GAS | NJECTORS FOR CVD SYSTEMS W TH THE SAME FI ELD OF THE | NVENTI ON The
present invention relates to sem conductor processing equipnment, and in
parti cul avo 2propeides gas injectors that inject thernmali ret/ugasesziznt o CVD
chanbers, and injectors that inject thermalized gases in pre-determ ned

fl ow patterns. The present invention also provides CVD systens using the
provi ded gas i nj ect or SAS THEEGTPRE QR0 AV Y SHEES METH JHEaPPIE cati on to high
vol ume manufacturing of GaN substrates. BACKGROUND OF THE | NVENTI ON

| nadequat e thernmalization (heating) of precursor gases prior to their
injection into a CVD chanber and their premature m xing within the chanber
can lead to a nunber of prob 5 taﬁtTﬁﬁﬂNRﬁzﬁqa“f' c to each particular

CVD process bei ng perforned. —cofrstaet—as—atr—e AHE e, the

hydri de- vapourieftaat @Pértti rélatek YRt pRicessaly dpiipifereaad3n and NH3 as
t he precursor gases, where problens caused by inadequate t her mal i zati on and
pr emat urhartiguidrnfovides gasanichiers i isiscngernmilized gasen jrée CVahclyfmboradeduat el y

E ESLW?LIeIZUSG(?jt(?\%[tﬁat 1{1868 t%g a 1Z%§g‘éjse% Pn urg | tgr%gnﬁm r??vs' tt%eone&?lglsplflersgn lei\\gen toggr

i ncreas eiﬂsmbtiﬂeytmylsﬁmlﬁlmgnhé b@vi’d%d@h@i’nj &Wrd.| Thenmbciitbndes pearelanaf er
quality, and also to coating of chamber walls sufficient to interfere wth
ef fi ci erfPPhgadioarne hisdaiurpe mapwhcturia el GalIsebsieidsi ti on occurs since Gad 3
condenses fromthe vapour phase at relatively |ow tenperatures, e.g., |less
than 500 C, and therefore areas of the reactor which are not mai nt ai ned
above vapori zation terrperBA(mﬁ?.‘R@rIH\I]DiOdéII‘HE INVENTTONoated. It is

therefore desirable that Gad 3 Ilzedtoter'rP tures of .at | east
about 500 C phiddvits thesmabizatign ( ?ﬁlag AWEGUSIPT QRSSAHREIPT 1O theif Jy¢ctionntpa

desi r abl@ybQuhMBERIItRSr bRfafERChixiRk St e chOb& MR 1@HUS §huRfbepds | €ast 730
Cprior to injection into reaction chanbe Further in connection with HVPE

pr ocessgspblemp gt canbofperifiade qudntmhycumréwﬂa Iproveeh ierperiomsd c Gandidadast o

unwant ed si de react,i t hat mt Si .Be e S
Loy st mp b ey Sk ph et e P PR G rE SRE2CH D)
adduct s,NRB; & the @Pe@h@of\@‘ﬁes ivhet SprabRsdasicddY iBadefdte BREMaAELS arddd NH3 be
thermalized to a tenperature of at |east about 930 C prior to injection

i nt o t heremwaivrd wixinhaahde theNbHewngr . to further linmit formation of such

;pgﬁ;' rabl e afqglt' Itlj%ctldn ofllﬁac{% Se{tgly%%rﬁla 196(#&‘881@0%) P8 {ohl?nvge{n?elﬂpdepgiltlgipd

on surfaces other than the growth substrate. Over time this unwanted material can lead to
increased particulate levels in the reactor sufficient to decrease wafer quality, and also to
coating of chamber walls sufficient to interfere with efficient radiant heating. Such
undesirable deposition occurs since GaClz condenses from the vapour phase at relatively low
temperatures, ¢.g., less than 500 °C, and therefore areas of the reactor which are not
maintained above vaporization temperatures are likely to become coated. It is therefore
desirable that GaCls be thermalized to temperatures of at least about 500 °C prior to injection
into reaction chamber. In fact, it is desirable to thermalize the GaCls precursor to
temperatures of at least 730 °C prior to injection into reaction chamber.

Further in connection with HVPE processes, injection of inadequately thermalized
precursors can lead to unwanted side reactions that limit actual GaN deposition. Because gas
temperatures less than about 930 °C can lead to formation of undesirable adducts, ¢.g.,
GaCl;:NHs, it is also desirable that both GaCl; and NH; be thermalized to a temperature of at
least about 930 °C prior to injection into the reaction chamber. Moreover, to further limit
formation of such undesirable adducts, it is preferable to keep separate the group III and group

V precursor flows until they are in the direct vicinity of the growth susceptor. Premature
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V precursor flows until they are in the direct vicinity of the growh
susceptor. Prematurem xi ng of the precursor gases can result in unwanted
reacti on wo-2proounss and the producti on of particul at espairtuszenoobs74 eact or .
Finally in connection with HVPE processes, it is desirable to thermalize
the group V precursor (commonly NH3) prior to injection into the reaction
chamber ., kNROGAHAERLYrsb B85 8Bl ah 28 1tIh AHR atc @ FQEHES BY-prddReR al ¥FodMdiibn a
thermalized group Il precursor, can cool the group Ill to a sufficient

ext ent tad pedidlates wien disovectemdesi rabl e ef fects. However, thermalization of

the group V i.a precursor d not be, cafrr.i 0 i n..an.enviropment
Cont 9l ni g mauEnD i BHSEHOR PPk praiSisenh A Fibe Ritherh Bt SRty
conponedrseurs §eom@snly NI9f) pheidr aRRCctiod intd BéatRHch ERRBER! Wi@Squat@yal s can
catal yze cracking of reactive NH3 to N2 (and H2) which is not reactive with

Gad to therowlieed gane Vinrecuipmvepqsrpiingnwith a shiqrmphgpdrgrown 1Thageviser ean cool

t her mal i i 1 X i - LGl ction of
the predi E5RPIRIEa SR e AR Aty DhpradIEL et S iR L Sor

r eact antterataizatasitofdegioop Vaarhimohia/peasploe xhdubd netticaarricdeno#i id @viroAment
unwant ed surfaces, and so forth. Inprovin?,thernalization and delgvery of
pr ecur sSPNGHYRS MRS B&-d) P iueasd eed s tplie feagtqrsPRIPBRIIIE iekentas it 1Sz at i on
of precyf30r AgaReHctdniheldiered &Sﬂs%ﬁﬁ@at@lggféﬂaélﬁn Bf f ARG RIS aﬂ@@lz) .

i nprovenents in materi growth rate. Problens of precursor thernalizZation
and sepavlath omot cractPEith aChid prodecedepdsi tion i s addressed in US patents
6,179,913, 6,733,591. wever, .this pripr art is concerned wwth ..
convent i onal "UipHeHEO G ey e Traskhude ihenSr EGRR] SPERETPHEC Abtingas

Wi th i agéh gahlinditidmteh&ionQf tRARbEERR| BsdsQo @sHH MEEIN bdahctd RGhbMrate.
injects gaseous Gad 3. US provisional application 60/015,524 is concerned
W t h t hdlresirsor aedceantseand lospaund tal pagiegheleemplon famapercigpeviien on ihwaitedy ext er nal

Gadl 3 and NH3 sour owever .this.prior art.application utilizes a single
o ect O or rcernn PSR A'D R R® bndboBRR FRRR efich s BF

pr ecur s agxpectSANMARYt o nhbie ANYENTHEM D F\pescuasde ghdee withthé adsbeimed BEndfhe
prior art the present invention provides a nunber of elenents, including

t her nal ilairffdglcgfggo&twnédmmenﬁaw ip mstaial gpvh&der sor thermal i zati on and

m xEng, 1 eat o SecRLSY RN OLEH 8D ALYATHSORAYA R I NRL TBldsfIY, 92

injectors of this rnvention provi precursor ermal ' zat'i on
conduct iadgregsslas UShpanergho,a ondus,t6, Ax3c39dt Hesevehaliis prier &t kednadmkedcwithi gur ed
to increase the resjdence tinmes af conducted gases, and at th me tine,
by provi C@pﬁ@lt{(}g%]tqqﬁl@)%wélelie@CﬁS formed in situ bygreactlsng Hgldgas with l?quslg gallium

and is not applicable to equipment that directly injects gaseous GaCls. US provisional
application 60/015,524 is concerned with thermalization and spatial separation of precursors
utilizing external GaCls and NHj3 sources, however this prior art application utilizes a single

injection fixture for injection of both the group III and group V precursors.

SUMMARY OF THE INVENTION

To overcome the limitations of the prior art the present invention provides a number of
elements, including thermalizing gas injectors, for improving precursor thermalization and
mixing, features previously noted to be advantageous.

The thermalizing gas injectors of this invention provide better precursor thermalization
by conducting gases through conduit structures that are sized and configured to increase the
residence times of conducted gases, and at the same time, by providing heating means that
passively or actively heat the conduit structures. Generally, since residence time is the ratio of

gas flow length to gas flow velocity, different embodiments of this invention can provide
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passively or actively heat the conduit structures. Generally, since
residence tine is the ratio of gas flow length to gas flow velocity,

di ff er entwenbodionast s of this invention can provi decondect/ustooob4sres t hat
are configured and sized to either increase or decrease, or to | eave
unchanged, the gas flow path lengths and gas flow velocities as long as

their rabhuit stARtIESIhIENE ohfigRed ARl JiAQIE RRRY- 1nér@as@ ro?ﬁ@érée%@ Shedieents,
only one of these parameters is significantly chan e the other is

| ef t subsichangedl thy gamidevanatbdengtins q@drgas éluvva\relocmte%taa?ongméh@r ra@d abodi nent s

have condui,t sir uct ur es c? Fi ﬁ?%e gl ze ?? er E%ttlh | engt h
with a crodQsinys BingGrtcLREEsds 8 F\%%WPSWQP&‘% 6‘15?8 5"t 8 have

i ncr eas%ﬁgrﬁﬁ@ﬁﬂy%ﬁ@ﬂgeéﬁvlﬁﬁmﬁb @tﬁéxf@fﬁ@“ﬁﬂ%ﬂaﬁﬂlaﬂydﬁféh@@g%adImpﬁnmhp@malﬁS) W th
a substantially unchanged path | ength. Relative terns, e. "increased",

"decr easIé@IferreéﬂmbO‘ilﬁ@ﬁ@rl@gg conday sg'pg;preé(gomégge@ @)‘Fﬂﬁ]ﬁd t@fha‘t’%élqnﬁ@é}pﬂth on. are
to be UNGRRSLAAT A5yl RAATRRELIAN, bR Godat ouldl Berdirp] L ¥ used

to conv sane se guantTties of gaseS between the Sane gas

sour ces satttbnyasd somdspondiygly datreaeddus vdodties) wathad dupstastidourrichagcd pathonabl y
al l owed in view of obstructions between source and sink, design criteria,
safety, Isnedht he i ke. However, enbodi nents of this invention have conduits

that are |on atﬁs‘%%@m?s”@? r‘ﬁﬁ?&?&@"‘%ie@?e&ée’&”n%nheﬂﬂéﬂﬁ odM %ﬁpghé’ﬂo%'

conduits usua have a €ross section as sma as re sona owed in
vi ew of dohéuit ef:]ﬁhe nt&@tnﬁmard fodw, ungerstood @p ér ¢qne[$a,rlsamd) soorfdorttthmt wsiuhd byar | y,
enbodi nent.s i Cross sections that are

] [ QI S |nve tion Inf‘?ﬁtﬁﬂe condui
| arger tHRIf* ‘ésﬁ F%&%ﬁ& N1 dryuuics g i%‘i‘SB?] VPR eI ERBAOIPY YR udes
speci fi Gnarggf shkedripied eBhduik Atk ﬁs’ﬂhl%%sodh%rt B2&RosMY S MAnFiSPEEi fic gas
injection requirement (and suitable for a specific CVD chanber). For

exanpl e,obguctionp bctwen@ S@H%@daﬁtmk design vefeyiavafptsrand Itlmlxlllkeatfécswevsm t abl e

enbodi rrent can . ha wi der. and/ or ducti,n uits, while
ooy oambdfh 8 BisthiiGhiod Bk lomdIR! LBl o BRGEEREN St pRREL it o
enbodi mMEBiEhs: NI ay@cal&roh@mwusamy RdvelaQR@RIse @8 QAU Ch rdigodndalidwied iAN SO,
for injecting gas streans With sel ected cross-sectional profiles, suitable

enbodi e oE B rRGvEedanast flows g epTTHgUrRdse ot aimylaty e dypsnéseidiscr oss
.Se.Ct ' 0”3£¥ 18I1 1Ac%de(%%ﬁdllﬂsk\$ Ine) §e@t1§ﬁgathéﬁarr? i 0%%n eS(ElEfl P&%naBL%{nllrﬁu&an be

i njecte gh nozz e eX| as streans wt arger cross
secti onedrossrsecftldnes e.g., profiles that extend across a signifi cant portion

of a CVD chanper., can be injecte ugh a harizontal ly-w de
vertically- narledi @iep 1%‘1‘ Ssm%gc PrF%ﬁ” gﬁ‘jleé@@ IHGS JHederst fRap Setk 1B%ﬁefi t

fromi n%‘b@@lﬁ@gast Bfé’cff@lll i‘&]ﬁh‘blﬂ@nt (§1er Liakbr f@ﬁ?%cfﬂ%@@D chamber). For example,
for injecting gases at relatively higher flow rates, suitable embodiments can have wider and/or
shorter gas-conducting conduits, while conversely, for injecting gases at relatively lower flow
rates, suitable embodiments can have narrower and/or longer gas-conducting conduits. Also,
for injecting gas streams with selected cross-sectional profiles, suitable embodiments can have
exit ports configured similarly to the selected cross sectional profile. Gas streams with
smaller cross-sectional profile can be injected though nozzle-like exit ports, while gas streams
with larger cross sectional profiles, ¢.g., profiles that extend across a significant portion of a
CVD chamber, can be injected through a horizontally-wide but vertically-narrow exit port.
Also, for injecting gases that can benefit from increased thermalization, suitable embodiments
can have gas conduits with even longer residence times, ¢.g., conduits that are longer, or that
have larger cross sections, or both. Further, conduit structures and gas flow paths can have
different portions with different combinations of cross sectional size and length, or with

smoothly varying cross-sectional sizes, or the like, as long as the net effect is increased
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can have gas conduits with even | onger residence tines, e.g., conduits that
are |longer, or that have |arger cross sections, or both. Further, conduit
struct ur esoanth/9aasf | ow pat hs can have different porti omsTwistoo@de43fer ent
conbi nati ons of cross sectional size and |ength, or with smoothly varying
cross-sectional sizes, or the like, as long as the net effect is

