WO 2006/034540 PCT/AU2005/001483 METHOD AND APPARATUS

FOR GROWING A GROUP (//Q METAL NITRIDE FILM AND A GROUP

(U) METAL NITRIDE FILM Technical Field The present invention relates
WO WG \ing of gallium nitride, indium nitride and 5 alumifiaRhitFifg 01483

films or films made from alloys of these. More patrticularly, the invention

relates to a method and apparatus for growing a film of gallium nitride

using a remote plasma enhanced chemical vapour deposition (RPECVD)
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interest in gallium nitride films.

Gallium nitride films can be grown in a number of different ways, including molecular

beam epitaxy (MBE) and metal organic chemical vapor deposition (MOCVD) processes.
25 MOCVD is the deposition method of choice for achieving films of sufficient quality for

LED production.

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

disadvaniage that it has fo be operated at a iemperature of approximately 1000°C. Only

materials that are capable of withstanding the relatively high temperatures, such as
30 synthetic sapphire, can be used with this process.

Remote plasma enhanced chemical vapowr deposition (RPECVD) is another growth

method that can be used for growing ﬁlms. of Group (I} metal nitrides. Where the fiim

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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MOCVD process and enables the reduction of equipment costs. Another

advantage of the RPECVD process is that temperature sensitive substrate
Wipateriatdtore closely lattice matched to GaN, such as zind&Xid& ¢4 Hids3

used. While RPECVD, by virtue of the remoteness of the plasma source

from the substrate, is 5 widely believed to be a technique that avoids film

damage from species generated in the plasma, the inventors have found
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In PCT/AU2003/000598 a process for manufacturing a gallium rich galiiﬁm nitride film
is described. That process is operated at a growth temperature of from about 480 °C to
about 900°C and in an atmosphere in which the partial pressure of oxygen is less than 10™
Torr. Although the very low partial pressure of oxygen in the process described in the
aforementioned publication already contributes to the production of metal nitride films of
improved quality, such low partial pressures of oxygen generally require a reduction in
system pressure during growth to achieve a low oxygen partial pressure.
The conventional RPECVD vprocess suffers fiom the disadvantage of oxygen
contamination caused by oxygen remaining in the system affer evacuation, even down to

a base pressure of about 107 to 107 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 release of oxygen
atoms from the WO 2006/034540 PCT/AU2005/001483 3 walls of quartz
or alumina containment vessels and tubes that are used in this process for
VRaleeHAMMent of the plasma. This presents a problem in tRaf/d}@{05/001483
oxygen atoms are liable to be incorporated into the gallium nitride film,
causing the film to have undesirable properties. Oxygen is a dopant in
gallium nitride films but may also segregate at high 5 levels during growth
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This chemical reaction naturally depends on the type of plasma and the material of the
containment vessel or tube. The reaction can be thought of as a type of displacement
reaction wherein oxygen is removed from the structure of the vessel and replaced by
nitrogen.
An investigation into the possibility of the passivation of quartz and alumina containment
vessels and tubes was reported by Buicher, K S A ef a/, in Studies of the Plasma Related
Oxygen Contamination of Gallium Nitride Grown by Remote Plasma Enhanced 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 nitrogeﬁ or ammonig plasma,

depending on the type of plasma required to be used subsequently, for a prolonged period



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 WO 2006/034540

WPEMHI3EE05/001483 4 of from about 24 hours to several dHySAWAEYE04H3

ammonia plasma is used to condition the vessel or tube, some alumina
molecules on the surface of the vessel or tube are converted to alane
(AIH3), an unstable species which decays rapidly in air to form alumina
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gallium nitride, wherein the oxygen contamination of the gallium nitride film is

minimised. . '

In a RPECVD system a film of metal nitride is grown under partial vacuum in a
growth chamber, using a reaction mixture depositing the metal nitride from reactants such
as amnmonia (and/or nitrogen) and trimethylgallium. The film is grown on a disc shaped
substrate that is locaied 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 10 Torr, while for RPECVD the pressure may be
about 0.1-10 Torr,
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about 0.1-10 Torr. WO 2006/034540 PCT/AU2005/001483 5 The
substrate is positioned about 2 to 3 mm above the heater. Depending on
the technology used, the growth temperature may be from about 900C to

WE0RABHC or from about 500C to about 1000C. HoweveP G HEHIER 1483

desired growth temperature of about 650C on the substrate, it is
necessary for the heater to be operated at a s considerably higher
temperature so that heat can be radiated to the substrate from below. It is
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may even be damaged at a stage prior to growth w?éen the rowt}&s stem ,
iSCarnnEARR YRS %%I#&%%W%W%g ﬁhgl§§ rides are grown is
efpitanmenia@icng dinogiieve cCanvintianahheatergegnvtigings very harsh on
resistance filaments.ma r r
B R S A e of e
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can_bum thr n they. short- circuit becaus metal deposited .
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embrittlement and expansion or because the metal evaporates and
cHifiénses between windings, causing short-circuiting and overloading of
sheft-eingstite iyiaeingsapAishprecialiable firatenthandtheSehehtersofungsten are

hich. the, heall X t . as used in these
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nee 6m‘metal nitride semiconductor growths using
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dicleclic base made of purolviic horon e 2pd. 2O ST from e
metalorganic source gases or from the windings themselves which may undergo some
evaporation. The resistance wire fails ecither because of metal emﬁritﬂement and
expansion or because the metal evaporates and condenses between windings, causing
short-circuiting and overloading of short-circuited windings. A more reliable heater than
those heaters of which the heating elements are made of tantalum or tungsten is
accordingly needed to perform metal nitride semiconductor growths using the MBE and
RPECVD techniques.
Another type of coﬁventional 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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pyrolytic graphite superimposed on the dielectric base. US Patent No

5,343,022 describes WO 2006/034540 PCT/AU2005/001483 6 a similar

heating unit composed of a dielectric base of boron nitride and a pyrolytic
wgragidite4ienting element encapsulated therein. In US PaterRONGAU2685/001483

4,777,022, an epitaxial heater apparatus and process are described. The

heater comprises resistive windings locited about a core comprising a

hollow cyllndrlcal S tube portion made of boron nitride, pyrolytic boron

nitride LAt I S
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According to a first aspect of the invention, there is provided a process for growing =

group (III) metal nitride film by remote plasma enhanced chemical vapour deposition, the
process comprising the steps of:

(a) 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;

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

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

(@) | 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 (1) 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 purﬁoses.
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whereby the film is suitable for device purposes. WO 2006/034540

PCT/AU2005/001483 7 The substrate may comprise a buffer layer

located on the substrate. The lattice of the buffer layer may more closely
wmatohithedattice of the film than the lattice of the substrate. PGroupgidpoi4ss

metal nitride films which may not be suitable for device purposes may

have large defect densities as comparéd to group (l1l) metal nitride films

which are suitable for s device purposes. Group (lII) metal nitride films
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es as compared to grou%p(élel) metal nitride films that avedbt()een.tr
dreowrersingoitr gt i RErerEs enigeRPIdsHa qaged by nitrogen
sypitahly fow levehebimpluiiesprior to growth of the group () metal nitride film as

compared to gfoup (ITI) metal nitride films that have not been grown on a substrate or
buffer layer which has been highly damaged by nitrogen species from a nitrogen plasma
prior to growth of the group (11T} metal nitride film.

Group (I1I) metal nitride films which may.not be suitable for device purposes may have
been grown without first passivating a tube used to contain the nitrogen plasma as
compared to group (III) metal nitride films that have been grown 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 nitroéen to generate the nitrogen plasma which has too high a level of
impurities as compared to group (IfI) 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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Group (ll) 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 WO 2006/034540
WRCT#IZB05/001483 8 (ll) metal nitride films which are groWwvat@05/001483

suitable pressure in the growth chamber which results in a metal nitride

film suitable for device purposes. Grouﬁg(lll) metal nitride films which may

not be suitable for device purposes may have a high oxygen content as

PaEd f9.dreup i metel nivige. fims which pre suitable for, s devicer
;@r%oses. P:‘roup metal ninde Hims whic hay ot be suitabl&Tor

debicle rpesobes st miNée BleuiEblvriin daviganonpisese containing too

hegb A YEER! AR RISSSHERRSEO RN S Il QP S ALEAS: have a
%?ﬁg which are suitable for device purpgses. Group (lIl) metal nitride films

RSP St BIP FE BB o Bt e T st pycaitable for
abrvipapseptsggroup (111) metal nitride films which are suitable for device

RERSSESYRICH DAY RS REMARRVEHNg BRI %@t@émaéirggﬁ%%n%?y have

which may not be suitable for device purposes may require

AR SRt proR B e P P RAGHBG I DisherR or B BAvHal winges compared
switable (BildevisEnfireosesswitich Mmeyuhesefiteat @d@iﬁ@ésatl) "

ling-.step. .15 Gr [ metal nitride films which may not be suitable

e R e AP SR B B oy be
eRfibitiagchy Semegieh csaur Uil vhalavtedstifloktvdigtoars (iitabletdbr device
Ritrisesetkpn by metalnisidedias which may be suitable for device

pUrpos mae}/ ie, taflgnitri e films which do_exhibit a_crystallographic i
OB L R P PO PR 96 SHEEA s 55 GHEP O etedeanize
ritriggifitorslvwinichaingystept e conijabie for gevied i) rpesd sonayebilngrovgich are
i SR the film |

ek Ups s G I A D aaHBIras oniTeL,

layer such that there is a large lat between the film-an
ﬁ&ﬁﬂbf%ﬁﬁké}lﬁﬁ%rﬁl@w@% PATeRaF M AmE IOV RN BpmReses may be
sttiapleTior deaticeuiposaBinayiichomuRad hisnetal aikdedimshic structure

where the. film.is grown sybstrate or buffer layer such that there is a
srirg\agﬁ%%{t%g Pﬁéﬁé‘{gﬁ% n 1Inaeﬁt}i%(l:sén?nl(laser‘natch between the film and the

Sorssm 1D oraseirmsiidy SHoG ol mamn beatuiiatiie finds widsi chuprespsioeb de metal

sHitaREok deVisein WRRsRS BoNAR eEaMp dHk-metehiinenberebihing o ()
fil%r?ﬁxh'bi s a columnar structure (M.A. Sanchez- 30 Garcia E. Calleja, E.
onroy

N 9. Sanchez, F, Calle, E. Munoz and-R. Beresford, J. Cryst.
Grovwpth(JI 88128, ig8B) films which may not be suitable for device purposes may be

group (1II) metal nitride films where the film is grown on a substrate or buffer layer such
that there 1s a large lattice mismatch between the film and the ‘substrate or buffer layer.
Group (I1I) metal nitride films which may be suitable for device purposes may be group
(IIl) metal nitride films where the film is grown on a substrate or buffer layer such that
there is a small lattice mismatch or no lattice mismatch between the film and the substrate
ot buffer layer.

Group (liI) metal nitride films which may not be suitable for device purposes may be
group (HI) metal films whereby the film exhibits a columnar siructure (M.A. Sanchez-
Garcia E. Calleja, E. Monroy, F.J. Sanchez, F. Calle, E. Munoz and R. Beresford, I.
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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Group (llI) metal nitride films which may be suitable for device purposes
may be where the film does not exhibit a columnar structure. WO
2006/034540 PCTUAU2005/001483 9 The film suitable for device

waurpeasssmay be subjected to further processing steps suchras/ sdopingg1483
annealing etc. Step (e) may comprise step (el): (el) forming a film of group
(1) metal nitride on the heated object ufider conditions s whereby the
measured band gap of the film is less than 500 meV below the

tablished band gap.of th [ | nitrid the film |
o o L e R oA A A s
féoping aviidating goup (111) metal nitride on the heated object under

it sured band gap of the film is less than 500
e e I,

elow the ed "to band gap of the group (lll) metal nitride and

thid Xilm istingote o segreamiipgsseh e P mBraid IBisRitgdar conditions
leastaneicondiiorapphesewhighico ititioniisselectsnd fem ok grtiadestablished

onsisting af: (i) the abiect is.located in, the growth ¢ er at a distance
et g B R R
rétsio (Eiman kehiprespiysh)plasma is is generated and wherein the
Reegsurerinthe arawth ebambernis Retyean aboy i Tost-anth;@hutidSconditions

Tarr; (ji) t tial f in.t wt is less than, .. :
R PG P R ATl A LRI G GBS Fbished

_tbmchgge d0tde Teyoup XTT) ToetaRGifidethedtesdiire is ﬁuéaj;ﬂ@_vs’idn dhénsbpurposes
&9&%‘?‘3%&0&&1& dosAnd.2nout do. ToRsK) NS BEESHHS RGP M Reicoted

amber is between about 2 Torr and about 5 Ton; (vi) a baffle or

idiPTeI e TR AuisdER 8En the object and a source of the remotely
lggated nisegeriplrnacandivipriantiesbis lacatedAthses ghowtho cm to about
champer al & distance of Shout 2Q,cM 19,800t 21:151%5@{1‘% QM I8 oen plasma is
remo%lyciocatecf hitrogen éFas%a.nfahe ﬁm mzﬁ}cbe par |0Lﬂary Suitable for
Lesdratid doRrviofrainl évideresgete a8 Bie BRWBrchvdet vVt Rieab@d mbgir and
bg&.pluerlsED 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
Bt TP R S e P B e AETE 2555 R A
gxitiend tlepedintainyent tilxjpaickhe pitregerhptdsms s fbemede 107 Torr —
W&H‘Ezgpr? object is located at a distance of about 20 cm to about 25 cm

om the exit end of a

(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;
(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.

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 distanice of about 20 em to about 25
om 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 cm from the exit
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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

waistntesdflless than about 20 cm from the exit WO 2006/03484802005/001483

PCT/AU2005/001483 10 end of the containment tube or more than about
25 cm from the exit end of the containrﬁ@nt tube. When the object is
located in the growth chamber at a distance of less than about 20 tcm

from the exit end .of t ntalnmentt e (e eé%veen bout 20cm and
a ﬁjt Ot?cl:m or d”'\f\%nen Abolt Z08M and'a b%uttgl ‘r}ﬁno 2if9hGHd of the

apRpEPEnentHabs. Jilssuhe nfhawb@ Sowtieih iththgonithottamber avhatistma of less
ﬁ'é%ﬁ@i@ofﬂm MAY Be grewiy yehesely e im f&ﬂo&{@agbl?etf\%éé!%sﬁt 20cm and

%poses in such a case the pressure in the %rovvt chamber may

RBF #aE PrEveH @nhedgromrd ebtithd wnbmgqﬂ?n?&%@% 17cm) the
between mbpde20ciarie 2hnmiamibe exitebd ohibel containmentigie gown
'%%Qé%l%er %%ﬁ%? éﬁﬂ%ﬁ?%&’%@%” f‘%? %gg"nd %ﬁ“tégégﬁa en.speg! g growth

from amaglng 10 grown o te.g it |s a suita

pFB¥hES hath Beghisher brBMSaresTIEe msﬂamg@mmcmhéhﬁ ﬁlrn/ob}ect is

Sbdfrbeir dpotite20EawiRd cirmbesmak b s uikable e aogistanes: REBWEE Rrder to
ZO%m 17cm althg h it will be ggﬁ)rec§§d t at a swtable era ing

eSS &orage AL etfl e ré‘%§ﬂ‘?8”v\ﬁﬁ%ée§d antaging the film
detesimipe dhigyolsrpesigneht)- Sibre nsthesuitibl isdonsiteth |ﬁ1mg:egmﬂwthamber for a

chamber at aistancs ahmose thap1a 499%3@&%59{&%%%@%&%1@ for a

the contaénment tube (e. fc between about 25cm and about 50cm or
ORISR BESGED sClPah P R0 BRSO e ki camseiaifdaiiatap sHitale operating
b@twma 2&0pa andwdtm) the psesstine npaydieesuall indbe g5ovdhdetermined by
SENSERRY ale@%te%k alyjde. {?n Rl cvxm%gregsgﬁhsﬁe fc"er%more then
suitable for' device purposes (in such a'ca e pressure in

c%ﬁﬁbéﬁ RyfIgEtee Seith ek Gt f#aﬁmnmmmﬂmé presséuge lz@wmm@w/ﬁﬁpm and
chwyrbsnahen Hesfianlabirectishetnacihahodd AP sad CTsHaMdNSocm or

e%% end the co % ent tube in order reduce i |sed tro

B N I o PSS ST B (S E FHAY Slgqper whereby a
e mts@ﬁ]mb@%m whméa}gﬁm/\ﬁtn"ctsaﬂmltﬁéﬂddmaddxstampoﬁes (in such
2Dex0:2emdheR 13RO T IRARS AIRWER SRAmDRL MAY-NE Ruliakiedor fe pressure

distance between 25cm-35cm although it will be appreciated that a

st e Godimpe sraes e ﬁéﬁé%gfvve LW BT AEdstrefiom the
nedtdodoef determinechdy ebpatindatioAdiabieionivmpealtesgmnysbéics and neutral

%(%ﬁg%gnb eenél‘cl)% %’1%% ar%déheﬁ%ﬂtg pd; 9f3ﬂﬁ" CO?sFaeltnm tlteué:v)%ésure in the
eor I er may cate e weertin near pI'OXImIt

188D ﬁbagkhmfﬂi frEsisacent2orme Tontamnietaute t@@@z@@(@t}améyr may be
CAMDISTHERIKOR between 25¢m-350m although it will be appreciated that 2 suitable

operating pressure range ag well as the optimum pressure will need to be determined by

experiment).
A baffle or impeller may be located between the object and the exit end of the
containment tube. The bafile or impeller may be located between in near proximity (e.g.

0-10cm, 1-8cm, 1 to 6om) to the exit end of the containment tube,

~ Step (e) may comprise step (e3):

(e3) 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) forming a film of group (lll) 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 (Ill) metal nitride and the film is

WeLathbE £6t0device purposes. Step (e) may comprise step (2Z)TAG005/061483

2006/034540 PCT/AU20051001483 11 614) forming a film of group (l11)
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

(||064)1?ta|fﬂt[iﬂ&'ﬁﬁ(g gnmﬁhegiIgb@%@?&@ﬁﬂ;ﬂﬁ&%ﬁ@ﬁ@fw%%@é&% W@Yeby the
comprise.step.(e5): orming a of grou metal nitride wherein

tha Fhets isa’s%ilgcaigeasff%mﬁéisgr’lr%ﬂb %@Ws%&iﬁ&%f%ﬁ‘m Ciffifalishge band gap of
coralErsaadiio frgetl umitrisie doad dinei filonis suitdieinatncebyaltism and
inﬁéﬂeﬁﬁé}“&@iﬁﬁq&ﬂs@ﬁ@}!m and aluminium, and a combination of

gallium, indium and aluminium- on the heated object under conditions

wheleby RETE 1T SR ESHIIE AP PARRe (BRI e theis) ésslected from the
device pmrmse% i Stjpife), rﬁmyﬁaﬁmprifzefﬁa:at(@:ﬁ)@ffe@aﬁﬁamiagda filmplum, 2
ar 11): me Itride rein the metal is selected from the group. .
e oS F I s, and o
corphRaism of gealiiva.aiadinmiand, eleminimagorihsf hegiednokjrgt under conditions
akymRiRBIIh NG A s GoRRiBatinR Ol iBdia a0 L RIHRIRIH AL QBB  poses.
hg?gegg?eb#gct under condgégc?s is whereby the film is a semiconducting

filRRAE (e HIRR SGiItAHEHt device purposes wherein during said ,
folehing afdmﬁlmmW dppliestlmdhdontitien ibselerla stionetiom the
ORUR,CRBRIRIRE, Ofr (R MR APIGREIS] 0cAtGH R 1RgArQ) tl%eﬁﬂ@l@ ba%rdataﬂlminium, a
distance of about 20 €m to about 25 cm from where the’nitrogen plasma

eSRDBRAERINIh SHIERRRhineyen plssmbainetion gériaratey addalmeinimp, and a
thexpiesstive T thaigiaythdohambenishetveesrmbeuickitonsac ahytdbaditions

Torr: (i partial pressure of oxygen in the growth cha bﬁlri less than
e R

tHeheipigedroneTemd. foomIng Gfr 128t (Aethengites aepiresheiisb et ditiam beselected
isthefweeiabosinkidigny and about 15 Ton; (v) the pressure in the growth
chamber s between_about 2 Ton and about 5 Ton; (vi) a baffle or impeller
istE} cateat%e %}Sgﬁ%ﬁ%‘%’“ﬁj&e@[ B8 %ﬁ?ﬁ@rbgetrh@ PeHRETRRS qé&%?&ﬂzopcm to about
nitfogenipsias miagrarible(vitlr dgenobiet assotate chiothéngwdivthn tthanthereatfasma is
distp06ePLAR QLY LI QA0 in the growth chamber is between about 1 Torr and
about 15 Torr, )
(i1) the partial pressure of oxygen in the growth chamber is less than 107 Tor;
(it) the partial pressure of oxygen in the growth chamber is in the range 10™ Torr —
1ol 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;
(vi) a baffle or impeller is located between the object and a source of the remotely

located mitrogen 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,
Step {e) may comprise step (7}

&7y forming a film of group (II) 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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so 25 cm from the remotely located nitrogen plasma. Step (e) may
comprise step (e7): (e7) forming a film of group (lll) metal nitride wherein
the metal is selected from the group consisting of gallium, indium, a

WeoisiAAtieh of gallium and aluminium, a combination of gafiftkhEpe5/001483

indium, a combination of indium and alugginium, and a WO 2006/034540
PCT/AU2005/001483 12 combination of gallium, indium and aluminium
on the heated object, under conditions wherein the resistivity of the film is

betweanahowr GH004 andilQ4ehneiinArd theiilneisauliable fder conditions

device purposes.,Step (e y comprise step (eq); s, (e8) farming a film of
R B Ao B HEEh S GBI CIAL 15 e Ghg a0 the i
consigtihly Girgliicenpungtisen, a combination of gallium and aluminium, a

g%@gnﬁl&ﬁy@&ggggy{m% ngegjgjium, a combination of indium and

niim, and a combination of gallium, indium and aluminium on the
h&sted obRing RdiEhohe oresi Bl et Mty hsrrantisonapostolertet fom the
apebdPicoheiamp, ancgiltafimiisinmiakle:-dEnleeyiGE NLMEese S alefinium, a
yring;said orming,atlezst ong condilon applies which, condion ... and ¢
sefected iom thé&Grotp consisting of: () the object is Totatedh the growtn
cleamiiertiara ofsgahdersf wdoun 20:¢mitorativot 05 &m fropted/drecthevherein the

niﬁéﬁ%ﬂﬂ?‘_@?@@ %Hﬁ%@ﬁ&@%iﬂb%i@bm Bﬂ@ﬁ?‘%ﬁiﬁi’iﬁ?&ﬁd gedeiated suitable
and wherein the pressure in the grow;Q chamber is between about 1 Ton

Al 6D LTRSS R R B P P B OISR IF FRAGIRRgoPties which
chandbieomisslessdiad f-a0' 43 grofiigctiespagtiat pressure of oxygen in the

grawth Ciﬁ%ﬁ%&?&é@%&@ﬂ%& St Dt e b ORIV NG RISSSHRN 10 about
th cha

the’ grow er Is between about | Ton and about 15 Tort; 20 (v) the ]
presstrdpmnehgreihn BiENBePiSBatWEBnaaIsEiRmIT STRish dhepaiosengpiasma is
(Virachadflennd impelier s pratec hetiveerolhe ehjest@nd PesptdcIFINE Torr and
rera?oteky#[ocated nitrogen plasma; and (vii) the object is located in the

g

\?v% chafiber at a distance of about 20 cm to about 25 cm from the
refiiotely theatetahirogure piterarns Steprte)theiyoben prisssstep (€9)Torr,
(e@hforming R.fim pfEarPLd H)&%&&%fkﬁ@%@ﬁ%ﬁm‘ﬂg abigct-aadero Torr

conditions whereby the film exhibits a crystallographic structure
cH&ract&ffstic of the group (Ill) metal nitride and the film is suitable for
deéice putposessure in the growth chamber is between about 1 Torr and about 15 Toir;

(v) 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 2 distance of about 20 cm to about
25 cm from the remotely located nitrogen plasma.

Step (e} may comprise step (e9):

(e9) forming a film of group (IIT) metal nitride on the heated object under conditions
whereby the film exhibits & crystallographic structure characteristic of the group (1)
metal nitride and the film is suitable for device purposes. :

Step {(e) may comprise step (el (): ' _

(€10)  forming a film of group (III) metal nitride on the heated object whereby the film
exhibits a crystallographic structure characteristic of the group (111} 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!
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Step (e) may comprise step (elO): 30 (e10) forming a film of group (II1)
metal nitride on the heated object whereby the film exhibits a
crystallographic structure characteristic of the group (lll) metal nitride and

W a0qiK348¢8uitable for device purposes wherein during said ¥6fridiHgpef/001483

least one condition applies which condljglion is selected from the group
consisting of: WO 2006/034540 PCT/AU2005/001483 13 (i) the object is
located in the growth chamber at a distance of about 20 cm to about 25

cmyfrom whess dbe MyQgenPIASTHARHSH a6 o inWhich BE:PIEe98Bm to about

plasma is generated and wherein the pressure in the growth chamber is

betvEBRBb HICTO FRRAHTESB I A% SIS, giff#a i (hishe Sy pitigeen plasma is
oxygentyl thel gravthinctharphesise |asththand 4okl havpartiabout 1 Torr and
press %qfogz_(ygen in the growth chamber is in the range 10A Ton - 10™

I
Ton?lzlv]) the pressure in the growth chamber is between about 1 Ton and

alfdut 15 themartia) tespresel neveerHa Grosvevenahamberdvesnien Motoe;
Tomand ahopi-sal by raRaibe arimpeleniciceaedibelweentbe 10 Tor -
ogj ¢t.and a source of the remotely located nitrogen plasma; and (vii) the
object $MBcated in the growth chamber at a distance of about 20 cm to

alfpuit 25toepfessnrthie fesmosihlcoatbed: nithogeecplssmial Stepate) apayt 15 Torr;
comprise gen (elhy.is (@l Lr-Snmiag. Al ebareup Al meiahilide AR Mfor,

heated object under conditions whereby the film exhibits an oxygen
coHeentratiBHiiesrtHapeTSs istinerta bt simdhaintist fild fssoufcné fiy remotely
deyieepuiposesyiaien;(@dnay comprise step (e12): (ell) forming a film of

group (II1),;metal nitride on the heated object whereby. fil ibi

T, et R s R A G AR AR L L AR U o abons

siitabielfor Hevisapeiplosesqunsram it -said forming at least one
canglitienapplisswhichegoandifion is selected from the group consisting of:

(1),the object is located in the growth chamber at a distance of about 20 s
A ab BB R R Th TR GBS S oe conditions
whibérdhe thitridige axbiaema isx R eneamizdion devstbasih. Grqoress el iwherein the
thﬁlglr%vgg;tg&g%p%gcg%%%gsabout 1 Ton and about 15 Ton; (ii) the

partial pressure of oxygen in the growth chamber is less than 10°4 Ton;
(il R D ARAKICHFRFARF &8 Gyden in the growth chamber is in the range
1Q41Fpn -forming a film of group (I1I) metal nitride on the heated object whereby the film

exhibits an oxygen concentration less than 1.6 atomic% and wherein the film is snitable
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 ¢m to about
25 ¢m 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 167 Torr;

{iii) the partial pressure of oxygen in the growth chamber is in the range 107 Torr —
107H 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 Tor,
{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 Ton; 30 (iv) the pressure in the growth chamber is between about 1

Ton and about 15 Ton; (v) the pressure in the growth chamber is between

about 2 Ton and about 5 Ton; (vi) a baffle or impeller is located between
wWihaloieei«dind a source of the remotely located nitrogen pl@§iHaLapd 001483

WO 2006/034540 PCT/AU2005/001483, 14 (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 (b) may comprise step (bl): (bl)

pregycingiactiye-nputialeitio gies SpRHeSIMBARIC0E8: 188 BTRRSHOE M to about

Io%;lted er fr%m the0 [ V\fgéac%ggmber WhFr%% the plasma is generated from
Ni ro%nén {g}%%s %rr%ansﬂg mpufﬂf@%gf’éls%%an’ or equal to 10 parts in one
bifliem (barteoémitrvigenteBidp)(c) may comprise step (ci): (cl) transferring

t% 1"3“'V%Eb%%ﬁb‘ll&?&eﬂeﬁﬁgﬁﬁé&geﬂ‘5:95%‘@’% ﬁhﬁ'%%%ﬁ \ﬂ?aﬁna remotely located

containment tube, said containmenttube comprising a fube selected from
{HECGH S0 ST8 ErRIEHTRGToF AeSiie ADfLPIaS AP ER AR JrRPePBER eFp iR famprising
tubeysaittt e ihaviogegnartoal patitisank billite pep Enistepefa’) may be
performed, step. (& ISNQg: (a") contacting at least a portion of the

in%%% Qr%ﬁﬁﬁ%&ggﬁﬁmm tube with a nitrogen plasma at a

pfekbure BITHERIRBJhE FOHT APErh TR 2WOSPeRicaria féeazpuiibdchenger via 2
abesthihenst tbE0QN0Wshiing:EANtAtiNsuallAssaPAIORAEIRG IROST the group

surface.of the cqntainment tube wijth a nitrogen plasma caus;j tleasta
o SIS BRE b ATES T i ABFRA IR e 15 EEP M R OERG GRE G o inner
themfigogen plasma, whereby at least a portion of the silica is converted

Inge, & $PeEiPEhatfeps gt B%'?MQ&W%@%%E?‘SGS less

oxygen atoms at a pressure of from about I0'm 0 about 100 Ton. 20
€é3 (c) FRBFACHRBASE ST R OS) aierd Atigitte A chiv amsifrgent tube with 2
nitiegesm spenesta hesgoondh fhanbeart JUch Teat itheb aativeoriittratd for a period

it i ' t ion. bject, al
N T

degedamenh tribaiiglenimeenmiaiesarainmgitres faatzs Atdbedifigs in the

to.aneambodimentotdhe nentiopsdhesadsPYigded 2p0eass faneraWingleast a
y. remote enhanced ihemical

a_grou d‘é [) metal nitride film : E).Ias a _
VADEE A e PSEREE TG TR G -Shdaher i dispsioms: o
setésted feonothgegmopcarsistisgrefod Sobsthate ahdideubsttatet 100 Torr.
Step (¢} may comprise step (c2): '
(c2)  transferring the active neutral nitrogen species to the growth chamber such that
the active neuiral 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 s
right angle with a plane containing the object.
According to an embodiment of the invention, there is provided 2 process for growing a
group (II1) metal nitride film by remote plasma enhanced chemical 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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comprising a buffer layer in a growth chamber to a temperature in the
range of from about 30 400C to about 750C; - producing active neutral
nitrogen species in a nitrogen plasma remotely located from the growth

wehadisrs4transferring the active neutral nitrogen species t@¢Hesgrovitpr1483
chamber; WO 2006/034540 PCT/AU209§1001483 15 - forming a reaction
mixture in the growth chamber, the reaction mixture containing a species
of a group (I1l) metal that is capable of reacting with the nitrogen species

SO M%@%@cﬁ&ﬁ%&%ﬂﬁté{dﬁfmﬂimmﬁg therreiRgon ftixRtgwbRining a
(111) metal nitride on the heated obj ectbbjﬁé)fr conditio tgwhere

FRERSTal BTG ATOMHA AT 2 FER A OGRU k0 HERRE AR so as o
egiablispedhan) getplofithéedimuyedt)) metal nitride. The conditions may

COMRRIIRG gfjaeﬁ?m%%ﬂ ddft%“%%%'@ﬁ&ﬁ?d@%ﬂ tﬁx@ Qraup %}&?tmepfc@ldmons

at a pressure in the growth chamber; (il) wherein the object i$ located
tHreEhgrewtihe BeABErhbad s &f e i Fﬁﬁ%g@@ﬁ%é&&éﬂé&’t?ﬂow the
regigslikhiiehthe Mg @foig Fla matis gaﬁwﬁfated (iii) wherein a baffle

0 peII r.is located between the ob ect an sou gl t tel
g%era e fﬁe Ritft %ecr?%%lssr%g ?l\c/’f ﬂ% ecr%%eFf'i%s'reseo C%wlésfbjné% gr%§ )éonsmtmg

. gnﬁﬂfﬂﬁthmwean dhe proreth ghiatisre Sslreherebxyerepbitcihe @e@mm the growth
chpmper .vhgtebydhe meastyed band.aap ahibefilaislass ameRew nitrogen

500 meV below the established band gap of t ? g i%p %%%metal n trld ¢ and
iSPRTE S SO B H R gED B B AC ARy B RS &SR Ev8H i ject and 2
I&ﬁﬁﬁbﬁmadbﬁlﬁeﬁﬁﬁeim gdfclesstbhart@igen pBShaEV) ﬂbs@ﬂm%&b@lﬂﬁmbj ect in

fﬂfg rﬁ‘%{/ %&ut&@ e\ﬁel%ﬁﬁiih%%%%t&o&gg%}(’dﬁﬁetrg?@vﬁﬂoéﬂamber,

esst an about 150 meV, less than about 5 meV, leSs than

abdereby0thsevassysed Beaf MR SETTENR UEIdFHRESERBHE IS Bamy below the
g%&&ﬂiﬂ@cﬂﬁ@h@&ﬂbﬂﬁ%@ﬁﬁ@ﬁlﬂrﬁ&%&ﬂwed band gap may be

500-400,.20 50 500-200, 500-100, 500,

SOOI ADEA G BRI JBD.IB: BB 151 AS0Ad Abb AR 0brpn <o 400
ABGYOBs4 G0u80hA0GHD 00 B6s 10 at@u&@@ﬂsmeﬁ’o@whww 250 meV, less
3%&%%9@&%@%\BQ&§QQH%QQI§Q7§Q%01§Q%§QaﬁQQ 1£h 139,@'3@53 than sbow

300-20. 300-10, 250-210, 250-200, 250-100, 250- 0, 250-5

2882495 lrsihaneRow, L 98HTY soesan ﬁ%@%@ %%;gfgav %oﬂﬁ%%ﬂ‘shed band
2Q@rS86E BR0:FA20)6AADGiA:2 (h80;25128DbE0] P50-120 bESR:HGeN 500-400,
1%@&%@&5%§g0%,080%0155505&983‘5906%01%@@96 156528, é&PabO’sea 20, 500-10,

100 70, 100-60, 100-50, 100-40, 100-30, 100-20
800586 70360558, H0o80 606496 b A G545 0, 400-20,

62@0; $5380.260; HA06L04B085-40), THr45, (3647 308 ¥ helovahe300-30, 300-20,

esalined 518! 928.958NS 4B, (WSbIBE's0-60, 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, 65-40, 65-30, 65-20, 65-10Q, 60-
40, 55-40, 55-45 or 53-47 meV below the established band gap of the group (1II) metal
nitride. ' ‘
The measured band gap may be about 500, 475, 450, 423, 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
(II]) 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 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

wihgestsiiished band gap of the group (l1l) metal nitride. TheQresERINESMH1483

the growth chamber may be maintained during the forming of the group
(Ill) metal nitride film in the range of abd§t 0.1 to about 15 Tort, 0.5 to 10
Ton, 1 to 7 WO 2006/034540 PCT/AU2005/001483 16 Tort, 1.5to 5 Tort,

04 Torr or 2.5 t0,3.5 Tart, for le. rti S
A8 TR SRS IR e e ppisbaee At R o
104126108, tiegpo il ehember 12eY ber lese 8y td AndPer Khnbbtiniént &8 107
th@in,vpmﬁQﬁn,lmér@‘j&provided a process for s growing a group (Ill) metal
nitride film by remote pl a enhanced chemical vapour_deposition, the
AR SEBRBPTh @A AP SEIC eIt i HOmCre baeess or
censisting efaupuBE)ratetandimide fitnaby womprripingra sulferded/chimigal vapour
g Ogggtghamg%et&(%tﬁ@@&@tﬁ{g%ﬁpgﬁrange of from about 400C to

abou

t 750C; 10 - producing active neutral nitrogen species in a nitrogen

ptalfAENG ATb RRiPR Calet HoRPIREIE SRR CRANHBE Of anUBIHAG GRe! a substrate
agtivemesirabaikegerspecigswihttiegtevs champbetyrdaringaeadlion about
m#'ébgg:tin hetgfg)e{g&q chamber, the reaction mixture containing a species

of a groﬁ)ﬁ‘%ﬂb metal’that is capable of reacting with the nitrogen species

semoduciixe foriy angrsab i) gere taP pitF HRAf IR O&R] pla%ﬁapfﬁﬁ@cgeﬂwnﬁ)gqted from the
oERLR hmetal nitride on the heated object at a pressure whereby the
measured, band gap of the fjlm is less than ?b ut 500 eé/ bgloyv the
estEBRSHER SNPGRS HAEThEPEHSS po(ﬁ]‘f %8¥‘éf1i?r’?1az§/ﬁbeergallium. 20
Théopasiton ehthenptasmaegeniragrgyt givnrbey lchrthetivitr ogainysiaomaining a
Isﬁ?gc@gsr %E?adglrcgl %ﬁ?}t&éﬁ? ﬁQ&%EEa%}Q'&ﬁE&&iHQ Wi L IRELHTORERs so as to

plasma exits a rgg on In which the nitrogen plasma is generated, and the
plessrERPHEGBw BhEdssEm e be such that the active neutral

nitrRaemsReviesgeRrEatad) indhe niagnegenasatidpbégion whickhureadiereby the
the object duri rowth of the film hav : d
oA S e o S S O bt 1Sk bund gap

(14§ tetdiimitride, or prior to growth of the film have a mean energy of less

than. Q- sgualiaakauibe bendwnergy of the buffer layer on the

S%%t%%giﬁon of the plasma generating region in which the nitrogen plasma is generated
relative to the object, the distance from where the nitrogen plasma exits a region inn which
the nitrogen plasma is generated, and the pressure in the growth chamber, may be such
that the active neutral nitrogen species generated in the plasina generating region which
reach the object during growth of the film have a mean energy of less than or equal to
about the group (III) metal-nitride bond energy of the group (III} metal nitride, or prior to
growth of the film have a mean energy of less than or 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 ebout
the group (111} metal-nitride bond energy of the group (ITT) metal nitride, but greater than
the thermal energy of the subsirate.
The active neuiral 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 may have a mean energy of less than
or equal to about the group (111) metal-nitride bond energy of the group
(111) metal nitride, but greater than 30 the thermal energy of the substrate.

WHdtadEfheutral nitrogen species from the nitrogen plasme(iay1gs/001483

electrically neutral chemically active species. In the case of gallium
nitride, electrically neutral chemically a]c ive species from the nitrogen
plasma with mean energies greater than or equal to about 2.2 eV may be

S e e e Al B o
ipbreasiRRrh cismoniaivA dh iSRG T B At 2R RiftFo e HiopRiiffia od the

eg%é;ar&eﬁf Qfid @ﬁw dﬁ@ﬁ&@f@g%nd@é%ﬁigwﬁ%gﬁmmedfq}me@mwm exits
the _pressure In the growth chamber. ISt e from wnere the ni e

P e e e
oljestef abbutRovb SSmmrabiptessurbivtRcigroand dmanbdieofand a bafile or
Egﬁ%ﬁ%p %Qé’t@%%&&geﬁ@ﬁje%%& 4kep @nebahafle, genites) :Eéﬂ&%@é‘iﬂe nitrogen

tween object and a source used to remotely generate the nitrogen
pRasRa b BRE aNBIMYST BRI FOP G Al reBt NG NP Miffde film.
ARrngeease i the disiancedianviehetrethitrnifengemsplasria exitgianégiwhich the .
in which the nitrogen plasma i, ge e e ohject, an increage th
inPreegurein the g%‘%%v{??e?o%c%ﬁm%%%c%gégslt %é%%m%egrrggfgmoliﬁcular gltow
colifsibrsitisssets chioamrs of seRarcanyisensdish s qlnnpral chemically
pé%ﬁ@@sﬁﬂé@@iﬁ%ﬁﬂ%éhﬁéaﬁ&k%@&@@ &aﬂl&?@ﬁ@a@bi@mﬂg@ %bdh?im&ﬁch are at
energies, so that the overall mean energy of the electrically neutra :
LR S B T BT ATy EC A e ey
am'ﬁ'&_speasiimsid naheshsEhofchittogaly mayrechtorod iaasyerPTvies in the case of

r | O¥; be-palancre: inshthadipiiesditetinebatanced
o%%ﬁé%ﬁﬂéfh&%%%ﬁﬁg|¥éﬁg%§%a||y active %?}%%ﬁjﬁat th‘ewelectricallyaL e

negaait he eI TaEmFe S S RSB SR MR GBS AIR) HHEYEIBrGFISC that the
reastineathaaeh ollagsdafonpRenpedetivesspedibsttieagmwith (@) metal prior to
participate in film, growth. The electri eutral icaly_active: . i fil
sf)eeaéli sgfr‘i‘)ﬂrﬁ1 R r%lsié[}lop g%f%itﬁ%%%@nﬁgg %%ﬁ%ﬂe@é rﬁ@ﬁﬁgg e in
algowt®.2 eV (which, in the case of GaN, is the upper mean energy of the

e*?gé“&@@%aeﬁwrﬁ%ﬁ@ﬁeﬂ&ﬁkﬁ%ﬁ?taﬁwmwﬂiﬁh q@shaigigefeg_mﬁlﬁaemm mean
Su strate urin a ro nave tneir energi U antl erov
g e o RS e SRR ISRl e o
onbiipedrrsritily baffites, chimgelbrséduseecine wWhteindssisihly seage the substrate
el%ll%rﬂc%na@éﬁ %&%&%@&“ﬁ%’ aciivespeciesiyndugingduwihese 8 reaching the
(o]0

Isions with low energy surfaces and other lower ener S species. In
oebsHfBIHRNESH CbPRRELiBI HiRBEN TR ,[r]@f‘éggﬁﬁ%asﬂ;‘? BURFArs reduce
chemigallyenergy of the electrically neutral, chemically active species by inducing farther

collisions with low energy surfaces and other lower energy gas species.

