WO 2010/ 101715PCT/ US2010/ 024374 GAS | NJECTORS FOR CVD SYSTEMS W TH THE SAME
FI ELD OF THE | NVENTI ON 5The present invention relates to sem conduct or
processin i , and in particular, provides gas ipj t hat inject
t her mal i zgg?gdaigégs@ﬁt o CVD chanbers, and injectors that%ﬁp%ﬁﬁ(’gﬁiﬁml i zed
gases in pre-determned flow patterns. The present invention also provides
CVD systens using the dqagoMisdeshr@asod Be @vetsus whe: iy ertg:on has particul ar
application to high volunme nmanufacturing of GaN substrates. 10 BACKGROUND
OF THE | NVENTI ON | nadequat e thernmalization (heating) of precursor
gases prior to their injection into a CVD chanber and their premature

m xi ng within the chanber can | ead to a nunber of problens that can be
specific to each particul ar QIBLY OFCEHEANVENTIY or med. Consi der, as 15an
exanplke, the hydride-vapour - se cpitaxial (HYPE) growth of N usi ng

a0 35 and N he L RBRG BRR 5o SOL itk Blor PN e B nacequat e
t her mal i paitticolar, pasidos @aBiniyceorsrihgt i@ ct theindieed fsed @td OVMDNGambés sdnd | nj ecti on
of inadequately thermalized precursors can |ead to unwanted deposition on
sur f aces eGP thas dheqt Histyrlizge gasss Hspiedetermingd flowy natemnp $he prgsght Bycntigner i al

can | ead i@ ;RRidRIAAT SRR IsifilthebRvdRY B Sinjdioh1eTHeaRR-fbn A fafrdBRE L O
decrease wafer quality, and al'so to coating of chanber walls sufficient to
i nt er f er epplicahorefofliigh erltme adinafattuheaof Qg sGuwthtesindesi rabl e deposi tion
occur§ since (ACl 3 condenses fromthe vapour phase at relatively | ow
terrpé atures, e.g., less than 500 C, and therefore areas of the reactor
whi ch are not naintai ned BA@ueGREMND X TOIE INVRRTRON es are likely to
beconme coated. It is therefore 25desirable that GaCh be thermalized to
t enper at ur es &radgquafestheimalipyion (Beding et nyequstor g3ses AP itheir NIFEROTY B8R | on
chanber . o LEqds: i : i -1k or to
t enper at udr\gg tslc?Ja]f‘-lt‘}:Jaetr hﬁg%glgl[r%%a&‘%@%? f“?)lg V{I{(yﬁl{ ﬂr%gg}é%[?%érr] ra?l}]t or gaalg{rﬁ%g 52 hanber .
Furt her iproblomntbettdao e wpdck iy REchppanitads €5V D prijcesstbicong pefformald dauaidet, gs

thernalized precursors.can | ead to unwan ide re jons t limt
hetudr cancBREbs Bt ao Paterttn e rE s S RE LN i Gt e 0c can
lead to NHBUMOScQrsd BERS] Winddt FroBbeiChssed By Inadequate thermalization and

premature mixing include the following.

First, injection of inadequately thermalized precursors can lead to unwanted deposition
on surfaces other than the growth substrate. Over time this unwanted material can lead to
20  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 GaCls; 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
25  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
30  temperatures less than about 930 °C can lead to formation of undesirable adducts, ¢.g.,
GaCl3:NH;, 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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GaCl3:NH3, it is also desirable that both GaCll and NH3 be thermalized to a
tenperature of at |east about 930 'V prior to injection into the reaction
chanber . o further limt formation of such ir dduct s,
it is pr e%ég@{@&?bst keep separate the group Il and gr o%%‘i@ézgfozdégsr@or fl ows
until they are in the direct vicinity of the growh susceptor. Premature
WO 2010/ 101715PCT/ US2010/ 024374 m xi ng of the precursor gase cag result in
unwant ed HEREOF BY PEFUFPHEET ndRt A SN AYER ERF R tarpragwﬁ i Bs BOAGRi n ¢ he
react or. of particulltef®ithin thdrca@phect ion with HVPE processes, it is desirable

to thermalize the group V precursor (comonly NH3) prior to injection into
the reacti on Ehahper connpiivequtt BVYE Brdvessenlif iz debigbloup thermaleze tirsgyoyup ¥pon

mxing with a thernmaliz roup. 111 . .precursor,..can . coql th roup | TT to a
sut 1 emufpb PR SH: 5% Ruhlesi BLAGH B R GPR i Rafi il er

t her mal i Ziadrinelizedferdupev greoungoryupsimniig: Wite e thes@iliAbQtdug INMgiredatsot,aki t&sd out
in an environnent containing netals, e.g., in netallig tgas lines, netallic
reactor cngBwRht 2 wiliciont ggtepido dgaddm thyaheve undedradleaiteatst Sloperet ures,

netal s canGakAaki¥s 6 Gk %fdélgr\gaﬁfnoﬁﬁ%ﬁédui’s%r Hﬁ%lcf %t e c4rzed loﬁ'{%)l att @nWinfdni S not

reactive with Gael to produce GaN. The above problenms resulting from
i nadequatenttimargmadtilz.at ¢ om regidlip gentatesmectaliiz rqagtor egapaneits, @a, isedbfterci ent

Pr acur SofoPpab ARFL AT ANHOR e B BRI &1 R OB T b SekOR: CHITEAT L on

on unpantgichsiv hbreasive Al Gal t@plollucd GaN.ovi ng thernal i zation and delivery
of precursor gases can be 15exPect ed to result in a nore efficient
1

utilization of hprevamsdicryneadting trAmtiploguae Bicapagabaydinr ey tHrereidinged
costs and.d,TR{ QY HEERMct tA B Fth@hre A DMoBsds & Eyrml?%éééglg odRibt Q&%ﬁ%&g ¢ ssed

thermal i zati on and separation for FIVPETTII-nitri ositionis a
in US patPestussotrcddtOnt9 413, lob dU8®, méicle/biomgve formativrs dppdssionantuniventedncer ned

W th conve?ti reacting HCL

| i t wh [. i med i itu b
ot o h e o P TR e G aliah Rod GBS ol Detibtnabe’ GR3E' 00r ot y

i Nj egbs @grSRMTIo ARl in a MOrdurAYiES RIMiddtioARITIpkeatsbOghsEOW RH e ciated1RAGRE Ned
with thermalization and spatial separation of precursors utilizing external

Gael : andn HBCcedsapts ard inpsespeantsipingtqsial gfowah fatappl i cation utilizes a single
Ip:’”e gﬁf_ 'Sg:_]sf : ;ggﬁmﬁg pk@uﬁs&&l}ﬂ%m%?%dtsgﬁar%&%r HIVIPEqrﬁdmgfcf%Lano\éltlon 18
addressed in US patents 6,179,913, 6,733,591. However, this prior art is concerned with
conventional equipment where GaCl is formed in situ by reacting HCI gas with liquid gallium
20  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 GaCl; and NH3 sources, however this prior art application utilizes a single

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

25 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

30 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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To overcone the limtations of the prior art the present invention provides
a nunber of elements, including thermalizing gas injectors, for inproving
precur sor Q ization and m xi ng, features previousl e
advant ageo Shgﬁéjéﬁernalrzrng gas injectors of this |r%gﬂ§$%ﬂm%8ggrde
better precursor thermalization 30by conducting gases through conduit
structures that are sized an confr red to i ncrease {he resrdence times of

conduct edOYEEeguctyry that ageraniigired #y 69/6 SUHHTRGO ’Eqaf’?g Ot hat
passi vel YinQfang&d, ine&lay n1B&HatH lgﬁ‘gtH@aﬂﬁLgaE ﬂ%%vr\*éﬁ)tcﬁfe@'ﬁs 108 e Rl tio, Blence
residence tine is the ratio of ow | ength to gas fIOM/veIocrty,

di f f er entresedebodiimens mcrshsadnily pr@mdtmmdm@ammmvwde of ¥agye parameters is

2010/ 101715R S2010/ 02 ndur ruct ur es that e._con ured and

i 764t o B AR e SARE ir SSHUHMD Eohh Bl PRy BR S ER * Vo
pat h lsengtdfar@tr@nm&néﬂtpmwebmﬁnttmsmﬁs cbm@raisantirsezred td Bdvie@, lodidee pstesi dence

time, is increased. In preferred enbodi nents, only one of these paraneters

i s signi fSHNVILY 2 eatgrstionpiifigicntia PEsHF oy wemne§tﬂs§vz e iagredped Aomanged.
I'n partigulan éarﬁiecro%éﬂ&ndﬁ Blrd%fslecﬁsre@%a§%?9<9tlé§? QL& a@ﬁyﬁa&ﬁﬂg UhdhafEdduystipir €s
configured and sized to h%ve a longer path Iength wth a cross-section

suf fi ci ettngtho preserve flow velocities, or to have increased cross section

(and correspondj decr eased 5V ocrttes " subst antial ly

imchanged- pat R FBRGIRS Aot rociiy” S8 b BB BRI Lo an
‘unchangegnduitast tiaPpléeidnt Qe & H&ﬁﬁﬁh@tﬂoﬂ a®fn édﬂﬁ)ahﬁbiﬁtﬁfal ORduiBthe: Weuld By

understood .as in conparison to a conduit that would by typically used to

convey t h@igdaisekiosepwy thess selestsd gpanjiise of grsesRedwednibe samee2ag 5QUIeHur ces
and gas %?@gis sn;[éép foalcBR@stae @sﬁﬁu&'mua}é &ﬂgfgtall@%e{i aevienapl y al | oned
In view 0 tI’UCt ns between source and si n[S( ncriterla, Safety,
and t he bbkewnbbﬂ&%ewmsembodmhumksmsgncmmsamm&@nﬁn@ﬂwh&vewaaﬁm;ts that are

| onger than such, reasonabl.e Al so conduits

Louar Ty Rabati e R C R Prtn Rt St Dt FERRBR bt S8 RS R GBI of ° ne

requilsed |GRES. Wl@i’%yp@ﬁﬁcdhﬁﬁi@@rﬁ@hl@ﬁhav@%@r@s@ sé@ioh s shIMhd @ﬁdoﬁabl?ﬁb&dédﬁﬁnt s of

this invention include conduits with cross sections that are larger than

such r eadiwad the FdRireA MR loss 2aeRoPYHSSs, athto forbe ftmigHly: prapeiments pEdis i ¢
referre t

p e RES R hudd tEtQ](d i §6h Ak fe%ﬁ}?& tR& at%fg}cg F?lgﬁ &%Orgﬁsgﬁ%dé% kn?m%or

i njection requirenen nd suita or a
exanpl e, cfoss sdchipect i ng gases at reIatrver hi gher flow rates, suitable

nmbodi t h d d/ t d its, whil
Conver sely:  f ape PFBi Ay dReRe s PG NAEny 4 oI DI RSy TG { abl o
e”bOQO”E@ﬁ&MQﬂﬁshﬂ&ﬂmﬁ&&ﬁﬁ%ﬁknﬁ@ﬂdQﬁmb@ﬁgﬁﬁqﬁ&ﬁc(ﬁﬂﬁ@ﬁ&ﬂﬁﬁ)QQﬁéﬂhMQe Al so,
for injecting gas streans with sel ected cross-sectional profiles, sui tabl e
embodi meAeINiSaM e 2 slkivielydoehas floprricgumieble pRbodimprts can have vadrand/ed
cro e r |l e
SS S %ﬁdr?e?g%s ?c{](aL&thegnoz ts; fvﬂﬁ@%vg\fsélg t%[rm]éc%hg %55@? ar I%Etﬁ%éelgwg 0911( :

can be injec oug e exit e gas s
| ar ger crass ssiebtd ditaidimpemd ¢alnémye earthwer prdbi loegerighatoreltiartoaduios s&leo

signific ortion of a C VD, ,chanber, can be ect
ot 2ont A1 AR RRE SR b ST P56 Pk PrpBIEk S Cr GRS et g
gasesst hakit pas &ﬁﬁgﬁﬂea shkig Wz't@ﬁfe%@]%@t@d thos! SRlibaRbioBl. G4 shalthewarbodi nent s

