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TEMPERATURE- CONTROLLED PURGE GATE VALVE FOR CHEM CAL

VAPCR DEPGCSI TI ON CHAMBER FI ELD OF THE | NVENTI ON 5

The invention disclosed herein conprises nethods for
WO0e8E13eMs i al |y preventing the formation ofPCIHAENT/E¥I30

materials on an isolation valve fixture within a

chem cal vapor deposition (CVD) reactor. In a

pr ef er rERMEERAAN TRIHCON TROLAESE UREGEFAVE ded.VE

appar at UFORGHEMICNICY APOR DERDSITI)N CHAMBER

deposi tion/condensation of GaC 3 and reacti on

by- products on arFIELPODBRIITHEIVEENEIONO BACKGROUND OF

are |

THE | NVENTI G l11-V.co und ortant.
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asers) and electronic co nen _(particularly,
deporifigh (¢ WAbErde Ty et Hﬁe&ﬁf-eﬁs\wgﬁ? FnSF SV BFSy .Pf%@é@éﬁfﬂtﬂs and
metHoBEof RRTTRL Glfsitba/c8xdehtibRbf GIT10dndtrBRE6n by-prodicts on an

conpounds "has been hindered by the practi cal
isolafigipedwi bil ity of directly growi ng bul k single

crystal substrates of these substances. As nost of

these mat er i alys ¢8R JUNS BFOIRETRVERATON d by

het er oepi t axi . SE€s, eir comerci al o
ex@roop 1M @mpohads asd ispotiers serhicordlapieymegyrialaeseiu for fabricating
.practical epitaxi -
ont PR R pERHLAE, Bt SRIsh A EPLbke 857 Qb cprppments
(partzahpgungstenderatunc/bibe poagdraosistbis). - Hwavierd e commercial

e B AP 67y BB i B R YOG Sl

diredtRicedwih@ek singlk teryR@bsubaeitcs dif theawabeghcbh s, mosevithese materials

t hough the | ower portions thick | ayer may. have.. ..
sre egrlBR AP BRI THEFEPE L ,%R’Pﬁ%m&eﬁﬁéﬁ‘l“f%%’ e higiation
has dRMREL RRESSShNaMeoraRaLa LEitdRl abbirdarts groet.of Mowdafedt

growm h of thick Ia%/ers r ires gromh rates

e&n‘u
densgiympoppenyitaliipnlagera sl B8 sPyrinth hydri de (hal i de) vapor

PhASE: &XPbE TXNiriSs, ohtY R} -or RE PpREGSE espratiag the quality of
conducted in CVD reactors, use precursor_ gases

heteropstatigllyrgroveuPR el o EFMOYT I dfsBu Aes bestdisgpered tat,
even, nt{l%ﬁ ?ﬁqu‘{vr\g %ﬂlcﬁs SHbgidkalRr Aky Bh@RkIbGANMekt @n6ivad, 8@ upper

rnal eratures so 'as to pronote a desired
portipearzh inovertbelewden: adeeuaty defert densitign ddavevrip@owd: of thigk layers
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reaction on t rrperatures, nor 1s |
(HIVHB)s iFNabl protosdarsmndiRtyd ie Catbicectos hise prgkyrsor ghses ghudmg

CVD react or chamber, can he .nai ' ted
corngsif saP AR R AT FiaF Pop e R 2L Ele LRy clevae
interhdl t@Qieratbeso Alio prombleer desiagh reactinm bétycenAhspecirer gakn

components within,the reactor e,0.. 0-kin | s,

gaRErer. ngpgll ol 0T RPN MEmiasd Hipe fighe,
reacli@PRBEMMH 1BSpRRVRYSRT istiliyiraietoad senForedemngt, the walls of the

meric materials which can be damaged

| b i gh
CVIE ST S b TS Rl R B & G gt Ervwanted

depod®ish bRt hiREridl h W1BAct & WFPONSIRD Sceftfin beémBincitd rithidthereactor,
35 tenperature. For exanple, precursor, gases or
H%?Ir femperatures because

e.2.. PEHEE BHS: Broaticts taelikec BiRnidrhs &radta gl 4

they are often made of polymeric materials which can be damaged by higher temperatures.
On the other hand, it is also not desirable for internal components to be at too low a

temperature. For example, precursor gases or reaction products can condense on internal
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I WD 2008/ 130448 PCT/ US2007/ 084930 conponents at

| ower tenperatures. Al so, internal conponents at

| ower tenperatures can cause undesirable

i nteractions, such as conplex formation, between the
W a¥L3p8esent in the reactor. Such effect BCHHFR007/684930

damage i nternal conponents and cause contam nati on of

a growing semconductor wafer. 5 Certain conponents
compam:nis et bothtemypomed. Aol inemahtennooentodt l@awer éanrietatures can

er. .and i.nclude te r rial
causg uﬁgé%“ﬁ’éff UHEICH S g ﬁ§s cogﬁge aitﬂ 8‘6’?{)onen S gg%ﬁ %ﬁsem%the
reac&)bl bSt&ﬂ}lteffE@s tdaelafepd intcedal dgnoRents sreinRe Sonthminadpnat§ a growing
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Seml?B WERE'S™(wi th conflicting tenmperature

I e@uk4if BRAScRIntY EASIRMHotH SXpHRAYo the MRTRE 61 Blcad@fdhamber and
reactors are gate valves (or |oad | ock transfer

inclgglgdgraperaiyresps Ve Rerialy o BOVRBIATEN 28 3R SEIPBRRIS oan be
subj Qéﬂ@ﬂﬂe EEAUNE TAMORBIE @eﬁl% aisohiekiglRk aNBhREScRBiWARS.

the interior of the reacfor chanber and an
Exapnpleepiavel eommoaens (Mothrentliciadfmpaaiuss requiis@ras) earfie pany

com%@fc#h 3% rEHATARS gal¥lva @@Zic@tﬁ l&ﬁ%ﬁsfe@&ooﬁh& thd iﬂ?ﬁ% Such

aut omat ed trans er ans usual y i ncl ude an
commmmaemsgﬁm fopairy antethdtechirangfeeef ‘Wff%fﬁ betgeeohprivgaiopof the

AN load
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chartlbee octhasfee chafnberot the LikS. éntlezutmatedBraneifsi meanghenlly include an

T T O

wafdrh@nexReed, faicehish ol c]b&dhseghhemmu@h ofSthe tHaatber from the
descri bed undesirable condensation/ reaction is

eXte[Phi t ed. Al so, when closed, the face of a gate val ve
shewikaly, demBsceal ledu 4 facaet aeg&tee,ranra lis xpoedaf the P&ctor—chamber

reactor andthetenperature in Vi ci nit
integlqy; an ﬁ%%tpmﬁgammf pgul ﬁségjbe aﬂxa[t fj@scnbed

undé:@ﬁkﬁé b&ﬂd@nsaﬁoxﬂreac%ﬁg ﬁﬁnﬁed OAlﬁfb RESz clBfd, thb ace bf Keate Viive
limted. Preferably, any t her mal darraetothe

sho%féﬁlnmﬁgBW1@rapéri@makfagf‘mffth%ﬁeéwerb gad) BRgeraFeip thepgdcinity of
this Eﬂt%e\{&% ¥&ugﬁl£b B8 &Hﬁ@@% séﬁﬁg%a@&ﬁﬁ agng/askéip u&afg@l smd the

tines wthout repair. In he partlcu ar case

like,gs bkt GirefeaNly, @y@h@@ab@me toghe enling BHEARS 1§ ﬁuiﬁslmﬁé) low so

o BT A B R BT LR 0y

pr bothe patiauiat cbgt'qu FOaCgrewihmf1Gaeh, mgatiH@ (or B itotasion vaive)

errat ic ar e t S
s FREE RS BReS R IR G SR ONFIE M APt o
reaci@nprodurcieins 6y—@t’0du$ﬂ§ ifchcleg IﬂéAva\Dﬁtha@ Ge nNM@bbicmmc are the
oo P e S5 R P AR B BBhacsc on
surfitadTigsw afsosealNIgl tatcendoabsonting sedifct inside titd ryaction chamber

resistant to c Siv | orine- con i n
whidia g GBI 3 ERTnTY GPTHER ARAa0! e aRn e pifdenty
resis@EBSHrBfive chlitfhe=codePing bR, MditRsse fdnkralle S&Mmbh@Bhstand

nmet hods purporting to rotect reactor conponents from

tempegtpresinEEcenelet 1 4 s!%8d to prevent condensation on
COQhEkridraAGEQFbSOIRAAR Puhorti@lio 826adPlefutor cbiBphddié oy 5

t eaches pr ot ecti ng an I nter nal conmponent I n a reactor
corrWeemzﬁmﬁéﬂ qq]g tp prepent gondensation on cooler reactor components. For example,

US 6,071,375 teaches protecting an internal component in a reactor by arranging it na



2 recessed pre-chanber that is open to the reactor

but kept relatively free of process gases by an

inert purge gas streaminjected into the pre-chanber

However, such arrangenents involving pre- chanbers

woul d be cunbersone for high vol une nanufacturing
reces§éd e

P s 6 BP0l A A o Gess gies oy on
inert pisge goa Streamgajettert intol the prejghanther. $owevayy sachu@tangémen@iivolving pre-

cham <Em fontARnQder s of .850 C  whi
h B&@w&ﬁ@@@éﬂb@fﬁ Eﬁ;r% Bloh vfime mrann factysing cauipient e"IFhI%‘fgeE%@/ Has

ar owt Zone
stringent side \mitations. Hdgo, W§|5L08l5,633:teﬁrfh83 AW ZoMg PRI e@t®. Th@Mrecursor

nuf act.ur i gesses because nitride
p’“d“gﬂé‘g%é’. & g et PG E SR paciv goRsnthe temperature
is of theh(aﬂda@lf 10501°€aHoweyer, AbSi@all redv@orkrd Blagiry atesi%ﬁlll%sgo]ﬁﬂe

t omat ed e val ve | not addressed here
manu%ﬁ%%g lgﬁss%ﬁ:eicalésie Pﬁ?%e egﬁz?ﬁg))? & eé}log,w?}}sln@?es@ia{es &aqu@nt chamber

cleanmglAlse) the PbRM Wseaink ah Sutbidd HE Jalle$ERK h&ﬂes%tﬂa&dﬁs 5,156,521
ate val ve apparatus for a CVD chanber suitab

ﬂhm&%ng%§8n?ﬂyﬁF Qﬁﬁgenanufacture of sen1conductor
MEHe@kibBdrSis 1:8BiRE & sahit Q%}H;
11 ?r?n tride an% GaN %ﬂ%@?z?ﬁgﬂaH%lv a6&&tt#ﬂ{l':a'ec\%

chambe fyiRbre Eou3¢ce BiehivAlYme raguipetistof spopesntiuctdr mataialsy @peily high

volumb RMAhd@B of MBI Rie lagd @m}ﬂaﬂ:ﬁglsa method for formng a
nmonocrystalline Goup Il - V sem conductor materia
conprising: reacting an anDunt of a gaseous G oup

Il precursor as ﬁﬂéﬂﬂéﬁﬂﬂaﬁﬁﬂﬁINVENWHNWunt of a
ant

%%ﬁ‘ah‘l toq ﬁlg%bg t 81'%9 Er%%gtn 18V(:in nihegeu.ﬁ Pﬁoaz (514'[1 m[stélod for forming a

r eact |
monochysflfog ﬁf enpdlItié seemindonaundterial comirigikatactih®id H64H81 TG gaseous

' ts. s t the ct at r edet er m ned
crom SRS el 35S B bt
reactant e eactiom nmmﬁﬂem&ubm sdﬂiaiaﬁﬂ th nBRMhAAR HGEAconductor
er eon @? ectlng one Or nore purge
&9 that they

h
materlzmntro u(r‘lg%h]g r?astagtg :ilctt @t@tnr?@tegpmpcblggqtlo@ meth@feactlon

chamb&rhﬂjaéﬁaﬂtdabbx& dn® of Mre sPBBEHRE BIITHRR derhiBGRLE O Matdf thereon, and
seous Goup Il precursor may be continuously
mle"*“% °6% Page Pfggg?ﬁa*gsmﬁ 19 wpsit inglirepting et leaw omp of dregggstantsito the
pred-ete@hﬁ&'ﬁl’d,&dﬂaﬁur for atinme of at |east 48 hours. The
$E 1], precursor and G oup V conponent are
t $5eRuE SEPup AL Brecpreormeaydeicontingprstysevidad at amessrftomodflatidast 50 g
Group MPA&EthSur TRAGmet of 13 BE RlfL €7 m ned | ocation
adj acent and above one or nore substrates to deposit
beCioum BEprgairser pidHéroge i compensot zm: intradeed ko mmaamn chamber in

a contrg € n C aﬁc
tr -Il-fég nlafiitl Ed r@&t %‘? térﬁl 8%@?}) 5 n]é e%g A d.I a%?{]eeo&e P{leﬁ épbstrates

hori zont al
to depoglbtﬁg mog@gystaﬂmp @g{u@pm@cmhmatemé derant Bhetréuctotgdhamber is gencrally

voi-d reacti

configuftdak i ilomaelch Ay HanleDEor IR hod il oot oieine the

reactanig Huough dﬂ&rdnhml’sm’bslf lf&tCBmBer toMvoi rp@tidgd @il ey deac tﬁ@ :
a ceiling, a

d t C | oor,
pre etelrrrﬁf’i]ecﬁ I!)t?aﬂona et @WOHC &86}31??%?% t and an open outl et,
Mﬂd plaﬂtleulm@; tededetiod d@mbeamd ihGaE J Mbf, @Abifihd) \%ﬁ% 8f sidewalks, an

rea tant th of the chanber
open i 3 e A e L s 00 e SR e e e
floor ofdremhmﬂm vl Mtrbducing@he ARG rQEtahMhSuIHh IR ﬁ%ﬁﬂbﬁﬁ%nh the
irect the other reactant to the predeterm ned

one o e HFFCHT 0P 1 BB epUIeGBRGRITEo BhBHBGNY o nefiicinty
deposit i@ iRhdcRYstale nfderBUBSHE AltBfRd(s). m%?oﬁr}gacfaﬁ%ﬁﬂkt inff&ced

be i ntroduced
through a slot in the floor of the chamber, the other




through a slot in the floor of the chanber, the other
3 reactant may be introduced at or near the inlet and
whi ch further conprises providing a gate valve in

the reaction chanber inlet through which the purge
gas streanm(s) pass to enter the chanber and at | east

reac@ht 6 be 1rtﬁ%d9(¥eb &f or n@ﬁ‘%ﬁquﬁt z%nﬁ WhilE Led ceotnzgnralsn%sﬁ)%w a gate valve in

| ocati on. The reactant is1n roduc

the regqiorf ¢h@@bero¢ietttheug1hdn@e1he P gpgs besaaid) padsheergasiealismber and at
ther eac t hat

eas othler ) 200 I?ne oca i)
1 t%r@éf Bxc?u (It:ﬂe dH?tEl OEI; °p Ic%crl]cti % Igr Ifeerp%g%n%thftl,{%m@%ﬁﬁd through

Intro
the figorafitiwohenber isyiréfarably }ﬂielgaﬁﬁohi @roﬁf) I frecupddl @@ t§@Sther reactant that is

t he G 111
L LY R TV TR NN

streamh alrmﬂBd to&nsm nﬁﬁﬁbﬂ@g th%ﬁ)uﬁﬁl prdéiriof to tﬁ@ﬁe&é’ﬂ&mﬂ@ﬂ Scation.
hat t he nmet hod further

%
e Bl TR sl mo3s 1 b o g Bl ot
the neetichd i@t Qmpriddthré@hd H00-rhb Setﬁ?@éthé@dlté/\%lJe%@}/e%tgr d cooling
deteriorat] the Oring during operation. A's ﬁl

the gaig y Elt"%&?taé’m& ﬂgt%?ré%r%@ymg FPTRE Qper@tions Afrer thy rsmtants are preferably

provid&ﬂ&sﬂﬁhzéﬂtﬂ‘fﬁnﬁdﬁ bR tEAChdRR LHBBLGH ﬂﬁ:r}ﬁiurgl of as streams

gl uralit gas streans introduced throug arate
introdyced Ehmugg sqpﬁra{eﬁgerg]aqs,én {hglcate valpe oy thissthe @Mulapmetidbraa‘sgeously

RELInAFABDERAEOMS] 1 v L
plrwf acléz1 %}‘é the gate ch d\%ﬁ% v%a{équlvh gﬂtg g%%?g"{gg”é’ We e ﬁle f %ertures ina
central artion pbthe ffage hemg:gmtvrahanpm teging nfotltehporfiacef theifieg.

g\Vﬁé}lttﬁé :k!—él%@ G as e H%} 1sna 1) %?hggﬁ c&?ar gl Ogo%g)ogent,r}t 1s provided in a

f ace. en t he GHen
substgyjtiaHy grerfercoroust thinribpt oHthp gaaemts Grbiip IiIIspr@nﬂm gdatht b lﬁmﬁocrystallme

G unt than that of_ the gase

oA 0 R0 R Bt SR B v

nitrogef komaiting dfanposeq:t lisowitlegdn cdmiginics @aspudh ds afir6HI0 8 hi ion or
ndi um and the nitrogen

radmﬂ% [%galteﬁﬂl & 3}1 asmﬁﬁ‘éthvélﬁ?n ‘%rgltéogﬁl? #ogen cont ai ni ng gas
dirodiaenariiheidve@ionalst irdl 40 GRIyEOR f@manhRchiedr monocrystalline
Grou]%qnggr at ed c@gt I asnm ¢ctivation of nitrogen gas.
JrHsRtEcs i“ﬁféa i plerginclideta oureg pba Higpug 14 preparpar for use
as ond mctam mwﬁﬁﬁé @@ V oMPeHRAt Sisahd dnbfier rh@HP alrlaeridh chamber that
This systemincludes a source

tr[p tor material
receivgy 8&@ Hﬁ Precyrspaad GrauprV sompopeng for seactinmetheressigh under, copditions
sufficRAib E@mQhe kbR YIRS BRABINV {eRicolG Gt Shapn Al Q&Lage@res for

reactant, a reaction chanber that Treceives$
m‘mdll‘i”i‘g e Eacpintofhereartion shamben sabatdliy meot and ecuct it o lpredetermmed
locatidr ¥R @M ihiBetMBP I8 orGid QL
e e LR
directigp, gt lﬁ%ﬁ@?&e@f the raghants mﬂl? pudetérminetl fgatiawact ant s | nt o the

T L N T

apertueg fqg éntrpducing the eaetaityare lctchned inahiff¢remn pomhmtme chEmBSs & Hoid

reactldn%gﬂ;hggﬁrﬁmée:% gt% H%de fnmed l%cizﬁlog ];a%]tgcllﬁ ! ?rg%?g(ﬂgg]yta]?%\}elg}%
SUbStff@@(F])eAésbJ ag notediiiogel Mieckeasion clumbcziaeitdds a oSG b 3B, Apair of

rtyres for introducing the
sdeon S A8 06 o Oeg B G ep i iy R LT BePrUS gizontl
chanber to avoid reaction until they neet at a
predeterm ned | ocati on adjacent and i mredi ately above
the substrate(s). Also, as noted above, the reaction
chanber includes a floor, a ceiling, a pair of
sidewal I's, an open inlet, an open outlet, and one
‘. reactant entry aperture conprises a horizontal 4 slot
in the floor for introducing that reactant into the
reacti on chanber, wth thqislot configured and




di mensi oned to introduce the reactant and to direct
it to the predetermned |ocation for reaction with
anot her reactant. The system further conprises a
rotatabl e support for holding one or nore substrates
upon which the nonocrystalline sem conduct or

o SRR G P BRBL 55 P o

dimephiauddes introdiie @Rt 2d tEMADEE tothd FreddR@mTel fdefitesh €8¢ reaction with
t%nd support configured, dinensioned and positioned
O I lspect to the reactant entry apertures to
f atihd dyétexh @urfher dhRiph i aabidtablie RQPokt |f&'h0ﬂfngtolﬁ@ or more substrates upon
nocrystal | i ne sem conductor. material upon the

whicl ffigmengprapialiine sprdeoagicrey H&ﬁéaha?oéoerdsxposﬁwem&%apertures allow

introl @A6A 8iMthe LR iBRSHhABadtidh %ﬁﬂb@ﬂn@c&éﬂd‘o@le@ ?1%&? witf 82 Substrates and
one other aperture conprises a passage

suppprh pendigurerfimensieneshand gesivianed wih rqgeeog@gh@pamsnmymp@mres to
facilitAAEforth RBK tclh@& Gé}ﬁdm the Iﬁ’onqb %ﬁ é@ﬁl&hg\ﬁm?ﬁ?&l&ﬁﬁgn Q

t he predetern1ned ocatlon f|C|en
SubS‘l‘iﬂéﬁi@cT'mﬁy pRerfgrerfan he piagr rmtamh@nmb@tan at]@@sl) nozizhe aad at least one
therpGHEL LAt L
othe: t Ee i n O?Iqulg 3)9%8'3?431%1‘ in 0&% tﬂ}/egl é?lr 1%%1%%% ggs stré:amsgmto the
reaction ph@rb(esgo dnnct gherggimen eeracladItaQ thd |predelbmmdddo@t1hero eff@dmtlafilrm the
t ation to efficiently form
mom}cﬁ’é"taﬂgﬁ%%ggltogltﬁg Su%sqra Tial upon the substrate(s).
This anﬁﬁtﬁrﬁnbbdhaienﬂ, s gatﬂt/arl@d.‘hsmdltedtvhmoh@ﬁilet Rerdvided for @ftroducing

Lhe ch nmber..i s pref t he gaseous G.oup II1 . .
the pBE PRGNS % bl BB s a1 PRptratesd degation to
efﬁclélhlydbtg’[‘lthé hﬁn(bdﬁjlrs&ilhﬂeSnerﬁf &Jod heysubdi@tels). QU rédctant that is introduced
including a plurality

cO nent te val ve
througl ¥ gor s ettt Foreraey dinserats $ioup Plipigerrspaand the other reactant

that iShire@idEd ﬂhﬂh% B mléteﬂﬁtsﬂeﬁmﬁmaﬁ V doRpdat, Mith iR gate valve
e Goup |Il precursor toF

rectln
mc]u%%ﬂ%‘?@}l ket ALy feyrintrodyging ghet Pé’fﬁetg?spﬁ“@ﬂm toghophaties chamber
to assisPR dir@@eﬁltgalig@oﬁﬁﬂﬁﬁ}%&ﬁs& Rand ?@&{térﬁiﬂleg Raegr as

horizontal lamnar flows w lurality of purge
gadesystam ypicalit I@PVlti%rtqu@M@éﬁﬂa P@tpféh%uf@eqﬂoa pb%nhehasmqezontal
Tamin@@idivs Wil i
i W Hepuli 1 B2 FEDN RS gDl B e s
valvey Hyisqan i p¢hievedey ppeiding gpmlrm@wa@ddeelatwrm arf@s of the gate valve with
the spgﬁﬁg Ee@keeﬂ% g@r@urgsf mtaIEgnJ ﬁﬁoqi:l(?le% tg eo% n %%?&ﬁxté El% spacing in

spacing In her portlo
other pestigitsiod thediranben the reaetibe cbimlmpu a;rmazie aﬁqhatth endyh¢ gaterallweds made
t rin ed bet
of melsf TR Blaidlh e B9 e iR GERIF B B S5 Pl OReRe
sealing eainketign CAlad) thtgaMalvAlnfa@ be bhided iRt the piiba/gas BBAMIPH to avoid
.co0l e y.the .purge gas strean(s) to avoid
detmOdfeiimegrtﬁ| @é{ﬂgrﬁ}ﬂm&%’%@t E? ng during operati on.
Erfaoddimeats of ﬂhfe ifvtionn¥e RElLO b @insod B fir@inkQ namaayslmshe Group
m_v o form n nocrystalline Guoup- Il -
SRR T b Tine By AP I b AgSegKs GrAyR R pispurgoras one

reacta@aSiOSurioaRWP a bhdeol (GO ¥ RbmPSnetNR andth@ 64280kt iNvh tActA chamber
amount of angaseous Group V conponent as anot her

under FodHoRh T TGiorh (BARECEHE BhssPHEMAUIFTaHeriab i hsactants arc
introd@dél frit&ih8 Macticd SWRILE: A6 thef Beyf Mot aEIMERRIMGEQr material,
where the reactants are introduced into the reaction
chanber so that they react at a predeterm ned 5
| ocation in the reaction chanber adjacent and above -
one or nore substrates to deposit sem conductor
mat eri al thereon and al so injecting one or nore purge
gas streans to assist in digecting at |east one of
the reactants to the predeterm ned | ocation.
Especially, this method continuously provides the




gaseous Goup Il precursor at a mass flow of at

| east 50 g Goup IIl elenent/hour for a tinme of at

| east 48 hours. More particularly, the purge gas

streans may be injected through a plurality of

apertures in a gate valve that is closable to seal
locati@{ﬂ fﬂ tﬂé fehetid Fllian{%fer z%(pa%er{t %@&758099%&%?%@ tegg)ed%?tpsllt%e*fgonductor

al ow trans materi al s between t react
matelti,dh thetgen andrisorijesting ook @xtaee puge gah Bﬂﬁﬂglh tat fh;asn imHip¢ctippattleast one of
the reg %r{/tée tgnnhc’e gde{e 183% iga%on %qgema i{ %ﬁ% c(frhmuousfg é;a{owdes the
gaseogh@roop f1I p:acurtme at swifisk iflowefit lgest:’imcg (éudup HI dedant/htva faraaingt of at
1east!iaﬂer mal deterioration of the seal during operation,

"cooled by passing cool fluids through passages :

t Hébre @ﬁnﬁmﬂm{}dﬂetpmge loys sBreati R4l HeGnjtdi@l tH@lgh ¥ ﬂbitéﬁty of apertures in a

ditio portions of the te val ve xpose t
sove g WL Pl e R e Lot B b B o alow anster
of maSedihls berivesit thyreli@ih €Rhniber mfeetalranmxtamltﬂo@gm@ﬁ&apdrp Po@ibns of the
d/ or unwant ed reaction between gases i n th

sate valys adsentipn sl Pettyran thigsafnelrader H@S@é gk prgetippspamber can be

sufficleR@Y ERled 484& QLRI BB dderRBfibn PALVREIIURE o %@ﬁtﬁm g cooled
val ve when cl osed and the reaction chanber.

by passige\peol dlikls Buoush ppssaccn fhaprae ppctireleatrle tp thyiggte valve.