In one embodiment in connection with GaN film growth, electrically neutral chemically
active species from the nitrogen plasma with mean energies greater than about 2.2 eV
may have their energy reduced before reaching the object by (i) controlling the pressure
in the growth chamber, (ii) choosing a suitable distance between the object and where the
nitrogen plasma exits a region in which the nitrogen plasma is generated, and (iii) by the
simultaneous use of one or more baffies and/or impellers located between the object and a

source used to remotely generate the nitrogen plasma..
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active species from the nitrogen plasma with mean energies greater than

about 2.2 eV may have their energy reduced before reaching the object

by (i) controlling the pressure in the growth chamber, (ii) choosing a
Wehrbles¢istance between the object and where the 30 nitroBfeF 4la8pH&01483

exits a region in which the nitrogen plasma is generated, and (iii) by the

simultaneous use of one or more baffles &ind/or impellers located between

the object and a source used to remotely generate the nitrogen plasma..

WRLNARE 0340 MeC LihaRdal 91403t BASEOUIRG 16 BARKNGE o process for

odimént of the invention, there Is provided a process for growing a
gFBRIPing nastapritHyaomAl Biridmbte fadismcéh Riatedaohenrchrbapisal vapour
depasitinn, the prreasndelbding Hiesiaps of: - heating an object selected
from the group.consisting of a substrate and a sybstrate 5 comprising a
oGP L GF RO Bar 1t SHibSP LT EN Blet MBI, & subsizat
aboupridOC: fonflbolay 750G préd doimp erdive temptrahnitiogbarspeeiddiom about

afiyeeenBlasmapsemotely located from the growth chamber; -
transferring the active neutral nitrogen species to the growth chamber; to

ber; to -
for RGBT ABHGHIFHIR TR B PR Ch BHTBET laSTRA ERBRIshAled from the
cerdaitinbamispecies of a group (I1) metal that is capable of reacting with

the_nitrogen speci . r I itride film; and, -
o e e e oo
corfersavig 6frepafiiemininanmin dheorbithatrdarebalienicasiipal HEHimFoataining a
cQpakinabion abapltimmmaasl thix RUIL18 soRRinRdaRRRAIHRAGecies so as to
alyminium, ang s co%finagor@of‘ga@um, indium and aluminium, on the

h %{?@&&B‘f@&( REHTS: 1@thaéiréby the film is a semiconducting film.
Théocohgitionsial ayddmpris&omein thn oretdonditlorts s Eleotde: feomptisensisting of
9RO GONGIRHRY 2Aothhih A5 & B Gauihicha BEL i MAIEE Mhliium and
the gbject is located in the growth 20 chamber at a distance from wilere .
tHe oG AOBIREHIE B A %aiaﬂdiﬁwﬁiewmeaﬁﬂrwaw%ré@m% gallium, todium
genératedifiijmyhefeitha balelovbipellendsrlocaidiibetwebarthe dbjeclilm is a
and a oyree glto remotely generate the nitrogen plasma; (iv) the

te%%%écrar%ure ofthe object in the growth chamber; and (v) the partial

preasaradifiens gen romsigr eReIPE R ditinerasieee dinmdhe group consisting
SQJF{QO&!%}%BMH% 25 $rothe easat gallivmeritideeanseindiuptaiididethe growth
films and alloys theregf with each other anciwith AIN, the tilm.re%lstigi(%e nitropen
e S5 A AT AR TOM 03185046 HUGPE: SX1° BBOL B Db L e

olpiaser is generated; (iii) wherein a baffle or impeller is located between the object and a

source used to remotely generate the nitrogen plasma; (iv) the temperature of the object in
the growth chamber; and (v) the partial pressure of oxygen in the growth chamber,
whereby the film is a semiconducting film.

In the case of gaflium nitride and indium nitride films and alloys thereof with each other
and with AIN, the film resistivity may be less than about 10, 10%, 103, 16, 1, 6.1. 0.01,
0.001 or (,0001 ohm.cm.

In the case of gallium nitride and indfum nitride films the film resistivity may be between
10%— 0.0001, 16°-- 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.om.

The measured band gap of the gallium nitride film may be less than about 500 meV
below the established band gap of gallium nifride.
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In the case of gallium nitride and indium nitride films the film resistivity
may be between 104-0.0001, 103-0.0001, 102-0.0001, 10-0.0001,
1-0.0001, 0.1-0.0001, 104-0.001, 30 103-0.001, 102-0.001, 101-0.001,

We-gpB4841-0.001, 0.01-0.001, 0.05-0.001, 104 0.002, 103 E{EQGZI9 @Y 1483

0.002, 101- 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.

Wi PRGGIGRS40: BCTHAddR 005/00 148 3na010Re iftied hressureof 07, 10, 107,
gep,m ke han 10-2, 10-3, 104, 10'5, 10"6, 10'7, 10-$, 10"g,

%)Ylo g%.la%g?loﬁ%%orr. According to another embodiment of the

iPhFEATTERE the rapshstotmeledlisnpgrb sttoinyraiiing BefoispRInyidsdta process for

nitodenfiln Pywasnute plasmaeah anecsyChenicaMapR Uk AeRosHiicdN@apour

p({é)cc}%ﬁlsow %din%%gge. s&%?nofﬁ{ehgatirg}?‘ an object selected from the group

consisting o P SUBSIrAte andr a Sibstrate comprising a buffer layer in a

gréeatnghamplece selenpeiatarthin greapasigsisfifn abeutstt0O@nd 2 substrate

ARG, 5 RIAAUGIN G ACHS, PRI AIIAIOYRRSPESISR It 3RIEERS from about

plasma remotely located from the to growth chamber; - transferring the

- £HVE ﬁ%ﬁ?f%ﬂﬁ%&én species to the growth chamber; - forming a reaction

mpeutecing hetigeovethraehariyen thecradationitmixsd e contatnioely ispaeiesom the
oé‘rg\&g:ﬁo&%gﬂ)@rmetal that is capable of reacting with the nitrogen species.
so asto form & group (I1) metal nitride film; and, 15 - forming a film of

grsesiamne g asiive ey ahitrrasretP s de dhel sTocBh grsneeTivhereby
thefoﬁilﬂmxf i@#%@ﬁfﬁwmcgﬁmt%ﬁb@f,aﬁw&i&&i@ﬁ éﬁ@c@f&u&ﬁwﬁﬁng 2
metal nitgjde. The nditio ay CO Il one or more conditions ,

SRR e U S A PR oA PRRECTR TS RATGRGR dRecies so as o
dhambere i) Whersial thitridbjBltigideated in the growth 20 chamber at a
distanasdramsuinere she pitiegendiasmAR LS AEHONID Which heer conditions

nitrogen plasma is generated; (iii) wherein a baffle or impeller is located
DERRERY, the ﬁh}béﬁ%ﬁ&%ﬁﬁm Qa6 FERSHER Yerststistinehits garve (D

ptasahait(idy.the temperature of the substrate in the growth chamber; and

( éhc%ﬁcf}{}!a?a'sprh?%sé&% 1P f&ﬂo%%%%%@n@'&%@!ﬁ?&ﬁ%ﬁ&% I%%DE Wisting

exhibits a crystallographic structure characteristic of the group (lj 25

(B! Hitreressrx iajhaisferiiorh redesioh s dsaracieichiedfia located in the growth

ceysiallogranhia sir cltwewa bRy actalistieobihegreun d i dwetal Hilidehe nitrogen
plasma is generated; (iii) wherein a baffle or impeller is located between the object and a
source used to remotely generate the nitrogen plasma,; (iv) the temperature of the substrate

in the growth chamber; and (v) the partial pressure of oxygen in the growth chamber,

* whereby the film exhibits a crystallographic structure characteristic of the group (III)

metal nitride or X-ray diffraction reflections characteristic of a crysiallographic structure
characteristic of the group (II1} metal nitride.

The crystallographic structure of the film may be a wurtzite or cubic structure. The film
may not be an amorphous film. The group (I} metal ﬁitride 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 crystallographic structure of the film may be a wurtzite or cubic

structure. The film may not be an amorphous film. The group (I1l) metal

nitride may comprise GaN, InN, AIN or alloys thereof and may be a
WirartaitBGttubic structure or exhibit X-ray diffraction 30 refl@&ffohg2005/001483

characteristic of a wurtzite structure or ggbic structure or a combination

thereof. The group (Ill) metal nitride may comprise GaN, InN, ALN or

alloys thereof and may be a wurtzite structure or exhibit X-ray diffraction

refetidis vivtalanteiieticldkd wunaitd s sctoreoharian cfisti CcafGal, #n\gase of

AlNarlgysthersef )T he measured band gap of the film may be less
than about 500 meV below the established bagdll)%%p of the WO

145 REPEe Al KT E A esh BB UG (HUmerdl nifidd 0Thatint 0%, 107,

may’beod'seroicBrheting film (except in the case of AIN which is

insulating).. The partial pressure,of en may be less than 1042, 10"3,
TR o e BTG B B giposs
dAeTHBEE sndorintERt sreiRknivdntiim tHeremwisrolddad snbrocedshomical vapour

Qrewingoa, 98 YRk metadinrislestip By remote plasma enhanced

cth'caI vapqur deposition, the process including the steps of. - heating

i SEE: SBIGRIEH OIS e GHBU A S ORI SO H Gh B af GG amC & Subsrate
subgtresie g edmfiesiageaibafferidyehambeg towtizohamtber itotiRetemyresifive about
indhe-rangeal-Egspabout 10 400C to about 750C; - producing active

neutral nitrogen species in a nitrogen plasma remotely located from the

grEWRtH RS AR DT ERSRRRE FREdE VR IR aS M RIBHRT Spetslislacaigd from the
arowth chanbagr; - forming a reaction mixture in the growth chamber, the

eagiog ke conalnigasde.spesien ol Araun iimelal hat i
capable ot reacting with the nitrogen species so ds to form a-group (1)
mé%ﬁﬂnﬁﬁﬁiaé‘#ﬁﬁﬁl?ana}ﬁlﬁmﬂﬂﬁ@ea@iﬂﬂtbf@mbm | herieestiniritiébretlyentaining a

hepaied ePieslupdencrRaifians: Juheisl e il LXMD R 34 Pecics so as to
C ncentratloger@ss thin,é_lg% mic%, The conditions may comprise one or

PR LBIHRIGNY Suik HhéYroup consisting 20 of (i) at a pressure
in thexgrgwahidhaberyi) (e retatheioldieciristtechtetbdn dheqromdtr conditions

'Qbﬁé}‘e%t%rtﬁé_ﬁ191%ﬂ98ﬁsf58f8x‘9’&%r80%ﬂ%}%9&%£'%@%)é%%rﬁc%gion in

which the nitrogen plasma iS'generated; (iii) wherein a baffle or impelleris
IG5 HERS ShttheBHEet Shf X Lot eendiinicskkietciPycthe @ mernsisting

ifrQyenepasss; (b eritentpeiaiive;qiiheitubiattadebjedhi Waidhin the growth
plsmaisgenerated; (iil) wherein a baffle or impeller is located between the object and a
source used to remotely generate the nitrogén plasma; (iv) the temperature of the substrate
in the growth chamber; and (v) the partial pressure of oxygen in the growth chamber,
whereby the film exhibits an oxygen concentration below 1.6, 1.5, 1.4, 1.3, 1.2, 1.1, 1.0,
0.9, 0.8, 0.7, 0.8, 0.5, 04, 0.3, 0.2, 0.1, 0.675, 0.05, 0.038, 0.030, 0.010, 0.007, 0.005,
0.003, 0.0009, 0.0007, 0.0005, 0.0003, or 0.0001 atomic%. The partial pressure of
oxygen in the growth chamber may be may be less than 107, 107, 107, 107, 10, 107, 107
5,10%, 10™, 10" or 10™ Torr. The partial pressure of oxygen in the growth chamber
may be may be in the range of 162 — 10™% 10210, 102107, 1072102, 107107, 107
107, 1001072, 1010, 1071070, 1071072, 107%-1071, 1075410719, 10610712, 1076107
11085101 10710 107101, 1071070, 1081072, 10%-10", 107107, 10%-1072,
10710, 10%-1077, 107910, 107%-10", or 1671102 Torr. The film may exhibit an
oxygen conceniration in the range of 1,59 i 0.01,14-001,13~001,12-0.01,1.1~
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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, 0.0009, 0.0007, 0.0005, 0.0003, or 0.0001 atomic%.
The partial pressure of oxygen in the growth chamber maybe maybe less

W ama/5%410-3, 10"4, 10"5, 10-6, 10-1, 10- 8, 10-9 10"t6 1(RCT/HYA0SLD1483

Torr. The partial pressure of oxygen in the growth chamber so may be

may be in the range of 10"2 - 10"1z, 10"2-10-11, 10-2-10-10, 163-10-12,

10"3-10-71, 10- 3-10-109 10-4-10.1zJ 10-4-10-11J 101-10-11,

104851010011 0-5-10-01, 9 R0-%-.00'231- 10611042 3, @@ 8:4Q-glds, 0.4 - 0.01, 0.3 -

194> 40+7.49-17),40 07 z>10-1.10-11J

U L KL R R R i
10311 %@ D-TBHZTH il SexRiBh & ox)den o nceftation-in.the0.4 — 0.02,

range @64, 52 - 0@, b.4 - 0.0, d.e3s 0082 1125908531114 W03, 13- 0.03, 1.2 —

/ /
R L R 006 08%67.0 90t batbntar 005, 04 -
0162, 0.2-60013, .2 -0003, 0.0 756(810.4759--00082] F91-000381 359.02,0001, 1.59 —

1662 .55 1 P2, 1.56.03, d%rag 9§b2a-% §090%25§’ 7&9%293@5%8%1 300038,

0.5-0.02.0.4-0.02. 0.3-0.02,0.3-
112088915 5%300908. 6 §3- 9%1 dé’r §-00805.00-9.06%3,0-80.0993,.0 — 0.01,

1% —@.033,006 ~@0800,5.5 0.03004 6. .08 0013 66.03.82 0G. 0?% 604, 0.5 ~ 0.000,
3. §-§7%,10 59 - 0, 1. 0 0.001,

D0 B B O OO 4 R A U s

03-0.866%; 4 0-000064- A5 6-6:68%, 0106-6.06801..0.05008,00@-00F9- 0.001, 0.05 —

1083.00.05 - 0.005, 0.05 — 0.009, or 0.05 — 0.01 atomic%. The film may be annty‘pe
%0038050000105 000918)60(%00105000305000506/

D50 Ao R 4gP Th Y PEJ0B, BPE TEeamprising & p type
Clowa} Gin the 068,00 iy (MO kepd:ait, }Ot@ﬁ@- dbPiag, BeP5xil0 R0Rnired). The

%er%gggbrgugﬁ 0ROk 915ay Qqu%hg 1%1151 e q%“ﬂ 0?0210 gr%%h‘? 10t
- 0.01 atomic%, The film may be an n t p mzcomprlsmg an n%y}p 2

&Qpaﬁ?“ﬁ?g llr%y peld p EpFéeREto ing 4% tyseiereisant @ride — 10
caﬂmﬂ@ﬂimmﬁﬁsa@émﬂﬁ@ﬁﬁpmﬂzpmgﬁmmmé rf(gféte@%&%m/cm :
rrief 0o e film ma |r3t er mg ,
carﬁ%rs/gr(ﬁs Q%b’%g’%ﬁoz@ 1carrllgrsf am% el&%e?%%?ﬁ OB LOTFArmer
CQuEEDIEiPR AR AZION01 L. aycmozceamsstgm@p&m@n 7 OO may be suitable

Wﬂmsmapm7ﬂé%k§géﬁr5&r§%&%oﬁ Bt fhe FOLILRHERSICMRa B0
019 ca, rler em3, 1018 - 101c ers/ 3,0r 1019 - 1020 carriers/cm3,

& %ngﬁ'}i}elf) L aedIHiR %?/“B &@é@e@f@r(@ﬁrr%pm film) where the
doncedtititom m@moxmﬂamummw 20fdr Hevice putpnses, Theo.9, 0.8, 0.7,

PILR GENGERtREop Pfé*tﬁff"'@‘d?ad@%“l%%”%‘%é( (%6? 8%1‘ (03, 0.0009,

invention aiso provides a grodp (I metal nitride film {e.g. &

WAEPE-HEOR XA 41 dX§geh etmeishtratidfeidm 181 sihibi, B8 oxygen
Ladcdntrafic, 0. HeQg0 % 10568, 0.61,004, 0801 2.30-13,6:075,-000%1, 9.938.01, 1 -

0.03% 9:04Q ;P{W ??05'70 %Qﬁh%%ooﬂ%loipg)07 1000, ﬁ'ﬁﬂo 3.7n0{ﬁ 01,02~

0.0001 atomic® Th{ep m may ex an oxygen cbncen
Pa?l’g@df“l%@ 0GP, -1 U0lplo® 10020l0h- .02, 0.9, A0L,-102010.02, 1.1 — 0.02, 1

~0.02, 0.9 -0.02, 0.8 ~ 0.02, 0.7 - 0.02, 0.6 ~ 0.02, 0.5 — 0.02, 0.4 - 0.02, 0.3 — 0.02, 0.2
- 0.02, 0.1 -0.02, 0.075 - 0.02, 1.59 - 0.03, 1.4~ 0,03, 1.3 -~ 0.03, 1.2 - 0.03, 1.1 0.03,
1-0.03,09-0.03,0.8~0.03, 0.7 - 0.03, 0.6 — 0.03, 0.5 ~ 0.03, 0.4 ~ 0.03, 0.3 — 0.03,
02-0.03,0.1-0.03, 0.075 - 0.03, 1.59 - 0.038, 1.59 — 0.0001, 1.59 — 0.0009, 1.59 —
0.001, 1.59 - 0.003, 1.59 — 0.005, 1.59 — 0.009, 1.59 — 0.01, 1.0~ 0.038, 1.0 — 0.0001,
1.0 - 0.0009, 1.0 - 0.001, 1.0 — 0.003, 1.0 - 0.005, 1.0 — 0.009, 1.0 — 0.01, 0.5 — 0.038,
0.5 - 0.0001, 0.5 — 0.0009, 0.5 — 0.001, 0.5 - 0.003, 0.5 — 0.005, 0.5 ~ 0,009, 0.5 — 0.01,
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0.01,0.9-0.01,0,8-0.01,0.7-0.01,0.6-0.01,0.5-0.01,0.4-0.01,0.3-0.01,0.2-
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
W20:858002,0.8-0.02,0.7-0.02,0.6-0.02,0.5-0.02,0.4-0.02 DX 1PR(G/001483
0.02,0.1-0.02, 0.075 - 0.02, 1,59 - 0.08; 1.4 - 0.03, 1.3 - 0.03, 1.2 - 0.03,
1.1-0.03,30 1-0.03,0.9-0.03, 0.8 - 0.03, 0.7 - 0.03, 0.6 - 0.03, 0.5 -
0.03,0.4-0.03,0.3-0.03, 0.2-0.03,0.1-0.03, 0.075- 0.03, 1.59 -
00038 0259 0.0.00001, 59100019, 0.59 0.00004, 11-59008, B0B;- 1.805; 0.1 ~ 0.009,
06002 0% %703 9%k 39 0<0-Qlodo ? 09893%, doflo; 8:899%, 0806 d3%08:003, 0.05 -
1.0-0.001, 1.0-0.003, 1.0-0.005, 1.0-0.009, 1.0-0.01, 0.5-0.038,
020882 0 5BV 65088 12tyBieYe03ks. SU51008 (S 25 009KS. Bl gemprising

Wn20R6M0845401R GRiALA0REAG0L 488132 8:br2i838 vhe BHAX iV he-case of
009 0.001.0.1 1-0

0. - - 0.003, 0.1.- 0.0 0.1-0. 0.1-0.01,0.05-. .
PO (15 200 B 05 CPBb0T 7B, BB 08 T3 B ogoeiion i
008l B8y B00dher@osef (01 attiicwsigseiimlNay-B8Ancartige/din 107 —
cpt@ﬁfpe%&rﬂas@tﬂg] %ﬁ@@lﬂap%fé Id}tﬁefﬂyzefup,am@a P 1;)9@@ é%lméi%/&}ﬁ?_*j%&?o@ — 10"
p type dopant (in the,gase of 5 p,typg.films,a separate p type,doping step
B VSRS T SO e LT 1R I i s cap ersion’
of @b 1616 0Rtricarfiars/emd’ 1 010% 1aRtmarmie rSiemaria1hackA2tion may be 2

g%g_%&r e %’éegﬁérl Q&x% érlcpcgljce(ﬁg:[ﬂ%rr?/ a3 ﬁ%lx%;cll% b Q805 %rggg_ 'g%%’ purposes.

17 - 1019 carriers/cm3 1017/ - 1018 carriersicm3, 101/
chifcisremay PX1ti e auTellogphiy shiastue pharatytianfdhy dreyporll) metal
10t%0e 102K cayrigisietidhn REleaitey chneemfstionoMay §9stl @eRgE Oftructure
ag ca%gége%ggrré r con%%nt@flie?n. t‘l;k'lxeﬁtfg L may be suitable for device
pUrpOSES. L?hetllﬂemgrm xhibit & crystallographic structure characteristic
of ke grstp (Enetastmiride of Xthaydiffrawiibn 2eflestiees ckarsstatistic below

of gaehysialqaraniic sireie CoasacigrstieOf e AIRNRHEY Thiglal amorphous

nitride._The crystallographic structure of the film with an

i oxygen
Ol TEer TS ey oo IR CORH ERPBESE WAz brANb g fereot and
Theyfitbamaytnot beabiastoghous: &tidbil Bergyatiffi@tt) onetdlentivicechgcteristic

COMRYESAZAN N AN ALY IR Lol 200, IAYDE G WETEIE O rk%*{_i‘ﬁ) metal

structure or exhibit X-ray diffraction reflections characteristic of a'wurtzite

stifdgra BT e syHetire b A 0bAiheTIRFRefeEd TRY B LRI tgtasture or

NEIdBHNAY:C TR G- e bl INQERHIeYS dhareekand Mmayne euaracteristic of
WUItzi r re of, zo exhibit. X- diffraction reflections,characteristic of

S AT Al e R e R b R PR ety o s oo
mbagiL?ed baMd eap dhelestiiished e leasahthe sbeptBDonefelnaibw The film

thes %@QE&B&%&%@%&E& HRnd W stal mithgenke.fimmay be
a se?mic,onducting film ex%%%%ﬁ% case of AIN which i,slinsulatirg .

PEEEHRIS (15 ARG EMBUTTRh St THe TRRH08N, B s TRSIAEE A aprocess for

pgeoesk forgroup (III) metal nitride film by remote plasma enhanced chemical vapour
deposition, the process including the steps oft
heating an object selected from the group consisting of a substrate and a subsirate
comprising a buffer layer in a growth chamber to a temperature in the range of from about
400°C 1o about 750°C;
- producing active neutral nitrogen species in & nitrogen plasma remotely located from the
growth chamber wherein the plasma is generated from nitrogen gas comprising impurities
less than or equal to 10 parts in one billion parts of nitrogen;

- transferring the active neutral nitrogen species to the growth chamber;
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" the group (1) metal nitride. The crystallographic structure

25 growing a group (l11) metal nitride film by remote plasma enhanced
chemical vapour deposition, the process including the steps of: heating
an object selected from the group consisting of a substrate and a

WE 8HEtES“Eomprising a buffer layer in a growth chamber to B HFEPALHHE3

in the range of from about 400C to abaut 750C; 30 - producing active

neutral nitrogen species in a nitrogen plasma remotely located from the

growth chamber wherein the plasma is generated from nitrogen gas
cofnpnisigg inpHitticsiitss thatho prgubl detdgaittsicertebitidmpantsobining a

' e NG Lhe; aCHv [ 13 [ r
T P (Ot VI R MU i o an o
rHPKER FeBiR R T atAte i B BFmi@deaction mixture containing a species

of rgitig filbh veialdp AUTS eRphbleiat watkngadthddiecnitrogen species

asjfo form agroup (Ill) metal nitride film: and, - forming a film of group
(T PR e 0 HEnle OBIECE"S P PIALITA i) B e e o oo
ffoi Ritfofeh das ok Brisifg.ifputilicd 1858 Bdaridy el biion @atts ef Sitrogen.
AR Daks OnfaP-Be Ood: @- lydhlld: (hARnRarivlBRRIion: PRI OLBINOGRt: or a

The Barts may be on a volume:volume, weight:weight or mole:mole basis
BB AT thereof. The film may exhibit a crystallographic structure

CPlaw fdteristiy ofitfis: group i grptdb sowitridechuetaystiffdationzroup (ILI) metal
refiagtions sharacigsic Of aaialo %@Pﬂ&ﬁ&%&hcwea CQ‘Z%%E%‘?%?EH%QQ )s/tmcture

FRHasHsie YiktsealEiursta Rt may not be an amorphous film.
Tie grostmld hametaknitige slay-cOmRHse KeaNyvhibiic A NubfcaltaySure. The film
thereof and may be a wugzite gr cubic structure, qr exhibit X-ray diffracti
L e I L L T

coMinatioys thaseebhiimeag o i zateealcrhicernviy conashiét Gamy Hifaction
AN Qrigho ¥ ihereRiRNds ay-Re KRG RIUGIUR Q! e dAY: combination

diffraction_reflections_characteristic of a wurtzite structure characteristic of

CHAREN DR RO AR S B BOR O e e aRrsE B D OF e riaggeof and
bededstivantaioutsodmeY bditit tHergstdiffishddnbarfegamofiiea@@ristic of a

araupidlmetal giiride: LHe IFIIAYIRR asRICANIRCHOR M HEXEERIRA band

the case of AIN which is insulating). The film may have an ox

e P2 RS SO ASRE SOARErBRGPtalneHBH Sib b A of the
ofrth® (Ve ntien, theid:is TiiefitednapbecesaiRior@atiitofig e h the case of
MR e Im By Ot RI2R 3 8PNANEed NSICAl VAR ion less than 1.59
atomic%, o _

According to another embodiment of the invention, there is provided a process for
growing a group (III} metal nitride film by remote plasma ephanced chemical vapour
deposition, the method including the steps of:

- heating an object selected Fom the group consisting of 2 substrate and & 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 neuiral 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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25 deposition, the method 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
WERRE B Em about 400C to about 750C; - producing activEBGE&H2{05/001483

nitrogen species in a nitrogen plasma reaotely located from the 30

growth chamber; - transferring the active neutral nitrogen species to the

growth chamber via a containment tube, said containment tube

cofpprisiag sihcHoguartny oton grivridle elrdnbeaities amactiver rsutfacaoWi@ning a

2006034548 R5 TIMURABINN 1483, A% ofAUIAG AFRRGHO ﬂi%é&ﬂrgpg&iggﬂ%)o as to

ﬁrowth champer, the reaction mixture containing a species of a group (|

gERR L el riadR g i the nitrogen species so as to form a
grﬁupx{xh@)arﬁhfﬁd:fr_\gtrddp ki m@l nftmiaing tﬁa‘iﬂm&ﬁgﬂﬁ}u@;(lll) metal nitride
Q{}hﬁ}&@iﬁ&d;&?b&?%ﬁ z\g%ge DT t& %zgy n oth1%1§) 'S¢ gxsesinai;[ Irea% ace of the
portion of the INner surface ofthe cdntainment tubée may be con Acte
WRRLHHRFBH B pradInRE fiseipdtrate onbiiteste plasporivhareis shecontact step is
q;amedoﬁtf@meaa@uh tole(}rmﬁh QEdE abaHTaR0d aseam@f)@frarp%m&fa eriod of
about 1 hour to ours, the contact step causjng at least a portion of
tﬁeogi{li%a TS Ijg(éaﬁ%%sm%ﬁt%% Cfos%éja%?’ Wh r#tjg@%ﬁ’ i%?{g?ﬂp fﬁte ¢ silica in the
rgrsgamptasrha, twnea@ byitt fetasgenitopoitichaohitnegsilicteisneombertéy at least a
B RSREGIRS HNah JOBSICHER GASCPHIRE HAMRLOLILIRRAIES J)?(?Een atoms, or

oxygen atoms at a pressure of from about 10 mTorr to about 100 Torr.
-I‘l-‘

SRS R E Ehb et AR B R s BRIt DBy e A p i i d @
UBingherheatethofsitberseventbrispe attalihd dpvente e Hearplasma tayeater of
ted fr i as comprising impurities less than or equal

?ge%%g%&%c%%mgwt%W 0.5, 0.3, 0.1, 0.08, 0.05 parts in one
biie R pEPETBEh RPoIFEATatTh & prar R iSRS OP PO NRAAYDIItRS less than or equal
we g weight ormyle:moele basis, ora oaanbinatian thereobiine flek Merogen.

hibit a%cr@tgllaggragthic strrctute iharacteng#c_ of.the %’roul[éﬂg”'g} et%!/a :
AR BISCRAY 4Bt PoEREOA B SERSTEPS By SURiGGBnIsts o o
stegtinaic@Ctshercteristic of the group (1ll) metal nitride. The
cmtﬁmmg}ﬁw%t%@sgxfg;%igﬁ;cr@aﬁé@@f@éﬂ%ﬂ&%{&&btﬁé@%&y @) metal

The_ flm may not be an amorphous film. The group (lll) metal nitfide may
CHITIRFisY Gy N2 raflTE e (BT Mgy Be ta T IoHRZRIpigtructure
sthacterei gicehibitpouayHifiseatinitiélections characteristic of a wurtzite

Sf‘ﬂ‘é%%&a@fo‘é%ﬁé%&ﬂﬁ% gk & %ﬁ?'&%y%’é & wurizite or cubic structure. The film
may not be an amorphous film. The groﬁp (IIl) metal nitride may compﬁse 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 {1I1) metal nitride may comprise GaN, InN, AIN or alloys thereof and
may be 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
group (III) 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 o 100, 0.5 — 50, 0.5 20, 0.5 -10, 0.5
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25 thereof. The group (Ill) metal nitride may comprise GaN, InN, A1N or
alloys thereof and may be wurtzite structure or exhibit X-ray diffraction
reflections characteristic of a wurtzite structure characteristic of GaN, InN,

WA R oaldNs thereof. The measured band gap of the film A Hd/kegs0e1483

than about 500 meV below the established band gap of the group (11l

metal nitride. The film may be a semiconducting film (except in the case of

30 AIN which is insulating). The film may have an oxygen concentration
le§stian3] B9 18rhie 0, Thessilicasmay-hEiconvestad 10,4 nitrjde-spaciaser 1 — 2
Thefed st uhnateriiaRe  diatAug e famNng oLing BNt of te
heated substrate may be rotated at a rotation rate In the ran of ({fr{'o
18820.5 - 50, 0.5 - 20, 0.5 -10, 0.5 WO 2006/034540

PG /A200000Q1 A8 588 species generated in 2 plasma generating region which reach

-50.5-3.1-100,1-70,1-50,1-30,1-20,1-15,1-10,1-7,1-5,1-3 or 1 -2 rotations
p%? oy %.61%%1 TRar suqo% N %8‘%&%‘{8&0??8?9 ERRFiEY Fheers iR gopdueal to

tRROYH rﬁh_.e ﬁh@d@twgmmm@ﬁﬁ spédiedigén erqiedito aptatime the film, may
QeREANNGARAIBVHERT 8 -G SHDBI RIS AUring %9&?@9&1&?%&% layer on

ay have a mean energy of less than or equal to about thé bond energy

RRERIE (HPCARHSE AR LSO RS GRS MAY dreRET SRR #)Shave a

| fibarcenenfy eftiddishbhbaregyabio@Ghoyninezhond ebengy abthechifesubic) is

I : cli ral.pitrogen specie, e .
B B 8 P AT BB, g o) i
dhett 3.4eV (dhrpgubisiaiionsociibist Baderapiny psazitedasiebbuthe literature
aiamt(_ ,t&U\EﬁﬁDJ Ghis d@iamy r??a@uutl nNdwu 'I%tzégﬁi tiehif?wi%ce%ea{gea&m%ﬁghs from
variations o IS Dan a Ve neefn reporte e (iteratyre _.dqwn 1o

T e SR R e AR bR DT PO G may
th@gemmélsehw@ebéenmpmeobﬁﬂgﬁé literatie amddtivantherestablisted quality
Qﬁﬁt@r%%&k%e%@ﬂ%@%&h%m%%r'%w%oﬂékeéf?éﬁ%%&%%%ﬁ;nm alloys the

understood and as better quality’1s material becomes availa

ARGV 308 B BrAXRD SATRRIMHOMARS SV tHickEtapifshie determined
taod GedsdonadgietheemposiGan phdranysial Stedeitivelnaikhed to as hexagonal)
| iteraturen t f GaA1N (wurtzite ..

e L e 780 LR ST Ry amounts of Ga
Jnbil4p dhe gllay HEsEHaME on the relative amounts of Ga and Al in the
alleyorfehexanplehS0AMEAHIBG toraiRther Mo RNt oL RYERtORcess for
there.is providedﬁﬁgmc §s tg}.ﬁlgrﬂ{vin algrou d%lf’lf% meta] nitride film by

B e e L R IR o RS LR (RATHEth aemical vapous
id%@iﬁmhbesr@i@dﬁm}n@mﬁ@éaﬂ@bjeﬁt selected from the group
CORSISHBGAT P SHRIANLH SHRSEAE consisting of & 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 neuntral nitrogen species to the growth chamber;

- forming a reaction mixture in the growth 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 nifrogen 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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comprising a buffer layer in a growth chamber to a temperature in the
range of from about 25 400C to about 750C; - producing active neutral
nitrogen species in a nitrogen plasma remotely located from the growth

wehansissessaransferring the active neutral nitrogen species todmayrowstin1483

chamber; - forming a reaction mixture iR ¢he growth chamber, the reaction
mixture containing a so group (Ill) metal species that is capable of

reacting with the nitrogen containing species so as to form a metal nitride
fitegi@ndf thiotiing, aifity obgtotha(ib soeta nitidatuiihe beategeabjed range of
W, in either the .active neutral nitrogen species ar the reaction mixture,
B B R i o miture, are
direrrsecrsivrdscareptediound 20 (o 9t suPEH) mokb 0B I8Se dated object

regiereinf difeep iR ChcAleng:ahak taatissecate dhsyhsiRRtall kA aNgehoth the

in the range of .45 degrees to a_right angle with a plane containing the
B B PR RRL SRR Ot SSEo RSB BFoGOSpreR ek 2 centra
niegtie of e dieatediogecpatihibeeiis Githerdtiebattivielhesttral miglegarthe range of
SPp&G e.r i IXHr e itroger
e e B e R A TPHIALY 199t s, 50
tHEESER G gt PR HsFReIde A s anelaridng Blean wninating e object
Lﬁhgqucé‘z@ d&greeﬁlgale‘l%rci;g%ﬁ@ggieﬁﬁﬂ de@ﬁaap f(tlmq H@E&l%ﬂﬁl@e §h the heated
right angle, egrees to a right angle, 85 degrees to
R e R S A o B S e, o bt
fOMPAALVE Htiel GEgsTIsDermestanataricarionarsae dart Glintrjtsct fowtaedein central
aitamBe ethig-oentAl AIERYanSReRIBSQT IISIARAGHRN MU AR & plane

the active gleut al nitrogen species and the reaction mixture, are directed
SVEFIE"R B Fegion of the object along a path that is located
st faltailyzan fightating lewlivithcaipl divet ccpataimia gribedijaat. theof:

f%ﬁ%ﬁ%@&ﬁf@%@t%ﬁﬂ%%ﬁet‘all%Fg%éﬁpﬁ?ﬁ@@ﬁ%%{ﬁ(?g%%{%?éﬁ EIE bstrate

is The substrate’may comprise one or more meta isposed
o PR tFA RS BPEH SEBHHAS: layer on a base substrate. The base

Stbstale sutayrselecte deleradtiegrorransishngais SAPRIpERIreilifc5qdas lime
ey R ey 85 PR T gy
rhetastiRiEc2uosRly gredked ) rroseep BElbmatelyridden alkyl group (11)
MRaLERRGIES, fiaxpatle ofal Sl ialiol grapn(ieetaluharethsiample, C,-
nétgtt%l iﬁ((?a,éb\l or I%k. Tg%eggllglljnn;ts g%ea:sﬂ%ﬁg %r;)'alkyl gallium, for
exaipIe) 1B WRIB TR

The galium species may be an alkyl gallium, for example, C\-Cs trialkyl gallium,
trimethyl gallium, triethyl gallium, ethyldimethyl gallium or tripropyl galiium, or a
mixture thereof, for example. The indium species may be an alkyl indium, for example,
Ci-Cs trialkyl indivm, trimethy! indium, triethyl indium, ethyldimethyl indium or
tripropyl indium, or a mixture thereof, for example. The aluminium species may be an
alkyl aluminium, for example, C,-Cs trialky! aluminium, trimethyl aluminium, iriethyl
aluminium, ethyldimethyl aluminium or t;ipropyl aliminium, or a mixture thereof, for
example. A mixture of at least two of 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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trimethyl gallium, triethyl gallium, ethyldimethyl gallium or tripropyl gallium,

or a mixture thereof, for example. The indium species may be an alkyl

indium, for example, 25 CI-C5 trialkyl indium, trimethyl indium, triethyl
windisonsethyldimethyl indium or tripropyl indium, or a mixturecthareobsign 483

example. The aluminium species may Bg an alkyl aluminium, for

example, CI-C5 trialkyl aluminium, trimethyl aluminium, triethyl

aluminium, ethyldimethyl aluminium or tripropyl aluminium, or a mixture

thegepfodor m@%ﬁleoﬁ‘mi&ﬁ@l@?@f@tﬂeﬁs&ekwmoﬁ©rhﬁdk5¢@@li%%mm°c and

a alkyl indium_ 3 ecies and/or aj alymini ecies m
R e S B T SRR e ot may
Destwlean @lﬁbéﬂ@ﬂ@@ &4, GHb6L6 70, BtidEntdbott®Z0C artd®T0C, or

b?ﬁW%?é@s% ROt ﬁﬁ%%o@?ﬁ &AL %Qf%%ﬁ&ﬂgﬁféﬁ éaﬂg ﬁ)m%’gq{f the group

between about 550C and 670C, or between about 560

ot aasiab pieds e o eb B e s and §76¢; Béw@e-’er%égéé W6 27, 28,

22)9,63034514(3 PCT3ARZ005/03] 4533 7 ARMOIAQ, beiveert 6006, & 4.8, 4.9, 5,
3%6%?%% 610G and 870G, heween 620C and 670C, between 630C

an

or bétween 640C and 660C. The temperature may be about
6Bl B BIEITBY o6t 130635 0B 0BHS B5 0T 6BBRbE6EEsHTIeda Time

PERSS e HAithe g HauH) Shambeah ayiecMainiainrd GLaHRgMELONIREG: Ghaterials
the x% %ag £5" e}a' nitride,fiimat about ol QP hiduded A % Eehsded sattium
2{39131@ @ﬂs@%ﬁ@,@ﬁ@ﬂmﬁ,@m@ BG. gpllinm e, B\CB N, for S ample.

91%% QJ@%@&@[E&; cdmbride S BueStaOf HOTRo; RE SUBSHFAIRIMNAY, BR etc located

selected from the group consisting of: sapphire, silica, soda lime glass,
b%‘i’@%?lﬁ’:ﬁ’t%@l%ss silicon, glass, synthetic sapphire, quartz, and crystalline
ndkeriaiie iglhawnge atattic eschnsatyrmaiehec (e greuprithimatal, for example
n { of ity [

o R A LS e e R Rl B8 Hcplitpiaema

bmﬁmagléﬂ@fszma% Helhramemerata el Srs e ioceted torbmbond energy of the
splsiate Wélﬁr%ﬂmé”%ﬁ@ beméom@ aitrRlkemalive.grosapHeemelabm nitride,

nltrdefllr%IEH rexam e |s |n| or| d|um the q%ven tral nlér en itid
YL A TSR PO AT, A PR b A cB L R i
niednne ahngymfdesmtﬁmw md@qnaathmbmdlemgydﬁ the group(lll)
metalaitide bendeThemeiRibide. Hvmay samRREse.ailgm gaﬁ;tqﬁ nitride film

indium nitride, aluminium nitride, egalllum aluminium nitride, %alllum indium

nTtER R RERGR DY & BTRRE AT RS et SRRV SRR ATARGE Hhingarvsgtion.
ATleo pailigrtordinich &ire witemird endohdhe inuemtioadthesé mprdiidedhan about 450

gl%lélgn}egét% fé'@g #’V{Fﬁ%ﬁ}a n%dt@ﬁ %@&%ﬂé@%@&eﬁﬂ gﬁ%’%éﬁ%e\f less

previdus aspects of the invention.
than about 250 meV, less than about 200 meV, less than about 175 meV, less than about

150 meV, less than about 125 meV, less than about 100 meV or less than about 80 meV
below the established band gap of the group (III) metal nitride. The measured band gap
may be between 500-400, 500-300, 500-200, 500-100, 500-80, 500-60, 500-50, 500-40,
300-30, 500-20, 500-10, 450-400, 400-300, 400-200, 400-100, 400-30, 400-60, 400-50,
400-40, 400-30, 400-20, 400-10, 300-250, 300-200, 300-100, 300-80, 300-60, 300-50,
300-40, 300-30, 300-20, 300-10, 250-210, 250-200, 250-100, 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, 100-7¢, 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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The gallium nitride film obtained may have a measured band gap of less
than about 450 meV, less than about 400 meV, less than about 350 meV,
less than about 300 meV, less than about 250 meV, less than about 200

wmeddsesssthan about 175 meV, less than about 25 150 meVY{iBag tinesrmo1483

about 125 meV, less than about 100 mey or less than about 80 meV
below the established band gap of the group (lii) metal nitride. The
measured band gap may be between 500-400, 500-300, 500-200,

500-§60,0588-88), &NOpOUPAN-58.45095463, :308-30. 500 ¥Qow ARz 1Qtablished band
450_4892%%0_30(2 4oo-5§8 4%)-100, 400-80, 400-60, 400-50. 400-40,
48896 BroF 3w YBHMEAH6I9%0  300-200, 300-100, 300-80, 300-60,
3005080800244, SH0:39, BOHAD, SBOD4TS, 250)-241), ZBOPIE0 3 2FEBANRO0, 275,
250:8 25050, 25040 20, 200-175
SO 20 o Ko Bl g
260-100% BergYdessdbandee atphiited bandersy o 21om §BD) metal nitride.
15Re40ml 26180 1 oF-2Q, ghB0nhGhit Q-8 1004864 H8-KObNREH0 F00B001, 10°

72 ofPee 10 A A O, LB f s o AT a0t 16
28 3005518065090, 55-00060040- 50, BBLABEH 5DAF-HeM bEIow §e2, 10° -
esteilished band, osip ofdhe groypud!d metababtrids: -Shvmeassyehbattn. om.

ggg ma%ibe abo 251400’ 475, 430, 425, 400, 375, 350, 325, 300, 275, 250,

228° SB0TY 815066, HB5CHEE8 0N 80 I8 (U8 s sen IsloA AR 16, 1.5,
304258,201.%5 15, I00riPmey, 1685 thanithe &dtablishie? Kahdogdj,0f fe or 0.038
gLQiR ) metal nitride. The film resistivity of the gallium nitride film

obtained may be between 104 - 0.0001, 103 - 0.0001, 102 - 0.0001, 10-
ooeh £f hepinssised Al osvertionmesdepperymerdo the gpenge gbarppnia. The

Opf6idasd mEyUElp& fbrmiRDB1EHI. s B0 E:00dnad0fr dh(0Z:rd B3 that may be
0.00 .002, 10'- 0.002 1-@&02 0.1-.0.002, 0.01-0.002 or

102 - : .
ORI B4 T B R T SR asRe i gy mot be
osdidpsnie drcerratiohaebew Inssatibof the progedse df theliay@idorodgs@iPed above
Otfs Quno@eh Brdeidsdr Qsl ol BARORB:AM 3B AIQRRIGH. ERARPER 2 nitrogen
processes of the inyention may I?e performed m%?%aé;sence of ammonia.
Tﬁaﬁa% s%a?haff BEMEIR Qi e ShEER e STRGH SR T B gsmPrecursor

hisdnoggivthetuind e gts gmatedmkddadtﬁemmmiﬁm&fa&@mma@ﬂ&)rmﬂigén plasma.
Hydrogien 85,4 QEpaRiaay.R0 e a0ded i, (e, gD i‘ﬁlrfgeéﬁ'e&nqﬁa%e used

each of the processes of the invention described above the nit

pPEETREDHYS dHiSIARE hetrigiand sjERLspebiag e AV difofRsFHffogdifte Ditrogen
plastagotneacioobthé:frecdrsas: ohtlogdn vpetion dasanethabeyen MEhe nitrogen
nitrogen precursor.is.an active neutral nitrogen species derived from a .
IO SUrRTated A SO DIASMESSb Fr 2SR b the DISCEL S S 4107
invdraiercdeseAbedibevdragibafifectyinmpéthainnan ¢ibyigbpihydrazine) or mixtures
thereof. Films of GaN and InN and mixtures thereof as well as ternary films of Ga, In
and Al grown by the processes of the invention may be semiconductive without the need

for an additional annealing step.