30can have gas conduits with even |onger residence tines, e.g., conduits
t hat ar e smelgreross@ectionaltprofile can be injected though nozzle-like exit ports while gas streams

with larger cross sectional profiles, e.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
30  can have gas conduits with even longer residence times, e.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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have | arger cross sections, or both. Further, conduit structures and gas

fl ow paths can have different portions with different conbinations of cross
sectional _si ength, or with snoothly varying cr - i Qnal si zes,
or the Iilyid,)%(glg&&g#g as the net effect is increased V\%%r/ﬁﬁ%}dm%ﬁ”

2010/ 101715PCT/ US2010/ 024374 resi dence tinmes. However, it should be
under st ood.t hat .such_specific¢ enbodi nents can be useff ul with a wide for
gases haVfif§Iee Wnghe WSt ¢t Hpuigirandeaodiber ek seect Hj @etodgR Gt e ment s.
Condui t  SELHIGHE £5 iR CRFPRNGNY Swid vdricty 928 PARIUG RS iRREdIONS, are
preferably 5 fabricated frommaterials Capable of w thstandi ng hi gh

t enper at ueqrewonts.osi ve envi ronnents, but also of being formed into required
shapes at |0 oné:(%lsttr'uc sra%]zi%rrrneg en st gri alls-c(::o% c!t{nsesort%lillar tr%'ref rabl Heat i ng
means for condUlt" strict ur'es “Cah’be ater v& o Eﬂfias Ve AT VS heAT i ng means
i nclude Mghaicated G@uCiigrigh eafRbBleSf wathgtandih € Bigh ttdryger&lReutidive leadir@itients,

el ements, m crowave 10el enents, and so forth, specifically selected and
posi t i on®Ht algpsefeing fappeddaiarequitsd shancy at lowissgast A @fereRdaateria) cPmPEiFS

condui t ghgdctures. Passively heating refers to conduits located at |east
partly in a heated environnent, e.g., CVD chanber, fromwhich heat can be
absor bed. Heatledtingméans fierenonduibstaicoir¢sanan heatted dypasori Vetinehtdting meeens, and

conduit strugctures are preferabl ositioned in,such environnents with
POt TR SR Rl G & el Rt st B e PR PRPSFEYE o 1 e
in the CieleglédB! aliceTorti;GpeERANMP |selecttdanpsRitdhed uSHNyCQHRORR) sohs a8 Behsky
radi ant el enents, a conduit structure can be positioned near, or with an

. . . ep :
unobst r ubedlirseiniorthe candeit periat asdrgrheatinguefcedo conduits lpspepeedt robot
arnsg, anga IQQnIa'hEzﬁed ahBrofRknt Q%?@c\@j EfhnWet, rfrogrl:) eh % athﬁB%]Q&oﬁ%H. flo5@q be
optim ze y 1 ncluding strucfurés that absor eat fromthe environnment so
as to tranafaments arooftdncheated dyiattiet heatigimess, Addiondwnsituciurespas picteeathe at

transfer 2Qpeans can incl ude bl ack bo structures.positioned to, absorb and
oSt LB S e BoME Gk EoRaita Rbb FEbEIRR RS S i oy
st rugbsur eangess Bp@hReahl the tadimeaiced Hoi exanmmit,ah e WIAVD eRdnsisek Vikdtyd dyal ues
close to unity (at least for infrared radiation) and that are al so capable
of Wi t hst3HIt AFIISNEGhe eadpid staedivie car by pesdioped By Grovifesit WnobsiHctegiagh to,
mat eri al glbé ﬁ&ilahltde?elﬁgn% bt?‘gsg tﬂQQu%goﬁshfao\Bbp ,ﬁ%ﬁ'&ﬁéfﬂyé Euéé %@inﬁ&?&r&f W1Qh..98’

, y). efhbo of t

0.92, 0. respecti vel referre I ment's e I nvention
provi de iPajsectientng ain alsojbeoptimiped &g escludit ost@ividrésachanbemab hva iour thdeposi ti on)
chanmbers. The injectors incl.ude one or nore gas-conducting conduits for
convey! nGMYETEE LG FortGl Bab AR B ES  RTGUIA S PO S gL Rer  por
to ong OmdiRY EndAGu@UIA&IboRAY kirSsturef BoseMddkd SHsBAVARJELeadRte FHANA SREFERL S
configured and/or sized 30to increase the tinmes required for gases to flow
t hr ough thfecopdméisfiuctyrey conpari son to the tines required were the sel ected
segnent not s i j f . . .of
gas-conduct i n%la%g%égf%{ éﬁﬂg@c}aﬁe gtege??gy?%bﬁlg%ggj élrl}l% 1%?7%% ieHrr%LSM&cYF Ihutré%e

i nvent i orloaé sourpty@et lckest foe ddfrang rdation )fand tiee atei atwg dapableofnwithstamdingdlighdi ng a

heat ed c'\t/e[r)npcerr]aaﬁqrté?crto’rroglrveOeQ\Ef\iroonrrnents. Suitable materials include AIN, SiC and B4C (having

25  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
30  toincrease 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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WO 2010/ 101715PCT/ US2010/ 024374 nor e heat - produci ng el ements, or simlar.
Preferred uses of the injectors of the invention include injecting

precur sor or purge gases for conducting CVD X r
exanpl e, Fﬂgaﬁﬁ%@@ﬂior gases can include II1-netal pregﬁgéﬁééﬁﬁpmﬁﬁtrogen
precursors for growh of a Ill-nitride sem conductor in the CVD chanber.
5In preferred enbodi nents, the provided injecto have gas-conducting
condui t s "% e%-ﬁ&%&l@%&[@ﬂ}@@%@%ﬁ atg é’gﬁéﬁﬁ?({ 6Pl %‘EPE%FU%%O hgéneniithger gas
flow pat Iyei&R ihRaingdRsoutdoP Basel IRBordifod HSEEBEEhIMANANDIRGLERSGS: | N gas
flow velocities. The |onger segnents can be configured to have a

spi r al - | ickamglhahepichersor gapggtche nsluda dll gagialfiresnryost dr nifeegse @recenprsyomnd exit .
The conduits,can-al so.incl.ude an oute sing. whi ch encl oses part of al

o the sp R SERATERR e SEy A0 RUNE GV B ng' can' b provi fed with
exterpal cl anp plafirlcd Redbeib@nal thapgridcddpjaaenthal ©gdsh@noudtiap chdist gt  or
with interior black body el enments external to the spiral-shaped segnent
that enhaicuierélsestiong sednt pondigiiaddo Byyeet opger gas Hows pPathssoctipicze fIPWdesndui t ;

the outer, hgugidg Vﬁﬂiﬂu@de\%&a&@Yﬁ%zﬁ RASvdINiGls. ARE tlon%@ldsegmgﬁé cQbbd _@'&nﬁgﬁfeﬁ that
can be configured and sized so that gases can flow through the 1nner

housi ng fio bamctatspirilnliletshpmr thattlengtheas gredzas doivenathitipwedn, entry and exin Preef er r ed
enbodi nents, .t he provided injectors hav as- conduct i ng .condui t s t hat
Pnotudo. oigui 85 BB ah P eSS Ber it SRS Al S S PRl g

| ar geo cressensaké b@er juziag 8o bdipbvidas with @tctdameiamprshell Rekteas@showdl t h
decreases | n %as flow velocities. The | arger segnents can be of | arger but
subst ant iRARFAT ELHE RIS heusgsotswith ingrsior plagk bedygrdemarkyprdernal te fie spual-
20config gﬂgj [ 4D I [ J can
be heateﬁﬁﬁ%dt e‘%%%ﬁgﬁgﬁggﬁm%&%gﬁﬂﬁggﬁgﬁ?%ﬁ?ﬁ%q%g%g%??H?ﬁ?gr gﬁﬁg%gﬁints
of such ionfeebtwing wanlsbdatam gdsenlcgparaagleckaa oot partltion gart brddondiguicdted i or

Il of th h . the | | at | of i nj ect
R N o e e L
| at enal @@ﬁ] towards the centre of the chanber. 25In preferred enbodi nents,

the provided injectors with conduits _having a | arger cross- section sizes
can be confi glit Bgfesisd ephpdipratscihe pravidedtinissiowibaes Sasreonduciing spnduity thahn apex

portion wielg C?g pasivné Qéegﬁéenﬁ Ekf%ﬁ%ﬁ%@%b %%s?ggo"‘%;s fi‘t%t“ﬂ;ea fih B‘?Jrgér%?os‘éﬂg&f%ngases

| eave the conduit and er arger Segnments can be
conf i gur etesothayes fow et irv @lcycanat wolmeecrappexin\whs fliowvelooitiesroflee lgasr i nl et

ports and a relatively broader base with one or r 0 gas outlet ports

Phat opeRatie: CRECCUBrehabar s aE HUY P gt CReoTRePS a5t g lgap bl as a
wedgeo s hapeibuedipalzewitd bd frahghd #1tRin aSCVDGChiviBer wittee MERBA beHchte@ by can be
configured to be shorter in a vertical direction and |larger in a transverse

di r ect i of%;VI? Hleanphies fihendiepiget diedangan Beria spgmey eicbughniasioreepn by fgehetr r anged
interior ’3%? gg %g@ﬁ rlwgﬁ¥p L of nggn ¢, 1 of such iniect
2010/ 101 # TS BRI E MR o E R sREp R E Rt e ofpuch inesons o
t he pl anasgmsdntsuahlnes € plhrddiey piositiet gsdrahgrdgo diteetst fleastromaiserd evatlhanber
wal | so as tasgjrecaﬁgxitingwggs in a downstream direction; the planar
structurg“WE F ot R @BIRET or more second gas- conduct i ng condui ts that
do not i nter s@chretdiRd WBBEENRABPHE pEladEaghjcdbR wigtRduigatvaRndmGht &8ss-
conduits can have o

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

30  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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5substantially constant cross-section sizes, and can have one or nore
second outlet ports that open into the CVD chanber laterally to the outlet

port of t %g\@ﬁg&ﬁyaped channel . The invention aﬁ@ﬁg@%g@/{jzgﬁ? CvD

systens w nore of the provided gas injectors. system can
i nclude one or nore first injectors of the enbodi nents having a conduit
configured and sized to grow |larger. froman apex portion towards a base
portion; o ¥Df3ﬁm]>%rc£w§?n E%%P%o @aiquiay tﬂi‘eelfqa% PHUCHHE S8 bi PEEI0RC BloR& Rt or

having a ,g&RMraWdracaibihlal INR YR Qﬁ@iﬁgfgaﬁﬂq oARsEPIk&BbRAnd O
direct first gases in a longitudinal flow that extends transversely across
a porti omlapar diuctugd cankagsog g sdqensror grosewdsordigdsavadudting sondyjite gtaddo setn i ncl ude
second. conauLd ool ddle WA THITREL RGNS Leta PRTE Sndlit b gl d 0 di rect
second gas%s N on§| tudi na’f1 TFows 1°at etd§f1 fodt e 559st gas fYw. 15Such a

syst em Caibstdnsially sstlstafecrodiascOionides, b eambavicine ot Mofe Rtoddwitienhedith@nt s
havi ng a conduit configured into a spir i hape; this injector can

| -1k
have out PBE" B8t s (Y3 Fliandhe teamty ‘ahiabararboihy seteddued #eeelt he i nl et
ports of the fihé ehfintfilfivides CyD sPHER: AiRYAL BMEADLIASHAoLAE e one of

more third injectors of the enbodi nents having a segnent configlred with a
| ar ger chgssoerseBichamastemicar inctudic on¢ af motedirstogjectoes of dhref dnghadederdnhv@sd zed so