I ncr eas qdliggicdEnKs. HoWRSer, l’f'%l’i@d'l]& rble uhfcr$004 tdt ARNUPEGHS EABEdihaEs BH BB

speci fic enbodi ments can be useful with a wide for gases having a w de

vari ety wefubmitbra widd feti gabesrhaming ayislctvian ety rod gthicr embdif SrenCoviebtion st r uct ur es
and conmponent St 9: gas-conducting portions, are preferably fabricated
from nmat' €15 apabl e of w thstandi ng high tenperature, corrosive

envi ronnment s,Cdiduit3tre@urk ah@ tatgpdRhiteel gl BhOcsRMblinEsbribapes méfctdwer cost.
A preferred material conprises guartz. Heati ng means for conduit structures
(%

can be debrisaéeddrorp adeniads capablepé vidsENHES FehrismpeTaiuidl SOHBHYC PROWIEICAY
| t O enlesisti | i i ts,
and 5o, 1 Fitd o beBZ Kbt TR e R 5! B0kr Eog Rl RN S O

to transfuertzheat directly to the conduit structures. Passively heating

refers to conduits Ioca%ed at .| east partly in a heated environnent, e.g.,
CVD chanber, H§36RSMFREHI08aRIWLSUSRI T8 PEdali VAR ARedV e M HEHIRIRE S of t en

heat ed tl}{co}ﬁ&é ﬁéﬁ?gﬁ%ﬁ&ﬁl?gleﬁ%ﬁﬁse.g??&'ﬁgggf&ﬁenﬁt faﬂ%%‘%l%ﬁleﬁ{s,em%&%‘\feab' y

positioned in such environmenis Wi th respect to such active heating neans
so t hat dheadnts, madsé &rth, spespidatty addctedandposdionedimstiaihcelaceryso exnpinsferi n

case of .a QYD ¢h er heated by radi ant, el enents, a conduit st ture can
bo. post tIeBHUEFeHEAT (egPIgl Hushiren Hst Pole BEE e T 0, Onmatyaeshtt ibrrent s,
but so thaly SUSKARUMLSirokRBAL ¢ &I OVD alghtcherdrh kichtlcBt Rtbel ABLQLELT Behtvd t h.
Passive heating can al so be optimzed by including structures that absorb

heat fr cmvirpementy preadice heated brgctive heptimg eans; and epondhig seaeidigh aregrrefigeablyr es.

Addi tional | assive heat transfer ns can.include bl ack bg tructures
bost t1 o PaeRBEEY iRl Rr SR AN Shef AR HOE A DR

st ruct urtgansBl acdptiaaed intthdicitahRanasse Horekanglbl v chalsl c@vbthbmbet Hatwrtyal s
wWth emssivity values close to unity (at least for infrared radiation) and
that ar dadipais|@agHbacopduihptucsira fen PYPIFNCE Batepatith an upehsirysticd gath to,

envi r ONEDLSia el }n%fh! Cbu 125 B 8’5& LB MG AN a7 AR aEAﬁ: DRV with
em ssi viny Val'ues o SO.lgg, ?%a!t \ elé). %2, r espet%l vef"%z.’ ¥ eferred enbodi ment s
of the iRg@nt herinpgrcay hlde be bptedtzod by fimruding eeddturgs thasdsotbritcat M thehem cal
vapour deposition) chanbers. The injectors incl ﬂ €. orﬁa or npore
gas- ¢ Oncﬁ%{{rp%ent S0 as to transfer it to the conduit structures. Additionally, passive heat transfer

means can include black body structures positioned to absorb and re-radiate radiant energy to

the conduit structure.

Black body structures are preferably fabricated from materials with emissivity values
close to unity (at least for infrared radiation) and that are also capable of withstanding high
temperature, corrosive environments. Suitable materials include AIN, SiC and B4C (having
emissivity values of 0.98, 0.92, 0.92, respectively).

Preferred embodiments of the invention provide injectors for injecting gases into CVD
(chemical vapour deposition) chambers. The injectors include one or more gas-conducting
conduits for conveying gases along a flow path through the conduit from a gas inlet port to
one or more gas outlet ports; the conduits have one or more segments configured and/or sized
to increase the times required for gases to flow through the conduit in comparison to the times
required were the selected segment not so configured and sized. Preferably, at least part of the

gas-conducting conduits is of quartz. The preferred embodiments of the invention also

provide heating means for heating the conduits including a heated CVD chamber, or one or
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conduits for conveying gases along a flow path through the conduit froma
gas inlet port to one or nore gas outlet ports; the conduits have one or
nor e segmeotzsiocionfisgur ed and/ or sized to increase the tipoEaS2@gOR43ed for
gases to flow through the conduit in conparison to the tinmes required were
the sel ected segnent not so configured and sized. Preferably, at |east part

of the gaSrGRRAUEHIdIEL SIeRERkIG similal PaRRELusclBEtHRIifEhEES tBRORQEh It S Of
the invention al so provide heating nmeans for heating the conduits including

a heat edn@vile wirstibe precursongrscorirre ungsgaspy d gendvgtied €iYghprocesses; §érmi | ar .
Preferred usgs of the injectors glf ?ﬁe itnl\rlpenti on | ncBude i njecti ?(?r

pr ecur sSr-2gR S PedRe ST 5'[‘&658%5‘ e T R T BB R SRR o

exanpl e,grbWh @rEtMAiEde @as&hdaadr inthé AV tHadmy¥et al precursors or nitrogen
precursors for growh of a Ill-nitride sem conductor in the CVD chanber. In

preferred endadrsferedembeimppisyviheatpvidrddeicess wao gayeendusing andais Bshdui t s
that i ”Cﬂuf‘iﬁ& ﬁtleels?@?é se%@%n?@o%gﬂ}ed% LM, ﬁg?rt Qs %va;aﬁl, L QRER L. IS b
(6] a ow-llI 8 t%1

path, S gas nmes are |1 ncrease out ecreases|I n gas ow
vel oci t iaesincidased witlgant dsagasenisgasdlowbeclcatids. dgithedongded sémventacadbiercahfiginsé

shape that |engthens the gas flow path between entry and exit. The conduits
can al schﬁﬁﬁ&q %%fﬂiﬁ%é@@ﬁ%ﬁé@xgﬂ&n cai?s Aaw RseluRetysen cry apdiexgy Tihge

spiral - %ﬁf&%ﬁs SRABeluddYn %H% ou'é'l‘ﬂ% S ?ﬁeﬂ“gﬁ?@f %Al@h%ﬂiﬁl-@ﬁé@ﬁ”al

cl anp-she eaters arrange | acent to ousi ng, or w
i nt er i orsepmatk the@dyer dbesents Exirevided with cktvena plamgl-shiel heatesegrmptd t hat

enhance heat transfer fromthe exterior. to the gas-conducting conduit; the
outer  ndQsRy & A S SRSTE o g rfrioaPlasB Ppo S S B [ SO t hat can
be configupdcamentth#edhsRecthbatirH3&e froftie bkeMor QRYUGR-dABuHIRIOonBOHIhONY
fromthe inlet port to the and outlet port. In preferred enbodi nents, the

provi deduitetjheusiog sarhasehayssi gee midetcrornandoogedwiutlet nomiathat qas lbggenfagurt@ast one
segnent configured ta have s .fl.ow path w.th l ar.ger, cross-sectjon size
so that A8 PP EReEen TP Y fiodpR tedmippelpdlpR Be it oS BT bl ¢ 1 es.

The | ar gpyit. segnents can be of larger but substantially constant cross
section; the |arger segnents can be configured and sized to be arranged

within a cvD lemsseeed sRkedmenisythe arpvidedrpigeters iy e ghecavipeiamasiidpity akn

heat ed) - . . A -
e Lt I e e
| at er al side ssubdt gapfleattons e gorntal waln dhavacainpian flakiv dafotficso Uthk édrggor t s

arranged to direct gas flgvvs %rom he | ateral wal] t&vv?rds the centre of
the charfB&ReNt fathPeplelatesh W HBRHNY SONYI CHISSITeR: hA W& FFEMGR KeBhdui t s

havi ng acohﬁéﬁ%ﬂ aftd OSSERYe! dfnged within a CVD chamber where they can be heated by the
CVD chamber (when heated); the larger, interior segments of such injectors can be further
arranged along a longitudinal interior wall of the chamber; the larger, lateral of such injectors
segments can have a plurality of outlet ports arranged to direct gas flows from the lateral wall
towards the centre of the chamber.

In preferred embodiments, the provided injectors with conduits having a larger cross-
section sizes can be configured so that the cross-section sizes grow larger from an apex
portion where gases enter the conduit towards a base portion where gases leave the conduit
and enter the CVD chamber; the larger segments can be configured to have a relatively
narrower apex with one or more gas inlet ports and a relatively broader base with one or more
gas outlet ports that open into the CVD chamber; the larger segments can be configured as a
wedge-shaped channel within a planar structure. The planar structure can be configured to be
shorter in a vertical direction and larger in a transverse direction; the planar structure can be

configured and sized to be arranged interior to the CVD chamber where it can be heated by
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sizes can be configured so that the cross-section sizes grow |larger from an
apex portion where gases enter the conduit towards a base portion where
gases | eawe 2tveiocundui t and enter the CVD chanber; the lpargseosegsents can
be configured to have a relatively narrower apex with one or nore gas inlet
ports and a rel atively broader base with one or nore gas outlet ports that
open i ntRe CN dhih @J@p&rheaiehsa ih 3L9iRl1aP SRITBIRA S sﬁﬁau&ecaﬁ%fﬁogl%ﬁéh ASndan
wedge- shaped channel hin a planar structure. The planar structure can be
confi gurtaa@tr@m b@nsyhm pbmbén veal\sorasite diredickgioiges inandowrstgem dingetzor; tnsver se
dlrectlo the | anar stru re can be con i ure nd sized to rranged
Mt or 1 ot SRS AR RIS e B ProPE s RL LR Rad il " (Wien
heat ed) ;infcfscpthé Wedg@Ehaptd ehaphalnar estEdhdiddk RosdittinE cHRRiits cankd-cal ong an
upstreamtransverse chanber wall so as to direct exiting gas in a

downst r éahst@ntraél&tcp@ﬁanttcﬁeﬂsw%twarm@@,ra@étcam baveaealr $epre ﬁfe,qoa euteieons thabr e
second C i haped
channel.?%%%ﬁgggﬁﬁgﬂggég@gﬁl&é bﬂgH%%n %gkgg%’havg spg %ﬁhfly const ant

Cross-sect i oMl igestioanto mldi@(evr)rsgstems Wotherns @¢ atvde oﬂﬂhb etovidudt gast hat open
into the CVD chanber Iaterallﬁgﬁo the out] et, port qi t he m%dge shaped

channel .PRETS RYEht PETPTAFELIEIEG PEREr RS I&5siisriowpt e 6RECTMTRE@VEE & he
provi de%gg?ﬁt bﬂiﬁg@oﬁd s o gfo%m%} MRGAT, aﬂfek?@ﬂ ANEw s TG §dzl : this

injectors ment s Ravi ng a condurt  conf I gure ed to grow
| ar ger ﬁnmmmanmdmwnap@mﬂmqmmt@Mmeaoasbasp&mbamngagnhhh$uﬁmkemﬁmnthan have

an outl e ort adjacent . to .a suscept havi n Wi in the
VD shar D B eRaEan bt Pty R R ot eeer PfpaBedmiey Aretild na
flowt hae%an@%@r@él@&crbﬁsad‘@fﬁ%@ﬂ Ml @ﬁh@%c@pt@?ﬁﬂb%@lﬂs&fac@l thlsQﬁJeEtBEcz%M%Gl%Bé or
grow h surface;  this injector can include Second conduits with two or nore

second cﬁacomitwpdmt%w@ln twolemomcsemndemﬂesmmeg@siég directiseengidtaaskisnal | ows

