor? G yelAB dneueo uFlde nay bl @mecbouttﬁé follows: The

et 1 Fnealleety b Rl bR, #0812 10 Tor

(Ibast )16rimuad ef) pgaping i§paciped feom etmogphetie pga‘ssmfe); punﬁed nitrogen is

wt h i ) f.
JBRT Bifogelt RMERE el Phaper R e el e 336. A
uﬁgﬂ@gentﬂl&r%agi’sahﬁhﬂhgﬁﬁztﬁiﬁd ihe sydlasn ¢eft B?&O 43 mﬁgs W@ﬂhcmé hitrogen ions
rat.es e acnl ev i ncreasin er of
@f@nﬁ%b?mmrdmgﬂn lgeevg ége ep%ra%@ce At the gonfarpamegt tube 336.
qyef&x'i‘ﬁg@@ Figﬁ% l/4 Qﬁer@ 'léml%(zvnzagaa?ﬁ&ﬁfus 419 ih Q@coﬂha@x@@%th% embodiment

he use of ferent excit I on source which can

rﬁfrﬂ@e wnmre nThgxapmmf@mb%cempmses Pediarg tubsy 12 fas containing a nitrogen

ﬁg%gﬂ{; e%l?pfag réeigeltg{egc‘tlf})eéstﬁ?e%ﬁﬁggﬁ%aoﬁre %ﬂﬁf%g %ag ﬁlﬁﬁo% ééd fn)[o the quartz

Itubm,lZsm ahatlef lineldéstonat elebtoinali fitld ihdide greoqudntz tube 12 caused by
strate

led with th
PR AR BE Bl 105 SOTHFR s bGiegpdppmesns of
tmezgﬁuﬁaaml e surface can occur at the grovvth

rrperature nder vacyum condi t | asma
et ibe 1§ cpsbledito pizgans fé@h ApeAL Kematinei e s gvacuated to o

awendsdy sté?h@l&oh%?aﬁ&ﬂ[é@&@t ure drops beneath
}Epr oxi mat el y 0 400 C the plasma is turned off and

depier PO depravidsd inj he oy ehambyr a0y &utheating:p subtiraghen which 2
t%ﬁﬁﬁﬂﬁ'ﬂ tﬁ&éjhlgﬁ 1sch'E9grc;W§ tur bonol ecul ar punp is

ned on and the plfasma gas flow is turned off. The
ch mddsaiorgamervapumpmntammg aonettaiesoaﬂzet(aeikcgecbfmnh gallsss,ualm:ninium and

ORGRm G6EBERieE iga SR8 owdalel BERRIAL M eSulereditana
Maiude, Bedorb @rgallfunt @dfién it (S frewndathd Q@Kfﬂy\@hdn(iber Reyv#he apparatus 10

heen pre-pu d to less, than 5x10-2 Tofr usi.ng the _
I8 REPPETA Y HSUY Y HuANE e aRaT vl AT 18 dyrr through

anél ohing 2§a'}@ce‘i" e'v§curaﬁ!9i'9VcI=‘1‘éj céxﬁﬁd’ﬁeﬁﬁ%f b araddS1 PR heated with heat
transferred to | oadi ng. chanber or Toad | ock 312

ThiRe OF Bt hkewﬁndemagabee amledeexsemalbettw@ewnmn@mm near or exceeding
2 034
o Ben e S o IR M oo o RSP IR PO MR 1p. Ao an
\ﬂltarrlatmci dndoternal heatanmaz be @s@ll Br this pugtoso s ffenithe vacuum has been
owared t§& <f1‘€f6 ’ltor}re nﬁt?o%%g aglas 1Osf1nttrg(ﬁ1c g H]I&Eg%ttﬁe 1n9etq1ne 1% and a plasma is
generated in the quartz tube 12 so that the tube 12 can be passivated. The passivation

process is continued for a period that may range from a few hours to several days,

depending upon whether or not the inside of the quartz tube 12 and the growth chamber
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conprising the substrate with filmthereon fromthe
| oadi ng chanmber or load |ock 312. Prior to

w@ormaesesikng, or during growth of the gallium nPCT/AU2005/001483

film the process described 5 17g Exanpl e 7 bel ow may
be used in order to reduce the’oOxygen contam nation
that could be caused by the tube. The treatnent may

gglnﬁag{%y runni ng _a pitrogen plasm through the '

R copiget Wil arpnd xaeistyress avposRheriqpressyrayandedepending on

CRE [dvEloabud obRlidca s i er 314 is

evacuat ed t% a base \rﬁfgéwgp%%g‘b?@g% 10.8 to 2 x

Ryferrigerto( Bigure Easthereais rsbaws fofr pracssi nue irépreseniimg] af gabliom nitride
' r rifie i,trogen is ;1 hen

i nt 5 geggg{awc]f ibﬁttgg?#iﬁ%},om# chsr?a%bgrterfl?\%?ﬁ'}% of #goéjﬁawer one for

gt ivan mted«a sarﬁpb 8386n béyl th?iRI;E(g‘éD mbessat ia&eﬁxb&ﬁtureh of 650°C, and

iL,gni t system |l eft for -48 hours wth the

158, b5 e Mo ShE oreroish i) g anirorabyi MPCVD by the

wiotripahies Eidtosy andUrdiace of the contai nnment tube 336.

eferring to Figure 14, there is shown an apparatus 10
&’i’:‘L k?F 3’3??8%‘5\&]%? gl pbads saspRle sEawR I8k aj tepperatugm of 630°C has a

‘ofisiadtely at gter }Qiocmyk&?ﬁihgégg Qt{bhétih YRELR ﬁﬂ%aél dregi)(/)n away from

cont al ni n anltrqgen_ls p| I'S genera
dhgppeéaceriban the gallivimenitrider sgwie geosvn ait 2 dctoperatuiendO650%€.  This is

' Enl ope 14, t |l ectrigal
SkE ot UL Pkl AL L e,
dles egreaterchXlygera invagoedtionroctbrs atuting yroketh fop thd 63090 le. For both

t ans_of a. wave guid 8., The quartz tube
RIS e dordver” e omiire e Dol of b SHELES 1o to be
ibstvesen dhaledist ypieallR noaged Tos P& dofHnit&Ghl @BNOHMegEI grown by

g\i Cﬁé;eater 24 is provided in the growth chanber 20,
Q ting a substrate on which a galliumnitride

fTihk Mexhgudt Ogde (@ fBé‘félualAgﬁt & eI GEnY PRAY GOPSR! fHe"Sonventional
a metal source (selected fromgallium aFum nrum and
RAECH precepherdthgauecess aceording te Hwnaverding @6 aitbgacted to Residual

I : 2 n «.before a [1iHm
S8 TR Fid S 2 hndipold S oo BT "BE R resutts are
graphicallysept@ented ipFeper Bd by firstly evacuating it to
V. | eyel of approximately 1Q-6_.Tort. through  the .
A REBET Hre P o BRR L B Bt Yarels ap Bcitis S dhe comventional
aygpan.alhis childearsbisinddad COydnb/ohBRO. tape or the Iike,
ich . ma applied externally, to a tenperature near
fﬂle é’%‘%é%?g 3‘” @@PP%%O%&F\@%@OWW heisystemeint aggerdamge with the
bRepli®bRMae kdnftddgepPpar at us 10. As an 30 alternative,
an internal heatér may be used for this purpose. Wen

{ he peaks @t Ao 118 Jontke sampled et growrOinghd conventidrial ggptam are water
gased s introduced through the inlet line 14 and a

plasma is generated in the quartz tube 12 so that the

b peakoatclaniop ¢hesensple af g, filfingrawasii thatcooventiprial 6§8temi iS probably

[ f a_peri od, t hat range fro few hours
?‘g%eg\%iéb%gll CO%%/TEP&O&O&JHE th“bdugﬁ%éﬁ %H&?T‘Fe ?n‘gisaﬂﬁ%‘?ygf%%melated to the
prsesdecadrdingeo ¢Hednventionbe 12 and the growt h chanber WO

06/ 034540 PCT/ AU2005/ 001483, 75 20 had been in
ig‘?lf’%\%tat%%%boé Fa“é%lﬁs PoluetQ huirggenat mospheri ¢ pressure,
Bieth] dRAGH AP on substrates according to the invention may be suitable for use
in devices, such as: LED’s including p-n junction LED’s, blue LED’s including GaN

LED’s, double heterojunction LED’s and Metal-Insulator-Semiconductor LED’s, general

lighting applications, laser diodes, SIS devices, photodetectors and transistors including
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the | evel of vacuum obtained prior to the passivation
process. Referring to Figure 15, there is shown four

WO e@6®O34540ne representing a galliumnitride SROPAB2005/001483

grown by the RPECVD process at é’:l tenperature of 630C,
anot her one for 5 galliumni t 19 de sanpl e grown by the
RPECVD process at a tenperature of 650C, and tvvo ot her

traces shown for comercial GaN sanpl es grown MOCVD
B%;pq h@rar@&tﬁggﬁp@ dield eligch trapsistarsy andqgth@; 1;q1tab]@ df;mqegea" he processes

td?%ea%ﬁtmlﬂw Bd %a%@@bﬁr‘ L Wem%tan&ph@m%fd%we& of

a considerab ratio
dnyl"gs\uﬁnl&, rmg@ﬁerat(bm apcrordahnee itk thel v estionr sgsh@wnav\ﬁhe heater 10

f aI L i u ride sa
PRiscys SE R 0P B B d LR 3Rl B o urtuce 14
Imtmewhxghm/vgjlmowatlé Hasrbebﬂ&naﬁ:ﬁﬁﬁdsaﬁmﬂ groooeyiaried 4 @rstad 18 and a

gg‘gq%d:agfzﬁ ,%0%8 ﬂ}ﬁ,ﬁ ?rgirl %@r%% %%en I 451 é(()) %)lpat Igc? pear the centre of

RREGYDsIepeRbase, 12however the oxygen in the bul k of the
s shown to be between the |evels typicall

|
Panb et anl Fopre ,pre@m e aménentar ceamer 25 n elsgbodiments,
the W@ and B 8 & b Y reb &S of gll%ul%%@e& 1€, d1stal end of a

vacuum IIO np for nvent i on
aytindnical pidovals Broemd;mg @lpwgrdts dromh thei pevigretar of th/%’lx)ron n1tr1de base. The

SH 0, B0 8y 20 e o BTy BEAGRA i i coves

gh@lengblemmepresent ed |n Fi gure 16. 20 As can be

seen, . there i for esa of

of Bitpederite uh B Psiment o) o Gittnd of e'zroove 16
Q§Cth¢ Reebnti Cerld R0 amaésr Naoavo-ﬁ"' @ofﬁﬁﬁbn aihezl%afd@ﬂ dafon fibre heating
\ﬁ? nple _of the filmagrown in the systemln accor dance

nf 3@ is pol ghown sHigEredue to n| trogen. The peaks at
el ef19y 28 hg nSRERI& B hitd nd' is tfﬂn%%}é\ﬁ"te etg hte%kﬁradlatedk in use, by the

conventional systemate water 25 re
Draidest carhen ﬁhrpp]n@tlgg element B0mIg rpmwhlcc,rthc figickness of the overlay 28 is

CCBQ%/ ﬁnstoI 9{]?(1 tr§1¥s§111 ik 'rﬁuc%rgga %lnérgg Q th ugs%rra?e > %) 15 germmed by the

am nat I on"on he resi anaryzer
tilmpnefyclicecls i eheadedlay 28 hilspmaiesising cudfadém gnédhaiibsl strength for
|nvet|o Th eak, at. 2 for both, sanples is due to

?r} {1111% fﬁ%?gﬂ’er}ﬁ Y% de films grown on substrates

&Q&Qfa@’d Y the@hédRgl et 30AndMYe Griy 28l @stf i a K6 shdpdd ceramic
devi ces guch as: LED s includin %lga& junction LED s,
BEe

SPRROT v Bich At plefrirgflyand thermally in Theosedgsidtciarlistes the heat
&(E@iestoﬁ%%§ BHe-shipsitth& %@Ere%%deﬂ nggl%ﬁﬁcﬁf t 1§ce 9FrAided carbon

| ghtl ng applications, |aser SIS I ces,
thee bersing ctesrest 30 is helddews imths grcmed@u hygthmverlay 28, 50 as to prevent

eﬁl@#ﬂﬂﬁé gﬁg} Efe%c-é ﬁ%ogéﬁg %Ho?@cqrcu%gd té%ﬁf t aegcfc’v' Sl ?28 also serves

transi er Sui
di@wendajsdlsfﬁbateﬂ'featmmsed by the heating element 30.

A thermocouple may be located on the top surface of the overlay 28 or at any other
location where the temperature measurement is required. Further thermocouples may be
provided to determine the relationship between the temperatures of various parts of the
heater.