Addnfohﬂgzu&th&ﬁ of me S IRLRAVPEIIRL BVBY Reabilh Sh R er In%rfopx%h&acﬁc%ed can be
val ve. enp ary tenper atures are gr eater than

sufficientishiespted in dsdar o dfoidecondanention af dndfer tergpted atagtion hefwach gases in the

e BHD e B SEER00SADH DU R on  FTRET LR o

valve Wberachssetb anidhaspeah ChﬂfmlIBh dhe gat@mlvemal;l bdz ln@ted biy passing a heated fluid
ate valve assenb dto be us

throu, 6)?18 ?g 1§(grre gas?ﬁ ewa%s 1Ptemala[ ﬁ1 nétaég?(llalg xem S d rm%eézi\;tqﬂres ?re greater than -

either GMidtl eacdondansatina rdnmeratdrdnﬁ" theaSwepriil premnsmp andsd uflim&ion

te valv t.1s sab ta seal the material
tempef¥tlE ol s el i DLARER Y e Poh Tow 1y anat o1 of
radcerfding] tG a kdeomlkgbect bfthe Mbv@itionalidrs is pRA(dR b QAP 0418¢ Atkdnbly

contr ol t m atevlve- tenperatures i
conﬁgggsa é‘b‘f ﬁgggrsgty spgwﬁg é afali,l?(}ﬁtgo a CVD) reaction chamber, the
assembI§ asmngch D edverpariadibsable tdRhBhPRithdiL thiidr Yot hififopenable to

ure control can include one or nore heating

er at

allow st igaterlicrough s A ROTHHERE GBI BT RSRETS (st ot eate vlve
tempefa@irdshe s@@tea rMBLYEF (@hpPRASSARRS g AL RMRBAmEL opdigicgat €

valve for heated fluids, for sufficiently heating

t¥iere partielasiys the temmeeatyga eatrpbgay dnclidp easees mase hgeing clements,
such ab £8fhLRRG 8fs exteMaflolR) oM 8 Re Gl ?é%geé iBte @R A8 thet e vaive for

avoi d condensation of and/or unwan reacti on
heatedifluidaelensudfasiendy heating He podimos ofithe sAfrerlvelvspayed te thegrbaction chamber
. . e
1nter10\?/‘§zﬁ€fé@%;%% [bﬁ(lley Q)r %ggltcﬁgﬁelnsag 8{1%@&9&9/0{ ﬂ'ﬁva?l eﬁ?%argté ¥ regveen gases in
the reagton tWlein ther afeanbio Iassembbfonthdc:t wstekbefwret ﬁerclasﬂ:bgaarvalm raed the
e S0 S S o Pl PR BB B e o
elemerga bweh ay ateve mofr@passigéé foctoetet Iﬂyuds dat dre goqdoctivbl@rwupléd blie gate

acent t

vaive, BRG0P T g Eiodbe 16 avep rerma

deteriogiiibe oiht w2l @lria@ opdradodr abl y provides a plurality of
apertures configure to inject gas streans into the
reacti on chanber during operation. These apertures
can either be in a spaced relation with the spacing
bet ween the apertures in a central portion being
greater than the spacing of the apertures in other
portions or in a spaced relgation with the
substantial ly uniform spaci ng between the apertures.
According to a third aspect of the present invention,
there is provided a system for



manuf acture of a nonocrystalline Goup I11-V
sem conductor material, which conprises a source of
a Goup Il precursor for use as one reactant; a
source of Group V conponent for use as anot her
reactant; a reaction chanber that receives the G oup
Il precursor and Group V conponent for reaction
therewi th under conditions sufficient to formthe
(E’l@gﬂqg ialxﬁ:—aiéo@ﬁﬁiﬁrﬁ:lﬂfl pibeidey ellc lﬂﬁtaﬁﬂyloﬂhpaarthﬂaeconﬁ%@é td i@fect gas streams
er Vi apert or introducing the
o the L HAG DGR R St PreRaiiah SOt Pt SpycRplation with the

spacingBR6lccA Bl ap&ALds idh céntdl Rk inDelik BREte MERhE §RicinB of M6 apertures in
reacti on chanber  adj acent and above one or nore

other partps Ht BWased rﬂ%fﬁwlth themibeamialv i formrarashne Retwerrsthe apertures.
ABRkdinY B9 thiRlf ashétk 8Cthd HYseRtiGvafio ek i \E;)\/Eﬂ'ogﬁed H8Rtem for
streams, and a | oading port through i ch

manufacgis lGHERROPFtaliae SFauailE-Vosmidndicion msfeank which eemsises a source of

a Groub I?l? pfe@nsr?(fr 'f&r us@gl}don@ )féa@trathlocrh aﬁce%h @gcglg Qp&oﬁ%nn&t g2 ?e as another

val ve assenbly for sea i ng por
reactangggeaelpy clamhprihativesgives thegroup dil weeeyrsaried geoup W@meneahﬁtr
ti ﬁ ARFEWAR uf
ot R 00y PSALAS, S ol O P e
7 reactloc olmddbrsizving apafurgfol istroduring the echctante amt the reag@mwbanber so that
they m%? %.I? rgllcg gtfa hperec[F e%%ltngtg loczgcg \(’:ljl’lle t%g fea{:kh()él S% de?‘é:l Jarlceor a}f;l glg VE Oone or
more syirsgatede sle@sip bamnafbﬂdtlgtonﬁatapé therebe Spdriured lﬂ‘@hnjwhing lond clsrenore purge

ur ge s stre are.i.njected, into th
g st 35 Bt bR Mo Sy s LB B Bt o B ifketed between
the intePidLandeartianif teGedche; PEORINRAREeMBN thaed tnl @ik oA JoREihe
l%f erature ontrol ref abl% has oge or nore
assem PH@‘“%F & W@%P eirBhiersionfad & fsmpersBit roke! By
controlliffeth@ BhPedAkd/& RXRRSRWetsO ad PRV B6th cOUefABING and/or unwanted
interior when closed in order to avoid condensati on

reactiop, petwefy}/cgics i Trreler ndalse thsAma detaranr el 8 seah  t he
THR 36 Yhlve Emﬁe LRIRESEEMbE prVdel @ bRl &t ?&iuyes@ﬁéugg%wh the
or nore coolin elenents for sufficient cool
PUTge §36 P98I §Tedhicqireinghareqgeiion hambicnin @rmanpes ﬂMﬁ &t lgast payténlly directs
one ree{cﬁﬁtr tﬂ'ﬁ{e pgé?lt:ﬁfrhﬂ&?ﬁ)bé?ﬁn oinétﬂ&eﬁﬁéhtug%ﬁtpcg reff 1 ufaﬁds QBe or more
one or nore elenents for sensing tenﬁerat res of
heaﬁn& eﬂrénegiéstfer syfiojeatla heptihg porpprs\af dierzgte vhlaeepaesk t¢ therdaetion chamber
t
Interloltvgﬂrﬁqlggﬁéﬁg %gcfrélro%nag§1 cond@gﬁgﬁ?ﬁa!élg/r&é %@&t%g%g geacg:?lo betweﬁn gases in
meKMﬁeathbmm@wawh@nﬁdaﬁﬁhdﬂyhnmmabrmaﬂnmamgkkmmmsﬁkst&mnw
coohnggééyitnilolcr)lgaol Ihg gz{tg {f%l\begr Ja%g qf | @Iu (1 avo}{(\f tﬁeng%l cfl;c] erlﬁraté?n Aot élhe 88?31 éiHrlng
operation) hhdedme oamdra)ah@nemfs fbh@nne@tempmulem bf die gpevdlvea@g forpraiding
nt al sl ot the floor for introducing that
feedbaﬁl]((%%g}e ?Wpefarjﬁrs ?Iﬁré’Pr eaction chanmber, with the slot 7
mea&@a&bhaﬁ%ﬂ& BTSSP AEIGE U30the eea&ﬁliltg Ht@dheaBaktion chamber

S|on Jntrod he reactant and to direct
s horigapla] GTRE Ty dLiSGPHTRLY O EaT RO 4 b S of
sidewal®) 0 bjRh iNlQ G PBE outlet hd e FHRAEL BNy dfdr@ids § AMizontal slot in
alternate conbi nations of the elenments of this

the flogr for dnfiadping (i rpackiat indhs wagtiop chimben &t shreified
drawi ngs and follow ng detail ed description and these
are 5 also within the scope of the invention. BRI EF
DESCRI PTI ON OF THE DRAW NGS The present invention nay
be understood nore fully by reference to the
following detailed description of the preferred
enbodi ment of the present invention, illustrative
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10 exanpl es of specific enbodi nents of the invention

and the appended figures in which: Fig. I

illustrates schematically systens of the invention;

Figs. 2A-Cillustrates preferred GaCl3 sources;
WERWSI30BMR_ C i | | ustrates preferred reacti on RRHEpFEY7E84930

Fig. 4 schematically preferred transfer/reaction

chanber conbinations; 15 Fig. 5 schematically
oonﬁgulrasﬂand dirsmsipnagfie nteduderihereagienh pidyp dirett itiie tha peegetermpiped
locagon yﬁ%ét%o% gaaig{ﬂgln%%cta%?l l'y an al ternative reactant

Fig. 7A-Billustrate
p r Efnﬂfer a@eﬁmﬁmﬁcﬂeﬁﬁm tusd memg’atcemimhm of tn dieficgts oBAs @vention

mlli‘?glﬁﬁﬁé}g Sn e &?genlrdg él"?lfg??rgrgaed H‘Bgr 02 eieﬁlsde%:n R:and these are

alsoivd@it thé M:Op:h&ftﬁaﬁﬁezﬁibﬁ.udur es appearing on 20
different fi gur es. DETAIL, DESCRIPTION OF THE

PR 3 , I.S.invention provides

BRICEESREAE TID) SHSAPN 8igh growth rate and high

v Ofmyﬁeseﬂﬁa%ﬁ@ﬁ Hfay BOufers@oaubrd fullly Yy edemgieislthe following
sem conductor wafers not hitherto possible

detaglef doperpion pkthe prskpicd cppodinentaf H’éd’“‘ﬁiﬂﬁ M&flti%nihuﬁratlﬂ%t
exarQM@J of RELARAS R H B RIOT (1RMin PRSI Ed (Y D4k APurtld8 Syhitg!

need to be shut down for mai ntenance. The equi pment
i SF@abéblﬁféatQﬁfschﬂ%ﬁalbfW%@h?ﬁ}be WrYeWgeti on in that at
.Qfuraf ers) can be produced

evg%;s/ %ngqu&&a pﬁreﬁﬁgﬁg}g@ : e G oup I11-V conpound
seﬁlg@dﬁdﬁoli@tramprefegeétﬁam&hﬁe‘@m%r e suitable for

ri Q ts, for
sub § SRyl BRKrRE Bt aScisy LRE SHTBRARE S, 4
f oFigo§ bxe]ematam}}z dhﬂmmtsqnefmtcbmeamamﬁ@d $tmatu'rasns In

prefe Nt net hods are

P i b B AR pRput ol n iRy el R pAgRnd

vvaFgr B4 -Bafidsteicitcferrbbeahbvdmaitsarfgat kelvépenss of much of
scripti.on his f s i.s for

br i %Jfg%o@g%%ﬁq%rﬁ fﬁc?fﬁf%eﬂ(ﬂnb?gmﬁgwtogﬁiiwaa@ﬁ imiting

t hehd avRnRteRAce nunbe ard usbE toaip@ItEE thakatk dthafurds BEpearing on

preferred enbodi nents can readily be adapted to
diffgsenb §8¢Fhg 8 WD 2008/ 130448 PCT/ US2007/ 084930 waf ers

of other Goup IIl nitrides, e.g., alumnumnitride,

i ndi R HEtrRANION GBS HEPREFRRNEIAEMBOBIMEREE
Tdes, and to producing waters of Goup 111

nitri an produci ng_waf ers

ph&Bis HivgRiEonayeideg egepmers snd metardiontiel gromﬂbratwﬁ figh volume
manifaBhb %‘@r’orﬂ# ﬁI—‘)ﬁ:fo §uﬂﬂrqe¥@c§)ﬁ&§;t&fwa?e?§/n&&tﬁe&§ phislbleY The

conpo con ors are within the scope of this
eqmpmmem Gapehle &f STktrised produstipo tb@t@\fb@egaciﬁtqf aMgRlgsrar ywéthgt

ctive -
prod% % dtoes dnqrtJ gge%%' %? Pﬁlﬁg&{ggtﬂ)%r g{%nﬁt%maﬁ%r gg@{:/ c%ﬁ%te }sglgpaab ¢ of high
thromh@uﬂ mbxheﬁcﬁmm t@ iat lasst avafte pogibbich nf wifersBian b pradaded ev SFY one
nent s a d. f eal

. 1o fogg%oe%sr Cﬁ:‘ ﬁo%og 2 g:ﬁ{nleylg% Sseon, ucfor wa S%%I’Odtll@e a?c{ %itable for

fabricgtoatog dptical iﬂdgaﬂbc‘t&hlbl nEnFemaLS, EOIt ﬂ]ﬂbm:mga,s f(wiﬁlm:]ier amaxiabdldposition

oped i co ol ogy, can be nai ntai ned.
and%ggler eﬁ’écoé‘a‘ﬁﬁt‘ﬁr%aﬁ?nag?ppﬁﬁ? "'nvention is designed to

In preferred embodiments, the equipment and methods are specifically directed to
producing GaN nitride wafers, and such embodiments are the focus of much of the subsequent
description. This focus is for brevity only and should not to be taken as limiting the invention.

It will be appreciated that the preferred embodiments can readily be adapted to producing
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10 have a significant duty cycle so that it is

capabl e of high vol une manufacturing. Also, the

i nvention provides for virtually 100% efficiency in

the use of expensive Ga by recovering and recycling

WQR00E830¢48at i s not actual |y deposited and i BCHWapEogiel

exhausted fromthe reaction chanber equipnent; wth

limted downtine needed. Al so, the inventive process
wafan df ot Gaeant siitrided, edealamimoononk.gedium ouridd, agamixed

recursors... 15 The invention.incl-y -
ol T R e RO R abHE L BB e
arsedtidek. | /aprdhent producnig micenerad wifers cowtfeo! df ey ofgbelibV
wal | s. The use of | anp heati . permts the heat
comppEid GemicgRAvEioR A %hlg%t?ﬁf“%pc? Q?gmst 'ﬁ‘éems?ﬁ%‘c eptor and not
heghistih@nticnaes bE paraduily codthefcttbapedioatpantPulay ahlssirhits can

equi pped with a control systemto pernjt very fast ..
be s DSTRAGES STREEHETPERSETTRiAly G e FoRep i dcposition of
Si. PHSARDPIREs GRYPbE M Wichinks BRd feaiiies RRairE BGHeENIS! @Popaitio GaN
20 véry fast tenperature changes,, both up and_ down.

epitagyriele angeta reimirpo Mighoo umeamIAC HENg. At 257 Welbdepgloped in

| sﬂicgl?%ﬁﬁﬁ)%ﬂée&ﬁ Bgnéﬁgaiﬁd%%aﬁde}éqﬁﬁh%ﬂ% 8f @lsd8FenBén @ ddsigned to

degrees/second. The Invenfion includes reactor walls
have hagnifivant duneycs sodlpt itds eppaeef g valepprapyipiaingo Also, the

L0 85 ST 087RoRRGR0 BB BRSPS OL B BRycrug

recyplngfiGe thdt isariofyinttiiadly Wepaitersendas themfoss exbaystedi oot tha geaption
rowmth rate,..stress, and ot her 1]

chafi? Sl b 0RO Rke. AR ML BB, pRLANY

app@atueintiale aodomesicd] ase dflién f@eawsprsl | | precursor(s). The

fl of the. up,l 11 precursor is direct] .

o e it bp b arine e bl hbenipy (bsmae
holdbH@h@lakp heging vt te@pdratiterfohtralizd tdaetoswalls. dfhe ubteof lamp heating

external Group I]| source,

el ey B SHB e Breriss sp Pl B hg ret wall

Thednp @aéndgﬁyt@ﬁlaé euRped &ith Qebidtd] €F stenid pe@nil Cor €ast power changes
mani f ol de

together to permt swtchi bet ween )
to thediersi 8¢ DWIETHhBAHSHITPIPhHEPPID Wlt_ﬁglwg%a% sy PotFTpermt
veryFadlent RE0fFR IRREGUESR ip bkl RG] FrempbrardFBmP PMECRe inShe range of
based on t he oBservations and di scoveries that, when

2-10Giegregs/sogoridrang PEATEliLE PR HEIopder 8-V HewRRsisesprst at e,
ro ; &GAE {ehfpbral@St
B DS A8 DRI B il it
miniev lie® gesPhd r200BNs1B04%E RCTHAITR0 0T HEewdis0 The jggkeof wall
of . GaCl3 n ( é : tf.1 Ci
cep g pemit fpud il R NTHIRR RN ot Su B ot
pertinamg@eovah pd@flett. 130C. The invention includes

equi pnent. for i nt ai ni ng_the Cl t
¢ enbErSrten RofE Shededne R SOEEP T Bl
The @06 F Gt ROBNII frecurddr vdiregilaconanliaddlyl ae dicatmmuntmanifiogas

5 through the |jiquj.d. GaCl 3.and deliverin e (ad
con%{ibrﬁieg‘: s AR PRESE [t o eéll@&%#ﬁﬁéﬁ%{ﬂﬂ%@ﬁ%%@?%ﬁf ¥ rﬁf"a‘ﬁ’ I
sourd®Esntdidc@Wen 0F ifGaCkangd bNSU B a0s ArEPe kofand Q6 ctad selBdd containers

[hour) that result in GaN. deposition rates in the
coull i G gHlder oS RORF G HBEO O s OUBHES di gy bme. For

the &POSESAIFTINO the AtYpreddFTPRIGAE;. STHR dLdoumBhiaSed dhahe isbrvations
on the susceptor. The delivery systemfromthe Gad 3

and disprtvanierdhati whombiati o HersUEtY 1Qp Eisroite Stig Ringmlydcal
meaf¥, 8l bBbdiRe RLEYiBN Eas GRABEENRRAL GACIQkad HBvide a sufficient evaporation
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10 GaC13. The invention also includes an inlet
mani fol d structure that keeps the Goup Il and
Group V gases separate until the deposition zone and
al so provides a nethod for achieving high gas phase
WhaspeH8i ty in the deposition zone, thus aREEHHEH30
uni form fl ow of process gases into the reaction
chanber and across the susceptor supporting the
rate sﬂhaﬂg, ahdthat Jd(d; dsSuprseoesssufagently dww viscodigssten etk profetyed
su tl%||¥ nlﬁg¢ggln both fl ow vel ocity
tempeg ?%ﬁ e op Hi. il ent) and chemical conposition
(t ree @betion indluded dq@ipmcht fbf Malhﬂtmx(g) the GaCla afr @haanteonperature

enmbodi.nen this.is realize rov1d|n
and BT A O SR G EROEP TR IR e R a g of 2
thro@%ﬁﬁeshdlﬁlﬂ}a(ﬁlg & dgvétgher macli ﬁatl;bir Buhd ei@f TgRSqaEgmORTan
e width of the reactor, @ﬁﬂ%@ ﬂﬁgﬂl e hi WF N
sustim B P Jowsiof Geflf(ay thern FPe A )G
dep @ﬁfén Pé?és in %&M%E WE €60 81460 2R/ HbashIRRD 0GR cﬁzﬁﬁété}%dbsb[}ites or any

del |ng | ows according to principles of fluid
numawé saller witses thahfis ae FQW“%QPB*@T i e gy wstmdrerthe Geglid
COIl’EE]HFFr iDhafnQih Wi sﬁécﬂl?@tte LAGrF 08P 1d frbveRf con@r@éﬁbn\éf the
ets to enhance the reaction efficiency of these
(ﬁCbrecursors In a preferred enbodi nent, this would

in f t.

di %rﬂ en%oﬂ@l%@?x%l&d@s‘éu (_}ﬂg{tﬁ?dﬂfogiresgr‘gg@%‘;dﬁtk % s &fe (frr?&ﬁ)ol-ll end
Grotfh'é gnenspenteGatl Be d¢msi&imotdne ranqbals:f Bovides aemib@ﬁ fgparhieving
e P e R BRSPS QAR A B s
gasesl @ROMP BSictidnafamberpha serass tﬂ'dwmepwemppmnngﬁ:e eubishreteu dBs

equi nt for ut mat ed er..handl
procpeey Hoincinsta Baatariany oreaaunppl eshiiosy (Bdetore non-
turbﬂ@lﬂﬁirﬂtcﬁerﬁ@@ cbﬂz@oﬁﬁ(&g(ﬂferefdn@ﬁfhﬂl@ﬁk $i}/Vnaiio)c dind peferred

wafer handlers, all of which are f.ul
e SR oGt PH EETI Ao DS PRETBIELRT rali progp I and

Grol @ GhRMhathREyil iR filin AR td)uSion bk BEES theewiaer @ty actor, and to
control of the reactor inlet and outlet flanges and

achigyeiighamifoanitys J8 PEfTEE gTRodpsEi dhg payidd giiagrtsiradugs ge
desigRgYhPlRRG té/%é/c?ehh%" 8ds fRAR ORBNIAL B fRhcipleeFLITAE dynamics.

pressure and high tenperatures. Tenperature contro
i nThhimeentign slas inslhidesenmethadrondd orpgy te 3l gr both the Group Ti or