that the | arger se nt, can be arranged interior to a D chanber wherein
1 can beoRuEToaFEH T S8 € RablarRy Set st BtoR ittt Gir Phear Pr
segmeot Gdbctecaahbageshtial firfadadedingiatsushep@dt hivii s bRfvtnalrfacotvithinahe hanber ;
this | arger segnment can have a E)l urality of outlet ports positioned and

or i ent ed 4\d ghgneRer andpani | osichiad tq disnes first garet et Ioagigidanal {lawvithat 6iardss ¢ he
center Oftrag%gsr f}amb%%% R@ﬁ%ﬁ oﬁal? ¥BhE %s%%g?@%ﬁ@tﬂ %ﬁa’:@ €hi® e Rr AR R IR Ack

body pl ate 25en cing heat trans rom heating efements external to
t he CVD ctwmntdeonduds whtd tivhior chorajeeatdonslct purstonentee ibdidicheebndgastdi@ i nvent i on

relates to nmet hod for injectin ses into a C VD (chem cal vapour
deposi ti i‘?ﬂg%%lg?’r‘&ngst}%te g%ﬁ?%%g@%@%"% along a segnented flow path froma
gas iipl et por BuéiPa %rs%npéanrapsroan@a@e Sétdr @lorPchad injdctdis RGN cHBEITRRALS
configured or sized to _30increase gas flowtinme 1n conparison to the

segnent s haviag a sprduifgonggured it goniwdtlike shappAbig injgsier sedeyhepticheordne or nore
segnment s 88§ *aagaﬁr‘%&nsg%p% 8@&‘(?%%91&{1&%%}1@%&1@*afthE*}ﬁst%'eétSBSt one sel ected
8 | ow path wth a ¢

segment provides a ga arger cross-section size and
i ncreased gas Shtlhoasitsiemesanat sosnehdernegasdrt thvdimledorstaf @ antoldirhdnes igpevies
flowng NErSli comidurS Wfh 1M A R chGh AL dhR o Can R o ead s
20  sized so that the larger segment can be arranged interior to a CVD chamber wherein it can be
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
25  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
30 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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precursor for gromh of a Goup Ill-nitride sem conductor in the chanber.
Al so, at |east one other segnent has a cross-sectional size that grows

| arger fr section towards a base section wher nt opens
into the %%&@&e’% th the gases flowi ng therein incl udll?%%ﬁ%(@%%g%“
111-netal precursor for growmh of a Goup 111-nitride sem conductor in the

chanber. 5The chanber preferably .includes therein a susceptor having a
growt h sBFCHEer ﬁarq“ﬁléOgagé@p&il-@r@&ﬁewpﬂ%{%ﬂr T g HIPPEgMs PRt 88t s are

heat ed angHidoffhethsh@Es AedtRBaSHRGER AW IRRAM RoRUnlpeesdcfbn Bmarish ke a
Goup Ill-nitride sem conductor thereon. Advantageously, the gases react at

a t enper ataioe wheprtbx begatcat gpays ewe the chimbergg0iCthegaseaadlomingtheregy iopulingfa Gr oup
[11-nitride sgem conductor on the suscept rawt h surface.whil inimzing
for mat 1 o0 AGSALERFUSOr bl P ORBhIa LAY R RE i i

enbodp menths chaitbdd prdférablly amclgia fetes a d@seftoiedinger @bwthsdefdtdandahs g88s G5
exanpl es of the scope of the invention, but not as limting the present
i nvent i ofTouhE-BIeBhandHItrpERa IPQEWRT 2P AGEEH INGrIISRISH I Be TSP SRR EP™AR t h

ref er ence Qe trhheor6h Al &% Gh Bil-ntfife {hibshduBbRRlBh & A dmtLRYM, Mk gases
nodi fications, equivalents, alternatives, and the |li1ke, apparent to

15art i sameacoit adgemiperatuye apiprdxfimitplytgnentarthan PBOFC ¢d arilitate gnoskticoh@iospdss, not
all featur eg of .t hn? etnbod'g]mants are gﬁicr%bed }Ter e i. t. V\%)H tbe L{nderstood
that feat'IF8SSHYLOEELr PG SUEPPLEPMIES YRy B P B ¢ B Pe®ladded by an
artigan ehdaidblepratuski dodmplexes. Headi ngs are used herein for clarity only

and wit hout a% intended limtation. A nunmber of references are cited
herein, the edtfpefdicdcmbedinsatsgmdpriticnlagpenmesdicpsibst Berciteherld besestn t hei r
entirety, nf f InvPi{dRO FUEhBRE th hvddi®nCirh

refer encgsé?}yar elg{asfgl es%oé?é%to%vng arogé?lgr%ﬁogeﬂ ?lséggg??{eggl gés g?. orgtg.icc?p% he

i nvent i onf tf présentsoignaon shrald ey datdrenimgdvithercarence BRINER]aDESGRIEATdrO 1@ THE

DRAW NGS. 25The, present inyenti on may ,be under st ood re full ref erence
Do T heCr B R B GO BB RS e GRS B R omaee & Sl
i 11 ugsr atitensoran@has sRill is e | Kor enlgdinirahsis@ksst hét aprfegent of Awent i on, and

t he appended figures in _which: EIDﬂ 1 schematically illustrates an .
exenpl ar ymbobineatsarodoscidegdiere K vpll b waderstredibat fepturas st daseribedsarg utine

embodi ment @k 0§ 5§ HERIIA Y An IRt OF HafRHPGS OF this invention;

Headings are used herein for clarity only and without any intended limitation. A
number of references are cited herein, the entire disclosures of which are incorporated herein,
20  in their entirety, by reference for all purposes. Further, none of the cited references, regardless
of how characterized, is admitted as prior to the invention of the subject matter claimed

herein.

BRIEF DESCRIPTION OF THE DRAWINGS

25 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

30  injectors of this invention;

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

injectors of this invention;



Figs. 3A-C schematically illustrate a second enbodi nent of the thernalizing
gas injectors of this invention; WO 2010/101715PCT/ US2010/ 024374

Figs. 4A- jcally illustrate a third enbodi nent t mal i zny
gas inj ec&égﬂgg&% 5|Cs i nvention; and Fig. 5 schenﬁéy@%ﬁfﬂ{/&? Tustrates
a conbination including the exenplary CVD chanber and the thermalizing gas
injectors of this jnvention TAI LED DESCRI PTI ON THE PREFERRED

EMBODI MENTS ~ The: ﬁ-&%ﬁ@mﬁwﬁ}ﬁﬁﬁaﬁ%ﬁé@%@gbq%%%s%%ﬂﬁ Bg 8Hy for

chem cal ;¥aROuLf 8PRSEdHRMNdCVD) reactors systens, especially CVD systens
used for sem conductor processing and nore especially CVD systens having
chanbers wi t hFigeAeseksnajicalboilasitptdsarconborsion enstudoresthe exentplawy (D ahgphbenar

fl ow of %? ursor gases Grosses 'S%'nbsﬁtri%t e at which deposition or other
reactions take ﬂﬂace.g%(enlpfgry D chanbers in which the invention can be
usefubly applied are briefly described before turning to the invention.

Fig. I illustrates in plan viewrelevant detail of exenplary CVD chanber
'to which t hi s DERAMEERESCRIBIIONGF 3 g PREVERRED EVBOIMENTS
Cross-sect i onyyi gWséht fivEhdiH prbUled BRLERH gad RIQTAP Por cBERIENGPo I HEB& i tFon
identify simlar elenments in both figures. Exenplary reactor 1 1ncludes

react or COMMDegacB®rysicms] spemsalpl CYDrmstemsfised dar emicodudiat protesgagaise heat ed

and pur g seBEuY b BERalsBR SR ekt R RRB D ke e PARBRT Roor

(or i10l etwhidra plapL ot E)pr&utdtgfes dbses DhestrMe it whidh AesRmvan ytdesi gned and
arranged to prevent premature m xing of the precursor 20gases. Here, for

exanpl e, Tefctionstalnplpsce dxpaplangay¥Bschambers i which fhgigyentiop sebe wisaHY ports 5
and 9, I r : | i : -enter through port 7. The
pr ocess\,\,{gaiéilgslgegl a?iglrllé r ﬁ%ﬂ%ﬁgﬁfﬁ&?ﬁngﬁzﬁ?}“ﬁ‘?@t hr ough the chanber

(def i ni ng t heFigldowhstrmeam mlan eictvircnyardadetail efctengiarg €MD ahdnybel b ¢catwvbath

substrates support.ed b ubstrate 7 on susceptor .15. Th ept or

Coa | o s RRRSS Stet ofien Sh it By R Ge R it s TSRS FBEGE exi ¢
t he gbhamgemnidil RB@Ehce ambay sdendifl: similar clerkditd @Mt Hgurése aBleiplaty £atot NCl ude
bl ack body plate 19 supported on, e.g., port 21, above susceptor 15 and

su :
subst r at écludes reppgiog chinihek 3 Badsh ipsially exde af quarts sp st Hep b Ijptghicess gases
flow ng i i 7l t I : ' iati r i heat
| amps, and Rt el i 1R O B P O A AN er
e. g., U. Shapbaviasihertaltompatf ¢t fidbathpdigbabite (or6d 081 indRTorf)i I @d F-ehireusley 27,
2008 (whi CIQ i S i ncorpoc{ated her ei n bdy reference inits er}lflreté/ for all
pur pose S)p_o s are commonly designed and arranged'to prevent premature mixing of the precursor

20  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

25  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, e.g., U.S. provisional patent

30  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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In the followng, the terns "longitudinal” and "transverse" are used to
refer to the directions within a CvD chanber indicated by the |abelled

arrows in_Fi ngi t udi nal WD 2010/ 101715PCT/ US201 iJections
are al so P@#%@?éﬁjkg as "upstreanmt and "downstreant; tﬁégﬁgﬁéﬁwgéﬁially
oriented walls are also referred to as side (or lateral) walls. Transverse
directions are also referred to as "across the reactor”; the transversely
ori ent ed Hfaft1o8s ArealgITe TP feSr MRS UEBMa &N rf%wnaﬁrm > Fieonaivdmetinprignied

descri bedi9 ateh@ofrefch @M sidd (bPRFANVEX BhnshBisS RXEIOR! AL YIsGYReREBIRET |
the details of which are not further considered. However, the focus is for
conci senéssossihgreagior” wihe troutversehyiorignicd mallagreialsowifieiredto asredématlood that this

exenpl ary chagher_is.not limtjn d that ..t he tus_of t invention
s compat i bl o i IheBiflar chEbih e PUO Tt alRB R AR

THERVAL | ZhiMebdAbe H NHECHORECh are not fArt@érdondderedrbacivernitbe ffcué Reot her mal i zi ng
gas injectors of this inventjon are now _descrjbed that achieve increased
gas resi GEMEENESSPBY ARy vabert urtng angvEl bs viylertreddnat tys pXRIRIpE shambeiay e
gas f1 ow;pgdiishiMid, Bnd BROMBSpIRRLs & Re INERRASE Qoﬁﬁaxmdwﬁmﬁ@r ¢gpsonabl y
necessary I n the Ccircunstances (i1 n view of the physical |ayout of the
chanber ahambzssoci at ed 15equi pnent) and that have cross sections that are
at | east not substantially |ess than what is reasonably necessary for the
inteﬂﬁed gas flow velocities (in view of knomqurinciples of gas flow in

condul't s PREEIESFPIMHIIMEN RO K YNNG CANEDBSdi ment can be useful for

gases that enpgfferdit dntodfnladdahibhalRing’ @k afjié @b ¥f hAWBVenkibR WorRAES -
Preferably, increased path |ength can be accommdat ed by bendi ng and/ or

fol di ng dhwribpdifabachipve Hicerased ghe Aesidsacastiapeby @niguring ogdsivingtondwape.
S oh e S . . .