The temperature relationship between the top surface and/or other parts of the heater
relative to the temperature of the substrate on which the metal nitride film is to be grown,
is determined for a range of temperatures under operating conditions so that, when a

metal nitride filmis to be grown, the temperature of the substrate can be estimated by



of the invention may be used to prepare electronic and
phot oni ¢ devices. In Figure 18, a heater 10 in

waewoosismce with the i nvention i s shown. The heet/ap2@8/001483
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conprises a disc shaped conpressed boron nitride base

12 having an upper surface 14 76 into which a groove

16 has been nmachi ned. The groove 16 has a first end 18

and a second end 20. Both the first end 18 and the

Sneasnﬂn@mdyﬂib rpetabaratof thanpat of the heatet.r As tfe regibtévityi afdhe heating
?xﬁ@ﬂ Sg%afl g‘é‘ﬁp 13%,( %g?/ %ggthe 6qaﬁé g»f?arelgﬁrlggﬁsgbre heating element the

Qﬁﬁﬁld\hfyeﬁﬁ@ Vair}hesdbtstﬁﬁtlealg/ 31&@1 RYinfiRi1ye [t aﬁ‘&dmbs/ ﬁecessary to

recess or. shoul der pr.ovi stal end of

dealiverte dhg tempgAREP |re EV%]Sb@tb%ﬁe%%ﬁrt%P‘?rﬁtBFﬁ ﬁ{ge substrate and the
pc@x‘hb&ﬁﬁl% oﬁtfh ephf o? RHeQeafdt HbmAhiBRER calibRtibS GRS 86kk. ar ea

e sapphire cover plate in an operative
pH'Sﬂ h@atm Fthmatyi shused ipow egnsote mh@maeetﬂtan@edeﬂamml)vapy\ur deposition

b r f
SRR S BB B SO b A LA g o
2thatiber inche pibserae oif d rczmtlﬁnu giixtore ﬁ)hﬁiﬂgrgallﬂmmlntttaddaﬁmn reactants such
fibre ngatln 15ee§ 0 is not shown in Figure 2.
TIEBVAly WelliBohire and i s transmissive

tPThe 6 Rdrlalyazis E})Tr@»féntsl o t5geded BvhfiRation &i deg) ofaghb Wtaidedroarbon fibre
heat.i ng el enent 30. tice, the thickness of the

dtﬁ@tmey epgni 30 a@wtfeeﬁﬁ%og etvapqqrgﬁwpgfst DG EFOHR AR & substrate in

%gx,vthgh&ﬁgersubstrate as is permtted by the
ri éﬁnevesmthe overlay 28, whilst maintaining
squ fiseg ithm theater s sporectedt too Aytelectiay cirggit med nal clegimigl PurEpnt passed
otfn%ltpﬁ oerlay 28. The base 12, the heating el ement 30
verI ay 28 all rest on a disc shaped ceramc

‘sinppdertto Pevehnt ddmage telticheaiaradtion i‘a'rsdasedh forrth¢ Kiyst time, it is preferably

I ns l aL| ngguallp{go gﬁ%é]!l)% 28 r de sauté 2 %et#u%rn&%lgrgénq of from about
t ﬁkﬁ@ aBbacI0°TChereferaly ﬁdnﬁz&fohﬂtﬁmﬁl tb raBmlit%DP@ g n&irepmfdrably about
30 is held down in the groove 16ﬁ€fh he overl(gé fs£

200G prdirahet that fomperiie; ¢gVigha fhn plosmentighpy tngg of temperatures
Sf&? rd tipdd ShtrlcRet 99 dnSudet @81 fll HeBssOWRer 2YtheB ridt&@als and hydrogen
serves to evenly distribute heat generated by

t he

h(emluchgg dydregen i80.chamidally rwed) foren megh ‘ﬁ@teﬂ(ﬁé&td@é{elb Qf, before the
t 0

| GebARE L 1RGSR ) M G 1ol BN 1) Elcccd 1000°C. The

r age intayche ffam bbeurt Stthswies o alpﬂue 84 imayrspprefeqpatdy fideiatiogt 30 minutes to

determ pe the rel en the tenperatures of
%puggéﬂgghrgor&pr?ftﬁ@%{]yy{é ﬁtel émﬁ li]1P'érr‘rper ature

r plighg ep&hiich bEtheeentet, i fedpesiturt af ﬁteﬂ{tﬂtlﬂg elefrfet may be controlled
parts of the heater relatlvetogh tenperature of

thﬁé°(§l§1l9 inganeeleptrig At Ry ingthequehithe BT i | mis to be

grown, is determned for a range of tenperatures
under operating conditions so that when a netal
nitride fl|mIS to be grown, X’tamPP%n'perature of the

b P ¥ g2 AP L MR Kb nditions inside growth

chamber used for growing a gallium nitride film

A thin evaporated gold film was exposed to the plasma conditions used in the process
described in International PCT Patent Application PCT/AU2003/000598. These
conditions included a pressure in the growth chamber of about 1 Torr but without the
presence of trimethyl gallium. Using the same conditions for film growth with

trimethylgallium present the resulting GaN film was slightly yellow in colour. For the
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measuring only the tenperature of that part of the
heater. As the resistivity of the heating el enent

web@ngaes4over tinme, and in the case of a carboPCT/AD2@®5/001483

heating el enent the resistivi &%/ may vary
substantially, particularly inftially, it becones
necessary to recalibrate the tenperature relationship
bet ween the tenperature of the substrate and the 5

%%&hat tmagsrvasrbspaed varenihaedlehorthe elass wrhstmtet ore which it was
Qfeﬂt 190 r%@s% te \;vrgkﬁatr}g%%mgé}aﬁ?é’ %ttﬁe Hﬁf‘edwh&l fle film peeled
enhance C pour

fot e pl'as emcal v eposi t
sqfﬁt Brvas Relew that dha mtmgm spepies ncidentin thefslltiﬂfroﬁq the remote plasma

N N U J—

fdlstamoee(a]mcma 85 sm) between sheasl hsnvadonecenint Hagibsiaate,
trimethyl gallium io The overlay 28 prevents or
I mpedes evaporation in use, of the braided carbon

fEmmolefzeaGanquﬁ.@m at3rées EEVHN OftL he Va\%gr
e ro

on a sanple to be grown on a substraie in
clfvféﬂlﬂii I'wes trpeated R grovapegallium aiirde dilew f\ohlsher growth pressure of
&lbe6t 3 'I%rrcdsro(bﬂb&d?cﬂq P §4 86d"1h G [eef‘twa&%cs%@ 1 order to reduce the

t her et hr ough I'n orger to prev ‘danage
H@Weﬂnemslf the ath'Gme@alﬂmirogm@péqwmeatthlmgthe|st1bstfate It was believed

f l. t
T3 058 AT LI o PTGt e e
ldih@@yaif ohet acBi®O Geutpal afteygebkyecigsdiciddin oh tHOEMivm natHae film.

(o ehepBE FE BT DRI RIe &t e dABiDie ob i gear clearr i colour

tRAYDBE FI @6wn bk R@séﬂr@&f $Ubkd qfh%@hﬁl&tgreﬁﬂﬁriéhﬁes‘s RBker@dd in the film
excess_wat er, er materials and rogen

(TR iy ERgpaply dr%@ﬁé??hieﬁedawd%ﬁf%ltﬂ/fr@a Gh@swlﬁb@ug lightly galtium
WaHhEb) aPthe rgs'hltvcﬁfréoﬂlfef ;t’ﬁfdgltn% {.hene LROR: mﬁ%ﬁﬁ&tléssof the film grown

incfeased to the operating erature
dRr cBeaanple G @erd Igeeatlyi mrn*aqd bemparodn tabBxample ni,nast &rd ¢he optical
3%% 4 hours, preferably fromabout 30 mnutes to

0 hours, nore preferably for at |east about an
HicherimpBowenTegt i:rpﬁhmtlhaiitydfas allewbik tieeadyarithgest D dtifferclayers to be

he  heat i e.controlled 25 b .
Fonloner Pt Sy GrE IR P deHE T OGO Defgpasble: Ga fims
hegt gfowiExaieherantse BB arathtl \680 B amieguhblity d8ahsGhNI ﬁ'ﬂms grown at a
exposed to growh conditions inside -gromh chanb

dereperpiyre %fraéwh@%@ ‘Gates iarayedratigs the IPYﬁHS@“S realipgd that the use of the
W@tt@amm@réawd%amaﬁfa é’fih%ﬁ aht pid b lﬁﬁsﬁght

condltlons used |n t e proc
: : 3aNdi (o using RPECVD

%-g{l%g %?ésgr?tgé %ﬁd dﬁs%g% b?rlg@dtjo #n%@%aoﬁ { a}l\lu S gerl in an apparatus

pressure-in er o
wictdrding tbhihe mem‘e noentén tpplyiishy praasd iru mcot&nl@ witte the present

sane,.condj t onsfor flJ@éwgrowth W th aII|
SPURGHRS "l MR RTng 1o Mabenrerens) o Rbaiy L) Hotw Wi used and
G@pfived chftfol lofehe/ s 21 AR e BER/ phbddHRI/aRR1AER011dPoy a Baritron

fgedback from the pressure gauge was maintained during growth of the gallium nitride

film. The nitrogen flow rate was about 600 sccm/min. The trimethylgallium was
introduced as a mixture with a nitrogen carrier gas at a flow rate of about 5 sccm/min.
The amount of trimethylgallium to nitrogen carrier was about 1:2000, and the pressure

during film growth was 3 Torr.
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gold fil mdamage was observed when it peeled off the
gl ass substrate on which it was deposited. The gl ass

wQaivss4s@ was at room tenperature at the ti neP@ian2a0se01433

filmpeeled off. It was beliezlged that the nitrogen
species incident on the slide fromthe renote plasm
during growh of the filmwere still very energetic,

spite the.presence of a considerable s distance i ,
?‘3'86’@?”% > CHFerbL T R IR PR GHR AR YSRE o growing gallium
Sitpigt fith§,-in budRDlaeinZrelatiGA b fhiclofleAtaA¥i ofihe IncbRfifg P& 49 the plasma
E&E CVD Exa e was repeated to grow a gallium

le 1
i dg the rz.}%pagqt%i B%r ﬂ@ﬁ“ HROMIPS @%Lﬁﬂé e plagmpatfeqgl were directed
BOWnwARIsRRPS Gibstrate holdRf {“ﬁ%ﬁd %g&&}ogsmﬁxanpl e 1, was

used in order to reduce mean energy of the
Felow ererdetailsaif phiysied gharastodstics of twa phiticglat Ballium nitride films grown

- | i d that th igher, growth . .
S i L O AT ) S5 B v
rieBare ¢a 3 tToer. nkaboth eass giyo hﬁpdll&ﬁ oﬁbﬁf}ﬂlwfis assdl k) gdrowfth femperature is
i1y 0gen species incident on the galliumnitride fjilm _
B SRR RE A i e bSOt em, 84 e oy o trimethy! gallium
linARdigal & I s@RRPEintghyg %ﬁ%ﬁf atbfh: 6 @i gen talbis) i fHel Mowerhead
géown at a pressure of Torr. The slij ggnt

PYolP stmRls doklss apd & hase pressure isress thang @ Toar at 650 °C.
Exanpl ehd f@$Rethi 8 et oitﬂzgy eEs%EéJ Lg% eﬁl?{é\évaﬂzery yellow in

sanpl e being slightly garl rich,~or as |
eplogprnd cingdeting dhneise . (reBkntivesy egreaterc dlanpi @pehmicas). ofUV-Vis light

il ' 3 re ly | oved
(AL LAkl RASRLE, Bl 6 LY, MARAS Sy tower
phreop@eplied svalubhef 3. ADredi eMbetinentdrs | Have falid thab#ige lower band-gap is
al | owed. t.he advantages .aof ZnQ buffer | ayers to be 2
SR, eGP oF g el n o SPDD e oerpfiga Sdee betwen
Rr9eyV aud |33 Perrtheess ebidence@\stfonk Band Walifs § ﬁW‘a‘t@Blﬁ@ion data (see
(F,enper ture of around 650 C. The quality of the Ga

199 Grown at a tenperature of around 650 C was

ITHB e C%B‘évﬁ{ at @erdrf“éﬁ{%tﬁrp?g&ﬁl%l %ﬁggcehhz?(/te aﬁi%g Rllow sample

the RPECVD techni que created nor amage
owigh suay e duroteginterfemsusaitinged rather thenicsystalfdetiid) fhicts was highly

. Tar. ' P Results are presented . .
SEM L (TR, ) PP SR TR B P 12000°
ampabutthigh mabitioy ftirtigat carrieheorpestsativn dfNe2 o ONs, apid eai@red band-

a prQcess .Jj cor.dance th t resent invention. .
B R S 8 e Rt aiedugs B Bl ater spibuatgpmoanses a slight
Mysk-Ba@steil sehikt.a rBandi-ta1ing Vie dngéNtdd@bed fort thes §asplb] @hpared to the
Eﬁ%ﬁ?ﬁ% use of a pressure valve controlled by a