Growg C%%Hé@% %&%4%%%3@8{)1?@%%? ¢ %F%ESOKTSG aghip ARSraNnd

th i m zes 0Si t as Various reaction
embbgiprudihcsteuidnpmjor mebad fqrmhﬁnbylpiem;wsmp% om dimer fome of the

oo LG Dl PR SRt Bt AR Pl e
wouldMGhde R thQVBPlLBRpadiSs: diKd ddRshifpdaker sl é&@mblé%‘y thermal

opens to aIIOM/transfer of wafers between 5 the
decomppogfipoer rdgsmehe react or chanber and the exterior, and
tha, ﬁb&@&% als@iRfRks éqpﬁnﬂem £F h@mQkd m@r hah@REL Bluding fully
cha romthe exterior. The gate val ve ef er abl
autoina¢ crdetie-do- palsmttaIlqaﬁylgoﬁeparnﬂe@poluﬁ@rﬁgss 1<wh foghss n«iﬂhcont&cf wafer
Al g
nandfS 3B 5F RBicR ARG L rer S E b e b OB P
progaamal t he S|de wal | s of the reactor and to reduce gas
recgjrcul ation reduce [ esi
b B By RhPet EPE Ry Db B et %&%faﬁ&‘g%zﬁ%ﬂg%
and B exhaust system and a spemally deswned pressure regulating valve that can operate at

reduced pressure and high temperatures. Temperature control in these areas prevents

10
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10 the gate valve is tenperature controll ed.
Addi ti onal aspects and details of the invention
i nclude the use of a susceptor that can hold one or
nore wafers during one growth run and a susceptor
WRRSHEHEE to prevent attachnment of the subREhA2e07{0gH930
the susceptor during thick growth runs. The present
invention is based on the discovery that specjific
premmpgtra gastpahsedacumdl nirsmizes démmsits of éralNas well as vpgieus reaction
em c rti.e
ovm R 26 neRhReT GRS AR S o TR R BB bl Blhqus
dowaarehinéthc efcoais dostralkd th provalepogiitsatddniof INH:;@yer s of
%?F$ 1(?'&1: ¢ 1\1/ alﬁﬁ? f usgﬁd%a% x@ x?quaq %ﬁénﬁ L al%omncr n&;fnr of wafers between

eretofore
the Mﬁﬂ@ﬁﬂf@l&b&’@i&)r charghier kit @ g;h{&tﬁr, azhlﬂgalﬂ clafk itcngzalathelinkeniot of the

cost ner Ch acteristic .of vol . .
reacoR RRFIPEY PTG, KB OF oot VAT o m%ﬂ?sa?lf'er}eﬁ P bt
ortm%aﬁtp‘fl{fbﬁ’ﬁ err(Hé BinddMi) ask ﬁsdd%ﬁtﬁﬁf Bt g@és 1byboiittcg lnd reduce
| precursor ef Clency

t hrou %g put , % |
depastiy? mlvwﬂeﬁwééflﬁi B siyReURHBReaTH; f‘i TRaUCE gpgEioulation
and féfdué’éargsef&eﬁé@t%lé of tﬂ@%as@@fﬂ tRERHAC PaFQ by, Rt REM iR QBaling face of

Ticiency neans that a large fraction of the
the gﬁ.ﬁ‘@heﬁ temng’@‘nﬂ‘et@ﬂtfh]éedsyst em goes into the product
anﬂd&ﬁo&b% Was L eierAk LRQY %eﬁtnﬁrlﬁchﬁfe%e L%e b84 Q8BRS can
vari abl es associated with the mater] al process
holdame osinprectafiredurbigMng Srofaip 0wi anﬂ 8 ﬁu&cq:tt@'sie&rﬂmééo PieH
Qun ug, WSl 1ium  per
atta %ment qott}e sggsﬁquO su%ce%g?{mg i Eou T ) 100 g
Gr @Th@prbdeht 1@11@»&311] {s haexd dnohir difcorerg ﬂ:pespeaﬁc ofetahhalide ggmpounds
ours 00 g.Goup.lll t
have RO L phelteef RRertion et eiernef s Rt 3Bl btlgnec o
ligh#Chege ﬁ%p&i@esl ihk c&h&ﬁﬁ[ﬁn {Bﬁ be tx@tito doposiathiokidyed 0bGraap 1I-V

| east a no pIC rce .capaci,t C range
COHIP?%S%O@EW@@ Y R R iR e PR b B S bt
hightdvidhgpdl, bigh |u§m\'i@ S8EbS Bathin b&laﬁﬁbr oReiddrBac bihigerdhese

This can provide Goup IIl-V material throughputs
manpfigitiig e sinilar to those obtained in silicon

MepLH R Gl SionEEE VR e Mk fhof@idg O (br MBAASs bhRadicizbdbyiligh
the time that the substrate is in the reactor

throwghinahigh pteeura)r@ff{s@ww PRebbigh: POUARFINS Wil aten. JRrayghpug means the

t ! MEL20B8 1130443
mlmg%rf) USZO%@%%&S%% bg%?%gﬁg? nlge%?%gﬁ%itCé%%y opposed }tg%é ction

of the emataria! inputlth theayiton goeslietamiemgodict sadiinna Wared  Although there are
a lar%ﬁlﬂﬁﬂe% g‘ﬂfa\f%bl'eg 209834 Qi {hg SRR IEIRNES SnPdiicRMalhaRl e

nature sil1con sem conduct or rocessi ng
depdseoh maud:scr@yoe ﬁblrleareufl.d iﬂ‘@ﬁtoup i} lemgnti (sush e gal i pof hour for a

LR BB L B LD RRY T

hourdap 080 £ iGasupadwigpmeanper hburReax paiod of atl leaxame mek $o gshreuch as 300

o RFE bR L el L PR RATERY Py ‘rasit op DRig) sotee Spacie

can RARVESH SERA 6Pk seaelel &d fbhihacasad H@M mmpm Y.sels can be
order of 40 .to 45% while

f HVI h
operabSesears ATxaE PREHEI HrovR M-8 i e B Py o those

obtaffed GPsifidn MMMefabiAM h utilization is the overhead time
in the reactor, neaning that it is the
Equipment utilization means the ratio of the time that the substrate is in the reactor

compared to a given time period, such as 24 hours. For HVM, most of the time is spent
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10 during which growth is occurring in the reactor

after a substrate is provided therein. For

conventi onal HYPE reactors, this value is on the

order of 65 to 70% while for a HYM reactor such as
WQ H8EBOHBscl osed herein, this value is on tHe/B2HE08450

95% to close to 100% i.e., close to that of a

silicon manufacturing process. The present invention
prodacidg podes at dyposeal to sétium ¢akibliatiers clefninger neittenenee. [PrpRptitative

15 whi ey o

rangh it e e ari G R Rl DA A it progessing
techidtBRly. iThe egiiprers atilizagion fom &NAY bbGronp ﬁlﬂﬂmnateml@mdlhe order of

UL RN PEE ARG SHE SR T AN AR

W RBacto? pRfadbsehetibl of fnael dwaiglvhichTdrewthus dieafiat@il on the

external source el|n1 ates the
subsRS FLRSEYEAS g e A o é%?%@&?@% feaa?féatﬁsy aluc is on the
ordek BE408:8 35 NIwhileroe 6 WiveRttob$uch bZ@bdeQitsclobdd Hehe, Miis eslue is on
the mass flux of the precursor is 20 controlled

the tler @63 §p W¥e-an el ectronic mass flow controller,

r egtih DGliafort M%ﬁae&@ﬁ% Bl thOfeadtiemeHipvh it 10K GRS
and 1 nmprove yield. The low thermal mass reactor with

duringvivieh arowtheis cemvrTEd indle reger 8oy whitrip It Batdes here- For
con\Iehﬁ@laL 18 BUPE [& o Ohil\Ral 19911 ﬂ”ﬁ@ grd%P&{ dsN8 70RO R 1AHF 4 NOM reactor

mal ht enance. ity to ra |d|¥ heat
suchaa.a dm@@élbdmhé heratys thisastabic a4 rsnthperidm Qf§5%|¢e clsetod 0% mul-q. close to

rature.proc which are not practically
thamlgﬂ)le nmanufa?tﬁrm %?)rg%%t HYPE hot wall 25 system The

ab Irhe prgschoincamnbn oddrtsees ﬂmlnhmtham;amratot]ﬂe cheehy &@Ega@nology

e re ctions a | mos [ )

whi QPP G V0 el e oW BV BB QReirype n

sita Bcﬁh&:‘de%’éﬁ@ﬁtuﬁlhﬁtht anrmtenhﬁommnd k@émmg the dusadiHNPH mghﬂ@hnal
invention is

reactor utili e pre
mas ot t13 st v Ao B BT AT HEPEB RSO g The
use SGin MEAM] RBrodRliRN a0k ARt nesDIIstD praluctityRE ciiegohe plreansm :
11-v congound senm conductors and can

areall oGRS B SO PHOR U RAPE. e (s hen Pt e Parg i

contkdMell Bttty 'By eREle&oniAmSd fblvGoid e, rébuBiR IBiSHrdved o] of the
achi eve and mai ntai n_hi gh deposition rat es on

| a
groveh prpsess pid IREQYe el afhe KiFaberiral sy reapigey i feg ey figcontrolled
wallS Ulfcflﬂﬁeﬁ&feé Yhe LW ;ﬁé&%@ ?drthl{atﬁl% @Lh@ cJo‘Bn@ VotH durih® Ulowlt€and

ySI ca rreans i ng a carrier as
maittténapery H bk iabili I3 heat apd thpe@sﬁa‘fg alpe permel fheppe glanulti-

temléga%gx% %Jf?bg ggs ﬁﬁg%%%g {)%gtgc%ﬁggos%\ﬁﬁgﬁ fRtL Rt R 1R wall

such a sufficiently | ow
systari. sfkn&btl;ty 8t cameola:hc walétvp@matum' wdudengas nhéﬂ@geacawwd almost

malggegrde)ﬂgﬁn%t?eslh al eg?sntq t h%{é;g&f%a{ﬁh{eﬁ SlltF @rﬁ%sgse the time
bem&axdclbarmﬂgmagagtcpﬂngls&aabr ttdipenat ur es bel ow about 400C
ctua i eter for
§ prE%t %gerl‘m)p 5 bé'lﬁe qn{lﬁ%factetggtt (CE-Jéaéiglf a;i‘ld% 8@@? can be
used| efsl af deteinhio0mice fdﬁam(id’pehﬁdne&f WY osmogahi ammsomiactom lagdcan
be used as. a Ga or. These ’ﬁiﬁ’
R N R eﬁP]P@ﬁ‘Fé‘E‘idﬂgp P @
Suff@feﬁﬂ?mgfﬁfasﬁﬁﬁr’f@ lahic QA ﬁﬁh@eﬁ]@@l@h H@’d@mhﬁ&tdsm ldrg®areas. In
at ons repl ace by H ato As shown bel ow,

particwr, Whep e et GRGL BoRaEHTTRIeaIRS 1°éVaY}SC§F1§Y05t%%t°rP§B¥"£E"é‘Hn%y
phyﬁ:a( ReLR, L hahibdibeNGiH ScadiGigds @BRAgH @RS GYEL Sda®Brovide a sufficient
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10 of this conmpound). According to B.J. Duke et at,
I norg. Chem 30 (1991) 4225, the stability of the
di mer decreases with increasing chlori nati on of the
term nal Ga-x bonds by 1-2 kcal /nol per
WRWBEIP448t i on and i ncreases by 6-8 kcal/rmll’%f‘ﬂsﬁ‘”@@ﬁﬁ”
Cl substitution for a bridging Hatom Thus as the
nunber of substituted C atons decreases, the
evapbragiot tabrofdfaCizhend the{oiibrassumes sudgiasefiicicotiplopanspesty state at

temperall!ures 1}1e i as%x%;?pmxu%%%ﬁr 135‘1’C MP%!O]}@X tthF;' éﬂ\%#%ﬁs based on

the f&ﬁdlai 62CL3b Hleﬂiqurd/phas’bpmd ilih‘be gérsq,\hmer abfemperatugas delow about 400°C

is acgﬁg)é? I al n fgc [Epﬁf fchj) Slgépunl‘b rémacm Vedpﬁnsél‘{%gr as (GaCls), or

Gazd:usmtatl on that these sources are not as easily kept

[.j qui state.. 1 nCl3 nelt t 583C. Wil
R et o0 SpBd i arn e PR B L 0¥ Rspfro gpese
comp&mAPSE ailhfﬁa}% dL0R gﬁﬁrﬂ Hlse;ﬂ&mgemé 83Goreth aoms S For example
practically ite difficult er nat e ch
monpchiqragahiang hap %@ tvp bpdestd a&f?ﬁéﬁﬂ%@i’s‘f&% Uomy| %W%Pﬁf&%al ow, the
tcrmﬂﬁl E}h BEn dRQ bidns RaM almﬁplﬁm bY3P@bte tHH BBEUE € cil Snd trans version
ufficient to achi eve acceptabl e deposition ra

of thix compowtl Apaesting foFrb Ouknel Honeis. GHem 3HES hh@z% Fheyphlicy
of thyagnf? HEGERLs \Mm/ﬁareﬁs%{bt chARindeRCdriRa g iRl C@{qogdmnl be

to operate at higher than atnospheric
kcalfprroé sm@l@u@nmtlom enmem"aasafr es6-8leatanal Wéth gedhtGlsepspvian fop
[ I I

briagiy oy Bk R o B B R B e SRR T e

monamhn, etwegmensezﬁ;ﬁaramenwmw Hegdrssapor pressure, 13 WO
2008/ 130448 PCT1US20071084930 will also work. Ai C13
al so forns a diner (AI Cl3) 2 in the liquid phase and
in the gas phasesat N terxpg;ratures Anot her main
conmponent of T Im&gﬁ@ﬁ I'S”a | OWel1€F Bk TBS S
reactor. Mer “REss react or wi't h
t enper at ur g#€ont#ol vvaIIngreatIy reduces the tine
required for 5 heatlng and cool ing, both during
growt h and nai ntenange mThe ability to rapidly heat
and cool the. suBsLK &l so;germts the use of
mul ti-tenper at e r.:’?bbe | Whi ch mreezn e
practi cal | y s-s/?‘tJ\:g/ﬁ thegesr rent HYPE hot wal |
system The"abi Ity ontrofathe wall tenperature
reduces gas phase reactions and al nost conpletely
elimnates wall deposits. Elimnation of wall

d e@%@%&th%f@@tahu AIREHERHE SofPSunidl R RAEMBRD usih€ Albkiskially
| eadi ng % reactor utilization. 10 The_l ow

simitap ecmsanenﬁh@smt shelimiteinedhas IessIonEFeyanotiag easily kept in a liquid
state’ rh?éi' LleRDlskYecC %&Cth@p&&!ngm\é@d’don described for GaCly may be modified

to operate at temperatures above 583°C, this is practically quite difficult. An aliernate

approach is to heat the InCl: to a temperature below the melting point but where the vapor
pressure is sufficient to achieve acceptable deposition rates.

AlCI; sublimes at 178°C and melts at 190°C and 2.5 atm. The present invention
described for GaClz can be modified to operate at higher than atmospheric pressure and
temperatures above the melting point of AICl;. Additionally, the alternaie approach described
above for InCls, beating below the melting point to achieve a sufficiently high vapor pressure,
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system but in this invention the wall tenperature is
controlled to a specific tenperature. The current
hot wall systens are heated by being enclosed in a
furnace. In the new system only the substrate
wWhglosieas8nd substrate are heated. There ar ePEREVHZORTAFE30
to achieve this including |anp heating, induction
heati ng or resistance heating. In one enbodi nent, the
will algs tverh. cdkiasb sorfits aalimer (AEEQL or the hant plrasc amigh thegtagphase at
| fromquartz and a substrate heater constructed of
oW HMPSKIY®:  The graphite is heated by | anps on the
ounrsbitle rafin tdipoftiiof Ziy ieastion is alove thgtiad sy ea&ddro The low

Ils can be controlled ing.a varie of, et hods.
(herF) RS SRR B e S e oot he S Feied or
heat@R@R8H 8dckin®fbodNRiriaf gfRitieadiBhiifdgants) TR abBlifyeo kdpedinatdt and cool
tenperature in a variety of |ocations, .conbined w.t
the substishsgdrrmiisdheiie rd M- PR HEPCESH MY BT "N @Wﬁ@y

possitIPHlthd QurfeRETERE Wat v alll §@EAN ThOaHRY B @hflollthkEwall temperature
tenperature at a preset value. |In another enbadi nent,

reduptreganplase ropetippeput alnest rempigistyredinetrs Bl AaRnsits HAmiBttsR of
wall%ejg?sﬂp gx%atwﬁc:r@&gefﬁb Bhne BbiwebEcIE AR REdiNBYo!bSehlB4ctor utilization.
cool1 ng. The wal

“fenperature i s hot constrained to
be Tholestthermabmasalid achicneskhy ushng vihehis épditionally cellsderceld veall

Systtlgnqrf%up ) t%g gr%%xﬁm +A t\é%%ré{‘upeeia bERELAL %&Fﬁﬁf%rt%p&%ﬁ:. The

rove or mance el uring gro
currém hot veailsaystems 286 hadtedinuging dnelofado s fugfiace.hla thedvosisiegr, only

description is. primarily o referred e j . S -
the Rl BiE P et e TR Bty RS TR fpoinding
lampPeeatipg iRk biinddatidpat résheaneghtapne rin oanembodindnndise system consists
described can be readily adapted by one of average ..
of  SREPT SRROETRTER LY GO L PO L el o Py Qe
The h@hilelid hdtGIoRaYRbrsieabasadvith O fitirta Faactad. tTheruitiercactor walls
scope of this inven}ion. Accordingh%%ﬁéuch equi pne

] n
can peeqpirelifdisig @ vaigpal Bethpdie I APEITEFe & Srcantfot‘
systtR 86hsRR o BROMIRGH neltolis @l iidakilry 1RMaYl t@fyrabhrt ROAMariety of

intended limtation. A so the invention provides
locatiens; pmtivredrath aeebagiomsime toradiutt Sthe Feoige Bt heene TRaftde e
Walltpr n foSndnH 20 GE tEﬁiJerEtgreca@ A ?Fe%é% Chiu@ NG aARBEIbBMiment, the wall
r

eferred enbodi nents of the invention can be
tempeeatyre iy coatrled e ditis 2lesd blopast gni-the @xtpRjor of the reactor walls for

a [ n : o
coolf§ o S Bt B s B B S e o e e poretr
contfadler eandbe ipsogommmest tovatyl the @rattaaiy te afiogvesipiogehpetfgimpance either
d’.ﬁgit%%y.nlottﬁggtice this invention, it is not

it %Bssé?y inder t ake an expensi ve and tine
c onshimighghaab ases sheddllovdes ilcporiptgpnasmincoihsor prefeirng erabddiments

conponent.s for. epasi t.j on .equi nt . fromscratch.
for 1A BT BN RE i DS A B TER AT o
metiRAL H&Hﬁlﬁ&il cléﬁ bd ﬂecltﬂymdept/ 4 By omasT abﬁagmﬁﬁi ibtheapitol my?j puoduce

econom ca feall ze canstructe K| tar e an
wafdry o A8 @' [REQRITY CORCBRGSFBCongysiar Plrgrgm fﬁ? sopsaF ‘ﬁﬁ inf2fon.

AccPHRGHS ki BqipaMe ik Wiiuh B¥BBépe oAlRigveid) Feddingyme udeded
existin equi prent, however, the invention also
O

thropgheBniphaady oaly s wathew Auendse HPBAomAc cor di ngl y, t he
f Oluh QWb NG ESE poRide OBy ulighndak Fo? highivbREk @thintiRciiAfy of GaN wafers

enerally preferred eatures to be incorporated into

that éxjoendnriepl & comgfTHCpaAPCTABPT. CAIRFTF O eaRAdTBS ¢idha iy @gion can be
econ H}‘%allg gs!elgzelﬂpco &rurcﬁfi Y Q&Q}ﬁﬁlﬁ,@%@iﬂ@ LQGe UPRG:qHpfelQhat has

escr in detai[s as théy are well Known in the
art.
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In different enbodi nents, different ones of the
features to be described can be inplenented; the
invention is not limted to enbodi ments inplenmenting
all these features. However, for higher |evels of
WRWYE0HEd, hi gh-t hroughout production, nostCIgYS287{084930
these features are advantageous and they include
cassette to cassette |loading, load | ocks and fully
beenadmgrmit fedand3s mrmrmhlamjflaﬂﬁ@e far sihcond B cpitay ¢ b9 Piagigce this

invenb @ ls% %@cesa%gomﬁnﬁa{e ! %géngtﬂ'ﬁ mlruyéo%mﬂ%p%e&s of

proeessin er one I's co
desigiing dlﬂa:dhm&mgelllllcnmpateets lfm{@‘ﬂ depbbigon @qxlpmsm@omﬁcl‘@thle

t
5o SRTEFRVEL ST L S0y Sy
rapl&ly 27.54] é&ﬁﬁ&ﬁ&alfy&%h&ﬂmn@hﬁoﬁﬂ\tﬂﬂlﬂﬁﬁt&gm mmtrﬁtbdhm:mlﬁlqan@ls to

reduces | oss and waf er breaka from
exisfing} |Prfﬁ=5586% Pﬁ@f*@fi@ PIOWED SHHBO I s 6O “%@PH‘&%UP?‘?IP ?%X&%*H%
equlbﬁerﬁstﬁﬂvetf& MRapdktRioh Ako wadoxisssehiicivvalchwactoal | oadi ng
nd unl oadi ng_ at tenperature as %uf% S QOO%an% q
sa@écqr@ﬁ@lyd%foﬂlﬂ@% idperipiegiia firyt dig a‘? SEETHY HRHETe
feathfEsetB Sk Bféglpt)ﬁ%td%t@ Sxi¥netd| 'e&ul?lﬁ&ﬁ M UN @b@uckibd. Steatures that can
described in the context o eneric VPE system It

be repiin¢d fywe Srwocsppng wnpotlstribabivalesdneythry @nBe ig the art.
In dﬁ‘l@ nf’%tfo%égﬁehﬁfm%ﬂ@cmeg G thO rdads 't&Hé e?crs.cmb%@ BIRScGhRlchénted;

epl taxy equi pnent. 25 fol l owi ng
the m@gpu istbolimited to heshoddineree mdem@uag pléﬂwecfmf@fﬁs However, for

hlgher Ie¥ er rfesgs euggd? H1Ig lg}%nhgg{ougﬂ% chiglY S @A og?gse%atﬁr%sc‘are

rre sed on one
advaiﬁ@bch@hﬁd ﬁme;smbiués canfetis Itm@lsﬁttwhiaémg, logsh Toekxiand fulls gutomaicd

ble. fr
s R BR b Tontgepeing R T TRy BRI Lendiflouchl b
proctassn:tghl veaf@avtilie chdl dlier phefs ebaslmg EintlogtilovkntlimiAste amdzsindic

exanpl e the inventions could dto
XOFHE O 10 G o T TN 6 S 3G g vepor
and Begdyelefd paioodiamnd Sef@t ridhehgeNotprE ke Andnanel odimgotduces
the invention (faqr producin C%rl}{l\?gafg{% are . Bemoulli
yieldiospand derip W%@e%ﬁéffoa} g AP g cages a Bernoull
wanf & st haRdIP1he FhardreRhick IR HFe Maging i@l inlRfind @sembedre as
in nore detailed with reference to Figs. 2-5.

high@e A84°4) 4ng saveheng1o9oligy 11008/ 130448 PCT/ US2007/ 084930
eq %ﬁ&%}ﬁ%ﬁxﬁ)g& S %f 1nB %Fe@&f ?'Tedtlﬁeg@ﬁhlg ﬁﬁrgntﬁuﬁ %%tqgsé%kled in

bot Rovol ume manuf act ur | ng of I taxial
the doateet of a(ganembéﬂ?r ates. dndilidicsond aparwseide spfzeneral embodiments

e R RRRE Aok Bltrcio (FNERR, SMBELNGNBR A The
folldvhﬁg dedtripion 1stthm1 duwem td a:)parmaﬁag@mémddlembd@mﬂ db ¢hds inivertiion
e Fi l.in.terns
ond s S tats B bived bR Py o by bR IE BNARES, ofsindlovater
epm(xﬁm ﬁ%bﬁw a@&}jable&’dﬁ&b YLSNEHBlgﬁcal nel @dfa@; , A7), ;emg dpparent, however,
cha er an SuUbsystL ens st,e at e
that B5AREREGR 20t HOUMI] f%thawaattﬂ% SFmBMg n%%\?’%‘)gﬁf grample

the MPdnkiOtsScolRaEGe ali @A S5 @ENTUQA@E@H@(SMT (nticiing,
the generic features descri bed herein: 1. EXTERNAL