0 eot i ng BavieEl B AL BERSL R Mnglt oy SHROGHEEF RIS ARElAnalll 1o
i ncr easedgeccktapwintht escunwitancsusedcwof daenrhesitaldayont dfitht blengreowtdasedeiated

I1l-nitride conpounds, the injectors of this enbadi ne re. nor referred
for dse reRmepy amaa hah Gt LERaS Gttt SEry o by RN B ol o
| over 1 Quis@lAl @Eeskih a0 hefntRed Vi fow 9EloDkBY BEUES QI Kno MR pKPbCAL Y

enter at relatively higher flow rates. However, the injectors of this
enmbodi medlowdaordusts). becoaybingly, thomiegtaseef thisembedmeant fant by ushlel OvRasshdrber at

relativel f e i -Dd r r-mali zi
injectorSX%#R%ﬁﬁgCéﬁ%%%?@%%?ﬁgkﬁég %@ﬁguoéb%%éig&%ﬁﬁnﬁﬂﬁﬁE%%gpgéq%lHhuit
st ruct ur eadte ydcbinnedated by dhatpgrandgaeldmadheflow gathand Beipedkhewhipe, ag., a
303u28ta2%%$g%%ﬁuniforn1dianeter (cross-section). Gases, e.g., precursor

gases, e o0 conduit
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 IlI-metal precursors, which typically enter at relatively lower flow
25  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
30  substantially uniform diameter (cross-section). Gases, €.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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structure 47 through inlet port 39, flow through spiral-shaped
gas-conducting portion 49, and exit fromthe conduit structure through
outlet 41 jyectly into a CVD chanber. Gas-cond i it 49
provi des ’é“gé@"%%l?ksm ength that is substantially | onget&;ﬂ@%of@;g}éﬁabl y
necessary to conduct gases over the shorter, physical distance between
inlet port 39 and out] et WO 2010/ 101715PCT/ US2010/ 024374 port 41. Because
of the spPr4l ?ﬁ%léea%t%@é@raééhl?aﬁe% BHgCoBg R coBgut 4%@6&&%6%5@% #%f gas
fl ow ng tﬂfamggdﬂr&%ﬂ%ﬂ&m%hwﬁiwﬁs fohgbS eéléﬂrkgﬁgtantﬁﬂf'[bn%w?%aﬁ@ﬁé &hlay 1onger,
than the actual physical distance between the inlet and outlet ports. The
spi r al - siphpech! distapet baawedh the méctiagd petlet ppris. t Thegspiralnshapdseillisitagadticomis shoul d be
under st ogdh f:0 L AEl g RHEFlRRNBRLLAG SARER BLeeUr SO PHARES a0, DE
suppliedto con Ulhl SET Ut UPe 4 11‘981% externar - gour ces at 8w rares
contr ol | gdscbyardbe @ppiedalcogdst £@bfufod7 RsmaRGEIEBurdcs at Jas rpa@ntrplled by
Conduit structures of this enbodiment preferably include outer housings

that encPBSECEIHICOPER AAPSIASt 2 EREPEEl bent i ne- shaped portions of the
gas- conduct i ngg@RAYRLRIrdsUTHEH eﬁB@diE%Rﬁﬁ&t%ﬁbféﬂnQﬁd@@lﬁéﬂ %uﬁﬁ%@iﬂ%ﬂok@r e,
conduit structure 47 includes outer housing 33 10 enclosing all of

gas- conduud pragecpariedsothe 4&potthershapedmortrine of {he ghs-eodantthgoentets (pdhrch age .

Cut er - housi n can al.sg seryv, s_addi,t i onal -conducting condyits for,
e Do E R R RO S A REENE Aren b SR A LRGN BB SRREH Lo por pas
i nl et10porkhcldIn@altoPiik Fen@RENOPortieh 4P 6tter than slettpdat3oanpdude pgast c @utdrl ow

t hrough the outer housing. Purge gas (or simlar f(%as) flows are

advant ag®evsngsicae alse paye asilditional saeyretisting condaitpiosssr g gaies ddgect to
the CVD . i i 3 : Mg ows of
gases fr gpnét 21{5(1: anbﬂealrg%lgérllftlgé}]lg%%g?{grg? %%Nisn%ct) b?é%ét?@%rggﬁgp%?@gﬁ&égﬁr rosive
gases f r eotltahe pingt grs on flofw through élrcatuiterdio@ivD Rirgerpesr(ocsimileiages pfloesage t o,

or undesi rablte deposi tion o a conduit structur.e. Conduitt g&buitllﬁ)e 47 can
bc passi VoT4MAFEAPSTICC HOY AP (B ERBRP Y TREFSSWE I Tysgery/a e QAerrel y
heat ed. GanGdthatShi B& AR cRHRVERDILY BbYs beakadirdh @fceshaibyr ibkribei Bk
partially or 20entirely |located within a heated C VD chanber (or within
anot her R3S O4TBANTCraHE PERR Forrgsivy. gasq frqnp thetintgriersofsg 9pprping CHEhambeiondui t
structur kmlar .t [ Qs ely with CvD chanber
53. Passi%glgé%léggﬁ%'ggﬁ%’fogru{l%%garr@%tdgdo?ﬁ?taél}ﬁ%%glt%gtg%&d&ﬁg'r e) can be optionally
provi ded t o i fponduitsttucansdecandfe fassately hauad beactivalpihested, vt dothgassiely el

conduit structure. For ex le, if the D chamer, i eat ed by heat | anps,
SO antt vatty B, LR 4t atnogyBa Bl P DE B Sty At he
vi ci noty chifirelyNBcB@&Bwithih @deRed UVaS clabdef % wideh aotiehhéf@renvhendieas. Fignmps and
re-radiates it to the conduit structure. Conduit structures are

pr ef er ab2p iHpttiales psshishit-eaptagycopduitstaichige brestmiprdether plghiel Hidpeaied Iaeelyar e
adj acent L@ 'cﬁ%ﬁﬁer%3P%$s!ix%rhe91f-tr#n}§f’er gl%ﬁfeﬁt%g&'cg‘}ﬁdsﬂgteﬁ%%}a&{h b U BLEARP! Y at
IC e tirnmes, “and

| east part o I\%,h IS configured tor increa gas residence

t hat pr oypraédddeaimpliovetbisyertod htdtéronBilic abljnae nitenpond therronddt dtivetuye. Heat | ng
el ements are pr.efer y. | ocated adj acent (or neat nd exterior to the
condu t - SEGRELF I QY i ies RS SR bR p e eaTonst F et B Ptk

St ruobur godyhickfe RaLH NOthe VRIBRLCT thd ks Wi ectbatlhabi@bs Rblatibh REmehERBAL S,
e.g., heat 1lanps, inductive heating elenents, electrical heating el enents,

e.g., redimpsandectusatésiptodhesmndud straiereso forth. WO _
and ot vely hORTAipUFcAEpERARAY do b HERAN Y oF O PO PRy R o
i s | ocat eltht ate ddpasit tpatritisab byrtioh bhthe gas-€dfducting portion, preferably at least part of
which is configured for increased gas residence times, and that provide heat directly to the
30  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, e.g., resistance heating elements, and so forth.
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Fig. 2B illustrates actively-heated gas injector 55 | ocated |largely

external to CVD chanber 53 (simlar to CVD chanber 1 of Fig. 1). Inj ect or

55 includ - ucting 5portion 56 and active heati In

further e?@%%ﬁ%&??of the invention actively- heated g%gr/ﬁ%ﬁ@?@% 55 can

be external to CVD chanber 53 and | ocated beneath the reactor with heated

pr ecur sor |nput 41 ent erlsp%ﬁl nto the underside into [he base) of the
I

(i.
CVD chanfs@pduiEstgsturensapa @t%heﬁaéSl@éét}fW&ivelaé@%th dorgxampis Yoy atheat ed

condui t gEdyef l‘thra?ed%nddlf‘stﬁ'cglre is}6bated af Rh@DaMlaBWwithdfd £V heating el ement 31
conprises a conductive el ement, e.g., a resistively heated cl anp-shel |

heat er, | ocat &tg. eRtibystiores ﬁﬁl\ahdh@mdﬁas oueatrr Ndessitadgargly crrerml g C¥D (cross
section vje t.ivie n ise iant elements, e.g.,
heat | am%11 V‘Q%g??%?lga%tgﬁlga gﬁoger 21) Je”P §§ mcflu ﬁéasc%oﬁlg t"8structure

but whi choaioa 56I’zlﬁﬂ asBd hehtirp dmerﬁdml $7. 33, funtor @hlb@@lﬁleﬁ@ro‘fﬁletlﬁvdnﬁﬁﬁ eatvely-
radi ation i nwards, to gas-conducting conduit 49. bot h flﬁlgr es, lbgases

f1owi ng DRHSUEH 1BisFPa] SRdseterhia EXPoqbémb?rg%@élﬁdeﬁafedmn? fheiteacEr 39 to
out| et 41’v1ﬁﬁrlﬁa43§?¥e%grs9ﬂ/mgﬁa4tl'e'ﬂ%n‘ﬁ G416 e BlcRRE L& idtDRAL 9Bt @yB CVD

chanber. Optionally, purge gases Tlow ng through outer hou3| ng 33 from
inl et 43chonlput | et 45 are al so heated bef ore inj ectl on. is apparent from

these figures_t ctive i.n fi e erature
sone thr ough Eecic ShTudRH iR AR sTorEN Felt iy sz; %‘ Y- 5E

i1 1usprave @phivisal acﬁﬂv@ﬁ'&dﬁﬁlg%ﬁtrﬁeﬁﬁll Eafprizes @BorRGtivee] @hend asEicvieinRgat i ng
clenent. Preferabl is optional .elenment is a passive_ elenent that serves

t o i mpr oxhéat%é@mprsgﬂkh@ferf leerieheering teprhdrpisouser howsipg 33.cirfdact (Pt ondui t
I'n t@@ctl%ﬁ%‘?evng d;%@@ﬂlé’aglhg\éfe ﬁ%@l%m?h@@i%ﬁfaﬁt clBASTS ‘é% ,ﬂe Conh s, JutGRN be a

conducto str eat to the inner portio it 49. In
t he case espfermahth catdr hheang moﬁhemmdms strpetmstlbuewhicbramﬂnchSecbWHmbehal 25bl ack
body stru

nprisi,ng a bla bod tr'a t
et aqi abdis@neSivp 1t SUE Y R th PodoREi PR G R oS both e
el emgpt  3bscs ABwiICthtodeh Spietishdpeal day-ceRNLEHEE EotRiuB UD Hehlnes 39 hadutlean] aksor b
i nductive energ g%aso as to heat the gas-conducting conduits. Wth optional

el ement Bsatedjhg beating e@a@nfc%lrﬂmﬁér@ﬂm@g@aﬁmatc\@ chabde Optianadly, BEERSHEY ect | y
by the agltobv\{r% ﬁrrgl%h BEtePhGIRRLS AR il Q% ftSS{)]thé{ 48Y eoagéosﬂe\éf%d%kf%?@fﬁﬁecﬁén BOAS

descri be Izing gas i njectors of t ment, 1 n ticul ar
i nj ect or $s gppetenaom e fignres thavthe ktgie ﬁi;ng:demdaﬂs dfod atmghenteaqteragtars eous

[11-netal Igl)rtﬁcurﬁors i nto CVD chanber for the processing of Ill-nitride
conmpoundg0ns R thich sgses °8Ypr|b9189/|md?cﬁ‘§ a gaseous GaCl; precursor for GaN

growph accor dF[% 1@ A sd MBG48¢ SRRBEI cldrflens US bha@ Barthdni At O pRUVE€hecatin®
2010/ 101715PCT/ US2010/ 024374 housi ng 33 gas-conducting and conduit 49

pr ef er ablelemeshpirpiseably dis optionakaerpent éy %Wéﬁﬁ’e slsmne@t tgatserviegitogmpramsieatr | bl ack

body str g%erren {cﬂg%étgfreael?érﬁfen?soﬁptr 'gﬁ% &ldfugtlin 29 $h E’}( 8ot & db‘h%ctﬁ’e‘gt | ve

heat i ng conprises an-e ri c ng j ac anp shell
heat er, \hhatoilg clements, passive element 35 can be a conductor that re- dlstnbutes heat to the inner

portion of conduit 49. In the case of radiant heating elements, passive element 35 can be a

25  black body structure, e.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.