_ _ n?@e@‘?ﬁck fromthe pressure gauge was
TR: RARnRRE ShtirhRthiigh WM iRe %Box;é]f‘esglgébké i g%:t gdéxgz%e;%n active neutral

film The nitrogen flow rate was out 6
LR SPROLASYW A IMdan renekgses dbove detubend] ereray of Gadi; evhight re able to

j [ ‘ f e of .about.5
g T CRCR N Y e ——
smple.evhivhsesatiodiin the2@6w @ibshrativn, pné dgloe bahdfdapg The high level
frhmarowh was 3 Torr.. 2006/ 03454 .
bkAeatuta o s rodiction 8 R st g Iy bighippretsg the resistivity
gﬁtlzhlargmmplefcroa@marasm QAtSthe MieteRbeSsuds 86 3 Fvhr Bl @hiage is considerably
1ge%uceld,u£p) that compensating defects are not apparent and a high background carrier
concentration could be achieved. The electron mobility is high for that carrier

concentration which is indicative of a low level of defect related compensating centres.
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nitride films, in particular in relation to the
orientation of the incomng gas and the plasma feed.

w0 pooblssappar at us used, the incom ng gas and tPET/AUADNA01483

feed were directed downwards onto a substrate hol der
i nstead of across it. 5 Bel owtre details of physical
characteristics of two particular galliumnitride
fllns gromn under i dentical conditions on a

i) dod s fixanple 8xcept the pressure is varled

3800 51 R0 e B g T SOy Brmening
filint r@gwth fthawdépcssiﬁdnh &hpxhaémazvass pidevaztared t@ndx tbhse pressure of
f | ow, of [ 1] um tro en is 5 sccm (1
APPIREPH o8 & omdesied 650 é raﬁeamerﬁm t he
'ﬁféowx}iﬁ%%ess&& %@Vﬁ Tde pamml ﬁhehﬁlrﬁi owaiid mﬁnaﬁﬁgalhum was

pressure is less than 7x10"7 Torr at 650 C. The fiTst

lg*ir@fmcﬁd gito therehambgy, avithnippsessearaergas ethsoughpibewethgad in the form

al
SEEH N B s i, B AU B L S v o 15
scermngas deadﬁhmngbrmnnerowmh phsmd fmﬂnaﬁm‘jtcgapf tife §o®h system

s B 99 BN
vmahd-The(finab thickngenef Al ﬁty‘ns Wk eadveste0.8fto galrh. lﬂ}liN ﬁmlﬂs were grown

ogi\a/etlgv” gtlg @é‘ @virﬁq%glr gavlgp irg, §i %{jg@ﬁ%ﬁn ed &%ﬁ}s cate gl%ss9 On all
sBdifhtdsakthilied wiefe &6}% AP wRhdR Mo Muffet BSEr o AN LE additional 50 nm
The second growth at 3 Torr grow h preSsure produced a

thigk ¢nQ) RE ppytiersddruttoslayshpl e  (whi ch may be due to
interference fringes rather than crystal defects)
whi ch was highly 20 conductive (resistivity =
MO 3 ohmcm with high carrler concentration of

néent T e%athfe %B}e%%f%%be&é cailré)é{c’%‘n? %r %élg e%%{\g) deposition.

A@rb\prgehe ﬂtenﬁal%nﬁa‘dt bethvieerhtheaubisteatd anbihsaubsiatdh@ber was required.

e Gl 56 A1 g s A AR P RTacL iy ogrees below

BRTRahSGatufe, iR GAIPI@MIT AWM Aordr T@YStal Zmalile and showed no
inventor's interpretation of the above results .is that

ROREOIBIPESRENES) TBPORFe 2hapeRalemAsTaiSge repEng @b a0t BC was quite
cﬁ‘ﬁf}.gu gni%f Qi &ﬁﬁ%ﬂ% Subs &tebecﬂﬁp ﬁgﬂrﬂ @F Jaad suMHa‘Eéb &' &is type of

ab reac strate m growt h at
glass rhas raesafiening peinki ivgm ¢lpssatot then growije terhpesafufe omptlhdt absorption

[ I ] 0 t|on and
Bk SERE Op 4 IR (RS shlileq $fys eneray
sbbdrapf5q dgact ia0valoé of dingp epial Ibagd e exetvsedemﬂ 85 td M(Ealﬁ:’efor all the
the re tii.Softhea [ At the
Pl T et e bdidr kel of RERdts SN FSSADRY. a dfh grapple plot is
sheeHeeHigafs 4,hat conpensating defects are not apparent
and a hi h ba%@%round carrier concentration could be

XEW éxfﬁra o7 &\ dYle SEMSnanto Bhotplupringscencghweisr UseRap demonstrate the
q%aw& e @Qﬁgﬁrﬁ&tﬁ@s 0Bt dm CfheioSorl RdhEatds e g%bseygen levels are

evel defect related conpensating centre
sh0w8 10 B4 89 D WPET¢xUROGH! CBNBB1IPIGEroWr pé tdnmpratates > 950 °C. Band-

e‘agé ﬁh&t%lufrrﬁﬁesmg G1s3 comparable to commercial MOCVD grown material. A
strong red luminescence is obsérved for many samples.

X-ray diffraction (XRD)

X-ray diffraction (XRD) measurements were performed using a Philips X’Pert PRO

diffraction system with a standard CuKa radiation source with a wavelength A = 1.542 A.
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A series of GaN sanples were grown in a UHV RPECVD

system Prior to commencing filmgrowh, the
waele@ess4sion chanmber was pre-evacuated to a basBCT/AU2005/001483

pressure of approximtely 2x1§) 7 Torr at the desired

650 C substrate tenperature. The growt h pressure was

3 Torr for all the filmgrovvths Trimethyl gal i um was

i]gér duced Pé %ﬁ%@ﬂg with nitrogen carrier.
gas, T RPBIrG R EVahshat admsi fthe 19EeIY &y Shit ato}/S & #ilhgak{fdme presented
tvhatzste IIDG)(ER aad (®04)diiRcttords! aWefel&e Bb othep E%al Aﬁrﬁlphlc orientations.

ow of 150 seem was i ntroduced

ogen f
%dﬁ%ﬁ?ém&e&& results @ra repertedn aﬁblﬁhbbgpmoh fﬁyrstgnwn on different
Cuberate | w W, 9

of g\;\%;iti‘ ﬁSpg?é %g é’b‘g}’g[}%%’ Hgalgl% 9 aﬁt %ﬁ)gmf on g}llcafi}?b substrates
meé heslosest valuk t6 ithers lattise paamen liferBtuteovaludnrepoadll for GaN bulk

T P P e et A PP s (oD vaboes.

dlable Isubstrates, studies were done either w thout any

h.an additional 50 nm thick ZnO RF
?&Wﬁé’f éﬁﬁg &(?Of%é? retlegtion injRPH4VD)| GaN savepley grpvm on different substrates
tenperature and pressure were critical paranmeters
duri ng GaN deposition. Appropriate thermal——contact
bet ween t HaN stoetat 6308Cand t he subs2a(dt e| @) der| FwaEM

r equi red.onazﬁgre}&%ﬁﬁstr" é\l films were grown at 650 C. For

gr om hs pertormed—a rewdegrees—beteow—Hhis

t enper at uBapphitdhhe GaN fil ns had poo34ssocl ysvm |guabd ty
and showe n. oho}eo um nescencle resppnse ai room

t enper at _]ﬂ:g__é YH50 _C was %ﬁ:&ép Sﬁ%lpﬂ@?’q Qr

a soda Ilstiﬁcagmwfg}payerconpar ed §4hs4t5hes.9§§3el 0.1730
substrates as this t% pe of —glasshas asofttefy
2|

poi nt verYpdalime/én® buffdrdaygr owt h t elridea3at us.es030poiez
absorption neasurenments were perforned on all

sanpl es. Optical density squared versus energy

Ejgorst t ah¢ 83 tIgaXREarmaﬂuMn@fts béadorardi o kwd TN les grown on the

3 V f ] 25 sanpl
B 5P o s B ot B S8 B4l B . o
euading isewpdlas forstheSklgBrowh &t GBY €C 4vith*a WHM bf 639518 the (0002)

AEM . SI d phot ol um nescence were used
TRES R 5‘5@@? EFVD 8 30, 1y cosmpareb wth I%WﬂMtoﬁ ﬂel§3 for the GaN grown

a5 ned Th@%hﬂrﬁwtﬂb §dtite WoswiP a6 50 lS‘C é%}é%ﬂlﬁ}lﬁﬁ? Iftnited by the

are shown to be as | ow'as comerci al
aghing upRsleansh mpye be sulgsontially Bawet tBan edgeis 1nd1cated by these raw
ALl hescence is al so conparable to comerci al
D grown material. A strong red |um nescence is

bibgdderpliobgy many sanpl es. X-ray diffraction (XRD)

i ffraction asure er f or med
%ﬁée:r Iﬁ‘é‘p% Iﬂ%?’l ‘i%lﬁé &‘iﬁ%s fSFH‘Q%f Wv\ﬁ a8\ AMpiniepipg sode. The
@m:fdm dveew@an BlchRimlIsRy ef@pWdromeWaNs!
i’31?)834540 PCT/ AUR00S)/ S s gg&% B 3ilica substrates

1.5 é@ 2006
ity P T LyPt WRgsSi1aee! the g9ins vagied acesdingde ithﬁetwps pbf substrate on
which A Gallvas@bivh! MIRrPHESERLlbticeable trend between the size of grains

and the optical quality of the GaN. Figure 2 shows some 3D AFM 1 um?® images of

samples grown on different substrates. The samples appear to show many crystallites of
approximately 20 - 25 nm average diameter. The GaN surface root-mean-squared (rms)
roughness was 19 to 27 nm when grown on ZnO / Sodalime; 9 to 13 nm when grown on
ZnO / Sapphire or ZnO / Silica substrates. The surface rms roughness was smaller by half
a degree of magnitude when grown on substrates without a ZnO buffer layer. Epitaxial
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wurtzite (0002) and (0004) reflections. There were no
ot her crystall ographic orientations. XRD nmeasurenent

WO e®elsss4@re reported in Table 1 bel ow for filPGI/4D20MV001483

on different substrates at 65),C. As can be seen in
Table 1, GaN grown on Silical/ ZIfO substrates s gives

the closest value to the c lattice paraneter |
literature valuye reported for GaN bulk naterial [6,7
AV VRS saheeveR dptosie sgamlesiums ramekmess hral mnﬁwmﬁ?@) when proper
(tﬁm cﬁﬁﬂaékeﬁemgélp{h% s%b%@hblﬁepgn&(ﬁlg 5.199[9% s achleved as seen in

lection in sarrp es grown on

sﬁmwa)@gGa@;hongZ@@r{ Siliceambetra2®() c(A) S\é\vénvloogooo <
d e 34.550 5.1 a
b P HAR IR R BINGC 5525 o 1730

SIME HieZS‘lﬁblherftﬂ everd eareied 34t L‘ﬁadhfg b Chf#izda OF ldf@d@mic SIMS system with a

2P b DSt ROk B AT el e copenae RPT YD ples. As te

GPECHDP | tedhn@fue WisédN at Rgnots agﬁsﬁﬁb’ bgtd abSer S%Jobvﬁf" t8inbbrature than
a 50 nm ZnO buffer Ia%er 0 C and at 63

op¥eniionalgMAG YD), pae ﬁlﬁ&rawbﬁck@ RE this tephpiqeausodld tegyeater oxygen
Vih(‘idi‘p&ai: WLV @faNOdlﬁ‘ﬂ)% ér%tlf hﬁhésgqgvé?suregn%%{se\%tgk %erféfd o@ﬁl% estimate

grown at 630 C conpared Wt for the
choograsurndospareti@s it GiNesamplagalutiog gtdvehs £nby e qgalttasimve chemical

t.h XRD
5 ST L g R s o
i sahipbea twead daycmmt end athe rRdsUneMEpbsied Anl Fighter pholThgycommercial

TR TN TR N N NG

[BAN sarisie @kdwm@b 659°CE Prhef fnpEOEi@wil dt BB0 9C PYédeB aditlld dre oxygen
substrates wth ZnO buffer | ayer. The size of the

JREATPatRRh | BRI HHEE JReli TRyeen leved 6 g5l smallemhin caneenation than that
Wbs&Red o AN RS R PV saﬂﬁl@ 8oy RRSC 1O | ceabl e
trend between the size af ns ‘and the optical
dtharalurpingscenerat@antn t@nwa@r@(&doms some 3D AFM | n2

u
B e Bl TR A ol e L3O 8L Rt Ring the 325
app tiog iofiat e~ ﬁ?le@ser ag3ha meaaomgwrde arst &1 exafipde, EPhre 4 shows PL