CA)SOURCE OF GACL3
Preferred embodiments of the equipment and methods of the invention (for producing

GaN wafers) are described in general with reference to Fig. 1. Particular preferred
embodiments are then described in more detailed with reference to Figs. 2-5. Generally, the
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The structure of the first subsystem the process gas
subsystem especially the gallium conpound vapor
source, is an inportant feature of the invention.
Known GaN VPE processes 15 are now briefl
WY EPHEd. GaN VPE epitaxy conprises synt hé@z,wszatgmww
directly on the surface of a heated substrate from
precursor gases containing nitrogen (N) and gallium
equipnGent of (hasndyenGpt isclesigriey andsiecddotintor kigh véleme Gasufpetinng of
ep1t%m:l ?:algg%%}ésﬁ%m %a%%g?qsalsonfopécgggm%gf coRd cH&nx{(agﬂ tO eration.
provi de speC|f|c electronlc conduct|V|ty). The
Ga cont a| Ni NIGPaRALIMBSDRIHNTS QR ITHE IMEMDROOChl o1 | de

al liumtrjchl 13), or 0 . .
ga g e 0%‘%@& b @%ﬁwa@ fefkriyeg wit
refefedde®@ FQY 1 i dermidifhiite Bldl sbbmtéﬁﬁb/@ubsylsﬁ:nishe"or Ifrb\ﬁ&hg process
case, the process is referred t s H\/PE
S T A B A e S ey
abatéekal Organi c Vapor Pressure Epitaxy). The chem cal

properties of Gad (st abi I|ty onIy at hig
t effpartad aoxs)H Y Moept Etribisof asenbitighad V%’“é Phtsifalleatugs of

the Eleﬁ'ﬁéﬂ:b(ﬁﬂgttﬁggenreﬁ@?eta’m% dYEAB& her@n:9- . by passing HC
ver oat containing 25 liquid Ga. In contrast,
GCl3 is a stable solid at anmbient conditions (in the

1. Exbberona sOORCHOF §446i18) which is commonly supplied in

Ry RO AR Al 0 Bt et

compasd ivepcu saiatd, ys aarmporitat (chiidB) of theidvensiemi Konvdhu@ao M PE processes

Ratkeergon SHEVLERGat Sy Suhe i TS dTocty e

surfice BSa RfatddadbsiateSront pciier gswedl cca:tsaimhg nitrd @enNNCc amt @ilivion(@Ba)
|l ecular N2,is subg[Lant unr eacti v

(and%&tst}'j_)ga r ORSAEIOLS gt'll;}e (ETOH]? metﬁ %0&1 n% leaﬁ%s AP grdan &t 1 forrr}l mixed
nlm&{tstah@gla{bnék@d be@bSmEa doRatsRs ePIde @pdctﬁcaeldm&’aamecorﬂdmwny) The

in the art, ner al ner t
Ga- Cémﬁ}“ﬁgcﬁjéﬁw i mwchaﬁ%@%Cﬁw%ﬁﬁ f%&f&éls) ora
'galhﬁﬁlﬁr%lc dothpBul, B0 ﬂ@-@thgri' glﬂiuﬁrp(m%ﬁ' ﬁ{-ﬁw&@l -gallium (TMG) In the

el ec‘f’romagnetl cal | nduced sma. _Wien operati ng
first cafe the prRoeRss istrpferrpgd é’s‘@ HEH (ﬁlaf itk V#ROA BECSTUT %Plﬁslﬁ 2 1§ g ihe
07/084930 O the
secoﬁﬁ%s&l%@@/gg re\é%)ggg%?%flééssaggéﬂé?%% HYPE have been
f olibekhemidsbpropessesdd SiaChtstabilitopnly ashich WagerapregHeurefhs GaCl
%ﬁfg&{é%d fﬁ% fndt @ le{Pt | Jossll E51 gf 85@%@ Tl oEér ra?bBat containing

ess eS|ra for th
hqmg maﬂrecormiaanGzt@m in apebbarebid mmﬁpam@uo@eﬁ@ﬁxetab&@n% of

moi bR ot eﬁ&{, R AN aug&gglpgaegés *wam&mgm %0,

1 eva processes exanpl e
TM@I eipb"SE(G Iammtaateehqlm e Nrcophminggag & whallyGomohGOOH:), and

sem Pt n o ou s &utbfls 1 G SUEE T osd o 1 bl o

b eA&biﬁ@teltylyl@maraeﬁ@SﬁI Nzeélgl Ecﬁﬁalmh@N iensst pgatioalspdan [bie qwddts the

S NN TN e N

procEJsl Qém;ﬁ?duﬁi%@' Wik GerSrd §iBaldcltRPhapafll in & @bk kﬁé@m itk art, in.
formthat remains reactive with HCO and

genegahs iy ppaEdipg ﬁn@ﬁrgm}og;ﬁht\pdpg%n oleralsuton eXam fh gy Fuid?ng a RF source

to a ﬁii'trf)éénqmetto et U & oGt RO H?(tmd%lf:e& ﬁ@srﬂan V8B b@ating in this
prinaril %lrectedto GaCl13 HYPE for high
mode, the pressure in the reactor is usually reduced.
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vol ume manufacturing. Optionally, it can also provide

for MOCVD for, e.g., deposition of buffer |ayers and

the |ike. However, use of GaCl 3 HVPE for high vol une

manufacturing requires a source of Gad 3 vapor that
WRRGSBYEE a sufficient flow rate that can bBCI/US2007/084930

mai ntai ned 15 without interruption (except for wafer

| oadi ng/ unl oading in the reaction chanber) for a

subf iteikeown PEE ipoabessey, M@@ﬁblayd Gaﬁl RBVEE gy bsersfoandiede less

iti.on te.l 3 .
oGRS PP S e 998
MOGEIDES lefDdesodb: foathe Igrcm‘rth nﬂrﬂtnsrglr@ter vkaﬁ édis) beoegrsiacisvahle

nor e than on of..de S|t|ont' r
depqg{}lélﬁ r&ttizﬁ retlg a; Rfsltgaspg/ P tH%g??"%‘{}?% e§ u%hﬁev blﬁ :bg?i\{)?% é)&oceSSes.
or @RS, HVeR d@@dsaldnest@ et ih ﬁ&traﬁglaef s@m N0& Phaw otimote, while

mass fl ow of 3.va
MO%@ T8ies o YN wss oot F‘?"é‘ X 1%38%8‘&1'1% 66-1@%16
becéu@tﬁfs prd?:fess %ﬂu@@ﬂiﬁf 4 By %pﬁqtﬁd @@ IBE %bﬁ&h&he}/ﬁsﬁoﬁ clilafmber in
3 is about 40% Ga 9 Furt
ordeg tj?cﬁamaGﬁCblw regation cah Hirledtdaabgey f%)éldﬁ% H]F%f%’ag $UG aéuppiy of
hquﬁl& ih QiR thﬁ%ﬁﬁﬂngféaéﬁm LhAtHCIRh@SHCE s@RcERIST HipPidIeRs
required to recharge/service the source are |imted
manpgctingrsgiffiode per week, or nore preferably one at
le e HIVIFE: for high
BB P M R LS B T
voluate rhapatiub0g. vfélﬁtmnsﬂj( aircab alse preside for MIPE VP! fer, gaf, depppition of
refer for at
A e R
requirss O@iurdeROGAC Waﬁd’i@ha}b mhmavmx fufficitre fleguatp Hehtandk ntafrgained

i nvention prov ur.ce.that over
it PP Reg a0 e HTEUR B e bp S G Ll e
sufﬁ@féﬂt sb@t PrefesablyAGh beyige Guiinddatepedichlrawiy iatlesatpasf 100 to
een 30 hindered in the past b cerfain Ehl;(Sihgpﬁl il
100%%@@\&%9%%3%@ baiepg th a#ﬁnpé?m%? A TARICINIh Juultiple
wafe@%%cﬁn&§n@m§1@lﬂ‘1& o RE HARREs oF @E‘pd@ﬁloﬁ QRRESE QB hicRYGaN layers,

[1Tmation. However, it has been determ ned that
Ach@v@g suchutpirefamed dmpositenssteap@itenhachei e Bvidsraguase fiay of

GaC‘fgaJ?i?&r ag%boggg{?t%){}%%eg%ﬁ or $doWndRtL80 n§ﬁ%ﬁ’ﬁgar 368 gﬂi%hlck layer

vapor can then formed by
of GeNapopages elput @r@@n@@wm Angvipieia0s2e @WIOM@ 8@ by weight).

FurthdrOT4 DRod 'rgcg 1% ég{era% nkﬁmx&f for b LuH@Snt S0P SEM,t

eterm ne vapora '0n rates are Ina equate for
prodatinai iliefrgp tonefequiraito mecbargt/bavics tit esucehue tiéed totayppe ahe per

s Y S O PR A L BAORE Lo

that tHRElo8asSe caﬁﬁ@;ﬁ@iﬁl&ﬁﬂeﬁ or aﬁte@st§(lf“fafe®s @nbdtyheb eﬁxauﬂstple@a@:ts and

ligquidis known cou
prefiecn o 68 e o o P pi e B SERY Praat ryr Sueh s
sourbOMRbt Mo®E OSink Yriod@d it has been observed and
di scovered that begi nning at ab p r oxi mat el
1Bt e casplabs BV PYHRETOVHE) B oGP Bk et Bryo TS Fas i
ordeﬁgroa\é%evgﬁgeﬁ'e@ﬁw TR Ss ﬁﬁ%%ﬁoﬁ@%he%@ RFdrter Hhah@s has been
a viscosity simlar to, e,qg at of water,

hmdmd itf fip pare Py cortaithly S eFORS Bise P%@%Cla r@f sties epkien sondifge.
Gacts & Bl %rfﬁ%g?rvda 0 %drkn¥d 5151?'33? suflRHkbM eHcg\gé/v%f G&Has BRANS

are capa ectlve y'raising the
deteemagbmatci@hs yublimagernf hics imenmadpquats fpr moTidas vager at preferred mass
ﬂow@ﬁt%g eg I]}d {@é? 113418\% J‘n%{lﬁgﬂc%ﬁ ﬁd QQA then B@ﬁ)rt%}gyg’evaporatlon

hventi on mai nt ai reservoir
I|qU|d Gad 3
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with tenperature Ti controlled to about approximtely
130C and provi des physical neans for enhancing the
evaporation rate. Such physical neans can i ncl ude:
agitate the liquid; spray the liquid; flow carrier
WQes/138dl y over the |iquid; bubble carri CTHE007/084330
through the liquid; 15 uItrasonlcaIIy di sperse the
liquid;, and the like. In particular, it has been
froncths bQuidsueficd. Hfarwevbu h)‘.kiias slep lzaan detenntinaddhat peaporgtien ratng &%

inadfip o i he Beria Flats Do Al PR elcal PRl Hes e

incr@siglg ratfﬁﬁ@lva)o&ﬁmﬁ,kﬁgﬂ aght3E, bubbling pabthe lid, do p@towrchsm g

the prefer ss fl te C13. Pre
evenopip Rt SRy B R s S aa oS s LR
t omm i8 HEddBE R adbi@@of [Ryufty GATI b1 safficiently foaier wmlsmnd ihas

order to _achieve 20 better t erature r
beenRbsgTy g1d MRS (B PRI BB SPBEHr s 20 egpnd SpSSaly a
abof éﬁﬂMﬁatefyh@()oﬂ ol dbdid, @aetl 2SRt SsiBRY IRr Ivﬁcdsydz bt ra thadl
ht that is conS|derany gr eat

th

ViscRity saiier to, ‘F&r thegab pepicrt Aind BT & bRtbesp 8 i 2@? @scrggered that
in thy U\Fverf@srco&y REfd, Rﬁ’n@é I%Iswhl%hs 48 ARHE St eﬂf&ﬁv@y’f’&1@t@0ﬁﬁé

our for a’period of | east 100 hours, to 500 g per
GaChouppofraion setpsnfiigenthyfto atovrd@ ahsrprefpracd mrssRowrgesas hi gh

as Is

Atz?%’gd"l%%]ﬁge?g%‘%é ?&ﬁcébggl%s {Ilgénélg? g%fﬂééglgsaaqfesee%g)#rl dF Eiiﬁ{ud GaC
mthﬂemﬁeemre d'1 fobwwel ted teabenthpdtoxindtan | H5Ar0d powidgs phyﬁlcal means
for ¢ Pilfg%\]l\oé&ﬁl ?duonq"atl Pg%c?ﬁl %us%a(l) gng%ﬁ%al?{ﬁgﬁgé.tea?tﬁ%%mqﬁﬂ, spray
the liguitly fles cakictirss mpecﬂy opdrekt ldeph buttbileommeT beythifooglethe Hquid;

furt t..of..th 3 t
i 5T PRSI, 1SSy R

bubBlingfan iref: Quigleps, goabsHAMN,ohHs or Ane mtrmgamettthhlotwnn:e the art

spent rechar.gin a3 rce i refer

thropg\felgwrr, viscatfyaf ?f@lqetﬁi Sliide %E@t 0 ’tl%‘éfip% or
providifs the PRERCY nfs faktadslod GaeRC Praferd chr)ﬁg\Malhhns of the GaCls

at nospheric noisture. The GaCl3 charge, the sou%ﬁgwe

sourgihpve FisToesedItagalSHRRTS A4 IR BEOPATHOR 1B F YRIwngn grdir i
bettd? rtén‘ﬂferathﬁe Wof®! udi Ll d QBmerReRRAgH oF %&Bseh}b& For example, the

t hroughput goal s of various, enbodi nents,

illusirabg@ e o rourerch edingriey w@@éleeabtabq A .gFtheéfhaﬂ the

cr Ul'l Tt ca
d‘“&%%s&‘i’%%ﬁ% “%%F?g%%o 849 355 ;f%%& ag%téaé t& s to
250 glpeuitousHr & per‘ml gt et 10 By pipEI0 rieprheur destedieriphelcnt fppst one
week Sg U I%rleh sn7t5§ {ood) Z;%r h@lﬂqoy%ﬂeggﬁ of $ 1845C@LHkn t he

es O pOSI 1onin e source I n close
pr dorguverya GeCl: heurce eaealtle oﬁhg befeived flow rate anduduedtion camhot rely

3
o IR0 PGS S8 ST PO R0 o
15 taad nifatlspf uhifmewubiled ldepasiiah.i Tmiefbha:t furtheraspdcsoBhnGaCls source
r.eal

ot Rl ORE o b St R L SR R

invediéh, the %ﬁtﬁﬁﬁéﬁﬁdcﬁarg{ﬂgk}d(m BuILe W Easrabily Heael 3Hootied ripdarging
set up throu

I d perm t n
is megeamas s(?reléw@‘@d iw &%%?dewi’t‘ﬁ C%‘?%‘ t%é‘i?ﬁ&?%& | Hﬂ"spﬁﬁﬁl@

moiERRt YhSQHEIC EhabRUt shiles) aR@the ERUY.QGppMIiha nﬁdﬁﬁbé PRI @loisture
I'S operating and reﬁéaced with a new full so 10

pmmfvmfferme}due@@e Bependingyen o 12k SpHs Bivapipiebodinients. the
mveh%qg&h%@ sbited bSO oS IREN Rl @b&R 7S kObF QACI;, RS least about

supply Tt nes between the source and the reacti on
chanber. The tenperature of the Gad 3
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supply lines and associ ated mass fl ow sensors,
controllers, and the like preferably increase
gradually fromT2 at the exit fromthe source up to
T3 at reaction chanber inlet 33 in order to revent
WRHNHENYEL i on of the Gad 3 vapor in the supffiyrsHHEe30
and the |ike. However, 15 tenperatures at the
reacti on chanber entry nmust not be so high that the
35 kpi gt le@mmieﬂtieamlkg@mtm epricnlimit @@tﬁmmdwwemﬁ@mt&p
and \Lilfgle t]%lr\}le%wﬂogtﬁeuaﬁae} azge &f’otsﬁgﬁn E‘L@E@E&B ]!(1? Ogé 1’0 StO {hg
reactier! dhagber). ahd prdsferrd:d daghod{Bumt, éﬁt(ﬁ%ﬂh werk mghqktaloe@mealabout 50

and i@i}f?e‘?'@ ra[bfyxt?e%igeé g}ﬁ?uq g% abl GHe réa%%d 8 there is

no r&@agfealil t(CﬂiB ﬁq:tamw dfhisd @, tcﬁz[’q:e&)ﬂ&t thm&le gmmteofltsh an

about 160C. Therefore, 20 | ncl ud
consSA S £ FLERgEP T 0T et b Qug b 5 P Fweat e,
manIfBl@ﬁo Bﬁﬁﬁt'sﬁfﬁdﬁﬁg fr620hé Etﬁlrdeh@ addtine sntﬁ&o Pﬁ%@tﬁﬁ&ﬁﬁyune The

gener al | control]in the su
empf}'eﬁ%@ﬁ S then bersmoped Whlgerfée CRHH @%’ﬁv fame P‘é‘?ﬁ?@‘ﬂ‘é‘i"lﬁl&a new
full kddgdcease (or at |east do not decrease) along the
supply line from the source, which is preferably at

abéuurikgs pinesiofrtiedFai- l19oce oﬁ@isﬂ@vegﬁqpa& ic%@ﬁ tepipgRfyTe control of
SdnicBariel! BEABYerABRWF the GaCl
e gl S BB e e GaC:
supptihEiesiand sedaiityd s Gamtshrsors efmtrodarp enditha dike prsfeerbhiiperease
tQr:
oS GOLIGE APl Y B ) Bk St
pre\@flt cohdensatipp bf/tht Gals vistrweti stiipty lose ﬂ@ethablpfa wegerand

on_ .chanmber inl et I . o .
PS50 2P BL SRRE Ot b, B AP i e
matdrials (@id @hdrimateTiaB) pice &Sﬂhe euppi/;elmes hmi Barglid idoue.getoissal to the

control |l ed b ressure con tem 17, 30
PR SN g het TR LB s et RO uRer
residtant @Y @Q?‘xﬁ@uﬁe@tﬂﬂ alilaBit férfeutoa Gihamelfc[am ¥sciimthe strhieonductor
chanmber. In a bubbler enbodi nent, the Gagl% ﬂf’ EO
mdue“ﬁ)ég%@% €218 WEIERE LAPCTaSoY et RSP At I PE Cof! DPITET
nvefBSnlidciuddd %eﬂ%[n%&ﬁé&%ﬁp&&ﬁfe dfh.l‘fé G L3ppin Gjméshﬁdftﬂeﬁ\h{ea}fng or
gas that is ubbl ed t hrou t he GaCIg’ Wiile t hat
coolrmsrfbe linegss preesepaenehy i ﬁmgwﬂ%u e suns let?ﬁ?tiﬂlaﬂf?f%faswf a
f GO RAA3L fthd RBSIQ line f
e 4348 0LARAR BT SEORT 904 o s e o
the soms, Whichis pyefaralily brajowteprofingiei vt S05C iy te P 8rxgasn phe
O
reacﬁgi{]éﬂ’a?xg&gléleﬁ %\fhlcﬁqylgljﬁ Rl Ceg)\r()ﬂi! Agﬁ%kﬁa%@f}%gﬂgg??a(h Sther
tempesauretint prsefelydelosddic mgbmahpecamp ta¢ranse of prangargaier seahng
s UL SR B i B 08 R B8N of A g
betviefidClsBurs@appamatus and ﬂme reaomﬁrr Giainket uhiyt shopd bs shortepreferably less

TR T E TN (L WL

contﬂﬂ&awa@rdm@su&oa&e]rsyst&lrﬂlcvvs for control of the over
pressure in Cont r ol

coit Erth& @Slﬁpfég @ UCEI g(&vg?ﬁn i glgfﬁlwtlsrprectwﬁ%ontroq of the GaCl3

fluxGRAD iHeQhh@skr BIPRILBIH ERbSTmEREhD aibolseruxm fhb @oufnteay\ﬂependent
rate of the carrier gas facil

on tepste@pHRHELIT i GACIHrRCRIFEEr WF'G@%F fg'aélé aﬂfbﬁ]ﬁ ﬁgq\%%@s thtg,

bubﬁ@@{hﬁhﬁﬁ Ehe@h® 0.1 WHIIMHR AR 1d00f GHEUL eini iR Grikili€be controlled by
portion. It is desirable that the materials used in

the GaCl3 source, in the GaCl3 supply lines,
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and in the inlet manifold structures in contact with

GaCl3 are chlorine resistant. For netal conponents,

a ni ckel -based all oy such as Hastell oy, or tantal um

or a tantalumbased alloy is preferred. Further
WRHOPBE48n resi stance for netal conponents ¥AUH7/084930

provi ded through a 15 protective corrosion resistant

coating. Such coatings can conprise silicon carbide,
any btthesa pamintteisdeprefsoedembalimérnd és to gbnirel the masd Ty Weveanes the

in a preferred. e i nent.t ] t
B
Piczad) 4nH aiediks i71 oo Used/erprovidiradditiamad centrobbd tiEk(twal Gatld mass

S| LCOSTEEL(r conmer ci al | val | abl e.fro
R S ORRIT G} ¥FG: BUGR: FAEIBC Pt ot 14 B gU1 Paioits over the
GadlN&hRRath CRMEEARIOR apesSkat ante] ageinidtplaxd di the ngtlet of the

environments. For 20 non- al conmponents, chlorine
bubgs T BTGP YL Pt et Pk 8rep G RO TS Tor ontSlof he
overSirdssiGe e RALMIBAEheA@nRbEIfeid @dinkNprydstie/ iporfubetion with

above, a preferred GC 3 soqurce cap?&ge of h°'dHﬂ§§§m

the qonisplisd terpcatet At be bebleged Geiflow el of 1 gaiE #8fst

impRSLd DermB QR FFPUalsYr AdWrdid) @bptiohllydthe RBRAIAE al B it ludes an

~ ~enbodi nent, the source can deliver its contained

nsulBHE Guigl O interruption to deliver the desired
a”ﬂ%@%&ﬁab@éth%c% TBErfS Gl Gt ABIAMIARL 1P0R Gah3 Sppyies,
be under st ood, %omeyer, that, in a particular

and erthottiarewtifold Mescteesdt comaat WithiSme 13 s chdernsresisnb o mpetal
of the present ,syste i L :

comincyly B Eb. DY 4 PRl PR sl Fudfor (LAREL A Moy

preferndde Foithdr emrosthapdieance ainmta nempmgente cq be redvadadithrgughnd

so. forth, is.required..lpn contrast QU
prof@ivt Stepop it EiAie el SRRk B8 bt s Bl b6
nitridg Bk Sarbide [ dh@niptm @itri§O4nd in a arefER2d embodisentujt ®ekal components
nner. to faciljtate high vpl.une manuf.acture of the
can G5 A 1Y A G e LR O R TS, B R
SIL PER®I26i 90 CAETEL@Rmns oMl hoallabldtoiigested dogpestioh) has been
down or otherw se _discontinued for. repleni shnent

dempprated fq Woﬁﬁ%’é‘ﬁ%ﬁ COBFIRECIBRISF Pesiph gudizing enwonmel%fs. For
nonJBfetd] SRR O BARBA: relBRiaft foRfindkR nakdtiaB\ Eitheédiaror Bficone

prOVId;%% sufficiently l'arge quantities of the solid
polypeeid giePerrd- a single reservoir, or by providing.
MUkt 3R 8f fhe %ﬁ:lrv}é,gd dﬁr%feh_@@ba@f?»%oﬁ@@ tdp@b16 8ol LRGSRt alibunts

course, a skilled artisan would understand that in a
of Gail#iif tifetesd telestinps aasing "contisenuslyl in Bdinnige AT R ogiment,
the S0 'cﬂledeﬁibé’ré@ 20430 BLES Wil M(Efrhoﬁioﬁ APAHy TR GesRtd WBhounts
reservoirs 5 are being replenished wth solid
for the eitrdsomne duedtions. dit shaaiibetinderstobd. Sowevenithas, ina particular

uni nterrupted .system since | 0 )
embgglg}egtt fhgﬁ agiion, %hél%r%%rg(g (241:{:’} Cﬁ%ﬁbéﬂ}f@ﬁ& et ggslfe&t:sﬁ%tg:?ﬁshg &in be so
consBaEtBor @ain pocks datatloar etromed, soohdeneiniicaschawbimg