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

GaCl; precursor for GaN growth according to an HVPE process. In such an application, outer
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surrounds quartz outer housing 33 and is capable of heating to tenperatures
bet ween 500 5and1000 C. in operation, a GaCl3 precursor enters the injector

t hrough i ith an incomng flow rate of usually %’E r of
sever al h&{’fggoe@?%l Stm (standard cubic centinetres per m%ﬂ?@ 3508429%659 bl e

up to 20-30 SLM (standard litres per mnute) and exits through outlet 41 at
t enper at ;r es preferably between 500 anﬁglooo C. An N2 (or al te[ natively an
N2 and H2OW#2 %%ﬁsxcpaﬁiwngaﬁ@éon&ag 4@ RESrably KPBNGH GUartét Passvirictomeahdd Wconi ng
flow rat g gfid &PRHQXS, BBEE bYdy Prusted prdRi-AH A BsprRth P ELRLSISHCE BL O, AN, | east
the interior of the outer housing, and exits through outlet 45. During its
r esi dencéctire h¢pging njeasniod], cantreispuangdeqashating #cky, be., blempshic!l IIRTHERCh
PREFERRED ENMBODI MENTS. OF THERMALI ZI NG GAS I NJECTORS 15Pr ef er.r ed odi nent s
of the ALY 9t Qisd e LY bl PR e o Uy b hed [ ha
achi ege angr@ased gas residence tines by configuring and sizing conduit
structures to_have gas flow paths that have cross-sections that are

i ncreased beybhePYHBEe? FaGkdrrenrsyr Fiers dhsdpigctrpthreuga Mgt Thyikly 2y msomingyy

vel oci ti gl afd o‘fiug’ﬂllgfonlfﬁ@(‘ﬁ‘aetmﬁs%ﬂlhﬁﬁdﬁfi @25 (sfan@Wdichbic B drR) P@Ind that
have |l engths that aré at |east as long as are reasonably necessary in 20

t he ci r comsttanzepogsibie patot 3030 kM (standarélitres per menghyaidealts thagughtoutét 4lhe

chamber a associ at e i pnent A r.di.ngl t he inj.ectors. of this
rbod el CERr L E R bV ERen PREROCK AN (b TehiiEih Ra i H ap

hi gheo | aviefurd)pamiclgat &fers Birbeh AT fith 2h Mtogasy flw eat of Spadxithics 1-5

enbodi nent are useful for injecting thermal ized gases at relatively higher
f1 ow rat &M.\iprapfains & oy HPiEeHFRtt astihe Mtarpeoghe aitsr byusmgg and gxits threpgh
conpound 'PH]} : : hi i r ed for use with
N pr ecurz)gtrlést?g’ icﬁggt%el%%:da%ﬁ%}gé?\et%{ge %? tIrTg éﬁ?ggdymﬁ%%?‘%%w rates, than
for use with for Ill-metal precursors, which typically enter at relatively
| ower f| GAWRTHER SREHRRED @MBODINGENTY GCIHIRM AfizINGiG senimdoreNt can al so be
usefitl for gases that enter into the CVD chanber ap _relatively higher flow
'ated> 30Fi ge DA T CPaNeoIdbOLeTeUENESR dHEF € ARGUarEagh alion
respecti ‘d@ddibe&ﬂlaﬁibhﬁ:@@ﬁﬁkéﬁ@é&dga@fresﬁd%ﬁc@tﬁrﬁ&e&y @iﬁ%ﬁkﬁé@d‘s@iﬁ@cc&aﬁtl nj ectors.

Conventi onal conponents include chanber housi n% ~susceptor 69, growh
subst r at etréurcaipchaie gy ey pitbsriat kave orosesevdiong thet are sictpassst teyondithossi s

ehodi et A5 ALLa0g5d 2 oNdepRt By oAl AR, 01 SRAFRRT.IHRLNG, JAugt the

\
| evel of e upper surface of susceptor enters
fl ows w tfleiwnintcbeduits) and that have lengths that are at least as long as are reasonably necessary in

20  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

25  IlI-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 III-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.

30 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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WO 2010/ 101715PCT/ US2010/ 024374 conduit structure in a | ongitudi nal
direction along the side walls, and exits through one or nore outlet ports

that dire i ransverse streans 62 across the up r f
suscept or %Q@gﬂv\gﬁﬁs growt h substrate 67. The conduit Eﬁﬂ@%ﬁﬁi@égﬁ this
enbodi nent can al so include other elements, in particular, outer housings.
Conduit structures 61 are supported and held. jn 5the chanber by fixtures as
known i n©P lta%tﬁu,ctuffelpéafwggl 5@%41590901} dlppe %ﬁdldﬁi"@ﬁﬁ’ %léﬁm"@rqwg cares 73

havi ng t LaRsY&IS pbits MALiRET 1R RERRES: (Ram3 B2la¥ @39 the Rpihiseladc R s8kReptor
conducting conduits are supported. A single, |onger support fixture can

ext end e&Bhovirdegamith subbtrate67.CUI amdni stryctures of thisrendpdiment eanl alsophdudshort er
support fixtures can be positjoned.alo ach |1...Conduit _ structyures 61
can be adllveryHEdr el SUL PG C Bl P adbpyal g
10act pvelie dhembechy Baums bdkonduithic &t, huetbyre@smpidry 1eft afdl gght2Gpporchisidies t
structures 61 can also be actively heated by providing heat producing

el ement s 7 RAYINg fransygjsaladriel cetiiedrones 42k shalveron vdrich e gneondusidg cpndiyts

portion. ofr@hesiadl Yu sif Bk der SUTURLHESS Siledf RASSHY fhl oPRRIAEH by being
partially or entirely Touted t

( ough and/or located within a heated
envi r onnehambez, @ .altematebyamadiip@y/Bharteavhynort fAtges capadwgiovidohaktlong @k fel. neans

are preferably associated with,a portion (or 15all), of th ndui t

St ructure vt hontRRanRRER Al aRst affht R ohaER A s OEedRRE b fuer

f r omiphe aeively paarsNtAstwaitH bondGio Beubtire ST WEFW. €6), chaduitexabits.61%ue hispassi ve
heat transfer neans can conprise a bl ack bod[\{aénat erial so as to absorb

radi at i odcebmhatrdiyarovidiae hpamprduging ckanantidhairee sdineeniie ot lsed amad et thé t he
condui t 3 i i i . r t hat

i ncl ude %élge&g%d%r}glﬁed: Olg?oant gﬁe%%lbtﬂ?lg% gg‘?g@“;‘%%gg? {%gggsé%%ggé{tﬁeb condui t

st r uct ur esrtiely phentuigdp esutqt thrygh efid/exlengtawithiniadteated snvifnaredt, elpata hextednd

across t D cha r (thus | so .i mprovin at. transfer to th

s cent ol FryTbeapARp, (st abed bihrorThig b rdE by SRERmbE: hGay Grhe
chanber sn) @shé CordiaM 8fru@uWaiRihkihddted E@BEdiMBNtGh oRRE 1 igRFovedREk U dnSfcP1. Note
that the gaps illustrated between plates 65 are for clarity only as

nor nal | y fiortthe cpyigmareniyeheicadui gircdens. K5 csgmpleotugl passixphestisnsfoel vy, gas-
25conduct it I | af: can
extend on ééﬂ%%g;}gﬁ? 36 gg%lﬁglﬁlgot(gq%%%ggg f‘%g) 1 E\éggéﬁfﬂ?g@%&l tgliIi ac[)lﬁl egfga{? fl1ae Chanber
exposed tod tdedheate hlasogsd heat to thekohddi shextuse.of t he t hernml i zi ng gas

injectors of thig,e di ment . can inject gas with f|low patterns different
oot bt e S TR Bl (Har L pr e b bt ide e BE R PR b3 ol .
Fi g. 28C iald éﬁ§$c§r€€d%o@é%h@@&ﬁﬂﬁt%&ﬁ&tuﬁe@ oﬂﬁ&i&ljb];&alﬁoﬁgmﬁ"éﬁérhﬁlﬁlry%ﬂﬁi‘éé vsaffl are
further 30con |(?ured to have outlet ports 76 that inject gases in

| ongi t udithpd Exten @‘é(@qséhrpsCBQrcélpmbq:r (ﬂ@lsgaéqp 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-

25  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

30  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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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‘{) zdlgjlagﬁed in further flow patterns by pr oviﬁﬁﬁ%zﬂfqzd‘égﬁ%ate

outl et por as ' w be apparent to one of ordinary ski
2010/ 101715PCT/ US2010/ 024374 art. Further enbodi nents can have only a
rent

single (left. or right) gas-conducting condyit 61, can inject diff

second g&gteguftﬁ?rm%ﬁdlér&@& G@r %PYFeODcI% Spgiey _Oét”éét) @é_%‘g%ﬁlﬁﬁfﬂ%&‘ioﬁéulégh&ﬁ?t s,
and so f@rgééi difFRST GRRAY GhicO hrGRIRAULR Sf @BE t&é‘{lﬁsﬁﬂp&gds%ﬁﬁuc@ihg cOERAETAR Y
fabricated fromnon- 5netallic materials that are capable of w thstandi ng

t he hi ghseé&nrfiler ature, corrosive environnents that develop in the interior
of operating D reactors, e.0.,..HYPE reactors, .a at _have little or no
nt o acti on wetheprBEr e YapalFER) 9 Dol iRapEPulad

mat er al ne@dIe meRBalg tait b cafdite &f aichstdndihy thd BibR senipfeeft@t pdakpsivonpri se
materials with hi gh em ssivity. values (close to unity) that are al so
capabl e SRVHgNMEEtsAhdidgyclomiE the Bierios ppercattined. VR orasirs Sigwd 1 Bk 15260 e ARE .

Pref erredhsHel 1AL 6f AdhRrddich Wi Ifécurmlsgage@@gpé%ﬂﬁy%ﬁgk)s o ylie?e)freﬁfsu&r 98,

0.92, and 0.92, respectively). Further, "the conduit structures and passive
heat - t r amsf@r] pwaprseagqerir dihebhiok podi pleds pret-rdon £orgpmsedndteriald ewh bigha

ticular.C \VD t. h . . Wi.t hi.n that chanb
Pe ot t Sl B A s P B3l Bk Be e S MBS At RO o) *°
the goscepir®Nive hSiroh@Entt.r PR&IRE shi@aisteridlf thcRIdBAINASIE0HId B ,€dc@BHRANSNt S.