Iaterallan %%wihrsg rd¢ @ $§ 1 a system can al so i nclude one or nore
second i fj % 8PS { % enpodi'feht’s hhvi ng a conduit configured into a

spiral -1i ke sﬂmna,sygtsmah R]s6 GhddideCaik di@vRe Getohe linjpabits Hf BRSInitoAachtand
arranged to direct gases into the inlet ports of the first injectors. Such

a syst erharHg agogguit ﬁ@}ﬁﬁﬂléﬁ%lﬁ@ p¥pifgike shpe dthisipiseion e veoncdoBsdi ment s
having g, &%W%{‘&ncf; 8&’{0 d;ﬂre‘é‘[ L& g&{ %Elﬁ@%oqfssofsﬂfcﬁllsgﬁ?éct&k ze; this

|njector can be con ure and~sl ze r-segment can be
arranged i nt euchr stygtem dai/Bl so heatidr onstoe meora thlfd 1ﬁ@ntobgaoﬂthabmﬁocﬂ1mehtsela@w1@
chanber (when hea% tQF ar ger |nter|or ﬁ@;nt can be arr ngednalong a
| ongi t udf Sﬁgmemr&O@ igwied wefh 2 grecf RrosepertpRslsigch inggelns cats b e ey ave a
plural i ty,.Qfso Ak ltl%tlafa%@f %%nlféﬂ%aﬁf % %&fim@errlo?m eV ciinfiRe whakdid [tRhepgas

flows fromthe |ater t oward
heated by the CVD chamber (when heated) the larger interior segment can be arranged along

a longitudinal interior wall of the chamber; this larger segment can have a plurality of outlet
ports positioned and oriented to direct multiple gas flows from the lateral wall towards the
center of the chamber. Such a system can also include one or more black body plates for
enhancing heat transfer from heating elements external to the CVD chamber to the third
injectors.

Another embodiment of the invention relates to a method for injecting gases into a
CVD (chemical vapour deposition) chamber by conveying gases along a segmented flow path
from a gas inlet port to one or more gas outlet ports, with each segment configured or sized to
increase gas flow time in comparison to the segments that are not so configured and sized; and
heating the one or more segments as the gases are conveyed therethrough. The at least one
selected segment provides a gas flow path with a larger cross-section size and increased gas

flow times at smaller gas flow velocities with the gases flowing therein including a nitrogen
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center of the chanber. Such a system can al so include one or nore bl ack
body plates for enhancing heat transfer from heating el enents external to

t he CvD cwertbaviotast he third injectors. Another enbodi meatr/uskomhess7avent i on
relates to a method for injecting gases into a CVD (chem cal vapour

deposi tion) chanber by conveying gases along a segnented flow path froma
gas 1 nl efreRRidr f6:QrORe Ha ARIUP 10EHtrRIELBIcoRMIdSy inhd thaBiteR AREMRMast one
configured or sized to increase gas flow tine in conparison to the segnents
t hat ar ethatscgocdas i gusescciinualsizedbiat caovs heger ifiom athepesvecton torwards sdgsent s

as the gases are conveyed therethrough., The. | east yone | ect.e egment
o ovi o SeR i B SR EER gty B TR S e S iR ing 638 A QPG WerE R iR EE8ES "y
flow ti nesuplils@hlRecu@ss féd @wvitedfReGidupdIitritictsbiRi@ag@sor ih @d dantber ei n

i ncluding a nitrogenprecursor for gromh of a Goup Ill-nitride

sem condihetcdhpmber prarabhvnshides icsn a sgscprigshavites giomdh swégrund theagnses of
Cross-s I | Si : r | td base
seot: on P LrRabESd w0 BE ISP AR FER QIO LM Bt 10

t her ei n surfatafdir gepwath GF @ @rolp [TH-ARkiidd sepiieaidusor tHedgong rAaivahtagéoudly(xheigases
Il'l-nitride sem conductor in the chanber. The chanber preferably includes
t her ei n 82 gk EPSFRHE PP AP XHN B ly R ¢t (hanatd) §ﬁ@1 qepHatg geethf (epin H1-
[11-nmet gl i r g i t he
suscept G R O B S o A ct or

t her eon.unddumblcageausirgpmplsegases react at a tenperature approxi mately

greater than 930C to facilitate growh of G o I1nitride sem conductor on
Phe-suscept o BGHEReL ApatibhRiand PAH G s i ertiein SRRILEPY Si5fe
precur sofs c&kAAPlg e sa_cgj% dred Rk ERBnEFRAI REMhEinANHe PRkt %’Ueﬁﬁorﬁx"ﬁ'@slcﬁ?g
descri bed herein shoul d be seen as exanpl es of the scope of the invention,
but not ad$hd praseni myentien shoekldret detammenedivoith refdrencsdo pe diinshehish esetotbe

i nventi on, sQotuhd be glet er m'ifmeagl with X elfgtr eagglena 9 tge ﬁll zi s, vvhingp are to
be i nt er BEEYEE A3 CTSUER MRS HGHPEY SHYVESLS dGaVEr AP el impatini s, and
the |i kextippaf edinatsiall in hanst. For eladtynaidycodbistdess, Mot flefaatidres dfake Cl arity
and conci seness, not all features of the enbodi nents are described here; it
wi 1 be amhediBesbarcdsatribedaeigs Bsvilbe uadastops dt fagreoiat idaweribad prsgowtine and
could b i i - sKi |J:;y Headi ngs are used herein
for cIaﬁ??%ggﬁygmghgig%%k%gpygﬁﬂﬂﬁﬁ%gﬁé%ﬁﬁﬁ*%$¥ation. A nunber of

ref erences arlcadirigedrd@eeihtreird foe clnty ¢y dnd alithsuradg ivtbnddadilthitaioa. A
incorporated herein, in their entirety, by reference for .all purposes.

Fur t her D éog?e?ﬁtrﬁ@:eé PEceof BF St eeTirg @a%lpmr%ss YOHCIheR IBIPAPARICEIFERY, i s
adm t 1 edn ity L) RGeS AltpRes ! PERYPAREor FRLGRE r&bANBRIregardless

of how characterized, is admitted as prior to the invention of the subject matter claimed

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be understood more fully by reference to the following
detailed descriptions of the preferred embodiments and illustrative examples of specific
embodiments of the present invention, and the appended figures in which:

Fig. 1 schematically illustrates an exemplary CVD reactor;

Figs. 2A-D schematically illustrate a first embodiment of the thermalizing gas
injectors of this invention;

Figs. 3A-C schematically illustrate a second embodiment of the thermalizing gas

injectors of this invention;



herei n. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention nmay be
understood nore fully by reference to the followi ng detail ed descriptions
of the prwbenreiasbodi mrents and illustrative exanpl es eCTdapewioiR4374
enbodi nents of the present invention, and the appended figures in which:
Fig. 1 schematically illustrates an exenplary CVD reactor; Figs. 2A-D
schemati cal | yrihd st rsah@naichily Shus@Padhifeahb&fimthtoftthehiRhIZiYsHas
injectors of this invention; Figs. 3A-C schematically illustrate a second
enbodi manjectofs efiibistinesntrahiianilng gas injectors of this invention;Figs. 4A-C

schematical ly..illustrate.a.third enbodinment .of the.thernmalizj as

i ector s of ki s ADRHGS ufs ATGRRATERR aftdy B JSPARlLFL TP G ber
conbi natin@nhd thetmulizivg daienjexerpifakiy ifs¥Rtishanber and the thernalizi ng gas
injectors of this invention DETAILED DESCRI PTI ON OF THE PREFERRED

EMBCDI MENTS The present invention provides inproved gas handling for

cheni cal - vapousp 42RPf i RECRAVPIONGRUIE PR ERREIFERASABIMEIAD SySt ens
used for sem OCt OT proce 0 0TToT € € at Ty ystems havi ng
chanbers wi t ITiggineseat inycrtdatprog désimpesasiszas aaidliagSot shewlidat hagoup depuitionl ow
of precursor gases crosses a(i%?ub trate at which dep&s}&ti on or other

react i orl§ IAKEAGIPTS S¥SteTES, SARACEHKY s¥HEMb et fPRSSRMFRKIVEIRE PIaseeie B can be
usef ul | i r Il i I i i i:on.
L K L VR
t 0 whi chwliibh g planwefiow of presuappgdscadrbsses Fisghstrat at Whugdt depbgson or athass- sect i on
view a sim/lar D reagtor. Co n.reference.n ers identify simlar

el ament SeTRHOBOERY PIGEr CXERBH Y BrperbaeaD i e M dedst BadegsSelinper 3
whi ch i s;ppBsRAL BridRdacRtibedBébE itd@tthe InveafoPe heated by external,

radi ant heating | anps. Process gases including precursor gases and purge

gases enter dhanbdlus@atet intpien Howtrenvask detad of pxpmpaty e Yghamber kto(ghich nl et s
or inje
to pr ev(e;[
di f f er ertorPMmBs WsRhcORFESerS RdneRtsehilidylabehs Birtiedgapar Ex@epihs aandl 9,
while relatively inert purge‘q%a‘ses can enter through ‘gort 7. The process
gases t Heludgsgowatoryghammber 3 whichds psuglly enadp ob gyt wehatHbgnere heastibki ng t he

" downst r&?e%al,dljaﬂﬁfi{ l'le%ﬂhg ?ar{lr%sr ?’?‘%esééases including precursor gases and purge gases enter

chamber 3 at the bottom of the figure through ports (or inlets or injectors) 5 and 9. The inlet

. d 9. The inlef . 'y, desi.gned .and d
¥ i5teanaf BreeP sk ar “h BB Ee I Gar RRRL viehgr uR e PEsRipE

ports are commonly designed and arranged to prevent premature mixing of the precursor
gases. Here, for example, different precursor gases can enter through spaced-apart ports 5 and
9, while relatively inert purge gases can enter through port 7. The process gases then travel
upward in the figure through the chamber (defining the 'downstream' direction) and react at
centrally-located substrates supported by substrates 17 on susceptor 15. The susceptor usually
rotates guided by support ring or plate 13. The process gases exit the chamber through
exhaust 11.

Optionally, reactor 1 can include black body plate 19 supported on, e.g., support 21,
above susceptor 15 and substrates 17. This black body plate can aid in thermalizing process
gases flowing in proximity to the plate by absorbing radiation from radiant heat lamps, and
reradiating the absorbed radiation into process gases. See, ¢.g., U.S. provisional patent
application 61/031,837 filed February 27, 2008 (which is incorporated herein by reference in
its entirety for all purposes).

In the following, the terms "longitudinal” and "transverse" are used to refer to the

directions within a CVD chamber indicated by the labelled arrows in Fig. 1. Longitudinal
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centrally-located substrates supported by substrates 17 on susceptor 15.
The susceptor usually rotates guided by support ring or plate 13. The
process gaeasimitist he chanmber through exhaust 11. Opti ecaldsgeionescs or 1
can include black body plate 19 supported on, e.g., support 21, above
susceptor 15 and substrates 17. This black body plate can aid in

ther mal | giRGoRrLELRS réf@r%@cﬁtofaﬂs OWhdhBai aRY QdvHst¥arh© thdRnPirdlifalRYorRRAr bi NG
radi ation fromradi ant heat | anps, and reradiating the absorbéd radi ation
into pr o&@b@rgdsmefetsﬁ?eto as sigle (onJalSralpW@klﬂ sTromgiersp aliteetionappd 4lecateifared to as
61/ 031, 8,37f|IedF nco rated h n by
ot er encacron (i Leaip B Yoy Rstil @l A i3 FEGEAT he”  er me
"l ongi t udi na|The&ﬁden’tﬂbﬁ@é”'@éé@1ﬁl$@l in@EfoUsRehel i@ thedtext @fﬂlﬁ@@)@hfp‘ﬁﬁ’&m Wi thin
a CVD chanber indicated by the labelled arrows in Fig

Longi t udihaber, ﬁ@&eit%lﬁspfa‘rhécha?lf% aotrfartberrcogsidercas HOW}%@TF @ﬁrfpc%ﬁ%l fordownst r eant';
the 1 ongighiadlnal bt aK) SRHES 11l onhc i B LERISHERHNh PR Shilfir farhiRl er a!)
wal | s. Transverse directions are also referred 10 as "across e reac

t he transverlaeitiygodndehitable wyalalsusesfahalmsonticaf is cowgatitde asthemctr@albs. The

i nvention |% described in the followng in the context of this exenplary
CVD charféMPeishe details of which are not further considered. However, the
focus is for conciseness only and w t hout Iim'tation as it will be

under st I j ing, and that the

appar at ?s?{%o#&]?%ehlmﬁégn I on (ﬁ'rsﬁ%:orrp %Ndeé% (ﬂisl CVD chanbers. PREFERRED
EVMBCDI MENTS (e fEhiedRivibb il s@h3hd tNEtaliakeg das @Iije(lftbﬁd)f eliib adichmot &c abwt he

t hernal i i n s injectors of this.jnvention are now descrijbed that achi eve
i ncr eas ﬁ@ga@é Bljéﬁ\lﬁelnflieﬁ%‘éi By IS F%WFW@Y sQTdieaTng A anaapflélg& ruct ures
to have s%ém%és%vw@é@a% mpathmaﬁ gﬁﬁqﬁat%f&nbﬂeggea%g@mﬁ@ ¥dadohy g@ | ayout

reasonably necessary in the circunstances (in view o physi c
of the olvacsdbay imtdc calssmiaatﬁdueqawmﬁﬁﬁphyamdl l'ajzmtt ohtheehembssandestdaconsl t hat

are at least n antlall l.ess than sona necessary for

the i cdatrgRanitBLGH B FeisE e Rt pSuh TR BT A | ow

i N condukidhablNasQESH P Hrithe k@ dbDLRCASRY ScBtitikd|ia vW@ﬂtﬂm}H prﬁfé[bl&eoﬂgﬁﬁf ul

for gases that enter 1nto the CVD chanber at rel atlvelé | ower flow rates.
y

Pr ef er abflow inj mdem@edwp@ndmgﬂse rﬁl@q lhiJ astons pethascdradudent san u@éﬂicﬁbhgasamdnﬂbr

folding t o serp i jhee
t hermal i z?ﬁént ‘ieﬁj ec Ty 1rel’[a Wely? 3? O&él;?ttesa?)ééfﬁ%gglp nCFeaP & 1?1 | ecetnig{ng
better canbe accornrnodated by bending and/or folding the flow path into serpentine shape, ¢.g., a

spiral shape.