.continuously.in that. the source, can deliver it :
mai GG o e ot BRI Horots G Gicts paee s
confiipddenti &bildﬁﬁoﬁk]lc’d tlaFJhﬁrgdeﬂhé)@esﬂulr anaidtsiofighe prdeinsbr ih bhe
_source is not _fu functional .. I n other. wor t he
uningETUpted MHBRE t%@?lﬂtf&éy higy gplpmg mapifaciure iO%g?é}f??ﬂ @f‘r’ é?b‘{%.”%tn Thus,
the RhirEANgRROSH prd@iing MNeSPamaAstsAaHGHI ekl tEbdihef divned otherwise
Gad 3 source can contain GaCl3 in a single reservoir.

discpptipged f9r pplepishipey of Bigseld WEFHT%cl ude nulti pl e
reservoirs (i.e., 2, 5 10 etc.) having outlets
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whi ch are mani fol ded so that Gad 3 vapor can be
delivered fromthe nultiple reservoirs in sequence
or in parallel. In the follow ng, both enbodi nents
are often referred to as a single 15 source. In

WO EP448d enbodi nents, the equi pent of t hF&I/US2007/084530
i nvention can al so provide for sources for Goup Il
nmetal organi ¢ conpounds so that MOCVD processes can
be Thie cfrolrerashiievedritherdw angtiding MmiBtly dsrehenapgite of B solid
e.q... deposit tAhi . uf [

precfifhi saeRTe T R A i SRl oL U e milidlicd

togediat @frofise taskiliad ditsaronalld prdsctsd tigamesmasilded gystem, one

rosefySf i s RE0 BTk Buecis b R0t ondl ool R
are %E%%pplem hﬁﬂit& solaf 1:;:3@?%21;%&3’&1}%%@!1&1: UiﬂEII‘eNﬂBl,Sl a\gikiBte dam;!ied
. For the_growth o I.S i ca .us

sy SRR (0 S Pt g R et o5 e At Btk SRS phqpacss
sourdd is a)P rFertedds BMER ab eARE caktinnessly AN tedouranchn dtlrer it

precursors are external sources. ror exangtbe, dure duri
contiaed S¢irid vethewt Tefillip ORFINS, SlcatRg, FiPISHsERg Of YRFrPredure durmg
whidYthd QRIRLESs Ho? Ay MRNHLRHS IS B Svor@N e GRlEd Bes BADY Hsel 2

are avail able as 25 cryogenic |iquids or as gases,
neceg$itats intarremion af FaN slevsBitivhr i ous si zes. Fl uxes of these

Jaxg {s%scl?igeédiEgh%éxfbﬁledai@?muf&lchfgon% OBEBS i h Mble reservoir.

controllers ) ike. In alternative
Alsee prprsdicred sewge ah doclusiguiyitirdntessroitsti-e. 3. AvEhats-bhpvingputiets

L L

sequenerce ars@thllet dn oimy/folldwieg rteticindrodiudntyest eftes relersed to as a single

ref er abl aptations of co ' val.l .
souPh 5 By cfERBN S Htoq PinofQUITHRL S Bluol oAV ABNE: for
souradkapit Globe I el otgenic Eampcahds sorthves MOOYID iprctscecanbe paformed.

nost . o | of the features to_ be Xt Lhed. ...

For Jraael” My i Saiieb Spbbndaer Stk anbor AMERTL BR iy,

intetMd¥aef lafoaiNidyary OF Srinehd trtetdl Aridedintlise adrtho @sidaiotial process gases can
enhancenent s di scl.osed herein. Al though the follow ng

be repgiagly syRpiighes RO REEEH mainly to 21 WO 2008/ 130448
PCThAUSE0V/,B8 423015 a @RPQAIaIERE Snetod dloradNp Vexdrad, imgmples of
equi pnent, reactors and reactor s%/fzé%gs an

) be
suchggsgsarcbudg N+t Ashloridfly fer P gropd sihggically used
becdu§a %n%ﬁovi&?’s%fﬁd?éﬁ@ HobiPBratiDe btid @8ty pedi RrdvwRH esipgRbRG. aRsonia

nodi fyi'ng exi sting equi pnment and designi ng and .
and ptaby N pretirseys mewsietal st Forssammgspmicaptuctar grgde NH: is
hPGLAORE ] HRGoRAYRTR Larrier FHRRED @b ailabl
e
cryogemnc Basdspass fdsowalan th @ntainestafpyedous sizem sk okthepsgatey can be
box- 1 i k heri < spher ey L U TR GG tlbodiments, th
o RSy ST AP 4R BT cns,
equighinem g thisniavenGen tai alsof peatide fos s@ifceh of dthaiiralp Wedhbiridon
chanbers are inportant in limting unproductive
reactor time and achieving H/Mof quality GN
2. REAFEQRGEQUETRY | o\ THERMAL MASS SUSCEPTOR AND LANP
HEATLING abhibed incredsa® e@pORY, tharsétagubgystanperpatfemiey adaptations
of cc?IIn:tngrrcialll)U Eurfa%g‘tl){g ;'ere]lgtop s(:"y\g{teV\IIIEsl?c g{fasﬁaglg geatctlo{'ge prgfgr(‘:f\(g for adaptation and use
in this invention include as-is most or all of the features to be next described. These features
have been determined to be useful for HVM of GaN layers with the modifications and

enhancements disclosed herein. Although the foliowing description 1s directed mainly to
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ranpi ng-down tenperature after a deposition run is

not productive and should be limted or mnimzed.

Therefore, preferred reactors and heati ng equi pnent

al so have lower thermal 15 nasses (i.e., ability to
wWeWeHIMBeat quickly), and the |ower the th&EI2007/084930

masses the nore preferred. A preferred such reactor

is heated with infrared (IR) heating lanps and has IR
embbdimastp drentapyvaistisg &ugpmebt, irddciost and restor exstsine caPe vephse built

. of art nd..heat ed by.l ower .| ongi ' . S
v gy o R e ars i i abguded B Pl 0P
modffyiaf exiseg cghipmestrandatdgrimt ad ifebiricatingineeeqiipmeg. The invention

sugi ciently IR transparent, sufficiently C
also molndes tha resullipng SRS} ent |y refractory. 20 4. CLOSED

#@neﬁ&w{ﬁ%ﬁb@@am%ﬂ\h&%&a%h&—éﬂmm
I e spent, C ani n reactjon C er. 1 nt.eri I S .
shapgql gldﬂlﬁaproﬁ\n@&i%ng e e%-gjgelgﬁ%a F?Pﬁgﬂ’@ai"i' Ysﬂ%{l E:aseazemcal

dimdBsiBhdAnd Qb atedP bl ABaCADHONRS idetHN FRRIGRT BOSzontal reaction
precursors, products, or byproducts can deposi Evi ggquaﬁty

chargRSFCRER BRPOBANL T HEH oG UNRRATGIVE S3eiAT R H MisH e Y
Nogfidensation can be 25 significantly limted or
Ga abated by controlling the tenperature of the chanber
wal |l s generally by cooling themto an internediate
3. LOBIHHERMAL MASE RBSCEPTOR 4 LAVIBREARING| gh t o prevent
co i L Furl hév withdhs bl @he spent
o PRGRRL AR ReR P HRErR er BR(BE Ry ikt st spen
ramjeiep dei feopeturd dfer wdbjositioPreds retpreiugsednd shoghiGiedimited or

. HYP ocgesses .condense at I . :
minjpigea, FhEERASBRGRISGHRE: Slynotie WA biod Sedelo Bt hormal
maseb L, 284i6Cp aBédriaheht Gaibklpe gidihe toovef e theamd nubeges Hictmaat

t enper at ures exceedi n bout. 500 C. anber. wal |
prefill e PBr W fge b e it DRy PARE ot b pes
tran@@ﬁeﬂﬁﬁf e éllslﬁ%?@ilﬁ?ﬂ?r&ﬁbmﬁ@t_&r iﬁ_a?a_ﬁiefo(ﬁ t[iliui‘tzltaﬁd _bﬁited by lower longitudinal
sufficiently high to signjificantl imt,precurs .
IR lagpng 29 y#p¢ BRIGE ‘ffa%ﬁaf‘e%lawg%%ﬁ- @WZ s%b@?g]“ﬁ%&m%ﬁ"a‘%ﬁ%%ﬂéﬁ“%
sincd @ wfﬂc%nhf 118 thhdp Sl RNSUHCibOW Gl Qcsiit@0) iahd SaRtibntlylréfdctory.
GaN deposition on chanmber walls. A preferred

tenperature range for the chanber walls is 250 to
4. C398RD LGOP TRFPEBOBYREIUVIBOPOTF CHASBER FAHBH 4P FLANGES

Te%%&ﬂfcﬁea i Efré'agdiontc@laﬁf)&fiﬁéﬁ&gisra?seghﬁﬁ'%rgﬁféﬁ{f@éﬂdlélso should
requires cooling chanber walls. Although IR
be lifnitathepaingnized. dPraingdFaNddpPsition RroefasesMEsfarsessPRERSe? t o

i | i . ion. can be
bypr?yg%ecgg t%%[%eo%lt Qy CJIIB se oh 'ir%rl'g)ﬁ' g{fﬁ? ﬁucﬁ %Botsilﬁgn B¢ @Hdensation can b

€ susceptor. ustrates a preferred
signifoaitiyrignitedror alreg@herdonirellingrihe kenmseaetre ofthe pamber walls generally

housed in a.full .or parti.al I 37 j 5
by ol Hen S B e RiosBiRtbille ERIOHEGAT Minio il A0
cond@ntioaglof precuesokseanid yprofiudid) butrte ¢t suffiviaizidye . prevwidl GaN

t enper at ures can, be sured by ji.nf ronetr
o GHBPHG R 9 B Ao S LS e AV RERg 1y Condense a

beloWwQbo@XORPREC; tePuintipalbypdudr N (ladbhddke oajyeetbvf dout 140°C;

or. fans) can be provided and control]e ., SEensors
and S granve (b eriaby WP@P&H%%&%&P&@LO%B‘%& LRpber walls

are dofledllcd (2 RpdhRrd © GASSEIIEaMa betvetOaBP O gvitittthas been found to be

unl oading time is also not productive. This tinme SC%Q

suffigientiohieh fesignitiqaniy {e P e BHLYPTEdug BemdRRtion. and S00°C,

whicgl?{AEH@e&]t ; !f&s Halty bl blrHSEABLEE 1S bigRBeanf$ libdit dMOMMpositort dhechamber
[

walls. A ’preferred temperature range for the chamber walls is 250 to 350°C.
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equi pnent can store wafers, |load wafers into, and
unl oad wafers fromthe reaction chanber, and
generally conprises, e.g., robotic arnms and the like
that nove wafers, e.g., using transfer 15 wands,
whueseHsext ernal hol ders and the suscept orPGTAUS2p{B/084930
reacti on chanber. During wafer transfer, the
reacti on chanber can be isolated from anbi ent
ex?paﬁpﬁrﬂmb yontivl erprefdired @nya foererallyrauitecoobmaeiamber, walls.

Avinagi RS Bt RS e m e S0 a8 9
transiﬂdrETﬂbddEffﬂrrl Qe BiRH t@apRrdtine msﬁ@;ﬁ?r Fi’ge 1 i[hxaimﬁésearpreﬂaaeﬂ)mohﬁg) r
anbi ent posur e. r us at| .
PN P WEBRLPEIPLER ﬁ?éﬁ%h%lé%&@gﬁﬂp?{éﬂp behcgtg 734 cooling
air iCORORE Fhrd D R Brdu8asd S¥er GANarORRINLS &iPRF 6T the RhaiarBihber.
and renpval of wafers on t suscept or

Suc
WalkigmpaEpuzes 68! tﬁr%%lfﬁﬂ%% GE?H PEOgIEtTY Fféi qoaking H‘i"ﬁ e beor

adjubtOd LXHARBLy. FRt §§aﬁfp§"e @ nultRifRES ord AESNO k€ fan (or fans? can be
contam nants and reduces purging tinmes prior to I oad

provided anthtogsidllestbyanserssensitive @ ghagbgr g} epreraiufise a

quartz Bernoulli transfer wand because it reduces

| I'owi ng handling of hot wafers

5. LY %gg%ggégggf%ggéﬁﬁgnﬁn ation., 25 6. SEPARATE

| NMEET l@NinPrant eslgadiystinid iswise oeftnrastuctiver dilkisitimeetan be routinely
. [d .33 in e W ! hi
11m1t§€ﬁ¥ ?8?%&%56(1111.? th sclge!, a%%%linH @%g@%t; :’I@t IA;%’[ l‘htal}lgtdrttt 8
equifiabdt caryasrs walki, $oaﬂ Imﬁrs nal, mdﬁmlaahsvafefrnfrd)m\mmgacnon chamber,

and n%ﬁ{r E‘ferﬂ@%gg IQ%CE ! Igg faillfﬂgssaﬁ? %15 iltkh (fahap %xgxgee\%gfelg aeéél.sglo transfer
wandd) Bltlibeh dRidiaDBelters Ot thé RisOgy s the ecagion dibfaber. During wafer
reacti.on cha

referably enter th ugh ..
tran b RO P BT oo B QR PG R P b g praer
trandr@84hs. Gha Bheipld) %§1ﬂicb$lﬁb1§ l@l&hs béTv¥dnte @aisfek etaﬁhbtsloand the

undesi rabl e reactions formn Iexes
oXICIRIRT pw 11\1143‘1% amu@@aq‘h@% it R T AT e GBI A Yor aunbient
expoRits & h&dnORrth&oMRIZOR 8165{3 @ét%%en the transfer

PCT/USZOO?/ 443 Then, after separate entry, the

changheCiig! thptpapipien opesto deaNipplageaicabng TP ANt ot At
! M@t@dk‘} & Hi%ls‘fure or
e o L R R e e v
other gtiogphstiourintinvinanys el evduptreurgrmtings nrivetodorleagupload efigpicrs.
r

R T Bl ]
allovping hardiibg yf Hoy whfesswithvancaisiag prrdschinationl y 3% or 2% or

1% Also, the Il1lJV ratio should be simlarly
6 Ssubstantiall¥ uniformin time over all portions of

- SERRAT he susceptor. Accordingly, the GaCl3 and

NHBrov &k @ ﬂoyw @mebi, fes iskombdfot 2vinde dikaiorbdtatirogad ésoutlet

th _ spread | aterall ross.th dth of. .the
i Q4001 EHAFORT G MR EO RO oA by Lo FRE Tociudes e
folloWHSLRPAAE] SRR HRER ForBY FrodesfI@iRes. TRk uie%ﬁﬂmmfdoﬁmﬂdgagas
is uniformacross the width the reactio

ch
e.g., é}q@l;pqu'giftgq BiEP %ﬁnépﬂi‘&% 288, &%y 3 BE fer ﬁ}teégléet rgz?,ct18? chamber

throd JRQeSHAE RO Thefish@ild Yot bk Rfxddl cawide iRtk &80 thai@éebecause such
recitcul ation zones or regions of anomal ously | ow

mixing o4y leat te smdagieiereapiong e grdPEing cqnplenss plcedd: g
mol&fds 368 UL it RO AN BpBuEY hi gh
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concentration. Localized regions of |ow gas flow, or
even of gas stagnation, are best avoided. Preferred
process gas flow is achieved by careful design or
redesign of the inlet 15 manifold of a new or

WRIHEPNHE reacti on chanber. As used here t REHIERPT/084930
“inlet manifold" refers to the structures that admt
process and carrier gases into a reaction chanber
whEbdre afier kgamic gitry Lbt (rEls and WHuflowsary prgferabliearioged sadiat the

[ t . hysi.cal | '
o GRTEFT S P L R 1 o Bk
7 alib shwiuhigragesver dk fice af the esclyavdandsepporttdwaldr orowafers) at any

achi eve eferred process gas.fl.ows. However. .fQr
Pt BT P SR B S L e B B A g e
apprf)kiﬁié/teilw_g’/@ pazlz%ak 8%t gdso:g aagnnm DfAti€ hi@n‘mlb e sﬁiéimlﬂygetﬁktabﬁalar
_proposed inlet pani e n to be no Sj.n
uniferm in AP sHALPORHRE Pf fﬁ@ 3§6f”(§ f@%g PECHEE K é@%’gdel}zﬁéswﬁe Fﬁ@‘ﬁ At
NH:Melocityl 8RR SRARAHHESThabogBRsdshohapitadBicdlgTadioby/ Bt Width of
i nproved to achieve increased uniformt rior t

. N 0
the gctige Fhapdst Sodt VBRR ArFYIng et the fuSFRRLT Rl s iy = non -torbulent
flowAfM BRYS 04 MA WO RSret3ion St drdipRorbrily hEIRE hBs the

chanber 25 be distributed across sone, nost or al
diamgfer phide wistpiorof t he chanber. For exanple, nultiple

9884 iR o 7836 bSrebBhOYGRWALEY 1

gagﬁ%%ﬂh%ﬁ?ﬁ&&%gﬁg%g%ggggﬁﬁgﬁf%d f%te?%lLy ac?ossﬁ$y0ﬁ
flowtrhies, wilgtelono br mbwe of Hemibeess gasasantr dcewmiygats wail@h apgmalously high

nitrogen or. hydr.ogen,can | Ot L : ' in
con R0 R RS R8P B BRHEE RSt B
r eBefored prctdh gadisi isedhivesddtyicerful Hogmtor ordeaposidhe inkst

susceptor. Further, .to. prevent spuriqus, deposi}i.i b
manfifg oy Ak P SRS TRatos RIp e ASaRpdiete i chaf PRR hfifbid hefers
to tha dv@dirageaudmit @fock Bandedrtiad gakaligb 2 pattie drombe vépdeedicse

with respect to the heated susceptor so.that the
srocijegs it HEL el A Y ATBPOR RGP RBOLRByE ret s

Al 84 Rah BbIY dedifiRdiafid BlbricadQl th Saeahe DEWRE ketbro feabfdh Haes

aced apart so the process gases do _not mx in their

S .
beewﬁ%wquta?}ievezaefmdm@f@/ﬁ@@ﬁlagf&p%ﬁms&é@ﬁ%&% OGS, 18

advantagh@RR R ek BNk RALIc88ErchdRW cRISREPlotRSd BY @@tip6std inlet
articul ar conflguratlon of the GCl3 and NH3

by a p figu ! | .
mani ikl dessriare podelap e Huid dymanpg pedeling efarATe Bickgges known in the

art. RE gri%ﬁgsrex d&\"%ﬂ:ﬁn YRPeb rbg @ ti@/éi‘})i.ngﬁ%\lgg tPdkhfele increased uniformity

ori ating Tor exa romwunder the susceptor and
prionfoxectugl fbirichtiarhe  primary GaCl3, and NH3 flows can be
“S%%stti%a%'b%gfo 5 aﬁtgge\éﬁs fh& parab%gs%@§§]t§%&qlﬁa?escxiogﬁh&ba
conposition and velocity or preve eposition on
be diseribnted rerogrspmnendss or Hbof thewiitl &, thd ¢hamberb &di ¢xempls. multiple gas

.. wh the GaCl d NH3 . f| t i
e 0GR M, LU AT IE ATty s
the widwasTitiagfadBert 0. q@frdy igakesuah plrigegcg ashydrepan ent erininggiuced to

.intg the reactjon, ch er onewhat upstream of .
st RS P T CE TP RGBT DL D g teaetion
locaB&0MRvE Iie sisodrRnd Edrihaep @sdvintapuiaan eepsidor o thhieldy dftbe
~side walls of the reactor. from unjntended degosition.
inletmgrts. f0/s phERECTOUP BBl EENAN FeHEtyigepect to the heated

susckby RIRE e aB1RAh&kedBBH UppRikiGAdlY 1B-5@RS. hatt@nwly| the inlet
near the chanber walls and a | esser anount. centrally

portagsebe cotled o cariPe sreped anart sp Hisipapcess grisy do pptapiz iy fgir vicimty.
inlet manifolds provide for dynam c adjustnent of, at
| east, one of the process gas flows so that
non-uni form ties observed during operation can be
anmel i orated. For 24



10

15

20

235

30

exanple, inlets for a process gas can be divided into

two or nore streans and individual flow 15 contro

val ves can be provided to independently adjust the

flow of each stream In a preferred enbodinent,
WEROAB0#48| et s are arranged into five str eanRCH/P2p07/084930

i ndependently controllable relative flow Further

aspects of a preferred inlet manifold include

te Np:e;rl’altal‘i beendourtdrtipdt gasTfer plopsrtics modacedigrg fasticplar configuration

or kRS BT RS SR PEeTRLL] A 18P BESNER e

ﬂowpmﬁMﬁthdﬁmﬁggumﬂngEmpﬁn@ﬂwﬁ@nsm@mﬂﬁmweqﬁmh@ﬂmamsgWﬂhﬂw

0-r. As_di
iR AR s BT et Bsubed & R P e e SRRl G
comw@tﬁbntdae vAbghes prdvamep@ttm @6 rdaeactvathohentd. Heor GaeBipde, in

embg bRt g s O Py SHEORN R e A e e B e e

it ha@gm&id@hbma%&&tslt@pﬂoelde & RhiRE bneidvwesaEngnito tsaedciidgehamber
mat eri als, such gﬁs ket materials and Ori

somgrplpad ppséqeg;n og(}gqllp,ggﬂ Hydlopg fo gpafng the pRosess Spsss ngove the intended
dep(gﬂﬂ)'n 2Bhhnd ksHRAY TrleGhe erallg Of thSRadtb bt RAnteRdidldepdlitod. For

e quartz reaction anber, begin to deteriorate_ at
thest: ewpeqeauw e@antng@m@smﬂm@w@%terms@f (FREST gps Jaeredly near

the éﬁ'&ln%éﬁ Wi b A[ l%gs%pérﬁﬁﬁﬁ Lénﬂ?glljf%s{ th&hRidRUFIedhhisgne

gs usa er tenperatures, if available,
c amm rofclyed m@emamﬁnidmmﬁe fra denanficadjysraent ARt I guo of the

R3S GRS S G900 tedos s Tor

exafiplatinietsifed: freressegmmicm benditibel mtoatwg er wbreatyoans and individual flow

TS S T .
embbliaRRsf eaCRhifeat afragd ihe ﬁh@ﬁtremeawtth ﬁﬂiep)dndﬂblgrcomrtdlable

very hot susceptor. In preferred enbodi nents, an
relayiy 9% . nani f ol d i ncl udes tenperature sensors and 25 WO

20@&11;63 Q448 BGTHRE00 M1 8A838d s Ebﬁip&rafmﬁé control. Thereby,
enperature control fluids, For exa ratuges
inlegpaniiol FBPTHOE A4 ek SRRl Rt yre IFéktﬂ C&Pﬁq%"
prectulesm%eé ALYAE;, %9&‘&{ ;Qwe%gd@ﬁlg%%ﬁ{bérﬁwec&enﬁﬁ&ﬁatmw , gasket

l'uids can be used for other tenperature ranges. q
C8S

or OF1i8G e et GSHRBR.EhaGIGI: A PPF PP B PRIy P IERis 10
than tﬁ%ﬁﬁ&k&&&%@ﬂ% LNE iR AL AR Ssu%gly tihe wWhdnal pﬂéﬁ?dbi}%&eased

inlet ports and sealing o 5
ﬁomﬂhmprcam@ﬁgéh@ﬁlw ehovt perretimseh 1367 %?@@P@@llij a‘fﬂﬁabie

e
for wolin e ariet Imagifivld, mlpamapl@r fopmb@ the makifddty the geaxtzsgaction

chaffR ek G et Abt Bt ThOe: of R et 100

Chl@ileatdiaint eafine onteakie Blaﬂladlcblye gamoulrsa‘sle tmgmn temperatures, if

R T T R e R

raisé!| ecul e and at  700C nore than 99% of the dlner has
deconposed into the GaCl3 no

o PR @b sl FABEd "EHEGGh | SRR AL Es o e

ranéé‘brfﬁbdﬁ@ Bpr@limhEe ?ﬂ@ﬁ & LIS by @ithed buppBlipWcdb0 ﬁﬁsdthetemperamre
econp05|t|on 0 dimer will occur opnly in cont ct
fronpprapicitips rampving transfcrrcd heat from the hot reaction charfiber and very hot

susceptor. In preferred embodiments, an inlet manifold includes temperature sensors and
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susceptor which is at tenperature above 1000C.