- PRI Bhoae 9o AR GRos e GO 1 QL emple grown

@Ihoil\ﬂn@rl SllZéaQubstﬁﬁ@pﬂlJLﬂe@r efterddéa 6f tﬁb'olpﬁéal%ﬁbcﬁ})ﬁ@ﬁ Qfuared on the X
ag s rou?1 ness was. smal | er hal f
ﬁﬁ‘tj

¢
63? ddeshed s rion e icaigsowpae eégw e 8Y. \iThischandzpdge is in

%G@r@éﬁc% &t 1Y PL- st it e ind Mo} 4P AR/ B @ﬁ“@lth a maximum signal of the
PCT/ AU2005/ 001483 2 growt h“was achi e for sone

Parprbe at Befs eVouythiearkred lumimgsceriearof thaRpympleds appooeerved with a
maximum signal at 1.9 V. Figure 5 shows details of the PL at the band gap for different
GaN samples. The PL for two different commercial MOCVD samples, from TDI and
EMCORE, are shown for comparison. The PL results show that the EMCORE sample
has the highest band-edge signal. GaN gfown on Silica / ZnO substrate gave the highest
band-edge signal of all the RPECVD sampies and is reported with half the signal intensity
of the GaN commercial TDI sample. Below-gap luminescence in the region of
commonly observed yellow luminescence (YL) was also studied and is reported in Figure
6 for RPECVD GaN samples and for MOCVD GaN commercial samples. All the GaN
samples presented a broad signal in this region, the EMCORE sample signal centered

more around 2.2 €V corresponding to yellow luminescence, and while the TDI sample
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thermal contact between the substrate hol der and the
substrate was achieved as seen in figure 2 ¢c) for GaN

WO 0Xs® / Silica substrate. Secondary |on MaBGI/AU2005/001483

M croscopy (SIMS) 5 SIMS maai/;éimants were carried out
usi ng a Canmeca 5F dynamic Sl ystemwith a Cs+ ion
beam for the' RPECVD sanples, and two comercial MOCVD

sanples. As t RPECVD t echni que uses a renot e pl asnma
aqqg&)efegﬁé} It S&te Forespeadiag u‘ioeatl%énlummWWJ offhie REEUND samples
Qﬁ&eﬁfedteh%rdiﬁai\é@aﬁﬁﬁnéééentc@'c%nttef‘e?lh%aﬂlg \9%% vgee? oRefwo commercial

ar eat er oxygen I NCor por ation In
TREPIes meBldse asatiensweaudd bardueed differend bea@rmuedomntsrm the GaN

%éﬂlgl%@ 'Iﬂﬁzﬁ&ﬁg{ ?lf/ gaggsh%-lnmlsgagg c%;%%lgﬁaﬁ @gﬁﬂguﬁég% $ éngpvlwm seen in the
tchgs ¢fa6411‘é godwi be Zm@@]ﬁ]cal substgdt@n8matler P10 QigAkls( ﬁgﬁﬁh IFQires 5 and

| cul d and th
) e KRS sty B o ﬁ%ﬁ%‘%fth 33we%e§;@5é‘?’#cktn§ss (<1 )
&mmphmd%ﬂw:‘cotﬂﬁ@erh@l/@ﬁ{ pl&ENS pﬁkl is closely

fall owed by the ratio of t he sarrple grown at 650
Mﬁﬂ—géﬂéw at 630 C presents a little nore
GO eAngles WREOERANAbA Qﬁ‘ffer@ﬁ’t"\ﬁl\ﬁgt{i E?g %( %d@&gﬂmf%lre at lower

still smaller 'n concentration

tenepssdiirethen dhe Tonvestionsl MQCHIN td:IylnMﬁéZ\/D?omparable optical properties
BRA! 0PVl e SRR D O, %Jeg.?%r %tg/ﬁéc?ogfﬁ?é?:hél@{‘? far growipg GaN. At

nmeasurenents were perf OF M
hene spavificegrowth pg]rah’h:&:rﬁﬁé’st qoatity iGN afatediateaSdblaRar whsh growing

le, Fi 4 sh
BSOS I bR B & BT 1avr 1 it Sipest rosulis were achieved
afhe using AnG @uasitice. PTaE G sanfRNvATRIE gggl&mﬂy BB1yRrystalline, but

Zn0 [ Silica suk%étrate Li near  ext ensi on
ERjtaxial BT ubh ar st qhserved, whven detber thw@lakcomqﬂ@twmmbstrate holder and

kbR ate vlagRiByed. EVIRALSSIEh 8 ﬁgﬁggﬂﬁtﬁfhgi iff 4% etw F%aded growth

band-edge is in accordance Wt stu
Batran. glsreofs better seampiob offi the CaiygﬁXummp(ﬂatgtnﬁlthefoydygal level being

&ﬁ‘@aréﬂlé% @(fml%er‘}: ?%al\l%da?x{ﬁq um LAt C@tr{g@ baax%d gap for GaN

S0 observe
gro9neaf. 650i Wumes Sewhdedstodet aiﬂost kikflf ﬂiae pfiduddd b{@oRaekial material

f sa The PL for two
BT B e A ki o o
EieiEnt substrabowtth alkn@ BUHESY i
é’] hat thei EMCORE sanpl e has taﬁée*”aﬁ?%éf‘*‘é‘%n gﬁ ?d?%\%phlre and
tra dgmw?& attpn.j ca / ZnO substrate gave the
Eké]'h Rt 4 b@%ﬂ‘[ &ﬁles'egé‘ﬁ\ 1Pbof BN il Brew InSHP L ESance of an

and I's reporte
i Ncomer ci aI TDI sanpl e. Bel ow gap | um nescence

M nesea RPpOvD RTIEt SPORLE K Seued o oo prosme

b:erc\ggqneab(ﬁlt oal OfQFaEMOGains@A oﬁs &Ihd %r@ﬁvtﬂ\/%@oc?a{gas exposed to
es presented a

roa agrlh (gé gFreTﬁﬂﬂf(‘WigE 2 'ﬁ‘?gfﬁ @akmag aHpPet tgingaimize contact

ofethbeinaer suifaces afohe dapparhti@Vwidr A& ng Y
| u neseence, and, while the TDl sanp A )?; Ié/ O%ﬁg%’(}oadlng of
S n) 8dg§r@gﬁxmﬁeg was used to malntaln 1mpur1tles in the nitrogen to below 1

part per billion.
The growth chamber was kept under vacuum when the system was not in use, to avoid
contact of the inner surfaces of the apparatus with atmospheric oxygen. The system

pressure was usually kept at the aforementioned base pressure.
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centered at 1.8 eV corresponding to a red
| um nescence. The RPECVD sanples presented a broad

WO eabolosusitthescence centered at 1.9 eV bet ween tPET/AV2005/001483

commercial sanples. These vardsati ons could be due to
di fferent background dopants in the GaN sanples.
Intensities of the signals are conparable though a

i gnal i in. th f GaN .
7o Fire 8B RS e olsP s S P oy R B HORRR gfdfe vacuum
%uﬁ‘l‘iblgtﬁ'o@ﬁf ﬂfeogrowﬁe cmﬁﬁv?ﬁ_a @Euaf ﬁash(mg( tlmecmue)et o/iﬂhf;glritﬁed nitrogen.
resu 0 ower sa e |1 C ess < co re .
tThe substrate ovasl in@aﬁlﬁ?éééhl(oy% be sympley lgafmggipaﬁtmgﬁﬁl purified nitrogen

*h M SR sanpl es were grown on different
g%g&gtéjat,esu K he RPECVD technique at |lower 1
i,

0
{Thaméregenrfmshing of theecchgmhorwias Hhiam turnesovib apd gherhgmber was evacuated
I [ [ r T
SRR P B RLRRESI Sl B RS ool tamber v
@aferally lefit foesisous P& hbhiris or girlowdt K hparsdoatlsews bgeid ueahmt y

N nateri gl was obtai ped whe oW t 650.C, The, ,.
Juhegn et s Baf LS| B o the Qatits Hm g i itching on o
rggw Spp\Eloa MARMNAGauMREHi 6 s 40 Bc @BndPhtell GvhichTingurn ionised a
N sanpl'es were still generally, polycrystallin ,%gut '
fiove of nsoreR Lo We ks Bhe, il RTERC BV ERr DfTABIER 0 the growth
i1RDSdn AhBeMOhBE! HlotAke WRSI 50
CHRRIC RS R AECROUE, AR IACTE RS0 som v
nyvicallyousedie Thenidkegen plagoa #ias thendguitads better control
of the ©oOxyagen | ion, i .
Ol L0 B ARLOR8 Sl ok o PR AR Bt 8 actd
Rirafht ddven batodhgaybstrate. ThiN siptldlow of an6HONi@ appeared to be necessary to
recorded to be al nost. f.that produced by comerci al
0 Mot g ydin Rviblsger e Spupfs HATER i sF e
LRGN 8P Gimbthy@aRRal STV tin i 10esceensi Migrogasl was alehitedticed to the
substrates with a ZnO buffer |ayer are a potenti al
spwth ghamber, & caBPERT HMBEEWS C substrates in device

;A?I{)f}rf;ecé}fdi O il BRUE tHe Tl\ﬁ@;ﬂﬁarﬁﬁlinﬁﬁiaeﬂm I\A%ré)fstoﬁg\é‘d; the nitrogen

grown in the absence of any passivation 25 .
desven wias ehedRPECOYD e semplasi wererfooledale nogektoppsrature either under

evgﬁ]tyrgt §%b5go$oq%ﬁ§oﬁ%£%§§ure bet ween about 2x10-5 and
x 10- orr.

a e“growt h chanber was exposed to _
attel lendestadxygep bemtent(ial thésangbles growtr wigk ihik Ippevedars wigseli6 atomic %

;(g an attte%a(ﬁ 50 Mninmze contsjalct of the inner
ANRIE /X { § o OXYRFHPLATSPRTh) at mospheri ¢ oxygen,
ot_b%ﬂ;&ﬁ%@@@ NBMPR) of SaNi filho geown fbilbwing passivation with

used to marntaln tnpurities in the nitrogen to below 1

NIFOHERIAB| on. The growt h chanber was kept under

I
VARUBE SN Eﬁf"?%lé USRS and théS@nditBn@WRtthe same, except that

contact of t er surfaces of the apparatus with

dheroephianicot tiby gaade Theuasty) tvean repred il puriéed niyagen fpr 1 to 2 days,

558 5mbl AL aee M mcive

However, the oxygen content of the gallium nitride film grown in the growth chamber
could not be brought below the value obtained in Example 4. In a similar test done using
a containment tube made of sapphire, similar results were obtained.

Example 6 — Growth of a GaN film according to an embodiment of the invention

A growth system comprising a load lock was used for introducing a sample. ’I’hg base
pressure of the system ranged from 8x10°® to 2x10°® Torr. The main growth chamber was

maintained at the base pressure when growth was not occurring, and was therefore not
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For filmgrowh, a substrate was introduced into the
systemafter closing off the vacuum punps fromthe

w@e@wobisehanber and after flushing the chanberP@i/AD2005/001483

purified nitrogen. The substrgte was introduced
t hrough the sanple | oading port, with purified
nitrogen flow ng continuously. s The nitrogen

fI ushing of the chanber was then turned off and the
10 s 2ient aesphere hdlitsessn MirHies (yas, alhpsedt to ensure that

mﬂg@iﬁ%&g r%ltel |ri‘lge| ﬁ%’?&rﬁwtefé &heH v&8sd lcﬂ P@r B h? §>r<ygen levels

eft for "about s or at
wete gbtameé@ﬁﬁevepcalrgo@d sﬁaxamlaﬂmarh@tmnmemgme ptb aspm‘lﬁed nitrogen
t t.of fil m
ﬁ%ﬁ ghf?{lg%%njog tfpsg{v’\é/erglr d%}gp%&& I%h% r%aaﬁtn@ S nSe fﬁ‘%’s’ h between
gt'omrthmdess to be generated whi ch in turn ionised a 10

Uioci oTnearaSHaTs bRaTBITEHE! S BRSPS PRib fyfim growt

8o fat m&ﬂnﬁD@i}Egleﬂ eBithminafien céuld bbétﬁ’% fHeQM‘bé ate of 150
sccm was pi cally used. The n|t en plasma was then

?2; ni t eWhll& @ﬁﬁtamnﬂg B 0 W ireham I ya@wm, the lead lock was opened.
&Y shRPpUSL aﬁ‘d fcﬂeoé’é(n{;ﬁé Rolakr, JuSG ﬁx?’lesdﬂfo V\#l‘ggl n i fh@'sgjﬂﬁrates were

down onto the substrate. This s ammoni
mméa‘r‘a@cptm)ah@dm@cfeéisary to is obtain the |owest