Since thermalizing gas injectors of this embodiment are useful for injecting better
thermalized gases at relatively lower, or at least not increased, flow rates, when used in
connection with the growth of Ill-nitride compounds, the injectors of this embodiment are
more preferred for use with I1I-metal precursors, which typically enter at relatively lower flow
rates, than for use with for N precursors, which typically enter at relatively higher flow rates.
However, the injectors of this embodiment can also be useful for gases that enter into the
CVD chamber at relatively lower flow rates.

Figs. 2A-D illustrate thermalizing gas injectors of this embodiment. In particular, Fig.
2A illustrates conduit structure 47 with spiral-shaped, gas-conducting conduit 49 with a
substantially uniform diameter (cross-section). Gases, e.g., precursor gases, enter into conduit
structure 47 through inlet port 39, flow through spiral-shaped gas-conducting portion 49, and
exit from the conduit structure through outlet 41, e.g., directly into a CVD chamber. Gas-
conducting conduit 49 provides a gas path length that is substantially longer than reasonably

necessary to conduct gases over the shorter, physical distance between inlet port 39 and outlet
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thermal i zed gases at relatively |lower, or at |east not increased, flow
rates, when used in connection with the growh of Ill-nitride conpounds,

t he i nj ecwonsimfi1tiki s enbodi ment are nore preferred for pasasesiio243d - met al
precursors, which typically enter at relatively |lower flowrates, than for
use with for N precursors, which typically enter at relatively higher flow

rates. HRWeMErBechii® dfthEGHAl shapb oﬁgéssco%taaﬁigm%ﬁam@m tRé 5h REHS& dak Tor
gases that enter into the CVD chanber at rel atlvelly | ower flow rates. Figs.
2A- D i | Ifipvingtheowdhesomdiiit sirmgyuigld is Wjinget, oven sobstaiiadlydigsali themthe apfal

particul ar,. Fig.. 2A.i|]lustrat conduit structure, 47 Wt i ral - shaped,
P condiiyie Piafa ety O HR? a B mall LIS i ot Bl Pere TR
(cross- 9@fitin®nd th@isntich YouldWe@AdESR0d IR ER fudc Dce kerpBilttheGaAY] Pr&ufsUEL Ur e
47 through inlet port 39, flow through spiral-shaped gas-conducti n? portion

49, and gBsgstcan bgsipMied ¢o pendutt ssuetyea Bt Bomipxingh souresseat flow rates gontreffaddyyt | y

into a I i tn49 provides a gas path length
t hat is%él%gt an gf?nﬁgﬁgﬁéﬁ{ehgga%gg or?gg)'l y necessary to conduct gases
over the shor@erduitphysuesbf diisémbaimbetpreferabiyninetudpouter BOusand ttichebgort 4

1. Because of the spiral shape of gas-conducting conduit 49, the path
| engt h &Pd@a%te%%bﬁaﬁdﬁ? m%weég%mgippﬂ&nm thergeSgonqusting gonpduits Zwléﬁﬁ are

subst antdaldyq lARABLiy amepj}gﬁg%}e AR ERl4dhShERGR A EbUGRR s he Tl et

and outlet ports. The spira ustrate ere is not ting, and

t he i nvemtiosingsHadilgds-benduntiey sdrton 49 othenthan ddctopdredd ser @elet pore4 shQpes-

Pr ecursq}&ﬂlgases cain be supaﬁli.ed t o condui.t s%ct gre 47 from ext ey nal

sour ces PRHH AT EANAI0RY g3y candusipe Fonduity L & 8n PP S PaklErent (" a
gas pangjuidrhotdngys haSbdet ProVi&s With Pﬂﬂg@g@ﬁfﬁﬁ@lwﬁm MASfuesaP]sYout1BChdHles out er
housi ngs that enclose and protect at |east the serpentine-shaped portions
of the gashaemngs gasgae daduthrongh visi witerdoesingpButgedas risenidagis\laveraged) .

Her e, co&duliltt esotrulctelj{% 4; %nclrlejdles gfut er 1rQoursei n 1:}63 ertlgol %‘ssi ablml%fr

gas- cond et T REOHE T HHCH 64 b INECEIRES O NCEReS I VTR RUPF &V D SPIYT 1
Qut er housfefigSthaBdnlcE® 15Rit ¥epRSer ULl loWabf gass fomdbe thdngbee anectidt Bater ,
e.g., purge gases. Here, outer housing 33 has been provided wth purge-gas

inlet pdiaw ra%fai%a%eﬁ@h%ortﬂﬁmeaaseﬁ am 4% igisTiphek aneenstatige Q4R cBamnber ow

through th %a&‘é?d%&a@%s bplgndeg]?eg‘tggd%aﬁitl(oﬂronsé B e s@ASd | Ovs are

advant ageous since~théy can formregions df overpressure with respect to

t he CVD chanmi@&nduittsetdtore 47nan begassaadly heatdd, ot ctvrelypicatedndr tale kadsivelysandf

gases fromth ch(?neglgpri,nteri or. Back. f’ovvs of rea]cafive and often corrosive
e

gases f rSHYHHECHRL e+ PRANIGITUGHISHET BISHGYATR cd RaTBer Yt RBtiganige to, or
undesi r bl dRRARY Wit £ Reatdl €9RHHambRE {dil%iﬂﬁl? andtROhicd ShiisHntn®. F{gcan be
passi vely heated, or actively heated, or both passively and

2B illustrates passively-heated conduit structure 54 (similar to that of Fig. 2A) located largely

with CVD chamber 53. Passive heat-transfer elements (not illustrated here) can be optionally

provided to improve transfer of heat from the chamber interior to the conduit structure. For

example, if the CVD chamber is heated by heat lamps, a passive element can include a black

body structure located in the vicinity of the gas injector that absorbs radiation from the heat

lamps and re-radiates it to the conduit structure.

Conduit structures are preferably actively heated by providing heat producing elements

that are adjacent to at least a portion of the gas-conducting portion, preferably at least part of

which is configured for increased gas residence times, and that provide heat directly to the

adjacent portion. Actively heating elements are preferably located adjacent (or near) and

exterior to the conduit structure; they can also be located interior to the conduit structure.

Active heating elements include radiation emitting elements, ¢.g., heat lamps, inductive

heating elements, electrical heating elements, ¢.g., resistance heating elements, and so forth.
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actively heated. Conduit structures are passively heated preferably by
being partially or entirely located within a heated CVD chanber (or within
anot her hweateth/emmsr onment). Fig. 2B illustrates passivecyAlseabmesscondui t
structure 54 (simlar to that of Fig. 2A) located largely with CVD chanber
53. Passive heat-transfer elenents (not illustrated here) can be optionally

provi dedcdultFRLAURs ChRMSE BE both pag el hIMdielyaearlSfor bRdsIE AhdnQunt he
conduit structure. For exanple, if the CVD chamber is heated by heat |anps,

a passi vstie¢lgirested cenduitstrucides ia ldsiatediet eshypagtiallyorithie al(3cdt ed i n t he

vicinity of the i nj.ector at . absorbs radiation fromthe he anps and
Voo adi at os 1S PRESAeh IR B IS e B A b Rl BTt e 2ty
acti vel yhh@dtesh @miniray CiDnghddeRk 1RFEULA) NHhj&kamBnhsuliatasabedhaghacent to
at |east a portion of the gas-conducting Eorti on, preferably at |east part

of whi cHorsorcYnandpstise heasmeichameasst lgdurthasmbedwecnts ofethe inyRatiameetivelyovi de
heat di rq%&‘%e}%a fhid e dsfiddaﬂ%g %%teﬁﬁ'i td e0p é%gh{b‘éféé’ a{tﬁ%@t&?}%&leﬁiﬂﬁgé PeaBlof
y cated a J ex 0

preferab acent (or near) an erior e conduit

st ruct urweith héweyd racursdrsopuvd 1 lecatang dnto thcaundorsidedi.t.Hatoab take) oSthe @MDIr e.
Active hq%gti ng el ements include radiation emtting el enents, e.g., heat
| anps, | BOET ve heat i ng elenents, electrical heating elenents, e.g.,

resi stance h i Bl . . j r n be
both: paca veriEs rg-B el Al §ilsir b il Mol MG AN R ERE. O
condui t X1 (plaot uee),iastivaoltatieg clrtmehedlstomanses akbydustivhielamantCVp., aFegstivaB

illustrates  activel y-heat ed injector, 55 | ocated | argel.y._external to CVD
chanber TS8-S LGS Sy RP R BATIOr o put GYic ppBEcr 1565 AL (Gibs

gas- condegidm@e R abiihafin@BdnRalsiN @ohpaiké RAiMk SRBRAS, &f., hddd 14kt hRF are
enbodi mrents of the invention activel yheated gas injector 55 can be exter nal

to CVD chabdito s@tenheisingcit aldhdeqndaitistro¢terertaotharh ant eiclored tvathipshetluiZs or
input 4 1 .entering jnt he.underside (i.e. iinto the.b ).af .t he CVD
chanber WEFRLE SR ot fed BRRNTERLAS id ke opi B PR PR rPotk B Conaui «
st r uct ur@s&Nlowiig HirgughP$pilaPhlamed, @¥Wond@tihy omtR@t49fgore i BEIN todulletCHngie i ses
a conductive elenent, e.g., a resistively heated cl anp-shell| heater,

| ocat ed hegicd biy deating demePd hefasg iniectionuriond”8R chpmber. Optmmallyiysge gaset i on

. | - . ; ‘ . : ‘ ;
e, (RatHEHSEA A oRRLS ot WIS SEUEASARMSEhEIE onenpriork O
whi ch arieagpetmsieth thicscfigurshtbbd thd Actiwtticating domsek defitica highéreetperadirat i on

inwards to as-ggﬁnd.ucti ng conduit 49. In both figures, gases flow ng
t hr ough Z9BF FHPUEHARER atsa SlORIMHECR IHEFi®8ndui t 49 frominlet 39 to outlet 4

1 are heated ﬁqgsg heabiang ifh R pihaRlRER 35MhaThh B0k MR cBr SR FAMER

Optional ly, purge gases
clement. Preferably, this optional element is a passive element that serves to improve heat

transfer from active elements 31 to gas-conducting conduit 49. In the case of conductive
heating elements, passive element 35 can be a conductor that re-distributes heat to the inner
portion of conduit 49. In the case of radiant heating elements, passive element 35 can be a
black body structure, ¢.g., a rod comprising a black body material that re-radiates heat. In the
case of inductive heating elements, passive element 35 can include electrically conductive
structures that can absorb inductive energy so as to heat the gas-conducting conduits. With
optional element 35, gases in gas-conducting conduit 49 can be heated both directly by the
active heating elements and indirectly by passive element 35.