Apparatus for Growing a Metal Nitride Film

In accordance with a second aspect there is provided an apparatus for growing a group
(III) metal nitride film by remote plasma enhanced chemical vapour deposition, the
apparatils comprising;

“(a) a growth chamber;



between the microwave generated nitrogen plasma and the substrate.
The nitrogen precursor may not be derived from a nitrogen species
containing hydrogen. The nitrogen precursor may not be derived from a.

woitt@egensspecies such as ammonia, hydrazine, alkyl hydrazhoe/égigpos061483
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active neutr

dimethylhydrazine, diethyl hydrazine, methylethylhydrazine) or mixtures
25 thereof. Films of GaN and InN and tures thereof as well as ternary
films of Ga, In and Al grown by the processes of the invention may be

Sq) concheti WAL LA MRS dnloLANPAIANA ARSNGB and & subsirate

Apparatus for Growing a Metal Nitri m 30 In accordance with a

sesoHT Espe e SIS dndheappithrhereigrowing a group ()

medal nitrigechiten Ry dempiehplasra enbanecth chamicabMrpow Jdepgsitione in the
the appartatus comprsing: (a) a ) chamber; WO 2006/034540

P& Fgff%ﬁb?gﬁﬁﬁ%aoﬁ g%?k%z%% og(jyg?t selected from the group consisting

of(d) substr arswm y$eabJSoneyomiipgitio gravilifbetalen, located in the

gryth chamberin(R)a heaishiacaledindhe.ront COARIREIRNSR! tagg in fuid

objéct to a temperature in the range of from about 400C to about 750C;'s

(cfRREteAROLy ik s SRR oRSWHA RS eRR 2 (yogm of active neutral
cantaigmesictitie pratleqal dquartaisdiea olisatanraioddyahebiteidrondfluid growth
Coﬂﬁﬂl‘ﬂ@%‘i@@f?@ﬁ&@tﬁk&%ﬁﬁ%@gh chamber, for transferring a stream of

a

itrogen speciés produced in a nitrogen plasma remotel

lothted frEwraselfroRiAIRS fhitsastionHBig gkt c R Bar ooy Rbsand foreaction
fom%g&&mﬂmgmix%a&m&h@ Wm ttmlh&méaeh ) fthH‘JerQ@%&@ @f&ﬂd{@% with the
containing a species of a. grou that.is capahle of reacting wit
RO e oteas 10D R L) MO P R PHR LB, xoup
a (ilin) ofegrovitridh pmismhnititdeobiedhis fierated uhjectcanfbiredwheedry the flm is
C%ﬂﬁi@@%i“’&%ﬁ@é’?]ﬂ%@@ is suitable for device purposes. is The -

apparatus may further comprise: means for controlling the pressure in the
ar

ARAEHE E19H THEDFASGRE¥Fom about 0.1 Torr to about 10 Torr
duﬂmmﬁ&rﬁiﬁmkﬁm@ﬂlﬁpﬁeﬁg&rﬁlm iBesgﬂdsah}edmnimgidze thunpagest ﬂ:dm_ about 0.1
apRy! &L!a%mﬂ/()fLfrcgge({ug&r%%@r%ﬁ%]x?Q&ﬁl@ﬁﬂﬂ%%ﬁﬂqgg¥i&ﬁ¥ QPG REWEboses.

neutral nitrogen species generated in the 20 nitrogen plasma from
re ABPARPARES GStIHETGPARHE N energy of greater than or equal to the

bapehenargysahihagnoupihmetal aitridedsand duringaravibief theverated in the

rol
9 m

ogélrz plasma from reaching the substrate with a mean energy of greater than or equal
to the bond energy of the group(IIl) metal nitride bond during growth of the group(III)
metal nitride film, such that the film is suitable for device PUrposes, ‘

The apparatus may firther comprise:

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.

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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metal nitride film, such that the film is suitable for device purposes. The
apparatus may further comprise: means for controlling the partial pressure
of oxygen in the growth chamber such that the 2$ film exhibits an oxygen
wepnoensiation below about 1.6 atomic%, such that the film igcauiteliesfanss
device purposes. The apparatus may further comprise: means for
generating the nitrogen plasma from nittegen gas comprising impurities
less than or equal to 10 parts in one billion parts of nitrogen, such that the

film is ,suit:i\blef [ 3(% evi £ purposes The lgga er may, be a resistance .
2 ati%%e gment locate Pn o e SuUrace %f € base Or- 1 association herewith and
heater comprising: an electrically resistive base having an upper surface,

theviprsdngein leridenly corsripiésingrden dhetibhs el aetisthicsnsdiveigfouph as to

C%&%ﬁtﬂ@ﬁe‘a’f cREPLessRA PRIy ae liiae RaGREde ol DARRRIIRe Mhber is
aluminium or combinations thereof; and WO 2006/034540

PRafidl 9D B8R aB S 88 REating element located on the upper surface .
Oithecbaimeder with ssocbioiithatefihcanderdomptisieg aprelédidcallypparatus for

C q}f '\é% mﬁﬂﬁﬁ%ﬁﬁ% e st S8l gted such as to generate
h%%t wﬁgen a current passes tﬁer:oug ?ﬁéﬁweat g element, wherein the
méraserischpaberof or comprises carbon fibre. s In accordance with an

emboginertetiiesonemioRothesens smrvidedsak /PR USHRHEEe WfGrising a
growin Chambﬁgfe'sﬁﬁsggﬂgg% buffer

up (1D metal nitride film, co sing: -
e DA e AT GRRPRR M e e e
Coprsptigingea Guftel dayerthibaijoui itafab krinsidshh engidwitidh Sinbhereon;

in Ys$e.1h8 Wéﬁ%‘? graggﬁg{ﬁ i%g?%m%%ﬁrystal structure that is
ni

suitable for growing the metal nitride film thereon; - a vacuum system for ,
evac FaRHEPRERY by A, r M8 Zo RN ORIoE Mieorilpe 1 fuid
stlicanambartim nitlit elandrbethg daafiilick, domtransieation avithicdie glouwdive neutral

CH%@%%%#‘%%&}%{% i %g&%?wf active neutral nitrogen species to

the g mber; Ts - means for providing a vapour of the metal nitride
in theapicihnyproritiappjsapostnhddopstalipivideti thpyiraits osdhgokgect, during

capsardibn ot splskanataloiida-iade Mimetsendhetabigaticdthe MHEASon the
L%égae{mitgng the film to be suitable for device purposes. The apparatus

flrrtfer comprise a sample transfer chamber for receiving a substrate
20mprios forlpoanioingfiiedibnistrateniiativeiordoviisechizmilses.

The apparatus may further comprise a sample iransfer chamber for receiving a substrate
prior to location of the substrate in the growth chamber.

The apparatus may additionally comprise a load lock adapted to isolate the sample
fransfer chamber from ambient conditions and for preparation of the sample by
evacuation of air from the transfer chamber, for subsequent transfer from the sample
transfer chamber to the growth chamber.

In accordance with an embodiment of the invention, there is there is 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
layet 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 aciive neutral

nitrogen species to the growth chamber;,
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The apparatus may additionally comprise a load lock adapted to isolate
the sample transfer chamber from ambient conditions and for preparation
of the sample by evacuation of air from the transfer chamber, for

wiubsegaent transfer from the sample transfer chamber to thregroveths/so1483
chamber. 25 In accordance with an emppdiment of the invention, there is
there is provided an apparatus for growing a group (l1l) metal nitride film,
comprising: - a growth chamber; - an object selected from the group
cgaﬁ&tlmpﬁrfawh%aaaﬁp@nd @fﬁh@ﬁi@e:ﬁm@rﬁﬁiﬂ@ &idmitie blogerothet, during
object locatable inside the growth chamber, in use, the substrate,or buffe
S DA LG S 8l et R S e e om e
nitrjdes:filnd.thereon; - a vacuum system for evacuating the growth

chambeior BReRIRIYMENS U6 DAdR.QLoWal Zasilisa AF BetenJiideANtbout 0.1

being in fluid communication with the growth chamber, for transferring a

st Bt el A A RRSTRIPSNER Db e Gl LT RiBE RS Puposes.

2006 34 ol CarALIRO0 SHRO h8surd 1in iransofoibpohwidieg mwyaieusofalve in

B N | | ——

apparatus, so as to cause a film of solid metal nitride e formed on the
objeseoadrnce R BE sRaHESH s duenH R GIthtBFEHDBIIF ded an
thgyange Rf kamiabaukésd (1T ento akews 46nT estghng operation, such

that the Hm}is sbuit,able for device purposes. The means for controlling the
pr&%ﬂ% i the gerrOvvth chamber may be a valve in communication with
thempbyeth sheated drowaib \zbre ety it cteubitrateand) o vv i dymprising a

aCEREAAREE WAL eRbadimnent ot dhenRueRIen ihake ifthM &S or buffer
provided an apparatus for growng&gﬁr%%g (1) meta] nitride film,

OB RETRE for s A S ERAPAbES LEFRBIBE LY PEi gRdiip thereon;
comk&ﬂmme@zg&m@st&%emﬁdﬁ@@%@h&mﬁmsing a buffer layer, the
OPJEC%J)%%},%PJ%'% e&%@ré?{”‘ﬁb&x‘%&%@ﬁé%'%f%%r&ﬁeﬁﬂ?fér%%é?}fgﬁh fluid
layer having a crystal structure that is suitable for growing the metal niffide

fikerirarderionawiile (b SysinriembrachatnanaiedgrevitFermmpgradiye neutral

aEefisiReMiubamnaseRtEManZ; silica or boron nitride and being in

fluid communication with the growth chamber, for transferring a stream of . .

R Rt A B Bt 0 G i BEn G for o1t dcing

popuidiig af\thp appaoitiise anesabrhitristes e Uisihitynotateitolgiett bddbimaed on the
ktiopof the apparatus, so as to cause a film of solid metal nitride to

0
bgﬁorﬁwed onthe , ) _ _ _
- means for substantially preventing active neutral nitrogen species generated in the

nitrogen plasma from reaching the substrate with a mean energy of greater than or equal
to the bond energy of the group(lll} metal nitride bond during growth of the group(Ill} -
metal nitride film, such that the film is suitable for device purposes.

Where the group (III) metal pitride fikm is gallium nitride, the active neutral nifrogen
species may reach the object with mean energies of less than or equal to about 2.2 V.
Where the group (II) metal nitride film is aluminium nitride, the active neutral nitrogen
species may reach the object with mean energies of less than or equal fo about 2.88eV,
Where the group (III) metal nitride film is indivm 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 obiect with mean energies greater than or equal to the
bond energy of the group (11} metal nitride bond, may comprise at least one impeller or at

least one baffle, or combinations thercof. The baffle or impeller may be located between
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zo object; and, - means for substantially preventing active neutral nitrogen
species generated in the nitrogen plasma from reaching the substrate
with a mean energy of greater than or equal to the bond energy of the
wayabibddanetal nitride bond during growth of the group(lll) metaluriokieni4ss
film, such that the film is suitable for device purposes. 25 Where the group
(111) metal nitride film is gallium nitride, the active neutral nitrogen species
may reach the object with mean energies of less than or equal to about
2 8¢ hilRee U AP AR DR IS KRB B B et may
I h th ject wi gs

active neutra nitrogen species may reac the o th mean energl

of TeRF iHRtEfegL dPtecarsutie selive HoMHEre MHEOGRBUBPEMIT e tBihitmgeller may
filspiscineiiin pitides thaRrClveAP Ul egen-3 L ERRSICFIRAMECARR IB8 plasma
ol%ect with. mean ene e qf less thgiln or fesqéi?;:y,tto 2593bev The means for

su %%Irﬁ?gf@/gparge r‘ri"tlsng1 ctivenadtra 1r‘?i?rog1 sﬁ)ecfég é%cr%'erated in the
nitrograihstaemiodiorentedchinipsetiobjeibewith mevidantiryes ghertas thavided an
or,8aMaht0 e bR SRRy @fhaaomRridinetalRirdgond, may

comprise at Jeast one impeller or at least one baffle, or combinations
thefe? " S13HRE or impeller may be located between WO 2006/034540

P Cdd Abi20051084d 83nB3Rdrecabjectdsitha gouradisne dadregubigiite comprising a
g t itr - ImRpe i rt.centri f

to%&?f& &40 i %%?&.PA@&Q%% &Q%é%r%%%eﬁa%%? hog {L%%%gfggt%%r buffer

e active’ neutral nitrogen species. ermdy substantl
pravenkadage sesahbimsorhade st avnetie meahairigrnbimdbereon;
from e HRRgforsramhiline e cavRingahsight” to the object. s In
another embodiment of the invention, there is provided there is there is . .
P AR s By GiNUP AU 1 TR Ceie in fid
compnisinigatice grittithe hgnmisdr,chambeb)jdor selesfedifiom shreagroo active neutral
CapgisiingRl-id pURIRi A hadidstrate comprising a buffer layer, the

object locatable inside the growth chamber, in use, the substrate or buffer

10 TE§EPHAT G EPE st PRt IR A ST RSEHHESIE R GRAWPRY 1 érgpd 750 ° C,
niide timthheiio i suitabhe fatriesysienrforeevacuating the growth

¢ i | t iz, sili itr]
o N M R0 O B et of
stfeaiveREREve neutral nitrogen species to the growth chamber; is -

mpapsiehbeatipgithesusiatgiediiamperaiyrsefbetwaahabawt 400 fowing a

andOZWLSO{H , %%Ja(ih %%tetgﬁnﬁlén is sg}i}t}able for device purposes. The means
ERting the Substiate m’ayobné”i%e $ieater according to the seventh

aspegosftithbambention.

- an object selected from the group consisting of' a substrate and a substrate comprising &

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;

- 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,

- 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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In a further embodiment of the invention, there is provided an apparatus
for growing a 20 group (Ill) metal nitride film, comprising: - a growth
chamber; - an object selected from the group consisting of. a substrate

waa@/esestrate comprising a buffer layer, the object locatapterinsimesiie 483

growth chamber, in use, the substrate o§3buffer layer having a crystal
structure that is suitable for growing the'metal nitride film thereon; 25 - a
vacuum system for evacuating the growth chamber; - a containment tube

NEgernt Ay a7 Sl DO B AHtRd ﬁr@ﬁ@h‘@ &lp Q)i@/égﬁ' dy ik Qg@it?faﬁ@ﬂnber may

V\Q;[)h the grovvtth chamier, for transferring a stream of active neutra ,
NTOGEN Sparises TS URRTERR MR PRGE SHEa0F OF A ipig R tilsr with 2
thdtegalmivide inltreivitinitpuhithatopjichetisringd 30 opesaiion off then about 10
PRSI FAUSE el i al nitride. to be formed on the
object; ané, - means for cgﬁglcl)rﬁi%@ﬁi%ﬁ%wpqreﬁs%ﬁr%eogﬁ 8)%091’15%‘ i g§antact step

grOustREHARSER BorirRah tvesiFing lexdhmrenimnergrenbedncemt atinnitrogen jons

bizloie alioaged. plaiam ieHeraiich lbad ol Sulalliefor daNited into a species
PHLR %?'n\é\{?e eO066/9{?)4{%4%PCTIAU 005/001483 33 The means for

controlling the partial pressra of Sxygerm the Growth BIPEBEF piggsure of from
cERp LR mdntateinbost RsTerpcFiomotitigiesseresoitageof tvey be less than 102,

comtainent ufies with a oitregenplaspe yhgreip fhe contact step is

rformed at a pressure of from about 10 mTorr to about 100 Torr and for
I SR GATBF A TR O RERPLS 156 HOGPLOHh P e P At fenstowing &
aeponi (Rl frittel silicddfithe connsitmaent tube to react with nitrogen ions in
the Qgggg&&ma, whereby at least a portion of the silica is converted
into a species that does not release oxygen atoms, or releases less
odfyeh soitls e iradba @ Briomsidinatie mirorntcrabestigoEeomprising a

Thefpelttiak piesshiset0baxige miayhe dassithan i, id QS Qe or buffer

: " 10, 10-9,10"10 10-" ar 10,12 Ton. 10 In yet a further .
SR Bt K SO ol S e R B AR o o
groVpCHmRRStam it ¢eakintinpthp gingh <sagimmth chamber; - an object
selgctegfiameie@seuR £RNSISt . apubsyatg.and ﬁlﬁ‘!’&%sg%&e being in fluid

%%%{ISHT%%@% b\%gfﬁr tllg%/%%ﬁ_t%% c%%ja?% Tocata_ble inside the growth chamber,
s Stilte EP %I s Stigttrerthagiye neutral
suitabie foegreirigetbewigtdlanitiéde film thereon; - a vacuum system for
g?ﬁ%g%gg'ggr%lf\rﬁﬁ%%gaﬁ bu nggf ’%%é%ﬂi%ﬂﬁ‘c%”% S vmc?rg?yqfqﬁea rc%ject, during
operation of the apparatus, so as to cause a film of solid metal nitride to be formed on the
object; and,

- means for generating the nitrogen pla,smé 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 means for generating the nitrogen plasma from nitrogen 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 (1II) metal nitride film, comprising:

- a growth chamber;
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communication with the growth chamber, for transferring a stream of
active neutral nitrogen species to the growth chamber; 20 - means for
providing a vapour of the metal nitride in the vicinity of the object, during

wopRiasal the apparatus, so as to cause a film of solid metaniiigeston14s3

be formed on the object; and, - means E]Q{ 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 25 device

PUROSESCiTRRMRARSHARY gf@@{ﬁ&mmﬁﬁﬁ@sfog%mm&@ %}5&%{&! @Bmprising a
g risi urliles l?ss than tllg‘g 10 parts in one billion

T e e T T ST (B fe e ffbemate or buffer
gﬁ)@reh@ the qﬁwﬂéstmbtlaégmmmmm’oﬁlﬁh s winmetin zeoliteitpdeifien thereon;
(e.g~a-iseksilials: Q@é&%@ﬁ%ﬁt‘l‘.‘?g@%@&iﬁ{b‘%@mp'e 30 In a further

embodlment of the invention, there’is prOV| ded an apparatus for growing a

grofp AR fiite rfe mpising Slist ey Bpimamivade e being in fluid

26&5@3&5&%9%&1&2@0@&1%@% fon cejechspieciedtinm dhective neutral
g in o a sub e and a substrate comprising a buffer layer,
th@%%ﬁ%%%%séat Ie e ﬁt él grgwfh chamber, in use, the substrate or
boffeanayier repviding @r\]@tamsﬂﬁéta @Qﬁémﬁérglﬂtabtbefcytcgsadwwfgthh@bjem Guring

Miark e flenherman;so AdRHIE: BYSIAMIAIRVACHAUNG G 0oV hed on the
- a containment tube made of quartz, silica or boron nitride

ch m%
and be r:‘i‘ﬁ h fluid .communication with the growth chamber, for
tramdfengimdha strésimmehhotheinbutiat] nitsogen speciestintive gmh\%tbubstrate that,

Cham@%pe&ﬁ&{‘%f%é’r%%%sa M%D%H"%f emeakl t%g dy%ctﬁg tydirected

of the Object, during operation of the apparatus, so as sea |

SIS ISR E51R ?&"ﬂﬁ’eﬂ%ﬁfﬂﬁ% alongrjatibaiat iipeieth sm@tannany at an
Cangtdnmgntiube ds feca i aus oaimannglialatve sRibe sihsitehe substrate,

tha al, %%Elg%gﬁeratlor}ia%ﬁé@r%g %gagtzﬁj the active neutral nitrogen

speues are is direcied Towards 4 ¢ aFreglon of the substrate, along a
patt thathisnerabedosiding ibiieatialy ahglehn ahgleanyihor frdad@ontaining the
degragseqto right angles with a plane containing the substrate, is such that

e film is suitable for dev poses. The path may be oriented
8aAt %Wh@rﬁ“gﬂ&k%g?# BIaAE CE ARG R LB Rratads an epparatus
abwordariog avithrandiBenerbaditadiimotonepitsragmtion, there is provided
an ARBA A M mber;
- an object selected from the group consisting of: a substrate and 2 substrate comprising a
buffer layer, the obiect 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 growih chamber, for transferring a stream of active neutral
nitrogen species to the growth chamber;
- means for providing a vapour of the metal niiride 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 subsirate that, during operation of the apparatus,

the metal nitride vapour is directed towards a central region of the substrate, along a path



10

20

25

30

for growing a group (llI) metal nitride film, comprising: 20 - a growth
chamber; - an object selected from the group consisting of a substrate and
a substrate comprising a buffer layer, the object locatable inside

wihegromiiaighamber, in use, the substrate or buffer layer haying gocystah1ss

structure that is suitable for growing the jpetal nitride film thereon; - a
vacuum system for evacuating the growth chamber; 25 - a containment
tube made of quartz, silica or boron nitride and being in fluid

cammusitatianavih shele E@@é‘tﬁrﬁﬁﬁ?‘ﬁ%é%ﬁwgﬂ'@%ﬁ%% Wlangles with a
ac ive ne tra n% eC|es to the growth chamber; - means for

pP%v. S e SRRl YA T RO PP S D O Bl BB Mg
opératisre ofithdapparatls, righasntdesavitie pfine @faﬁmitdrrg elialsaiisietecio
bﬁﬁwﬂ@%a@tﬁ%%‘ﬁe Gl god 13’5@ %Igrrate o rO\ﬁdmeQ/ ﬁte inventors

metal njtride va% ur_in the vicinity oft ed i such

TR SPPETRRY tﬁ@’éuﬁ@tf’&té"tﬁhtha&ﬁ%ﬁérﬁ%ﬁ%f%@p@@@mﬂma@ by
thestheial anifridgeygpisunisi eiresiagtowasdena §RBIER| @eien Ofkthe the microwave

S p&;@[ ng a 06/034540 PCT/AU2005/001483 35 that.is
o B s 1) 7102 Hagh QLS G o species

afgres AN Hrasdmorbisg ielosubettete msuchetivatythadies is Suithibleo react
fouﬂﬁBH@ W?ﬁ@ﬁlﬁﬁ%oplaﬁﬁiﬁﬂﬁlépeaﬁﬁﬁﬂiﬁglﬁgég% ?&%eaﬁé’ﬂ}&a% nitride.

ne containi substrate RPECVD is widely recognised as a low

dar%%%“’e&ﬁ?oav‘t PR WBR3TE PERE AR BIIGRAISE R TR QMHRAETowt of
fmﬁs@'@wmmtﬁtmgﬂ Py WMBMMﬁMWthSm alﬁsbt};b KeSHERAta high

apdenergetic AGIME NRrARItoAen, SRERIES: S8 %EconSI dirom the. 1g:ll 1590 & Chamber

generated plasma. This has led the inventors t ays o

praterily SuidR s seeratn g i sty tﬁ@rmm’fm@wnpmw@m growth in
HMBE eysergy spasies tirbrdbietadeamicvittuthe imethigalivm e thelr way

&m% inium tof the etal tride, oMlcrowavea#J
pasma sgl?r%{ér%lésrgsl%gle or o ecufgr B epia%y tRIBES L %’i/\ft’ﬁ‘ag area MBE

niffEeesetielsn dgaiens T fisess bmpityearseixid ofificewitresmall bojesiddarge arcas

Mg HRN2oAIGH HWIWW%@H%Wépb?em\%@ﬁ“g&mte the use of
%les b§ %%dlrected i'%t%a chamber with relatively low operating

praesir e OB B2 eI IR MRE DS AL ST RRARCHE M §§§’F€ﬁ3rf%1tmgeﬂ

aveediften directed around baffles and are apparently able to make their

Way,is aseunstihe sintsrs peed 9 mﬁgﬁat/'ﬁ% SSMSad NS LY %reesa‘éﬁ%?neum

for small area MBE sources can al e use |rectt e actlve neutr

THHEER %@é?’éscé‘i‘/é?eqﬁ‘ﬁ%cﬁﬁg‘é@ié‘a%“ﬁér% é%\ﬁtﬁl HOWEYEFMBE the active
empiey sxituith joues presaucesdvsh cdespitebecasaioly baffies @m[;ared to that
eutra

f}iﬁ?éﬁefiﬁﬂ ?1?%@9 50 %Ilatmfagoe 2 rtgse!t!{lep%? Qtd eﬁter%eghera gg\?f’t pressures used in
RPECVD whilst substannally preventing damage to the film, do not seem to be an
impediment to allowing a wide area growth from the re-direction of the resilient active
neutral nitrogen species created in the microwave plasma.

The means for substantially preventing active neutral nitrogen species generated in the
nitrogen plasma from reaching the substrate with a mean energy of greater than or equal
to the bond energy of the group (II) metal nitride bond may comprise one or more baffles
and/or impellers to redirect plasma flow over a larger area allowing the deposition of a
more uniform metal nitride film. The one ér 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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species. 20 It was not expected that for RPECVD a similar situation

should hold where active neutral nitrogen species can be directed over a

large area for film growth because the active species exit the plasma area
win Dosoitieyas closer to that of a flow regime compared to thatctos dBE/ o 483

which a particle beam is employed. The higher growth pressures used in

RPECVD, whilst substantially preventintfdamage to the film, do not seem

to be an 25 impediment to allowing a wide area growth from the

iﬁﬁ;dire tion of the resilient active, neutral nitro]%en s% ecies created in the

P ate PR, P Ie AY 1BF J5BSLI0TIA HtimgeHeRvasnatiys poutral
nilitcegen gpesieggendedtedin themiirpigenafasmadtamy eachihgritewith 2 mean
S | f.ar r.th r.equal tq.the bond.ener.
R O D g o 2 iR e
aﬁd?éfg%ﬂ‘é irapsksT seprebe presshia irsietsoeiba miyeharea afohengrahp(Iil) metal
depantinm of scfeaeiWReRThRAIA niide lbniThe apaIokamIsRaliasQr

impellers may be adapted to cause t sma, or one Qr. more .
R BEREATARRASE ) s eS8 A el oen AR Ao v o
dugher genvith tiressufes ootidudtpoibet whidbEritkdimativelygaduimpdller growih,

theformafaf IS i i :
Dl et We SOpE D30 SE SR LR e it

\EHrEiE, h&rDestreEy Fo tg RREMYRIRARsdenting active neutral
nitregen Speciagensraibovin theditiegedplasia feanGeeachingdhie ve achieved
Séb%}%ﬁﬁ%d’gf a mean energy of greater than or equal to the bond energy
of the group(lil) metal nitride bond. A baffle or impeller may be used to

iHe¥e HRRroNecoRERmt: Srlibipascy ot poRyShataprding el éhel i onlinrdase dliowed

arRassybile Stltusimea eiativehe SMmAleraRNARINA SO YRR ARIRREIBRT quatity

ag\ﬁn.t[a e of the apparatus of the third aspect over MBE systems is the
alN_fins, . . L

usd of igher growth pressures in the chamber which limits film damage

Qﬁﬂhﬁ@ﬁlm growalin Tireipwpessésharploaphanatos accordingttoihénvention allows
ipyentien Mave. ot npraveddha auality. aachriformity AfGaN oW R0 was

by the RPECVD methad. ig Greater film uniformity allows larger area
BRGSO 5T RASHDLS FPhe S SUR S RV HRA Y& fmproved
graivthilesngdition $inttee rraee ascantiapdin thtoithertive htion hayeatiaves provide
t € n e e,successfully employed,.providing. . . .
e PR R e BT RE O e iy
Jretitrisyiaerdiiesatiamgrsitien ikt kalews g divteover a
stiéagepasaRRiRbesit Adoshmsdiamrterish is Bueh BaerikaRMASMOCVD
PR DRIRve dR0ssIbleior 3 Smallarea MISTowaye plasma SPUICS: 400-650

°C.  An excimer laser remote from the substrate holder may be used to enhance

dissociation of gas molecules into free radicals,

Low temperature group (III) metal nitride growth, such as GaN growth, for example, has
some practical advantages. These include the use of lower cost equipment and substrates,
the possibility of using buffer layers such as ZnQ, SiC, HIN, GaN, AlGaN, etc, the lower
inclusion of impurities, sharper interfaces when growing thin layers, and the lower
thermal stress between the GaN film and the substrate. The principal shoricomings 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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GaN films grown by the process according to the invention have the
potential to provide lattice-matched and thermally matched layers for
further epitaxial growth of high quality 20 GaN with low dislocation density

weekiiesenkheterostructure devices. The deposition processascQreingoi g

the invention is based on conventional MOCVD growth, but allows
deposition of a metal nitride at lower ten;? eratures of about 400-650 C.
An excimer laser remote from the substrate holder may be used to

enhapes-ddissogiationolea; _ I_gflﬁ!\@siﬁ%?lt% ?{Qgg:%?ar%%i s, method for the
temperature group (Ill) metal nitride growth, such as GaN growth, for

e XA AT SRR PRdR AT SHSAMBINRS Thate saailice the msthod lowleding the

cestpegdipment and substrates, the possibility of using buffer layers such

as iC, N, AlGaN,.etc, the lower inclusion of impurities,
she?r%g?%ﬁ{lgrfaglc{é%sgvﬁgﬁ@%vﬁn5%1%%}%r(\é}f fa%rﬁ;J ETOWER IR plsswa, at a

bEFRREEI tHeTeabh Hhafioer salsbavité0TRerpantifralashaitconifigs abeut 1 hour
3pweakernblmadhasion to the substrate and the possible higher degree

of incorporatjon of hydro oxygen and carbon during growth. o '
R SRS by g S e A S —
wigasithihd admectaflthmanvdetidy, thratis proisedfawetineafer ébeverted into a
treimanh 8l @B RieG dmads of or IS) rtz.or silica, the method
including the s%eps of; - Contg%#ﬂg%%%ﬁ? gaggﬁ%% %ﬁﬁ%nsdﬁ?fg%%%os? lt%gmssure'

oBjetEVTRAE hitfothsnrshiBech theoiesisiny drfnm abisth donprioretosleasable
aboygehCGofmrr and for a period of from about 1 hour to about 100 hours;

anql gavsing atleast a portian of the silica in the surface of the opject to
react (\gvc%[lh'_n{?fg%éteeﬁ) % sl‘,&lr% beyrﬂ?ﬁ%%eélga%sﬁgf%?sﬂy g%t OWEOA of the
ot Kushuiienddenaveftagsssa species that does not release oxygen

aAlABAAT 1601080 IeSSNTRR HIOMRS Aol RIRsHIeadd p@lgﬁge%%%%ﬁt atoms or

of the third aspect, the object may be any object comprising releasabie

Xy gen atoms PRt SHECHHGT UL BS Brererunyiser S pretiably prastiped at the
t@ﬁm@:@h&ﬁ&y&reemdeoﬁﬂﬁo@m@mtemimagﬁ;mﬁtp[essm&eﬁ.ulm&f @efiow of
{oifeaich 8y L0 ALINAISPIEIES NG ARRPORAINRLIRRD 65ARE OXNAE i ai
atoms or is releases more oxygen atoms at said pressure, fhe Ject’1s :

pPEET BRI ShEsh SHReh THES aET < eattibAkerpleiss e srTroRapsticteecording
md dristaspdad of TR0Teftsadasadlaefat BHNegemonas BSsdhatilOBe @ ace of

ey B e R ealict araty o St
oxygen, after conversion of the portion of the surface of the object into said species.

The silica may be converted into a nitride species,

The object may be a containment vessel or tube. The containment vessel or tube may be
adapted to be employed in an RPECVD process described above for conducting a
nitrogen plasma comprising electrically neutral but chemically active species to a growth
chamber before or during a step of growing a film of metal nitride. The metal may be
gallium.

In accordance with a fourth aspect of the invention, thers is provided a process for
growing a nitride film of a metal selected from the group consisting of gallium,
aluminium, indivm and combinations thereof, including the steps of:

- contacting, with a nitrogen plasma, at least a portion of an inner surface of & 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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to this aspect of the invention may therefore include the step of preventing
the surface of 20 the object from being contacted with air, water vapour or
substance or gas that contains oxygen, after conversion of the portion of

wihassbifageof the object into said species. The silica mayber¢amvertiestior4ss

into a nitride species. The object may b% containment vessel or tube.
The containment vessel or tube may be "adapted to be employed in an
RPECVD process described above for conducting a 25 nitrogen plasma

COFHQEW@@@H&@@WSBE@%&“&WW ACHYSEREGIRRIAOWY 4 suitable
er efor%a rdurln ‘growm a film of metal nitride. The

mé%aﬁ ate}’{? Wt RrBiragstsplasmacTarTveR Ry irically
thegetid fom\nhledl%b}foaxess Bmeogwwrbgammtrndiacﬁhm bfenghatal sejeatethe growth
from.thaggroup consisting of gallium, 30 aluminium, indium and

combinations thereaf, including the steps of: - contacting, with a nitrogen

DI HRFEOPIAYRE Slem i ORI PRIEFEIEHAte srespiestanatdriaareet end of the
tmfermmmearrmprimg?martm pﬂsgm WhHewR aﬁdé\e somotgg;lmg qt%nfss 14, 15,
p ress o on and for
g A o o B Lo OO 0 A s o,
26D6168 hsurs reY®U2005/001483 38 - depositing a film of solid metal
nigigRic b BRI :RIBE AL RS AR, %H!Jélpﬁhér%%fé %%QJQX!Q%@& Yoms or

fovvth chamber, whilst a ngtro gen plasma comprising electrically

nregu?rafj%ulforﬁ STEST PRI & R BE SR TG S Rt 1B gﬁ’iﬁ?é tpesterably
tontiatgiredth tharfibenSiiined pnisating Stepris sxafe @by erfasmeshatl 80 Torr

PipdeHE ﬁ%@éﬂsﬂgﬁ lawer end gliheyafe W{Hi{n&%ﬁf g&%ﬁl 1\8}11}_5} avoiding

pressures he period may be about 5, 7
1807FeCt G odir, Svatorvanpup o ey eibensibatings O5eeTBAGBNEENT GLYESD.

8Uh85Z0A0ciily, 3100 howrshe rpie. i arderjeraveldieyeiaiaBaltheo-c o about
s&aggéeé into a species that does release oxygen atoms or io releases

more oxygen atoms at said pressure than said species, the object is
praféeatsiyiontiaig tneef tnathe poriemeftiondtbppessntarolifrsmiatooft the tube may

%E%éri%ﬁ@@%t@@sﬁ@ﬂe@ﬁﬁ?@@e@'H&%ﬁ:é 8t lesnihan 408190 oXygen

whrlstu der vacuum, whilst ayoiding contact with air, water vapour or any

%Fss‘l}’ S anéé’%’ipégé ?@dﬁﬁﬁg%@&%“*ﬁ@%ﬁt%m&%ﬁ%?ﬁny neutral
téJIaé Plaecalin dcimperstice of fito revaltuttiAika Tt chadgiit ths HAROCThinseies into

C&lﬂﬁé&wﬁ@&me@ patign afthe silicaaresent in the surface of the

e may_be converted into a species that doe not release oxygen

a?&%?ﬁﬂ@%%@%@l@s@@k?@énﬂmed by causing a stream of metalorganic vapour, such

as trimethylgallium, to react with a strearn of ammonia, in the presence of the nitrogen
plasma, The metal may be gallium.