%f?!lggnTH? ?(fddb o§¥ lf?ilr W%? ‘ta'he%a %&r 31”‘185@ éécrlﬁ \%/Pss %éetw%gt]ed down to
Appiroxigeiel a6 thEdi Tmrr oduced to the gr ow h chanber,

f th d,
o SIRRSE LR SLOML AL e B0 Sh LI SEON b and e
BheRSHER 248 vAIVE RRd idhe@RE thiteths HMRIPRS hYRIEE aﬁ@%@galhﬂes could be

roomtenperature ei ther under 20 vacuumor in a
Bansherredyele thasample Bedtgnest oxygen content in the

npl e I
§ ThQ CRAAL #rgsgg%@ %ﬁ%’é&?&?%&ﬁﬁ%@&l@%&@% °Torr5vvhen the

ul valent to
10agidﬁ?1%\ﬁ’aﬁ iopenagxtentie egra thGetantbier, rangrwihvm thel saowplatyas heated to the
%‘ﬁﬁ}?ﬁﬂ? Iygl th purified nitrogen gas 25 The
g’%oce ure o

Exanpl e 4 was repeated, and the
6pndi t Adtas theesamplid boldlanend eanced wbhaaloadéd‘len ct@lﬂieahmrthe loading

%ﬂu?%&é rr%%?e‘é fq&qgﬂé%ggyﬁaﬁaqtlﬁé% gh Wt h elégate Vaf\i/e was closed. The
plasistey &tak H@ntpguenp dovad foz W BERows Mtﬁ&h&é&iﬁ;ﬂb BB grdwth @emperature
Howev t he ox%/?gen content of the galliumnitrid

oF i Siebili Bigher HEmgFasuien o Hgwierof 800G 1ot X B-G T em gree achieved
ehowghBetciRkiiure BbREAH: bidwaTDl € 4. | n a sim lar

t est done using a confai nment tube made of
ghpphi Puring igowds 158 syFmsoineitiogerb flaivneds imxednse@ igo-the chamber

f the
LU N B EESOLAL A A0 BURSELIE B ]
8ked fNp amhomdflowngaausedrot €0 sddme ol aﬁmgem madsTIVES wfas introduced
the syst ed from8x10"8.to 2x10"6 Torr. The main
‘h@?@faﬁeg‘a\é%as Wﬁinéeinﬁ‘éghﬁtg“{"ht base pressure

en QAO‘M&eﬁ&a@f filod cRAAH] the MMGAiIHo¥&STlbR ey £l 968beBOtThe nitrogen
ViO 2006/ 034540 PC;I;/ AU2005/ 001483
plasma was then turned e system returned to base pressure.
10) The samples were allowed to cool, before the load lock was re-evacuated to 107
to 10 Torr.
11) After isolating the load lock from its pumps the gate valve between the load lock

and the growth chamber was opened and the sample was transferred to the load lock.
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85 exposed to the anbi ent atnosphere. A nitrogen
purifier was also used to ensure that inpurities in

WO b@es4saogen were kept to below 1 part per biPCT/Aan2005/001483

The best oxygen levels were gbtained after exposing
the silica plasma contai nment tube to a purified
nitrogen plasma for a period of several days, after

P owt Pt Rt Bt Nbveer B BOASH ASHLE PRkt brought up to

éthh%@pﬁéﬁé peRRee WRiMete BFdvith chéinﬁér' r@i‘n%@&‘hﬁder%@nétmtvacuum
m nimal éﬁgen contam nation could occur fromthe

1be. e QN isamples rtcae Arakyped Her ¢y@an Isopiamatssion wyiagrsecondary ion
%ﬁ&%@%&ﬁs@rﬁq’}) q%gﬁs O‘f‘ﬁ? K&@&sp&ﬁggﬁi thngQg ?égévﬁ%ﬁt :ﬁ&glc percent (or

K'Y akpmen ateme ped omi’hit Tlos wahxet iorat d)heahfmiadf wbatf omkbe accurately

tr%e £ S Ve SR el R BB nstipf med el ave been
adifdved {anofitee S}aNOﬁhﬂ fiat haadhdweaka wRasured estrier concentration of

i.sol ateg fromthe ﬂg{]ock and the chanber gate
R sc%}j‘e'ﬁecfnko ¥ fPaeesta g e ORBIBe COAFRITRHE as low. as.

@@@@aroﬁme%umg%e acHievdtl @ MPACGER dadBlek %&@ﬁty&@@' e

heat er C anber pressure rose from g, vaI ue of
f 2 besad toipontain anifregrn g bdhened

l%ﬁ’orttﬁ%lﬂ{ %%thlg%gug ed 10,0 ?xﬂ A%Qﬁltﬁ) Elglp;ﬁgﬁﬁto to reduce

tha dxggemtamsamiantior thatewhld he causeth dyhbatube. t']HE trqaadentgzvas done by

e ke WATvE eseh B @B MRl Mo,

Poidp tHeWMhefYkterh wasl QVA&QME@ tvbhde frbeusa@pliesal 6 hbers of pumping if
gromh te era ure %t a slightly higher
PR e 2 OSR %Eblerﬁﬁ%ubef 8 x 10-8 to 5 x 10-6 Torr was

PEiH&RY Shrogth Wit Miagted apReRd Urbwhef Ghmbbs |tHirough the plasma
growmh. 7) During growth, 150 sccm of nitrogen f

agpinmentddoed into the chanber 25 t hrough the pI asrra

t
AMLShETFph 408 07 i SHBN S, RS KRRt vt e
dilogem sonsnand dadieals bamtmrding apdowtakting svidmthe onegs swface of the
corrrrence filmgrowh. 9) At the end of filmgrowh,
trﬂﬂ? ogen fl ow was stopped. The nitrogen

I’h@%ﬂlﬁct‘%ﬁeﬂsh@m tHis mitesgendtion Wlae teyyat e drﬁtysrngeﬂlet films grown for

base pre ure. The sa s were allo
2Daraenel SR HD%) IR SRORRS TG e §repgnizin the growth
$ Rtk ddridg rf(lrn St t8isnhiSRbR sh&tfrat WEuldOMEichRClheld @f8ss amounts

i'ts punps the gate val ve between the load | ock an
(oeecegiasnemoupishtfcxygeisindpe ibBl8nd t he sanpl e was

Eﬁ?ﬁﬁ%@%@lﬁg %AO%?C‘LJ:,% sm\é@elzgrgg{llgg’%?%gzygen were present than

could be observed with transmission spectra, then secondary ion mass spectroscopy
(SIMS) was used to identify the oxygen content of the films. The electrical properties of
the film also indirectly indicated that nitrogenation was incomplete, since there will be a
variation in electrical properties until nitrogenation is complete (i.e. the carrier
concentration falls with continued nitrogenation).

Once the tube was nitrogenated, continued use of the tube ensured that the nitrogenation
was maintained. However, it was expecteci that, if the tube was exposed to air or a high

concentration of ammonia, the nitride layer on the tube could be chemically attacked and
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.86 12) The chanmber gate valve was then cl osed and the
| oad | ock was brought up to atnospheric pressure,

wokiob®345e gr owmt h chanber renmi ned under constBEIT/AU2005/001483

vacuum 13) The GaN sanpl es vveg,; anal ysed for oxygen

contam nation using secondary Ton mnass spectroscopy

(SIM5). The | owest oxygen | evel was bel ow 0.038 atom c
percent (or 5 9.6x1018 oxygen atons per ¢cm3). This -
\Poﬂsi}gf}i evenremayed. i bhe tbe Wistherelgre praintatgd andéryvacuum when not in
N8 o fth %&Swﬁl, NSas ﬁpa%klﬁﬁadi%rre%e%{ ek tgéﬁegégcgﬁ?rocedure.

| i
contam nation may actually have been a

(When Hiertuhe hggéo taleft nndartviasuunnder & hangepbrimdmdztime, edithout growing
' ' . [ carriers -3 .
R T e e T —
Gis 00 GBiattinate o¥y gy thoenay Hiaey ahigahted Them Gabkganmd @sterdagour in the

4.1 .e 7.-.Passivation, of tube used to
by B cpa et S i iR SBIeB v Born fa b meden p the amount of
tweter vapedt thet Hadniiaiadtet Reth the hRBVePihd HiR Ve Sert e at ed
to reduce the oxygen contam nation that could be

aauNe K pRINg @Menhe treat nent was done by running

antreg I r t 0 ' t .
to 48 hotlj}‘riglfi’l To%gloto? hitlﬁlgﬂ tgct1 h%?%({i/ls?i g’% \%g@ﬂ }eesa%gg%gi; tcga%on Fibres
HEBige dags.upredyettnunshes (T306-1000r eonsistipg i 13ginidividubb strands braided

TR, S STBSERE L RASHCH Sl DU, W JEREEP 1.7 o

picdding a @éhtminAmerss-stethmal Arenj taogeasyrEd sorhave@s redi@hnce of 13.67

ignited and th stemwas | eft for 2Q0-48 hours with . )
offls o PRl oo ek ristheanaperses thoueh it before i
(bt iodY, Wictifteritiveasi pased thlouER @endlinérBfed 28tiC@RIAHOA e failed at

tube.. The effectiveness of this nitrogenation was_
PB%fPéﬂmééyaﬁ AR g &ﬁ’é FHIreRE Wowplcrlgted toubseviglding a power of

fabprok B A9k 1350 Whitd \%‘1%% BEDMY ?aié?:ﬁ_t%}ﬁ%iﬁfbrrn@’gi;eer&?i#ahée of the heater

present in the gro system duri ng 0
e H§Tysi on spectra woul d i ndicate these gross

9 -(REEFERLRAY 6 ATRYDEHa ReatRiYd&Rehf t e

. l ete, but
dngiobwe designedtts aofonuxydpse theeraebqur Slsrenk atleating elettledlt Wes machined

1Lth transm ssion, spectra, .then secondary, i on
?Tlgé gﬁ\sﬁgg%r}'g'}l{)flé%eo%t?a co(ng?rﬁgfg Rgrg)nd)étgge tlossq. d%ﬁ?li%pg %?ﬁ%heatmg element
maydg el tikobitagiet cafbonh@brt iolf Bxamplee] &lagQaitiif dhe PfodRE bhd Ghsioned to
[ i ndirectly 1ndicated that

f the filmal , . '
Avqid 6@% formagan \ﬂiioqmc%bfﬁlp spwd shprircarepih daeshegting qhament on to itself.

Fifvhtibh Ot plan SERe ofi thhedORBhbIERe B0bildy, Bid srh@%rmtﬁi@ﬂes 20 and
is conplete (i.e. the carrier 30 concer?,t’ratl on fall

i+ WAtk ArseHipaaofnhe carben dbrohgatingyebemant éntp ibe giease, the carbon fibre
j ' S t hat

TR Sy ONE 5] BP0 e overi

withdbe brdided garbon flibrhkeating eloweest ssndosddd inbetiveemrin the groove, were

' ntratjon of ammonia, the nitride |ayer on,
Pl of AUEHHPHL Sl SEPPY. e el i ey ke eing cloment
Bo6ddDRdadDtoRGTe &R0 0éiiDAMBtension of 50 volts was applied across the ends

of the heating element, causing the temperature of the heating element to rise. To prepare

Yy

the carbon fibre for vacuum use after exposure to air following a period of use with
metalorganics, a current of 1 ampere was passed through it for a period of about 1 hour,
causing the temperature of the carbon fibre to increase to about 200°C, whereafter the
temperature was increased to about 700°C over a period of about 15 minutes. The

temperature was measured using a thermocouple.
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87 possibly even renoved. The tube was therefore
mai nt ai ned under vacuum when not in use for film

wWQ@e@wb4s460 as to avoid having to repeat the PCT/AU2005/001483

ni trogenati on procedure. \Wen fhe tube had to be left
under vacuum for a long period of tine, wthout
growng @GN Tfilns in the apparatus, the tube was

subjected to a, short period of re-nitrogenatjon so 5
as to e %ﬁ%&%ogw ek 4-%&9119%%%9% ?Ihﬁ%@opaﬂrg@mrate a power
hefChpeOUmMEeNA S0 Walkd WhidhNist {EfideRd: &%@ﬂbﬁl@-ﬂﬁevtnhgrocess for

tine of nitrogenation was found to be dependent on
Hoving gliumaitade filips at 2 tevaneratare amthersabstente of approtimately 650°C,

tARS @Y ek ' t ke j lg 8. - i.00..: :
R i) SRS, UL bBRE Aceor TR, B inuepfiGh ' 0% performing
sapigfhétedlypy Toray Carbon Fibres 10 Anerica, Inc.,