As described, thermalizing gas injectors of this embodiment, in particular injectors
such as injector 51 of Fig. 2C, can be used to inject gaseous IlI-metal precursors into a CVD
chamber for the processing of IlI-nitride compounds, in particular, for providing, a gaseous

GaClj; precursor for GaN growth according to an HVPE process. In such an application, outer

-11 -



flowi ng through outer housing 33 frominlet 43 to outlet 45 are al so heated
before injection. It is apparent fromthese figures that the active heating
el ement s wefhmeloa7iki gher tenperature zone through whi chpgagassomloows7prior to
injection. Figs. 2C-D also illustrate optional elenent 35 that can be an

active or a passive heating element. Preferably, this optional elenment is a

passive lﬂuﬁﬂg@'g gh§ldbnBRfiNEesnd &nhﬁi@@ﬁ?ef&%@l%z dohipisé gﬁar’fz[ PRGEL LBl BENLS 3
1 to gas-conducting conduit 49. In the casé of conductive heating el enents,
passi ve ajodidentut®birclackiendy stoatducproferatincomprising forichaunpls SieaB+G, e\ lNhe i nner

portion pf.conduit 49, I.n the case of radiant .heating el enents, passi.ve

b enent. A SR i Al BRSEH Do bEREMy ARG b BT e R RiE
body natsafroahdstduattz betef Belisaige® iRk capable dThcs@fetoaémpératuedsibéeyhazong

el enent s, EaSS|ve el ement 35 can include electrically conductive structures

that carfdbe®%-i nductive energy so as to heat the gas-conducting conduits.
Wth optional i +iCO i ondui . heat ed
ot h di rect |y By PRET & e PRELpbRgREs URCRAEL WA GERREHD MR GARRRDC
el ement fBbv rabsotiessally bethe drida@rofatvezalhgn@ad stom eétimias] aibid densimetrbogkrment , i n
particular injectors such as injector 5 of Fig. 2C, can be used to inject
gaseous THHIcHBHHOS ﬁl@dw_rtg&wq §fr1}4 (ot éllﬁsm_rm%ﬁe) o akieush ﬂgﬁ%ﬂl
LT -nitrg, @@0@9@%9 g%’ferah@ HeRldch 38 ahd 1 J0BCPAR,Ab P BierRatBRAREAUS, SR HiSgas

pr ecur sor rowm h according to an HVPE process. |In“such” an

appl i catmhixmyre)oquires poestangth3Gughaslet éhdutbtanngeoandg dowdwaictof 4proxmfatelsblSy
conpris artz, .Passive elenent 35 is a solid. or tubular, black bod

ot ot ord Y ar B g S serarg  Brorafauter of 6 RO AL ERVLIRR ng
el ement Gt £PNDEHSERs RBdBARGH KACInRBRE, tRE pinde K8S cartal be iidagp shel | heater,
whi ch surrounds quartz outer housing 33 and 1S capable of heating to

t enper at ures between 500 andl OO0 C. In operation, a Gad 3 precursor enters
t he i nj dIRIHERARETPRREMEBBOBEN TSIOFFHERMAIZNG GASOWJEGIaRsof usual |y on the

order of se al hundred seem/standard. cubic .centinet.re er mnute) but
oosei bl up (rohredBmES R ERRS BORCE B iR R LS M <o £ P ough
out| et Ade@crﬁied&l@ifﬁ@ﬁi@&éﬁh@&aﬁd@a@E@Meﬁc@%@@@}nccﬁ@%uﬁﬁg al@88ink-coMif\2 (or

alternatively an N2 and H2 gas m xture) purge gas enters through inlet 43
wi t h an simetwrdsrig havegesflavepashs hpiorayg craas-edapions Hasuklingredsad heyenddhose

over Pr eSae 1) n2leslEaRY A6, LEL] 080 0T bR O Sfo NOMSING AN eXi L

t hr ough SuStPetEyR%. Wl%g T PSYES Biente VTR Re' jec?or, t he &Pr%se gfa% can
al so be fheateshnd it hER P REFHRRER, VB MehEt2s %gﬁ@ﬁ%ﬁdoﬁhﬁlﬁn@é‘e‘ésd@ﬁﬁﬁ ORS

Preferred enbodi ments of the thermalizing gas injectors of this invention

ar e now the circumstances (in particular, in view of the physical layout of the chamber and associated
equipment). Accordingly, the injectors of this embodiment can be useful for gases that enter
into the CVD chamber at higher lower flow rates.

Since thermalizing gas injectors of this embodiment are useful for injecting
thermalized gases at relatively higher flow rates, when used in connection with the growth of
[I-nitride compounds, the injectors of this embodiment are more preferred for use with N
precursors, which typically enter at relatively higher flow rates, than for use with for I1I-metal
precursors, which typically enter at relatively lower flow rates. However, the injectors of this
embodiment can also be useful for gases that enter into the CVD chamber at relatively higher
flow rates.

Figs 3A-B illustrate cross-section and transverse views, respectively, of an
embodiment of the preferred thermalizing gas injectors. Conventional components include
chamber housing 71, susceptor 69, growth substrate 67, and heating elements 60. Conduit
structures 61 in this embodiment are arranged along both side sides of chamber housing 71 at

the level of the upper surface of susceptor 69. Gas enters inlet ports 75, flows within the
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descri bed that achieve increased gas residence tinmes by configuring and
sizing conduit structures to have gas flow paths that have cross-sections
t hat are woenmamerdsbeyond t hose reasonably necessary forcrhms2emended gas
flow velocities (in view of known principles of gas flow in conduits) and
that have lengths that are at |east as long as are reasonably necessary in

the cir CYRBLARERSurk ia RAkithdHA R irectidh MofWRTsidcNPal RINS &&s thBY@MEnOdr t he
chanber and associ ated equi pnent). Accordingly, the injectors of this
enbodi menerceatctwrisshdt dircft@as guisasvesastreantsér? dcnase thehwpOviurha absiscentor

hi gher | r flowrates. Si t hermal i zi n as.tnjectors of this

erodi mintonpet ey Bt GF el o ohafidfes B tug e sy SraeihIgrds gher
f1 ow ratser cléhedhtd) Hephrtitul&QBMCERSBIMPY TanddiestBlicOtd6 Ofre IshppotictahdlBeld in
conpounds, the injectors of this enbodinment are nore preferred for use with

N pr ecurtBoelambgn by fixtuppy asdinoyndn theyark herediyapienelayy Hifigdrright syppogitfedures han
for use th: -etal: . pr r ' t v I - ively
L over 11/ el ygsieloRo g B e o YRE Bl s SO ot 0
useful fa¢ sigpsasd.t Aaingdnli@rget suppoit ity Rarc badinkbeachsideedal dfited gVID gher fl ow
rates. Figs 3A-B iIIustratﬁE%{oss-section and traﬂgverse Vi ews,

r espect | SPAIPCT. BF AlFNERY ORI Sty RRPnsFeEice gan Feperdiqnze alpngsach Wikt or s.
Convent i onal O RERLrcs B¢ e 6e tﬁé} caRQUSH }%‘agsizéiz hSMSE R LB &%siv%?g% h

substrate 67 heati1 ng el enents 60. Conduit structures 6 11int
enbodi newtively deated.aAgedthaloodgt otchurss 4/8(of iFoe 2Cof conHautrbteuctiron61 pap alsdbat t he

| evel of t.h er, surface of susceptor 69, s enters inlet port ,
Tows ittty PREET h vty Bear pRERERE Somimiy Fachrs atStsR ok oot el Phe
si de Wﬁk#@woﬁﬂﬁﬁﬁébbﬁkﬁhPﬁﬁ&ﬁb@@&nﬁ%ﬁ@ﬁﬁ&nﬂ%?ﬁQ&eﬁ%ﬁb&y%@@kd@%%@ﬁ@ gas in
transverse streans 62 across the upper surface of suscéptor 69 towards

gr owt h sabgtllyair enéizly mtcddbrodgh endlor lecated wathora hdsitas! eavironinemning.gc aheatbd o

i nclude other elements, in particul.ar, outer housings. .Conduit Structures 6
o e B ha b g PR bR R b P AR ci B Sl Pl
here by £ efeabddlieitiucanre withghthe SRPOEhbbdidicht @rde? th aMprdge heat transfer
transversel y-projecting prongs (or shelves) on which the gas conducti ng

gs | .
condui t ST Eresapypermey. to Ahesqqagwi strycipiger Ferigzpapte, syckinapeveast Beasdeid each

si de wal g%q; : e 1 S .t
fixtur esth%aglfrsl Cé)lggop [ teicdrc}%e ﬁdg%at%é%%& \%gfol 4%%)%{111%{1&{5ﬁ?rﬁlc‘“{ﬂgfé%gﬁée%ﬁﬁgﬁjﬁ be
act i vel yandeat&tiate dic gpacded béayt thehatcedduitstrieatrlh passi vel y and actively
heated. As wi th coaﬁyit struct%%es 47 (of Fi conduit strucfures 6 1

can al so be ddgi¥/biNpshaiar Berswy %tdwaﬁeh@%%gétﬁ%gé@wwréwﬁ@ 1SS Gt ar e

o0 et Rk S O A} D ey B 2
that extend across the CVD chamber (thus, also improving heat transfer to the susceptor).
Fig. 3B illustrates multiple plates 65 positioned along the chamber so as to cover a substantial
fraction of both gas conduits 61. Note that the gaps illustrated between plates 65 are for
clarity only as normally these plates would be adjacent to each other. Alternatively, gas-
conducting conduits 61 can be placed below plates 65, or plates 65 can extend only over only
conduits 61 leaving the centre portion of the chamber exposed to the heat lamps.

Embodiments of the thermalizing gas injectors of this embodiment can inject gas with

flow patterns different from the transverse flow patterns illustrated in Figs. 3A-B. For
example, Fig. 3C illustrates an embodiment in which gas-conducting conduits 61 are further
configured to have outlet ports 76 that inject gases in longitudinal directions parallel to gas
flows 63. Gas-conducting conduits 61 of Fig.3C can be provided with further outlet ports, as

in Figs. 3A-B, for injecting gases in transverse flows. Gases can be injected in further flow

patterns by providing appropriate outlet ports as will be apparent to one of ordinary skill in the
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partially or entirely routed through and/or | ocated within a heated
environnent, e.g., a heated CVD chanber. Al so, passive heat transfer neans
are prefavabkbyw/@msasci ated with a portion (or all) of thecrarsduion24trsuct ure
wi thin the heated enbodinent in order to inprove heat transfer fromthe
environnment to the conduit structures. For exanple, such passive heat

transf ery-TeaRgheLAbERRRALs $En RaRd cﬁlg)}(a Biagdy (B &righl) HQ-BRdi@ngRsRIU d1adiAat i on
from chanber heat |anps and re-radi ate the absorbed heat to the conduit

st r uct uripjecRlifferegpseicondigasentheaughassh olethhgae iltustatsfl gps-perinstingenndints lande one
or rmresglrfeltﬁas 65 that are supported above the conduit structures on the
upper pr 8% ‘of exenplary fixtures 73 and that extend across the CVD

chanber (t husGasadonduétigroomiiiigs dfekit chibodisicar arePréBRLBUEBEREAN fromMog- 3B
illustrates multiple plates 65 positioned along the chanber so as to cover

a subst dnetplaic natereals Bat af cersble of auithstndingtte bieh tappaatuacorewvgaps

illustr S. . | r Y, e, bl ates
woul'd. benShoREHE SR BLA Gy e Aot BEofLRN VBT ds, L0 IR ehdEs Tyl &' ¢
candb_et phgd?dle b&le@ﬂnpltiﬁbﬁlsti@'tﬁwithIprqmlu_ﬁsbegaf5§eﬁpd€bizﬁb§t nglmﬂ).oAlpyefeigecE swthl y hont
conaul ts eavi ng e ce e portiron O e chanpner exposed 10 1tnhe nhea
| anps. ERHEHFEAPESSIIURHE ?H%L%IF Ig%éwa@agrqfﬁﬁ@&cem@ﬂéq m@%ﬂglwﬁb@ga‘am can

i nj ect LV I g j r.ent g f erns
1] st r el e GRInRT) bR T R R B e e e
i N whi clrogasive omduomianes. defdued sudh Matarids fnchtdeek NG 81 agliB&d (dnoishavyeodut | et

ports 7 t i nj ases.in longitudinal directions parallel to gas flows
63. Gas%c%gﬁt?c?t Fﬁfg{?%ﬁr&%ﬁeﬁ@%& of Fig.3C can be provided with further
outlet ports,pigfhet, Iddd@duit ItadRurel Ad paAkiO6 hbDGr-MSRE Mkl 4k BRINEPISRidH ANE -
Gases can be injected in further flow patterns by providing appfopriate

out | et ponfigurad imiicv e rappaitas§iVID shamecrs timt diayanay bs kithhgadrvithe grat .
Further enbodi nents, can have on a single (left or right - conducti ng
Conantt GIMBEL TR SRRy B e el ATOE ot “Hiis Bl gt Bilahor S AR REEHEE

i |1 ustrabbet tBaset ARAMS hih@thei0dodiitsd c@nporatst Qdebrdifghp -difadiCdpesificcondui ts
of this enbodinent are preferably fabricated fromnnonnetallic materials

that ar emhodipes of thaithanmalkiziag a8 Niestons ¢ heersd rad Gprfigusest fodyi ajnged
envi r onnent. | [ ' j r.afl 3 e.g.,
FRVPE oD ALy GARARG BnfolRed PYEL LRl BT RINAR, (Y RBREMAL B ° 2es
(especi dhjeytordNHagtratedAinHigfy-Cedhvs bedn sirddeanidaon figurpd tsesarepnged i anhe bl ack
body plates preferably conprise materials w ttQ%hi h em ssivity val ues

t

(ol bse. BTyt Ferling (Y12 b & 66 b PR maRes Rg™ s hcHhn

tenperature, (ofLASE YR iRRVCE AMFRPSdindl RIS BImSHRPoMR LA RhShE BFdneds ALN,

Si C and B4C (em Ssivity ‘of
end (bottom in Figs. 3B-C) of CVD chamber 71 and flow towards the susceptor. Although
not specifically illustrated, the upstream injectors can be one or more of the injectors of the
embodiments of Figs. 2A-D. Second gases enter thermalizing gas injectors 61 of this
embodiment through inlet ports 75 (external to the chamber 71), and flow within larger cross-
section gas-conducting conduits 61. In the case of Fig. 3B, gases are injected through a
plurality of outlet ports in a plurality of transverse streams flowing from both sidewalls
towards the susceptor; and in the case of Fig. 3C, second gases are injected in two longitudinal
streams flowing towards the susceptor. First and second gases meet and react over the
susceptor, and spent gases exit through exhaust 64. Gas-conducting conduits 61 have been
sized and configured to be arranged largely against the walls of chamber 71 so as not to
interfere with the susceptor and other components.