Accor di n@lg\é, different specific enbodinents of the thermalizing gas
i nj ect or §-BabOBend0ABereaPRItIEYME i gured to be arranged within differently

si zed and congj g efe %u?t@ 1;6? %nnggffssi@% ﬁéH?-'u%nsf%J;:ﬂ% i 5 %Jéegﬂzl?fe?a!bﬂgsé%agang o

injectors illustrated in Fig. ve been size i gure

ar r anged comfiganall inoopyreolt pariduldr (EXIB rhdrabey sCUDt themioebe drraped-wghinthatn t he
manner nogl escri beq. ZT]gF%r st 'tﬂ ses are ipjected.in | og]%i t udi.nal flow 63
from inj &CBRE 5P ALY TR ST PEEIPRAY CErdttERE B BTHY™ B8S#yceBPovD
chamber #dboafendiéraneahowad dthct MBoGMSE 6RhRInen® REsBIMgROHIRRAELACERI | Y
illustrated, the upstreaminjectors can be one or nore of the injectors of

t he embodmbadienisiof theghermphizing eapiniprtpryeads sead and eqndigrisdito phgraasd

i njectors,: 1S o i i.nl.et t he
chanber i Gtz oA AL Dbt FAPE{AE AKLE e bl

condui t s if§dctorsllusthreted asEBigo3 A€l lgave BBen gaslend apeigungdetotbedrhigedughnd pl ural ity

of outlet ports in a plurality. of transverse streans flqw n rom bot h
o dewal | Sofigiass iR eReRRls TopbSh b HEHan bRt pe BBl boond gases
are ppj ected Fhisttgsesl @ Bidctédiin &Ingfbdifa TRow 4 30Mbm InjtAYBNSatdIReth WHSRRKOT -
First and second gases neet and react over the suscegt or, and spent gases

exit t hr 60 fPosRmansigsedB-(0as Codhehaerteng! exhidry tosvasds thasuscensen /dispgled and
tcgnf I gur %gt %QciﬁgaIWi[lgﬁlgi‘?eQi, {h%rugﬁjréémaigj%'cf&?st cawi')% OY'}@H‘ ﬁor%fofcﬂ}f%ai%%{org& {f9 as not

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-
25  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
30  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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interfere with the susceptor and ot her conponents. Also in the case
of Fig. 3B, specifics of the pattern of transverse flows 62 can be readily
controlle differences in the sizes of the o The
| arger cr g’!@“”@%gisom/ 101715PCT/ US2010/ 024374 sect | on;&;(%) b3 ¢ o
gas-conducting conduits 61, although selected primarily to increase the

residence tinme ayail able for absorbing .heat fromthe chanber interior, also
permt t ﬁect@a%()ﬁ%ﬁaﬁfe%sm% §eremdusting wag%tﬂa%lthsvem@ﬁ%cawgy fopiggrease

appr oxi Mgt Ekyid&RY &hcZ0a @At RF SEDHifShak Prﬂﬁh thOEndn@IRB IR, A1 EhHANMY Ja3. For
example, if the outlet ports are of simlar sizes, btransverse flows 62 can

be | ongi rcortfusting gondnits toiaet asiériug ¢hambhes tmjtaplemxmmtetlfs earaezegasmwumg si zes,
the tr an3en ?l?e},'lferll %jlvs%&lalc%e utltsai:grl Bample if the 66‘3[169% rf arc ofd Sim; Qresrlz%al I zing gas

i nj ect or § OF I"eul ar of &°cont Igur red simlarly

t o i npect@nsvise Plowkiogsan BAoagit@HmIganifsed widledf ditiodectpasearof MaRimcur sor s
into a CV. D chanber for the proceSS| ng of Ill-nitride conpounds, in
parti cul aresthsrtransvaptediany oo DRIFEYI% GaN growt h according to an HVPE

process. For suchsapel, 'tﬁe’%hl'af?ﬂﬁ D3737-6ORA L BALGARLH {SpPdcutRmib&os! Z€d
fromabout 1 cmto 2 cmto %m and sizes there bétween) rJeferab |y

conpri s e cqmﬁegumd snarlalsstsppm@ctpeﬂl of Elm 3 At-6 ecap fhaibat tolped ode g@bqwﬁ‘hmeeunwrs
above) fixture 3..an ave gas o

TPot vy 6 S A Bt S p ot e AR et S R P BE Pl e b
conpnose NHiabt GaN aislvtassrdiag feat HVQERpradces Mot elicdrapblisatibhs; @apedrsiactigC,

134C, AIN. In operatiaon, NH3 enters the injector throu%h inlet ports 75 at

f1 ow rat €8ndyits § s:en e ey abavé [ 6 R an fan cvandtiess theis BetweeBul d be
li zed
utilize fﬂt}‘ﬁbl cep ¥1§e artg,_al_f1 ﬁ%&gﬂ&ﬂv Bin SNG4 hbEr Blov ﬁtelﬁ%% %90\9 blale

vicinity POt 'su eated y heat t ansferred f omt he
heat ed i hbéy plates b fm(hlees(’)\ll}lndlhavmgs oafid rintheSiiGniy aff tbs pposinfat olttiecch ar e

eact o AGVERAGY 1 erhEoRITA GO BrPAbI) HeAREE TS B L BRRE PR bl a

| east]560Qomprify$i0r BI@ ANt ry in the reaction chanber. FURTHER PREFERRED
EVMBODI MENTS OF THERMALI ZI NG CM | NJECTORS 25Pref erred enbodi nents of the
ther mal i zi ng §a@Par#joacbly snigrs thrniccion fapeghoplcapatnivit descricbetl! tRatMas

vv-el | AP 9111 e&'n@cqe ﬁﬁmwg @%hqgle%fcohﬁq{ermllh&g@tTl%rbqutg of ga§ P&%’g}gd gas

residence tines, 1nject one or nore gas streans in separate t udi nal
gas fl owsowduite 6d:caretlnaitédemi the‘amsueoﬁﬁlse@mrlwl Tdie Nngbhdzat@Hay Hent parsfared! ar ,

t he spati.al di tr| east. one i.tudinal gas streamis

cont ror1 G e Bived B OReEie Sk Rty i SR GRS kb ERRe & a0
si gnippi C@gfexﬂéﬁ{al jagp sofirckIe0 statata8bvQhind PQow e gﬁﬁﬁma&m{du@lh gdi strpé but i ons
can also be controlled so that different gases do not prematurely mXx, or

change t e%eﬁ Brefraldy he%te%qeerﬁ@mrqu @ﬁaé%ee&tt600| fjpeiet @r%ﬁr&sfm theireacEpbodi nent
arc refer qtro herein as 'visor'-type injectors, or as 'visor injectors,

or as VI sors WO 2010/ 101715PCT/ US2010/ 024374

FURTHER PREFERRED EMBODIMENTS OF THERMALIZING GAS INJECTORS

25 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

30  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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For exanple, in the case of growth of Ill-nitride conmpounds, visor
injectors of this enbodinment are useful for injecting IIl-precursor gases,
N precurs nd purge gases. In particular, a vi i.ni r can
inject a ﬁ%%?@@?lﬁases inaflowthat is largely uni f%(ro{UélzﬁiOZ&%:{r)’ nsverse
direction across a width that is a significant portion of the dianeter of
the 5susceptor. Thus, as the susceptor_rotates, the rowt,h,substffrat es wll

g

have a | ar gel §OURPIBIMIERP680& 2tV b ABIIbPItHCoFRouEdss Bisar injectors offls ' er m
"signi fi GAMbdiRRAE 400s@hl HPRjRHRE ARpREursoMRES, NSRELURRE %b&s,'a‘ﬂdbﬁf‘ge%@g&ﬂe
context, neans that the gas flow (as injected and w thout significant

spr eadi nd) potisulpeagisosufdcios iceminjcat # prsowsorgasesch atfloe thatge bpgady uiborhae al |
growt h substrates carried the n, can.be.direct.l sed. 10 t he gas
Plow s aisPe BRedRh b et JaE M St riceb Sha B C BRSO s mal 11 ow
that ext endsptac 'S, Atthd @Rcdptakotics ahegloakif subktrarey willdfavt beargdélamifeim of t he
susceptor wll be | artgel y uniformacross a "significant portion of the
suscept OFXPOSWrt@_OB?%ﬁ F BBy SO he fl ow extends across at |east 65% or 80%
or nore of theydiAmeliehifRhintyBRicHUTARALLeptdrY Sh R HEEGH BT AP LYoy WORES:
chanmber configuration permts, the flow g_xt'ends substantially over al [ the
suscept omedistiet tbe gasifiorh &stigested dralrwighopt sighifioantispireding) cah atacly agffiviehiodi t i es

with the flow v by | ess an about % or less than abqut 25% or |ess
than apopr oY s hilal] AR b les Rt Blviodtop B BB e
sect i1gns t€he$enNfléw. Rocow 3ndcRbc@uhiRgRtdthein @¥thiidl) ad@witubingl fldwethseteaided
| ongi tudi nal distributions, | ticular, a visor-type._ injector has at

T

n ar
| east on&ctes dtdgasiydout %etlﬁllfaPrtnF‘g?@f/@F demgieoh thepyicep@r wilkpylargehcuntorgor ti on
of 20t he Fol . A i - or nore
a%§§§%ﬁéﬁéﬁ?caﬁt ﬂlO\?%ftL@E\%\gﬁft&G. ?Medt?é e?éi'?;ly,g%ﬂm lé;(teﬁ&eac%k bt

of the susceptor anet er W out ort). er outlet ports
(' nar r owleastuid%&tor B06Ys o) marcevfthepdiarattbyofitbe susveptori divom there proferabjye sthegases i n

o oL S i BT AR B L IR A S5 ovon

Convepni etk ye@n%rgélfzhﬁmh{%eahb haV elstvieloalticE Mt SSL vidyds 1eddtthptabper ts are
| ess than (or nuc ess than) that their transverse 25extents so that these

out | ets darr Belcednl shovbed e ooress shagrbowt 33%. " fl attened' shape. Narrow
outlet ports “?ﬁ%ﬂ{ﬂfp‘eéﬁn%&gﬂ"’}fa@%ﬁle}t g&@ss%ﬁﬁ S0 QLIFRMHen A Boritehk! cal

extents. orts wt rger transverse extent and snall er
verti cal esodueapk tioaaxitive gaemue itficesatebted dmngoniodati edbusipn$. alwrpactatuiangp wissor - t ype
i njectors fr.om pl anar terials to have a pl anar, shape. Qutlet ports are
or ef or abrPedNGHE! Gt kg oar e S ayd of 4 reFir i ShADS  siineBRine can
pref epablipe PSceptoridle, PEsHvEEe PN thati aBARGHEEIFbF MBRVEBESsUBEGPRr dadhsbter
channels within the planar shape link inlet and outlet ports. Ports and

channel s ({ 8ridgypedns @artbrOeit auslgt ROrtsd AATTew it Pass) frgthynieadly ddrTpyyerinfor dos t
pl anar El"?g i 7 J‘ﬂ %}J W \Ghat 1151‘(? e 0 rf‘e”k&
and t hen yﬁésce a[s?%fél rﬁ%rg T%Spectrtlgc (g%sn elcgé’ s\%ﬁf fl<l:1uvsskec%g’?jp p {é%%l:l&%gt erolug . In
ot her WOoa0&@oit® tahttpRcH/suk2a (b 024 pbrte b ofiFigedt s , Calvam gl ysandainefbably,
fabricated fornmed in bfotfcl1 the[\ first Efnd second all na terials,
the vertical extents of wide outlet ports are less than (or much less than) that their transverse
25  extents so that these outlets can be considered to have an, e.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
30  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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or within a single piece of a planar material. The planar materials
preferably are able to withstand hi gh tenperature, chem cally corrosive
envi ronne referred such material is quartz; als

mat eri al 3%65%65@7 N, SiC and B4C can al so be used. 5%&@%5{2(}9&6{‘%
channel |i nki ng the wide outlet port with its (one or nore) inlet port has
an increasin ransverse relatively nafroqw in the vicinity of the
inl et portby denenicshena %@a“é%eafn alerifaeg f foad i pothiis ERbant weond Ry ER @xt ent
of its ouflghinkNikgle hbRe¥&d Qbifar BRI MBI Sanas Hﬁﬁﬂaﬁﬁfr@t@ﬁb@g&ﬁmgﬂﬁl S can
have different shapes with differently configured side wal'ls. For exanple,
such a ¢ r\mﬂnﬁend high termpenatare, dicdacalslcbgosencthvapemants wadyefetredksich ofeggya] is

10al ter natl rvili.near annel can have a

‘bel | -1 193 c nvmeafpgléé' TnarTialy sygh as%éig%lcsﬁn%k%% ha Psg bfé‘(s)r%igave si dewal | s).
General ly, therghatipehe shapel 1aﬂtd1gwﬁé wldecumﬂbgwrabiﬂons @aB obmosg lidett ek has

according to the principles of flujd flow so that the flow injected through
the out | &0 IFEFFIEEHABSVEBS KSRt ENIVELTBFIO8t I dhe vigngy of the AHehoFts®duni formity.