20458 1BUTRE! of 39Q 5800, [consi u.- of .12 individual
IC_émlybi_itimfal thﬁ)gé tonprisiag }ﬁaﬁi@aéﬁlyrllt%a ofGagtakiiBlasted fc()jr only two
yi el di ng a 0. 45, ross-sectional area, was neasured .
5wl é’q'éa}hélgr Bitire Bl 14 50089 coGbe Brattigranert became brittle and
dell epart. I8 obRWchISthe UELBR el GRsHISIWRR MBRSGultdl By 8ftd] eposits that
before it "burns out”, a current was passed through

iceused @vereptitsed until the carbon fibre failed at 15
approximately 6 anpere. This current was calculated to

be yielding a power of approxinmately 350 Watts (given
tRERERENGESai sed tenperature the resistance of the

ter S r) aml e 9.~ nyfacture o e,.
B o P R TR oo BRET K RncboivbaReiers B M.
tGddysaTiaTahiley,R @ BilimagUinFreita mgToumabofMmphliddathysidd 92 (2002)
iggz an upper surface of a conpressed boron nitride
Bagé. A carbon fibre heati ng el enent nade of the

ippi dedk sar tmicHek, bA Bfi@kinEPaPPT € HEnVRS dodidyskl) A N czerbakow, E.M.
roove _and tensioned to avoid the formation of |oops

1¢¥s, ddullanglppr { AcFredtas I, { KaysieGrawil, 246@802) 293 t o
irgsel f. I IO i e
(3Pl o ERRLAEon A BLan v o6 8 RSOy 1 o v 3
A1) 426sertion of the carbon fibre heating el enent

B cou ARREEY 1o G PR LT £ R, ABaf S8 100 1999

&4d. the overlay, wth the braided carbon fibre

tin | nt. sandw ched in bet n, in the ove, L
18Fe' "3 & EATgliofE GictRapidhs SE R ot Bpisties o 1 Nitrides,
aids. 9fEddag INSPBONLbhdunel d0e¢h.i 19g).el ement  were
connected to an electric circuit and a tension of 50

16l ts WMhslespiavnid ehdly 08Bl Phys. £ats 69 6¥9%hé3 heat i ng
[ Eent™ SoRHBhTfhd SRESERAL S (%, Brollt pRERIATY. |

enent to rise. To pre
8l uumStiléesalf tha Plosipe Refaded Oxegen Gaitdminintion of GellivodNisfide Grown

‘ ' ' : f . .
%29@%3&%1 ﬁlrag%z%z %{'n?t%ug?ew él%émégcfl ::l};arg%%? gg%sz {or? rl% gj %’ V@u%cher, Afifuddin,

passe or a
PaBsTnGhérhedt B rip dhatley,®hkics BatsadidhCli (2062)t 156-160.

I8 ekl LEaZelueh Robetiati T Rsi - Aprbr Pipoth (1999) 1
Mojut e®, Abachére NPRALIY RppleBhyREREU0OE) 265309 a

t[ lhle]r g léPalme;iﬂ, C.G. Van de Walle, D. Vogel, P. Kruger and J. Pollmann, Phys. Rev.
B 61 (2000) R7846.

[12] K.S.A. Butcher, Afifuddin, P.P.-T. Chen and T.L. Tansley, Physica Status Solidi

C. no. 1 (2002) 156.
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WO 2006/ 034540 PCT/ AU2005/ 001483 88 At a current of
approximately 4.4 anpere, this carbon fibre can

W@emweatse0 a power of approxi mately 250 Watts Bf/al2008/001483

sufficient for use in the RPEC%/@ process for grow ng
galliumnitride filnms at a tenperature on the
substrate of approximately 650C. After 15 filns

h he t.e ccording t he | vention is
P "B Enng 5 ETRetE ot . uhstoned 36 & Riilips, J. Cryst
dﬂrommwémt(lmlmﬂeaters ( Compar ative) Conventi onal
qiﬁ rrprl ing _a _heating el enent nade of tantalum
Lind - IgrEaneles, and Kald. i AnBnicher, de GrydtmSrowth, 160
I(mgg@rzglcases t he heat| ng el ements becane brittle and
fell apart. In other cases, the heating elenments were
ih%]rt éﬁﬁmﬁ%@eby&ﬁ@ddin Bebe’ﬁﬂh&n; MaGodlevskpus e8%czerbakow, E.M.

E K..S~A.

BT MR g i o o B 4 s, &

|{/16] Goldés Mlﬁghottél,'@pﬁbe&)fundﬁoﬁs oEUaI(\Iggng;rd P%%ei%fgg}ﬁﬁ? 2I]II Nitrides,
iCs
ﬂgd JJAF?L%{] H‘@Epﬁgp*‘? oy 1%53 IQ%T Chen, M Godl ewski,
71Sz c EerThakeys, TEDVIM. Golijes

'Nbgl tas Jr, J. Cyst. G (IDJW%éhR ;(-34[6?11(@%?5??@&271&&%&%]3 190 (2002)
§ Paterson EM ol dys H Y. Zuo and T.L. Tansl ey
QIB] J Aﬁ?@(%&é% SeP ﬁe% ?’he ope(ﬂtlégog”)GaL}%ﬁ'Elmﬁ %@I PR ayng f4sszsted Laser-
gaduced @'{;gﬂ( cabYeyour d2eposiiph. ZI)OOAnteMaltlagzﬂlSmtmaqndQ?ﬂing:aid Insulating

Nfato |d(]:]§(;s%n? g&%NPrqﬁgedéE%a ns?%%ngfEl%%ﬁ% ailggﬁle(:iigl_cal Engineers,

f@@?taW[lﬁNJMUSeASZthnSkI et al, Appl. Phys. Lett., 69
(1994) 73. 25 [7] A. Shintam and S. M nagawa, J.
Cryst. Gowth, 22 (1994) 1. [8] Studies of the Plasma
Rel at ed Oxygen Contam nation of Gallium Nitride G own
by Renote Pl asma Enhanced Chem cal Vapour Deposition,
K. S. A Butcher, Afifuddin, P. P.-T. Chen and T. L.
Tansl ey, Physica Status Solidi C 0 (2002) 156-160. [9]
S.J. Pearton, J.C Zolper, RJ. Shul and F. Ren, J.
Appl . Phys. 86 (1999) 1 30 [10] O Anbacher, J. Phys.
D: Appl. Phys. 31 (1998) 2653. [11] C. Stanpfl, C G
Van de Walle, D. Vogel, P. Kruger and J. Pol |l mann,
Phys. Rev. B 61 (2000) R7846. [12] K. S.A Butcher,
Afifuddin, P.P.-T. Chen and T.L. Tansl ey, Physica
Status Solidi C no. 1 (2002) 156.
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Li, T. L. Tansley, K S. A Butcher, and M R
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uncti gn o@éssGﬁJ}' Wind a0pioabi @H) Ghetér aitfidé Ifllm by remote plasma
?\Iltrl deslgr gﬂo I:g;;garglr N%P%EC London, 1994 zip P

elﬁmpceq cim]mq;al vqpquﬁépgasmpn the pmceg%qqr@}rgsm grihe gteps

: }Hg atln ol)_{é% selE>r Op'éf';c%r?eti@o%r()%%}mstﬁ% %93& sﬁﬂs&hte and a

fiagne céﬁ@hsmgdi hueffeedayet mla gevtiTishambern tovaqgmprature in ﬁle range of

Fabvabatt Al eBritaE Gont or ence. Pr oceedi nge.

gl)nSt i pregcial abliechouonl sit@geh Epeenssrin aalitrégayi plesma remotely located
scataway_ N. J U S A) 51. 15 WD 2006/ 034540
ﬁ@ﬂt&@%ﬁ@b?ﬂﬁb@a 90 CLAIMS: 1. A process for

g{)ovvl Netaddkst %’hﬁg Pne(e{ch'vé né[ﬁia@hltfblgbﬁ bptRick itd tﬁefyowﬁrﬁhhmb er;
ed chem cal

asma vapour deposi

fdoces §ornmng) rd $PaRoR aigpepi dhe Qfaw}hé? ? ﬂﬁf atHe Jpeiop mixture
ggrllt%% ée%ggetcggan%f RII? oﬂé ﬁﬂa’ﬂgs Qa{paﬁlesd{tk%ﬁétﬁlfgewﬂlﬂ ¢he nitrogen

fer layer in a growh
Peuidsan as ) ﬁn'mmemaﬂi[ih) matai mthée fikmgandof  from about

z? ??o:; (H%E,g%él é@ ¢ Igré‘%) Iﬁ Qg R ﬁd@%ﬁ YL DE Siftbct under conditions

ogen plasma renotel y 'l ocate
forerablyBe AIe Y duiteblafhatevicephrdosemsferring the active

tral
o LSBT SRl 69,02, e PRA S 89 ()

EACt | PG nTh& L U1/ ofCRBLFA{IN Rtbta n$BiE6 o Sh@heated)o ‘under conditions
((?ll%l) net al ét hat |f§§calggb?e of react|ng v

rwher@gfethe ngqg@t@‘p@ bard) gap; of gleftyp}ﬂsdeﬁsrtg% 5%% Fr}e)\} Fré?‘é’l the established
E’@P | gpe 01{ g]re u%rlﬁtl)ﬁrﬁétﬁf 248 d%é filnMsQuitas18 ot dekdck purposes.

eat e bj ect under conditions
vgher eb)ﬂ"liehmodesd ancpsling fiotcidimel , deradie §iep ée)wﬁﬁ’ﬁléi‘ésss"eﬂ &2):

2 8@; P|e 1éTcGC es ;ﬁlac ﬁc’: gr‘fgll(lpg ?[)[f) ?ne‘%él%ﬁ‘}d% }Pﬂﬁé fkdled Blg@ct(u%)der conditions

of i n
(Whdrdbymie aheadinted ibdad @ap bh ehenlat mﬂesﬁojhen tSOQrmi@f below the established

Cb%gglgaboyf the group (II) metal nitride and the film is suitable for device purposes
wherein during said forming at least one condition applies which condition is selected
from the group consisting of:

1) the object is located in the growth chamber at a distance of about 20 cm to about
25 cm from where the nitrogen plasma exits a region in which the nitrogen plasma is
generated and wherein the pressure in the growth chamber is between about 1 Torr and
about 15 Torr;

(ii) the partial pressure of oxygen in the growth chamber is less than 10 Torr;

(iii) the partial pressure of oxygen in the growth chamber is in the range 10" Torr —
10! Torr; '

@iv) the pressure in the growth chamber is between about 1 Torr and about 15 Torr;
V) the pressure in the growth chamber is between about 2 Torr and about 5 Torr;
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wher eby the neasured band gap of the filmis |ess than
500 meV bel ow the established band gap of the group

W@ kdob)p34sed al nitride and the filmis suitabl e POI/AU2005/001483

devi ce purposes. 3. The procesg, according to claim1,
wherein step (e) conprises step (e2): 20 (e2) formng
a filmof group (I'11) nmetal nitride on the heated

ect condi.tion asur ed band p
q?i)t he %1 ﬁw‘gPs “PB?LW%EH‘F&%@S’ Wé%/?nﬁgw Wechandea samee ohéw remotely
ﬂaw&ﬂe@ahogénﬁlhn:?nagmdjp (I'11) nmetal nitride and the film
bl.e for. device purposes wherein during said

t
f(ESSV)rSnUI éﬁ%?bJP%é%lo%fﬁ% 1 e Bro W Brrhampes &t distands afabditid00em to about
2% @eﬁeﬁlttﬁérerﬁdtamlé&%ﬂlee mﬁ?ﬁ'ﬁ{aﬁtl ng of: 25 (i) the
(0]

object is located in anber at a di stance
&t abodiie Peocess qcsoralmmp 1 % mhﬁremmtem@) eompﬁsemswpqw)w

sma | tr
St?er at (Zlghﬁ% er el%ﬁ ‘lﬁngﬂg %lu? ﬁg S‘P%ﬁfﬁg%“ whereby the
Srastyed baad bet obthe felimistfran TOMs 4&ﬂﬂeV 8o d%siE8lidhed band gap of

Ot B R Bl R ensags R Yor Aovica eppass. | a
|5 r essuffhe pfocessw@eo&dmg tb Bféurﬁ Bo%&eﬁw@:ﬁ cbrﬁgﬁé'és ts{yf) (ﬁ@

a}@ 04 Torr g Torr; v) the pressure in
& OEH’é%érﬁlr%O Ty al ‘fitririgr gn shedhedteslibbjest whereby the

iEQ:bfured band gdiﬁoﬂf’ﬂhgmr@ t76 %o gﬁw bgmg%g}a@{ﬂngﬁgand gap of

het ween _about 2 Toff out
Begraupdbsmet agade md t@v iﬁ)lmas batfab]eefondewm:;ﬂirbcfsm i s

socat egyb @@s@%c%ﬁ?ﬁilng% &I ?F\ggﬁgﬁog O(e z er}yns(eﬁ step (e5):

rempotely "l ocate rogen
&15) ect fqrmlngﬂ: fitre of group NHI)gnemlt fitrideanitgeinahe Methl & RRLRA from the