Dependi ng on the velocity of the gas above 15 the

susceptor or its residence tinme the portion of the

dimer that will be deconposed m ght be too small to
wWEUEs/B04#8a hi gh growth rate on the wafer. THE/GEM7/084930

deposition process proceeds through the adsorption

of GaCl3 and its further deconposition to GaCx with
chantels f@ t¢tickdrura béntrot filids. i Fe chanspll e@mperapmesad 56 to BT Gican be

.an adsorbed atomof Ga. It | i ely K .
wchiEyia B ER s st onRio PR PALDEN . GiRshER fuigs can
be ueaatfh Qldjﬂg]@ Rmpefanird ﬁmigdgsv ant ?afd chatnels gredesbly hﬁl iﬁgrodimi@rto the

through a quartz tybe under. e rea .chanmber :
teMREF 4T PRI BT 1F1ﬁ‘ém§‘ﬁf§}:‘£ pto &eﬁﬂg&il Jiit PofijpRd sealing o-
ring§l UHahfel bt RONREE bScHoterl hére bRAGEIP In EHABTDREMahmotkging @sing

funnel with an oval cross- section. Energy is
softywire pacdieges kepwhid thf #fer while in the funnel to
degQi A chiBEwRihE in thR sbififor 1ABRAIBpor Hhaps & &héwsho exist

enbodi ment uses IR radiation fromIR 1anmps |ocated
maitdy th thh Gkl dimer forsh Thet fery it peteallyyerygtagletup te §HECand

funnel .recgei high fl | i.afl [
oeis 000 RGPt 9 o pafd A Sy g pb s
that alB00T D ebic that 9o 6f the gaaghideds coathosddiod rhepiomemmolemjerst ed

to bring the IR absorbent nateri al tC?ﬁ t enper at ur e
7009} meyg R §Perfh e dimet s defogrrosed o i CSHB?I%O ' the

di BR ol AP i FRGE i éctﬁaﬁl'tﬁbﬁf%t £8lethiNc IR BYAGH Rept at temperatures
rou g

i njector and passes’ the hot funnel zone, the
at orctietrsr 158F €| thhdecompomposd thetdimertveill pesys aely imprpigsbwith the hot

injected in the reacti G er..] ust: u I f
suscpll St s pl G BT Pk e Pl ot A BT g bore
the dubldepot braR rB@icRte Brhe tha@ofiaEbBthi dinger thewtlEsotcosmpuse tipbt be

susceptor is maintained tﬁt a teﬂ%eé%f%e .tiabove 800C ds
too gopall o snstain @ Righ Srosth BiGRR PeNaGE THed PSR PP LIPES
throSSHRAA Bt §F GRLIVSR 18 fuicCdRotipssilpttweRTL Wit £ URRe] all

and the Susceptor which is heated by_the IR hﬁat'(ﬂ% ‘
chioFiaps beep remay A PhLat e a RO s Posior figyirod © operate
fronPhE hRhR: ?@P&V@a(ﬁQ QQpre%éreM@tgﬁfeﬂt@%anvenﬁon introduces the -

“UPCTI US2007/ 084930 7. SUSCEPTOR AND MULTI - WAFER
dim@USORBTRRATHBS Usdss earactys ghamber fvaise ppRyceaR! B sgeeptor

regi%% ?’ng gg%crgl’g%séo%tté 10 TheBRa iR REL Ak Yurdtf38 W whiD @nh@fat eross-

I't can conprise t%r aphite coated wt
section| Eoogy ©ardviddd tothe slithérodnie irf the fias! todecompose the dimer io the

mon%}nteﬁ. A arte%e\{r%fld gmbgc%i&gﬁtrﬂ%é:st I%erdi%grquFonpr l@:!:ngg bﬁcat&h&d shaped in
SUSept'sr™'s“preterabl’y nounted for rotation on 5 a
suchsdwaft that By duagz Ghblackbfrosdlréopive asighdapbR tadirper dn thises

T4 can_be appr axi Ly . 0.1 100C ' -
conbiip B Rae e g By e TRkt Forot R et 2o B HiBign pover
adjubi¥d toNRME thel IR MBEITBENY frRtegialth b Admstrdterd bl 600.°C bomaweqireierably

form ng a dead zone beneath the susceptor, .the

700 rdégeo s sitsuimrnigrp e Dt bl PIcpriF reeuaria i éat Possrs
throg%hctg%fslcg %iu?l@lszong— S ikl Gl ﬂ)eo({éoérﬁpo%&?i% thB AN RO njected in

can’ltmt or mnimze unwanted deposition
the rewrtiph ehambeejusti upstrafn ¢fitee w6canmat Bigfosabbetbpragiondnivegh the
.. adj acent. conponen : di .S o Ve
R e e
aboR00°ORereRkntthE £-Htihaional es.difer. WEATED:EXRAISTent is to use a
SiC Sﬁ%g}elg??gnﬁjg g;g)[eey o%&%?&sp%\?@qg&g&% l:'?esatearbgf\{}lledl‘f{she];t%{g I%rtr}gs to

maintain a temperature above 700°C and preferably above 800°C.
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15 exhaust gases fromthe reaction chanber through
the exhaust lines 41 and to waste abatenent system
5. The exhaust system can al so i nclude a punp (42)
and associ ated pressure control system (pressure
We st 9K8val ve (44), pressure gauge (46) anBCT/US2007/084930
associ ated control equipnment to permt operation at
reduced pressure). The outlet manifold exhaust |ines
7. Sasnﬂapmonmmmmhmﬂwsemuiqment (if used) are

nt ageousl y. al so te eraty control Led. f [y :
ﬁg o5 ﬁn%]its W&%gg it of {and c? %OnSH'UéXﬁ 11 a8 S%%n%rgl?elénown n
the a?iﬂ ok e;a{ﬁiﬁl@ it chi aﬂmgﬁiss gia)é}i)ﬂtdxﬁ)laﬂe& m:tb sjicdsariideorcaicon eitride, or
ases; reac t

altem%tév&y, BFF Wd:aﬂ ﬁgs G5 1&,861}%%1' lwﬁteqsfor rotation on
a shi¥FGadd aN‘@pomﬁ{E’rﬂ Slﬂgept&&elﬁﬁéi&ﬁﬂeb'@d cal@\e@proximately 1000 to

eratures above about appr oxi ter e
11060 vgePrl 91 gD bR eO A SRR 1O e e e v
ternfeP I RSRR] bﬂu%?a Wﬁrmnﬂiﬁg@eeﬁlmnmn@m ﬂﬂ@@ﬁﬂci})tor the

appr oxi nat el 40C, and the outlet mani f ol. d. an
suscemhmgunﬂgg Qm&ﬁﬁbémmme%r joagstionef pypg\eas-  Higiection is also
adV%l G BEMLE it lﬁﬁ?oﬂujﬁﬁﬁzgﬂ%ﬂteﬁi@eﬁsﬁiﬁﬁ Bh the underside of the

erioration of sealing materials,” the outlet
heatmhmtaptod atdoipdiaatng cemphents thahoey éﬁtbi@ehrafﬁé éﬁhtecﬂy or indirectly).
woukd.et mani fol d

'wagé%P up%c %¥%&%1 égéﬁkggkéﬁﬁggﬁﬁed in the range

of about approximately 155 to 170C by tenperature
8. HEankp ekasesans simlar to those used for inlet

nﬁ@:ﬁ%gllpg F}Eﬁ%"&pf HEN mﬁ}g&ﬁ%@vﬁ f:(:nt' tlijlg SFQ’?&“%% erﬁ%tlsted flow of
exhduSiRedsdFHoM Be Tebctich dhimbérabrolyh thé exhaask linasrh! ahd owadstesrbatement

syst%ﬁ? ggg‘é%%x %g%fs;%%ng_gegé?s%alleﬁ hrete (%&ﬁﬁ gssocmtec? pressm% control

syst&thrlhrdshaR QAN 8493Q14), PresMAS T s L sl hike fejingment to

next waste abatenent subsy

a pre
permahaReEHON Bt Sjased RICEHIFD)- Jé%?%tiet mﬁﬂ‘g% : LW%&BEP’%&?%%“’““OI

etV ub MY BRLICRYoUsB CANAENpGhuMashitlGatd mlmerbondensauon of
eqmgonpgundgw efhaugggasgggn1thg reaction chanber.

reactipmpploducsn it erse o dreRs P DRANEOMPiEally celRBdRe %96“@5 gases;
un—rg%gfd%g c@%éﬁ% @écmﬁ{aﬁxlﬁ%l ko BHRLO SRR Bfe%?ﬂn{@lyeﬂqmm
e ur i ng a no

st nth of sustained, high volune .
NH4feAUf HEL end Hy. Apdeserilred @hove@mmmia@é@ abge abeut gpRsATARICH] 130°C
are rteomfe%%@gr%vmg Hrsien 3\3@&} i & G B[ EHfdo el fnid DR hieria
Rereb eV| effective
beioamammappmmayel@ ®40°€oaxmaa@/@mt mfamfod;d haugy gystemn shguddbe kept

oSBT o VST B AL SIOPL B e

ouﬂgahdnhfumtérﬁp‘dﬂate:mshcaih«ﬂndtmr,eedahow eppmamriaﬂcly 1a08pt ed from

|1y avai e u . The stream.exhaust
Fr Orordagy; Sht R BoB-gRtCES s et RRRIIR R e or
abo&tlap@@mﬁihteh;emaa QV@PUSO}Q@ﬂbér@ﬁui‘eeﬂmﬁdil ricénd amilirnd those used for
condensati on of exhaust .. produ e .ran

e PTG RO iESRTEFA b ks Mo Shees

line %éﬁ?ﬂ%ﬂuﬁ& 97 iAHhiRRIbyURE fnadiBrumlAIRwWALIE Redpetifiré fop ﬂied;bzilg $roferably
t he exhaust ggsesggy passing it through high 15
0

in theaqps catkel BIABUSTG on zone 45 conprising, e.g.
H2/ 02 combustion. The oxidized exhaust stream then
passes through tube 47 into countercurrent water
scrubber unit 49 where it noves
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in a countercurrent fashion with respect to water

stream 51. The water streamrenoves substantially

all water soluble and particul ate conponents fromthe

oxi di zed exhaust stream The scrubbed exhaust gas is
WQ Hés1PEBeased fromthe system 57. 20 The WRHTEYS2847/04

with the soluble and particulate materials passes to

separator 59 where particulate corrponents, primrily
9. Wearrt vawshateegal | | um oxi des (e. g Ga2®), are

separated 61 fromithe

o Frige i ST R Rl PPyt SreBRTRARRRCR: sygomcan
assis® bt f&bﬁtﬁtﬂcily)péfﬁtmmf tiedhventaretsy, rescmahr cdsvastc gdhum mg;npounds

filtering, centr at a
cxapied Fom AT IO ASEe ST P HET AT URE SR oxbaust 3
kg, RTEOULCE nRIK Gurir@{asdiinihg agroi2HeH, 50% wﬁﬁ)ﬂ‘) ﬁumﬁ:g‘ amonth of
art|cul ate Ga203 dyrin g[ each&jl”m of op erahg)t €
sus%%ﬁdt high Felime ganypeRRng At GRECTH Q2 PRES s SreeonogT§al TSY:P"“ IS
was@ 0 abhf focle It %m@ @u@p tp?&@t@&sih)éreb? VR TRERAT clyagpokiadicly 90
into, e.OQ. known chem cal techni ques: see,
to 109%Ga cliionen, 2003 Gal lium Trichloride, SYNLETT
Zofn%’ 1 89 so%@matﬂ:all)zﬂlﬁgragéﬁ%refg-@@i M8 HricB OISR abatement

conponents are passed fromthe system 30 10. GATE
subsmmﬁ thwt gravidey for gelivra agogvarn end Baicen be padlpdrrtehieri or

m{n Q@alﬁﬁlte%ddg&s }:{ge s(legaﬂl%xlﬁfugtgﬁ]ﬁla Ceactidt &hhBEr Blpades

ans er C gate valve and reactor chanber
throbghadhavgt lows #] teanperatypr evfngpids] ap T4 ity it amdie@f‘@mﬂ eferkadsts o

oy 36 B rdo T Ced 6 a0 W AT R P

bumelaxnuﬁ‘zﬁe dihy biuhamnsiitexidiet éjesx]lwsw@ma bt ipessmgatdhmngh high

anber d the transfer cI sed e
e e G OB ARG o5 ST ey Bk cotaaet REgii Brhsus
stredneABH Pdsses CiranadatbsEahtotchbentérdiirednt @rlateﬂ:fcrdbber Unétale tiere it moves
chanmber. In the follow n

ate val yes of this
in = FRQISFRUFISM (AIPQUHIRSFT YO HASERTHE 1 O BRBE By Pees
subsglﬁﬁ@;lyl Ay H8S6hbREhe éhlétb et nedth §6m tH Rl fed@Rkhust stream.
8A-C. Arrangenent o (gate val ve of this invention

The ﬁqﬁu@eﬁé&t@vﬁ@aw&e@ﬁ%@fw R e EARPdn s in a

SUPREQMENreSE GlithQRe JofibYd £W pitichih@ SnatHiaBPHessbs to Gafatator 59
val ves of this invention preferably inelude one or

wherpmrdicglats qooperenisnprimady prrtipidte calliekgsidst Gite CRd ra61
sepa%éﬁ%%%e Wk Q! Pﬁ@&%mﬁ/cﬁlleﬂtg %mngdﬁl)l &1&09@@9@@@1 dhaeeof

reactor asse bot h,” I ncl’'ude seal i ng
Sepanatoercmabtsol&mnfaﬂrfgfémom tegbuigeds] Spch evsreghing Hilirieg, centrifugation,

ﬂocc t1 Leatn 50 foa@ne )ét 2 f gxﬁ@d&rgg{t i 1&%0&1%91?%1%&110% '3@1&? SF up to

r’i‘or ~an nCerni ng gas
IZOHgQOBnanOf@aﬁIcBIa‘&ICEh@j’ dfmgabdhymetiooi @edman dI'la‘frpraawglet# gallium

ox1dfﬁﬁaﬁlgﬁ%%n @rte cglﬂegteg 6&(@&1&%} ? % vér?t%geg)félsais ge'! xrf egidatng ?@c?gled nto, e.g.,
GaCﬁ?gh@fI@Gﬁrn clﬁdaratal Ita:hm?&sg a&vggg Ijs%mﬁ{?g ,r(taequlgani Eg:gkg?w
SN RS, Pebtipoafliin) e RIS PRy s from the

Syst@grangerrent can conprise patterns that 15 place gas
ports uniformy or non-uniformy across the exposed

face. For exanple, in a non-
10. GATE VALVE

A gate valve seals the reactor chamber interior from the exterior, which is ofien the
interior of a transfer chamber. The gate valve and reactor chamber loading port, are

preferably sized and configured so that when the gate vale is open, an automated wafer-
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uni form arrangenent, the ports can be concentration
towards the center of the exposed face, or
concentrated towards one or both lateral sides of the
exposed face, or in other non-uniform arrangenents.
WEHEH#E of ports can conprise square | attPEiges2007/084330
rectangul ar lattices, hexagonal Ilattices, single
rows, multiple rows, and the like. 20 In preferred
trangertiodiceremt eyt thaasfpowafers hetereenr tha rgetdr ¢hamberend theriggpefer
arallel ro ui,val en - 10 I
charf G T hEn PRy BEF U Bhatnish B R SRR e of e geactor
charhiie geabfhe ihericg af the rasatov ehanmibbie yin Garfollrevinm ighte valves of this

. _di.stribute Crass e osed.fa or_.concent r at
S e S e B i
and §RIET Bfr@alkMeNBEa dte MV R dviemeinyn b Ratibr gais@sy tidsinvention
.. be admtted through the %{létes in order to reduce

is in g fyRssEvsA WEPRIST EVGH Figt 4816 wal I s of the 25 reactor

chaaetlved 6F thi GH6ide e &8l ilda bh®6t itdré Bisipotthend one or more
reactor chanber, and to reduce resi den%:gq]céi s of

tempsFaiere Faiol BePapleBa £SO gk @ Nh oF His oPRsE Y.
assehBL2G A, Y udd 3Satin@ BlekihIS Grri AR @ WO b IN 2 ROk pISh GAN cflete a
~tolimt contact (and protect) between the exposed
tightf sgeldetyfeen thgecagior ehapbeyatergtandifgteiplbcess gases within
th i (d £G5S pAvidad S{H Blabged
of @oécﬁgﬂ%ég%ag E‘g{r?g%%ﬁ)#mg%asggﬁggrg %%nﬁ’g%' Zﬁper ature wrgecto
admi on¢ erohomrspduan o6 sebsctet! gagse fustallyeonsonedies) ngsf a sehled gastar
val ve i.s, an advant f [ LV, [
o G B0 AL AR I PRES G LA R
reaciod invgioe koiveldntlyg thehepased fbor Thhamiyeemére qui soaipein pagterns that
exposed f.ace) is pref.erabl I ntain t ' .
riacf ABTOR peara TrB B5 pRar TRl TR eIl o anon
uniferet areRpERmS ehaoors ben xjpasadaiaceward@th\e2G081ht 38pba8d face, or

PCT/ US2007/ 084930, .and so that unwanted reactions o
conGEB BRI i g B S0 R CERPo P e 8 Bdise TP g
arrahRBRhO! PAKAGE A batd canicblipifeqexpatre, fattgulddatnd, hekdpenal

portions of the gate vaTve that physically oppose
lattiggs el RVE BEHPIC YR addPs B&ondi ng portions of the

enty FBERASHEIIRh ¥ thetpBfs alb @AGIgRE i #QWF ataftdly rotie

sealing portion of the gate valve and the sealjng
(equistslentin i 2 sfuarers reimgplat R tos SurRImE) cippihp PEIOSIRTY Y the gate
Valvgmfﬂﬁgc'aﬁ] gd urﬁ?orﬁl;) AWERAG s BRRSPALYEe §QohBkrated at the lateral

therrmal danmage 'to auxiliary conponents of the unit,
sidegofiths exposddrfers, Aswal(ersforphiyiame o1 metegelatively inprt gasgs) Gpn be
RXpAsSdlS AR
e HFRS e B phu o EREAMLR B\ Y BRSGAS
reactoe nipertet, ty egycelpat rechigdatios within thateegtoribaahe, anddo tdues,
.High.and lowte rature._thre d : ,
res R PR SR PR S HEE RS S5R80° 1PMANG, o
admaha heiigh thapdrieat as eo kit EifEet (andptdtectifbeBah the exposed face of

significant tenperature.thresholds .include: th :
the ARS8 P BB ST B TP eRbTRmhe bl i R gieid of
the @&poRt teelow = 80 Cinto a liquid form the
condensation tenperature of reacti oanrod cf fgl1H4 at .
or CHEBIN e REraluTo HFITOIENGCRITHSTS, KPP HEGRTR] O1hs BHH@ Ve 1S
an 2l RVRLS 6F B peithl inBitiodfonthe ANEwinkecsaise Fapehaporfign of the gate
tenpératures of _current|y-avail able

valve grRessdie theggrcdqrahpmbes éqquw@leﬁiéx, éfqpogpdsfaaq) iqyrefgreply spgntained at

a high?PotiehkBfe b RN 8 that §ascd B thd Ra@oCRIMPELABsE BB Iek@Ised face
synbol used herein With its comon neani ng of about

or
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- lowdrmg ancclanzam, gr Beithey H Ve g OHIBRBE C3t (6%

approximately). Preferred gate valve assenblies
(e.g., a conbination of a gate valve and tenperature
control mechani sns) conprise both nechani sns capabl e
of raising the tenperature of an exposed face of the
WML ve and | owering the tenperature of PE/ER7IOHG0
portion. Further 20 enbodi nents, however, can
conprise only a tenperature raising nechanism or a
and Seetiqremabntedreadtoneot g phes ddramtismare oot indicediarthe gRaestinge

enpodi ment an_co ise, multiple. nec i
reac'é’??% %‘%“@518131? &ﬁle)s( 7o éﬁ% :Sreg?nljl P %18 grﬁl?% oi ne%ﬁ%ﬁa?‘%ﬁ%at can
physially bpregs ald foen b kel gih eoraponding portiohandlely altragarassembly of the

closely adjacent) to . the.sealin or,t.i on_.of the
rencipp Gapstiontyy M graa anrton o B Sit Dl Sl alarolfons atpe
reaclbBhd@mBHy) drbBrefe@@f Mhinta@ied at Clowlzhaahitanpepdturs ue that thermal

arrangenents. In th‘tftgf()l'l oW ng, ZSS referre

. Qut.
dami o BERET FRDDHD 8 4 B oo T e RAF SRS e o

prevERSE N ARG Ghe tHAWENBFe of iRQxpdsBY €3¢ sHRldGaRaih BElbb AR
t enper ature nechani sm otﬁe_r t han those descri bed. The

depasitionseagtigndermpestiuses fat BusiayigualyAv e Ieated by
CopgiiGhil RRy Eﬁﬁ@ﬂa&?@thﬁ@ﬂﬂdﬁﬁ%&fﬂ%n 1 aficMRL YR cesiBiff cdnducted

~ turn can be heated by a nunber tenperature contro
in a thestpcediemkero Wnthe sasctoh BYE Budrewth 6f BN oyigpidgapt empepatppgdhresholds

inchffe! theicgﬁdeﬂgak'glg%%ﬂg)nraﬂg%o#emﬁkﬁ Grel Rsor (88,3 MR w =~ 80 °C into 2

eating, In eating, radiant heating, high
liquitlfonpe tteetcondengption dnmpeiadirh efreiatign eroduct NFLiGh# oppdewrld§ - 150

- -€mbodi nent .. the body. - I s of
C ifRaRSIEBRD s % 8O0 BNb A e M8t bR rcs of
curriflyraaail-bit cheateimgstalt eembing matesalgat oribeibwar B4 -d68iehers) =" is

conprising.either filament .| S or solj
a m’&‘&%@@?"ﬂ‘%@l ]H‘%letdﬁlslf?“}‘ﬁlélf 1250 RN g?]%b%tf‘]legti ng
apprekigfienns are 30 WO 2008/ 130448 PCT/ US2007/ 084930

preferably placed external to.the reactor cha r

A R R e A SR o A S
conth® MREKAlH; PSondie BOR hRShMBn R¥jabRMTEIMingMhE Rinfpetahee of an

reactor chanber. The radiant IR hea in%g(nel ement }éﬁ_&n
expased Gt efribrerpts YrlvrRddewiar die ERBFTHEE of 3 SBUE ROTEP e
embBAiBEhE) HoVveb &2, Jaﬁ%oﬂl i& -on% féﬁpér@@reﬁﬁi@Mg cieBgnR@R bt N@mperature

'specifically directed to the unit so th_atmé}@gvexpgsed

anisms of

eithc%ﬁﬂ:@.e INT Je BB crahite ?ﬂm@ﬂ hehRathyenRE %:tti%ril%@th@ RO JLNERL |

tenperature of the exposed face the gate .
integrall (veclesyedfacsnt Canhdrealing pOEPT D Hhe ceHSIOE.OF LEETRAO bfgassociated
ithGhd S abd 0N 10 re 2 lieat 8 fobaidli S qrraflgd AR, n the following,
witfihd G S o8 Rt bl o Quth g AR, 1o the llowing
prefdiel, e atedmifas, tapehorasamimigecthamgsmy aedesemed. However, the