Also in the case of Fig. 3B, specifics of the pattern of transverse flows 62 can be

readily controlled by, e.g., differences in the sizes of the outlet ports. The larger cross-
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0.98, 0.92, and 0.92, respectively). Further, the conduit structures and
passi ve heat-transfer neans are preferably sized and configured in view of
a parti cuweno@dimlanber so that they can be arranged wpChius2dalomab43chanber
so as not to interfere with the operation of, e.g., existing gas injectors,
t he susceptor, robot transfer neans, and other associ ated conponents.

Accor di ngbtons&if lifaefc@d?t o RRUhE G RIFREANTRYIS altfoukh]elbhied Pﬁhﬂaﬁgﬂa i8&Sase
d within dif

i njectors can be sized and configured to be arranged ferently

si zed arthe sorfehguited a@VBb sHandspbing-agat &xanthe ehambgr inthaenralsp pemeyt thagas-
injectors illustrated. in Fi 3A- C have been size nd configured to be
o+ angodoPiieis RRLEE 4 e Bl BRER PR B BRSPS PSS e
manner ngwokas tnichest. th&tdriluitg aB@Sexampld, M tR€b@tbt ipbrts SR bimelianaizef,| ow 63 from
injectors located at the upstreamend (bottomin Figs. 3B-C) of CVD chanber

1 and f |tERSYBailerEs eheandigslengitusinal lyunHetnghvinb if let pats age pf vargingat ed,
the upstyr L0 . nore of the injectors of the
enbodi nesﬁlzt%grﬂé% Hﬁ%égg?ﬂ%gmgg%géﬁm ases enter thermalizing gas injectors 6
1 of this enhadidgeribed, theauglivihggatinfototsof this awbbeainmmk, ih Qaitiselac gedoas 71) ,
and flow wi.thin | arger crosssection gas-conducting conduits 61, In the case
of Fig. “gpfigysd é’émii’luﬂé( P HiecelE ?frﬁlgﬁéﬁrg, # ausp@%a VG RO D RISCYTIPTS
pluralit; f : hing;:f: is | -t he
it CVDARSMBESor e I‘%?g%lsﬁglé 82%5‘%1&1&9 & Jﬁd§, il ?MIC{I].%I thgf‘t e@ﬁgﬁln{

susceptor; and in the case , second gases are injé int

| ongi t udVHafor $tatNegnos/th havaidigg toommald U B Etpnecess sideptichr appiicatins aged-coedantislggases
meet and react, over, the susceptor, and spen ases exit through exhaust 64.
Gae: condERTTAS IR ICEd SO FRbs | SEER SiiDatL4R0" ORGP T00B8 ar r anged

| argel y peRidbSt cdifisdRiubigz, afc GPBTRET withih (BOCIRMIRPbelb® (BR&BAERT Sookes Blatihe
susceptor and ‘ot her conponents. Also in the case of Fig. 3B, "specifics of

t he pat thedy pitestryafirgvess 98 ahd bovs @8 optet RBan theavdrinity o6 terupipbesiirfags okthg. |

di fferences jn. the,sizes of the,putlet. ports. The | argqer,.crqgsssections of
i anet ergeap 58 a5R uEETe Rt o Ay ol s BBl HRRR BRI

I ncr easeohfpeisé SRI, AR AcAINI me avail able for absorbing heat fromthe chanber
interior, also permt theﬁztgascon‘ducti ng conduits to act as pl enum chanbers

t hat appr oxi HBOEPiptiay N sdery she igicsts threugtainkh goxthed pefiyy Fteoft el Sbhdiui t s.
F ] : i ' fl 62
can be. 10MS opr biafy 9 LY SRRThRLADAN: FUEATTHEAES o JERRNELRE, || T8

Si zes, tdoadtitsatisare t@atctlinvig vdanitpef Macypterdn9. Adhedddcisihbadd by heatrnkfzirad gas

injectors of this enbadi t..in partigg{Lr i hjector onfigured simlarly
Lo i nj edfah s heefd imeger orne BV I gt sk fomaibmirn Bobalauieh e gt sor &
by external lamp sources 60 situated above (and below) the quartz reactor housing 71. The
NHj; is preferably heated to a temperature of at least 600 °C prior to entry in the reaction

chamber.

FURTHER PREFERRED EMBODIMENTS OF THERMALIZING GAS INJECTORS

Preferred embodiments of the thermalizing gas injectors of this invention are now
described that, as well as achieving some degree of thermalization due to increased gas
residence times, inject one or more gas streams in separate longitudinal gas flows with
controlled transverse spatial distribution. In particular, the spatial distribution of at least one
longitudinal gas stream is controlled to be transversely largely uniform across a width that is a
significant portion of the diameter of the susceptor. Spatial distributions can also be
controlled so that different gases do not prematurely mix, or change temperatures, or
chemically interact. Injectors of this embodiment are referred to herein as 'visor'-type

injectors, or as 'visor' injectors, or as 'visors'.
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into a CV/D chanber for the processing of Ill-nitride conpounds, in
particular, for providing NH3 for GaN grow h according to an HVPE process.
For such wppbiocmiiiens, gas-conducting conduits 6 1 can IlpeTdiSz@d/ot430am about
1 cmto 2 cmto 2.5 cm (and sizes there between), preferably conprise
quartz, are supported within the chanber below (alternately, above) bl ack

body plates hyyrfekahpices tl?@ca@@@fglg)‘éﬁh gaﬁl-aﬂﬁh@&mﬁgodna?,t\hg%rl\vﬂjeétaﬂstomﬁé the

upper surface of the susceptor The injectors preferably conprise

quart z; carwdpagyiaveustBdtomyicplizg Bbprecetser gdstsy NopwpurseregagisCandadge aasss. | n
operatign, NH3 enters.t.hetinjte.ctO{ t hrough inl et @or%sﬂg at flngfw rates of
1 - 3 SUMPHTITohEs Y NP E CHICE B Stapr Farets WOUfH Beaigeh Yueq™ He
out | et s tehsgrse AARHYE hirdG LRMIMHaSIsG slgmfi€nt peRLAGS tHe difiBetyd 6fithéty Of
susceptor 69. The NH3 is heated by heat transferred fromthe heated

i nt er i orsuggeptdie TwDag Higrfegepion dotpicorinsprovih aybsyatep pilh hate alarashy wrbormeat ed
by exteré%gésdr%gmﬁoﬁgrﬂ%e egl%(%‘t uated above (and bel ow) the quartz reactor

housi ng preferably heated to a tenperature of at |east 600
C prior to erEhepteinn"difreficaapbdition of ftardusteptdrURiidnR s R ERREth EMBOPL MRS OF
THERMALI ZI NG GAS | NJECTORS, Pref erred. enbodi nents of the thernmalizin as
i nj ect orBe%p thagfhe gas flom (ap Hugated HYWW ittt pigBigartareading) Gan ea S“ééﬁ?‘%\?%ng
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one or re gas strea in separate |ongitudi nal gas ows Wt ntrol | ed
t r ansverts ¢hesgatflost. Sinst a susu¢ptamusublly meates iowparation,helosgiaitdizdl fldwsthat dxteniden  of

at | east one Jongiiudi nal gas stre is controlled to be . transverse
PRGNt e B Rt R AR A

di amet eracffss hhﬁgﬁi%%%%ﬁion oIRE LidbefldiSt M biPEEDIGaThe ToWoeighds ABlosPAtl ed so
that different gases do not prematurely m x, or change tenperatures, or

cheni callrast bhitoep®i’, drmjee wbths ddmethi of therbsdéntentEvenenere peafereblyt wherer ei n as
"visor' stype injectors. or. as _'&isor' injgector or 'visors' ..For

exanpl e, e oRERuRRE gy o fow rtendsphmintall shor e 281t 4 BEEr s of
t hi s enbpodite@mtlasict wEfiml' nicans haf @BtveR@itlek hwifdr @€ Ab&OfargBs &Ss thidh Ab&aUr sor
gases, ang pur ge gases. IQ particular, a gisor injector can inject a

pr ecur s o 7y 8% &S tHnbeptAnp.10adesp shanabgel 35 %ni form in a transverse direction

201000 3, SRkl ey AL B O LR LB AT 1)
a | ar gelgncouragothmeritingpus titd theaolectoll 1dnpgtupinelcdistsibuisonsT e phreicmar, aivigorf | cant
portion t%];e itnjhe%tosrllllgg Stpltea(l)sr‘é ;I’le mfe? pgrst %vqthhaetgra?nisgerisen WE(RE thaétt) %Vaesiglgplgaei\l)‘g &)’ortion of

the susceptor, ¢.g., a transverse width that is about one-half or more of the susceptor diameter

(a'wide' outlet port). Other outlet ports (‘narrow' outlet ports) are typically narrower in order

to inject gases in more restricted flows (e.g., such as flows that would be injected through

outlet ports configured similarly to outlet ports 76 of Fig. 3C). Conveniently and preferably,

the vertical extents of wide outlet ports are less than (or much less than) that their transverse

extents so that these outlets can be considered to have an, ¢.g., 'flattened’ shape. Narrow outlet

ports can have comparable transverse horizontal and vertical extents.

Outlet ports with larger transverse extent and smaller vertical extent can be

conveniently accommodated by fabricating visor-type injectors from planar materials to have

a planar shape. Outlet ports are preferably along a transverse edge of the planar shape, inlet

ports can preferably be in the body or along an opposite transverse edge, and channels within

the planar shape link inlet and outlet ports. Ports and channels (or grooves or cut-outs) can

readily be fabricated in a first planar material by, e.g., etching, or machining, or ablating, or

the like, and then by sealing the open channels with a second planar material. In other
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means that the gas flow (as injected and w thout significant spreading) can
reach sufficient all portions of the susceptor so that all growth

subst r at evocarwioetist her eon can be directly exposed to tireTgssomlooisr4 Si nce a
susceptor usually rotates in operation, a longitudinal flow that extends
across at | east about one-half or nore of the dianeter of the susceptor

wi il be dnioaghontd r&haﬁfem @R R FSbritatcd 8t dd iR BBEh RO mt(aﬁd dcohdl BlaSHERHI, -
More preferably, the flow extends across at |east 65% or 80% or nore of
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B e abl dhe Tt nGesron R Ghe B A ke o Lo Oy IEGRrERI 91 o ePBHBNG 5.
A Pref e e SHERnRL efibaling RoRlifhdfowd R Ak bR PRIAE 6 mmdiirlngs AN
Si C and B4C can al'so be used. Preferabl he channel " linking the w
out | et puoidening uhtili it Bas(om@anseverserortedt cqnalgo thaopt othes port 89. Gas-conducting
conduit 85 links inlet port 93 (not visible in this figure) to both outlet ports 99. This conduit is
configured to have two arms ending in the outlet ports and a central portion linking the arms
with the inlet port and sized to have a largely constant and relatively narrow cross-sectional
size. This conduit lies outside of (and does not intersecting with) conduit 97. In this visor-
type injector, the ports and channels are in bottom planar material 105 and are sealed by top
planar material 103 both of which preferably comprise quartz.
Fig. 4B illustrates another exemplary visor-type injector with two relatively wide and
laterally-located outlet ports 117 and 123 and a single relatively narrow and centrally-located
outlet port. Gas conducting conduit 115 links inlet port 113 to outlet port 117 and has a shape
with one straight side wall and one curvilinear side wall so that its transverse extent which
increases more rapidly in the vicinity of inlet port 113 and more slowly in the vicinity of outlet

port 117. Gas conducting conduit 121 which links inlet port 119 to outlet port 123 has a
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an increasing transverse extent, relatively narrowin the vicinity of the
inlet port and increasing gradually until it matches the transverse extent
of its owvbeaviopoitis I n various enbodi ments, such increagcmgisehannsis can
have different shapes with differently configured side walls. For exanple,
such a channel with linear side walls can have a 'wedge-|ike' shape;

al ter na?siilﬁﬁér{bw thitrof WnYkd iH&?@.r V%h%'tb?et@ﬂ%tﬁt&@@%ﬁihit%ﬂe De&te Bat can
"bell-like" (convex sidewalls) or 'nozzlie-like' shape (concave sidewalls).
Gener al 1bg, considereth inondk-lkhapes-ametlugang couhiti Igddiaks ovetpart 138 vt matoadr