The method according to the fourth aspect of the invention may include the step of
repeating either the contacting step or the depositing step, or both, until the presence of
oxygen in the film of solid metal nitride, as may be measured by a ratio of oxygen atoms
to nitrogen atoms in the solid metal nitride film, has decreased to a desired level. In the
event that the metal nitride is gallium hitride, the desired level may 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, prior 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 2 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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atoms when the nitrogen plasma is present in the tube and is supplying
electrically neutral but chemically active species to the growth chamber
through the tube. The species into 20 which the silica is converted may

wleahitsidgobased species. The metal nitride film may be forraegh bYoos/001483

causing a stream of metalorganic vapouy, such as trimethylgallium, to
react with a stream of ammonia, in the presence of the nitrogen plasma.
The metal may be gallium. The method according to the fourth aspect of

thﬁlm\é&mtEHﬁerTiﬂélyl e L#ﬁ@}ﬂ@&:ét&p fvZaePaating:siher e 6en@Ccting separate
)9 the ositin step oth, tl{gthﬂe presence of ox en in the
f|Im ot solid gtgfeﬁttﬂﬁéna S g%é’gﬁ 4 B%Fﬁ‘ &80 y]é’éh atbrfignethod
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frivfine GRRes oF s Jasiuin erare ifnclserbere ﬁﬁhﬂq@e @fiam@lftber include
thhdaw@mawmmm@mmmmnm@m reiudethecstenet: silplesting $be: bearing

§§é{%t§f{9r%¥%§ﬂé'en 5 rlg& 19 hepve}posmon of the metal nitride film on

substrat e press reint acuum may be from about 10 mTorr
td‘aﬁtsmrme thenmithoomast Welagentis pirrsefithertingnthe baibesatehan otherwise

1gedaitnvineabsapresatwny Wamiatis Ry pasely introduced into the

fowth chamber, WO}Z@%?%OMS ?g Eﬁﬁ?Tz’ U.2005)001483 39 The
ThEFAEIRES Bty REh HRYFE GrottreclaPrbarsst A gpparatus for

s@p@ﬂ&@i@@mﬁr&m kickasiayroetinthé fom it afaadibipchanbearfar leadprising

loglerizhe: metod26606ding Egrﬁtbﬁgﬂllérqu‘?ﬁgﬁ% gﬁéﬁﬁﬁgﬁ@éﬁggg@g%ws% contact

rbclude the further step of transferring”the subs

FHRETEE T TRESD AR 2nd e Rer Sep ar dhe BRZIABEIeSIBading chamber
of teambiacittotiag fudvttvenprier vihemefesh may B 0eiriielede A8m in the

B R e A 08 e o T Y RO AR may e

earlng Species a ter | S een su ecle acuum. U
tidapiethis Pragdanbritstha @ébemmmﬁgﬁmguﬁgmm dthepmisans is in use

piegiditianinghitihetere growing the metal nitride film on it. 10 In

ordance wth a fifth aspect of the invention, there is provided an
Zg%ara% §%P HFEGING ot ﬁvgiﬁ?&%tﬁaéﬁuéﬁﬁ%?ﬁﬁwa&m% DfRgRies.
objectpratiesohey compiisinglguar e siticas s capfipanadtat oo miitising plasma.

t
Z?%é?hé’%%ﬁ%%??ﬁﬁ?%%ﬂé%‘ﬂﬁ%‘ﬁ?ﬁ e A AR B s

ORISR KRS s fiteni s SEPTEEE G proliie Aitrdt Giieehe suitable substrate,
piesepopoitbe af tecRPEQUDeroedsthe surface of the object. The vacuum

:ﬁ%:ce s ?ﬁggﬁﬁ%é; t%%r% té%gﬁ ggl\r{?iiégga% gl plrgs%rtll?epcg %ﬁ)rllr(l:%boofup ?0 mTorr to
about 100 Torr, Alternatively or additionally, the apparatus may be adapted to be
operated at a temperature of from about 500°C to about 1000°C, for z period of from
about 0.5 minutes to about 100 hours. The partial pressure of oxygen in the apparatus
may be less than 107, 102, 10%, 107, 10%, 107, 10%, 10®, 10", 10" or 10" Torr. The
partial pressure of oxygen in the apparatus may be between 107 — 107 Torr, 107 - 107
"Torr, Torr, 107 ~ 10®Tory, 10% — 10%Torr, 107 — 10%Torr, 10 — 10°Torr, 10° - 10°
“Torr, 107 - 10" Torr, 10 ~ 10" Torr, 107 - 10" Torr, 5%107 ~ 10 %Torr, 107 — 10"
*Torr, 107 - 16*Torr, 107 - 10*Torr, 107 - 10%Torr, 10— 10%Torr, 107 - 10%Torr, 107
~ 107 Torr, 10 — 10" Torr, 10° - 10 Torr, 10° — 10" Torr, 102 — 10%Torr, 107 — 10°
*Torr, 10 — 10®Torr, 107 - 106*Torr, 10 - 10%Torr, 107 — 16°Torr, 102 - 16 Tosr,
107 — 107 Torr, 10 - 107" Torr, 10° - 10" Torr, 10% — 107 Torr, or 107 - 10" Torr.
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and when it is not in use. The nitrogen plasma may comprise electrically
neutral but chemically active species. The apparatus may comprise a
plasma generator capable of generating a nitrogen plasma. 20 The

wabRaialissmnay further comprise a growth chamber in commuicadiansvithiss

the containment vessel or tube, for growiag a gallium nitride film on a
suitable substrate, during operation of the RPECVD process. The
apparatus may be adapted to be operated at a pressure of from about 10

Nl afpatdel O CukoR: AbRHatve A ROFHIRRRIMARB RARBAIBIE MY suitable
beu%g@%g%éq‘ F)ea 251? eraﬁ_e# ?#{a é?rg}{)erature of from about 500C to™

about T {8 L parot BT R a0 RHIREER about 100 hours.
Thélgrastiakhressdritiohallygébn mpthmappazatasmpray hddessdiiandiped to isolate
e L D
partial pressure of oxygen in the apparatus may be between T

I SYvate oL aip bl tpgsfen obember fomsrbsaqisnt t@nsfpofromois: sample
| G8dsder, chBafbert0 BT @rovil-thardBe30 12Torr, 10'2 - 10-12Torr, 10'6 -

101 -7.5,10-tLTarr, 5x10"7.-.10-10Tqrr, 1Q"7 - 10" 9Taqrr, 10-3 -
Gaatagek S s Rt e e ks G peined & goarens for
18rgvingoe7 Tipde didm pd"FToetal GBected- fiton, 1he-GrouP- ¢dimistin@lof gallium,
198t GridinhOm@ BopibHAith s kB9 bodi Bz b0-9Ton, 10-' - 10

9Torr, 107 -a}i%'T_on, 10"2 - 10°10 Ton, 10-'-"10-10 Ton, 10-0 -10-10

TorEPEE £8¥8 Fon, 10-- 10-10 Ton, or 10"7 -10"1G Ton. WO

~ 2006/084840iREF 0600 1488 4 OhEhdap patatshnaybitrhehaving a crystal

CoRipHee AR URIRMRRSIELAATBR!TRLIGGRIMDAA Mligole substrate

prior to a gallium nitride film being grown thereon. Alternatively or

Al YRSHEIR SYRE Sy streting hompritechamheriock adapted to isolate

the sangierteanséesel bambe nisdenoaqbienteeniiitions saskial Riepasatidfnication
o‘gv B}e&% A %{ evyacuation of.air.from the transfer. chamber, for

sué)sequrej%ipt '?r‘gl?]s or \r{')oegﬁ ?ﬁlé %%nr%% gnﬁaangfréara%hg?n HOgs ?h%%?&@vtﬁ the growth
cHambes, #adaccordance with a sixth aspect of the invention, there is

proviiad an FRPALRIESLOhoWiRgA Nitde flmuof a Metl FElRCEDION. during
theegr up c &;lstln ofgalllum, aluminiym, indium and combinations
Y

RRFEDI R SMPAARY™ I8 5 GroWtRrERAMBAT, A aih el 1esmindfrisaesited on

tifee grbwithtehamber, in use, the substrate having a crystal structure that

IS siiable fesgropine thermetah it il ARereon. 8.y Hgs@eﬁérsﬁa%gas been

for evacuating the growth chamber; - a containment vessel or tu

STORUEREAIP SiRRSSIHPHERTSISS TG LERSFLRSiERlERTS Q3 YBRM 2inengienivhich releases
chamberydet sonduaiiagea stream of nitrogen plasma to the growth

The nitrogen plasma may comprise electrically neutral but chemically active species. The
electrically neutral but chemically active species méy be nitrogen atoms.

The conversion to a passivated species may be performed by contacting the surface of the
containrrient_ vessel or tube, or a portion thereof, with a nitrogen plasma at a pressure of
from about 10 mTorr to about 100 Torr for a period of from about 1 hour to about 100
hours.

The passivated species may be a nitride based species.

The means for providing a gallium nitride vapour in the growth chamber may comprise a
tube for admitting a stream of trimethylgaliium 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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‘chamber; and - means for providing a metal nitride vapour in the vicinity of

the substrate, during operation of the apparatus so as to cause a film of
solid metal nitride to be deposited on the substrate, 20 wherein at least a

wboltigRfAkan inner surface of the containment vessel or tubedaga bR6L01483

converted to a passivated species whlclhdoes not release oxygen atoms
or which releases fewer oxygen atoms, in use. The nitrogen plasma may
comprise electrically neutral but chemically active species. The

elfipeallyreeithaliBhbehamical b AliKeSRRRIES %klepgl%ﬁ%QE%o%%Q?gd with the
25 The cor]tversmn to %(‘}p%?swated species may be performed

contacang the cuPfge BV etnEhthert veids BWUB@I%r]é’pE?%rﬁltemaﬁVdY
tisrestnwitiow ditisgenmlagma d0alpressTiie ofefsore abetirdQURTRIN 10 Torr,

aé&wegggfﬂ;pﬁrofg ﬁoﬁ?ﬁ'%ﬂ%r%@u@g%r} hour to about 100 hours. The
e

p?gsslvate species may be a nitride based species. 30 The means for

FRRSYRIRGFATAIBROE VRB ot ameegr R il ¢ hayaliéemagyc Brbeisecanprise a
tioeufon agsith n@@ﬁﬁearp@\fiﬂweiﬁbdﬁ@ﬂ|1Hrﬂ1é0p§1€§eﬂé9\6’m}@mg{ na portion of

BRI O YRRl S o crbodene LK o e

admitting a stream 0f ammonia 1o
ties wrsrensy g biha sy tase N@@p@lfa@mﬂmg iapparatlehso adsfastithee,

gammj ayiils uanaui 6 BOCHARASA0 G TUAUBOOROOIIRS M Eomprise o
ure at hich q%?és;&%g]ce of the containment vessel or tube

con ac‘% R Hatis sy eﬁé“bé‘?%ﬁ“é’@éﬁ@f@@h%ﬁﬁe dtpre it is -
éb‘@lgffelﬂid' uﬂQ Hite gratitie k;hahﬁtweamahmdmgT&m@Bér &i@%ﬁ(ﬂ-ﬁﬂ@ﬁﬁaﬂ_ BE capable

HEs &a%%f@&%l&%'% IR AL LEf % "I bOUt Iﬁrgcl)rcrh%?nber The

about 5 Ton. s The apparatus accordlng & SIXt aspect &f,

iARRAADH Ay w&&ﬁﬁf%%e%cfﬂﬁrﬁ%@mammmm the loading
whembrer ior hediesenaetnd thevah |@%§&pm%§s%§éﬁf§ﬁ%§’%@ﬁ the form of

t acuum s stem be ada OVIde the vacuum in the
%%ﬁggggsh% SUrate W%Sh%ﬁ]e"%% F§?§ g’i‘ﬁ 6.8 hasmdanerngsemcs.
u'@@ 'Fﬁ‘éhaép@%%%&rmﬁqmimmmméﬂheCMMnnmlBa mdducted at a
ftbﬁﬁf%fa@@#@ p&ts&@ skddeading Clambernonleagle % Wyeh s @91%%%8'0&01 00°C to

um@ e substrate before it is transferred into the gro

&amber. The I SRR ATHE SRS R5tem o RThy B Cdpabrat @pQéFthemaUVﬂy
évawém PHSEt Hres AliE erteingatransfooerkinboiie greawvth

ghambetrfhe a{aﬂ@&eﬁ%ﬁtﬁmﬁgw ﬁﬁotﬁarlﬁfer fmeans for trapsferring = - .~

the substrate from the loading chamber of Ioad ocC |nto ﬁ1e rowt“ﬁlr

GHBWBEW*FH’@S&%%@Mé%ﬁ@%@hﬂﬁb&?ﬂfﬁetwm@féwc The temperature of the

quartz containment vessel or tube normally increases to about 200°C during operation, but
it may increase to much higher temperatures within the aforementioned range of
temperatures when the silica or quartz contains impurities or when the transfer of heat
from the plasma to the tube is greater.

It 1s to be understood that the temperature of the plasma is generally h1gher than the
aforementioned temperatures of the tube or the containment vessel.

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

1§ grown in an apparatus according to the invention contains as little impurities as
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15 a pair of tongs, a conveyor, a shuttle or a suitable vehicle or lifting or
lowering device. The method according to the third aspect of the
invention may be conducted at a temperature, at the surface of the

W%%i,g%@t vessel or tube, of from about 100C to about 120G R m01483

temperature may be from about 100C to about 900C, alternatively from

about 100C to about 800C, or from abod£100C to about 700C. 20 In a

preferred embodiment of the invention, the temperature at the surface of
the,scaptainmnent vesss! Sletue is from.abgut NOT to about 600C, The ,
t}e}%\perafure of the quartz c%%taaél men 1$ie{§l;ée?l}c{)rro§.leg P\Sorflréﬁa fi’?f&rro elslepsIasma 15
1PEBERaP B0 dighausiser dfisrelbEbli pralrintiesisdan shoehlRighes per billion of

tepleatiesoithind e REQrRRIORR AKaNas ﬁﬂ%@ﬁ@ﬁﬁm{,%wﬁg}é%?efmbw

sili r guartz contains.impurities ar when the transfer of heat 25 from
e g L Ao FE B nclr o Ebr b e SxvEen, carbon
tehoyedatnarnf afkepliagmatissgbaensdly trigiresetiianrthere&foitd mentionddbefore the

temReRLY esRERE IHRSMLe containment vessel. It is to be understood

furthermore that the temperature of the surface of the containment vessel
Pt iy BE%ARL ST e PE e s sed b GRRiRImEIPRE ikapst or tube, it is
corifecibly 3Glatéthithe: plasndds prifbtiteskefacadd heGantaimant essel
ont iGJ ically passivated with nitrogen, thjs X
e R B e Rl on owsice
1R YR et prab hangih S8R gh mRY b Wies Migtinsuritjerge ofderter have the
R or T e g chamber,
ordin e {nvention coptains as little impurities as : 54
By L T Gy e
tRegRraYers ey forereniboyend plabmprsenvetef abhagfeihiidotiitystll contains
Pesferiohs wapanmlPhIan Ab oL 8pattsPerlion.of WIRlIMANTINGS or DC
more preferably less than about 5 parts per billion, still more preferably )
Ié’i%cﬁ?é’?f‘?‘ﬁﬁﬁe&@}tﬁf% ATB e RIpER RIS RGP moisture, oxygen,
Cﬁﬂ?oniscig'elxi@&manyayﬂw ifﬁm&’ﬂieﬁft_ﬂ% fﬁ@)ﬂbﬁéﬁﬂs@?tnﬁ&owavesa using &
r nitrogen is.converted int order
e B D o S SR R SRS
isl'%réf%fbﬁf i1 Eeneienn mirabel o praheri§kisptaavd 00 atwifthepower of
ok imsgRosiandaeg gize b il WareaHeaibs useskie. oM IR atre of the
nétoro en %1'%31::.%% Qragﬁarélou e e.slo |am§lter of about 1 inch (about 25
niin)- TUDBES having aTargs HametEF Five e LRt I Reasiiisigdgement
afovr Yary g dstothaserfiro afthértonthiargeonveh wissehber, which is
UndesiErlle dasviewiah the detimenialeliedt ILhas aRdhe.galliumaitide. oo on is
film. Lalfriger tuges may h‘owever be used in the presence of a magnetlcgl
FOTTSRSE stﬁllac ‘ﬂ{%ﬁv& which the plasma has a pink colour. The plasma may also be

orange in some instances,

The plasma may be generated by using a suitable band width of electromagnetic
radiation. The frequency of the electromagnetic radiation may accordingly be in the
range from about 0.1 hertz to about 10 Gigahertz.

The frequency of the microwaves is preferably within the range of about 2 Gigahertz to

- about 3 Gigahertz.

In the event that electromagnetic radiation of a different frequency is required, such as
radiofrequency (around 13.56 Megahertz) or where a DC plasma generator is used (0
Megahertz), the frequency may be lower.

Itis 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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the microwaves, and they may also be used when lower radiofrequency or
DC is electromagnetic excitation are used in place of the microwaves.
The nitrogen plasma may be formed by the employment of microwaves,

wéshigkAsdnaognetron. The magnetron may have a power rating-of\#RotR/061483

about 500 Watts. The power of the magnetron may be from about 450 to
about 700 Watts if the power of the maé etron is higher than about 700
Watts, it tends to increase the temperature of the 20 containment tube or

vessal whic 'ﬁi&é&%@?iﬁ@@%éﬁ%&@] aa88d 10.10C E%gﬁgglgsls?\lgg&eﬁieerg §R%s 1o the

oxygen items from the surface of the containment or vessel. Tn order to

eREUIRCHERE UGB s S tec el do et Genibee muchiietiasal igressure in
inﬁmaﬁadgﬁo aB@veﬂoatpwfﬁﬁhgtheiabasmachmoﬁ@irlﬁ@'g@d&ug- Thecpiase: with the
orange in seme, instances. 25 The plasma may be generated .
o T B e oF St e e AP BR G HRotmatised if not
freefuBlstshorpidedectromagnetic radiation may accordingly be in the

rages kel bl Rarzia asa%ﬁga@&r}&mm%&ﬁ%ﬂ&wogbﬁ%se Jess
3

icrowayes is preferably within the range of about 2 Gigahertz to about 3.
Giga \ive{?tz. %‘I?ﬁé’%@&?ﬁﬁ?@l@%ﬂ%%%ﬁ@ PRABIFOR B befesciipn 107, 107,
fréilierty redaitedy Suth'ys otdiofrett@nay (pieparidGbaMegaRg Zin in the
oL Whens tog-is ysed (8_Megahertz)idhe frequencys . .0
m,% be Igify?grg %?d%%l%%) g%‘%%llsl\{\?@tégéapwur’% eﬁﬁm%@ed%%omqasemm’ 10
apparatdd phiBr tol faddivatBn 0 anbl tok¥bid water vapour and other

om/@laseﬁm' HRININGEPE ties: éﬁ@ﬁlﬁrﬁetﬁil?]%mﬁi%fﬂ@m%ﬂl@f&ggﬁ/h@%éﬁh Qut at about
P 014 43 at any,time, thereafter. It is believed that the
AR o SR L STk b et e

o Viesudivehd déifitesbnteisare mavdre wsthe total pressure in the system.

Bt 6RO atiRdseh 0 gchiRsi Ao AN APRALAIHS R RECRANANGE NI 18t have more

invention, the inﬁ’i;ga(%sﬁgf water vapour into the apparatus can be

mininased ot TSI d %% he oxygen partial pressure in the
apbaratisimaccodandt ddtiartherinkedinmaiay: bétessihambe! fekalror tube.
T ial i | than 10:3
R BAT BEOTEAN PY FRPy
pPELy FabHiBIAGE et ther WBpAT RS shippad ot mifigess Playrae e be shorter,
1@&&13:6)3 ]sa('l)hé& ' ?h& gaiégiiﬁ;@ﬁﬂ:?;éﬁ& 1 Qoh@rl @he t@e@tié) 130 m%@caﬂ @4 hssivation
"8-10" r.10"9-10. n. ssjvation method in accordanc
|ff§‘:t?11sg f%ﬁg%%gﬁsc%rpe?%r%%li/nc(gﬁ?g o%h%?a%%&g%éo%%%gﬁ%lﬁ’ge&%f’ssurface

tieAttl coRfeina et rieriivdsiotbeengawn.

An opiimum pressure may be determined by taking into consideration the dimensions of
the containment tube or vessel, the microwave energy, and the sirength and nature of the
materials used. The optimum pressure will also depend on how the system is to be
optimised. A residual gas analyser or plasma emission spectroscopy may be used to
determine the quality of the nitrogen used for the purposes of the generation of the
plasma,

It has been found that, where the surface of & containment vessel or tube made of silica
quartz, that has been passivated in accordance with the method of the invention, can vield
a gallium nitride film, when grown in accordance with a method according to the second
a'spect of the invention, that has an oxygen concentration of less than 10'° atoms per cubic

CIn.
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Alternatively, a different pressure may be used. In general, a plasma
generated at a low pressure yields nitrogen atoms that have more 15
energy per ion, albeit that there are fewer ions. The optimum pressure will

weERBHE: N dhe dimensions of the containment vessel or tubgeaRBLMY 1453

speaking, at higher passivation pressures, the period during which the
surface of the containment vessel or tube is to be subjected to the
nitrogen plasma may be shorter, whereas where the passivation pressure

ispfopye mditg-pered far which fhe-passivali ess.peeds to be .
carried %ut in order to o\%?iir% égsatis.fac}/a(?%%r%#i%’gt%%ﬁ ?)%ft e sur acgep oF %aeted’ the

CcOMATTRRTAEELoRdF SRl e Bitide i Sern AsinH Sshra preisiument vessel or
mayebeiteterRIEEH Dyiaking Hie woasideraianibgdimansions of the

c i t ar vessel, the mi ave energy, and.the strepgth and
R e R O e LR P SO o cnveen
heRRepRiraliste Y isitorpeeptBhdptimnseeyen fesidsral djadeanalysersen plasmaration of

eraissan SPealRseamCmaIne Bsedir, determine the quality of the
njfsi% en u?td for the Igét#é)oses, of the generation of the plasma. It has

U hEXHE rE T EAMILE & BREBamEEh st Kivtehis rerctivity.

béeh Toun
oftsitidasicabdetio, ghew Iradlbeenipassiitate aiviacedrdanesiuithiiie Wethed is not =
ofthe IMERNAN. SRATSl;; gallium.nitride film,.when grown in .
a%cordtglncg wﬁ% a met oé%%(%rgaaflngﬁ;{gﬁg%géégg%&E&%F&?E}heﬂ is preferable to
P& TR PR A28 oxygen concentration of less than 1019 atoms per
cHbiche pirWWe 2006/ ﬁ%ﬁﬂﬁtﬁ’x@ﬁfﬁml Q%@@E‘}@@&M Hﬁ&%d%Hﬁr?Eg 068 to dope
n I rtz cantainment. vessel ar tube is not passivated, the
A anties ARPR AT gFl LA B ave very low
cepiegAMEAnyesssrgmiube with the RPECVD process may be several

PREENERESIAGIETE (5 Ok RUINAREHPHIRRMARURL WS, A5 FRE o2 SRl whilst the

nitride film having an oxygen, s concentration 1020 1s acceptable.

S%eVéﬁaf&eTﬁggY%?o‘éfég,%&%QW'concentration of less than 1018
aibmsiqwahic Mlibe de@irtabka_oﬂiliwli}m_ls @Iﬁmgﬂﬁ@@ﬁﬁﬁﬂﬂ&i&ﬂdfk&han about
gsuliuracitgAe I, 16 100el IS SONERGYYI.. [ {Sglpsirable to grow

allitim nitri le films having a low conductivity. Oxygen is not a good
?ﬁ?&ﬁt&}f Bpht Br RAmisTRiteed vdr 4o syRediniaride. peRstrate more into
piiefgraktetten Ithtigensilicanias mdanante Fagthe purpose of the
of LEDs, a high level gf.silican maybe used to dope t
ga ?UL%? %tﬁ%%‘ée?ir?ﬁ%\f%%r %g%hécp% ?éia‘f‘lfoingg i%n\}\"ﬁ%/" %Eee r?ﬁeeg ggg@ﬂguﬁ%%g molecular
VRIFRPRSY Ssondénitrdtionisatiexielért the electromagnetic radiation that generates the

plasma.

If the nitrogen plasma is flickering, the power is too low and should be increased. If the
colour remains a bright pink, the power is at a satisfactory level. An orange colour
indicates that higher energy transitions are oceurring in the nitrogen plasma and that the
plasma is therefore more énergetic. .

The distance between the plasma and the substrate should be sufficient so as to prevent
ions from the plasma reaching the gallium nitride film as thesé 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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What is desirable is to have a gallium nitride film at a very low level of

doping, whilst the is residual carriers have a very high mobility. It is

desirable for the electron mobility in the gallium nitride film to be more
whamhakaul,50, preferably in the range of from about 50 to ahepit 120R/001483

lons created in an RF plasma tend to be a lot more energetic and to

penetrate more into the quartz than ion§3yenerated in a microwave

plasma. 20 The microwaves provide an electric field which strips the

lect f ified lecul it . It is the_electric field of the ,
o B ORGSR o AR AT Ind MlaSin g AP GeR & increased
plEsperasfickbiisiginte powenisagdnsddnopshguig betiacrasedic ligharatus until
CHRUEESRAIRZRAIIRE Rink, SRe- OS] ISt AaRHS AN 18V 8l Rhentioned range

orange colour 25 indicates that higher energy transitions are occurring in

thef AF§eYE S plasma and that the plasma is therefore more energetic. The
distengdihetweefithiipldsproancthe isnpsitatesshd uebeisifEbrefitsg,asing the
togareNRRS Jogs from e, plasima sacipg e alium ISR B8heskice is of
are energeﬁc and can cause 8amage to the Tilm. 30 The rfiore |mpurri)t|es
threozger iof #howil@ABEquartz, the more its temperature will tend to

in?@?ﬁ@e&?@hﬁﬁ&?@@%&&ﬁ@@@giﬁ: w@éﬁwﬁigﬁrﬁgeaﬁm@%mm.l- A

metal zeolite purifier ma e used.to purl e nitrogen gas used for the
R e e R e e 4B os S OBt S48 ency of
ordentC grepéis thiecaewumt systemedt maynimefiest Sidhjecteditd aase, the diameter
INGFRASEChIEMRAIAME MY HPEEVAGWIR MANANES RV Mhm. Even

air from the apparatus until the pressure has dro%)ed to an operating
f

priadiice AMRRSRitthE Sfsre Nt R ctPBHER 6 PréSdtfcsssarig prevent the
gaHlirwaiiEe it ingrowansiatieImipes alur cped widp rexionateo 6 Wbt siigrowave
the RPECVD process. In.the conventional CVD progess..the growth . .
e ORTRR S Rt e e Y e S AR G A s
itsTson sotehag e arRrtipkivmbe antibClpndsesniuevisve ftrseaieiss larger tube
inglydasivithinitsesepe the use of microwaves, at a frequency of 10

about 2.45 GHz, which are_not contained by a magnetic field. In that case,
AR AU Lo B RIS BB ERGRaer 5 oRRLRRR Y operts
O.Wiﬁnatqmmeﬁl cianEteen T\éwraﬂewehamete}@ ﬂmmp@r&tﬁﬁmﬁﬂaﬂxbeﬁameter tube
reguired it IS HaGessaY 10 E}Sﬁﬂ&ﬂt they %C@(@é’,eﬁ)fr QHQtQ%Q,gan ECR (electron

transmitted into the growth region. For higher microwave _
cyclotron resonance) plasma source is used, since the microwave power is absorbed by

the plasma more efficiently in the region of magnetic confinement.

Larger diameters, up to about 60 cm, might be used with proper attention to confinement
and plasma uniformity.

With the improved vacuum conditions used in the RPECVD process, and because of
infrequent exposure of the containment vessel or tube to air, resulting 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:
SiOsotiay + Nogplasma) "2 SixNyisotid) = N2O(as).. ... ovveerroor oo 2

It is further believed that, as the reaction proceeds, Si,N, species build up on the surface

of the containment vessel or tube, so that less Si0, is available for nitrous oxide
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frequencies, smaller tube dimensions are required to prevent the
microwave transmission 15 from entering the growth chamber, whilst for
lower microwave frequencies larger tube dimensions may be used. As a

wiydhghaltggnative, an RF Helicon source may be used. SUCB&-5Q4H8 001483

may operate with a tube of 30 cm diameter. Microwaves may also be
operated with this diameter tube if magﬁ@tic confinement is applied, such
as where, for instance, an ECR (electron 20 cyclotron resonance) plasma

SOt Eo‘ds%ﬁa’e?é lﬁ‘?ﬁ?%m@% [agealoki é%rs"é‘g% be{?ﬁé)%’u}g%e%%{?%es and the
re efficiently’in the region of magnetic confinement. Larger diameters,
upassA o e eramen ghsdberisded with proper attention to confinement

angPRTBRHNEREMIY - Withiihe mrwﬁu\ﬁ%uwp ceaslitions used i thewain the
RPECVD process, and because of 25 infrequent exposure of the

COMSHMERPYSEELTOr bl 16 HRIFEL ARG I {HEriFRr it R B Repiss are vot
lodkerazdhiata Samjpletzhisicatevidipldoddgra sdpafaieaibntaimetdbdaibne at levels
baing J ed | in.gr r (which,is. not.ex t
g LG I R of e
fudeacsed srdert iz iefanbvagdorpéinbsiobedimyntsimsRim) -4

Six by sedslfoliMA060 88) amount of exygen released from the tubbridisallir theFeases in

believed that, as the reaction rogseds iXNgﬂ.ﬁpecies build Lp

) the
SOEE S P HBRE AR i, S0P AL eg AP RS 6103 e an i probably

frenitnatsspesdie il O 06Y03AE G RGTYAL2 00E/Gedst 88ictepprods cigniake up to
wherehy é*&%ﬁmpmﬁr&’j Gxygen d@}?%%qdﬁf? rﬁa%? Sl@fé%s@@&{&@g?écé’s@%ay take

the _vessel or tube becomes passivated. The invention has the advantage
thit thé ulrtz tof fused ditfedy isedh tokantail thé-“plasiiais™ pakdhrated?3: 4>

1.e.i5jSréndei et themioalyinyert so that oxygen species are not 5.

l h t7. (Sili | i t jum.nitri

it o oA A Sl St A IR L T AR MRS, vecuonn
maIFHE geadiienpariibem exppeusdacds g6 se ApvEmemd frEnaShEea sgdprovided

theebediments tbarant ibhasmbasmdasndibai iR pRLef OXY88Bivation can
released.from the tube gradually decrea in concentration during and. ...

e SERARPIG I LRI RnG S oS i GERUAT BRI g e 1 vl be
becofesphsdheatetiolithitrogtideasasatisuzfead, flmegrawdivation process

Maake APt OkdOstAne ABMSPRIRRFCHD18rIQdRABY S Yo d@ Srdks HaBween film
passivation process may take 0.75,0.8,0.9,1,1.1,1.2,1.3,1.4,1.5,1.6

T BoT S & 505 FATI IR FORANaE GO, (oSN of rford hou.

d@ypending upon residual impurities in the vacoum system) will be necessary to again
lower the oxygen release from the tube wall. If, however, the tube is exposed to air at any
stage, or in the event that the plasma contains ammonia or other hydrogen related species
(hydrogen based plasmas will caose tube etching, which will remove the passivated layer)
then the re-passivation process will again take up to 0.75 to 5 days or more, 0.8 t0 3 days
or 1 to 2 days. The re-passivation process may take 0.75, 0.8, 0.9, 1, 1.1, 1.2, 1.3, 1.4, 1.5,
1.6,1.7,1.8,1.9,2,2.25,2.5,2.75,3,4.25,45,4.75,5,6, 7, 8, 9, 10 or more days.
Water vapour is usually the main residual oxygen bearing species in an older UHV
environment and it is believed that exposure to the residual water vapour in the growth
system causes a slow degradation of the passivated SiyNy 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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- that the oxyge

It has furthermore been found that, provided the tube is kept under
ultra-high vacuum is (UHV) conditions, without exposure to air or to a
hydrogen bearing plasma, and provided the system is not left idle for long
wieriegssketyveen film growths, the passivation can remain iptagh{oh@o14s3
unlimited number of film growths thereafter, since it will be reinforced by
the use of a nitrogen plasma during eath film growth. If the apparatus for
some reason has to be left idle for a period of weeks between film 20

qx%ﬂeéa e%gﬁéngﬁ nitrogen: pl %@%ﬂg&&@ﬁrg&ﬂ%(%aosm@pg\%&%gem, the

é.am .
_hours, nding upon residual impurities In the vacuum syst_em Wi

meesissapythogiicrably daviEetheoXidBant e aabe tednhiiercREnftng feaction of tube
h%@?%ﬁs@%ﬁ%ﬂ%t%@%%&@h@é{? @Bﬁ&%@%&%ﬂﬁd@&%@%ﬁfﬁﬁﬁ@e during
plasma contains ammonia_or other rogen.related species (hydrogen
S DS RS LS A T RREIGY EOuF 2 BBGERArag e tbe
Iay@igﬁ%mdflwmfpmima(mmpm&mbmgamﬁke}iﬁwmmgﬁs fo® from the
%%’t%ﬁr H?:%?% %ﬁeﬁ?n%d@ﬁ sl 208V fhe T BEICHAST BHAP PIREESSevel was
may take 0./5,0.8,09,1,1.1,1.2,1.3,1.4,15, 16,1.7,1.8, 1.9, 2,
Fesypplisd do7 much gher minpmum fevel gheg qan errehis Ry iy Sigrmew URY
vaeit. is usually the main residual oxygen bearing species in an older ,
HV environment and, it is beli hat expes the resid
ST Gonireas S o R RS L bt =
pEssared Sixivasdbpeadromeitishpin thd Hyipskeds Evme Arrigasidpetbnhipwer for

the forRation.af silicar R re-anthaide SReGIAS HeRke glnithensistavapour
is left for a'long period,B{é?r §¢:aﬁ ple more than 2 weeks, the time required
fOFPRSTIA ShARRE AR L81Sigerably more than when it is used

cOntingpaislys ds thedyditbeupitt this yentixideitrexite BYECHDtedhadrof film
E’%&?f&ﬁl %t% tyhewill beareater VQr2QRBMB4RAR  without significant oxygen

.J2005/001483 47 With the higher amount of residual water
VepbURBRisa o iie SIaEr (ISHRATIaROTSREN3Y 198 give by equation
21eRuUgasishe ashisyed (hs heeompaing feactienialinbee aralysitium nitride
epsured that oxygen was hej stantly 1 li . f o
i e S A SR L SR
atsn expovadaienibeastly laiyer levaisraigater vapour (even with the

PIgSGRGESf RLIHRYER arS AW iam-a. Hsiem.guiinge Benintoaadcan be used
ensured that the background, Wat%%aﬁgur I%\é/el was resug&lied t

a
A e AIGHEF e TETT oY B5H ERS e cRY GRACth & RGO UIRgn originating
sjisterhcSecondanaidre massespectroscopy (SIMS) results, for GaN

Sﬁ%é? ‘f’eg‘%}é{vﬁe \g&ﬁggp BbdQ R W e ARSI VALRDHBE GBIROWED based

_ Is are considerably lower for the UHV system and are
'IG@P%%%B&F% to films grown by metalorganic chemical vapour deposition

ar RO prevdn atebndf08Cherefore 2 significant step towards using the RPECVD method
for producing GaN films, whilst still achieving the same quality of film as is achievable
by the MOCVD method.
1t should be noted that the terms “conducting” and *transferring” in the context of moving
the active neutral nitrogen species from the nitrogen plasma to the growth chamber are

understood to have the same meaning.

Heater Apparatus
According to a seventh aspect of the invention, there is provided a resistance heater

comprising:
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The apparatus in accordance with the invention allows the RPECVD
method of film growth to be used for the growth of nitride films without
significant oxygen 15 contamination from the quartz (silica) plasma

wePRiRInEmERt tube. The process according to the invention ajsoroffes 46 4ss

advantage that a gallium nitride film can be grown using the RPECVD
method of film growth, which means thd6the film can be grown at
significantly lower temperatures. The process according to the invention

has et}frfle furt%gfr| advantagﬂe that nitrogen can be used 20 as a source
rth e SRAITAM ESHLY WARSH FRARSs Bfal Ryt otelCorifinbastidsing made of or

orgipating droanthe stecdniaeahderayoidedstioe denpperaipergeakddnitride
Qf: 9204 A4 Gall! %@%&S&r%f GRNAER hased. rogm lighting.
The present invenition is therefore a S|gnff|cant step towards using the

RPIEENS Aansabloonadepibeuenty CHReRm Sralmsostn asshidatiog therewith and

sRmerualinhofi ibm aslisRehirvabla miheMOGY P ragthad: Lahaddhe as 1o
notedagg t the terms "conguctiné;" and "trg}g ferrin%" !'n the coptex_t of
g [

oVing. the actve hEUtAr Ritogen SPBLies ROt ARBgeR Hitathieaember is

€ active
thedsrofveh astrapribesrcareomufibierstood to have the same meaning. 30

I A S S R A
/

HIsPsEE S e cally resistive base having an upper
shyfase] Heechgstdphngaiacdmiel an chenpsisinguairaatefigisplasted ffafociation
BRGNP SORPIRING01 L ARRLRRREBAANAIE IS, O BARIYR AL DR Ment i
silicon or aluminium or combinations thereof: and -a eating elemen
|sated ShthsSUber SUAEIES of PRy iskeddoitin wefiseizndreddedanitis awdaes or in
copaRHsinghas-Riestigaltrenductive member that has a resistance

s‘%%?tte such as to %anerate he twhtent cyrrent passes through the
B atify BredTEREIR PeRTh &SHEN R T S BHEP B rke SRR ot Jower

ftb‘REQGWm aeega!gﬁa)pvaaw comppritera a’iefm’gd@rtqmtet@kmﬁmaymﬁiculaﬂy
inglidR ethesmalesials skaReR DofRBRAXIMEQRLaNUM 19% %%%ai‘a‘?d?&%, such as

0
used herein, the phrase "located on the upper surface of the base or in

ARiROH et eid 46 & tthddritobH REqRRRRIing embSdifndifes and other
wisliearidhe wieating.gle teentistiecated greth ehslidare niayebg Gy ed to generate

%ré%\{igteg d&ﬁp&&ﬂ{ga&eﬁg@ %gglgtepogb%etg %lggg{e 1%540, or from about 1000°C to
about 1500°C, preferably from about 1200°C to about 1500°C.,

Base |

The base may conveniently be shaped from compressed particles of boron nitride or
aluminium nitride which may be sintered together during or after compression. In the
event that it is made of compressed boron niiride, 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, Inbricating, 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, compa:red to metals, as they break into powder under the machine

cutting edges. Pyrolytic boron nitride is extremely hard and brittle and does not easily
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a passage underneath the surface. Whilst the resistance heater according
to the invention may be operated at lower is temperatures ranging from
any temperature above ambient temperature, it is particularly suitable for

WH%O%g‘gﬁghe aggressive operating conditions, at high temperailirenssyei;

as those encountered in the MBE and RPECVD processes. For use in

these and other applications where a high temperature is required, the

heater may be operated to generate heat at a temperature of from about
H000G 10, A A9, 96 HRAM AROWR ARG &Q’cﬂ%‘%% 20Cien roquired for
preferably from about 1200C to about 1500C. Base ase may
%m@%@ﬁ?ﬁilﬁé shaped from compressed particles of boron nitride or

i i o pritsiae w&tﬁ;maxw)ba @m@ﬂedtmige(ﬂim@’fmsn@aaﬂ@ffﬁ&chmabw hence a

SISO e uent ok bisiHade, o campressg boron niide, the

boron nitri e ma ecte %oron nitride, cubic

BEeRCHIg eRE daia e %mﬁfwm &qum@w@@ﬁél iepbieiindder Bosmolten
nHede tgf&d&&%@@@ﬂi@ ededdet aban 19@1@ rRiRGiesRaaie0LARQUL T also has a

g}g %éfgago %gfégq)%%m erabI%/S%%a %{%og%ﬁaﬁd% 1{@1 Ineftness.

bepempmmmefm s apontdooficotvdntionadngmnsetabdiittimgic boron nitride,
tg&rgy%imnd steel workshop tools, the material needs to have
aproprlate mechanlcal strength Iubrlcatlng elast|C|ty, modulus, hardness

d to metals, | nto pawder under the machine.. ttng |
ggs%yg%ro;} - > ‘ard-andbrittl s_cfiijot

éﬂsll@mw@@ '
o sayhehdopisoy
e_.,achln T lh therhot: pressed)_

MR

g@%g@u@"mfeastance to cherrw[@gtackwlt also has"a. hlgh\
dlele ciric breakdﬁwn strenl th hi Hvolum’é reﬁrsnwty aﬁdpggod*tcﬁ@mlc

Thermal Conductzvzty {W/m.°K) 20 (11 to press c'hr)

27 {1 to press dir)

Dleleﬁtﬂc Copstant = U 2 S

Vol Remstlw‘ry (ohm cm) 103 1@13

Source: http/www.azom com/details. asp? ArticlelD=788 Electrical insulaiors, Nots: 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 anisoiropic ie, they differ in directions relative to the pressing direction, For this reason,

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 machihable boron nitride usually contains much higher levels of impurities, eg in
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Melting Point, (C) 3000 (dissociates), , . , Hardness (Krloop 100g) (kg mm
1) 400 Modulus of Rupture (MPa) 100 (11 to press dir} 110 .. 50 {1
to.press,.dn) _ G. Young's Modulus (MPa) _ 20-103 Thermal Expansion

w5 isHdRdml000C - 1 (Into press drr) 3.8 x10 6)(C 1) 4 (, top¥e3%:8Hd3/001483

Thermal Conductivity (W/m.0K) 20 (11 tg,press dir) 27 (1 to press drr)
Dielectric Breakdown Strength (k'V.mm 1} 35 ' Dielectric Constant 4.1 Vol
" Resistivity:(ohm.cm io - 1013 Source:

ﬁﬂgmag@mﬂ%mé@@aé%ﬁ@aﬁﬁa:Cdfiﬁln;ﬁ@%ﬁtﬁqtfﬁi%'tﬂﬁgiﬁspf@sla Cweight,

ata in this_table for h-BN were taken from a hot pressed sample. As

R A BB RTRSIG FRS e s B HIBE A G et S g caly ebout

tHdy di!ﬁenﬁniaihrcectiﬁn‘sonﬁatd_xmdm_ tise @b sing aficgiotioripfmchigsiasion, instance

1B SOMANALGS IR0 REGEHEERIENRL DB E’%%ﬁgsfg Pofed 08 AUACHS e base
ytic boron nitride genetally ha

property table. Pyrol very few impurities

(L0 FRFTHIRBHY T s adkidmbler rpRSivatinndeiistriRyee amomnts of
camtansantsaivhigbe ideve lnohimmuniiies, @ @W@e@@%/@@‘g?@&ﬁng teénperature
PCT/AU2005/001483 he percentage, ra an example, aroun

58%%)6 gé%%rg%ﬁlgé@%ﬁ%’ﬁgﬁ%&?@gg‘?&u?ﬁﬁéﬁgﬁg used as a binder in

ohé Fiiashekoupdlarhewt Metaliostinghichiysdoutt Bhsnigiweightidst Bdrminium
gﬁi&ﬁ/i&%ﬁ%?ﬁ_h@{‘%}ﬁ{_ aﬁr@ﬁ&/ %@}%ﬂf{ ﬂ:{&?}&?ﬂﬁﬁﬁde and is etter sbic to distribute

; .adviceramies.com/geac/products/bn_shapesi). The materia o

B BREHEE o e 8 NS B SRR B O i o niride
aspiiatibrilyheiettaegefaniouvy f ganironid erainot visethindhbigrawthwith its
Qﬁ%ﬁ@ée@&%’?@ﬂ%&gﬂt Iﬂb%agg AN MpRtANY Eﬁg%igtgl%jlgg ?éduced by dry

c
during growth does not exceed about 1500C. As state ove, the base

RESP SR st S ERE AR A BPLIIRARRENY KRt e oRRidArsiRieTingrids hakhg material
highfersthefhatalcsohsioatiityehdsdomnqitride and is better able to

distribute io the heat generated by the heating element under operati .
cﬁu tions. A brrﬁ%u?l nzilg nitride s %?:)%iciﬁésa yaﬁof%r}l éﬁlg%s]tvfg’r' its vSerg/ %ﬁrélﬁp%}{pmmn
tivepitieias i gbtiay in Bompindin.withaes bifeetivd dielentidalprmuiditerand good
Achasadnada el MiRiwRIlTide may.RemBredused i dry i PReRsingANEPECYD

sintering or by hot pressing with appropriate sintering aids. The material
sHiff&rEStirface oxidation above about 700C.
Hot-pressed (sintered) particulate nitrides and carbides wusually contain higher

concentrations of impurities than pyrolytic boron nitride. Where films are grown by
molecular beam epitaxy (MBE), the background 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 iransformation
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 Aluminium nitride has a very good thermal conductivity. Its thermal
expansion coefficient is similar to that of silicon. It also has good dielectric
properties and good corrosion resistance. It is stable in atmospheres

W%%BHE'}?:{EQ in MBE and RPECVD processes. Hot-presseq,£sinteiaiuo14s3

particulate nitrides and carbides usually contain higher 20 concentrations
of impurities than pyrolytic boron nitride>Where films are grown by
molecular beam epitaxy (MBE), the background vacuum has to be much

lower tha IMANS, P LRGP IO SURIHON IO RIEC Y Dide, the

process, it is not disadvantageous to use hot-presséd partriculate nitride

oMEHNHIEPIRRER it 8t for Fapesahy Temcabmie Bif¥étofiiHe about 70
Uity Kof me’iﬁhmwﬁetlﬁr']mﬁ;@@ww&iﬂﬂ EB%Q&%E[%O m@rq@?ﬂ&gﬁrg?grably from
i ian. e.event tha ater.according to the invention is to be "
ur}éY()-:-%(? {ir?’ ﬁ]éﬁ %gpt%gégtsl? c%iﬁ? 6u d'be‘gtgl@% o%lg IGoReReRg within the
wiEpPBtitforssesEs mefirahimation of the films to be grown in that

process uNgRY Hig %@%Mﬁ‘ékb&9&%@&@%&&‘&%9&@%@‘8%2&{ %I{D‘ggeg?@/ae thermal

hot-pressed apd sintered particulate nitride or carbide may be ma
3 % 24 ‘ifg‘a %ﬁ?aﬂ?ﬁﬁ&v&é%é@sf E5iediomm i an drifesikoradd Wim.°K

ctarthawetal oxiteSK, \Wiebndity particatewitt e ossalide 108WHEE 1., A higher
halpierssthlaAtGAl ieariplmalion. and bonding eyglution between
powder rains make It compact and very staafﬂ% to be used as a heat

dissipatel® e Hsuhbesbespdsimarachiaeshinaklvalyninup comparte thermal
paoadyiicinronthirdes, W Q352008/Q395 AP Shba U B0 85/0044 83,k B 40 &y /. °K,

tthatthe b i inabl b itride, th
TR e e oottt
dpeutr thermiheoadysisferapithinghe affoern@givie 16 o alpoefeBBIYY/m.K,
more preﬁé@?&ﬂ@@r&%@%ﬁ&%ﬁ@et@ ﬂ%@g%@' iggh:?’i{'!)qgg{eto I%revent it

| conductivity within the s aforementioned ranges Is prefera

therm ,

t%g%\?a&ﬂ’f‘fﬁla?‘m@%gg% RETeBIRadih BBTE BaBidBobarer Riectrsel resistivity
théeriedscanot ¢O0IE). afthediasslyat 266, diothe &axisdlirection, may be

from abagut t 0.Wim. 1€, preferably around 100

W/m.K, %%;éfg\ggﬂ%%fv\?ﬁ% %&%\éﬁ %S'Vr‘%/%?d’t s %cvéﬁ}l’}%i’%?ygv‘i’/ﬁh?ﬁ Qel0” - 107
dforfsiitisiHed fhsye R Frefetable. 10 In the event that base is made of

machinabie Bhde Ry B MEAETHA-dD BB ERAGUSHANM Al HIER%6n 8F atuminum
Zzﬁt(;‘aﬂg]&y bﬁcl;rom %{ﬁut %glol\éV/n@.K to abou}ﬁ?%o W/rg.K, %eferably
between about 150 Wi 1C 1o aBobtE et AR Oy APBUA G WAL 00GPe,
ARréfigridy thiervh &) CoRduenviey withipdratusdorementigned 30ERCIo about 1700°C,
preferalliefrom about 1400°C to about 1600°C, preferably about 1500°C, so as to cause
the particles to sinter and form a solid matrix upon cooling to ambient conditions. In this
way, individual carbide or nitride particles may be bonded together.