) assage s in the bho of t .t hrough
v B e e At heah R AR P

di FposabsedFadetdiaatevelat edh igdsatcdby tradpaies dgevihy bodyar the

be directed through sqone or _all of the plural.it f
sate B SV N L ASRTE 25 & PO s SV mdtin o
thosPéweh of @klry skill Bf @€ Bl indading RASSEEWEYS radseinas harnyeg dduction

be near the exposed face s .thdg;c,the heat ed%r%f\s
heatiigr adienithepipe. Pigh STNTAHE SHOMPIOrES i R OUF RO 4r ¢
embB&iflch thetb8dy HARd HRtdby hRb BicNGpdsBe fib§EP Blcdatsralve kar lcheated and

osed face to a desired | evel to combat .the ‘g‘éu

ex bui | d
contcm@é_by eiihbetng auey (CclepBiStESSlonasy RRmBIEAg Hger fifimea
lam;]&;bg_tsblﬂpstaﬁé d%vgt%s gla% SonYHha8n GRFoP eT004i 8 heithng Clelén@kre

irectly
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circulating cool fluids, including cool gases or cool

liquids. In one preferred enbodi nent, cool fluids

can be circulated in passageways within the sealing

portion of the reactor and adjacent to the sealing
Woreaogtioelss or to the sealing portion of theP(fAEE007/084930

valve. Alternatively, cool fluids can be circul ated

within the body of the gate valve in passageways in
prefﬁtﬁiﬁl}i 'pm'bédye)(temal heh@fageathhmberjogt ndhe odnsfehehagédtr, because of

vV, I n anof her preferred e ment
the g e B0 T SR S ATEREY S BT [ e 5 ap e g ar fatat I
heatiNgleRhRals cMEeYarraf@dlin gﬁﬁraﬁifa\hﬁalﬁm tdlee ﬁlctoee:pzezhmrtyvta thdpate

Valvtegcg bodmof 1Elhe % @anﬁg}frve t{)gl}n; ortaﬁlf@ t he %;La?es1g§{a
Héﬁ@ﬁ%hqg%e‘%ﬁu@%ﬁ@%@%ﬂd@ﬁhaﬁdrpmthe body exposed in
ransfer chanber. For exanple ITEI ent

be I BYASOBE o B ISee oS ST KA APASEIRT OF B FRRPI e Of the gate
valvk Q&nglg éﬁﬂ%ﬁ@%@:@nﬂr&k@ bl Iﬂﬁ bR BRI 2 HBASDRid, R0, 2 high

di rect t owar ds f/tgat e valve. I n various

temmv@rd igrre hreigh thedhee of B weic alsenbieyieriahedsiien brraragapd o flow
459 an &Hef loDOF,

B

reusm)r @ spiosaip Burdtey rheatc,CbgﬂS mipthe essigsagys @r bp émmiqdﬁ@mtlﬁbsome or all

rature of
T
passagbmm ag e@arged:mrﬁalmatthmxpmadlf@cd@s that B8O headerimas eirapaging

e B 0 el e e M ol
exp&%@d/ fa@@tlc:)faQIesﬂ'dd\/l@Jl’el ta}g:of:fhet thebmmr@toﬁ nw&;tedtrlzhz&tcﬁ dqtasmsg
t t
( 20k wairaR g iy By el B PRy e AP e e

circ@@$oldBbIHER, inPlAaHAgeN@Y s bcdoh Ry @Rt én m&lpf&eﬂambmt(oamhm
out of the gate valve ports into the reacto

coolflyedszqn w@e@sﬁﬁi@m@w&r@m@wﬁ%&@@faﬂ% %%ea%t%rra@d

adj aeém NG S8R rﬁ&eﬁﬁéi@r o @ s@ﬁm' b QORI A DY ot FEIUE Ak diBatively, cool
tenperature t he sealing portion, of

fluidsiyan becrstigied O‘ﬁthﬁhtfl@ b%igfl Qfél}e gam’l‘@%"ﬁé‘?‘ PRKERSI Y proximity to the
seal&g ?‘pr't bt Qg ét@ chivdes an%éﬂéﬁé&%&dﬁ%{ 86bl %@sscan be circulated

pas ageways in gate val ve body
in pwgpwwsmhgl thp gate velrip eManfr‘fé’e]ﬁf coohgasAlos 64 b‘&gfegféd towards
at f f fthe gate
e b FOREEGAR o [P 0BBAE, LSy porino e
Valvs mhem@ohd by lcmducfs)nrfmm theibodyrlexpogddn the srapthesrchempber. For

te.v I r.ahl
e i BR SEh teme e PR e S ARRRIR JooREh @A Y
remifr(ﬁﬁlﬁélaﬁio tb:ytrambfeﬁ bhabtver hrelatidecgd mmh‘d@ Ithecgawl Vlah@
hanj sns c be adj ust.ed to i nt.ai N ?
‘af‘at‘%?f%b aéﬁ%ﬁéf&%ﬁ APy ?“ ’Pﬁl& °° Aretval ver

tem;&e!#ﬁftﬂﬁe Ghr Hyrides @8t raibidg e téﬁipdﬂzttaﬂe r&fﬁhexpdsemfaeer at mﬂg onf or
the sealing portion sgoflm Iow gher ga .
morg EMPREHES $BHPEAFVICRS TR PVEEI4 ] d Fhge ghihs s G te, 67 one o

mor@ SN ¥es o tdokiRrduir8 BEHtRI dSRATD AR adneltagé O combibitn includes a
reactor chanber, Fig. 7A schematjically | | lustrates

temppRAtER SPHT0A ﬁw@rfpwmm eEPCTIUELR fahe exp0sed fgee fggether with a
temé@%f@r@tcblﬂfbl WA Br RwledRE @@ kenfpéRngy 8t @ kealihl fcd. | Kb eRample, the

trates transfer anber 703 adj acent to reactor

tempshaiwio of the egrosedefaee mé@ prisaddypereepIg higivismpgralufeegas through
T0EH Pot R Lhevartd RASIHRS 116 RABREAY and th
pass%%%?ﬁ%t?%%cto} C H An!ag)uand %é oaadl n% port bet vve@nam ©
the two chanbers si zed 15 to permt materi al
transfers. A gas, often a pyecursor gas, can be
i ntroduced into the reactor
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- Passpeentfiongtransfes opanineapssyesrosiHior

t hough port 715 which is illustrated as opening into
the | oadi ng port between the chanbers. As in the
applications to be discussed with reference to Figs.

5 and 6, the reactor chanber often conprises quartz
WORNes/B3048d i s operated in a cold-wall mannePCT/RA07/084930
| oadi ng port between the chanbers is sealed by gate
val ve 702. The gate valve is 20 here illustrated in
tem;&raidlre stthe poding faonpani tedowpehbyposiubiinmlomgenpuitontiogl (2. iv

tted out l.i.ne Pas AL
the SR ol e ek s e A A S B b Ebip AR hlce
circuldtinihi isated Qa&ltlmoﬂgh paswgdawagzn eadthwgath vilhebadg ot @nh'blbagithn g
ter

f
tempre BB Bise iy S o BFhoprir SR For g dr i ol fign
but the th@dtaniad HCh@&aEag @a@d@b )iot rmlaai @a{fﬁts\mémﬁl da)iﬂagd: thrghold.

|nterfer w th ansfer bet
At e F DS R O o Beore sy B o Brpgide
feedemi s lvase th@@eaﬁﬁg S lc¥@ingivhdchislignatoad bhatj&tddSo Maintain the
generic nechanism 704 which rqtates the ate val ve

temptEuTe opiby s%pwqdlfacemféhee%ﬂépo‘rﬂ}/ve sydicquily bigh 2pEY maian (et o
temﬁfe@dma% cme @éa%ﬁ QYA S8ECIMtNow NTRERBEUPRS SACRWRN:FeBiR dnd
a plurality orts 707 through whic as can enter
aroumh thergatgorbe aﬁ,swagbem the prepsferrcipnier apthelsaiadne wtorehampler.
|
mgag% s&femlta!?&n; ARlslr e &%ﬁﬁ@ﬁ@%@%@ 24 Wfre W il

ng portlon (e} e reac er is
1nveutmptﬂétued t}@ﬂ:@ﬂ @M@rsemmd Thig ﬁgelallﬂwgatnamfeac@mbﬁrom@d] acent

to re%ct?lg&l m%%rsi'lfi rear fn ﬁlateaagsgﬁr&b 725 'ch‘?he r@}ﬂ:gor %%%ﬁgﬁcguﬁdmﬁ both the

He“op sea portions. sea
ﬁansfa'tcaamair&maﬂle regnetme nhmaalei, yanldlal loslinggioedemses tha lbwo c'ﬂmmb@rs sized

717-2 In th f__HYPE f
o @ i gy of i e B LPE ARy o St gt
thoub® p6d 7 07 witich 3211140120 884pkad 480 PETAIS2G07 /hoB4880e chambers.

npounds and. t g tenper. u 0 t shold z 150

As iE S rgehkRm b e SR CERr R ariah Tree e Sregber

oﬁe@yoahﬂrﬁbd Ftz Erhms anfBs é:ﬂei’dﬂﬁhﬁatceﬁ-xhraﬂl ©498s- section gate
val ve 70 ate vaIv i vot sh can.e

th%wﬁd%%?ﬂ Sopihe oRaher o1 SBLR K YOG B0l pgge valve i

here! 1@&5&%3 &f 4 @bsel HahsdL1ts 8fenGRSiGHH Reshicaldady d5ttﬁﬂflﬂnﬁé goye
include internal plenumlike gas passageway 70
t

5 yibon tha Bl éalf’%\’é gpggy and in this
posﬁ&f"i&\éﬁén\éﬁ mtﬁ‘%ﬁ‘cﬁ%%%& 13§dz[1g]po?fkg tHat ﬁat%n@lr&a‘n B@frmfs?etf@!i Prf\Gh this

ng encircling t exposed face of the gate
transfer| opening\andher mgmglaﬁlewMg@ﬁthUﬁvHCHa@épTlﬁ@y, the gate valve

will ﬁgt 1&%}% uZ%ﬁnaté:ﬂaQ transﬁ}r %Lt%v%eﬁ J:blle léﬁetrrﬂl%}se %\/Iaz}g\f&rcﬁimsms can be

e-val ve tenperature confro ani s
empmt:d/‘@ opamahdt dllBB dipypatehabexiposteded tetes @gerteherrg@ttaewm 704 which

by exenplary heating 10 | anp
ﬁﬁm?ﬁ%ﬁggeﬁaveq%)Fﬁpﬁﬁﬂging | anp. An absorptive coating
C aBreffi@abdy, ac dhistonied, e garanivedy ilscoproﬂﬂed witheingatabpassdgoeays and

Alter at i nor e n can be used

» DHGHHE AT Bty Do il G P i B ARREE or 1
MU beifdphiy, HRCRET fofged barcottact of e sgaing puadow ef tha'gﬁe valve with the
exposed face of the gate vaI an als eat ed

sealigh §eRE OhBE 3T PHGEGA oAl Sadiemaye Sppalii s

fornfeB ab PRketY W) -¥ioDchihe REShRS Mecﬁ&‘ﬂiﬁe@ﬁ theadphosig sfel&lﬁlg portions.
heat ed gas passes into the reactor chanber_thr

Such) aliegy materpiyarp gcqwéalgr)@g@eg@@dfagé@ls 717-1 and 717-2. 111 tﬁle case of

HVPE manufacture of GaN, the sealing materials are preferably resistant both to chlorine
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Sealing materials 717-1 and 717-2 are arranged
bet ween the sealing portions of gate valve 702 and
the sealing portions of reactor faceplate assenbly
725. These materials can be cooled by circulatin
WQWOH 1381 | ui ds either within the gate val VETHS2TO#PH
the faceplate assenbly (or within both). Here,
cooling fluid passageways 721-1 and 721-2 are
compddndsiuﬂad) empmnﬁ@s uphie 2 fracsbpld 4t $0ad FERHpyhigldy Howveht sepling
¢ $m$ls 717-1 and 717-2. These cooling
Imi%% % erably cool primarily regions of the
g are. Yfialllvaﬁxmdn f:ﬁesenb’atr@atematvhé’ 0%.i Sigatetvgivepivot sheft can extend

R S R SN S

gatetv@l’ifp BlcRUY Snal Plendh 8ikB Qs paspSchyd)7 ddalling koo plurahty of ports 707
| et eness, al so |IIust2§zgd are seals bet

in (0 G OEe A DA N AL PR B TR CHFgling the
expobbll fabk GHiR: @hSIOMRI @hrg cﬁfﬂso%égﬁ&irﬂye&epmsﬁe@mbwzs

materials 719-1 and 719-2. These |l atter, se
natigr TA ko dlupirases sev%%leé&eéfalve {EMDSEEEE G mF‘%&Wﬁ? gHe gate
vaivk &8 feb Wg g@s@i’ [:28 ofMYe %&é AW, 3td RGhes0®by BGmiplabh Kkatify

passage 1 and . Ther nocoupl es (nat
lamp TQlus g ait Edk)ea’@mla@@ épragw@g;ye icpating @alhliaqﬁ}@f@d h gleéea'x[r gortion of

e e

differono Idcaipns v nrcreslﬁphd()daem&dgtrgmdéhe ey eefesr Al yxposgsiciace of the
eratur.e .f eedback
eategGfB IR o EEE PG b lhich I SRARAL W Finfhiod H%he
valverBodit @irefedbisulihé of Aindflthe Hehigth gas mests mlstbe reettble@laslbtrﬁwo}lgh
2 erature the sealing materials so that this
po“i‘ﬁﬁ@ﬂﬁ?ﬁ?%m mai ntai ned sufficiently | ow 33
V@%ﬁéhﬁ&ﬁéﬂ@l?ﬂﬁdl&@&?/&ﬁ&@a Oetwid the BG&MGMS of gate
i ncl udes enbodi nent s of Ives
valvp /{3 and; th seplng oSy Pﬁféﬂ%%af%%cp %Wéﬂb&aﬁés e quageril,can be

cooléd BEARNGHAY c@REe NORE ciler WREA th a8l vapelok svithiarthe faceplate
recei ving especj. al | y heat ed

ssse TR Sy SoBb TAEBRPNG HET S B Cehd Ao bof ¢ Tustrated n

the iﬁc‘:@ﬁa‘ce asSeiitly ddidddeniih 3lafind RHhRAGA R ¥Rl Vig-R iR dijI'hig
eaCch having dlfferent nunmber_ and arrang nent

mechanissrs DpPrEBly cqH@rinFigegipIs ity BROBHTES méf‘%"wm‘fy of
the é&Qﬁ 0' hdfidahd) %ooh@tﬁmlegh\éﬁl@ﬁlk QR phdGhiid Smitkh hedealinp W@ TS can

“arrangenent s Conmon el enents” of "all three
reSlst b:-tmsit:d atpdrayatseonaat v sesdee pidle:  pi vot openi ngs and

haf t 8 an 9
g > orsc%mé)n ge‘né r ﬁgos ﬁi@Eeugl%%Pé %Q@ b ezrilg'['eﬁégxg:;[]i%mbeg e and faceplate

assefblyst25 mmﬁmmlﬁgcm;ﬁﬁtmgeugmm@ byﬁﬂ@lﬂgmtﬁmalﬂé ?TI anedlo-2.

th
The@é%?ei s#g%ﬁ]gtgwal%c?ﬁ)e QPII% ed gfo nee n%earﬂ'é}% @% ﬁxﬂggrgtﬁres by
circll@in@rcablinpefhiipheiab @ gevelys 7?5%;3 amceiﬂ?nﬁfac e gat e val ve an d

1 S abSER s TBEL ) LG M bl oA ERL BfySo

adja¥dnt PorBofs@Fteatactdr aRBHUb pfovik femibairdy twhidh (o mm@v @d/or
ports aligned. in three, par

coolgrier e R it dr o P e s fpear e A8 |1

tem]!a:érzgure %@he |e!q_’>b%&cf ALESH Bat\Ek tedigeRfurotanttd enaa[tmaagmmmﬂﬂ@ figh,
Fi g. ch extra 15 discharge ports ar

and s SelgE I TRTTE VB G BASeBeE TR ALl ol dgRP e il be
malﬁéﬁgﬁﬁgﬁél&?l? idpat were
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occurring by inlet ports in Fig. BB. Concerning inlet
ports, gate valve construction is sinplified if gas
can be circulated into passageways within the gate
val ve from passageways in the facepl ate assenbl

WQ HE8/13068ct or chanmber. Wen the gate val ve P&EY? @8“930
the openings of one or nore passageways in 20 the
facepl ate assenbly can becone aligned with the

op&his inysntish inthedes pmbasimentpel gatrpuhves yingpadwalis whdischiarge
por S ey el fr kB O ST AR bR e
espeﬁiagﬁ heaBA gas) dnd@iGtdral p&ﬁ&gtveysgan@cm mbsardaitichasize portswbigs.

27:1 and.. 827- r.I a
o-¢ AR Ui e i RES B o SRUAPORES HhpBEl g grangement
of thesd pogts amkk tarse Sﬂtﬂﬁ&t&f etﬂbod[m'ﬁgSaTS Adtitnitarggl tkﬁZdyeﬁuoanlm@s other

utside of these O rings, an S C
gy GRS iEe SO deal Rl mtl SRR T nifhae
pwot 6@%@@&11@&@&&&8 trdnis @r opftBinkh BUST,18A5-2Sand S@ABEandd)-siee scals

two such ports, 827-2, arranged at both |ateral
829é0|’§"e°32 8td §3e* - seal i ng portion of the gate valve but

| Nglrd@oflemite diRbar82for’; FiBe A dlusiRgésheratfvalvliwsth@ sideltGow of
any gas that escapes from between the _inlet

dlsc}éfég%l%i@@ walr | seenesd adh grrater pywplers iqwasds etk Giteralinsrphsties efo
expd%‘ed:) REE Ea%@r Pd%ﬁa%%gg nﬁh{@@%@% gi_fy oHEe E%Mlh%posad

Next described is particul ar preferred enbodi ment

faceoFig B illusyaiend asie Yah@tmﬁﬂaasreg@érn recigagies 4IpsecaeR e diseligree

t
L R
expmpd faeexi Eif. §Catndtates b vamtiashf herhngamentiof FigA8R oy diuplydypra

f the foll f
d1scﬁra%%/ ol " agrg,rrl oeld 613 fﬂg i cg% r{%%% AL ?a%rﬂr E%esmﬁé Jxlpgsgﬁ ?%ma'?were
oc uzﬁl@iyhﬁﬁﬂﬁk&tsmﬂgmoow 084930 these features are not
I t d
e S B B PR R PP 2 BRI
into @stzlg’%mfzﬂ wifig@the @8 vale frameavdatdiways e Sicaihee &fseﬂﬂhﬁ of the
I nvention,

2A-C jl|ustrate as ts of GaCl3
reaclb FREy Wt Eh e BB A B BT 6T PR 10T igfays n
the fﬁ@ﬂiakboels%nfb% e bZ&)nlfeQaI@fle(ﬁa@l?me BPEhipB 6 G of idkdcorfespahding

as a lj at a controlled 5terrperature of
PasSRISHIS 1&&&% Yilitce Ty ptiquPefese oSG RESLETIAY C%Psu@e%%%ﬂ/by O-
ring¥hrddInSHRP IFygs. $4 Qﬁf’SC NRLYRS g AN Gh1 6 REMOith th8 BuchWokis.827-1 and
provide a controll ed nmass %Iow of GaCl3 to the

82718 errangad at bprh haserel afes of the afﬁﬂtqgmgrf@fl opthe g pliigandrefsyic of O-
rmg&@ﬂdle abh an gﬂr%mu&tcfe%?t ckd@ ;r Rfy LRIEH ¥RSes from between

i nclu S I nt neans or en anC| ng evaporatl on of
thest prssdge o alGaghsss it the (pnefteghembier. &F rﬁa SR iltrstities ¢ grisealve with

el < . '
two Lt pUAE 8312 G e D BRR TR R FAR g phiBn B b ghiBuve
but theide @h-sing 821- agBmag msnﬂe of ﬂmmri@g,@ms ghs thatieskapdsdrom between the
for oni ¢ di spersal of the
1nleﬁ£§fﬁ¥edvaggﬁ%s %qgapfe %ﬂle Eﬁgfmona %é the supply line (or
delivery line) |ncludes a coaX|aI portion having an
i nner | immmwmlddmmmmpgaﬁ? ardNiha o oup

II precu, s r and. an en coaxi lin di.n
e o3 4 8 118 B O M ERAT G P TP GioB o b U
gene@élty&ie%b&h £oolvE MEkis binBRiimdhes RRALMMAL: SPaifieation ﬁnd;mptahdsn of
a heating nmedium 15 Fig. 2CilJlustrates an exe

an ERSH AR sesive: SB%"lﬁ‘d\éfPfﬁl"éW?m%V§i‘cé‘?ﬁfTﬁi PM BHICAIRC- 1@%‘)“{19{“13’

many of the following features are specific to this preferred particular embodiment. However,
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whi ch is positioned adjacent to conventional process
gas control cabinet 137. To limt the Iength of the
GaCl3 supply line, cabinet 135 is al so positioned
adj acent to the reaction chanber, which here is

WO WHERHBy cabi net 137. Process gas cont r ol PECABTAE{084930
137 includes, for exanple, gas control panel 139 and
separate portions 141 - 147 for additional process

thesg frsmsesere ROlimitipgi Gher putntasmbodmentp cqn te bagadpn modification

and a ag\aa]mn? ofc o%rg?n%?ﬁnlgﬁa gﬁka%al %@ctbxlg laH(? EIF % thd s%t)qar 6fedge mventlon.