Channel s i\ dr & g%rmammtﬁ%ha&he@%é éanrsoerweatém bf t@&utEPiS(;rﬁ Alribayve a

| argel y constant cross sectional size. 15Figs. 4A-CillTustrate exenplary
enbodi nermbodifnenissoch inopesing ijm}ssammw deftemmp shanyes cothf ditfencatly améigared
arrangenet nar.row channels. Fi.g. 4 strat Vi sor.

1 ector Sttevtis g PuMlaa B SFRPARND freaf il wilh don St £ S Rafet s68%har - ow
outl @) partéBadlly} wiRtesilinadeidhayls twhpahtndcanlhie 8 Welldikar comexisiidve)e gas
flows that could be injected thr ou%g t hese ports. Gas-conducting conduit 97

li nks |n|OéeO%¢1lk@§hetpe (eanepwrsigsrails @%ﬁ@”ﬁd&e shagapleshang apdagfledge- | i ke
shape, e)éB éﬂﬂ)ncﬁﬁ)% &% F6inBRE % %o@ﬁﬁfdﬂ&@s §tt'n@ 8$v &%Ct@@d

i nearly w deni ng unt| as a trans extent equa to t out | et
port 89. tl@asglcmmumupngs kmnidmetd c&ﬁrabuenktms; cng eﬂrarpwrse %fo@mcty Gh&mblse in this
figure) to, both out Thi s ui t configured to.haye two
s encilis R g oyt rBRS PR it dods EETE & 14550 F SR R ot S v ¢ n
the iigl et por Fignh € Ziastrdi@cltaipart chmBbdlelits ©GONBbRIDe Apettdrehvithicx&hylaRar r ow

Ccross-secti onal 25 size. This conduit lies outside o and does not
i nt er sectPHEWiHtoRy arcbiErmRemgr of mdet adqagpyshanngle Figjdéclgytratesperigr t s and

channel s %cgoﬂ »Onlﬁ&hélg 00 %&ﬁfau dacJuﬂ BN o %@ﬁ&? Sufidt pltglﬁg 9@'4%”6”

mat eri al bot whi ¢h ™ p era rise quar
i |1 ustratestedrigtiaby teepan§f). aThp soligd arrreWymehqawj @sﬂows vhat bmﬂd!\be m@cmditknehgh w de

and | ateral |l y-1ocated utIet 7 d and. a el ative

o o oSt borty o iipEhoBBt ik iR ponal o8 B ade PR bt b

l'i nkgoi nhelghAkd shhpd kRn@k iR PRArfowlet bpdibriidSncar SRRSO apM Bn&llkai ght
side wall and one curvilinear side wall so that its transverse extent which

i ncr easedvidemng yaihitdiaya frangvase gxtentpapsl tethat off atleppart 891 1Gasseoadwading sl owly in

t he vi ci I 7

et por PO B BRSO BN 8o B A lor PR 306 PeliBs
simlar, coufigurtdrorhai¢regearsivapding i thuabila @drt algieactmtral pootidn fidkésethe amakui t
have a formF1 a can be copsi dere nozzl e-1i s-conducti ng .conduit
127 1 i nk&itrPetn§apt 218254 Prhaycy Passily e BB oL BB S s i gel y
consbant sk O0%his %&@ddltq{b@ lou & ®f (dnldWocHotiiktbdsding i) ashdRND7Y iLeWiPisdrhe
enbodi nent of Fig. 4B, and denonstrates that a 5 visor-type injector can

be fabri ¢urcagiceton thanwris apd elranels arven bpitemn planpiameterigld 08 gnd prgsealemby top
enbodi ne Fangl]‘mgtelq l%ﬁ"b Qlot lgé)?@%b tn?ﬂrls@' ef erably conprises quartz,

and top anar er| al pre r| ses 87y ackbody material .
Fig. 4B illustrates another exernplary visor-type injector with two relatively wide and

laterally-located outlet ports 117 and 123 and a single relatively narrow and centrally-located
30  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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Gases injected by visor injectors are preferably thermalized. In sone
enbodi nents, a visor-type injector can receive gases that have already been
thermaliz passage 10 through accessory inj ,

i nj ector s%g?gqllpg(;”f% t he enbodi nents of Figs. 2A-D or E?%@ﬁég}f%égﬂf‘n
preferred enbodi nents, visor injectors are heated so as to ther rral ize, or

to further thermalize, injected gases. Active heating usjng e heat i ng
el enent s Si@iaﬁé%%?@r@ageaha@aué/l%h% tpgrtheERofh §e$eaﬁ05éu1ff9 B abs@ent ) .

More preferghlideredheQle- 1'11&' R RbRduRARg BshdRAISY ﬁﬁl@ﬁnf&?ﬁ&@@zﬁ%n@ﬁhﬂ?&w&' aced
within a CVD 15chanber. Also, the residence tines of gases injected through

wi de out Ioetletpvortt1§9@a¢1hm lﬁmfymetdntmsswldedﬁ@ased average flow
vel ociti es. t ase romac wer, part o hannel
ovards a v dbi Sl Ot Bk SRRET ol ot fr 02 48R BhhecPlen B

conpasi s@isot-6/pgasgeSor dah &6 traalichiad ﬁugfheaercgb@e@glmaéndm eH&ane cbergt fo thelt
constant cross-sectional size. passi ve, bl ack body el enents can be

provi ded ePgodligepeeidie. I"?eAatbOEt?larPéﬁné? mQ‘@’fl%l naetgrablyr compsises HiEet8H OPRIEHT bl ack

body el egppls l%gsrgg P&h %m%g a‘b[&%klb e¢hQiaias illustrated in Fig. 4C Al so,
simlarly to o her |nj ectors of t I nvention, black body plates can be

provi ded ext efGasgs ifjattedbly asent; et:torsearv p@(ﬁerrahly ph@rmai}@dt br some embodfFnepts, §

illustrates conbi nation o wth several of
he 't her MR BPRATEHE hTSebeed s AR ki RS MRttt st

vi soneot ypgoigh &@és@é@,mﬁa@ﬁeé gt; 1m@tdr@sﬁﬁlamoaﬁ& cihB&difBhts 2EHig DL D drgg@ssary
for a certain CVD process. visor-type injector 82, S|mlar to the
embodi nedtt-¢4 Fmgrﬁfeﬁr@éanibﬁdlme@ts ViROT IICtRs ST E hestredoian ta thermpbize s Anfusther of

chanber ik i QA Sedl Wik AORNSSEAR tAARalh OVRmel by RTELOWBS 19

| ar gel y orm ansver se rection across a w
signifi cmanmgmtqrsﬁargétrameershmtt)er of susceptor 84; and second gas flows
99 are lateral, to t and nsver e

w 8
30 Both the MY PRy d%?&“@%“éorﬁlc%ge%ﬁsﬂw M@Fﬁéﬁf)&gﬂng ALY ect or

82 resei ¢Remigas Aldopis ré@&nf;é i Xt RERThjcsod fe@Shtvhiat o Poad m&&éy been
thermal i zed by Bassage through injectors 83 that are simlar to the

i nj ect or &epd Bedo dperpased perregsdiovs vwelmmites. Ippsrpculpipegdsey Bowdogre acti vel y
heated a r j ector
82 WO 20%%?%%#]@%2’%‘70 EEE%&%?) 8§d5%)7%118|&2&h0c at e‘glgém%? ht}le:ll}?:l a\fﬁ%?ﬁlfﬁ&geoas?t can
further ﬁmmm[mrismeto@smnjba:bd)tmoﬁghj aechiiuomh of @Bamm@lngﬂnltmtkoﬂsta@crp“at es 109
(i ndicated for cIa i n das i ne) are provi acent to injector
51" o rrsvRuags: FridereRsnior R DHY RERHEF B EHEGT SopEpr e et by
The Qonblt@@ws@@g@é ﬁ@edtdic Isueleslaéinb @It cingenBsloan Dt Fht BF theQnjb&Sr 4sNil@G RSN
described with eference to Figs. 3A-B, that are Eﬁsmloned | ateral to

suscept oFiB4Carfdsaginbehito phex micctoryel taslimenten, bivstbedy nlatEs camkr nayided
third gag,f)i9 tggj L B 4 hiansve! i.rection fromboth chanber walls to and
acr oss su’s‘gelp%,\@u i &ﬁ'r ansver \éé 1?ﬁfeows can have sel ected | ongitudi nal
di stri buti onsFiepeélhdimgs @nombi@asézeanekemplatyot VDaebambert Hé vatht deetrajpefithes fr om
injectors 81. . For
hermahzlng gas injectors of this invention, especially with visor-type injectors, cooperating to
25  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.
30 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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exanple, the outlet ports can be configured and sized so that transverse
flows 87 are al so 10substantially uniformacross a significant portion of

t he susce Injectors 81 are |located within c gases
can be th@% 3% %ef or e injection. Optional black bo%ﬁ%ﬁowiﬁ are
provi ded adjacent to injectors 81 to inpr ove heat transfer fromthe chanber

to the visor-type injector. This c i nati of CVD chanber. and t he
t her mal i 21 Rgeteh thincBapsrs 16po ticas 3}% B 6855 DT BEF i f(gptiongl g

deposi ti ‘B[hck’fboél}} [afdt 169 GfdiBREEfok @llaﬁty 1‘1%51991%&1 Bldie BN R ERA i faBrk ® GE:CW PE
process. For deposition, gas flows 89 could conprise gaseous

gas fl omlwlmQV@h@bmf%érONH@e Chmbegasthﬁwmﬁ-%e@mmt@lf conprises a pur ge
gas such as H Fecyr sor, gases ar e fro f dicul.ar
directions i n%%l F oV QP f]?u aroemflg e”iuﬁcwrsegfl(‘)r m ntogh (e ve(ri'e%gqb drvél(k: ion

across arsfedhée blfags. BA-B thitgry Ifdsm@ﬁéd Resdl |t@suseéptdsrhaa A adRtear tothe sidscept or
2084, and a purge _gas can be injected for_various purposes. D fferent

combi nat MBHE obghambar { 1, ard Biest %‘frdtgﬁi* Hovn§Lina wrnsere Geection Bagdwth o i nj ect
gas flowspifndRe0td el &Fds?%s@%tmt aRASverdt BHQUGH &99%1@&&1 bRatusgs of the

i nvention are shown in sone W ngs and not 1 n 25others, thisis for
conveni edegitpibys depeadiahor éatsmeeofrmlyacmeesmcﬁnim ddt mrtStﬁoamle@toraSl lodr the

ot her featur ance with th I nven tign,. The wo di ng"
o1 ek hEoRRTBOERE Bebiiut A STk Mt PP BORs ) RELS! of e
broadby aiishtmenmy eliensi a‘éﬁisya aq@dlﬁ@aﬁ paﬁtonldfmnet sﬁ@cebﬁ)r any physi cal

i nterconnection. The articles "a" he like are al so to be

interpreted biYedrsy SAnte le@ﬁﬁﬁrww@%h%w 1&& 59 é#%? ?4“1"]@ themebegd hefae si ngul ar
and the mgntgbe oé%fﬁ’aﬁ% E%od@ﬂﬁte?%@ﬁr‘gm&d%dﬁl%@?@glééc%rg @Ftoslu{spr

applicati ot to e tdken as t only possi nbodi ment
enbodi neht# tmnfer Mo e ¢hambhioeeheskisdritgpek infectone art and are within the

following cla e . 2 10/ PCT/ US 10t/ 024 17.4 THE CL,tAI ¢ at |
cl'ai med 1's: S1TAGHO AT BEL Y RS PH BORTH GHUEE L B END ﬁfﬁﬁwﬁnﬁgﬁl
vapous deposd tdei Yor, ¢.g., deposition of II-nitride materials, especially GaN according to an
HVPE process. For GaN deposition, gas flows 89 could comprise gaseous GaCls, gas flows
87 could comprise NH3, and gas flow 99 could comprises a purge gas such as H,. Both
precursor gases are injected from perpendicular directions in flows that are largely uniform in
a transverse direction across a width that is a significant portion of the diameter of susceptor
20 84, and a purge gas can be injected for various purposes.
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
25  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

"n,n

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.