.about .. 25 cmfromthe renptely
?‘r lsaﬁ‘% ozfeﬁ OIBP% fdiv; 42 opmbingtign cals salivat d‘iﬂﬁ galpginium, a
ocbmbmaﬁhn ovheakium shé @n({lﬁﬂll I@t?é@ﬁﬂu?ﬁlﬁ)nséf Ehdﬁlﬁﬁ)and( ﬁﬁhmum and a
netal nitrid

f
ﬁoé%lflgg&é’b?égﬁlp W%e F%[i‘;‘rmt e alH@H&EFFIeQﬁ B@nhie%@pobﬁ‘ctt urngler conditions
ﬁvhérﬁby thef AN 4QehRofi@udiRY MG QW81 ﬁtsﬁggﬂélﬁ I?orddclglacre] .?)grposes.

of the group (IIl) metal nitri e an
UI t abTRE HreFess acqoEding i gJaise s, wisreillstepeooesisisacpr(ef)ng

|
%245: ?fg@%;ggm Sf %}oﬁ# ?ﬁll) gqg%al & ?‘ﬁ%f vﬁg:?eé{sf ttl}ﬁprln%tlab% ss\%cted from the
2RED easisting mfegﬁll;%me rlmilgcz)mt ha\e/comlbﬁﬁtibzﬁCbtbgflﬁglﬂlaﬁrﬁ@galummlum a
{) dﬁdtio'lp 5 gal!1ﬁ1211 %1}d Eﬁ%hltrp’l g;scoHE:Srg‘%\ngtq ?qnglsémg@al fqbsmlmum and a

cfounihmats)nscbﬂ gAle, frelium thdfaﬁkulﬁiﬁﬁlﬁﬁ%sthe%eaf@ﬁeolgéecgqgﬁér conditions

agqtl)rd 1to claim1, wherein ste
sy khgglj 1} i S Fgicandyctipg SHmgg fg (ﬁlml Is Wﬁﬂ]db fout dwmtepurposes
Wlﬁk@élﬁldhrﬁaﬁ%afﬂ?f(ﬁ‘lmﬂgs atsﬁlaﬁ%%dco‘;lﬁ@ﬁh né_% he%lé/h% #Jo%dltlon is selected

consi sting of 8 lium 1 ndium a co
f@‘é"l‘l}ielﬁfp‘élhﬁmﬁ}s pgAfum a conbi natl on of gallium and

(Hndi unRke GbiEQTR A ‘?ﬁ'th%fgri)xgﬁlli SRR LR r?about 2¢em to about

25 cm from where the nitrogen plasma exits a region in wiich the nitrogen plasma is
generated and wherein the pressure in the growth chamber is between about 1 Torr and
about 15 Torr;

(ii) the partial pressure of oxygen in the growth chamber is less than 10™* Torr;

(iii) the partial pressure of oxygen in the growth chamber is in the range 10™ Torr —
10™ Torr;

@iv) the pressure in the growth chamber is between about 1 Torr and about 15 Torr;
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conmbi nation of gallium indiumand alum niumon the
heat ed obj ect under conditions whereby the filmis a

waewsodtsducting filmand the filmis suitabl e POr/AU2005/001483

devi ce purposes. 7. The procesg according to claim1,
wherein step (e) conprise step?(e6): 20 (e6) formng a
film of group (I11l) netal nitride wherein the netal

i s sel ected fromthe “group consj sting of gal [ium
|(ﬁ}j| umDSPIEETHET Methe Bioveah chrmber inbeivaerashont T@Fnané about 5 Torr;

i
igb' ng lbéfﬂe %? el érlim&gt@d'b@: érir:g:tﬁgtolﬁ%gp%ﬁ% ;WCQ of the remotely

ium and al um hi um an
|lﬂ@ﬁt¢ﬂw1§ﬂﬁerawlammuanm on the heated object under

ang it 'tﬁ??’lpe%? {O%Q%g ngﬁ]e b %aﬁl@ére aF,Tuar (gxgtgl}émoztré%out id%m to about

t he MiS Sui FOr eV
Wame fomdthe irelgots]grildca&mmrnmlﬁﬂadnmst one condition

plies.wWhich condition sse cted frqomthe group
Bl Soonetprdlss el el e g £ SPIOFRS SHIATN
chanbernent a f&nﬁh@ﬁ&ﬂm@f (III? EhefdNritfida RBetein 8 rﬁ&hl is selected
f}Egélgnv\,herethe nitrqgen asma exits a region in ch

the: grapR Fonsishiaagt gglhu@eﬁ@ﬂan,eadcmn@tf@rcéﬁ&a liveand atuminium, a
F?:Bﬁx%%’h@n'd’f ﬂﬁurﬁré?l\ﬂ{ fﬂd%@@”z@%ﬁm‘bﬁmﬂ@ﬁ W2 SHdRRP Yhd ]al\%‘ﬁﬁfum and a
and 30 ab ou 15 Torr Il e partial pressure

edirtion of r@llgm\mlﬁlughme}ummluness thdnhcatdsi)obdea'to runder conditions
L th Q
(vigﬂek%n ttlﬂfreg‘g{l{ll 1)f t?laﬁiglzﬁgg_et%e?g ;é?f(guet 1@11 m?l 19¢ 93 c@r} and the film

ory?’
hhmt:abbs&udwwerpm‘p@segr ow h chanber IS between about 1

orr and about 15 Torr 006/ 034540

Ser/ A pBeRroAsRorane te\PYa? BB §fFR (9) FommEi e sl (§8):
gbgybeforingin atﬁm&ﬁ 2OQUUTTE mE hitABS wABRME the nd@4lMis selected from the
(V|) a baff or inpeller is |ocated between the

c%?lamcoamﬁl% Sbugaliemaf indieny enerrBbipation o4t gallivm  snsyelminium, a
Qbﬁx%%tloﬁ‘r@ éa‘ﬂ‘nﬁr}l afnlaelnﬁging cf chplia6ah &F ih uH‘ Qn(g g,ﬁﬁlhlum and a

nmber at a di stance o bout 20 cmto a
prmbmahen refrgellipg, |indiame dndi alvoipéym pdmshe. heatechbiaect wherein the

%s‘?ﬁﬁ/?@es s? ﬁiﬂ‘h ?9 ]?%the%lll %&}t]o O(Ymea{n%i fr'bl"soth?rp?rﬁ e%nd trl)qe film is suitable

ormng a I'm o
(fd)ﬂ ﬂ¢v1cepaﬂpomst wheteinnvheing said Iﬁ@mnng at léast smd eﬁﬁcﬁtﬂon applies which

the 0 stl of . gal | indium a

lﬂ%ﬁ %k’ %ﬁfgo %Pnﬁ1 ﬂ%ﬂ ‘'um a conbination
Qf) gal |tlhdJ(BBJéd’ﬂds loﬁéibdliﬁ the ge@HAI dhainbenatQf distAtlieWNaBBEt 20 cm to about
aI um ium and _a 10 conbjnation of gallium, indium and

WnvaKeTe e HEgeadriape cKits ariaBien dpighieh gpsnitrogen plasma is
g@%éggﬂeﬂ ahB SvHepsih $hd f!ﬁ‘eﬁs)ﬁr@{n fﬂ%egrf)w{mﬂaﬁlblgﬂél‘ﬁﬁg'eée}p%ut 1 Torr and

and 104 ohmtm and I's suita
@bvliltclé'ffmposes 9. The process according to claim1,

rei ?wééagﬁad(;f SF‘? 13 TRh {(ggee‘fﬁ it %}%D g\%ﬁ% ehragen?)%) flcgz)srs%atngﬁ(f;‘4 ’J;orr
$ml) ect ¢k partbah prh‘surelcﬂ? @ygerpircihe grewthndambegsl ihitherange 10" Torr —
lﬂdl JIml]r’ a conbination of galliumand alum nium a
@iv) the pressure in the growth chamber is between about 1 Torr and about 15 Torr;
W) the pressure in the growth chamber is between about 2 Torr and about 5 Torr;
(vi) a baffle or impeller is located between the object and a source of the remotely
located nitrogen plasma; and |
(vii)  the object is located in the growth chamber at a distance of about 20 cm to about
25 cm from the remotely located nitrogen plasma.

10. The process according to claim 1, wherein step (€) comprises step (e9):
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conmbi nation of galliumand indium a conbination of
i ndium and alum nium and a conbination of gallium

w0 pabosasand al um ni um on the heated object, WhPCPAN2008001483

resistivity of the filmis betyeen about 0.0001 and
104 ohmcm and the filmis suitable for device
pur poses wherein during said formng at |east one

d|t| I |ch ndtlon s.selected from
RO, OB RRRE ooty 0 gl 2 e nETedShibeamdar conditions
tvlri&er@ifyomehﬁmh &Hhhb[ts at cr@stdlllcﬁgr@ﬂﬁ@ s@ﬁcté\xkéoéﬂare?e@erﬁﬂb o2 the group (II)
%ﬁ m where the nitrogen plasm exits a
%Uld'ﬂtr’r a%iT ﬂ%ﬁ‘rg lois spitable,fe ﬁlewpgﬁwosezﬁ gener at ed and
wher ei
MHehRodRES SR ding 13 ctlahﬁ %&?ﬁ@% ofisd éﬁ%i‘m

about 1 Torr and about 15
(e s udermyng gxtilmeof group GH) gxetnmtndh antiler héated abject wmareby the film

r sur.e, of ox '

&?}éi\?&lt%gcc%yé nﬂieog{‘%pg (qusﬁrl{@ éé F}ge!ﬁaégérisglc ff-?%er group %%F) rEetq-]olqunde and the
(tilm) iStduiiflrl?iB é‘elsdfj\écdbpulpbﬁs gJY#IBMIh di:nhmg’ll;efr(]i foSmbft MEeMt one condition
orr and .a orr; v) the pressure in

?ﬁghlgr oWt %rﬁﬁﬁfﬂ‘ells tB%?T &W&‘&tcoﬁsq"&%o fand about 5
x)r r; 3k ((bjec)t iglobabd irﬁth@ rerdWRQhh@ber 4 al cﬁﬁ@ﬁc%%f k&%ﬂﬁ’%rbm to about
e o ect .and _a source of the renotely | ocat
3@’?‘ gibstshe niligeqn, plagme |gsitypjregioniin ngelatltedmitmgen plasma is
B@e @ \Whh f
tober vaHeRIR e ss%réjirﬁﬁll@;;‘fﬁgfglat}ﬁg{%%f %sz@et&lggn Sout 1 Torr and

about 25 cmfromthe, renote
ﬁb%r}é 03. The process according to claim11, wherein

p ( 0 454
ié‘e-en A0 TR P 3L 5Rus R Rt ooy im0 Tor
lll |) thstpertialipressae afroxlygen imethe ecbvath] chambenid e the range 10 Torr —
xdT lJlrons whereby the filmexhibits a
cry al’l ographi c structure characteristic of the gr oup

(iv) 1) thmtredsuml ih Ithd:@*o*&[lﬂcﬁahfbef sl enSMbEETSrr bRE about 15 Torr;
{%ﬁw ce oses. .11. The process according to claim1,

or of Hegr uredy thegpi s damberis beivesn pbows X Bemppnd about 5 Torr;
{ay m ng baftd (I)ﬂ”'hﬁfeHg{ f%qgcz{téd B%tw@@ﬁ ﬁL %B_]E& A8 LOERES the remotely
heat ed. obj ect whereby the 'm ex
@flé‘ltr%’@ﬁi’b%ﬁm: and uct ure char acteristic of the group
(\Jﬂ)l ) MRBlechistibé \Aeﬂgd Ande gn)%vth chMé& B ac W %gle g{ ‘ﬁ?cglég{) cm to about

devi ce purposes wherein guring sal
%émcfmmthqmmotmomcateé nittigeh plasme t| on is selected

t t | t ed
14,07 e e BIEEHR oR31aR Y4 P oy LbdstocTonr Gl meriszn sehieid)
@idpt fob@irdba fitm fof grouph@ENEmtRAEnitidd &gﬁﬁ Iﬁ'af%:ﬁ%%eg%(hﬁd%r @onditions

| the nitrogen plasma is ener a
BT Ao gl i ey SREcg IO e dheer 6 Riomiciodad mherein the

AbO Ui suitableFér @REbe paRRIdEs. 15 Torr; (ii) the parti al
ressure of oxygen in the grovvth chanber is |ess than

D- 4 THRG Proggss pyeordiag paeleinnll, wheseinstep (of caomyiisen stiep (418
@19 NEoGRAEREEIn S bdub MR RAAICt e bn B heated object whereby the film

exhibits an oxygen concentration less than 1.6 atomic% and wherein the film is suitable
for device purposes wherein during said forming at least one condition applies which
condition is selected from the group consisting of:

@) the object is located in the growth chamber at a distance of about 20 cm to about
25 cm from where the nitrogen plasma‘exits a region in which the nitrogen plasma is
generated and wherein the pressure in the growth chamber is between about 1 Torr and
about 15 Tortr;
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15 10-11 Torr; (iv) the pressure in the growh chanber
i s between about 1 Torr and about 15 Torr; (v) the

w@e@sssHse0 i n t he grow h chanber is between aboRP€T/R2UTWSN001483

and about 5 Torr; (vi) a baffbg: or inpeller is
| ocat ed between the object and”a source of the
renotely |located nitrogen plasma; and 20 (vii) the

ject i ted in the growh ch er at  a distanc
3 aboutE By PR Bt o eI pOUR chrantis itlest o 10° Tor
| @dat edhaphtiahpresiir@siMoxygtR in TREBWEL SHSRE $OthE Q?I%e 10 Torr —

C il[P 1, wherein step (e) conprises step (ell): (e
form g a filmof group (111) netal nitride on the

heat ed RbpRE§urdHIBE oFANHiIchARNG is @E&pﬁogﬂ?ilfog a[ei?[doarlho%to}oS Torr;

exhibits an oxygen concentration |ess
4l whehepigssuzin the growthchambesyiis basweerf arouti2 Toereand about 5 Torr;

\F,(\Akq}ig pos %Sbe%fﬁg’ -o{ l@ﬁ%@’rﬁgg fovited Go%%&:'(lgﬁi téyg]e%{ %@ $ 15191&0%0#; {pe remotely

rein step rises ste
dogate¢dwmitrbgegr Wapnd;lahdl) metal nitride on the heated

j~ect [.e he fi.l exhj bits. an oxygen
ggilcenttfr{\@a&fjg?%? !9°§§tefl ﬁ%ﬁ}elg_r%w hambeg %Ir?oa/lﬁyﬁ’é‘fee?fr?bf’wezo cm to about
25| o fromstiie tenhdtely [beuteddditb £ asROSes wherein during
id fo[rrri n(gc at | east one condition applies which 30
g@ndi t i 10 PreCesLacspIding torcdaim: lhavhgrebgep Bnsiosmrises wep (b1):
N th , - 0 the _
D) o en o nlive 4EAR Hivddlp sheei e 8" BB DRkR reflpely tocated
AR Sifesopinehnambex whsrein thegilasma is geheretedtfhem mittog@aens comprising
[ rein.the pressure in the
e i (R AL A0 Bt Bl e biAE pRACR BB 1
orr; (hDe POBBAsOR4GHN G0 OhERA 488 (c) mbiibds stdpgcl):

rtia re of ..oxygen . n the growth chanber is . ,
feglg s t Irt%ﬁsrfg%l%g T%Srarc?w? iq%}l{falt Wgoé?ﬂ gP%lespV’e uBWEh chamber via a
cmytgmment thie sgidovéritaiahRb aibel Sonhptisid}e o’ @B RelkBicd FGHh the group
- 10"11 Tort,; &‘lt‘vez1 t he pétlgssure in the growth chanber .
COYERSL A SHisdEbe 2 FYpHZ Whe aahs beropaiitride tube id twpe hidng an inner
pirssure in the growh chanber is between about 2 Torr

and about 5 Torr; (vi) a baffle or inpeller is
LBcat edbpatrarsss acherding tcrclaindl4 wheneine pufr tthestep (a), step (a’) is

ga&&h?édystel{,gfcg{;%gpr?y%ﬁ%ogen pl asma; and (vii) the

b5 ect is 1 he growt h chanber at a distance
&F') aboeentagingmat {easti pattion 28 thevidnepsartdee of ele®@itsinment tube with a

Itr n plaspga. 10 14, T [ 0GEeSsS cordin _

R Pt R PR Bom ot FocBle"0f 1 0B 50 g or  peron
0f alpruddusiungo 200 hyers, s cohctiigt 4t 968N a pSRRG EShé thrlr surface of the
mt&g&%n‘lﬁ%asn}ﬂjrermtely | ocated, fromthe growh o
EUABRFIGREP ST £ HETRFESRIRS ™M capising: ait leest far pevtiam of dbesilica in the
GGBaIAOREY ubk NE redcFHhI Ailr§Ser! B3 i ﬁfénniﬁ'ﬁg&gﬂﬁgma,owﬂ&eby at least a
parts in ong billion parts of nitrogen.
portion of the silica is converted into a species that does not release oxygen atoms, or
releases less oxygen atoms at a pressure of from about 10 mTorr to about 100 Torr,
17. The process according to claim 1, wherein step (c) comprises step (c2):
(c2) transferring the active neutral nitrogen species to the growth chamber such that
the active neutral nitrogen species are directed towards a central region of the object,
along a path that is located substantially from an angle in the range of 45 degrees to a
right angle with a plane containing the object.
18. An apparatus for growing a group (III) metal nitride film by remote plasma

enhanced chemical vapour deposition, the apparatus comprising:
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15. The process according to claim1l, wherein step (c)
conprises step (cl): 15 (cl) transferring the active

WO euwb03d54ni t rogen species to the growth chambePCWAH2@5/001483

contai nment tube, said containgent tube. conprising a
tube selected fromthe group TtTonsisting of a silica
tube, a quartz tube and a boron nitride tube said tube

Vi ng ipner .surface. 16. The process according to
gaimf?lg?om ®Bbrior to step (a), step (a') is 20
[{e) f or medobjsdteqeldcted) frioMTEel gﬂoﬁﬁicoﬁl@i)stiﬁ%’ A AL 5B Gaf! and a substrate
| east. a p rtf{eogaé(of the inner surface of the
c°8mP5'iSWﬁ€ﬂ%u hiyeniossedin the gragbshgnbeim at a pressure

&) from arplochRdTH e Bt for -
ge)r i 0d. of about 1 hou%ljoglgﬁloo %%8(?2&?? %ee&ggcﬁttggtt%ﬂﬁemmre in the
dpngeeod fiompabot 0QE terabowe750RGer surface of the

tai gy, ' ks e asima.causi ng at
quﬁast a pg‘f}l%_nltl g%?%‘wf‘gr%ﬁ%. llhég%l #o‘?’h’e&?ﬁ’b@bnt ai nnent
febe t @ gostainmenttthbeintade gefryuiactnssiliva bh®ofdnt Ai&RNand being in fluid

: er el t least .a .portion of the silicais |
c&} Lc;lﬁlver c@é}g? n‘?’lgﬁ/ éﬁes Eﬁoﬁ SCHERET d%é§raﬁ%{en?r@ 8 disapyglyaetive neutral
aitorgen sprecies glredsRd es Snif¥YGE Bladia R
.?0 mlor r1 to e:bo%t ?00 Tor ?g)ttellg.l%rﬁg&%&noﬁ]e growth

f{lom ago t
5 egaal%eg Oﬁ“&%ﬁ*m ambeR] ai m 1, wherein step (c)
¢ONPr i SRENS YO fdrfitdg al Fedtidd ﬁﬂﬁu‘?g lih ncﬁe t(lgE(gwn@CEﬁélrgbeﬁ, the reaction

neutral nitrogen species to the grow er suc
fHxiure centpipimga spagees el i grakp Il wgiah thepéc cambhr & reacting with the

ditfeh &§Fed; r t region of . t.he _obj ect,

al é’% ag%%%\r/}%t attoaj?o‘ls:lﬁ Indo%rgl'l %(gﬁgulglgttagmt?%f F‘i})nfwe}%?ﬁ?bé’na film of group

Hﬁ@lmetalnllllmda @mﬂgaeh@te%jﬁ@gs .g'ﬁmlddOurﬁlSer co@titio®Ngh&eby the film is
L ne containing the object. 18. An apparatus

E%ﬁa%be?fg\?md%vdceaplﬁpgﬁﬁ' (1) metal nitride filmby renote

p9.as maThe afyaraedofdiam R ifurtapeshpagresi tion, the

g@gar t us cciggéi sing: WO 2006/ 034540 PCT/ AU2005/ 001483
i By caniGollihe Fhectisisu i (o proarih Shpmaber isdhesmed of fiom about 0.1

The t@hs3iR 10 AR cﬁirinr@%lpexfatian,%ﬂg’l? HaffHe gﬁ{ﬂﬁg %i‘f‘%\?\f%@ @ce purposes.

conprising a buffer T'ayer 1ocated I
Ehanbethe grpprajuseiplaim 15 futhet comptising:gr owt h chanmber to

W=t ' ' 5 f . \
peals SonmurmBuy drOyherRHhke Bulrt, hfest PEE alfnrrated in the
piragemplasma v gaaolrmg ﬂmﬂlb‘simtb ¢ With) a mean ﬁc&gylgﬁgfeate_hﬂb&n or equal

rtz 111 ca ron njtriqe an elng In
e $8ha 3l or B¢ e R i Hlctond B o Brof the group(y
meahsitede filng saclsthaehefith iaaliabR L purposes.0gen

eci s odu ed#' gl,a ni %ré&gen pl asma renptely | ocated
? om ?ﬁé PPBIR oL LBHANBEICE ePmIésiRg owt h chanber; (f)
Me@Sof 66ntfoPlidB M prtlad Bresbul 0%%%%?‘?111'@6 Gt rcﬂe)%lgesr sg?h that the

Irglharrbe_r, the reaction mxture C alning a speci
n’gl%lﬂblti PR OXY Bt ﬁq’nophfmthnsbftl@‘peﬂbbet b6 atemit%,nmmchithdt the film is

&ultble for device purposes.

22. The apparatus of claim 18, further comprising:
means for generating the nitrogen plasma from nitrogen gas comprising impurities less
than or equal to 10 parts in one billion parts of nitrogen, such that the film is suitable for

device purposes.

23, The apparatus of claim 18 wherein the heater is a resistance heater comprising:
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nitrogen species so as to forma group (I11) netal
nitride filmwhereby a filmof group (I111) netal

woRaoeiogs4on t he heated object is . formed undePCT/AU2005/001483

conditions whereby the filmis_ 15 suitable for device

pur poses. 19. The apparatus.of9QIain118, further

conprising: nmeans for controlling the pressure in the

growt h chanber in the range of fromabout 0.1 Torr to
adnoalectiiOallioresistivei hapeopaiing iaonyppsochrfapat theheasti baing gnade of or

Sq%g%pa,“lgllf% af @%ﬁeﬁ%&;&g@ﬁ_&oﬁ%@% &IO‘LILP c%ns;gp 1§g ?P&%ﬁgssgd Bgﬁlculate nitride

Sothaitbady dfokron, @ﬂﬁm ot alﬁ@ulﬁﬁﬂhl oreombhianaﬁs ﬂhBlteDf) gﬁdl
SpeCI es ener te In the ni tr.oge asna ro
DeHna et et PALES Taneh S riaan (1RGO Bt Sgpeistiop therewith and

tdaﬁ{brﬁfngeﬂyalecmka B&d@@ma ﬁl@ﬁib@lytlﬁi hhm 1Oigi Sttide! ddacted such as to
metal nitride bo uring roup(l1l)

0
resneriaterhaat piben ﬁuqurrpntsm@wsﬁﬁr@pgh fe hqatlm 2 Flpmep, tudigréin (g member is
qﬁgq 5¥0rg&%gﬁ§%§mﬂg$éggpe apparatus of claim 18,
“her” ¢o ans for controlling the
r%r ti alA grepsililemefal oitsidrefiln whieteethg fiduw dxhitita b ey sencepncentration
2 52@ fi exhi bits an oxygen concentration bel ow
B 2%13{ fic% such that the filmis suitable for
dE)VI ce Thergrosedll) Zidtal Titeide fipmroditclain @4 grbwn iy Temote plasma enhanced
$§the conpr.i si n neans for generating the nitrogen
ot @WE'VW%HWHFWﬁgg@n gas conprising inpurities |ess
38yt hanriQrgr, 8&5‘@11%%%\1 QitRas Eﬁn o claihg 20 hletedin tHe e linScodprises GaN.
nitrogen, such that the filmis suitable for device
pur poses. 23. The apparatus of claim 18 wherein the
heater is a resistance heater conprising: WO
2006/ 034540 PCT/ AU2005/ 001483 96 an electrically
resistive base having an . upper surface, the base
bei ng made of or conprising a material selected from
the group consisting of conpressed particulate nitride
or carbide of boron, silicon or alum nium or
conbi nations thereof; and a heating el enent | ocated on
t he upper surface of the base or in association
therewith and 5 conprising an electrically conductive
menber that has a resistance sel ected such as to
generate heat when a current passes through the
heati ng el enent, wherein the nenber is nade of or
conprises carbon fibre. 24. A group (I11) netal
nitride filmwhere the filmexhibits an oxygen
concentration below 1.6 atom c% 10 25. The group
(111r) metal nitride filmof claim24 grown by renote
pl asma enhanced chenical vapour deposition. 26. The
group (I1l) metal nitride filmof claim24 wherein the
filmconprises GaN. 15