according,to t rinciples of fluid flow so that the flow injected through
the_out 1EPEtrl R FEaS cparditarr SR8 R | "Fr anever seuni form Ly,
Channel s |'i nikiiggtMaKnsexe oMt it vipRoff shet énbidd@héntiofliFat. 4BoaiEddadhshanstiat a

| argely constant cross sectional size. Figs. 4A-Cillustrate exenplary

enbodi nmeftos-type ipjostor canypefabrpeed Hpm hgterpgawewnateyials o Aierg it eantieptso A

arrange i de. s Fi 4A 1] | e i
i nj ect o%otdﬁ%eswﬁgﬁg\%gdgﬁéemaﬁa gt {%lcpég fg%b%ﬁﬂééﬁ%gb{‘%ggn&%tp\?\%{ *harr ow
out | et posttiSalPPefbadht @angrates blabbddg npoerial89. The solid arrows indicate gas

flows that could be injected.through these ports. Gas-conducting conduit 97
li nks inl et s ectedPyoyipqrdpicHgry 2 g oreAsiably dacrmatiesde 1n spgpe ﬁ@aa%manéea

shape, SxlERAINGLIRMARBHE QRS AREXDALUPBARnidNE RSPl Blao L _and

linearly w I nNg unti S a transverse extent equ out | et
port 89.thfGagh ecmsiory imeptasdgli inj@%oré sinkkr inthetmpodimeds |fitags. 2AsD ok €igsn t hi s
figure) 1o th tlet ports 99.. This condujt is configured to have, two

ar o endATG- 1h PrsT o B 5BV sai N BBITS BB g T R0t e Vbt i ¢ h
the inl eherflibc, amdctsd 28dst Qcﬁ@é’l@e_aﬁn% asidebytreROShaRIcnAL i§ Rlsdpic¥@lad @as r ow
cross-sectional size. This conduit Ties outside of (and does not

i nt er sedp iangnjegtor's) largsricmbergzextdn). t hi s vi sortype injector, the ports and

channel s are jn botto | anar .naterial 105 and are,seal ed,by.taop.pl
mterial 103 WoerPoe A o ROpla RSt fos g BT Y Bhning R iR S e
anot her B%@BPH. aXlyo hé Rkrdei@etimey efdatds iletiad tdugietalel otelbypoMsden aad

| ateral ly- located outlet ports 117 and 123 and a single relatively narrow
and centipgrspd (dge f dagrasstd sieragsiilow wlacitesn do dertisylasgs @ases flopsfrpmmks i nl et

port 11 ?lhﬁﬂ i ope: i .S | and
one cur \?/i}aﬁaﬁlgg?érg?%ga{wglpéltévg é‘?’a ?%ﬂja r angevxeﬂfaégelé@?gﬁoweggﬁn?gn%?gg@es

nmor e r aghdbypartisohhe gydesiinjedtyd hioughl aathaped] of htJame denpgoit Butooshnt crekst he
vicinity of outlet paort 117. s. conducting conduit 121 which |inks inlet
port 119°¢Prg %HZ%tF‘HgW’ pEsav Rlack Spdy plgmenty gan P#Odfd-leﬁr%g@r%aﬁ% gat transfer

Vi sual i z6¢ vﬁs%ﬂ%&%j’ecggt SUMLERY l&"d?l@%‘l@rﬁen‘?saél’a% b% Sﬂaﬂrd}“tﬁé"i%}ecfofi‘ %% gﬁlvsmﬁfﬁ’tﬁ& ifer ed

"nozzl e-1ike' s-conducting conduit 127 lin I nl et port

nar r onerFigiAQ.eAlsposimiladP taetticthagcwrd eff thsliyvantinsttdatk dyphatseanibepadvidédze.
exterior but adjacent to a visor-type injector.

Fig. 5 illustrates a combination of an exemplary CVD chamber 111 with several of the
thermalizing gas injectors of this invention, especially with visor-type injectors, cooperating to
inject thermalized gases necessary for a certain CVD process. Here, visor-type injector 82,
similar to the embodiment illustrated in Fig. 4A, is positioned in the upstream end of chamber
111, and injects first and second gas flows: first gas flow 89 is largely uniform in a transverse
direction across a width that is a significant portion of the diameter of susceptor 84; and
second gas flows 99 are lateral to the sides of flow 89 and of limited transverse extent.

Both the first and second gas flows are thermalized. Visor-type injector 82 receives
gas flows 108 from external sources that have already been thermalized by passage through
injectors 83 that are similar to the injector described with reference to Figs. 2C-D. Injectors

83 are actively heated and are located largely external to chamber 111. Visor-type injector 82
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Fig. 4Cillustrates an end view of the enbodi rent of Fig. 4B, and
denonstrates that a visor-type injector can be fabricated from

het er ogerwousiommiAasi al s. Here, in contrast to the enbodiPoEruS2@i/oBi3gs 2A,
bottom pl anar material preferably conprises quartz, and top planar materi al
preferably conprises a blackbody material. Gases injected by visor

I nj ect ori§ |RARJRViBiLERPIDEr I DESERIchE Bfthel heBRNE RARAY IR IFectRnY IGiRbnAlY PE
i njector can receive gases that have al ready been thermalized by prior

passage W#nkdwghi piatese9dindidatgdefot olpgty e dgshedionflincd aregprevided zdjaceot toliejector

enbodi ts.of Figs. .2A- r Figs,. 3A-C _.ln.preferred enbodi nents, visor

" ect ord Gi@bak AR €55 Pop bREh R R e R R SF  her i v,

i nj ect ed gasephe cdaibingionadbiingudtsiingctextgiasingat to@e eljedtBRidesdribell 85t
preferred (due to an injector's |large transverse extent). Mbore ggeferably,
vi sor i fAptEmse fo Bign 3@%%)&% pigdloyitinaed latpry o Bescapfopdhatrdiiachi te the ado

chamber -wﬁigso?zchérﬂﬁerrlqzi %%'lﬁfe& thﬂﬁ %a?ho%gg?ﬁl 4 {}Ll%%r%&‘é‘ dfr {t%‘d g outl et
pOI’tS can e | NnCrease ue (6] ecrease aver age flow velocities. In
parti culchtmbaswgaste snfl hanosd suscapeorrtdl rawes eparlowetahokaskeled ilengtudmah W der

part of the channel, their flow velocities decrease ipn cqonparison to gases
i nj ect edttHPYIRGA dsPEe RN the pizehel stRrese] dhdowlst PRSP RAvCEPHYs dFi onal

si ze. F;érﬁ;tgﬁhgfe’, (HRABLVSortsRhASK A&l SIEM s8b L Exﬁn%{)eg&éiﬁiﬁ% d7%:L R ease

heat tr r to a visor-type injector. Such y el enments can be
part of subgantnillgcindorragcrobd usgniicad portidai of thed@scllitao, simlarly to ot her

injectors of this invention,, black., bo ates can pbe_provid xterior but
ha soent to e SV LR ER harfet 181 % Bt i BEB G B on of an

exenpl ariyjcda. chHRRar bladid bydyt Dlate e YSY @b prbviddieadiienimlinjgtbs das impicket ors of
this invention, especially with visor-type injectors, cooperating to inject
t her mal ihcedtrapaéos Sromethe shamyerfto theavismsrtypd mjaCD pr ocess. Here, visor-type
injector 82, .si.mlar. to t diment jllustrated in.Fig. 4A., .S .

posi 11 oned | e Tfne P htrd B b R AR it Fysaiabc ond
gas fl ovai bbiukstl @ase.d.| @poSi8oh S [1Bh@EHy mdfbRI Epedlally GaRNSYRHEg tdhnect i on
across a width that is a significant portion of the diameter of susceptor

84;: and B¥BEmEgss Har i dapogitiany ges dlosys S sopldecosingiss gateons Gok-BazasAle vt

limted [SE.- n t i

t her mal i§z7(ra ﬂﬁt/fieosn?}? lstg ;ﬁp% ’ %%(11 ggcf:gtﬂobrV$ gg Cédélé 2%’%@@%3‘?‘??%%% %%@319@% nl? 6et§t er nal

tsﬁu : ces Iirmltrs_o:n@u&tsafe:iﬁ@d@dﬁﬁﬁ{ﬂpéﬂpgﬁdiﬁll@rﬁcﬁfbcﬁgﬁ:sﬁﬁﬁb&gf ehetthtre)lta@'l:j mji&ﬁmzc':né 83
at are simlar to the injec escribeqd w reference to gs. - D.

| nj ect orastr%lﬁ"%r?%d’é?ﬁ“%éFﬁ?S%%%(g{‘J that i %%1%“186%11’8’6@“ &éq ‘i‘a@ﬁ'&eé? SCqPEPT

chanber ghll.g y]lﬁggggy%ge%ﬁggegrfoﬁ%i@ugg&@g@eg wi thin chanber 111 so it can
further thernali Ze gases before Injection. Optional
Different combinations of the injectors of this invention can be arranged to inject gas

flows in the other selected patterns.

Although specific features of the invention are shown in some drawings and not in
others, this is for convenience only as each feature may be combined with any or all of the
other features in accordance with the invention. The words "including”, "comprising",
"having", and "with" as used herein are to be interpreted broadly and comprehensively and are
not limited to any physical interconnection. The articles "a" or "an" or the like are also to be
interpreted broadly and comprehensively as referring to both the singular and the plural.
Moreover, any embodiments disclosed in the subject application are not to be taken as the

only possible embodiments. Other embodiments will occur to those skilled in the art and are

within the following claims.
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bl ack body plates 109 (indicated for clarity in dashed outline) are

provi ded adjacent to injector 8 1 to inprove heat transfer fromthe chanber
to the viwonetoperisnj ector. The conbi nati on al so i ncl udesTiusp@oies3s4 81
simlar to the injectors described with reference to Figs. 3A-B, that are
positioned lateral to susceptor 84 and adjacent to the side walls of
chanmber 111, and inject third gas TH¥eLAfTM$ a transverse direction from
both chanber walls to and across susceptor 84. Transverse flows can have
sel ected | ongitudinal distributions depending on the sizes of structures of
t he out |Whatpscksnédiom i njectors 81. For exanple, the outlet ports can be
configured and sized so that transverse flows 87 are also substantially

uni form across a significant portion of the susceptor. Injectors 8 1 are

| ocated wi thijn chageyinjcbibr36r HRSES: £ABs Mo h ORIIMBIhkARG] DEIRF BepdiitRES 1 on.
Opti onal bl ack bogggpla es 109 g%eﬁ%govided adfggtnt to ?%jecgzrs 851 to

i mpr ove dhembert qomretsere: f rom t he chanber to the visor-type injector. This

conbi nati on of CVD chanmber and.the thermalizin s in tors..of thi.

Cvent foncart B8 QuERTRE ERpRRCIoL 0o IR IR SO Ty Pl TFIoRE ifteahl s

especi alfrom @abs AtaPoetiteant or Mbrd-dDdbupéqeess. For GaN deposition, gas flows

89 coul d conprise gaseous GaCl 3, gas flows 87 could conprise NH3, andg?as
e

flow 99 coul PrEé@PIIrssemengaidec giscoaderingsopguit Bbens cpelescsmest isgasegirad e

I nj ect e%rfs{z%mdfpﬁlrc%%ped KA e EﬁSﬁ%}fﬁ% chH%Ji! B%mgﬁﬁéonf%‘%hé SARhuigni form in
a transverse direction across a w that 1s a significant portion of the
di amet erscgieistsl e ptcatot Setcordiparal gndrsgedgasl can be injected for various

pur poses. Different conbinatjons of the injectors of this invention can be
arranged to ilPERE Mgans afﬂraaa%@[ @ﬂﬂe@fht@e SR ek MK WEMERs 65%116&3?1'90“‘;(!0{1%% h

SpECifi%05&%%&hﬁ?g%&s%ﬂﬁxﬁ?&&ﬂ%h&@?ﬂﬁ%hsho“n in sone drawi ngs and not in

others, this Is conveni ence only as each feature may be conbined with
any or all of the other features in accordance with the invention. The
words "includjng”,."conprising', ."having', and "with" as ysed herein are to
o {nt er pr et oh br MU SSRGS oS hOain 8 Rir-sttidbing SR Gem By

physi calqyaptp er connection. The articles "a" or "an" or the like are also to
be interpreted broadly and conprehensively as referring to both the
singul ar and the plural. Mreover, any enbodi ments disclosed in the subject

application en to be tak as the anl ossible e dinents. O her
erbodt ments w1 opteus PReo RS a R | PBaRe RER T SnS RS T Bhses e
fol | ow ngaeta@@ b clifbdel MdMBherein the gas-conducting conduit is arranged so as to receive

heat from the CVD chamber.

4. The gas injector of claim 1 wherein the heating means further comprises one or
more heat-producing elements, and wherein the gas-conducting conduit is arranged so as to

receive heat from the heat producing elements.