30  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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chanber conpri sing: a gas-conducting conduit for conveyi ng gases
along a flow path through the conduit froma gas inlet port to one or nore

gas outle X one or nore segnments of the - Zdi i ng
condui t whhé(?g({l&é% 15segmsnt is configured 10or sized to l%%??%zggb é}a% fl ow
time through the conduit in conparison to the gas-conduit segnents that are
not so configured and sized; and heat i ng nmeans arranged to heat the
one or nore segnents of the gas-coﬂH@sﬁLﬁéMéonduit as the gases are
conveyed theret hrough. 152. The gas injector of claim1l wherein the

gas- condygit i NG GAREW-t conprises quartz. 3. The gas injector of
claim1l xer gglgcn ?ﬁelﬁheati ng neans further conprises a heated CVD chanber,

and wherein the gas-conducting conduit is arranged so as to receive 20 heat
fromthe CVD chanmber. .. 4. . The gas inje f claiml wherein the
heat] fig. means 1f ur ¢ Ades e REihEe SRS ALV chiufidimtBRiY. | ang
wher ei n Tchﬁnlgﬁt%oﬁ:@ﬁﬁug}ti ng conduit is arranged so as to receive heat from
t he heat producing el ements. 25 . 5. The gas_injector of claim1l
wherein at | eages-endugiinnecondyt e gomisting gaes nrongarfloy pash Auqueghdhe epndert gas

fl ow pat i I t substantially simlar gas flow
vel oci ti ngﬁp%%%aqlﬁgﬁ%rg%%ﬁgjogg'%gréagyu{é%t;ﬁﬁrn%% wherei n the gas-conducti ng
condui t conpr bsesr gasasgrh¢rwwiithe gastdondudtingtconduit witkee eacGrsogrpent id conéared

precyrsor f.or gr.owm h of G.oup, Ill-nitride .sem conductor in the. CVD
hantlr - or st s psioricibronBasontut f SBFRORR B gettitor ol ai m 5
wher ei n taen&@ et LEnSREBMdSId £id siRe; 4AS- conducting conduit conprises a
spiral -1i ke shape. 8. The injector of claim7 further conprising an

out er housi nghe#ingmesnereiasd Bwet the enapi mexe segracnipefirias easropdertvegnent , and
wher ei n they RERU NG & SIEMM Ry ML Aoz RTPr 1| S€

15 2. The gas injector of claim 1 wherein the gas-conducting conduit comprises

quartz.

3. The gas injector of claim 1 wherein the heating means further comprises a
heated CVD chamber, and wherein the gas-conducting conduit is arranged so as to receive

20  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.

25
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.
30 6. The gas injector of claim 5 wherein the gas-conducting conduit comprises

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

semiconductor in the CVD chamber.
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one or nore clanp-shell heaters arranged exterior and adjacent to the outer
housi ng. . The gas injector of claim?7 wherein the heating neans
further c | ack body el enent |ocated within t i ng but
ext er nal 3§??H§&m8F$a| shaped seg)lent for 10enhanC|nghﬁrgﬁéﬁ‘%ﬁggzr from
the exterior heaters to the gas- conductlng condui t. 10. The gas

injector of claimZ wherein the outer using further conprises as inlet
port and a gad- out Bt Injstqr of alﬁanﬁé’vlﬁmﬁ@rseleﬁﬁql PIBHS) afahesgaééanﬁw%%at
gases Caf&oﬁdu@t%ohﬁbh@éé%ph@ﬁhké‘éﬁ%e housing fromthe inlet port to the and
outl et port. 11. The gas injector of claim1l wherein at |east one
sel ected sel Ient i's conflgured to have a gas flom/path wth a Iarger
Cross-sectiongsi ze nd | 83

Veloci &1 es. o8z TREC e o EREDy A b Gy Bhe R RE SRRkt ke 1 ng
condubt @aipr alseSthg gsies-shdpedisignontt,tantl vhckvat th hedtlhgelandiist fupB@topipEsr Sor

for gromh of a Goup Ill-nitride sem conductor in the CVD chanber.
13. The §H&OF lﬁp@éﬂw gtelldreaiorn arpnggtersiarior teadizeepidp tiegiahounas a
substantially 25constant, l|arger, cross section size. 14. The gas

injector of claim1l mharein the heating neans further conprises a heated
CVD chanber, &and whbe gisnnjetter biaﬂgeﬂ whepmarthe hetiog nfea@mﬁueueramdlpasezeulaclo be

arranged i nt er | to, the CVI | ang, a |tud interi wal | of
he " chambef® Skrbi 1aSgirga PR Aotad bl Sofel QI HHGLIRpe! Netnbhs T ove
are dor echlefchpoRaithaskafenahe @s@éﬂorheatarsd@thbfg@s-@@mhetﬁngcﬁonme chamber. WO
2010/ 101715PCT/ US2010/ 024374 15. The gas injector of claim 11l wherein the

cross-section size of the Iarger segnent grows |arger froman apex section

tovards a basq secihop, MRRL G Sf‘&aiﬁleﬂ%ﬁé}(? naREHGe! lﬂ)tu ﬁ'RhQr E&lﬁ%@s‘% a I%ésm The

gas injector o clainr15 erei n gases omnng mnt gas conduct
inlet port and a gas outlet port, and is further configured and 51zed so that gases can flow

through the inner housing from the inlet port to the and outlet port.

15
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.
20 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 I1I-nitride

semiconductor in the CVD chamber.

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

25  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

30  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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conduit conprise a Goup 11l1-nmetal precursor for growh of a G oup
H -nitride sem conductor in the CVD chanber. 17.The gas injector of claim

15 wher ei rger segilent conprises a wedge- 10sh within a
pl anar st&ﬂ%?ﬁ?@@jgﬁe wedge- shaped channel having a reﬂ%?ﬂgéﬁgﬂﬁgbﬁomer
apex with a gas inlet port and a relatively broader base wwth a first

outlet that opens jnto the CVD chanber, and the planar structure being
shorter in a Jerti Gaf SaiREPT SFIARK | whgen thacrasseyeghiiresd th IFECE i on.

1518. The sgagenk BioR&lRLeOfhork bR hfRxlsbeidl hRaFds 8 DIRY deshidiGw e HRASEmARSpSRCONd
gas- conducting channel that does not intersect the wedge-shaped channel,

t hat hasigosdéddndhagaberi nl et port, that has a substantially constant
cross-section size, and that has one or nore second outlets that opens into
a CVD chanber laterally to the outlet of the wedge-shaped channel. 2019. The
gas ipjector 0b. cl Thepdsinjsbrer f draitrhies NigatinpgsaIB@dRASnd withih@hs-conpttiges a
heat ed CVD chanber, and wherein the planar structure i s configured and

si zed t o cpRuiroERgey? Crewy lonetabpregiasares srauinde Glosp Jl-nHEdg ratipgygtor
transver $emdahp andnies arranged to direct gas flows in a downstream
direction. 2520. A CVD (chem cal vapour deposition) system conprising:

CVD chanber having an upstream and a downstreamtransverse walls and two

| onger | ongitudinal., wall.s. and. . . ope or, nore qgas_injectors according to
o6 or more of "ol al et miseBRSF el s RFeR Ry Ao kB RS HEiE Qv
chanmher . s@ped thabinel avih 8 ytdnemtakned, ahdw &delstijcdehaeNiMvigd Hi@latidelgusccpt or
having a grow h surface and being located within the CVD chanber; and WO
2010/ 101 PaB@E/apSevith pees Byt port and a gelptivebt brgader ppgearithyr figtewletithaboreds cl ai m

17 1 ocat ed, W WP hhgy h%ﬁ%g@ﬂr@ﬁﬁ&hré%i&g@ﬁofﬂ%ﬁﬁ b &RMchIr ARSY&A! AR 1%)@511 and
so t hat a j

configured and arrange irst outlet port adjacent
to the suszéeptsversaddedtiopects first gases in a |longitudinal flow that
extends across a portion of the susceptor growth surface, and 5two second
outlet ports inject third gases in two longitudinal flows lateral to

15 18.  The gas injector of claim 17 further comprising at least one second gas-
conducting channel that does not intersect the wedge-shaped channel, 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.

20 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.

25 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.
30
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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each edge of the first gas flow 22. The CVD system of claim 20
further conprising a third gas injector according to claim7 configured so

that firs flow fromthe outlet port of the third,iunj t he
10i nl et pé’\“?gﬁ@ﬁm’g#g first injector. 23. The w%’%‘?@@@?ﬁ%éf% aim 20
further conprising two second gas injectors according to claim 14 | ocated
within the chanber, each second gas .configured. along the interior of a

| ongi tudi nal &R&THEEY MESIAT agtoadiag gt Sleot P itERARhamERT 24jacsht B4R et
ports di fggtcathif@svdricaval idd%hﬁ?ﬁe&%&éﬁng%&dth&towards the center of the
chanber . 24. The CVD systemof claim 23 further conprising one or

nmore bl ack body pl afies ofiidat periladiacént ¢p the susceptanaidanjcéts Gimt lgesss Imy el ement s

external ;to.the D ¢ch er,..to the two second s. inectors. 2 25.
The b LR BT A Go b P FFEIN- AT AN BT 1B jases
conprgse precur sor hgasesndddlcapdtiigiectdhisd fakes i tGIonind@dsbflows lateral to 26. A
met hod for injectin g%ases into a CVD (chem cal vapour deposition)
250hanbetea®cﬁﬁ£§?P§'ihﬁ ust gas flowconyeyi ng gases al ong a segnented flow path
froma gas inlet port to one or nore gas outlet ports, with each segnent
configured or sized to increase gas flowtine in conparison to the segnents
that are not 83 coith¢ g¥esysembfsiaed0 farkerivempiisige  thérdogre igectormceordagnent s

h . h lon T d of clai
26 wher GRCAY" | SACTA ol T S alai Broui st AL AT A e (e

| ar geo criflstposeof temirgiigiectand i ncreased gas flow times at smaller gas flow
WO 2010/ 101715PCT/ US2010/ 024374 velocities wth the gases flow ng therein
including a nitrogen precursor for growh of a Goup Ill-nitride

ser conduct or 2 Tl eRA BRI AR1aill® (IRFGQHnBhisifk MdRInd WhHLGaL | ast
one ot her segnent as a cross- bsectional sizet t grows Tar der rom an
apex sectrendihgpwearlags B bbaged webinithachaimbdee cadhesecond gas configured along the

interior of a longitudinal chamber wall and arranged so that the plurality of outlet ports direct

15  gas flows from the lateral wall towards the center of the chamber.

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.

20
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)
25  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.
30
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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segnent opens into the chanber, with the gases flowing therein including a
G oup 1ll1l1-netal precursor for growmh of a Goup Ill-nitride sem conductor

in the ch The net hod of claim 28 wherein the i,ncl udes
therein a%g({cl%‘ﬁg}s 10having a grow h surface and the glgéﬁgg§¥0/d@%ﬁp
I1l-metal and nitrogen precursors are heated and directed toward the

susceptor grow h _surface for, growh of a Goup Ill-nitride sem ¢gonductor
t her eon. V8@citighwit er&?éleséio“fﬂl%‘fhﬂ%”\ﬁ}fﬁ‘@}néiarP”tr‘P%’né’é%Cé‘ESOF I €O 0ha Group

t enper at g §i@RPLNicoRteloY inlpoteatiy than 930C to facilitate growh of G oup
[1l-nitride sem conductor on the susceptor growth surface while m nim zing

formati on of undesirabl e precursor conpl exes.

28. The method of claim 27, wherein at least one other segment has a cross-
5  sectional size that grows larger from an apex section towards a base section where the
segment opens into the chamber, with the gases flowing therein including a Group IlI-metal

precursor for growth of a Group IlI-nitride semiconductor in the chamber.

29.  The method of claim 28 wherein the chamber includes therein a susceptor
10 having a growth surface 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

15  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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