Compressed boron nitride that is machinable may be obtained from GE-

Advanced Ceramics, Saint-Gobain Ceramics, International Ceramic Engineering, etc.

Groove

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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The electrical resistivity of the base is preferably very high, in order to
prevent it is from short-circuiting the heating element. The base may thus
have an electrical resistivity of at least about 100 12.cm, preferably at

\&JSQ%@Q%%' KS2.cm. In the event that boron nitride is usedpgs, A%%Jtﬁt%ﬁ% 483

may rom about 108 - 1013 S2.cm, as is stated above in Table 1. T
base may be manufactured by compresg%tg or moulding boron or
aluminum 20 nitride or silicon carbide particles ata pressure of from

a%‘étégﬁé @F?%a%l&%eﬁ%%prﬁiet ; 7ﬁZe el gbéjf ?he hea%mgt element

temperature rom abo Ctoa out pre fom a
1806060t %W%W&éteﬁbwbwutﬁe@ﬁhsb@s% @amet thiy be shaped so

p%ﬁt(tﬂﬁﬁﬁ@ a%%lhﬁl angeferm @?'%mg'dé #él@%tél%oa“ @@u%?ela&‘ Qiﬁf@ther shape that is
conditions [ individual carbjde qr nitride partic

béhde lPoge?ﬁ ?\g%ohrﬁ%r %8 Yo Ei ﬁ%’ﬁﬁ@tﬁﬁ?@’ Pﬁ%ﬁ:l&?ﬁa@/@ Ry b grown.
oHﬂmMﬂ@maGEaVAdmm:e@Swtamr&s 1BatinEClebsin Chratmies,
|rﬁ?5ﬁ@%d§ﬁém%%9@%rmp§ﬁp g%@é@a@‘@oﬁ?&ﬁ@@d@@é&@%& cenire of

té)é)ve formed in its up £er surface and the heating element may

tBRPHSEfAcortfei OBV MaapplbFhsmhniemiotitendirt hagemeonre located
th&:b'ahe pdtinaenuitessipper BogfateadhisilicsteReMmaybbeiadnilinge invention, the
groove may be formed by a complementary
e O R e
ﬂgéfréwlbaééhs HOOpreBsE bthesishied\rO @ptremxrmOa path length sufficient to

P@Iéﬁkit%@@@(&oﬂéﬁﬁtg531&ﬁ@19E&Qﬁ%rﬁaﬁécﬁtﬁi@i%ﬁﬁgﬁd@e l"f‘h@‘%ﬁﬁﬁntﬁay vary

that th th of the ting element exceeds the dlameter or widt

ETNOBF S0 80 PRI AR A o AR ST Yo b besing
spleaigat frethads, Semuareitdimt dsrectengleed thanare the anstiatheksleapst operating
tn%ﬁerse@yem@%tgteﬁespy&ttfgatét%et%@ 108 %Ltt?&lfétﬁs%re@t%*; M]5sing a

film is to be_grown. "5 The groove may have the same shape as t

h aﬁw&eréth@htﬁ&rs st&/éeﬁttﬁqeleﬁ%at%éhﬁ ﬂﬁ‘é(%%é}ist dhaymsepse may be
asuirddaeatenhpih af mﬁndemeawae:caﬁée@fbmumemurtapﬁv%mover or be

b | t r emb |mettheen of.the ovearl ted
th?'é%%tgﬁm er!1 f fhe u%%er R trl?fa%ot%é‘r SRS rﬁgln? & tﬁ cated from

irRAei orh e ErceTie bt %@mmmeémﬁmﬁb@mé eledenigidsofthe groove

thﬁau@p@@ragﬁ@cea@(b{}g}% I@}gt@lgg ;Qgggroove may be selected so as to
vrdeg%_‘gath Ien(%th suff|C| nt to :ﬁggate a heatipg element

G RGO A TES 'F’ﬁ%vll Rrealtdtdingsto avd sy mey be

having
oﬁeth@&te@tezntmeomsmdityﬁabﬂtgma@emajffwmmhmtme hestiggelement, and the

elRman!t Hmade (ke GHHRNINALS J-RAPAESRAINTOFARINE ARG o heat the

element at o erating
substrate. e heatmg elements may be connected to different electric circuits so that

they may be operated independently of one another. .

The groove may be deep enough to accommodate the entire thickness of the heating
element or, alternatively, it may be shallower that the thickness of the heating element.
Heating element

The heating element may comprise a carbon fibre or a bundle of carbon fibres. As an
alternative, it may be made of silicon lcarbide.

Silicon carbide has some desirable properties such as a low thermal expansion coefficient,
little deformation, stable chemical properties, long service life, easy installation and
maintenance, etc. Silicon carbide heating clements may be used for temtperatures 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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temperature, the required operating temperature and other considerations.
Using a is flexible carbon fibre as a heating element has the advantage
that the groove may be curved or shaped as mentioned above, in order to

“E)ﬁ%ﬁé)%ggagble below and cover or be located opposite an 0Dt 143

erside of the substrate that has to be heated from below when the
sample is being grown on a top surface fRereof. The length of the groove
may accordingly vary over a very wide range. 20 More than one groove

ided i f the base hey may be separate, qr

e B T R SR e g and
tHPREAH Haogie masitdiRupbeitadlEasns or ditfeieathoseirens wittieir any protective
capalidities to heat the substrate. The heating elements may be
c%\rénaenc('g{z%rtoi eiffea{ent electric.circuits so that they may be operated
independently of ohe ahSthar QB3 HAA, PEBV eSS oY He &Rt sUghesbon may be
assehinibddrating daeithithnesswft thepheatinge elbeadiohar; graphite impregnated
aliemnaiveladinaxheshallowerhatihe &Hi?‘éﬂ?zﬁ%&h&?% heif%%{}%neé?'?oegﬁbvide 8
H atlng element The heating element may comprise a carbon fibre of a
bRUTECIFEATEEN MofssiRURE FlsmeRhative, it may be made of silicon
cdiivides Bz Sikountoadyide hakabine desibie RIDRYHASIMEDESAIBWe, which

thﬁggp@ m@r}g}g{lo(f% i%e.nt, little deformation, stable chemical

properties, long service lite, easy installation and maintenance, etc.

shic ek embatimeatahimdn o theeefting rpaeateesioe carbon fibre
ahndt KRG t0vabeuinteeC typically for higher temperatures within the
aforementio gd {ange, such as temperatures ranging from about 600C to
about 1%(?8 Cparticd ar|§’98?¥ﬁfﬁa§3fg%‘i6‘§%§%%@w PP oeshEsReiding model
M pRlaner sPbdtovwaaly abivaitld 000C and about 1600C, or between about
1@9@%&&% a&%ﬁé&&’? Qm]- Q}ﬁiﬁ%ﬁ‘t;? e EHantﬁ%g fﬁn%g & rca?rtbrgr? %i}r%c 1r %my be

\r/]\gthou any_protective blanket gas. As dnother alternative, a ceram

SRS iy AE Wi raBRtite or s Bt intks Hees mesdcagmmse up to about
hezfMyietividhnt afmcamwafmﬁnpﬁmentage f&ﬁaﬁb%&@rﬂﬁmit&]gap?u1ated in a
| | ment ma e varied to { articular
e e et P AR s e v

heRsiAiR8lerRdonsaf B gackéchatobitre groove with particulate boron
nitridferaybit! enaybesindhestomaied arpasiesds, I%g}f@é%seek%b@m&mmm

OL_%QSHQQ"?QQ?}%@ henhgatitagr%ﬁ elerﬁgntﬁomprises carbon fibre made from
polyacrylonitrile. TRasBae i Tha ikt a commercially available carbon
fibhe easbenfébtsuitdingprecdestetficient of thermal expansion in the axis direction of from
about ~0.4 to about -1.0 x 10°% °K. A coefficient of thermal expansion of -0.41 x 10/ °K

has been found to be low enough to ensure that the carbon fibre does not warp within the
groove when it is subjected to the operating temperatures in an RPECVD growth system.
The length of the carbon fibre may be calculated s a function of the amount of heat that
is required to be delivered by the heater. A total resistance of about 10 io 20 ohm is
required for a heater for use in the RPECVD growth system. It is advantageous to keep
the voltage and the current low in the growth chamber.

The carbon fibre may have an elecirical 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 2002 over a convenient length of abott 31 cm so as to generate about 125 to

200 Watt heat when driven with a 50 V power supply.
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aeroplanes is particularly suitable. The heating element may comprise a
plurality of strands or fibres of carbon which may be 15 braided to form a
rope-like composite. The heating element may comprise up to about

W]c?%gpld fl%dual strands of carbon fibre. The carbon fibre 19&2005/091 483

encapsulated in a suitable capsule that can withstand the operating
temperature of the heater and the harshS4perating conditions of the
growth chamber. A Torayca carbon fibre designated T300-1000, supplied
by Toray Carbon Fibres 20 America, Inc, has been found to work well.

TQ@IE&%W%%% R d ok e et inah ATeREHnisi Grinn aifedipak direction
digeton ot item phaukrQ«¢ e abauls bithed 6/ ]!fea&xﬁoq{ﬂﬁh% He@fer accordmg to

thermal expansjo -0.41 x 10-6/ K has n found to b

R T e B B0 S S R R, HEerers s ety i
siibjpeted thathbupdeasticstompatamrébis dhaRREC YD grporthrsyBtenbeir use in
28:hb&length %&%&a@q&a&m@ MRy becalaHlatedAn.a fuagtion %ﬁsmty (of

amount of heat'that is required to be delivered by the heater. Atotal

SRR OPABETHEL D fswa?ﬁﬁqsewmﬂ%%ttrféfa?@fifswagéfaww with other
RiREEGIAR. giohdh myesténd fsaacvastmgpoticd akespcthidyvaltageamiidheith their

cuent | ‘é’atﬂl%heeie%@g{w GRamAe: {J&?d‘:%% g%%:n éo(\)ﬁha"e an

electrlca(l)nress ivity of from al outO to a 3S2.cm. It has

bd&n seribea fhae alhvém%f@@h Cfﬁﬁfé‘@@ﬁﬁ%ﬁ@ fonPanSLRMAD to as to give it

abestisB0ARibresnen taaaYE GaaRsI L bRl Hhd BréaR- %me base, and
prowd%e IL{'(;Slstance of about 1%6% 052 veraco enient Ienﬁsth

cth'35'8¢ 18 Bshsed PBLE 6t Wkt (ERRTHRRS AR FPanecting
witly 280 pidhven sugblic VWACuR00B/8348U0nPbFEA 2000610611483-154id to avoid

CRIDOM: TS REeHsH A A adeoh heiexesRin BRI A ductivity may be

Iongltuﬁlnal direction_and nat for théir potential use as heating elements in

h&aar PR He et 0t dtding A& frvBFHSTROL &R i iS58t Seabrid ©0.025
cmyidﬂrﬁt(cm Iwhkergrsat ecideatdontiagtbitirisn Homel 68ahe).cm to about 10000

ﬁ%ﬁ{ t}‘f} 5 ngggpe%g ggggtdpgy Be &n ortant for theiruse in s

nvent’l lications ude elrstrengf lus, density,

uﬁ#@ﬁﬁﬁh@l@dﬁ%ﬁ%@ﬁﬁﬁf&aﬁ%ﬁ@r’a@%}e&@@.ﬁa?@@ﬁ@aenvmm‘éhtas afhelinventors
aﬁgvé%mtlméﬂ)émh%tiﬁs maensisdilasbeenfaHndisahiese300 give good

E?{ﬁles are generally not in conflict with their use as a heating element
m? ieater according to the invention. The carbon fibre maybe in the
fobm Gitiztyalsie rbtaéédjpcabmarm‘ilmemcaﬂﬁsmgwéeit fi@renbugharbon BV

stepgthwhenhanding. v %’i@?ﬁ%’j‘"@f%@d&%%ﬁ%{ﬁ E’éz@i%oo) braided

base, and to enableitto s y in t ggroove when doing the electrical

CORRERHHRES MR Reding REA s 6-RAth RT TR ks QuiaPREC L GRsaHvTed at
fiapernsxprefernbhy Oy edftaid #HanGieim to about 15mm and may have a weight of about

7g/m to about 20g/m. The thickness at 50%FYV may vary from about 0.31mm fo about
0.48mm.
Other types of carbon fibre that may be used, can be found in Table 2:
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fraying while handling it and mounting it in the heater. Its thermal

conductivity may be from about 0.01 to about 0.1 Cal/cm.s.C, preferably

in the region of about 0.025 is CaUcm.s.C. Its electrical conductivity may
“}%;92 ?p4but 1000 MSZ.cm to about 10000 pQ.cm, prefergﬁl]y énm%/()m 483

reglon of about 1700 pf.cm. The carbon fibres may for exam e Hexcel

or Torayca"'m carbon fibres. The inventors have found that carbon fibres

made by Eurocarbon BV and designated T300 give good results. 20 A

vaseiyeei binitedcabinsams-cemmersiahuavaliableiiop,Furocarbon BV

(Wy-eurocarbon.com)., ight (3KT3 r medlum Welght
(6KT300) bralded carbo%%a%{%hay %ém}@%% Ruﬁ] ‘

5rmmtd al:d)outlm | ﬁ'd’%iﬁﬁ\‘; a weight of about;f;g%@t];o about
g%i‘n The thickness at 50%8FV may vary ffom about 0.3&mm to about

48mm. Other types of @,ﬂrbon fiore thﬁﬁnay be us@g‘”’ghn be found in

l‘éﬂz WO 2006/034540 BCT/AU2005/0@4.483 55 tlearnmgﬁt artrY
|tq;gggtﬂflns O 6dttcuts for CdﬁirreersIaf P 4as d Caeb(ﬁ%w P bres,
WeiiteensAfe MnGul" |In4lk;ﬁtrengtft Cnsa;nary CPa9 & g,w
nr{ﬁ%gnnm niuna 59a, 9urc@~8tlus K 3% .
Ct‘@:ﬁd aSCi,,~Y,ndnwn. Th@ﬁ,tSlgGSlrsnYBa‘:'~#G~ ~30§3 5~ 1;
Tk Bt doaps JATATT FJ T Z30™ 370 TC=Marr TS24y
.3 a 0d 2224 4.5 dapnm YA "'~ C C G kigh SE 3 GhaiGa55. Ush v
1IN }?O q")7 F30 USA TfiS* éa a Ha. :lagi#23't hpEn Iiﬁﬁi%medtale
NiSiyesd 26M$ Ts?3i; P! trafam 4.4 ,.F nce d‘fwmgn rarm fgm

ARG e ok Fickd e
JkE il s Erad,
eI : B g Lk
g g Bl e
“High Morutes [5Sn-gaadig)

‘ Ly ' R © g dapam
Hned w7 Al Frimcatisme
EI ] u, g
HseRmy 38 G gt
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-Hrg o &8 dapaly
Uiea Fgh B Toa305pe) ‘

W T 455 L EE g
BE5E 488 &5 © dapen
Hgf!‘i!} At ) ,d ?agmn
LRSS at. s gk

- Tndr R T R DRI Skt
Table 2

Source: David Cripps, SP Systems (hitp://www.spsvstems.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
ﬁIaments) 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 2 cylinder with one end of a wire or the heating
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YMwa,"Riam, ,tipin r,witft. @' s63x.IAR2, USA lin .~ js USIr, T46. 2M6
N,4g't t;'-54 'Nf~'h'r~aap:fua Ws~at~ti~~~.1 dM!u2 a5" ~.,.c o- 4,§:a
Fr~tt~a4'i~En tkiG5pl 1.g,:. brapJZ7 litm'i5"el's M3a 4+,5G ,tapsiF~ s'u

W@jzﬁ’}ﬁﬁ) H(RHb 49 tam UIfM gfadrt fM t~la ‘i tuf E1s : Mec %‘?’/ﬁ%?@ﬁ%&’l 53

aa.s Japan H940 4A Sapid uw'm 44f x5 5:U _ _
Jutrrmauraeacpir~ptiis.mne'sparac~~~~.4;; Table 2 Source: David Cripps,

SP Systems (http//www spsvstems com) Where the heater according to

t@e&ﬁ%fﬁ”ﬂﬂb@zﬁé hEy3ed Bﬁ&h@f Mg%ﬁ)ﬁ% P conbAS Cers the or gold wire

heater element may comprise from 3 es of single ment
at i OSEe R otk corhptide EHRSDREB0DID PlemRes ST odegitbe wire
hamelfeum@ H‘hahenti:)ralded carbon fibre cable consisting of 12 bundles

of 1 0Q sin nts orks arti well. The
?&9 fﬁﬁg carbon tbre rﬁmaa\}g lBe connecf’ed %@E‘g% E%E offjgneth to ensure
é‘(ﬁRﬁ%lCibOﬁfégﬁbée\ﬂwpmmt@ﬁWm&bmw@omeﬁtbeéne@ﬁrgMﬁaent as

I
"ﬁ&lﬁﬁ@ﬁﬂﬁw@%l@@é@ g?lg‘éﬁl?gégﬁﬁyéﬂﬁga%ﬁ@ it ke é%ﬁ}g{gnﬁaerature of the

d th
K }Reg)%t” : ﬁaggn%% Bféﬁ%ﬁtaﬁ%’fe%fﬁ?m’égdﬁ’é“éﬁﬁ%ﬁﬁ%ylmder
aﬁhledwmdtdomembqaiaﬁlbmnn@y belpulixe hinir agmeetiedheodianegebeldhss as to
Yt tlﬂ@f%%&'?i&@%ﬁﬁggqpé o165 é}ggv%];a&m? IS, 208 DEAEnY
ement. If platinum wire Is used, it ma icientdiameter and

ShBFEOBIRAYITEPBASHG 16t iMIBR st BSRED{Re Biopstsantipt@enerally
thedoviernllCedistafibe: dbthadeRind RN 8% reducing conditions encountered in

the aforementioned processes. It also does not suffer embrittlement in the gases used in
the RPECVD or MBE processes, However, where the heater is to be used in an oxidizing
atmosphere, such that there is a risk that carbon fibre' may be oxidized, it would be
advantageous to use silicon carbide rather than carbon fibre as the material of
construction of the heating element.

Overlay

The heater may further comprise a heat transmissive overlay covering the heating
clement. The heat transmissive 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 microﬁneters, Imm, 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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platinium has a relatively high resitivity and could possibly melt if the
temperature of the heating element and connectors rises above the
melting point of platinum. The braided carbon fibre may be pulled hard

“%rg%%émocurves of the groove, so as to prevent the carb%gmgzﬁ%m 3

out of the groove and shorting on itself. 10 The atmospheres encountere
in the MBE and RPECVD processes aré@enerally reducing. Carbon fibre
does not deteriorate under the reducing conditions encountered in the

a i Italso does not suffer embrittiement in the
e Ry R B A e R TR T i gown. Boron
haitideidaes et welroximzing demedpheriysuch that there is a risk

theecavennyfibsesraay e oxidizadaiiweul %ﬁ@&&%@%ﬁ?%&’&‘&ga‘éﬁ%m purities
silicon ¢ rb'dfé{ﬁth?g‘%&n carbon fibre as the material of construction o%n

tﬁeeﬁ%lgtlr?gng SHREHE b HEsQY FRAY RIFIFERPED SRsaseehenb more than
trehrsh R¥ivenmveriayiemblyingt thedheatingbeternsyy,. sEhetheat jraRpissivere than
oywslaN BBRYesanYERiepilybe Mals A 53RRAlEOr grartz, 20 Itmay be :
sized so as to preventh%fat Iefgs?{g?rr?pe%%gc?ar tosn/'ﬂggﬁ%ﬁslegjiféa&artae LB reating
i mﬂ‘@ﬁting element, from condensing’on to a metal nitride layer which is
b&ingpgrown on the substrate in a growth chamber. The overlay may be

t tive.fo provide even and hompgeneous temperature )
S b ARy oM BPIR SRR Mg coramics
25afpiiah sdiEas fiisivel oy ta ey the heatte Hbsapphireionoeartzndrio ensure

thienest diadheaOyaliaxnds voarsert ire.qr. |
h%ge @ ﬁ[ﬁ%}n,gggt i?/% to heatg(gﬁc from g@%ﬁ? g%g/%r %cg) %%%?&gggzﬁ%%%n ing ate on
iCKrTess.

on 1S tAIC &Yhickness may vary from about 50 micrometers to

abber2ogmmples the event that thickness is about 500 micrometers, the

transussivity. hay be ﬁfﬂ%‘.‘!& 83% - Alternative thicknesses may be 100 30
micrometers, 200 micrometers, 306 mclgcrom%lé?g?ﬁ]g(gsrg%rénrﬁ\éest%l}g,g(%ﬁperame'

MiRFolMETBPSOYRS M bietarscigdimihe dpRetarfico ol ihimiretehsothmmmay be
Icbmnrejeico thbasphasadosiwle hiakisapphire is a good material of

istryuction for the overlay as it has,a high thermal transmissivity and
Zﬁgws ag%% c&&#ﬁa%agrti%% S?I?ﬁeec%{eia Oggdrlllé/ra%‘a B tlgéeh &ifg wipe or more
2beBrosusies Py ARg200B16044188 B dlestrent té blutdemstberedbdyiple may be

raghiatieadadh@subsitaie on whieh e filonis. o sBeran nid dﬁ?@&?s Another

not work W(f” as aL?eatin element overlay. The overlay does not have to

be made ot véRFhive ?%38??81% 1 Bndstngesivipeiitelhaneo thigdsnprdesirable,
atssideblady mubh dveatohbeaing| alyipeafenabilydeasbotbsorh 0resethafermine
WPHE%Q%%‘B{% B'ﬁf&@tﬁl%@?@t @%%&@%e%goﬁgd%o/ﬁinsltilsl gé?r{ge grown thereon,

pref%!'lably more than
one thermocouple may be connected to the substrate whilst another one may be connected

to any convenient part of the heater,' so that a relationship between the temperature of the
substrate and the temperature of the particular part of the heater can be determined during
operation. The inventors have found that & convenient part of the heater where the
thermocouple may be located, is the support for the base. To calibrate the temperature of
the substrate against the temperature of the part of the heater, the relationship in
temperature between the temperature of the substrate and the temmperature 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 relati onship.
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about 10%, even more preferably more than about 5% of the heat
radiated by the heating element. Support The base may be positioned on
a support made of a suitable material such as ceramics to material,

vs%li@aié?ﬁwﬂﬂca’ etc., to insulate the heater from its environmgg&&&?&g 1001483

ensure that most of the heat generated by the heating element is directed
towards the substrate on which film growth occurs. Thermocouples The
heater may also comprise one or more thermocouples for measuring

te i thermocouple.may be connected to.the top surface |
o o B P P B mresting an
TR HeRthibIpIRBPRconnected to any part of the heater. One or

more  thessfMke aMaKdaesRPNBseH Lodhe NGRIgE A uﬁ%ﬁ)%:rr su%g?ce in close

th(;:gm.oc%?{:)leE may .be c%nnect d to the substrate on which the me

ni I‘Id{é ! 2 Hod W RABHIE 38 MASE 6 i Ensiaab scdenipio Sl the aroup
tretRgmaeElermenpratisd ugticthisisrtindasitdbide paskidilRryripoibe 628Rminium
ophediing.gleMmentrade of carbon fibre. In order to determine what the

temperatijre of the substrate is when a metal nitride film is being grown
thereon, ‘B B8etnIGRER DB 18 dBaNEREdsTase sliskerhrsantilst association

?éiﬁth@ﬁtbﬂﬂlmﬁg%?lﬁﬂmﬁdftf@@ﬂé %ﬁm@?ﬁhmgg%ﬁgﬁ?ﬁ@%%ﬁ?%m has a
: etween mperature o e supstrate an ne
el AR e Lo i el
oferhaginer Renné reinshaveciofird thttralcseivetettftqpartef gherhamtesisting of:
Waes6n 8 NEHRRCOIPIgRRY R l0RAIRH SIS SUPRALE Q&&@&P%@TO

calibrate the tem er%}ure of the substrate against the temperature of the

part of the Heaef™ (RE S A oS Intl e Berael e divotiag ghment, Whereby heat
temseretlby tikcthenSup steatenaisdithefteraper divisbbthe part of 30 the
hertelbere.hg-0f €.l ted can be determined overa . .
e g g e
filtdB WGP iHE REBSYResoeethermocouple is not connected to the

substrijeds uhoniydoathabgancohine HeAUeKMICE EWasIINAERICHANTin in
c@&}ggg%gé%g tgng%atuor(% SrseBIa gsn%lg@{ A O 2006/034540

PCT/AUZ 1283 "5 According to axt Sighth t aspect of the invention,
tHéfe et iBe deatinatherpisting soirthcamvehiaat, inglucinptise Stepfutifer step of

ngsjéi@ﬁg'ngeq&@lggt&@ﬁjgﬁ{%{ﬁ@ypop%_having an upper surface in close
p oxim'tX t? the.o?éect, wh t%in_the base is made of a material selected

fiom e group B LSRRG 1Bt BYeBHas Lagsd shexided samthed et mpnpacturing
o Iatbidiad hdiomhostedaminium

- compressing particulate material selected from a nitride or carbide of boron or
aluminium or a combination thereof, to form a base having an upper surface;

- locating a heating element on the upper surface of the base or in association
therewith, the heating element comprising an electrically conductive member that has a
resistance sufﬁ_cient to generate heat when a current passes through the heating element,
wherein the heating element is made of a material selected from the group cousisting of:
carbon fibre, silicon carbide and graphite impregnated ceramic material; and

- providing contacts for comnecting 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 & groove and the method of manufacturing the
heater according to the invention may include the step of locating the heating element in

the groove.



10

15

20

25

30

or a combination thereof; locating a heating element on the upper surface
of the base or in association therewith, the heating element comprising an
electrically conductive member that has a resistance sufficient to

“g)egb%r%tg Q‘gat when a current passes through the heating em%rgm}%%q 483

heatlng eIement being made of a material selected from the group

consisting of. carbon fibre, silicon carbfde and graphite impregnated
ceramic material; and causing an electric current to flow through the
heating element, whereby heat generated by the heating element is

tieestestiend toflthamiSistinma dhshissichiagbalse summrise thestpfopgreviaging the
I e REHN @6 AIUBIRLNARI OB i B, iThan MBE, %@ﬁ&%@\é&necﬁons

proces The objectm beasubs ateu ed_for growi
ARG AT SR B AN, Mo GELEe g ped fom fhe
a;hmﬂ lherapethoe el h Sty aectndi mglydaﬂm:hweldtmmmg@)mm@éa suitable

t@ﬁﬁ&bﬁ&%&&%ﬁ&g@%ﬁ&% g%%aﬁ?&'aga%%ﬁmhmg%ew% %Qube inserting

According to a ninth aspect 6f the invention, there'is provided a method
rﬁaﬁs@cﬁﬁﬁh@haam&@mﬁemémmé@%@%% %ﬁ%é&%@lﬁ%ﬁ}e@ﬁﬁé S tner
rﬁ@h@ﬂa! seleatedfiamadnikaeiap cashiaes affbbrofiny caliantiieivAiObA the heating

¢ be'“ta“ocf‘ hereaf t%foi ar%%‘%%r@?‘”ﬁg Bl MPRELSHAcE: JOCRING At when
heatin aflemen? O er'surface o ase or in assomaﬂon 2

th@]’@tmiho ﬂl@ﬂa@@ﬁm@@@ment comprising an electrically conductive
mempenhRthasR tpsisiangs auiiient teQe8 %&@t,@dlae ANIREN R CHER N cturing

passes through the heating eIemen wherein the hea elem nt.is

iaEB it SRR egﬁoﬁ CERRARSTHGBFS (SIBORY Hig ateps of:
silibonioaridésand-diraphiteiimpregfrated nmtmuhsnﬁat’edeﬁ‘oanﬂx@gmqhmgnsmtmg

coniag %%r{§ ngglingfheeating slement ta.an elegric cleuit for 30 ium or

passing t ctrlc current through the heating element, in use, so as to
g@ﬁ’@m{@ﬁ’éﬁ}cmh% ?Itﬁber surface may be provided with a groove and the
mQH&@ﬂx@fmaﬁtmg@léﬁ[&ttbﬁ Aeaipsraceniding ﬂ@ethesmenimmayon therewith,

de t locating the heatin ement.in.. the Ve
2 LZ%@? %&8’!{/ }éoafh tg%gllhec ?ﬁe cggeo mnén% \%J%l%s atﬁ%msmme
hewtetimahealsts cnmpasd thbatep Gittahmsetiryg Hievgh &heoh@h@n@awnt and

fiRER A e aRda ! &Bﬁi&i@%'ﬁﬁ&%%@ﬁtéﬁéﬂ&\ﬂﬂéﬁm RRCHRRS demdRting of
electric circuit, The w ma ade of an itable metal selected
PR AR ST OP L B Rt 51 Py B Eicved by

rallingaacstiiy bt awsfitable *eaffmi @sldm gsidefoflasade of padlybidemitidr @ carbide
p&%%%ﬁﬁ %@H&Hﬁ%@g igitoaac&?o‘?mi%ﬁr{ﬁégeof. The base may be in the form of a
circular disc. A groove may then be machined or milled info its top surface.
According to an eleventh aspect of the invention, there is provided a method of
manufacturing a heater for use in an aggressive atmosphere, wherein the method includes
the steps oft
- providing an electrically resistive base made from a material selected from the group
consisting of a compressed sintered particulate nitride or carbide of boron or aluminium
or a combination thereof;, and
- locating a heatiné element on an upper surface of the base or in association therewith,
the heating element comprising an elecirically conductive member that has a resistance
such that heat is generated when a current passes through the healing 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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one end of the heating element into one end of the tube and the wire
made of the inert material into the other and clamping the ends of the
tube onto the ends of the heating element and wire respectively. The
wires may be connected to an electric circuit when required to operate

WQREoREEE 10 According to a tenth aspect of the invention, RREHHZI05/001483

provided a method of manufacturing eater for use in an aggressive
atmosphere, wherein the method includes the steps of: - forming an

electrically resistive base from a material selected from the group

G9RININGd Bl camBreaaH;Ritgrer-partigitpiantit IR LeREMISIOE Bospay over
or aluminium or ombination thereof; and is - Iocg-élting a heating element

Eh BROTH PSSP giegéfﬁ@fﬁﬁg%o&t}}? RSB AIH Werewith, the heating
élémentebypridiigoaal blcbtricedtjasonayictiVecaiehaver thasimodh

Rslrangs: shlhhakhant aenailedoahendh auigiipasses through the

eating e nt, and” wherein the"heating element’is made of a material
elected from the group.consisting of carbon.fibre, silicon carbide and
AP ot e Rt P T b ABR cl oo™ BY
veatetcopdisaanaiiernta shuetesl pagim atepoifitide orleatbitle fihberdribits an
aluminium or a combinatio ereof.e'/l'he base may be in the fora of a
8#35%%2%@%@988 &\ HEy hERPBEachined or milled into its top
surface. According to an eleventh aspect of the invention, there is
Applidetbasmethod of manufacturing a heater for use in an aggressive

. el X ) o |
R e e e e e
Ben e fripbleduonpressitasheethpdnraniesadieiiabrieeirbide of boron

- OhelmiiiRnObAIcORRIRAHRIGRERRE RIIH thiorakag- Realinielfhettunder a

face;Qf the b iation th ith, 30 the s . ]
R o R S S IR el o 0
FeSistanseotiscknivatinat ingehe rsetivifien abherhant fiaise stthespiyhethén this
heabamelemeicandaWae eindbg NEARG ARSI ISANRHE O ABKERAG! of the

selected from the group consisting of” carbon fibre, silicon carbide and

 GepHRE TR RHIR A PRV RRSRPR CORYTITY Beg satialorganics and nirogen

REI4AdIENDIHAIUEE ldhrondibrd graythurther comprise the step of
gggonstj%%a heat transmissive overlay over the upper surface of the base
andror on the heating element. Alternatively or additionally, the overlay

ey aSsaieatar SvehatierarepiingAs hemgrenbisishars s hntgmileantiyiower
badeeated,ona support. In another aspect, there is provided a group (Il

metal nitrjde film grown . . .
Another a&vantage 93 at tgg heater may be manufactored with considerable sase since

the base may be made from & material that can be machined using standard steel cutting
tools. ‘

Where a carbon fibre heating element is used, it can fit into almost any shape of groove
required.

The heater according to the present invention may be used under circumstances where a

radiant heating system is required in a harsh gaseous atmosphere.
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remote plasma enhanced chemical vapour deposition where the film
exhibits an oxygen concentration below 1.6 atomic%. s Applications The
heater may form part of an RPECVD growth system. The RPECVD
growth system may be suitable fobdse in epitaxial growth of

_semiconductor nitrides. One embodiment of the heater in accordance with

the invention is suitable for use under a vacuum from about 10'ITorr down

to about IxIO'7 Torr or even lower e.g. 10'8, 10'9 or 10- 10 10 Torr. Another
embodiment may be used within a harsh oxidizing atmosphere. In this
embodiment, a silicon L%FS\?, ESEHRHAN o e ERMICET. A further
enotiimdnfouhthittinpentioninveytive wiibddowan dasitbrtenveonfisiogple with
ff@@@h@kﬂé@@@%&ﬁ@ﬁﬂ@%@%ﬁ@?&ﬁé&%“ng metal nitride

semiconductor growth. Advantages Is One advantage of the heater

dageraihdy &eﬁﬁ?ﬁﬁ@%ﬁéﬁi}@lﬂné%ﬁ%ﬁrm@%w costee GaN samples
aatetials zmomaroadmamaee isitah m&w@merhﬁ@Wf%QWéﬁﬁmﬂient of

le gas, ase ma ade from a ial a
R e el B MR B AL R D, b
EET f&‘é’%@n(@?ﬁ‘% aeReptiersarwet |¢héea?ﬁ¢ostzaﬁge sHapsey dl@ﬁ@owen analysis, the
hegtisestaThie REAMAE WA REHIGINERHASAN 40V eN AR N REMSSOFWHM than
nder circumstances.where a radiant heating system is required’in a
haré)ﬁl %rseou%aé%:% phere. 60a 25 Brief Description of the Drawings A
preferred form of the present invention will now be described by way of
example with reference to the accompanying drawings wherein: Figure 1
is an X-ray diffraction analysis, in a 20 configuration, of two GaN samples
grown on ZnO / silica substrates using a process in accordance with one
embodiment of so 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; WO 2006/034540 PCT/AU20051001483 61 Figures 2(a),
(b) and (c) are 3D 1 m2 AFM images of the surfaces of three optimized
GaN layers respectively grown:



a) on a ZnO / soda lime glass substrate with a typical rms roughness of 19

to 27 nm; b) on a ZnO / sapphire substrate with a typical rms roughness

of 9to 13 nm, and 5 3) on a ZnO / silica substrate with a typical rms
wikPsRBRessPf | nm. Figure 3 shows SIMS oxygen ion signals fqt GalSiligss

grown at respectively 630C and 650C, the oxygen ion signals being

presented as a ratio of the nitrogen ion )%Id and comparing the oxygen

ion signals for the aforementioned GaNi films with those obtained from

E%Y%&?%’ (Z'@J),S @&ﬁf@j %@Nrﬂ'@“ﬁrﬁfow Y agaggp tl?engur?éfac%g (E)%/ three optimized

ORE and 10 TDI; Figure 4 represents room temperature
phBtO RS EeRsER s @FREI): and optical absorption squared studies of a
G Nrsamsle/ g@wgm@ﬁf&fﬂi@@%%ﬁﬁi%&ﬁ@%&mq@iEB%HQB;
a,Qr ccordance with the inyventign; Figure 5 represents room
tﬁ%g%w Beltale v \éﬁ’éﬁ DS AEARE S b 19< frae idgth

perature psl%g?o Uninescence it
5 balergepfor slisaimibranteGal stipick srantbtgbrtvss cOnmercial samples

refiguied ShEWENan oy EIGUMR: SRy VRY émﬁfﬁ@ré?%n FIgHL e@tiveiy 630°C and
r%%bgl?ené% room temperature photolumlnescence II’] ensit Sp ctra ’c'l]l the_
e baraSoRh BSP HRL S 8RR, BRI RRPCHIRD 1S it et simarerieal vield and

seenplesnefberesyiminon siglatiofbrtchEigirendsrionedyHC OMRAEaNL@R obtained
R LS ' ahaflledn,ac ce embodimen

invention; girg?ﬁeg8 I Iggside we&ivﬂg% @Qé%ﬁ‘ggﬁsm%u%‘g g %%H;Pé/ gﬁ&ﬁm and

1 irhb&ller in accordance with an embodiment of the invention; Figure 9 is
;’:‘E\' me%&g& eban tﬁiﬁgﬁf@fuﬂ& @E@@%@Mé@ﬂf@&ﬁ@rﬁmﬁmmﬁﬁga@fabsomﬁon
Y , igu iS an isometric view asing comprising .

thguf{n%p(gil g?‘%? i%urge ée Ellr%% asg{:nc?rigaﬁrcoew %itﬂ%ﬁe%@&ﬁ#@?\t Pifigte, using one
iSPGERei gl rerTRetssdntopeoidmnes withadingneniorising an impeller in

AEArd aNGeprdtara rSIRPAGIREILPE BIDMERERE: LlgUR R IS A Sde

view of a a%?ﬁe %n acrcordance with atr?lzombodirr?&%%% tkﬁ%t%glﬁg?ﬁ%%oat & short

i

B PIGURARER RARG R A0 R G RRE draRtisH Y e aafh Bisdre ke Bmagicial samples
apfraredus in reletiondafiguwith tyesmyentiongargigwing a group (IIl) metal
tride. fitm., Ei is.a.di ic representation, of an .
b ot o e é@%&% B A AR Thh oty i

DO R ITY reta Rt WO D00 s10 345 1eoremiATICeDSI00 s 88fe2d to in .~
Figuienlid B adtbedimensienapigrsgsentation of another embodiment of

T A e G S A R T G
Figure 8§ is a side view of casing used to house a baffle or impeller in accordance with an
embodiment of the invention;

Figure 9 is an isometric view of an impeller in accordance with one embodiment of the
invention,

25 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; ,
Figure 11b is a side view of a baffle in accordance with an embodiment of fhe invention;

30  Figure 12a is a diagrammatic representation of an embodiment of an apparatus in

‘accordance with the invention for growing a group (II1) 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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Figure 14 is a diagrammatic representation of an embodiment of an
apparatus in accordance with the invention for growing a group (Ill) metal
nitride film; s Figure 15 is a graph showing the ratio of oxygen atoms to
't{&%ﬁﬁ 2lgms at an increasing depth from the surface of %@?}ﬂ%&%‘i‘&s
IIm grown in an apparatus in accordance with an embodiment of the
invention; Figure 16 is a graphic compa‘ﬁgon of atomic mass spectroscopy
analysis showing the background signals present due to the presence of

residual inthe ald and new 10 RPECVD.in accordance with .