5. The gas injector of claim 1 wherein at least one selected segment is configured
to have a longer gas flow path and an increased gas flow time at substantially similar gas flow

velocities.
6. The gas injector of claim 5 wherein the gas-conducting conduit comprises

gases flowing within that include a Group I1I-metal precursor for growth of a Group IlI-nitride

semiconductor in the CVD chamber.
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What is clainmed is: 1. A gas injector for injecting gases into a C/D

(chem cal vapour deposition) chanber conprising: a gas-conducting conduit
for conveyongiogasas al ong a fl ow path through the conduipcTiuseomm24as i nl et
port to one or nore gas outlet ports; one or nore segnents of the
gas-conducti ng conduit where each segnent is configured or sized to
I'ncrease gaS’f'OWVHEWEREBEQPQQmSb%&&Rﬂ@ﬂk%ek@&&@&ﬁﬁ&h@?ﬁf&@g&h&nﬁ%@ﬁﬁ?ndu't
segnents that are not 'so configured and sized; and heati ng means arranged

t o heat dohduibpempuscrospirgddikeshers. of the gas-conducting conduit as the gases
are conveyed therethrough. 2. The gas injector of claim1l wherein the
gas-conducting conduit conprises quartz. 3. The gas injector of claiml
wherei n the fgati MhdTRRO®: bESILMET [GEPCoHBPHsiAg beateHhiohiah eficloRRd
wherein the gas-conducting conduit is arranged so as to receive heat from
t he CVD ReHasdof the spimkshyaed pegment. 9pd stherdimfhe heaipeelements histhee sempi@seneans
further GORRLIGESaANENSi nERES MERLALRINT LAS, BLETERS fie oFRFLIMELE N the
gas-conducting conduit 1s arranged sO as to receive heat Trom the heat
produci ng el ements. 5. The gas injector of claiml wherein at |east one

sel ected segnent i s configured to have a |onger gas flqw path and

i ncreased gas-fl ow hqg%éna?ct%rtﬂfsf@aaﬁﬂ \é{ﬁ?ﬁ?l@ﬁgw&mg@@? flawer/é@raem%qae ackg

The gas i [y i . i i . ses
g Ho&l}f%fetrﬂ%ﬁlt ﬁ)ifcat%h il G ghgu%ﬁ?b&ae%fe?&w&ﬁ]] sgﬂalgs‘ﬂrglgé(-)ﬂfrstegﬁlgfm&

gases flowng wthin that 1 nclu oup I1l-nmeta recu or growth of
a G oup dnhhnomg Ihdatl eassderi foom theotxoarior hedths D gabantdictidg cdivwiti nj ect or  of
claim5 wherein the sel ected segnent(s) of the gas-conducting conduit
conprises a spiral-like shape. 8. The injector of claim7 further

conpri sing anout erphchay $ijfdoMdt FmeNehasasthoshier Réustld fufthert ddenpiREd #fasshaped
segnent, and wherein the heating elenents further conprise one or nore

cl anp- shelet péreands gasayutlghpret asst tseiuitber condigadi anépized so thakgases ean thousi ng. 9.
The gas in the ans further conprise a

i nj ector. of .claim.7 wher Feat'n
ol ack balgER SnterSudodlion VR Hethaa B abEMd SRR 50t “external o the
spiral -shaped segnent for
11.  The gas injector of claim 1 wherein at least one selected segment is configured
to have a gas flow path with a larger cross-section size and increased gas flow times at smaller

gas flow velocities.

12.  The gas injector of claim 11 wherein the gas-conducting conduit comprises
gases flowing within that include a nitrogen precursor for growth of a Group II-nitride

semiconductor in the CVD chamber.

13.  The gas injector of claim 11 wherein the larger segment has a substantially

constant, larger, cross section size.

14.  The gas injector of claim 11 wherein the heating means further comprises a
heated CVD chamber, and wherein the larger segment is configured and sized to be arranged
interior to the CVD chamber, along a longitudinal interior wall of the chamber, with a
plurality of outlet ports arranged so that gas flows are directed from the lateral wall towards

the center of the chamber.
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enhanci ng heat transfer fromthe exterior heaters to the gas-conducting
conduit. 10. The gas injector of claim?7 wherein the outer housing further
conpri seswa 2gesioimiset port and a gas outlet port, and i ecirasthen2senti gured
and sized so that gases can flow through the inner housing fromthe inlet
port to the and outlet port. 11. The gas injector of claim1l wherein at

| east one selgect edriRe@EatctbSofa®fl OUNEGciQhdIErdSs-&clas sikt OnhRMBe th a

| arger cross-section sizé and increased gas flowtines at smaller gas flow
vel oci t isegmentRrow krgradronn preapasrsedfonciowiards hibaghsactpm whies thassemmtiopans ng
conduit .co [,.Se ses flowwng within that include a nitrogen precursor
for groﬁfﬁ?r%(?V? %ﬁ%ﬁﬁﬂ I1-nitride sem conductor in the CVD chanber. 13. The
gas injector of claim1l wherein the |larger segnent has a substantially
constant, larger, cross section size. 14. The gas injector of claim1l

wher ei n t he hi®at i nrerisa iy eqter effrdrimclonyshersiaseagestaating WD gtszaepductingnd

wher ei n . g trpyd i 4 . i i or
o the OBt SR SRR FoGOM I AIP U EPE AR e R IRARMINGT 0,
a pl ur alihthe OVDadhialdtr.ports arranged so that gas flows are directed from

the lateral wall towards the center of the chanber.15. The gas injector of
claim 11l wherein the cross-section size of the | arger segnent grows | arger

froman apex sect AR LOWAEAS: & RS SERLEAMINELS LR EIBALCSARRRRL Nt 0. @

CvD chanber . The gas I nj ector of aim1 erein gase 'ow ng within
gas- condchepddndpanmah duthin € plpan sectardtioupeddelshaptdadhapned havisgr réletivady owmt h of a
Goup Ill-nitride sem conductor in the. ch er. 17. .-The gas,injector of
ol a1 m 1EGREEEHFORE P Erar bah e FTAGT LBAE e ayUEA g RHHAISR ¢ ni n
a pl anarin®tthsChy EhantRe angdRepiahaRedcaRaNe shdakl M erti@l a&é&ﬁhmna@drg&wer
apex with a gas inlet port and a relatively broader base with a firs

out | et tihattrappenss dirgcdon.he CVD chanmber, and the planar structure being
shorter in a vertical direction and larger in a transverse direction. 18.
The gas injector of claim17 further conprising at | east one second

gasconduct i ngschanmgl gab higéctelastclaimt 17 faktes@etprishe abdgeohaped glhannel ,
that has a second gas inlet port, that has a substantiall ){1 const ant
cr oss- s€epfletingchanmchihgt depamohimécrensethervedgeshansd ghannel, that’has a second gas

inlet port, that has a substantially constant cross-section size, and that has one or more second

outlets that opens into a CVD chamber laterally to the outlet of the wedge-shaped channel.

19.  The gas injector of claim 17 wherein the heating means further comprises a
heated CVD chamber, and wherein the planar structure is configured and sized to be arranged
interior to the CVD chamber along the upstream transverse wall and is arranged to direct gas

flows in a downstream direction.

20. A CVD (chemical vapour deposition) system comprising:

CVD chamber having an upstream and a downstream transverse walls and two longer
longitudinal walls; and

one or more gas injectors according to one or more of claims 1, 7, 14, and 17 for

injecting gases into the CVD chamber.

21. The CVD system of claim 20 further comprising:

a susceptor having a growth surface and being located within the CVD chamber; and
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outlets that opens into a CVD chanber laterally to the outlet of the
wedge- shaped channel. 19. The gas injector of claim17 wherein the heating
means furwbeniociorpsi ses a heated CVD chanber, and wher eipaTiuseoiplo4sas
structure is configured and sized to be arranged interior to the CVD
chanber al ong the upstreamtransverse wall and is arranged to direct gas
flows in a dowpst gﬁ%@k&b %Bf&%to@ainﬁlﬂ\@at@@%ﬂmmla NAROYdABRASH HicON)
system conpri si ng: D chanber having an upstream and a downstream

t r ansverupstrewn frensyase wedl andggeiigurohend ardingad sediat s; and one or nore gas

i njectors according.t or more. of .claims 1, 7..14 .and 17 for injecting
gases into the OVD ERGABET oSl Bt RoEmbpiEii SooY A her
conpri silpggitdifVg6®AhAexads NGos GfoRMboBlE kaeeptangroheh ngfdcocaided wit hin

the CVD chanber; anda first gas injector accotﬁ?ng to claim1 | ocated
wi thi n the chanbertwadpepidmutieipartsdnigpisthird aases inpvey/lepgisndigd! flosisdatershfa gur ed

and arraeggﬁg%gseooftﬂt{ueaﬁmgg?{sid&,& outlet port adjacent to the susceptor and

injects trrst®gases in“a longitudinal flow that extends across a portion of
the susceptor growth surface, and two second outlet ports inject third
gases in tw Jongitudinal flows |ater o each edge of the first gas flow
22. The CVD sifstem %CYPéVW%fﬁW@ﬁ@%EEWP?FIﬁ@gé‘ thisd gep iglestar apeteige

accor di ng cffn c%'c? fre 9519 Hh‘%gﬁs%Q flofiAfrorh itﬁé&ut&f‘ﬁ&% of #lﬁé%i?c{ ?ﬁcft&% ft | et

port of the thir njector to e inlet ports of the first ector. 23.
The CVD islgspats dfthefisst my@@orf urt her conprising two second gas injectors
according to claim14 | ocated wthin the chanber, each second gas
configured along the interior of a |ongitudinal chanber wall and arranged

so that the pluralTHC VD sQUEmM&IF cRAMID ﬂﬂﬁ&%nﬂ)@ﬁir&%'t@%eéd’n@@aﬁ fifediit er al

wal | towards the center of the chanber. 24. The CVD systemof claim 23
further aseerdmgspslpioré losatedowighibthedhaptdy cptasesend gas configured alpng dlat

transfer. fromheating,.el.ements external to,th D ch er to.th WO
oo qalHBROERh: iSRRG Sl Panb St SR HPHRIATREF el bl iy,
second g floliis Febng s s cROWRI tGearBs SRWESERF 086 eBardld. @ purge gas for a CVD

process. 26. A nethod for injecting gases into a CVD (chem cal vapour
deposi tion)

24.  The CVD system of claim 23 further comprising one or more black body plates

for enhancing heat transfer from heating elements external to the CVD chamber to the two

second gas injectors.

25.  The CVD system of claim 21 wherein the first, second and third gases

comprise precursor gases and a purge gas for a CVD process.

26. A method for injecting gases into a CVD (chemical vapour deposition)
chamber comprising:

conveying gases along a segmented flow path from a gas inlet port to one or more gas
outlet ports, with each segment configured or sized to increase gas flow time in comparison to
the segments that are not so configured and sized; and

heating the one or more segments as the gases are conveyed therethrough.

27.  The method of claim 26 wherein at least one selected segment provides a gas

flow path with a larger cross-section size and increased gas flow times at smaller gas flow
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chanber conprising: conveying gases along a segnented flow path froma gas
inlet port to one or nore gas outlet ports, with each segnent configured or
sized to woenmamerigas flow tine in conparison to the segoenissombaiz7are not
so configured and sized; and heating the one or nore segnents as the gases
are conveyed therethrough. 27. The nmethod of claim 26 wherein at |east one
sel ect ed,RRAMBRitHHHOBLAS Flod 2B cliPWcRAIHYE MMilBo@ MrBb B8 6 S8R UBECS GRINpS! Z€
and increased gas flow tines at smaller gas flowelocities with the gases
f 1 owi ng Hlretrelerseinnainddétominghaéhandgen precursor for growh of a G oup
[I'l-nitride sem conductor in the chanber. 28. The nethod of claim 27,
wherein at | east one other segnent has a crosssectional size that grows

| arger from arg. apercsREhdb®Of &oWRP HSviRrdiaselcsf ©ht Othehhighnt A sS@gHent opens
into the chanmber, with the gases flowi ng therein including a Goup

|11 - met aectmabsirs et grows diraoi froman 4per sgpon towards  hage secdigh sdiweRi@eor in the

chamber 'se&%entjé&gnsg“l%ggﬁg ﬁ&mﬁér%f{h %l?e r%ﬁ?%}t%v@mé Qﬁergip%g?&[iné Pﬁr%ﬁla_ ?arlei na

suscept or=havi rOW h Surface a € gases 0 oup and
ni t r ogenpregueu fegrewdr & feriupdilatigiddisetoadudienviariet ¢Haenbstiscept or gr owt h
surface for growmh of a Goup Ill-nitride sem conductor thereon. 30. The

met hod of claim 29 wherein the gases react at a tenperature approximtely
greater than £30C rﬁﬂﬁb& b§ ahign %9/}%1'%119&1@ Chattber lilltlélﬁ(wstﬂﬁérgi‘ﬁ ass‘EE‘EeBRJ?dUCt or
on the susceptor growh surface while mnimzing formation of undesirable
pr ecur sdravogrdrewédssurface and the gases of Group IlI-metal and nitrogen precursors are heated

and directed toward the susceptor growth surface for growth of a Group Ill-nitride

semiconductor thereon.
30.  The method of claim 29 wherein the gases react at a temperature approximately

greater than 930°C to facilitate growth of Group Ill-nitride semiconductor on the susceptor

growth surface while minimizing formation of undesirable precursor complexes.
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