T O e T D i DO s ppparats i

REPECMsrHEEdEe Ryerbon7as gt ermmfiDersta atvsdetion

caigiiieiont s5unreddanaaaliveyaidos:dimergvnabl Aol 208 30aMys in

nitride film grown at 3 Tort; Figure 18 is a diagrammatic elevational view of
ORI D MBS N I SORIABAETAEA LD REF RIS Frgure 10

a heater in a
isfagdiadraimmatipipanwiegvinf atimsedoypeingimastiofiihe feaienef & iguitreasing

18 RigHe 40k B.show ional view of a heater in .
acg%rdanqe v%tﬁl?g%gﬁ? %%rg bodlmﬁggfgﬁ%eé?ﬂn%%,aaﬁ%%&? {RgCooraance with
odRAmpodimeatqfidoinvenishotograph of plan view of a base forming part
oFiperbeates af frighie 20mpBihovfingmieaing PemenbRadeskRraitedng the
ca(l a%&g{& Iocaztded in as%r ve milled in the surface of 1Ehe base (the

eta

overldy is not présent). Detailed DESCAPTSAGS: the' Bieya g i e old and new
ERBE et sRararivgrithRig erebPdiinent of Sleonvemibafitel 70 dorordance with the

Substanbiat m@g@p&g&t@g@ neutral nitrogen species generated in the
nj r%‘?éerwlasmlfro reaching the substrate with. 25 a mean ener
gréBltsy

) 2 gyof
an BPEYPAITCTRE HOMt ShIEY Ot fRecgisisplipgEtafoifigalivm nitride
bl eBafflex7 D Towf and agalilamadtfipuiatignoandoUishbe located at the
I ngkof  the 0 | 20,.sh inFigures 12a and .
e Ty R el GO A I R 15080 vt an
irfihodimeeo? Sisimvaied;an annular plate 73 which may be made of
bBrarailickesansheampiRe Rus eliesThaRestERS (AR SAP 35 3AER: 18;

of.active neutral,nitrogen species therethrough. Referring to Figure 8 there |
A O S e NS h o etspgisnce with
sheETFRRpe e, o tissifreeirshwithrin BigoverayReférring to Figure 9,

thegaris ShawadiBrshaBegiimPRNe PR Thal RYReSEH L neater of Figure 20,

" substantially preventing active neutral nitrogen species generated in the ~
RO e R B TS SO POURDPAB 6 PV miled in he

reachingitecdubsthteovathipimeapresteutyy of greater than or equal to the
bond Detailed Description of the Preferred Embodiments

Referring to Figure 7, there is shown a baffle 70 for substantially preventing active
neutral nitrogen species generated in the nitrogen plasma from reaching the substrate with
a mean energy of greater than or equal to the bond energy of the group(Ill) metal nitride
bond. Baffle 70 is of an annular configuration 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 niiride 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 prei/enting active neutral nitrogen species generated in the nitrogen plasma



energy of the group(lll) metal nitride bond. Impeller 90 consists of a
plurality of blades 92 offset with respect to one another so as to provide
surfaces for the scattering of active neutral nitrogen species, the

W%p%%gg Jgading to a decrease in the mean energy of the g agtive fiekiiaks
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nitrogen species. In one embodiment the impeller 90 may be adapted to

rotate. Referring to Figure 10, there is sfidwn a casing 102 comprising an
impeller 90. The casing 102 and impeller 90 located therein, may
C%ﬁ”?e%c!ﬁ%c%%el%&@s ?ee.#ﬁ“ﬁeﬁl%ﬁe&%ﬁ@g&&%?r?&?%tf?é'guai to the bond
preventlngFg ive neutral nitrogen species génerated In the io nitrogen

plensea b e imectsl pind drmelier SeverpistorbatmivmEr of blades
equalfitetheengd R0 es G Oiibaarelp ) preirlnitifedd apeR efefiiRa @ active

Figure 11a, there is shown an jmpeller 90 having.blades 92 and casin
cORHET P SR e SEP SRS RS A B, Ghecey of the
nedtired nérbglenitspeciepegenebteddretho ditnogethp fagpabielr @t mesditrgapted to
thesgubstrate with a mean energy is of greater than or equal to the bond

energy of the roup(lltll) metal nitride bond. Referring to Figure | ib, there is

s 24RiNEY tattRisuit RPriseatiRadd soppismg e dmesligng- The

 12bsfog Sobstahiialiylprese Mingedcliveinenisgl qiipgenspasiag e sesafeghres 12a

In i0e AHreasnBiasm aﬁg?g]r% Al ga@&ew%tﬁ%ﬁen}‘é{%@f% ee%&ﬁ%%ﬁgga%ﬁ in the

greater than or equal to'the bond €nergy o group(t etal ritri
b&HEREPAP Easih fFraD X sachinEdheCubsiTLisr silbatiaceuHiaR s hipgisaist than or equal

PrOtiSKIAS &Rk anst iadpptaslieieditagt thadow of active neutral

nifrogen species. Arrow 105 depicts the direction o flow tiv :
TR Sy RSB AT e ARG 2R SRS SUu R SUocsy nd casing
Figurigtdi¢arid Gl8ntoay dd 2k thersubsshbwlly anesppiratasiv@@@uioal nitrogen
9rowing adreip(maetrittde.Hm. e %%F?%%%W&%&%ﬁﬂ% energy

chamber 25 1202 in which is located a'substrate holder, 1204 on which a

s giester o reaurldothisbend srere s ithsrerom el mitkide b a

heatRi{ngts oy . | Thetserbsirsievl:? 0 e3ag a eristawstildctuneptitatissans 1222 in
itable f il | L pitride.film th 1A

oaibls D ion e greun il DEIRL g e IR B E SR AARUR e

redcliomiisisenrl s D prstins tineuhpidicatitadacep Pisrsest creater than or
citainment gust 1333 Rbe R38N MEEAI8RiRoSMA STUECEdA2 A0t in the

remote pitrogen plasma source co rises iCroyave power source

13 GHACH Ry B ROGGPEFOR BDEATN At 2 AT B esgayg Ao of
wasiéguittstd 18117 spbsivate s AleH diets 20echireotes ofthoowe active
Posiien ﬁ%&ﬁ%@&@ﬁ%ﬁ@%&&@&rﬁa@a{g Jitkegen plasma source

1212. Nitrogén gas is introduced into the containment tube 1210 by inlet

17pforing Sodemmsaad Bedran0 208w 3 tas3hgr is shown an appdratus 1200 for

growing a group (III) metal nitride film. The apparatus comprises a growth chamber
1202 in which is located a substrate holder 1204 on which a substrate 1206 resides. The
substrate holder 1204 may be located on a heater (not shown). The substrate 1206 has a
crystal structure that is suitable for growing the group (11} metal nitride film thereon. A
vacuum pump 1208 is used to evacuate the growth chamber 1202 before a reaction
mixture is formed therein. The apparatus also comprises containment duct 1210 and a
remote nitrogen plasma source 1212, the remote nitrogen plasma source comprises
microwave power source 1214, which may be a magneiron operating at 2.45 GHz, and
microwave waveguide 1216, The substraie is located about 20 cm fo 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 injet 1211,
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Growth chamber 1202 also comprises means 1218, which may be a
shower head, for providing a mixture containing a group (lll) metal
species, for example trimethyl gallium, in the vicinity of the substrate

w286 d318,5howerhead may be located in a position directly aRQyet 1483

substrate. In one embodiment, the showerhead may comprise a ring s
shape which includes a series of holes fiferein. The holes are directed
towards the substrate allowing passage of the group (lIl) metal species

USISOUA RSP aHoP MBS e ol AR D S A B00B e, s
permits the active neutral nitrogen species fromni the plasma source sl
PRGN SUFHR Sup s hatBE B AT BRtHePrvicto fratemhte sisthatesallium,
1206hdrvamaliesnaty eenbadiment themganstichd may e 18caeiat #osition
18.ex§(|£en]|1t32//gftﬁhe ‘%gow h chamber 1202. The remgte nitrogen plasma )
SOUCE 1 Y B A (RE XS HFairih SAE FTMCLERR 0 P FoSBRTLHRERS MY SOMAUEE @ ring
asbapaniofiadticksdes utrakritsogehodpediessinto e draethechdinbesdl 202irds the

VigRREGYRGRERGEIRR SRk @{}dw('ﬁl?gl‘?é@ﬂ %i%?tﬂ%%@ﬁ?r%&gﬂb in a direction

means_ 1222 for substantial{i/ préventing active neutral nitrogen Species .

g B SHRSTRE oty pIZBMETS ARE BaH Jhm eSS shaeal piwgRehspecies
afiesibeniasgy sbgreated tharare qualinh the hoid ienesgy@bibethe ring towards
gEQURGHL, e itrigle_bopd, The means.1222 for subst ly preventin

active neﬂtraﬁ%og%n%p%%?g té‘?n%?atoe%ﬁln iéh %iﬁgﬁrésr?fggégyﬁj&rflé cAttd ot an

rEXERREtREhsuBe eI WIIE mean energy of greater than or equal
tortherbinnd anegy 9lihea arred i matalmitidehend may-be A haflle Asitablish

depicted.in Fi 7 b n.2Q impeller such as depicted in Figures ,
s Pl té%ﬁ%%ﬂ%%@%%&%%%%% ARPTIES LY g Q8 shember 1202 via

PRRENTY B holeseitre i2ileriiohyibeoethévidymesioaitan comprisiags 1222 for
bma%ae@%@%aﬁggcmg %ﬁ’rﬁeﬁmﬁ%&%‘ Lioree gg&a&%s& %%é;%é'g@g plasma

therethrough. The temperature of the substrate 1206 in the growt

cHamBEIch IS fhsEats A gROoV i mmeanst R U DE e Hesth BaBIRaldadhe bond
peategahlytabertpBOICmEhe mppRRrasus. May addiianalraompistialasesventing
1 (o} e osjtion on the substrate of the group (lIl) metal nitride .

A O R e R Al S e e
taSHE 4 YD redBLranisathengrew et aeaishdhast cabuuel O i drend imergy of the

2%%%}5@1@)i&ﬁgﬁﬂﬁ%@dﬁamgwmmwaga&@@wgiﬁb IS RBQUY §&hhz1b or an
urin € vyacuum, npin erod. e eslIr pressu as ,

oML R EHon ARG Aioe. TS S5PAE G poron e
(min:bgen{) borintrvd uceduinlésthet tbpleof tbCimtaiienentyltet 2 10 viarinlet a fan
12t ich s, SLDIREIde UcToWaY 9&%@9&%@? ANSOLMIGINaNE ) tra;(velling

p&t\%er source 1214. The pressure in growth chamber is maintained a
3HBHIBE#froduction of gasses. Microwave power source 1214 is turned
Whe2af64)3daAd e TuBdi2Q0BI00 483 growth chamber 1202 is in the range of from

about 480°C to about 680°C, and preferably about 650 °C. The apparatus may
additionally comprise a laser 1226 to induce deposition on the substrate of the group (III)
metal nitride formed by the reaction mixture.

In use, the vacuum pump 1208 is used to achieve a pressure in the growth chamber of
about 107 Torr. The substrate is then heated to the growth temperature which is about
650°C during the vacuum pumping period. When the desired pressure has been achieved,
film growth may commence. The plasma source gas (nitrogen) is introduced 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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65 on to start the plasma. The plasma includes high energy electrons and
ions, as well as electrically neutral atomic nitrogen and excited molecular
nitrogen. The electrons and high energy ions decay rapidly outside of the

wﬂgﬁg@&ggﬁeraﬂon region, and as such very few of these SQ%?&%EE%l 483
t ] 1

e lower area of the containment duct 1210. The electrically 5 neutra
atomic nitrogen and excited molecular rffttogen travel via the RPECVD
connection to the means 1222 for substantially preventing active neutral

ni i e ' e.nitrogen plasma from reaching the
Ueeenseeton, e enEbe A pReR A o

substrate with nergy of gre SPEEI T 5 HRES ey el as
of MRS RAT 8l cxiarmiftr RIBIBSA o vietitedasndberalarimipolien.  The electrons and
atighgaenghiaucdbas heiinpelielRbaRIeiRNLE JeRicied gxi&ﬂr%ﬁi%st%uch very
196\%009%@ . 1&&69\’/\#@0&%”%) asma nov%)/rﬁr nning, the group (IT) metal -
species, WHicR Thay B trin TR TS FRAGHDRERtAEShE: 10. The electrically
showisih et T8talswirrgdilrxgitod thntdebelin mndie Sudade ghthBe RPECVD
subsitated 206! I .in this.embadiment no .ammonia .
or hydrogen (g%gﬁgr%%%fg?kﬁ%%gé%ﬂ% g‘éegg ?r?ﬁr%vgtﬁWgaa IIHRERR species
2BUEERHE JRothtn HHS#B R a9 fiom ngnching dhargubabpietadtin Figere tagrey of
tmeptﬂsmmmmiwelmaiﬁ;dfﬁaéwwﬁé@ﬁgéﬁégnﬂ@@]%@&fm& which may
g : ma. As noted above, the plasma_.
e B T AR i g t 10
t@iHaSil avhdihiths elaseseento thodess ecioonF EE pecidsircladevhigh may be
engrgihglealens andirscRiusaleciisalagutral @tammgaﬂg&sg{m to begin
e distance

excited malecular pitrogen. The substrate may 20 placed some | _
fr%nmtc%shseufeaﬁ?eoﬁ%%g%‘%’%@ser’r}gi@itsﬁa fonbR BRiRchthse HittBigesmbodiment no
pragnTais géydraged (s20:t0 B5 wheyeingtithgehighéher gy tomstAdeallium) is added

e %ﬂﬁ Ve, ouigkhy, decay outside of the plasma generation region
sﬁuc that they do not reach the substrate. Visible light emission from the
Y

s

ARV th e JrisHtal e Hsr alismrewioatisetenaiel that is the substrate

sorcahiet! dectiglow geg@an.iah@tb%ﬁﬁimbm_whﬂﬁ&; ﬁt%xﬁ&lbﬁ%aﬁl@téﬁ %Eﬁl@ {#€piasma
g No VISI s ISsion related to the plasma because

mz%%ﬁgg\%rg% g%ﬁ%?? éﬂrgeécefntclena‘trﬁegl rowth chatbéer arfd st W%eﬁ?e@ﬁ‘%“ When

tHaf ComRIshovihesnenteisdot hesergipnitledadugiakniragelspesiesd ions, plus

veliohienBUAes HIRLBiaN CSIYIANIC SRABIESBIEEANIRRLD E.LeQif st may

near leg%t e las aisvﬁ%ene ated. For a nitrogen plasma the first )
iGNISAtion POtENtiaiS At 1453 TYRET AaSTh e oA TREe i spiefete nitrogen
reiserfalie sepetandthid & e Bgyemp duittier higiecplgsia endissiendanvery quickly
Qfeled W&P%@%ﬁ&ﬂﬁé@ﬂé&%&%@@@fﬂ%{i & itaemggc%@rﬁ%eﬁ{g%ubsﬁam.
r%ac ng the substrate have energiesof less than B3 eV, orthe "~

g ARFEPETpREERIRE Plest éicRnfashisehnalatmmaemnetion region itself
it drecioralfedinteiiyigaltienivat shewveipheath LABHNLEIGWehS IS in the
BB QRIS R0 RRN SIRIRE L0 R B ERC] QF dalum, The TSt tecues
present in the growth chamber are at such a pressure that collisions with neutral low
energy active neutral nitrogen species which ensures that high energy ionic species are
confined to the region near where the plasma is generated.

For a nitrogen plasma the first ionisation potential is at 14.53 eV. When all of the
nitrogen species have fallen below this energy, no further visible plasma emission can
occur. Hence the neutral atomic nitrogen and excited molecular species reaching the
substrate have energies of less than 14.53 faV. 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 gallinm. The first
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WO 2006/034540 PCT/AU2005/001483 66 ionisation energy of gallium is
6.00 eV, hence the neutral nitrogen species incident on the gallium atoms
have mean energies greater than 6.00 eV. However, this emission does

- ozt?]or(g%atg45he substrate as a result of the combined effect %é@&%ﬁ%ﬁébﬂﬁgss
int ) ' '

e growth chamber, the location of the substrate in the growth
chamber in relation to where the 5 nitro&én plasma exits the region in
which the nitrogen plasma is generated, and the use of a baffle or

[ ive. l.nitrogen.species.reaching the supstrate
R R e S B et on e
2 By atem hviheeteereagintmoaer spacfo8ndid divwryer gronengsiion does not

swsfareishouidiislealy havaRnergiRs sHFMbA Rt WIS YA e srowth
pr ve%t nl%%g n from dis ocmqt:%g from the surface during io film grovvtﬁA

(i%e-t0 preven OHANREGE (05 §§%I”§L}{’Fa§§°aﬁhr@ffmﬁeﬁr%hﬂ)‘?i%éo where the
préisegae itnshe gronthechginbir widghlibeadisted jhanatiablevedienfd. the use of

a iRy yalugde: NG ARsehGiC A il ﬂﬁ:l?%errlllgs\% riré%geead #Hri%% Cfubstrate have

growth) to ensure that this condition is met (i.8. lower than the

eTERgyBrgEs iR BRRP HO RN whenGalibhradisaer sibisusboup 29 ¥ the that active
ga&mef aitabhiipapiainnddibighergpsassy W@fg@@&hﬂ%ﬂ%&%%ave energies
| active neutral nitrogen species and Jow energy .
o B R SR P e e e
Ailernaevely (Hee Gistesveat biamvegn ithéhes shsteltevafdendieing fdmigoyeh). The
pheeimacextndheceaieninrhiahtBe MR PBsMIe ﬁﬁl&?@?g B Glue in
Ca

justed (e.g. the djstance between the exit position of the sili ‘ o
B SRR RINE B T i Sy e R o SRR s on s

bamdidatragech2 tarogdrowrth) ¢6 tadiie tuwighiteendition is 1eéddemn about
lovgessihamthe, Dond engrgy iImy bei wn which is lower than

about 2,2 eV in the case of @G%ﬁ%#%?%%%%ﬁﬁy{ Gg?ﬁot}lles%?gsoscﬁ% ?ﬁtween
% FPESHRT ASHIORTATIY PHECaRRREEi He A dRvhenssEp sEratepapigswivsrding in a
tidecntragen tmaamdﬁ_ﬂfsm?&xeﬂkansﬁg?mlcpélh&ﬁuﬁ@a?,n@@é{h%ﬁ between the

usted to a suitable value to ensure that this .

O B e S o ity arvaie i g plsm i
FeRFFRhiEHIS bvadiusiah tbautiz. Zistiiee thervase titac@iadimn of the silica

SighthrhigheieneigiesshatAe20Y 6ambeasceapedated ﬁlﬁbﬁrgeﬁgdmaged
sufficient fl%?of active %]e&utral nitrogen species to the GaN surface to

COMPE R o RS BGE HHh SPRE % R Btk Uest dReesithanidhe fRondensay of the
THanhems grmevgieshifithe hewtratiatonmbospeciesveaching dhe stbstratey film).

macheRROvaR e WEA 36 sRctaet e SHRSUAIR (CIRINEA Y, on e

the temperature at the substrate). With a nd energy o e

SYEREY T ahee dpe sl Blamaardifchyisednataretish Fgmimogaelasma is
tgetadkatquianhan Bmegjisveh tithout-0a0 SHIG:H SN UL LA SRS met (i.e.

?n%%%ﬁ% %‘;r%)l(%% E:zg%r) e%eﬁ}%?ﬁ?ng ggirnegeg%v%gt%%%ﬁ i%ﬁgl\?fg% a?n about 2.2 eV in
the case of a GaN film). Slightly higher energies than 2.2 eV can be accommodated if
there is a sufficient flux of active neuiral nitrogen species to the GaN surface to
compensate for the nitrogen that is lost, however this situation is not ideal. The mean
energies of the neutral atomic species reaching the substrate may be as low as the thermal
energy of the substrate (determined by the temperature at the substrate). With a N-N
bond energy of 9.8 eV excited molecular species have mean energies 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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surface. Where it is desired to maximize the quality of the film produced, it
is necessary WO 2006/034540 PCT/AU2005/001483 67 to determine the
optimum pressure to use in the growth chamber for a given impeller

wﬁimﬁ‘t and for a given distance between the substra&ec@%%la%gl 483
the

nitrogen plasma exits a region in which the nitrogen plasma is
generated. In order to determine such & pressure it may be necessary to
perform a number of trial and error experiments s wherein the physical

c cs.qf ed are analysed after ea periment.
P Raleiall 8g&ssure o%g i t%% %b%rr it |s Qﬁﬁ%% G BReimpeller

By adjustin € growth cham
@ﬁ}:"‘r‘gy &t tfﬁ@' dFeieendisanefthajercapbsiesistnen ating o the nitrogen

ptassma, and thesaby iﬁﬂMI@i@EQH@ \piiehaiRciststcs ofibegao um(mh&l%aéeteme

nltrl e film. For xam le, where it is desjred to 10 produce a high quality

PWhRICH 15 eeSe Iy eSS HORY FEE UG 486 Bderiments
tOVéB@m 3hponhamaadjumweo&25mmfbétwé“émhemuhsarm anthMRresfier each
tt&@lj&t{@g@p plasma exits the region in which the nitrogen plasma is

%1% rnatively, if it was desired to prepare a film with insulating
82“ RESSHRINS B vhetsmhsr drinpmssibice tna diemeesotray of

%@mmmdm&bmﬁ?gﬁmlmgﬁnﬁﬁ@ﬂigg SRackas &a@%éh%?n@tﬁ&?eby influence the.
S r r nin g.capabili en growing,
%E&E%S% ki) éﬁ?{lém j:r%% QQ/%}‘]' Zinc 6x.63éTW WAR & Bofgpired to

a film on a substrate er ayer o

Serafets %P%‘dlﬁalltﬁﬁ@/wﬁﬁéh mﬂ@ﬁaﬁi@ébmbmf@@gmmﬂwhaMBsxmy would

b ingreasetstthinaspeeies Wb ean LAaH:Ql«9reAlRE DRDLO i gen
\{ are prevented from rezgﬁéhr the zinc o ide layer and causing 20

dafmage Once Growtn ng%@rﬁ’ %Hﬁéﬂgﬁﬁﬁ%{%yéﬂ@?&%‘{?b‘(i i it was

rAesieditdderehars cofdredvitie Tosiifetilayprophe pregsureeandhanBe lowered to

desteaseddn ordesiindpciaase fhe,species reachin
g‘ rate Wheln%ﬂr%%’v'ng aééﬁr%ﬁ'gf(‘ﬁ%‘ t%%%%%é A e tho reach

#Cthe mean energy of the chemically active speC|es above the
tk%ermwsahel@yhﬂsf ﬂm&%ﬁg@tmﬁﬁmm@ %ﬁugﬁo%@g tfh%'l%l'%n a substrate

[ e fu rt means f
?r%%%%g%%?n%t e%g;%ﬁ% Sg’me a spaesc%es Stﬁ%gggﬁ g@g Hid %tﬁ h@c initial
JHSHTC M@m@rynﬂyénpmgmwdmmmmwmmﬁsamm energy of
gmwmgtmirmp@ﬂ omelal piisidadime oh doRdl) Mmerly, (95EX ARl g _causing

%Qéu alllum rlg ﬂ“i gallium n|t e etc. Showerhead 1218 is
connéct 'Tc‘i) G aRa en &5 %@C?Hgngﬁ?g nd %@ﬁélﬂ@%BW@@éB%l nitride
diatriloviesed e hubietdtsiero tikoptdvas: masitihbe ivpdterd223, it 228808 increase the
Weh Eﬁ%igygﬁgﬁt@@@ésr{gg@m{fg%glégbggllgt@etal species or dopants, for

%ﬂmple trimethyl indium, trimethyl gallium, trimethyl aluminium,
tHmet AHRE SN tﬂ}ﬁtai mtnde film, it is desirable to maintain the mean energy

of the chemically active species above the thermal energy of the substrate,

Referring to Figure 12b, there is shown an apparatus as per Figure 12a further comprising
a means for introdncing multiple group (III) metal species, or indeed dopants, into the
growth chamber. Accordingly, the present invention also permits the growing of mixed
metal nitride films of group(IIl) metals, for example aluminium gallivm nitride, indium
gallium nitride ete. Showerhead 1218 is connected to one end of duct 1219, the other end
being connected to distributor 1221. Distributor 1221 has multiple inputs 1223, 1225 and
1227 for introduction of multiple group (III) metal species or dopants, for example
trimethyl indium, trimethyl gallium, trimethyl aluminivm, 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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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, WO 20061034540 PCT1AE20051001483 68

wES U s sHlfur, tellurium or germanium dopants. In the casg-9f Qalliio4s3

nitride, the best choice for n-type dopinlg during film growth is ;ilicon, due
to its low ionization level, high activatio %fficiency (over 90% in mogt
cases) and low diffusivity. For p-type doping, the highest concentrations

' [ ither ' ) iu dopants dyring film
SRR 0 A e
albovies ?6%%@56&3?@&@@%0@@0&%" trsilisfogon tpusibsvatomsion level,
ahixit icﬂiﬂﬁiﬂ;nle'ﬂfﬁ@ﬁzcizifﬂ%,%Q@Q@Iﬂé@tg@%egjzﬁﬁoio%%%&si\éil .. For p-type
1!%%912%@& %iéf%ﬁ%og)i%e%ﬁza 'Ogé h L\J/\%eﬁ}égg%!la%\%vﬁiﬂgnﬁa gx‘: ;?ﬁ%gephgnmor caicium
~fipeFein 8716 85mpIsdb. albagimercliBnberboddblonk 58 2 udieh s deount of
a ’ . . . . .
it e R e LIS o

removed from

T 1 i G HOIC S0 et I20PRe i em T

oﬁimm@m%ammmqeﬁn%zom?gm?zﬁma@%gnﬁw?ggﬁ}%% gallium
31248, | rovi W Co.
e BRSPS P
oFRAIGEr S 136LoRRRL r?gé@masadvfft@eppbxﬁnatrgs&i?ﬁhemm?mm?w been
Cyics & mm:ﬁpi’ffﬁgﬁﬂa?ﬁfﬁm@'ﬁff@ﬁ%ﬁ%k%‘?gﬂﬁc@oﬁnﬁﬁé‘“ﬁg :
to a%gﬂ}%gﬁ%agﬁﬁ%%ys’tem %i% te i@’ﬁéﬁ?ﬁﬁi SrbAdERsfsralsusmale holder

tHéJoading chamber or load lock 312. The vacuum system 318

CORbSES dd U yales 348 funpctionally . .
n‘;f edéi‘(ﬁ@*ﬁ%“ﬁ%%%%ﬁ%i S T ot T IR B aed with <

admits RS e IEaY tHambdlaBeioHd ek §1 Sisinkridetairite & the growth
isbrandahe! badidg chagiHrRor dadg gack:3di12\aken it is required to

e [ sfer 1o the gro chamber 25 314. The
oy Lo b WA Ane SRS SRR oo igbite sample
FRHG AR B4 AR chamber gate valve 320. When required, a

VEiot iadban darbed ueeshintor gmmmstﬂﬁéﬂgrgh%ge% :Isb%arg\élicg;ga%ﬁ%ﬂ;@smm 318
e B0 E2 e A G spaicetuna L,
geeietR cHanfieerrsitas carstieahdemliiedk Trimethy vgbitiubiand dopantsisetbnally
hednuaeteethinio.dne Bowihchambeidirayan alike, way as to admit air into the
loading chamber or load lock 312 when required, or isolate the loading chamber or load
lock 312 when it is required to prepare the sample prior to transfer to the growth chamber
314.

The growth chamber can be isolated from the loading chamber or load lock 312 by means
of a growth chamber gate valve 320, '
When required, a vacuum can be produce& in the growth chamber by means of a growth
chamber vacuum system 322. The growth chamber is provided with a growth chamber
vacuum gauge 324 so that the pressure inside the growth chamber 314 can be measured,
Trimethyl gallium and dopants can be introduced 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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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

W@EW&&Q&G/O3454O PCT/AU20051001483 69 heating the 3RSt 1483

temperature as high as 750C, if required..A thermocouple 332 is provided

~ to measure the temperature of the samplé holder 328. The heater 328

may be the heater of the seventh aspect of the invention. During film

iR S RICSSHTR E‘%ﬁ%&&%@%ﬁ'f@%ﬁ%mﬁ@’@%&ﬁﬁmﬁ OREPHRI M Ie 332 is

s means_of a pressure control valv 4. Active neutral nitr(egﬁéen species

it BEed A e tTth S BRI R e P AR GR 4o pa8md Ko AEdifment may be
tuhe BaGerwhiab isvaatlaspéqudrtz Avaidrewave source 338 and

associated waveguide 340 are provi for ionisi I rifi
S B e M WO A S hvoted by
WHERED 912 plessrEe ieofsrph &8l 188 4n to addition to ionised particles and

e:ﬁ@ﬂ%%&ﬁ@t%&%&%@ﬁﬁ&@i& neAirak chaimieally @0%1@ gsg@ﬁieﬁaaﬁt&r ﬁuough a
electrica neutral ¢ mi Yy ctive species are con cted to the growt

B DR oM O 5 A S e o SIS o8 and
tmegfmtﬁﬁbwmgm&b&%ﬁ(ﬁ:@];ﬁolfidﬁéﬂai ragtittpodsigadyinfpuhBddadingen 339 (é.g.
CU@%@@& 314 Yiasthgair #55':%&3\6?'?@1%&2@&%&&? \Lﬂﬁzgel l%% ¥ACHHTY SYsIRM that, in

318 is isolated from the [oading chamber via the load lock isolation valve

3P8BHRR TR oRiRed A EL Ath ORI R ORIt Ssalaciiopy aapiiplehemically active
logstetton The sromitalhotdetrdldhanttgigcadiiesidectbe dnncinguchaimbeiie srowth
or_load | 312..The loading ¢ air inlet valve 318.1 is then closed
ar?aa%ﬁg [ 4152’1.3,&}% (g)ﬁkt?% peggeg%%e load lock isolation valve 318.2 is

opeted asemhls isaatedicedduanelsjarareyabipdith B bwfetHdr lsdafrrgiuced into
ChambafiRd dxA1hee INe Mashy A inidovantosagdaw value (e.g. 10”2 to 10”3

Torr) the load lock pump isolation valv 8.2 is closed; then the growt
Crh IR s VAR SIS B R e R oA PRI S load fosk
hatditianevtian S 2w ittoaih & mamigpeiviiraigirtiseradie BBiusing the

SaMmp e NBRSEl J8McH %ﬂ@s&%ﬁéﬁﬁ@ﬁﬁ@lgﬁé Bhlyvithi gamp B hish 8Rhmber or
placed on the heater stage 330 (which holds the heater 328é.PThe s%mple

trdfRshdrdietide 316 RatEh FARGGRAHBHT FEYGrobi EndiodpstaAuntitny 3121
chapibers giate valve 320 is closed. 30 The growth chamber 314 is

inril,gg %‘:9(? %I c&%ﬂ%}%% %%Vé?g“ir@ssé@éﬁéﬁ %@%gmdalock vacunm system 318
pumps down the loading chamber 312,
Once the vacuum is down to a low value (e.g. 107 to 107 Torr) the load lock pump
isolation valve 318.2 is closed; then the growth chamber gate valve 320 is opened and the
sample and graphite sample holder are transferred into the main growth chamber 314
using the sample transfer device 316.
The sample holder 317 (with sample) is then placed on the heater stage 330 (which holds
the heater 328). '
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 twrbo gate

valve,
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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. WO 2006/034540

WBQ‘IE/A}L&J §5/001483 70 The turbo gate valve and turbo-toﬁ@fg{ﬁz\g@%y@%m

are opened and the pressure control valve closed during this stage of
operation. The growth chamber 314 is then left to pump down to its base
pressure. The main chamber 314 is never opened to atmosphere except

d o0s, The sa are heated to
Wg%ﬁﬁ?éﬁ%%ﬁ%% bra ut é%gtl% u rlngr R va@ugﬁ%ns hﬁmﬁ?ﬁff 68?116@ vaive
aﬁ%sﬁﬁjedﬁeage téﬁﬁ%ﬁf@&@ﬁ%ﬁﬁmmtored with the thermocouple 332. The
thérmgoouplet3abis miroduard ulafpugl@ EPAIUE {ood- HQUARAGAL  The main
Wéi‘.%%@% gater c&enngctorg %SQ H$ hrouq\tl into the main
amber. 10 Whés a gosd" %ase SPRETRs FEETRV SUF R B tRdaaintenance
cHfapiente. The plasma source gas (nitrogen) is introduced into the top

OThREsARBIRDEFVIRANA RIPANZAANAIBMENLAHRE A8 %’g@'e’ﬁ % SUb 1s vacuum

to microwave ﬂonl a&%n of the nltro en gas by means icro

SOUree §38m¢ SanerHatd il é@ﬁrﬂ“ﬁf@?ﬁaﬁ,ﬁ%’}ﬂ The
Bheuge@mxiﬂns%@eatmmﬂmed Iélﬂiﬁ@mﬁ depahofaklRRgdR-RPLIRA¥ e heater
theplasmma.generation {Iﬁgi%ﬂ hng lived r%dlcgls and atomic nitrogen are

S

able to travel beyond the plasma. iNteraction re reglon and are available for
# &0RA h‘?éerﬁ%‘gﬁrﬁ@@%eéré@@cﬁwﬁdeﬁmmmcmn A plasma source

nggiﬁ;ﬁo@ﬂgi sampledhedder Themelalaranicand dopa a%%%ﬁnta mnent tube
s\%a urs are |ntr uced through the gas line 20 32 connecte
the fop ofﬁtlhleS SrOWTH Cﬁ °f%‘ﬁ"%ﬁ‘8ﬁa§8§e%f£k@.ﬁ%@ﬁee@mtﬁ@aﬂs of a

rEfOsHamEsBrCcehB3furbo gate valve and turbo to rotary pump valves are
cibsariandbe Rrassur ORIy VG IS AP0 MAIRaIna, constant sreated in the

pressure. A cha,mli)er vacuumgg@auge 342 monitors the pre ure urin
#866?1% %8% Brekhetnd fodisErihe Rlssareascstivng Iaimg Jr@ngéwad radicals
wﬂdsaiamwévmmmawecmmIﬁseravbuﬁeydﬁ&%é%ﬁs@ﬁz ZineaxiRe) 48 %10;1 and are

'MH@@JQ&Q %M Q lid 312.1 to the substrate holde
which is initially resi efﬁ%tﬁ\x{ og %ndcéhgrﬂﬁ)efd Gt omodtfo%k 9‘?‘1 © samples
IBLSRSERI G e system 318 is isolated from the loading chamber or load

IOhk ri3dialeidie k@ﬁdd@%mm@rgy@g/eagg&; WhilR RIS IHAHER e gas Tine
g% Qng&%ép mber air jnlet v ﬁve 318.1. The loading
s AR B e

er arr |n
Wheu gases are mtroduced into the main chamber, the turbo gate valve and turbo to

rotary pump valves are closed and the pressure conirol valve is set to maintain a constant
pressure,

A chamber vacoum gauge 342 monitors the pressure Eiuring film growth,

In an alternative use of the apparatus shown in Figure 13, a substrate (which may
comprise a buffer layer such as zinc oxide) is introduced through the removabie 1id 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 Ioadin—,c:,r chamber a1r 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 107 Torr. The load lock vacoum system 318 is then isolated from

the loading chamber or load lock 312. Once the vacuum reaches a value of about 107 to
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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 10-2 Torr. The load

wigSkYAsHYM system 318 is then isolated from the loading Ghamkehfioer 483

load lock 312. Once the vacuum reaches a value of about 10-2 to WO
2006/034540 PCT/AU2005/001483 71 10 3 Torr (though lower levels are
preferable), the load lock pump isolation valve 318.2 is closed, and the

growthgh ' d.and the sybstrate. holder 317 i ‘
e, o CHOSA R Uilgne
336N HbIEOME Reambeneas Hatky PR isapenedandstes tibsicai@der 317 is
Thﬁns&lm‘ﬁﬂiiﬁtartﬁfﬁfrﬁﬁvi@@ﬁtﬁ s&é%ﬁéers Mtaﬁlﬁaﬁmz&@ Bht?EaG%O_‘é\(&?e 330 (which
C I an e growin cha r e valve IS closed Isolating It .
o e e NI TR R A HG T, hamer s ngr cevice
indépeferntiplinpeday & gouuin dystbo Stmpristhg arduthamelteriate valve
peroPiyvBisk: s Raekag L B AlaDA IGERO ns;efa
tu%bo-é)g-r I l,v Ive.g %%—:‘ growth chattﬁjnH e%%%gi% (%?ﬁggtioc%%o?ﬁg e gmowty
vadid e”s%évﬁ%‘ﬁspgﬁt O GAREPRG DR IGe 2FHE SISt e v @ adurbomolecular
ginmbnytm&ﬂaiy b@liaismb;opeaste@ anthh mmet?ﬁﬂéetea@ﬁﬁﬁb&iﬁd‘é@bﬁ lRsgslto-rotary
ing thi i - t 10-7 Torr may be

e R N NI O bSO 35 & o e
aWliGve filth GrowtsetRnTalymesd elbbiuteBuCyfbres gedliansividricadfithe. pressure
Thadreiatelv 825 ooy g SR TN IS K IHHARINLS AR B Torr may be

cgémg%i&)n curve may be used to estimate the sample temperature for a
thermocouple 332 located near the heater 328. The heating time must be
kEft sapotAs enthetoert betbro epovthttonsulisteate e dirhe d8rthgsevih, which may

C@éﬂ%ﬁtf@m&; E%ﬁhﬁﬁfﬂ@ﬁlﬁ?ﬁ?ﬂe@ie@ﬁa@%ﬁ@%&pﬁvgf%e type shown in
1com§g$|tlogé)f§n ) buffer layers which may occur after pro onge%ip

B RIEIRROBIPRS BaL BhpsSite RS ferermplmispperature for
obtervationé 1 IndGehangitg fremesphsTiaingsialeke arenBkIgtver about
S, T is change,occurs partly because,of a
S e e SRR
aﬁ?&j@tﬁfe% theutiBsirgtisl ideremaogtionvet dinRtbovto layprotdndethpe riody after
:bgamg@epa?ﬂﬁbtaﬂe&saf@, |0\E]?{d@ﬁw%ﬁ?%i{% 0&%@9&%%@@;: 49%835%% by the

er I e vacuum O € grow amper IS Improve Y '
I AR Ao ¥ BGPRCHR i FoBpBR e e
tREPSEIStAA RS & (fa ddis Olongsionetty hilrtlydrovrtisanifl drlitialbf beygan éxakee ZnO,
Ahadowe cieRRRE AR @hAR0 S ANCIRLTIRTHR %@H&&&%%@Q?&E‘%@e%gm or
e

the ZnO _buffer layer, Lég\%l/l a protective layer of gallium nitride covers t

R R T8RRI PIPRIA BEYTARH 15 & gFeiemmaregis affabout 300 - 400°
tempethiuiteripeoaties, thpreceead withelin giputhmbhe: substratecmanPesorption

IGH %S‘i{ﬁr bound impurities (in particular water vapour) from the substrate surface.
Occasionally, film growth will initially be undertaken at a lower temperature of 400 -
600° C in order to reduce decomposition of the ZnO buffer layer until a protective 'layer
of gallium nitride covers the ZnO. The temperature 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 5%x10°° 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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so temperature at which the film will be grown until a vacuum of at least
5x10"6 Ton 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

dg%{iﬁ)%%g ?_'eve a vacuum of at least 5x10-6 Ton at the temp@fﬂ%(ﬁo%omss

w ilm will be grown. The substrate should be left at the WO
2006/034540 PCT/AU2005/001483 72%emperature at which the film will
be grown for at least 1 hour in order to allow the sample temperature to

stabilise. Sli h%j}g 0 ition.qf the ZnO ufferga r.can be tolerated, i
PR TERE LT M A RS (BTaMB G ST hue iR st o aflow the
semplwiabsadtuat thetebiipe conductivity of 5 that layer is ensured. Film

Geputh b IhRkRLar A MERCE AR RO RANQR S INALIRY Al e 9T Mnerimes
of GaN, though are necessarily undamaging to a ZnO buffer layer. %Lﬁ%tt?vﬁy of

FrEREORGRAATA S A A e RS e oM ST X Brb s it 8mh 8
tieda@tiviiasutaye Fildngeatiaga thepdfatdeasibendufidbo noisdiiieied favour
fi rowth egin. The plasm rce (nitrogen)-is Aatr e

il‘tl 5 %%poof%g’ggr%%ﬁ? &%&%@Sﬁ ﬁﬁgdgﬁ%e% g r??aa ?ﬁrﬁa%ﬁér#gng%ﬁe%owm

Jzesstsichigheubjecied ey mrrswavedidniealssicapiergyispmaearns 8t ZnO buffer

nm'%@_vvave source 338. For gallium nitride film growth a nitrogen flow rate

of 600 standard ¢ubjc ceptimely sccm) of nitgogen may be.

R0 B S EEHA B o TRGAES o T A CaE e T leome
nitrogends @elivens)dioirrodubdd chta theeier ttleagyvdh drmpelierddctizathe plasma
ek HERIGIeHN R G Rchul @%%@E\@&”fbi%ﬁ%%%oﬁ%ﬁ)ﬂh&g&w B} means of

nitrogen gas begins, the turbo gate valve and turbo to rotary pump valves
A EREEE éﬁ’i&%é%rbo pump is turned off. The nitrogen gas may then be

exbapsliechirondseithagrbeihdiratiystn hewataeyqiLop simandubinatiotimetros

lve. ' B . '
T

préfenatily sistagenbodeBvrse, aise aHisnlvEamsies 22 Pafitdinee e such as that

WithiapRiexinatelyd ¥eiahiiis yakigukthe temperature of the substrate

may be allgwed {o re-equilibrate to the growth temperature, (e.9. 650
f&%?e‘\??n%ﬁﬁt@ﬁ ahergashy eﬁﬁ’?’c%n%m\é%:?cgﬁ%ar?gl Fﬁem%S(%‘r%%écs’sm Y Pump
preBaureris deted hadhbeartalisopdugtivityrofitdecdhs Tbw vidtbgronsentandly then be
a Eﬁ%@l%ﬁ%%}?&%@ﬂ%@ﬁi&%ﬂ%@ E@M&ﬁ}f&&%’%@@ﬂ%@%ﬁ% M. A high
need to be ad| t

adjusted in order to account for this. It'is also desirable t

( . flo
FERBR RSB Sy St BT M BHTGE Lo mare AR o1 The
gfewtininodre stotisthaubars oxyperkhedying gpegiess that ey thavelve would
bgelzl tnlxj'c{?n BH}L&{ %‘ HER %E;':%%%%%é%zef% of this value.

The temperature of the substrate may be allowed to re-equilibrate to the growth

temperature (e.g. 650° C) for a few minutes after gas flow has commenced and the
process pressure is set. The thermal conductivity of the gas flow will momentarily affect
subsirate temperature and therefore the growth temperature may need ic be adjusted in
order to account for this. It is also desirable to flow nitrogen through the system for 5-10
minutes before commencing film growth in order to flush out any oxygen bearing species
that may have built up out of the gas delivery system. ,

Approximately 10 minutes before commencing growth, tube 326 and showerhead 327
may be flushed with 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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30 Approximately 10 minutes before commencing growth, tube 326 and
showerhead 327 may be flushed with the carrier gas (e.g. nitrogen)
through a gas line which bypasses the growth system (not shown). This

weERYESiasHysh away any build up of oxygen bearing specigs:¥M@200s/001483

2006/034540 PCT/AU2005/001483 73 At this stage, the nitrogen plasma
will be ignited, with the 3 Torr pressure gﬁowth being adequate to prevent
active neutral nitrogen species from damaging the gallium nitride film as it

ar ol t ; t ing fi rowth. The ,
O o hee o Thd e AR e Wt being

oPSWARS Eh RRRBEH\ASTYR: REHEAE SETRRN SHSWET o Jamaging the gallium nitride
Thinethyigathum Thaybettsethas dhaag abiuss SoMEERMNeNIRowIRGR
gallium nigride fj flow.rate of 5.0 seem, with the trimethylgallium
being carﬁ%%%{}(gwn@:[r@gné%gﬁosa?% Y ratic or éﬁé?%ﬂ% ypass fine o the growth

trivERRgIgEHidhe atben3RPassusizsee 2000 ThitbeataytaaisivBitherygbdliusad as the

beauing snesionicauidoalan hearth sticRARHGIOragRlD andpalliumy s e
h){r(}md&1 Eh h the latter tq source is so short lived that it would have to
bé pl}qr%pzr%%ﬂiﬁu% PEWTARRGN e, UREEANHOY hatsforidiforrfngpproximately 1

appretistiepeniodooi imebintakstnaticetembindjmeatsnindiWhanghiium bearing

alymin ; ' Cj \sebe used. It.should be noted
SRR 008 SRS A0S GO A T

hiRIFER SoreboR M thebd avpsifebrys tniBecarseatedihbie anaitbrobgnber, as it
themhabiogorid Withohepplasiisdgiriiod oInhb e TarauR-A-Mmeisberganic indium

spegi ing t rowth chamber, film growth begins. Growth may
ﬁﬁ%ﬁ% Sl el AR (LA (HoRfcthat any
g R roesieripe dbHighethgroseh ratbsangalfise Agtitelesbimee is also to
ingreasing thanRumbarat artiveBediRALNIrageRspegies created in the

p by the delivery of higher 20 power to the plasma, or the use of a
dﬁm}e&}%ﬁ%ﬁo’@%ﬁ&rcﬂv ErEtHR vt rBatice Stiering the growth
speidsr Atltherosmhdlegian. of the film growth period, the group (I11) metal
OFaRIG 183,15 Again.Swit line, so that it does.not
o Ry O cebteag o e S R B e e

oY eRdiasdeiedbet JhgeneranEninss e tResBasampleincreasing the
stifabe: ofincdiceUtot: @Gt sHROMCHRIMES UNERHIAGHABY GROMLIARSy of higher

i ihe Rl ource on, this | of nitrogen from the surface is .
O BB e L e e S S s, ogrosrgtcienl
IRt ES¢iamed off and the nitrogen flow is temporarily directed

tarogghdhp IBOPTIRGUR PHAR -pzﬁsdzl{r@f%m&?@ﬂi?&ﬁw&gnw e again
and trgledolasmagas ﬂOYV is turned off. The chamber then punips down to
tﬁ\éﬂtc ed to the bypass kine, so that 1t does not flow into the growth chamber. The

substrate is then cooled with the nitrogen plasma source still on as nitrogen loss from the

sample surface can occur at the growth temperature under vacuum conditions. With the
plasma source on, this loss of nitrogen from the surface is avoided. When the temperature
drops beneath approximately 300 - 400° C the plasma is tumed off and the nitrogen flow
is temporarily directed through the turbomolecular pump, The turbomolecular pump is
turned on and the plasma gas flow is turned off. The chamber then pumps down to the
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 samne 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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30 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

woardfdgkefyising the same steps described above for loadipg{)&1200s001483
substrate) and the sample is removed frgin the heater 328 and transferred

to the loading chamber or load lock 312. The growth chamber gate valve
320 between the WO 2006/034540 PCT/AU2005/001483 74 load lock

?%M@Mwmswr fﬁﬁhﬁ&qpﬁfﬁ alaglema@@%ml@ \f@@é%ﬁﬁ'@flomoad lock
ock vacuu e to atmospheric ure for t moval of t
R T 120 TR e Sl SO GPTTAL T A ST 1 cer 317
loemtingighg thbenletigadidck 31 dieBriofitorcheoreingryrmbeuving gk 3 1 2.
OfPtx@gr g@%{ﬁ}n@ﬁﬁﬂﬁ fHPhxﬁh‘Eg%%%ﬁ 9%?&@8%%& H?tgd@mmetﬁe%@é’ss described

may be used in ordér to reduce the oxygen contamination that could be

cAliSEaBY e helpy. mReRrakit dhsy DEcdBrfethy YRR R ATEgEAn that could
plestaasdy byghe tisscoTtatnmenidne;3abdaleld ad8ioursirdfis paynhehrough

c gcorﬂut asf Iiljggvs%'l'gw@}igjg tlggamspe ldise acuat%g t%taag’?%ﬁowfs The

presstre ot about orr (at TeAst 16 hours of  pumping

pErRpal ifk@mbatrﬁééphévmﬂf@ésraré})q@a prRsEwie ey Socth@n to 2 x 10° Torr (at
g‘g{%ﬁﬂ:f@%ﬁdﬁ%@ e aramb thme ﬁ@mﬁﬁ@%ﬁ%&&a@%gw is
ni asma IS m lett 10r I
A T R T P B ARG B o obe 336, A
innigrogerfabemi théheongaitmhend ﬁﬁxbes@&ﬁl IR fiorBig4d Higsreilihhetdgen ions
S%W&%M&%%&g dRAcserdanamwithan cmbodimest Qfifitment mbe 336.

invention. The apparatus 10 comprises a quartz tube 12 for containing a_
nifkeGERTS IEigHe dathergdneratenen PRBHIEIIHG i feedressiro et gabodiment
lna@sﬂiqudemt@nthawa;ﬁtﬁrimeimz:mpamm&eqﬁmz Tdhdd 2uoelesttitaibfiel chitrogen

ins| |de the quartz tub |crowav rat

SRS Srgady SR R AR B M A o the quar
guide 13 Wh@rquéﬁz@@éﬁ@%@iﬁé@@@b fisla grodanhsnavaterigr figmeaused by
WHICh SR I8 BUASHRIEEHD AagReNBs Uy SIRIBI R YR aRORBe! 2% means of a
heater 24 |s owded in the growth chamber 20, for heating a substrate on
wiitH & m nitride film is to be grown. A metalorganic vapour
cdﬁtammagﬂ:beﬁﬂ soume(sdl trteghkdroiin dpathiben 24| thorimiwhichrds indivasated to &

|S¢Q£Wgﬁqe)ﬂaﬁ gg%@gg’@ﬁd 26 above the substrate heater 24, 25

In use, before a gallium nitride film is grown in the growth chamber 20, the
b AR o S PITEISER ot )RRy B AR (P (9B BTG RAPSRBF on which 2

apRrmmeEtele 1056 1§ arbthgangh the outlet 22 After evacuation, the

ﬁ@%o{;&&tsaz%fcteae e E?é%‘ﬁllo As:he e, Vg&f&lé&?e%t HRRE, Qﬁ;m&? K Gminium and
may e appue erna to a temperature near or e cee

indinm) is introduced via a gas showerhead 26 above the substrate heater 24
In use, before a gallium nitride film is grown in the growth chamber 20, the apparatus 10
is prepared by firstly evacuating it to 2 vacuum level of approximately 10°° Torr through
the outlet 22. After evacuation, the components of the apparatus 10 are heated, with heat
tape or the like, which may be applied externally, to a temperature near or exceeding
100°C, to drive off any moisture that may be present in the apparatus 10. As an
alternative, an internal heater may be used for this purpose. When the vacuum has been
lowered to < 10°® Torr, nitrogen gas is introduced through the inlet line 14 and a plasma is
generated in the guartz 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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100C, to drive off any moisture that may be present in the apparatus 10.
As an so alternative, an internal heater may be used for this purpose.
When the vacuum has been lowered to < 10"6 Torr, nitrogen gas is

wotaRusggdhrough the inlet line 14 and a plasma is generaged-ii@smo1483

quartz tube 12 so that the tube 12 can be_passivated. The passivation

process is continued for a period that mgqs/ range from a few hours to

several days, depending upon whether or not the inside of the quartz tube

13 2nektBe AL ERAMRELIVA £000/034 gﬁ%&#ﬂé‘yczor%?s@xglﬁg dé 5enéling on
20 had been in contact with air anajmmstyrevat atmospHeric pressure, an
ddpeisurh giorcmen ebivrhariermtabranb@inmorrastke passivation

procan Referigea figwe 15 sHake i58henasT M IRERSORE: a gallium nitride
respmrgsl%ntin a %alg%ren@gﬁ%lpsample grown b%l the RPE&:]/D process at a
temp_gra re o B0C° dnothier omafsPS s i FRBTMAHE i€ Grapthsr ove for
tresliFE obiprscass gravtempthaRPECHE500cecitvic otherdracas 650°C, and
SI‘B@WVI}{H&ICW%@i@&v@%&s@éﬂﬂlﬁ%gﬁowwys%%gy%%@%ycmsby the

Emcore an%TDI. As (ﬁ/ill be noticed, the gallium nitride sample‘grown at a
te%g?ﬁfﬁ? BresTEhEE, considerably higher ratio of oxygen/nitrogen
atbssiih beenbtilled|dtequaltegioniaidaydraie tedhe sudaesibantBef 630°C has a
gallim-pikide sample: grawn e aof 650C. . This.is because of

the lower gr%w%?rate %or%xe %%é%%%%%%ﬁgar&g %ktﬁllesatgg‘éf? %‘3%%?@,3[ from

stharstigredisndiygenivporiodaismple grewukhg Growemnioreiod 630C. This is

samepire E@ﬂ@ﬂﬁl:ﬁl @5@3@3@@%@@5 639”?%?'31@1'55&90 | R e %?@gample, 50
t amples Is shown to be .between the.levels typica m asoure or

o A IRt AT ) TSN B L bt vo
(dHHESHBargasien travesiouthn puygpron Hbth btk ovhttentiomal cRREGMEN to be
PHREPSSHANE 1@%@%5?éﬁl?r%@ﬁ%&i%ﬂ“ﬁré@éﬁ%”&%%ﬁaﬁ“@h?\?t&%?ial grown by

&gﬁ{?% Gas (RGA), analysis using a quadrupole mass spectrometer

~The results are graphically represented in Figure 16. 20 As can be

s@an, ¢hieresis gapdak atsiudbrghy sandplevatihe: fimngsofn ibthethe conventional
cRpyRRigNAL system. dhis coyld 1] t0.CO2 and/or N20. Th ,
peak at Zék%)r the s,amp?el‘&(r)f t?% ﬁ?r%o%iﬁoﬁl?lgi?]hﬁﬁg%@% emin Sa%%b ?Sécﬁecté) Residual
WHRStHE GiNetidrsis 45830t RHIGEROT & pBaRBear Bl Bihe sTirplenits are

theahlmcgiowspissthecanvpational system are water 25 related. The peak

at, 12 for the sample of the fil own.in the conventional system i ,
SR e D S e SR SET B ppenions
iSYHierefoFais apaidteglasithed to COz and/or N2O.

~ The peak at 28 for the sample of the film grown in the system in accordance with the

invention is due to nitrogen.

The peaks at 16-19 for the sample of the film grown in the conventional system are water
related.

The peak at 12 for the sample of the film grown in the conventional system is probably
due to carbon contamination on the residual gas analyzer, and is therefore unrelated to the
process according io the invention. ’ ‘

The peak at 2 for both samples is due to hydrogen.

Metal nitride films grown 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 appitcations, laser diodes, SIS devices, photodetectors and transistors including
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process according to the invention. The peak at 2 for both, samples is due
to hydrogen. so Metal nitride films grown on substrates according to the
invention may be suitable for use in devices, such as: LED's including p-n

wiyBsdiandsEP's, blue LED's including GaN LED's, double helg§oi4nehionass

LED's and Metal-Insulator-Semiconductor LED's, general lighting
applications, laser diodes, SIS devices,@notodetectors and transistors
including WO 2006/034540 PCT/AU2005/001483 76 bipolar transistors

apgfeld sfiadl uansisirs. g Qe shitable devices, The processes, of
A ; ik

hl€ devigas. e Hrocesses
the invention may be used to prepare electronic and photonic devices, |

FRiike nscefine amay o upet de orapmesiptirraiv and sheenirdshingh. The

heatselQ cOMPHSRS a1 dise shRRASEOMRRCEREhDAOMNINIRRASCAR heater 10
having.an upper sgrfaae 14 5 mt;x)vhlch agﬁoove 1§ hﬁg been machlnedf
TREGISSI 18R R I BRI ARGR L BUTAG B 26. BEtheRe frhessgciace 14
18@nvlitvh segondehdl RS detoratkitaéarthe gantve 06 thae discsshmgbel and a
basBiPedding 28 AN HAIRRIQWIRS doy d&@@ﬁéﬂ %ﬁ%ﬂi@&é%%\éﬁ%@%ﬁ%@ Qentre of

alternative embodiments, the pins 24 and 26 may be replace
rébedis6haRsHiRASE provided in a distal end of a to cylindrical sidewall

PRYRANghi PG arelpriroideihferparioheientaffthe herory DRride astathRembodiments,
recessed.ar hold the sapphire cover plate in an operative positio
S SR S R A0 SR S

efdhehitcabsidawall pwinstinsanrardnias Bltherigrosve Tibe korbe sigiénbase. The

eridedbetReacha] AN eaipiusioRvi @ RfaIdes 68ERAN BERIRERIINGLIR it covers
e%rrgni.%%i not shown in Figure 2. The overlay 28 is made of sapphire
a

CHHIRTEER to heat radiated, in use, by the braided carbon fibre
hadimglelarbnt 3Drérh prawg elntlast thicknesds df dhnaloey/rkagRBlig oftloservove 16

St AP ORI PS pcheBeat /N ergy i dhe. SURSHAI], ASUSIPEITITCHY neating

the impurity levels in the o_verla% 28, whilst maintaining sufficient
nfEERERic A RGO F8-RG al handling of the overlay 28. The base
1Zhthevheating elemeato3CppHitberaleylayndhrlivesbaita dideatliapedse, by the
ceramic suppor: 32 .which is electrically and thermally.insulating. . The .
oIy 8 AL 10 Rl e 0 oL e EAGLIE i vorey 28 i
cRpSRSINYCleativ irtakel shericiHetr giteeyctrsbn sibsedieating premigisd by the

Qs 19@1%%93%95&9@slpmmh%@@akgmg%u%@%tt%@u@m?émgh for
the heating element 30 from being short circuited on to itself. The overlay
2§°§f§§%%$9%§g P?é‘?e%‘f?%i%giute heat generated by the heating element
30hAmeribio touptetmayl e daciiend ththevtoja s O fatest treaclieclalya8loreramic
AL @Y hich is electrically and thermally insulating, The overlay 28 radiates the heat
to the top towards the substrate where crystal nucleation takes place. The braided carbon
fibre heating element 30 is held down in the groove 16 by the overlay 28, so as to prevent
the heating element 30 from being short circuited on to itself. The overlay 28 also serves
to evenly distribute heat generated by the héating 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 film is to be grown, the temperature of the substrate can be estimated by



location where the temperature measurement is required. Further
thermocouples may be provided to determine the relationship between
the temperatures of various parts of the 30 heater, The temperature
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relative to the temperature of the substrate on which the metal nitride film
is to be grown, is determined for a rangé/of temperatures under operating
conditions so that, when a metal nitride film is to be grown, the

temperature of the substrate can_be estimated by WO 2006/034540 .

PEFRISE08I0 ﬁ%ﬂ%ﬂﬂfé%&“ﬁﬁbpamgﬁﬁéﬁfsaraﬁafseofﬁfﬁﬁé%‘gﬁ%?’e heating
thﬂeh’_rmechmelaemisﬂnﬁy :_nidh‘m hhgti:wge e:bénaecarbhan@s:s _dmﬁm@element the
AN S CaR %ﬁf%@ﬁ’ﬁ_aﬂﬁéﬂ}}egHHQ;&’lLﬁWe'i’ﬁiﬁ’a?ly[e%s%‘é@é{rﬂéé‘yﬁé%%m to
substantially, particdlarly initially,” it becomes hecessary to recalibrate the

teRRaEPatR i tampReoEliioeshind ebwasa v fearaisi s pEthgiesfgpte and the
thempéempesdiuepaftthapditatifehedeniacuitemsheaaliomtion was
dane., The heater 1Q may be used in .a remote plasma.ephanced.chemigal. . ...
VB AR e VS ey IR WFIREEL oy Ccpoicon
gajtitem (REEE S evowilirsesigralithwbivirabidmi e tiselineseiideeds arpavtiion growth

mixtrsdorming, saliin il ideioniracanisiHeh AhAGHVAIR M BH 98Rnts such

and trimethyl gallium. 10 The oyerlay 28 prevents or impedes evaporation
in26 88 AL é“g'i%@ﬂ@&'éa%ﬁﬂﬁgr aﬁ‘é’ﬁ[ing element 30 and deposition.of

thHeheapeutagn2d spampiﬁst@mbi_argmlm onposostrataiie, e tgeobrdided carbon fibre
CI %Héﬁgrei%'éﬁﬁéha%&@ %%é%}ﬁ%@%%}%@ an £leaiik %rﬁélci%%% M a s%bstrate in

electriccurrent passed rough. is'In order to prevent damage to the
hékae&rQvriashiemdgsed for the first time, it is preferably heated up :

gadugllyite adempesaitige@eithe sriaeardd thechivading elechemicohftent passed
at%g)ut 1%%% about 300C, preferably from about 150C to about 250C ,

m Pé"&ff‘e ébly about 200C and kept at that temperature or within the
affrerdentiopretierdrigenedadoripelaetre sviion & invsesuiicibafirstdivapirt thateferably

alexeesH ‘%ﬁ%ﬁﬁfaﬁ%ﬂﬂ@%ﬁ@ﬁ{ﬁé}@é&@,% hyvsisaemes: 29 fleduding Hyaagest Bom about
a chemically bound form such watey) are driven 2£, b_ezf%g%the Ablv about
e FUSErRERB 8 e B S B BRI o LAt i Ay BB

1000 Eid kimetntizy benfrentabontvdihimtitesforabeniidddoumgs; of temperatures
PrEfeARbL I ANEH! 3D SUWCRAP APAULA0 hAWS. BAQLe ARIBIADNIP hydrogen

at least about an hour. During operation of the heater, the temfgéerature of
thénetuting BYEraesn Moy Deisatio Ry S BBt SlRiE af e AR off, before the
cusrapiHiawing threughdthe heaseerdixgnaptgrature which may exceed 1000°C. The

time may be from about 5 minutes to about 24 hours, preferably from about 30 minutes to
about 10 hours, more preferably for at least about an hour.
During operation of the heater, the temperature of the heating element may be controlled

by controlling an electric current flowing through the heater.

Exampies

Comparative Example 1 - Gold film exposed to growth conditions inside growth

chamber used for growing a galiium nitride film

A thin evaporated gold film was exposed‘ to the plasma conditions used in the process
described in Infernational 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
irimethylgallium present the resulting GaN film was slightly yellow in colour. For the
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Comparative Example | - Gold film exposed to growth conditions inside
growth chamber used for growing a gallium nitride film 30 A thin
evaporated gold film was exposed to the plasma conditions used in the

wBrakesssdescribed in International PCT Patent Application perAw2005/001483

PCT/AU2003/000598. These conditions included a pressure in the growth
chamber of about | Torr but without the 7r§resence of trimethyl gallium.
Using the same conditions for film growth with trimethylgallium present

the Ga ht colour, r the WO

A A I A e B R e R pn i v
wiresitprbeld @fﬂ%hé‘@%%b%ﬁd@@rﬁ%ﬂemﬂwaé thtciyosivienihe film peeled
glsss Wmt‘b@tewa&m RO MRS FRR epRte At AN e B el RESIRE plasma

e‘] It was \ér#} t the nrtr en species. incident on the slide from the
SHRE BTRN0! O GTOTRIEL U M REIE SOMPUS B RLSSBA cha Sppaderabl
thbspresdpoeudla mhbﬂﬂerabI&e@iﬁmﬁamow@ab&dtﬁ@subs)rhﬁetween the
plasma source and the substrate. Example 2 - GaN film grown at 3 Torr
usrng RPECVD Example 1 was repeated to grow a gallium nitride film. A
Rigrfon, IV E P B8 85568d to 1 Ton as used in

Eﬁ&mqi& 31 wmrum@@ W@ﬁ’ﬁ\iﬂd@dﬂﬁﬁﬁhﬁmﬂg flean angiobiherRgiveure of

tral en species I hing the substrate.,It was believed t
hrgr?g? Sgnrié%%?ﬁ pr Esurge%reﬁsaﬁ;ted%r méI?e ggas C(mlsrigns w%rc reaﬁceeéo tﬁeduce the
niBesy Eetyyiohmechrtiveutielraosiropen speeidina didenberethe laitubslieved

n&[ﬁ@@h&“ﬁigﬁ&@%ﬁﬂ@jﬁdﬁlﬁ%ﬁl&%ﬂﬂ'% led QINGHMIBNSHIRIQY the mean

R ETRAERULE SRR BIFHF THERS G e LA £l

béhsveuugehave resuktenditomsthd sathpl@Ebanmsiighly galbaringicleast &s colour
ﬂlﬁaﬁa&l%hﬁ% %%[tyﬂﬂ!em%gq TTJ?F %lﬁgtsrffﬁllt %ngﬁﬁegg gﬂ@epxlf@i m the film

grown in ExamE) e 2 were greatly improved compared to Example 1

merévrhglgﬁﬁear SphopRsrEdeVEdY ﬁ&y&véﬁ%@ﬁtfrﬁlﬂrrheqﬁaarﬂ% rb&g&aw&r@rékr gallium
thecRdventageselfZofQdaudfertaaersiadbe 122 explaitedprapeeidlyrtharithesrown

mvegtors ?elfve hasgxpgeé, nsél)\f begn Qossrb ‘f RG@A fil s Yvere grown,at optical
the

a temperg ure or aro The qua Riffns’ grown at a
tengperatsre of around 650 C was |mproved after the inventors realised

thﬁiéhlﬁﬁi&@;a}ﬁfe&ﬂ%@ﬁrﬁ%’ﬁﬂ?ﬁ%%%&réﬁﬁé%f ¥ Nﬂfarl@r%sgamaa@ttgaﬁéw%m to be
prev ou e series o a 1Hms WwWn a

PR e B, iR it & e G s DR RERSfELe, Ga Flms
mtip i GaNfirmsipanniodprapphfatusC adterding toththp@sdéitims grown at a
EAAPOBRAAINIATRSS IR BECRIRANARR RRAIES Sl lONAHOR: IRe of the

the process, a lower base pressure of about 10'7 Torr was used and
RPECVD technique created more damage than was previously thought.

—h

Example 3 — A series of GaN films grown at 3 Torr using RPECVD

Results are presented and discussed below for multiple GaN films grown in an apparatus
according to the present invention applying a process in accordance with the present
invention. In the process, a lower base pressure of about 107 Torr was used and
improved control of the gas flow rates by use of a pressure valve controlled by a Baritron
feedback 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 scem/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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improved control of the gas flow rates by use of a pressure valve
controlled by a Baritron feedback from the pressure gauge was
maintained during growth of the gallium nitride 30 film. The nitrogen flow

wiRigowasagout 600 seem/min. The trimethylgallium was ingeeduged@m@ 43

mixture with a nitrogen carrier gas at a flow rate of about 5 seem/min.
The amount of trimethylgallium to nitrogen carrier was about 1:2000, and
the pressure during film growth was 3 Ton. WO 2006/034540

Pﬁ[g/ ﬁ)lﬂ%ggé/ 99@6%&?1117&8-@36%?% Qé(fﬁﬁ%da L&%@?%&'&ﬁ%f&?ﬁ%r_}g gallium

previous apparatus used for growing gallium _nltrlg% films, in partiCular in

raiFSH TR A G RERS Ao O hKORRRY G R PTee inseminargatans plasma
afwpdratiss tiscdpiheicanihgibasaachihe piasand feedpisie.dieatadere directed
d rds onto a substrate holder instead of across it. s Below are
dgc\flg‘ﬂl\g%ﬁgf?ﬁ?c%ng?u%%ga%?é%é%%%nso%%ﬁg%sa%ﬂ%ﬂgr gallium nitride films

oPslow endstadentichysetlaibenstorsicy aba periiclsusetiame nikidepiithe grown

PEESSTE: 1S MARBHNIIRs dnTOZNO/ St BbaIRiE A8 p NI PREVSLGE varied from
h temperature is 6500, the nitr%gﬁg flow from the

bf,Eeisus , th owt ‘
bR A 80 e ORI RV BP RIS PGS o AR GBRNT tgmperature s
SEENCL teimibtipghgddivifoatdhe: pismitragER atems drbtietHevehdwearetad gallivm

10 ahey ﬁh?§%&B‘%ﬂﬁ%@ﬁx§’ﬁ%ﬁﬁ%ﬁ§ﬁpﬁ@§ﬁ%§éﬁ L%éﬁmlamg'z%owermad

Torr at\é%o C. The first growth at 1 Torr growth pressure gave a sampl

tRBP V5L RERIE OV T 406t eseI PSSRy 2F Hher Toredi o, 2 Reater-

than 104'mhrfirengrobhih- Wis gkt Anspissior: RersLEMLatBdnaiwates, dellow in
band- f, eV, which.is slightly.Jower than. the agcepted valu -
3%%%&%}% ré\[ Eag_\%rfoﬂer%cf E[Jﬁgy tﬁ-ée%%er%égnl -g§§1 &5 ’en‘iejt(%fil?{/15 light
ifEREHFELOT BReRimsTHeR hiedatid AlBendsiow i 36 tivh sddightly lower than
bﬁwﬁ%ept%@@?@w 3.45 Fssv thﬂ{@; iﬁ}%ﬁéﬁ@ﬁﬁv@fﬁﬁﬁ@%ﬁ@g@ﬁi&% Batnd-gap is
the absprptian data (see. .Figur . The second growth a on grow
oFENEAIS SPCALLE o G TRy A scTe PR ALy B age betwees
it&ridfemce3fAngds tietvers thddepozstd] siefer tenddithng as tighhsodflion data (see
cpj%g%:iiyf (resistivity = 3.2x103 ohm.cm) with high carrier concentration

of 1.2x1019 crn 3, but hilgh mobility for that carrier concentration of 162

chis/¥eeonh 8Tl sthrddliosn arogdh RnRikcRIdnsed  WhE T il grellow sample
bedauisenthetizighcar e forgeattaiicn eatisethanslightaMesstBussiRin was highly

shi -tailing.is.mu uced for this. e, compared to the ‘ 19
o B S e o TR SRRl o 1200

ré8UltHw Mgk meb sy fap hecarvemsanEtinnogd? spEcies Witk resapred band-
epgy aiesahovs the/bamskraesay GbGal (et ek e iR F8aGRd R uses a stight
S#PSSEE%‘%&%EJ”S A e N L UL A SN L
that g uce ple, comp
sample grown at 1 Torr.
The inventor’s interpretation of the above results is that the damage by active neutral
nitrogen species with mean energies above the bond energy of GaN, which are able to
reach the substrate for film growth at 1 Torr, resuited in significant nitrogen loss from that
sample, which resulted in the yellow colouration, and the low band-gap. The high level
of damage results in the production of compensating defects which increase the resistivity
of the sample considerably. At the higher pressure of 3 Torr the damage is considerably
reduced so that compensating defects are not apparent and a high background carrier
concentration could be achieved. The eleciron mobility is high for that carrier

concentration which is indicative of a low level of defect related compensating cenires,
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sample, which resulted in the yellow colouration, and the low band-gap.
The high level of damage results in the production of compensating
defects which increase the resistivity 30 of the sample considerably. At the

wighgrrpiegsure of 3 Ton the damage is considerably redugger;seihalo14ss

compensating defects are not apparent and a high background carrier
concentration could be achieved. The &fectron mobility is high for that
carrier concentration which is indicative of a low level of defect related
' . 020 /034540 PCT/AU2005/001483 80
= at-detatts rortxarte 3 A series of GaN samples were grown
i wnﬂﬂwf@aﬁ@mb}swm gooion 10 edivehREGYilsygrowtRridrelo commencing

ﬁ%OWEPhﬁ@bQE%%&e Svamateg,Lo %Q%@Q@Bﬁ?&?uﬁ Af base pressure of
apprommate%éé 10-7 Torr at the desired 650 C substrate temperature. s

PREGBI prad Surtamd Bordsringd aP%hE s GRS eT# iR thylgallium

s drivatupessinto e chaiakefowvill nitsoghn @m&hgas&“fhmﬂgmgaihum was
'?%;‘%(Séhc?% “ﬁh&ﬁ?n O&ﬁhl%gré‘ %"é?a}n@rsam e%}‘{c‘é‘k AJIMAE form

of 5 seem nitrogen ow 0 Scem was tl’o rou Fa

ﬁfu@rm@@émﬁﬁamﬁth@ci@bwltrfefgrwwm%ﬁemcwvhérélﬁﬁaﬁap%%rof 150

b“céiﬁeﬁlamﬁlﬂ@&%@éet}ﬁcﬁ%ﬁ SCRRRYoWw e GIRYER ARIWRS AP WAGHR 218wth system
h The flanLthlckne s.of all films w. 692 twe 8to 2‘6%2: GaN films

%reg%v%)ﬁp?j e’é’véﬁs SHATS: e 2 LBHL i &' & grotnd 0.2
bms'rﬁm@@hﬁgc@ﬁwwfﬁbﬁmw@mwgmedbmme|1€Eiéﬂvﬁﬁummeamgrown

BHfff-fv %’i?"é’ﬁ%k&é‘té%d%%@%] e2QiflE, %‘&% £hQ B %%’s@f‘%gt@l%ﬁ% On all

ayer. is Results The growth emperature al ressure were critica

e OdifTCES I@e%@&.w 9 bﬁ%&ﬁfi&r {R¥FH A R plHpeR 0 nm
thmsubsmmapmbmezﬁﬂfmt‘f@a holder was required. The best GaN films
were grown at 650 C. For growths performed a few degrees below this
temperature, the GaN films had poorer crystal quality and showed no 20
ERespdts minescence response at room temperature. Growing at 650 C was

quge%letamag' f@ﬁ@sﬁdﬁﬂm&ﬁé‘%@t@jﬁéuﬂpwﬁﬂfww db}%r@fi?dlgl deposition.
u rafes ass enin N Iy Cclgse_to

T T S B B R e PRI s geauired
dhealicsafpieSinBptical gomsityt $q0dred F@Tgméhﬂapggfogpe@mafq@] W@abelow
\ﬂﬁgjet%ﬂéﬁaf?ﬁ'catjhga@aﬂapﬁ@ﬁg’vqﬁﬂ Bp%QrEQ 3&‘3%}/ é’&ﬁfﬁ’ﬂ}lh%&? showed no

samples. The established band gap of wurtzite GaN is 3.40 éV._An

@ka%raia?afﬁgc%ﬁsmnﬁepﬁu%% SEPARPEFSCioRTORERE, &iMelang Was quite
dhotofinmifescente ey euisadito demanstratdhtiie cohalityubfithesGaNhis type of

hoistires Qtaingd. Thg oo Bisatevas G Ul RHPEEVERAR absorption
measurements were performed on all samples. Optical density squared versus energy
spectra [5] gave a value of the optical band gap between 3.35 to 3.40 eV for all the
samples. The established band gap of wurtzite GaN is 3.40 V. An example piot s

shown in Figure 4.

X-ray diffraction, AFM, SIMS and photoluminescence were used to demonstrate the
guality of the GaN structures obtained. The growth rate was 0.2 pm/h. Oxygen levels are
shown to be as low as commercial GaN samples grown at temperatures > 950 °C. Band-
edge photoluminescence is also comparable to commercial MOCVD grown material. A
strong red luminescence is o’béerved 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 CuKo radiation source with a wavelength & = 1.542 A,
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shown to be as low as commercial GaN samples grown at temperatures >
950 'C. Band 30 edge photoluminescence is also comparable to
commercial MOCVD grown material. A strong red luminescence is

wePsBHEgsfRr many samples. X-ray diffraction (~=) X-ray diffietiQp45548) 483

measurements were performed using a Philips X'Pert PRO diffraction

system with a standard CuKa radiation $durce with a wavelength 2, =

1.542 A. WO 2006/034540 PCT/AU2005/001483 81 The divergence slit
wasselat.lig. apdhe s ('? iver.slit at 1/8 All GaN. films.presenied.

wurtzite (O%OZEd 0080?4 ?rlg/ge.c |odr?gti?(A‘Irff%{é?lev%esrle{t %@f‘)gth‘eﬂi‘% BN fims presented
/et RIeBf ERER LTS e oKrm. nTdasurarea etsultsyatalirepanbétiirientations.
Tatre hbatowtenfimsie awrep aiferantSubSIRISR 3bO LS ASERRPYifferent

s ns{-{'atTa%]ueﬁﬁ GélN grown.on Silica/Zn substra}tes s gives the closest
vale e he crttice pa?acrﬁane%éer TREPare il de FEPOFRTTO P SNIB(HRO substrates

neaver Ahfecitemior ik tthihe ealgttiet pealfitiitthtinal v axirepsrdE WHIBN bulk
valuesiaT rble hPslalm ORI Q0N lnstion, VD@%'?)H

S Iels grown on different sugs rates -GaN gprl{cg)aviv@ri%gtzgﬁ)r& (%R)vames‘
FvEtf1 on different substrates Sap hire 34.550 5.1926 0.2000 Sa

hivetZi® HHREY (00EY) 3416350h hIGPHY VT80 RiksadaQBWIes 1 R¥8Erent substrates
34.545 5.1933 0.1730 Sodalime/ZnO buffer layer 34.635 5.1803 0.2172

10 Figure 1showsthe XRBmeastrements-performed-fortwe-GaN— -
samples groWprogratie 2396 substrate: Siliqa2edh a| s0im Zmknffer
layer at 650 G, anetakioatkEndrystal quality|is weaker for the film grown at
630 C with a FWHM of 0.645 161 the (0002) |reftection of CalNgrowmat
630 C compaARRtifith-a-FWIHM-of 0.173 for {d-E50N| GrbiRA is G20950 C.
The value foBihshisamndiegtavisyat 650 C is Instaameniatiylimiigelspy the
XRD machlngﬂycsmequ1 &@Qf{é} X}' Qf_lsul:n)?tantlallyglgwer lrl?ﬁar:9 ,%’é'ff“ IS 7!ndlcated

by these raw—measurements—im-Morphology-+he-morpt

sample surfaxaselyrag afliifer Veittr an AFM in 34pitg nidde3 The22Q GaN

films were usually polycrystalline, except for some films grown on silica
ffer layer. The size of the grains varied according

substra eghwitt:}én[%i%
t Wéetép B8 UB& I SReRTERME BsaRrad Hrofe PASreamatenstayn on the
restive aigietiren G betvwatn 50 sireZofytaiffsr layer at 650 °C and at 630 °C. Crystal

quality is weaker for the film grown at 630 °C with a FWHM of 0.645 for the (0002)
reflection of GaN grown at 630 °C compared with a FWHM of 0.173 for the GaN grown
at 650 °C. The value for the sample grown at 650 °C is instrumentally limited by the

XRD machine used and may be substantially lower than what is indicated by these raw
measurements. '

Film Morphology

The morphology of the sample surfaces was studied with an AFM in taping mode. The
GaN films were usually polycrystalline, except for some films grown on silica substrates
with ZnO buffer layer. The size of the grains varied according to the type of subsirate on
which the GaN was grown. There was not a noticeable trend between the size of grains
and the optical quality of the GaN. Figure 2 shows some 3D AFM | wm® 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
Zn0O / 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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and the optical quality of the GaN. Figure 2 shows some 3D AFM | m2
images of samples grown on different substrates. The samples appear to
show many crystallites of 25 approximately 20 - 25 nm average diameter.

walBdsasssrface root-mean-squared (rms) roughness wasptionddo£in 1483

when grown on ZnO / Sodalime; 9 to 13 nm when grown on ZnO /
Sapphire or ZnO / Silica substrates. Thegéurface rms roughness was
smaller by half a degree of magnitude when grown on substrates without

2 200 ISR R WORNG0HSA0 ECTNR 000D R rope

growth was achieved for some samples (rms roughness - ]
XERETMAh et efvgssr tha subsitata baldseandrbestibstrae Weslcehigrertae seen in
sufsiatecyvas askigyedzas seaiikubigiae:2 c) for GaN on a ZnO / Silica

sybpstrate. Secqndary Jon Massé%ig scopy (SIMS) s SIMS measurements
el ¥

cconaar ass. MICrosSCo . .
Weré carrre using a CEAe dynamic SIMS system with a Cs+

ioPldamefsratiatRI E‘@MD@Hn@p@i‘» using aGacorma et clghd OGBS system with a
SHPIES vemihE: REREMBASCHRIAUE USRS A EMARRIZSMARD IO fies, As the

growth temperature than conventional MOCVD, one of the drawbacks of

S FECK g (RPBARSE bBSGt e AtarBf Pl A r3BfatlB h G Gurifprgperature  than
g mﬁnﬂMM@éﬂ@r@mMSM@mmb&b&&do@ ubio teskimate ciﬂlﬁl BeOXYERA oxygen
'%959}95?&1@ ‘@91\53&!}&& B dl’trﬁ'ggqui(f%\g\eﬁ‘e%gys%yea lclzg%t{g? ouf to estimate

chemical gﬁa@ss was r_e(%a ired, the rafio oxygen ion signal to the

niit6 §EHEBhIBTgHRATM R EnthsLAdlc i s Sluting caoanl thaleagralifptive chemical
reparield wakigderad, ThersaniPers Bty EM (R REnsampie shaweie: awestn each
O+/N‘}ra'%ivo. It |a§1 CIP%edy foélox%gd b IEhe ratio of T%hﬁ(? .Gg}[\l sample gglgwn at ol
6%%.61'heassa{fm8feagerov% aF 30° psreasréen STt r@tl)r)‘(ay en jg*¢ commercia
incWEOREcarhbwbvers the et O16Veri stilltsmetierlinfobmeettrationratio of the

thaphaiabsesvgdfersthecommerniae ERhwamRieog@ WM hore oxygen

Photoluminescence at room temperature (PL) PL measurements were
pEIFSTHIEEP S T TE7h pBFaftieeth 1FECE ANSSRh el eisily thReeBHtich then that
lindsef-aedife:Ght lasemascthicTBXcitatide goucey AsGmidExample, Figure 4

IFJ;L\Q/Z% EhiQ measyrements I;grgz(;thggyﬁgl an optical absorption squared

0 n

s
plot for a GaN sample grown'on a I"Silica substrate. Linear extension

of th® epstiEaiPaBs oY ptearrEise dleaamd snnszater¢dadhe Falesnnipaprpg the 325
inghicates of hane-cdgaat 3.he\éxditisdaairdoes i SeeHRaAPCaWIt shows PL

the PL study. at the.band gap of the,sample, with a maximum si of th
oo SRR SRR AT i B AR e oo

obsarvadwithlia28hsasien urnsigreatatsiod eMthFigpireababhowtcdetgimat on the X

therl @ktheband g2 hsﬂiﬁﬁﬁ%%sﬁﬁ'blaﬁe:@%gsat% B OO band-edge is in
different co%%:%saé%g VD samples, from TDI and EMCORE, are

SABTHFBFE ST %%%@m&%&%ﬁw@m@&w@m@m of the

peak also at 3.4 eV. A broad red tuminescence of the sample is also observed with a
maximum signal at 1.9 eV. 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. GalN g%own 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 n 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 eV corresponding to yellow luminescence, and while the TDI sample



IG

20

25

30

has the highest band-edge signal. GaN grown on Silica / ZnO substrate
gave the highest band-edge signal of all the RPECVD samples and is
reported with half the signal intensity 30 of the GaN commercial TDI

W@emg}%@ﬁlow-gap luminescence in the region of commonprehsenedoi4ss

yellow luminescence (YL) was also studied and is reported in Figure 6 for
RPECVD GaN samples and for MOCVB3GaN commercial samples. All
the GaN samples presented a broad signal in this region, the EMCORE

e e A bR a0 v YPBCYD sampes

luminescence, and while ] sample
PrEssEtsS o HRoed 488 Ismisepreten) cantemé itcbResidretivagticieredo commercial

lsmingaceitsd RerRds VEARRBWIRS Ry_BgRIed %mgu@dogants in the GaN

luminescence center q at 1.9 eV between the two commercial Samples.

THELES 2 ISHERE 55, 1 R PR SFOLHH L AP &S G i the

seaspidaiamsitie s Adivalsuhseatompardlolerthaiigihle (pviRtisEiRMdSs 5 and
RIHOR SrRass érﬁiﬁéﬂ 1] rate. Smaller, PL

;eﬁnals in both Figgres 5 a{;}r11r 6) fggre %i?e% ég&é@%%?g%% oS r%?/hb%m cﬁﬁ%%l pm)

tﬁ%l?g &t B LafpR teRIsE&S 1S 1) compared to the commercial

sBipplesdir Anfl ehdRisioussion and conclusion GaN samples were grown

fff a the, RPECVD technique at | i0. temperature
e e e e B R ot over
VWEPPOBRER BEn The RrTECcMaAeMAYR itehvinegoddipmaidatefenal properties

oeveinpserabll. AThiReeSPECilgarontty Raramelers Aasiauatity @?Mn GaN, At
ing at 650 C. The presence of a Zn(%

%at%riale\é\é?.% obtalgled when grow _ _
butter IByer isaes raB%agﬁ:’ge }ge%?gFe‘g{ﬁ SRR drsreiil avannbrineth g rencerowing
di Sick: Thes @ustsemple Eniecbalitigenéyallyipoiyciyd tdineshit d8re achieved
epitaxiaigronb wassaRserved when thermalgontact between o
substra 1e %older and s%?bs:g%e was %Qc}%h&i;ge{}se%%%l &lg %‘Cé%%sﬁﬁat\)/ogycrysmnme’ but
B BSEERS TR YW bipybstientBraihoayate e trsresiebeaterholder and
muhMEﬂtthleéckgﬁgem islmmﬁmatmde@maa@mh%qi%@e%%wg@&é%é%mwm
ergi P oom temperature PL at the band gap for GaN_ |
e & B L e il it oo vl o
COmRTETRla BT de! grahl sl 60 Roow simepthisugr Wit ht tieHnigiliggpitfor GaN
appears iHst Mexaensie®ado W%ﬂ%ﬁ?@ﬁé{?ﬁﬁme BAMIR material
Iac‘e‘z'l‘rfn are @59983" SHstlt te for s}z;@ghlr and SjC substrates in device
f%%rlcatlon. xample 4 > ompadf §%ﬁ%fﬁf@lﬁf B APFRF gstvrinerasesive and
sosepiend SuryraierssivhtioAnebhifioriventiaral RREEM Bubpsten Witbapphire and
lorddackwasigviaciated i9.a hase pressure between about 2x10"5 and

bout 2x10-6 Torr. The growth chamber was exposed to
xample 4 - Comparative example of GaN film grown in the absence of anv

bassivation
A conventional RPECVD system with no load lock was evacuated to a base pressure

between about 2x107 and about 2x10° Torr. The growth chamber was exposed to

ambient atmosphere (although a nitrogen flow was used in an attempt to minimize contact
of the inner surfaces of the apparatus with atmospheric oxygen, during loading of
samples). A nitrogen purifier was used to maintain impurities 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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ambient atmosphere (although a nitrogen flow was used in an attempt to
minimize contact of the inner surfaces of the apparatus with atmospheric
oxygen, during loading of samples). A nitrogen purifier was used to
wiainiaidmgpurities in the nitrogen to below 1 so part per bifiefaih®smo1483
growth chamber was kept under vacuug, 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

bﬁzﬁefﬂﬁie %?&%,W%@%@é%%@dﬁ&%%%@f QU4 %ﬂ@ﬁcfé%‘iﬂﬂ BEf the vacuum
growth, a'substrate was introduced into the system after closing off the
r%ﬁﬁg}}ﬂ Vfﬂg

VBRI RIS SO BRB R AN b Erslibea FotHE BREHTGER rogen-
with purifiesta ifFeg enrodine & dastkgiieasintiedicedth ghporg witie saifipdenitrogen
Iof?din %ortﬁi\{gt%sguriﬁed nitrogen flowing continuously. s The nitrogen

LA o??% e 'Chariber was then turned off and the chamber was

eVheaiitesendlusbing st hraharberrshee SmgAe samire drmbstras avacuated

th Ekteb%e%‘f&m@mhﬁrsw&iﬁgg Wﬁébiﬂgﬁéfﬁb@kilﬂaimoms gﬁa;ﬁ_emmer was
ours tg achieve a good vacuum. The nitrogen plasma was started just
pﬁ%‘reﬁ%ll[ﬁaée 6%?%3?%%05?1%&1{?%% S Bower 08% Vit %Ijﬂ'
MEgnetrogeoguising: ity staried B1t0 v yenthared weliibinrerortiobisegitghing on a
#ﬁ?gl%\gg%{ﬂg ?ﬁeg ?nﬁ%ﬁg%t%m?ggﬂ@mwﬁ%%vﬁeﬂéﬁg%ﬂ@ﬁ%h in turn ionised a

: growth chamber through a silica containment tube. A "
nflRsyeh HenaEdoforskealNas TpRiNe foea et HE T tHR himge sowt
wasddiien igriigd A sinall dswehammasia wasiigeginfibe systerfi (dDascem was
flow,rate of 5 em). directed_ strai .onto the substrate. This

s?ﬁgjlf%fe s (grii%neorﬁzltéo B%gqgrséna? t‘g%ékgrgz@é%&f to is obtain the lowest
odygealhBesind formeeisanap asedisvibeispTs(Eietlor Aaly of S0 sccm) directed

trimathylgalivad MG RdAsenm ahritineed Mvaaiben ipsedusesidoribessary to
growt

i chzjmber, to comme%cgflm rowth. At the en ogglr&e%owth, the
TR AR AR RSN RARERS S05 P TRETRIOGRA" blasta was turned
ofh afshthe SaumptedoalbinencCBIER tonrdd rectomplretiogsieivis: thaeléntrpduced to the
v?&wg LR ey ol Niregen gas.die lowest oxygen content in the
sampl with thi

es grown with this procedure was 1.6 atomic % (equivalent to )
700 8% gEnTHie R FEL dhs) MR BT AL 8%&?88?@0?‘@ nitrogen
Gbkfilnegio wanial ewingdrassivatioss withe podfiedtaitrogencgas@iEhether under -
procedurgrqf Eéﬁ)@pl? nﬁ}t%% .18 eated, and the conditions were the same,
ext 8%‘%%& e containment tbe (made of quartz), was treated with ,
pHifidd witoereigdoreptst éihi}?, samples grown with this procedure was 1.6 atomic %

(equivalent to 7x1 0% oxygen atoms per o).

Example 5 - Comparative exampie of GaN film arown following gass'ivation with

purified nitrogen gas

The procedure of Example 4 was repeated, and the conditions were the same, except that
the containment tube (made of quartz), was treated with purified nitrogen for 1 to 2 days,
in an attempt at passivating the inner surface of the containment tube.

However, the oxygen content of the gallium nitride film grown in the grthh 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 2 sample. The. 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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in an attempt at passivating the inner surface of the containment tube.
However, the oxygen content of the gallium nitride film grown in the
growth chamber could not be brought below the value obtained in

‘ngmﬁﬁﬂ In a similar test done using 30 a containment tyhg. made:afi 43

sapphire, similar results were obtained. Example 6 - Growth of a GaN film
according to an embodiment of the invéition A growth system comprising
a load lock was used for introducing a sample. The base pressure of the

system r'%m%ed fram 0"8 t?lezrxlo 6 Tgrr The m %row h cha er was

a?ntgalned arthe 1%e pres QUFe When %\/ﬂ'\%vas er%no occusr?lﬁlﬁe an% Wage that
tiropatiies n@ﬁhﬂ@@mmek@meﬂmOQmm@ﬁl@g eXbodest wxjigen levels

%@%ﬂtﬁﬁ@@%@é&@f&p&sﬁﬂg%@ RiRHBEWAS AUBRMEGH 1QRNSUEEIRATed nitrogen

|mpur|t|es in the nitrogen were kept to below 1 part per billion. The best
RjTeR 1801 TRILOETTEY Lt Be%demaltﬁe%mea%lagmekéﬂernmerﬁfwm
tatyevth ayplgsified nitrogen plasma for a period of several days, after initial

Sfart-up, §SEYSIRL AR “é?as&%@&‘i’tﬁ ARG LY Jf%%h&t?nga%ﬁ&c Wi erowth

plasma containment tube was conditioned prior tO owth™ so t

BRI SRR ATHARG R EOR R YE QRGP ELEUBRS-2) While
n;@lntalnm::@eermwﬁa@w@ewdmmmﬁb&t&aﬂ laskoa@sock was opened_ _

ened atmo here a sam e holder, wi hsam les t
RS het et Ar e ARt AT RO e SRR BSRRAR, were

mw@mbmmmcm ftrl.load lock was evacuated down to
%DVOXi%@%aj@lgcﬁQ 19-RaE A LIbb& PRGSOk s adepdickonere dh@Bwn to

isolated from the,load lpck, and the chamber gate valve was opened so
ABRTRERAR P SRk} aherine samples could be 15 transferred on to the

simple hgateub)sT fre chafobéripeessere teseiftdarcd, raluahef load lock, and the

BRI BRI TOIL WPERITE B0RCkNER ORISR R UBNI: cguia be

andw ent ewas eate e growt tempe ure.
Mﬁ@ﬁ%@&ﬁﬂﬂéﬁﬁ’éﬂéﬁa}&ﬂﬂé@ﬁmples were Ioaded on to the heater the

lgading 2Qefenamiag raeeveddeniihe grawth champhesandithecchasbemen the
a e was closed. The chamber was the mp.down f r4

R R o BTG rAtr P s Shopty igheped 1o the

temp'@rémrperﬁturacuum of 8 x 10-8 to 5 x 10-6 Ton was achieved at the

higher temperaluieRefone D oW, Yés%fgg&(ﬁ\&’% JONSOM S the loading

fl t d into th 25 th h the_pl
%&gﬁ%ﬁ%’ S 4 rog‘ o 0 e oy Eﬁ‘ﬁ%‘% ga te v%iveagransaclosed The

chamber was then pump down for 4 ~ 16 hours with the sample at the growth temperature
or at a slightly higher temperature. A vacuum of 8 x 10-8 10 5 x 10-6 Torr was achieved
at the higher temperature before film growtﬁ. ‘ |

7) During growth, 150 sccm of nitrogen flow was iniroduced into the chamber
through the plasma containment tube and & microwave plasma was struck.

8) No ammonia flow was used but 10 scem of nitrogen with TMG was introduced
into the growth system, so as to commence film growth,

9 At the end of film growth, the TMG/nitrogen flow was stopped. The nitrogen
plasma was then turned off. The system returned to base pressure.

10) The samples were allowed to cool, before the load lock was re-evacuated to 10
to 107 Torr,

1) 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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8) No ammonia flow was used but 10 sccm of nitrogen with TMG was
introduced into the growth system, so as to commence film growth. 9) At
the end of film growth, the TMGlInitrogen flow was stopped. The nitrogen

widlasipasugs then turned off. The system returned to base pigssWiS.R%dAks

The samples were allowed to cool, before the load lock was re-evacuated
to 10.2 to 10-3 Torr. 11) After isolatin‘gg?ne load lock from its pumps the
gate valve between the load lock and the growth chamber was opened

the sample was transferre [ I /034540

T AC DB R ST R A RCAPES D T IRt orauaht up to
ahogrbapaasekovadBedhe Brayphehamhessmaecs sl ongRnE eraum.
gegwth cnml A ERMARAFHNERN FRATAN MACH BRI nERE AN SaMes:y ion
were analysed 1or e ontamination using, secqonagary.on ass

S B S R DY T ISP A BFIGT S RS PRt Ul a88 anys Rercent (or
PeicEif (@rysed fxiB1s0xyydn HomslpercmtBe Thistveluehis attheelimiurately
ofahate 8y @ﬁ\ﬁ?% rRighyme %%Hl{%%é c&ﬁaﬁgﬁ{a@gﬁ%gﬁmﬁgz have been

oxygen contamination maﬁ actually have been achieved (another n type

pe .
R YiEh (e Tk Histh e B ch et At TG sBgERtration of
1041 canitreamers Whith stggesisaesaxygenceaesnitationasiow, s, low as.

SO ACInaNll e ealraules gte 1 boe. 1

assivation of atu ontain a nitrogen plasma Prior

HAEH A ICS B FoRhROSH NG

: T A VIR LR 2 HAEH S3reated to
eqy m&%&ggﬁﬂ ﬁg:rﬁ?d@ : Hap H@ﬁi&@%‘@l Qﬁr@@b&ﬁ%ﬁﬁﬂﬁ%&%‘cé@?@ reduce
treatment was done by running a, nitrogen plasma thropgh the

55, N SO R 90 AP VAL IS STOro A e %ys@fﬂn%%@m was done by
evacingtedito pase pres suwghitteasnitohsm safegoniiting 48 1Gpumped

fﬁ%ﬂ&é&ﬂl%@%@t&aﬁem redaRutified Ritoge0.was (tRAUCRIUBIR thE pumping if

growth chambet through the plasma containment tube. A nitrogen plasma
WHEPRE HTRGH ARBCSPRPHSP PSR was left for 20-48 hours with the nitrogen
ipns Al rgigals hembareiageandireacting withvibe dhnabaurfacegf the plasma
20 ontain'mcg t tube. The effectiveness of this nitrogenation was tested by

ana ?srfrr%l he fims grown for subsequent film growths. If large amounts of

axygtnase @astirpresdheinigniiegrenstibsystammduan e fry ritnth, hours with the

tARSSRISSIfR shectavaYldmndisriathese aaamameutadareeniagice of the
amounts) of oxygen in the film[8]. 25 If the nitrogenation was incomplete,
Wm@ftgfﬁ%unts of oxygen were present than

The effectiveness of this nitrogenation was tested by analysing the films grown for

subsequent film growths. If large amounts of oxygen were still present in the growth
system during film growth, transmission spectra would indicate these gross amounts
(percentage amounts) of oxygen in the film[§].

If the nitrogenation was incomplete, but smaller amounts of oxygen were present than
could be observed with transmission spectra, then secondary ion mass spectroscopy
(SIVIS) was used to identify the oxygen content of the films. The electrical properties of
the film also indirectly indicated that nifrogenation 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 ammonie, the nitride layer on the tube could be chemically attacked and
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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

watgganatign was incomplete, since there will be a variation, 13 8l8SHHS&] 1 453

properties until nitrogenation is complete _(%_il.e. the carrier 30 concentration
falls with continued nitrogenation). Once*the tube was nitrogenated,

continued use of the tube ensured that the nitrogenation was maintained.

Hoyue: &gxar Igép%cteﬂ]gh%tb if the H#befwas expose iror a h
cgncen%atron o% ammonia, the Ritride §§/%Pon H 2 coﬁgt}'a{m When not in

cWé?rﬁa‘alﬁ%ﬁfaweoﬁeﬁatwembbsve%aeamrmmwmwcme

PaEBHal HRMERJ 8BA0NESh %ﬁs&@ WRSIRETSTf SomAPuaHaesk YRS MAGHK Browing
5% %pt in L{ge for film g , SO ast avoid having to repeat the

nitrtogena Fo@é’&[ﬁ%l SARATEHR 4515 H’%e P2 SRR\ ST Rgertion so
Imtp@}redmtﬂlmgmtﬂmm\hwg @ightdita Siiontttmcippouat iathe i in the
Wé%@ﬁplﬁﬁ{ﬂgefo RRNQHPET iﬁg‘% FEE{HH %@%@HB@ tgooesd e;%gn i tee amount of

o;g&ﬁen that may have originated from background water vapour in t

hERAPRLRE Bt dipretst Arib den s veadhrolnaetins l?éftf@pendent on
trExampiert ot uvaied umﬂtthat had interacted with the tube over the

inactive pgrlgpcn]@% OgEIe ‘#0 pHeal Cp%ar{]emeﬁlb rAe\t (fs}ligr}r% Iﬁngyn (];r%rfég ﬁ%on Fibres

carbon fibre suppli ray Arbon Fibreg fica
nﬁﬁﬁ@ﬁaréee,me@cédﬁsr&mgjfaﬁqzGﬁﬂrxﬁdmﬁ%mﬁﬁbmﬁmﬁ@gﬂh@s braided

hwgaﬂ@ rﬁ@ﬁﬁg)@rﬂd&ﬁé Isathiof §009/dPR0HRA060R dgRSIYal s/ R 8IEPB yem® |

iIﬁilng 515 MmM2 Cross- secti)onal area, was measured to have a
srs

1ed O ramBY STORSSTRUGRAL 157 STBT TEESWSH I e arferisianeacpt 13.67
berpsesséd thfsugh ficbefoneihdbumsbutlirartusceit appassatktugughbiifore it
angineraasedspilline.carhon; fibrs failad. At is SRR tﬁbé Qaﬁamﬁ’?é'rgg failed at

This current was calculated to be yielding a power o proxrmate

VIR TRAE MGt ?iP%eFﬁlseEbt@rrfp’é?%ﬁh r‘é’%é’i‘é‘éﬁ@ﬁﬁc@ o??héiﬁémravw er of
o) x imeastpbs 9 Witan(giaeiuteapbaDasedaeaheating Rlerasah A IAUE heater
igngd. to accommodate the carbon fibre as a heating element was
machrned 20 |nto an upper surface of a compressed boron nitride base. A
= h PG likhG o agddanfahestinieldmariion fibre of

EXW%BW@;&@'%'B@@M@@&{S @@d:&ﬁﬂﬁiqm%g 10 AvQichthe frmatan Qchined

Ioo SWhICh cou rt circuit the atln nlgpnt on to itself. Elevation

e T SRR DO AT R TR et Bglement
amédﬂﬂfmméﬁt@mgﬂtﬁk@mﬁ)ﬁnaﬁbﬂe hm@ﬁlmtm@vﬁﬂmd tensioned to

gxooMeHheRaMRBR HPiSHe %?éﬂﬂgoﬁlﬁrgr%}{ WA AME RADY PO AVENM, 10 itselt:

n%ade of sapphjre. The base and the overlay
evation an plan views of the heater, without tfle overlay, are shown in Figures 20 and

21. After insertion of the carbon fibre heating element into the groove, the carbon fibre
heating element was covered by an overlay made of sapphire. The base and the overlay,
with the braided carbon fibre heating element sandwiched in between, in the groove, were
placed on a disc shaped ceramic sapport. ‘The ends of the carbon fibre heating element
were connected to an eleciric circuit and a tension of 50 volts was applied across the ends
of the heating element, causing the temperature of the heating element to rise. To prepare
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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with the braided carbon fibre heating element sandwiched in between, in
the-groove, were placed on a disc shaped ceramic support. The ends of
the carbon fibre heating element were connected to an electric circuit and

wo H08iRRsef 50 volts was applied across the ends  of the hegfing, }8MRRR 483

causing the temperature of the heating element to rise. To prepare 30 the
carbon fibre for vacuum use after expos@ﬁe to air following a period of use
with metalorganics, a current of 1 ampere was passed through it for a

period of AbgULOUF . FRNRAGNP 4 ARBELIIE CLINS LRI Gate & power

increase to about ZOOC hereaft rthe t mpérature was increas

aBbUPPBOETEIRY 2 Heribarerubisht iesswifisieat famesecim s JRIFBGYAR process for

g@&ﬁhﬁﬁg%&lﬁ'ﬁtﬁ ?ﬂfiﬁérﬁﬁﬁﬁ’ uﬂ&ﬂ&&&@@@ﬁﬁ@&%@ﬂ%ﬁ%@%ﬂ%? 650°C.
t a current of approximat a re, this carhon fihre can
gg‘rﬁératgyaggowe 5 p’pr@%%g &y Q%P Bts %ﬁ%&% DS L Rrming
thetRREGVD process for growing gallium nitride films at a temperature on

t@ﬁHﬁﬁH%ﬁﬁmépBf%m%ﬁ%@é%até%i&ﬁ@%%?“hS the heater

according to the invention s stll performing b satsfactorily. Example 10 -

SR RORR AeERRnE bR ReTeadtieh R gsied for only two

cemprtisingf gdliaaﬁngt&&krﬁéﬂt riadentd tasdalim lﬁ&tﬁ@ easlystvsame brittle and
f tridg fi eatin emen

DT A e il SORE R, ISR TR goposts

SRS RBAE)Emetal deposits that to caused overheating.
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HYatriig anCoBTeee s cRreeptringstHangtibutp cdnBistiigrid aamidiEleatécandiagineers,

sPtdasitateIcQmprising s buffer layer in a growth chamber to a
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producing active neutral nitrogen species in a nitrogen plasma remotely

located
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from the growth chamber; (c) transferring the active neutral nitrogen

species to the growth chamber; 10 (d) forming a reaction mixture in 'the

growth chamber, the reaction mixture containing a species of a group ()
wisial that,is capable of reacting with the nitrogen species -5 18 {4 3s3

group (I11) metal nitride film; and (e) forming a film of group (Ill) metal

nitride on the heated object under conditions whereby the film is suitable

for device purposes. is 2. The process according to claim 1 wherein step

M%S step (el): (el) forming a film of group (I1l) metal nitride on the
jject under conditions whereby the measured band %ap of the
t

film is leds thaveG0GmewHisiav? OB thBisMeeh ¢ Br 1RE GRae Plesma
(U meialaiFideang shedimsissyitabladasdeviapriiiparestes dihe

process according tq claim 1, Wa:a ein stttl%)é?g compris snste? ge%% bte and &
() fornheRy2er R @Pb%uf)e%ﬁt)e éi%{f)‘nl HUESHAhe Selg?tieﬁ objéct under
cpbstition sonvireselnyativefferd agerr stizbgmw Gaghanites il lempeiyraishe range of
'Er%x\? Qg{l)%\{vdﬁtg@%aa%l&lgq%&@nd gap of the group (lll) metal nitride and

the Tl I \

m Is suitable for dewc&ﬂiw oses wherein during sai formingia% I+ located
|EBlst on@TEHEIIBRAPISIRAANBITESHUTRSHTE SbBIBIEFOR TR JrELEY oot
CRBSIkNgroH1BRHEnber-object is located in the growth chamber ata
djstance of about 20 cm to about ' ma
LRhs a rd N B e B e e
pidssurefomtieegrowehctnanissies binwenZpui ThamPandhaptrarie mxture
ToyihARe @g&@&kmgawpmm@m e Qtapdbl cbamebats less thamitrogen
10-4 Torr; 30 (iii) the partial fessure of.axw&n eiuq({he growth chamber is
iFRAEEIYE i%fﬁ@&g%'ﬁ PBFRI TR Br8s&lte in the growth N
ctamberftahatwedinabbgtaT G emdtaloutidsoTdhe feyiedeopiess spdss onditions
the growth ¢ | n and about 5 Ton; WO
28%%%’?%3(? %%%%&%%%%%%%@3 %%a\%%a baffle or impeller is located
bétween THE BISREE ARePHEEIRE IR h S RERSBRENP | %a?fgagﬁll‘??&ﬁgﬁ S@s’ma;
agg \vii) thenahjestisdagatemniiegeatitcdambéraiataisthirmse widgbeoaditions
20 cm to gbout 25 cm from the 0 itr. 98 established
e R T R AR
(@@pdazaningthefinauf GROapctilnivdarHithedibn theHelRR IR RITREES

the measyieg:hand gapahihe fismds e aplanedtpelawstap (e2):
established band 9ap
(e2) forming a™film

whereby the measured band gap of the flm is less than 500 meV below the established

ng group (111} metal nitride on the heated object under conditions

band gap 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:

1) the object is located in the growth chamber at 2 distance of aboui 20 cm to about
75 om 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;

(it} 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 -
101 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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the group (ll) metal nitride and the film is suitable for device purposes. 5.
The process according to claim 3, wherein step (e) comprises step (e4): io
(e4) forming a film of group (lll) metal nitride on the heated object whereby

whSieigasied band gap of the film is from 70 to 40 meV balew thesos/s01483

established band gap of the group (Ill) metal nitride and the film is
suitable for device purposes. 6. The process according to claim 1, wherein
step (e) comprises step (e5): (e5) forming a film of group (111) metal nitride

V\ﬂ%jl’em mm%a%%@ﬂ&&&%&&&%&%&%@ ér%?g Of ge Ig e remoteiy

dlu%r; a.combination of gallium and aluminium, & com ination-of ga
G AiIRO S R BIABRAABRA of indium and aluminium, and a combination of

gélliim, itheliobieanid Ricawihinihoprivel @aiadohjectiinges 69a8HOns cm o about

V\ﬁzeéﬁt)ﬁlomqﬁél%d,? ﬂ%&%@d‘{?tme% film and the film is suitable for
device purposes %Ilig(g%,ocess rgsng to claim 1, wherein step (e)

cOmpriser B IEE) FUB)FE PRI 3. ety o 6 Dometaknitiigde3):

v(la:ﬁs)reln tomnetal ﬁl@ﬁlﬁcge@llﬁqm}hﬁe@r%&eef&isﬁﬁgh%&a"é%f@ct sybereby the
N3 %on&blgau%r} %f%aﬂllu% andglumlnlum a combination of galli
é |um a combination of A gﬂlﬁwmoﬁfn@%e%th%ﬁap of

gtémﬂifﬁum"(élmmlﬁﬁmmmnh@fﬂmes lveditbtt Ghjdetimgermssgitions
vmerebyqth@gﬂseas% acseraiseRokGling flm-and the féf Sayilable f Plea

(g%ice purposes 25 wherein during said formlng at Tleast bne eon

ies hdHBrok et (el mstalthittite ns dbndistind obigt thisereby the

objestielibeadeghindh & ¢ fiiwths dhamberata ﬁ%ﬁ@l@x@@@@&i&@%}ﬁéﬁ E%nd gap of
itrogen S XIS a I on In which the
E‘.‘%?o%‘é?%?n%ﬁﬁ% A B S e PRyt
amber REPBRREE 3 ERElng ttoretnd, Bbcatioutas DowmiRitbesparts):

HEs3Su ref@{mxggemm dhe-anpwth) Ghamberiis. 6ss At QLo sé'f&{gl?fmm the
parﬁApTQress%Jre of %en in the growth c’agmber Is in the range 10'4 Torr

OfT; ssure TR iR B VP ORAAB? i8heriien apeutlenrgipm, a
malbmtwwfrgmllm 200884540 ROTHRA05/10d14B3 292 ARtkGium, and a

Q@%@l@ﬁ the 'i‘H %ﬁlﬂ%@%&ﬁ ﬁﬁ%ﬁﬁﬂl aoqplfﬁezh-ggt &)a ngi a OUt 2 -Ié%nﬂmons

v mpeller is located between the object an Urce:

(‘gﬂ%‘?g?( E’ﬁ)g H ﬁﬁFSE;}&?PB}%ﬁs’aﬁ%mm@tﬁénbmé@t’r@h@&té@vmem@rposes
growth cHanpbmyesd @ccbscﬁ&m elaabauterem iﬁ}ﬁ@lébrﬁp%é&é’{éﬁr&@) the
mﬂ@tepﬂ{g ggﬁgf gsgfﬁ AR RS AR B s Sl Rset rom e
group consisting of gailmm Indmm a combination of gallium and aluminium, a
combination of gallium and indium, a combination of indium and aluminium, and a
combination of gallium, indium and aluminfum on the heated object under conditions
whereby the film is a semiconducting film and the film is suvitable for device purposes
wherein during said forming at least one condition applies which condition is selected
from the group consisting of:

(D the object is located in the growth chamber at a distance of about 20 ¢ 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; '

(i) the partial pressure of oxygen in the growth chamber is less than 107 Torr;

(iii) the partial pressure of oxygen in the growth chamber is in the range 10 Torr
1o Torr;

(iv) the pressure in the growth chamber is between about 1 Torr and about 15 Torr,
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(e7) forming a film of group (I11) 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

waR@pnum, and a to combination of gallium, indium andealRVRIETHERS3

the heated object, under conditions wherein the resistivity of the film is
between about 0.0001 and 104 ohm.cm9,7and the film is suitable for
device purposes. 9. The process according to claim 1, wherein step (e)

i : ' fi f itride wherej
R morat SotiS A R Ak & O A AT o

cérhbinatfobeBlayadlimnadiss iallneatad bety ceniiisinhirsh oidgaliienrcand the remotely
indi4ad 2:608RIPREAA; Ahindium and aluminium, and a combination of

galliym, indium and aluminium on the heated object, wherein the

i 5 T (2 B ETICD Bk A B, oAb o about
fikh mnstitatile fonoeljidecpisipuisegaipirairnduring said forming at least

ope condi ' ie ditiqn, i from. ik ,
cghsisuffﬁg%?%ﬁi%%%ﬁ?.gfﬁﬁ%dir%%@é%&%“%%ﬁ%%@ K ice

of about m t6aBERE DER AT HEIaRe it W iRdmBemeteh is selected
refgpantie ploighdhsisitigadplasm anduge nessiedmncnvdieminthend aluminium, a
pr. in_the. growth chamber is between apout 1. Ton and _abqut 15

TR S IR, L RS i e Al o o
tHembmatiqn af @linepidianpradstirendtiony gertha tratedovbincthandbe eesditions

ingthedange rOiignor B 1108 HiM 4B MRS HI08dN the oW ChRMRehe film
is, betw%(fn ake)é)ut 1 Ton and about 15 Ton; (v) the pressure in the growth

chaTH ?sf?f WEEPHBSET2 Ton and about 5 Ton; 30 (vi) a baffle or
irfipeller isHe pateckhatwednghe diject, arith@isctep€ed binepramatefy(ed):

l%@sed NEQGER PRSI @‘ng(ﬂﬁ tﬂl%tgpiﬁﬁ“ldé M&E@g tﬁ%%%tglr 9s\l\§mecteld from the

il
chamber at a _dgstance of about 20 cm to about 25 cm from the remotely
|CEHEY FREEEE phisRD. THEYToce S ubiuintg 9 e, fderdipinium, a
stemig)ampiseaisien (80 )indVin2 QUBAaIHRAP G AERA0BMA0L 48383, and a
(e9)1f rmting a film of aroup.(ll| meffal itride on thetEe te ject und ,
coRRITA AL AL e TR GRS e TR il herein e
chsrsleriistfctles e geousw(enn shevalOditidesnAd oheliteis, sudablefibn is suitable
deyicRAYENARESsch 1wl BeiRIAGess R680KHAMH 0 £13M Lo yhareinisteBifiles which
com[aéréses, ste (ﬁ%g%%): 5 elt%% formlng %fllmfpf group (Ill) metal nitride on
SRR °GB]SE PGPy g o stng of
(i) 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 ! Torr and
about 15 Torr;
{ii) the partial pressure of oxygen in the growth chamber is less than 10° Torr;
(3ii) the partial pressure of oxygen in the growth chamber is in the range 10™ Torr —
107 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;
{(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 e¢m to about
25 cm from the remotely located nitrogen plasma.

10. The process according to claim 1, wherein step (e) comprises step (e9):
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exhibits a crystallographic structure characteristic of the group (lll) 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
OHR £aRgIsting of: (i) the object is located in the growth chamber At 8,013

iIstance of about 20 cm to about io 25 ¢m from where the nitrogen

plasma exits a region in which the nitroggén plasma is generated and

wherein the pressure in the growth chamber is between about | Torr and

apapt 15 garr: (i P en in.the growth chamberis .
Ie%)s%jthan 104 1 o)?r; ‘?ﬁ%%‘gﬁ@%&%?ﬁ%g%%ﬁ?ﬁ%ﬁ%b e\?ﬁhmger conditions
cHAXTERY i&nfile FahiRita " srrénallomepbio FomeUv) whaprbaistie of the sroup (II)

grmswihehmber Bahyacmiaboutd: tlepianshakaudl 15 Torr; (v) the
prgssure in the growth ch(famber 'is_b(\e/téveen about iTon and about 5 Ton;
o P R 6 BB e B ST PP RISSR A LA

a baff éleop impelleris
répifiely foranad ditrog€erplas(fiy; mmwl 200649 thetolieatisdbjeatechindhethe film

gERwihehambansta Hisianaeab R 22,60 I9 &%E@ﬁ%ﬁgﬁ%ﬁ'ﬂgﬁﬁc and the

remotely located nitrogen plasma. 12. The process C

S WEP (e Y eSS GtRts ST e el frbinatgia frmisregrblgsstiope condition
mgteiasiwidehon tkizibe ited alyd dramnder gongitensstnpereby the film
exhibits n jon than 1.6 atomic% and wherejn the
ng}ilm isqgiita gicg 0?8 eﬁ@ﬁaﬂl}? %ﬁh fgénl%%%r B3 HUEEE 5y r?ﬁtt%%c‘fgirﬁ) about
123 FEr SiPPtehes) e rAiTRESs stepte ERits(8I2gdemmimeyhi fimbef gtmger(Ifesma is
metrkaidtdednibrinoateparigetiwhereRyHe AR LIS AR 0S8N Torr and
C%Q%%qtaralt&%} less than_1.6 af[omlc% and vyherem the film is su[tz.;lble for
dagylce purposes wherein during said forming at least one condition
aplies vikéarerdel passitiontiorseleciedhigrositiie groveconisistingnafd tiTthe
opRct s tReBIEdHIS AOMB LRI ReR e R HARGE BLARHIAD LG 0 o -
aﬁ?out 25 cm from where the nitrogen plqsma exits a region in whic the
n oggﬂrfilasma is generated and wherein the pressure in the growth
ctiemberiis betweeriathe grdwibchatbaiobéthhomoW © PROeHISASE0: S Torr;
PGT/AU 4 (i1) the partial pressure of, ox in the growt
c@mber is eé%sgf&h%qigﬁga#orr; (ﬁ%%tﬁt%%%r%%‘?’b?%ns%?%}/gﬁgg@ag% Ofte’ hrm;
drivth ch&tBEras mnpkerdndecaodibroreen the ebient afid)alseupressuhe irpmotely
thegeawiahaphenis hetween about | Ton and about 15 Ton;

(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.

12, The process according to claim 1, wherein step (e) comprises step (el )

(ell)  forming a film of group (III) metal nitride on the heated object under conditions
whereby the film exhibits an oxygen concentration less than 1.6 atomic% and wherein the
film is suitable for device purposes.

13. The process according to claim 1, wherein step (e) comprises step (el2):

(el2)  forming a film of group (IIf) metal nitride on the 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:

3] the object is located in the growth chamber at a distance of about 20 cm to about
25 cm from where the nitrogen p}asma}exits e region in which the nitrogen plasma is
generated and wherein the pressure in the growth chamber is between about 1 Torr and
about 15 Totr;



15

20

25

30

s (v) the pressure in the growth chamber is between about 2 Ton and
about 5 Ton; (vi) a baffle or impeller is located between the object and a
source of the remotely located nitrogen plasma; and (vii) the object is

QB%B‘%}%JMHG growth chamber at a distance of about 20 Cmﬂeﬂgﬁkﬂos%ﬁh 483

cm from the remotely located nitrogen plasma. 10 14. The process
according to claim 1, wherein step (b) co%prises step (b I): (bi) producing
active neutral nitrogen species in a nitrogen plasma remotely located

frem the inthe plasma is generated from nitrogen
o kompin IS (0 {heh 6 AR 2 ARG Ig Tor

pdHB of niftegarial BreprEephcBssadEdhs Bkl ahambeniserethestepeéc)0™ Torr —

capptises;step (c1): 1s (cl) transferring the active neutral nitrogen species
to&bg gro teh cehamberﬁiia a c%néﬁin ent tube, said containment tube,
comprising & ibe seiected s %‘%ﬂ?ﬂﬁ EBHR ARG Bl Sandpbeual 5 Torr;
quEHz tutibeanessutsorotqimitigiebensaitititstrkanitgarciMoar astHaag 5 Torr;
LoviThe piogass aesaling 10 Iaial doW0s! o BRLISICP (A SER {2 cmotoly
|si 20 Eggerf,ormed, step (') comprising: (a') contactihg at least a portion of

the SARS PLIESEP 3P Ehtainment tube with a nitrogen plasma at a

pes3ure thiefobpacaizoatatSdnnTws teoalte uh AT O A6t PESIAE 20em to about

al@?‘&rﬂ-ﬂ@iﬂ‘%ﬁ@é&%@%@g&@& Sontacting at least a portion of the inner
0 ﬂéﬁ) gls[ma

surface of the containment tube w R rogen plasma causing at least a
pdftion of therERsasiAckeede so staimmervhentio stepdhrtovirisiseter(ions

in(Bg nitrpgdacasmd IR Y AJeast-RATHPR AR SRS remotely located
cqnyerted into A species tl‘ﬁat does nqt release oxygen atoms, or releases
RS THSLL oS RGP ABL BPAB AT GiPh MBERL 0 Fomprising

less oxyagﬁogtoms ata pressﬂf)et
1mitisy dessdbaacuontinbted 8lpants 1n witehdlfosteptéa)fatmpsrses step
(QR): (c2)trpnsiruingdheactive darimalniiogen species to the afg%g);

c(l)a%mber such that 30 the active neutral nitrogen species are dir .
td/drds AREHEFAN R JRonA6 R cteBiel MERESE ARsaiesthatthe gearall chamber via a
subrstantialy fribm anidngledntherange airirdpgreetite acldiangls the group
with, ad gf%%t‘@mtg 9 18. An aratus for,growing.a group .
(1) mSetl:;?#1 nitride film by’ re%ﬂwé?t? %ﬁlgggﬁnég %ﬁﬁaﬁc%%‘%ﬁ%umlc% lvﬁ%%eﬁa“ng an Inner
d@ﬁ'&‘iﬁon, the apparatus comprising: WO 2006/034540

PIBT 1AUZ805%06%4 83 c0RIi2) @ asamih champbas(3)-ap Q@i%gfééﬁ,CE%& @) is

from-t rQ gnsisting of a substrate and a substrate comprising a
bﬁ%%? aﬂ?ge’rsl%‘ég?e%cﬁwmt%%sbnr%wth chamber;

(a") contacting at least a portion of the inner surface of the containment tube with a
nitrogen plasma at a pressure of from about 10 mTorr to about 100 Torr and for 2 period
of about 1 hour to 100 hours, the contacting at least a portion of the inner surface of the
containment tube with a nitrogen plasma causing at least a portion of the silica in the
containment tube fo react with nitrogen ions in the nitrogen plasma, whereby at least a
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 (¢2):

{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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(c) a heater located in the growth chamber to heat the object to a
temperature in the 5 range of from about 400C to about 750C; (d) a
vacuum system for evacuating the growth chamber; (e) a containment

ngﬁ)mgﬁ‘pf quartz, silica or boron nitride and being in ﬂUiq’CTIAUZGOSIBOMSS

communication with the growth chamber, for transferring a stream of
active neutral nitrogen species produce%sin a nitrogen plasma remotely
located from the growth 10 chamber to the growth chamber; (f) means for

fqréying aargl%gmr&m&g{:e in the growth chamber, the reaction mixture
containing a species of a group (II) metal that is capable of reacting with

tHR nitrogBrodjrsticdested samiofhe BipsusEisHnathRrigdfthriondratsbyubstrate
adimpolsinon puffth injetdbaited e ehethehaaiashahiect is -formed under

conditions yher he film is 15 suitable for device purposes. 19. The .
ag%aratug ic{)v%%?rpﬁxf%g fﬁlr[[{%lg DM pﬁisl%ﬁgeﬁ}@%%aﬁep%%’ﬁ@i iR #f@perature 1n the
pFestpd o abgrs iR Shiarabertiis#i€ range of from about 0.1 Torr to

aput 104 @J&ﬁﬂ{@&@ﬁﬁf&@;@cﬁéﬁ@Rﬁ@%ﬁ;{ﬂ%ﬁ%‘é@b'e for device

p r)poses. 20. The apparatus of claim 18, further comprising: 20 means ‘
foF'substAnt A AHRY Bade hauH ritsaen Soeienifidseradebring in fluid
tmm‘lirmﬁaﬁqliasiﬁa ﬂnerg;n&%hh@hgﬁbersmsﬁﬁamﬁdﬁﬂ@“?e@&%ngfggb@% neutral
g g the grou metal nitride
o ored o RS S SE R R, Bl
S i e a; 21. The apparatus of claim 18, further

c@imprisimgzazb foeasnizcanicabing the:-naiahPies 6.8 Y8R Ntbe eaction |
ecgglr@be.r suacg tehaégth film ex '%ts an ?g en concentration | o

below about 1.6 &tormcob. such arihe i 2 stithiietapigitgeacting with the

p@%&sﬁl@mmﬁe am;afamnsaommfm Hhetehetcdmfisingiemeanstibn of group

OaNIpiRNns e alitaoen BAsHAH0N NYAGRA SEREOBAINNA MRYIPR fim is

less 30 E-uag or equal to 10 parts in one billion parts of nitrogen, such that

tRE AT EARERPIBP & Vice purposes. 23. The apparatus of claim 18

wierein the heptertis of rdsistaAcatieatesmprpiising: WO 2006/034540.

AR 0 SR B SRR B T o1
tHE'GI8 EB RS HE S BrBaRTatisadspeiiben she Almideswiablnbiddeotdsarompses.
siicon orTalispisitsmOsfeembingtRAsdhereRkiand a heating element

'gralRd R VB dRARISHHaceohinehase QN Asseciation therewith a9 in the
nitrogen plasma from reaching the substrate with a mean energy of greater than or equal
to the bond energy of the group(Iil) metal nitride bond during growih of the group(Iil)
metal nitride film, such that the film is suitable for device purposes.

21. The apparatus of claim 18, further comprising:

means for conirolling the partial pressure of oxygen in the growth chamber such that the
fiim exhibits an oxygen concentration below about 1.6 atomic%, such that the film is
suitable for device purposes.

22, The apparatus gf 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;



5 comprising an electrically conductive member that has a resistance
‘selected such as to generate heat when a current passes through the
‘ heating element, wherein the member is made of or comprises carbon

wo 2008853¢. A group (I11) metal nitride film grown by remote plBERIABIHIBSAO3EES
chemical vapour deposition where the film exhibits an oxygen.
concentration below 1.6 atomic%..257Fhe group (lll) metal nitride film of
claim 24 wherein the film comprises GaN.

an elechically resistive base having an . upper swrince, the base being made of or
comprising 2 material selected from the group consisting of compressed perticulate nitride
ot carbide of boron, silicon or atuminium or corbinations thereof; and

| a heating element located on the upj:er surface of the base or in essociation therswith and
comprising am electrically conductive member that has & resistance seiected such as 1o
generate heat when & current passes through the heating element, wherein the member is

made of or corprises carbon fibre.

24. A group (II) metal nitride film grown by remote plasma enhanced chemical vapour
deposition where the film exhibits an oxygen concentration below 1.6 atomic%.

25. The group (III) metal nitride film of claim 24 wherein the film comprises GaN.