N nNore et al al ves
1 09igs.C r1khlstrhte agscts hiGaCle ddu'erly sgeiem il @ringhading WSEK!JVOIT 103,

oSSR e A5 BEUTRAE | BLL TR Stgdr

tempirdthve ©F apRI8H e dpfsatidtelalioro 1 Mi€yandanpply sotralle with eupplv
reservoir fo nanc and s ort V
s, SRR P4 PRSP G R 0 LSS5 s Ll g rescr
charfibér kile BRdink Eﬁ Blevorting &Cchoﬁd&ﬁsaﬁ&mvﬂhm éie iBys t Bidredenvoir
particul ar, S|nce condensatlo? g E%%égbbg §¥J in
m°1‘f‘1%1“15€if’©al s fen ofancing oygporatipy 9T the Ly Gt
cmbbfinfehdese thQuRW EB8blhEDerath @aBnowaaR i @lt; BfalttRetive
contai ner pressure in conjunction with t he control

embp@imgaisherr eaonclufiemprup B ohyafitagiRior o dh FHtlelerd the*PfaYmg
the l?cﬁ'ﬁd' b1 i§ @Glekdal c?fttﬁéhdldﬁ’ LRy §ffortdl e@)ﬁﬁd’ﬁhﬂ‘)attﬂ eoéilp hne (or

eéurso ow rate. The addition of valve 110 a
delltehneltmrz) moludesea @@:r«:uak/mfyomvw@ﬂ avet lcisenysying ey GATch gas and the

GmItqhoﬁI ér%c%ﬁ’s%% Iaﬁ/ an. e%EloEIS% H3k m%ﬂo\ﬁﬁﬁ%‘ ln{]ar&[lﬁy\@ cé@gﬁc the

uci ng exposure of ystem t
enclomg hx&al buecwsivd the mmenlinea ritic ewmie green cdnwomﬁwradmﬂﬁt@ medium.

e

whidhhik poritiontd edjsamppb yoﬂWemtﬁmai procead &0 cmmmll adest pi’e Souimgt the
g RIRSH 0T RIS bRy 08 ORI (BRCt e eacion
charlb SSMEIEhBY R lhldd&@bﬁa@hﬁzt COMtPabdR& gas Alnsol @bm\ft‘i B&dndlsles for

mass flow  contr r 131 to.proyide reci se flow
exargple.eap Fnap! RaEl 1t3§ apferesstepeTictin 4 g’é‘? TorpidBgnal prociss geses or
liquRs, QUEAR AGERNHT AbkBstaftcddlouidsat ed mass f ! ow of

Cl3 into the reaction chag@gﬁ7 It al so 1 l ﬁ% 4109

pr EtgsaB dlusiagjen naeforrad supplygswmbly/l05 o dsisly Vplvae 07 an
contfol HRERhY ool el dadthd? %ast R rS4PREN 03, thétBDuglV @k WR&mal BBbler in

controllers, is enclosed in mul t ] pl e al uni num heat j n

the isbapsis 2ol carBing the rboreiT ElanEEh B9EoTERE habh ¥pRtie ey can
13012%[%&1 alump %annﬁg&%ﬁ &}Iﬁ% GO a7 1GTRRIIBLLY e FEDSQHShe

control I ne con‘ponent t enper atures Sso
systtthabove e quelmmd atleireluenefitbagméninep pystem. |le asticggedincen ot

Con e%%:arhfe)g g?e 1{0ﬁsﬂﬁ¥ o&pu? mo‘éﬂg @t{%ta?élregng% gglz ?{QH Q&l(rc yﬂ) Js gsetﬁﬁ?n order

eacti on eat er
topmgaﬂmdﬁﬂaﬁoCMﬁaﬂofhmcommﬁm4QQBMtuumnbnﬁﬂﬁmﬁﬁsbwmmgdkd

refer rat
tem ?WSH?&|§“b “ﬁﬂﬁ%F' c%ﬁggﬁcmg%rgéggyﬁﬁg§ﬁélsture
detcfhi@afidnhe praiikdrdlongas:. deaddlﬂorrm)‘f valvon EO alh:a«rs the @anplese delivery
er billion.is placed in a carrjer

SYSIR{P PURSREr I TOAFPTBTY GRS i 8P 1“&6 éﬁog%nﬂ%?by
reduchh® cGRIsleOF 1B Fstftl kd £ EqfosivEbfvitamentand gasedquanthigproving

optiognally configured with sinusaid ends,
equlpm@e%fﬁmel AhepgemBGodP A felv eds da %‘njeg’l‘ Hﬁlﬁg tious
aspeSlol A6& 1R AR PplyQined Oit kRS inCRIE REss188 SodtR@EeInd transducer
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Figs. 3A and 3B illustrate top views of a preferred
enbodi nent of the reaction chanber 201. This
reacti on chanber has quartz walls and is generally
shaped as an el ongated rectangular box structure
WQRUWH1IR44Gr eat er wi dth and | esser height. A PfhiEpo7gp4930
guartz ridges 203 span transversely across the
chanber walls and support the walls especially when
129 thmai@@inchandyant pr&ssumeaeathe Galicentaingt Wle PIPded s adpaspow

d
o BV S R L oty S, 390
provide ascohestize had calibragidstsafivw af GyCBImere redzaon thaabenflt also

i e susce 0 en ly h
i PR TR TR ganant 7 ARDD [R5 ABA0 Sp ardine g sppy
11_nedv Salldy, &ﬂﬂlﬁ:&ﬁtﬁﬂl&:@y{s%ﬁcioﬂelﬂ uempmp& aﬂlﬁhﬁ.m[zrg gealnhghlochah frblamshell
isible here are t on es and t he
formpig-gnelpscipeh ORPELRRT h&fﬁé‘éﬁ’g b%fg ERY O fBIPE" aF’ﬁe > Ffypegs that
contffl 3WpR&iine BmAdneROSnbérRNAE s¥itahihe tehﬁv&raﬁﬁﬁ@h@ﬂses {ohet least does
susceptor is heated by quartz IagE xhlch ar
not dgefes wg Eam theguput %thgquaygﬂ 8P tqjas it ef thy SEppon Cbﬂﬁ%ﬂf A gas
heatb 30 BroHde@d h%Qthé ﬁle‘t’ baOR a1l RRrdeORefRfablyle a BRHMire 8f at
[ower array is dden bel ow the reacti on chanber.
leasPditG.ons of the |nIet mani fold are visible. Fig. 3C
iy ﬁ&{aﬁg%spﬁﬁkrocﬁgé Mgl r&ﬂhvﬁé A RSLEdh AR cﬁrtﬂf'ep%g Riown to no

par |cu r ‘prefer reaction chanber
morethiat 6 ipags feobillamrieplgtcddmp ngrier das by Bne, lanql {usthera earion gpsefilter

artz wal |

is oGl RBo G4 fer Lo o RPE R R kb oty i
sinubdigal berdete. @,mziomf 112h éor peatdinpinceadber excbartge guifask eroximate to
h nlf0|§ structures, and quartz flange 309 seals the
the GIHY &S BBKY of the reaction chanber to the outl et

mafigk O darsit3BUG It eSop Hett ofdfreforrod trdeslihior oftht repctafh

progcesses gases, ase and so f and
chatjes? £0 5 1 iR SR BT h§adoR stﬁs&ma%@e%@edé’é apgiongated

rectaHBARY ﬂ&%ﬁ&u@%&%&@&%@&‘hﬁ@ Qssefl hegtgu Qﬁﬁﬁibefr ofiggartz ridges
general ly positioned in segbpglrcul r enln%a_19 SQ

203 TSP g FaEB TS el by SR e o phch The

charfibta 'ist(?peé&@luhde'% Lieuuiheme Ry cBosehsbant bldsyd is ABBild that directs
surface is pr esent ed to process Eases enteri ng from

coolingeniniip peler thetrthe ehemban wallscan by congoligdde 2 faueriys Sibstapdiglly

lowt‘é1 B GRS sysbdfort %SQ;BIOEH' SerHIGRRL Q§u1t\é\ﬁsEJ1‘iQéI Errangement that
ecom ng tur%ﬁ ent or being diverted under

can busrsept. o¥ it is3n Ogbd fighréscial cxpesaitheAeactipecizmbep r\évblé&refa&the

o SI0FYLARED b BN G021y SRR B

posﬂ:lb!:ed wgthirt the &attmb érhe@uspuptges hired/tyl quame lagnglwhich pig arranged

o 345 BSE B L ARS8 o«

lowauradey istirRieh Belb e dm:amep t;hﬁmhes Partants eﬂthe Tig manifeld arc visible.

structures v de es thr
bobis S e B PeC e Rg SR 8GRt R cacion
char®d: B0 BBQ obditkigd for I@w@hleqmg bz 202U hﬁussraféd hét’e ias: thpltpeartz wall 303,
opens into flattened funneﬂ 25 which

Ll
botrgip sl 109 ARG %1 Ity i Pk 0y Qe Hopsiod 8% JAR Tt end of

the fch@Wh cRantiRto thERGk bR aFReIs, adddusits B Iaosommhe outlet
into the base of the reaction chanber throu

end pf fp sspelopchymbaT Pty o8N Mspitplg sEpdpes. o7 319@f9¥1da68 for entry of
£ EarkiQ bl anfl 5o b6, & 311 HrERMEP S i off dxhb@flgases.
pﬂx&%&ﬁéﬁggdsloé53|rﬁkgﬁ car bi 15%é07 and a gllxlconga
carbide insert 327 in the top of the flattened funne
provides slit-like port 36
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329 for entry of Gal 3 from funnel 325 into the
reacti on chanber. Two IR spot |anps 601 and their
reflector optics are |located on each side of the
funnel. A quartz sheath 603 containing a
WaQ He¥/ oE8upl e 605 is inserted through the bBYVBIGT084930
the quartz tube 323 up to about the mddle of the
funnel height in the mddle of the SiC beads in order
The buscamahs genetatig podmmpd umammircmfr opheng‘ziﬂ 9§p dhat itstap surface is

o BBE S5 OB ISy ™ FdER b REEBLIAR P

to pioCdst gadeOentdihg Middh thes inlld ntanifold eﬂfucttalnremmghat pesd gisds&an DAass across

Al'ternatively can i.ntyroduced thr h _port
e tg o s S B R PR OERLE PPt P £ g sB2kbor.
Cylifdriicar faktk wdk ¥21 flvides ot ehdcdpyt S’@@oﬁrsﬁﬁ ﬁdwhsh ’thﬁ @WGeptdsr can
the art in a |lower portiqn of

R RSN P caPerHECtES é&tﬂﬁ% ﬁ%‘?gﬂ? 8 ﬁ’EIgB Fhe Bfime

unddr @i s‘i—i?deﬁtor ol ﬂr&feﬁiadehd/ Sdnks wﬁ&%rdééss ahdes 6dn adburhuld@e NidJarticular,
- can be replaced b which will be simlarly

buildyen ¢/GREguisipr "llﬁécaf‘@i SupEpigr iSATie€  ext ension plate 335
| STdl 3Re ﬁl%%f@@ Et‘?ﬁ:?tﬁestﬂ?gméé ﬁrbce@@éésesstgr%u gotﬁ P&t e008d Qfit-like

the suscepto C extension pla i s heated by

portBh% ﬁmeﬁreh@marh@%faﬁp@ugb e ehe %ﬁdﬁlsﬁlﬁ?é oo Jaraed
on [
o025 SO B0, 850 RUBSEHEUEER LGy Bl gl i e
reac@»r(‘;lmuﬂamshrs lﬁlrpbmpenghmuhedb dse otitho veactipd Grabrd thfough a
r ef.er abl 30 Fig. 4 illustrates a
%elgﬁlgr?gl F%dé[;)? %213%9@ ew of a particular preferred
r eaﬂthl tei&fcﬁlbﬁlnéﬁgk’) the fiambiar cmweﬂbﬁyed:mpbaaés ofgilicad earbide
er cha ed .t.o react.lon,., -

07 et on S OOy A0 B FRRY e dbr AR R St por

329 Pir @NirPeISGACT ﬂ&’ﬁtfulideBSQS Iifo heg@action aimehbdr. 8@ IR spot lamps 601 and

dentified in thi hth ame reference . .
e v g B PR e A S S
ther%@&f%ih%%@%&nf%& iﬂ%ﬁ%ﬁ?hk%&&%%f tHéQ}ﬂ&i@ﬁtu&: Fhpto @l the middie

Ber noul wand ot her neans Efinm ill ust r ted
&

of the et i Foihe Gkl SbCSICHiRBHH b REID BB B Tpetonirs of e
spot%{gé ;{%Mr% I%ﬁl‘il%%l Hhe g ’l’f(éaﬁs GRaRs e R dOh@ Preferably,
reactli on chanper

to the outside. Transfer
GaCthiamodeced throtghawrtdas pghisHe srinthalugslehropgh paf X 5. Alternatively,
nventi |
e L S i
Altetdahuﬂy,raathMam;; a¢ e-eqrtect 4d lmosm df thh ett iromiowat pord@iroiguig 325 so
that g)&{\glgs n 8%%‘%}Vﬁ1§d %? ?heg@eét?lo? P'f 131? eoar é?dl'l]coags é l%ﬁ‘%ﬁvéjf sgme or all of
the WHi &iinde RepRace@BY No bihidl wikibt sintilattp estahiad by the®Ftfwild A SiC

reaction_cha tructuyres have al ady been .
extepian PP d° rsrﬁﬂ'gi%am @twe%ﬂw@%ﬁ%ﬁ9 b 52 elge I TG sopeengyy This
sic Bhenes pR0istiRated bl 8k ni@hdagthglan®h ) dnsi3d ihat e8P ties not

215, and 10 cylindrical tube 321 for susce

refog b EesaRedTERAI Bllberead e SpiereL sﬂlgﬁ?fﬁﬁe"m@ of
t 208 pRtQatiPatoRtiBeted. pl ate
the R on bk Il SLNRYe PAPT AT pIC LB D et or
anflig. 4 ﬂhxsmtasrmcﬁlamrml&w giteivhy SEW,0of gup@ﬂéudﬂm%freﬁw Tghcaipp transfer
35 and, sl i
chans;ber asse bISr coe Ré&xﬁ%w@fﬁ Esral}%.z%ge? ﬁh&xgger : %) ?éfhl# cl)%ln mt ad tot x@fc‘ﬁ%n
chamhselr assemblytzlﬁ)e Susaept which Butel het:n pmnuﬁsoiddnté'ted m:}flm @gmd 3 are

el e PR Tl B aehar T R T e B g craRgiPao:

and i nto exhaust |line 419. The outlet nmanifol d and
fl ange 37
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309 on the reaction chanber are seal ed together wth,
e.g., a gasket or Oring (not illustrated) nmade from
tenperature and chlorine resistant materials. Inlet

mani fold structures (as this termis used herein) are

~—. WQIp§iEP448t ed Wit hi n dashed box 411. Pl enunkG(YS2007/084930

described below, is sealed to the front flange of the

reaction chanber with a 20 gasket or Oring (not
housie$ 4 tbbiratneBernoulEivgnd,4nd bther Beans (ngt HOGratad) for gransiyrrieg

he like made, fr.om t I r d ri ' y
sobshie s Dupe D VAT T4 bt el b R Fp TR A
chartrabda o the dutsidh e Traasfet dhambahafdiier desigratcesbaisot lavthis e
downward) to open a passage between the two

ers, and counterclockw se (upward) to close and

se@he fchfioh aEoaae ahete enlddberehotion clmerbadismoulig vejireshroud

val ve can be seal ed .agai nst face pl at 5 a
105 st Heregrasia a5 porsan w167 Ty B AP 3F PO e
shroli@Ee¥ek & condfict bH&ndlrloRg threhdiion SiiifbeA® hdidthin AR oHT0RE dhall
above for other o- rings. The gate g)?%e\ée ?re er.agl%%.
tompgragie pf eATIReact B ch et FrsHEeSRT T §ready b8 dreBRY e BN
bottth $af Be sie walli387 980 ¥R Butl® maMfRARAST TEMEusSptdr NES, and
above-described gate valve of this invention. The

cylinglrical duber381 &ir sussepipowePorhrns opfenel purgzzas ey Jis pypceptor rotates
' ' 196 lipat 4 ZstAUIRS 100@3
s 5 LR L 8 AT OB BEA 5 (333
and B cbplhnss tith skeedf Wt &I extanfion plateFadp endalit-dike prreddr rlag planarity of
. inlet nifold structures ' t Al
st oA ST AR, A0 Lo b BAEREARR!
manifeld Btrprtewd @uistyplencde st Vhiddeandud® ghausp gaedfr@n thegeaction
identified in.this figure wth.th
chargfse Bupe indicelsf diprians st abE T oI it a6 and fenee
309 shanhertiassembtyare fcard tdgethechidirber, agsdend|GrriddGot B8strated)
V\g 2008/ 130448 PﬁTl.llSZOO?/ 084930 i ncluding shroud
madg GEMAFPFERE AP ALCIRITERT S FECTRE at the left, while
t r s hhitsin amelires @b HiICh BlisdOikram)ardil udthed withit dashed box
Susceptor 215 and suseeptor stabilj zi nqgf?l ate 4Q9 are “h
411 Bepte 2t n desor bl oK B ES BRRlEae gl Cigmber with a

gaske 8 O-RRE toPMuSRAGDRFid 3, Bik 066hA@3IiNB. PlogBdMke made from
structure 211 by extension 501 of shroud

05. Th
tempesasiee PShCRTASRRSUTY BRGElan @t?,yzéyﬁﬁﬁs@egx_fe,%@p l‘ﬁrla.%s-gqfcgamber and
the rERBbE ghag%egoﬁt&g:kg:g?%@ gdogxg@a@ kfdheh g p%éf?@eﬁvéeﬁ‘ the two

Cross-section on I des o port . Consi dering
charmipws, tivecouniemiockwisa funwaed) [ealgierigd se Bg grssage) hetyeeg ghe two
ort for, ¢ LAREF L) {
chariRlh 3 Lele R % s B RLI Bl BPRESRT) £ ikt on
O-rifigi el prad2bed hitatial ife thoBging dwibe sdnieasftias meptinadd prpve for other o-

. extended .transversely so.t '
ring TR A i DB a0t B O IOFe bR B s O adaig
Prefér@blgthia Rate hakb & an chitatiimebedis: dovesdabilibet ghe yalye obthis
. form_of a poroys. IR absorbent material .fil.l t
iovep i TR RO 1055 By Rl o e GO st bl ng of
comhhgichtnan@hreaiBe BT fiaet@sd finhél-305 Jead phiritke 328 32hat i s
angl ed_towards the_susceptor with a exé} i 0 eplgé%.
335 hilSERtRE RS PRERBFHEEH b aT AL GRS e feir
arradddBicsl ih Hire! thdeBo Bkdmbet fyser@Er SticQRes VAAEBLIRVE B8 previously
~optional carrier as,e%z/jérm,ves upward in the sup I¥
ldentlgwblp Fagsr arfs3 ars ngpaﬁ e figure Wite e sepf ?r?ncgﬁlgm gs.
ConSi&RElRd t%bgsuhl}&l&kg feadtidh @ndniRr hRARBLY QBB bRBDAIbeRREEmbly 403,

towards t

mve
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suseeptor. Thereby, GCl3 noves from port 329 towards
susceptor 215 in a lamnar flow substantially
uni form across the width of the reaction chanber.

Consi dering now inlet structures |eading through port
W@088/13048se structures include plenum str REUYROYP§930
face plate 415, and gate valve 413. NH3 (preferably,

but optionally, 20 Gad 3 instead) vapor is
inclidigr shobwd 665 amditreadtibve clpindauifi lsisrtibe leftewhity wangfsr chapbry

Sﬁ“%?{gﬁ%‘g 13% % 'Elb Jpgqi‘l% S %C%S%nggg Etgif s‘ﬁgc opﬁaqlihﬁnbgﬁﬁg %g@ﬂe instde the

reaciiliBchdmpet Quienfignge B3$3 vhbe mecrﬂomchdmﬂeutsemﬂed@gamst plenum

BT AP LA Pt D
struf@E b, scal &6y QARG @asker WARchidh ipvisibl i trobNecidoadnlimih sides of

Thereby NH3 vapor noves towards the susceptor in a
pPort3dyi nar f1 ow substanti al | y uni form 25 across the

W gbikiREing R&w fiRagibi ScraRasdas. thlﬁhglﬁlght BropgtB20d@eGaCl;

vertical tube is controlled by Ozepar ate lve

(prefpsohia PP ORHBEEY AN IBficaii 1 fs caperissdiod ﬁafrw“%?oﬁ%as%n&tﬁ'feel 323
that ?s]lg’ngtﬂﬁﬁalw fﬁ@t\éﬁ@dafhl% theﬂd@& ﬁ%@@rsél}uéb%atflﬂf SORAIMES biBd ficant

enper at ure-contr ol Mfluid

fracmfrﬂg: bOﬁemﬁe*ﬂa?tf@ree’SaC@@ﬁh @ha@nbr:re %@B b@mﬁtor thal fybesroy Ay form
of a %ﬂ&&)ﬂ& F sz%‘% oIty El f\{\llpjcrhlg Eur%’g%ﬂg AFRES 38T i D hﬁﬁe@ 8fkning of

esc tenper ature ranges and so
the fistzed anl Leqziudm stitrliletporté23 habid peglehiowerds Boshisgptesitnine

Wit hin.the ope s
exteg%%r} }?1%8 @?r%t COYCIS the sgacg% m%{e%&@ @scép@tﬂ%ﬁ%@h‘% rﬁ:lé‘% lliél%, pogth éﬂ
operpti@t, aCl dampemnaabammgateh)em@vas mpgardsn ﬂhh eurphrieba spreduat

rrentlon ve for. ot her ri ngs
manToey o ot fgasts 1t 0r e 5 YAy ARG gndgvarts the
susc@ROB/TheRBw &aBQ'Eh&iSE 0w/ 18428 @)wztrdskmscleﬁtoﬁl 133011 v ilagiitdr low
rin 503 In typically

bel.ow port 315 ent. to
subsagHply yogfprm f‘cﬁ‘i’% ﬂﬂ% i i}é‘?e\FS%C%% hWFT -t he O-ring so
t habndiderih A& Hﬁet%’h&hx@s lehEnOPRIuEh pONHI S, ﬂﬁﬁ&ﬁmc’:ﬁ&h énclude

val ve 413 advant ageou |s n odi )
plenyBcere 3¢ biftre L a@%ﬂlé fﬁﬁb ﬁ%ftﬁ‘laglé’ utm‘iwea”%

Ga(:gs%ﬁea\ﬁ?lr%@r is MHJAEER ifo 'ﬁi&'ﬂ?&ﬁmpsftruélﬁl% throh & supst tife Sand
as well as serving to 5 isolate the reaction and

passey ovamard tewandh thegcaction shambpreiwyeiniha membrs o VerBeab rBes Ue-
NH; %@(Grrtﬂén e§?s th@ Qﬁx‘%eﬁ iR, o W@{)ﬁ’ﬁfﬂ%ﬂﬁﬁ%uﬁh‘ Bt ihake 501*%‘% VBRI each

transfer chanmber and the reaction chanbe
vertichirdwghlinpdrte a 3mBp of disiributed perss.apd pasdsgroangd ll@’é blgof the plenum.

'The% ﬁ[—k QIE%A}'%(W% ﬁ)t]va & tﬁes alg‘c%ﬁfg? gl atlQm n@tcﬁovp Ll%&‘ﬁ?tﬂﬂ'l? uf¥form

erre ts, gas In orts
acro§s]iﬁe aftcﬁl u&h@treh@unmjmmberpﬁbg/eth@agleewh wergeal tubs, COTFh‘eﬂeld bya

R

mchﬁl&dtlfbﬂ&bﬁ@mdﬁtmghﬁn}ﬁmﬁreabnm fluidares:. diAllhEN“ﬁfaﬂledhatm@
(and react e de rove the
O S D R R T AP Y

maiARESwiREn tHeRBYvel deamitag tsﬁgﬁrahheraagacaa@ bd)iha@ilﬁmbwtﬂuduﬁ

gas _curtain al ong th si de.wa
a‘ha%qﬁlé%t%lﬂﬂgé Opre PrtategfCT "P?’TB?H“P': %%%ff r%}ﬁ e R ptfrials
used il EcSULEREPA Phothd t@’ﬁbi@rréﬁ‘ﬂ@t%ﬁil g6t théj@ﬂﬁls|1§ e Bar®f as@aiN
inthis Tocation. 15 The tenper at ure of. th@\lﬁeéposed

mentigied abPveor @hsy ot vREs 4HesneraiTy Eonig] wRySH\is Bishls @eprgesponding
heat ed purge gases. For exanple, heated N2 can be
circulated in passageways internal to gate
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val ve 413 and then out through ports 515 in the
exposed face of this gate valve. The tenperature of
the sealing portions of gate valve 413 and of reactor
menber 415 can be |owered by the cool fluid
WQIYLHEi ng i n passageway 505. Al t hough, tPFRURHG084930
fluid primarily 20 cools Oring 503 between the
reactor and the plenum by conduction it can
tubeSedandsibli byloegott 316) adjacent W—rblgt’b'ﬁke]m tygritadly wabreigond thys tube
and er 415. tonal ly,.f. ling of Oring
Smw§ﬁ9fgﬁggﬁéfﬁg§%?§P%%ﬁﬁﬂﬁg%gpﬁ§i ﬁ%apg%%itlona
passrgemay s’ {dtnie@olislf isun mbm1Mé the&ﬂd'ye described gate valve of

Preferably thernDco not. il |l r
mis B0 G SHA VA bR R gEeoNEaY T B e S Srving o
lsold?@ﬁrs kéa&@raﬁd GRRYFIrRGaREd ats SPEneE afi cb@sea anirbelid eshiroRal
Generally, for deposition of guali&% epi.t ﬁ, %
acoeplippvafersiad pyisEricReny e8Ity taRfe fpfg*f'?l erapq {fefrgpcrn chamber
thro&@PRE 336 euH@mﬁ&&Yéa@ﬁ a @109éd%§i§§n BashidH oW skdatto iffee plate 415 by
substantially |am nar (thus non-_ turbul ent) and that

O-rings 505 B8 prsfrried Fpodimemtogas ket DRIFSOY P £IF AR YRR BYISE BHRS 8-
Nj. E?eﬁ%%g%g%c% d%v}ﬁc @Rk s Hgar Wi s %@rﬁ(!n@\fyf #Rouk dajve (and

up to and over he suscep tor
reactigrochatnber) sndospaistnyat a@rcetysal poTEonSEd gty vela nﬁ@érfea@mn Gpmber),
east..across
are oS3 BRGO% L SRt HPcdlool it BUNTRER B e lccss pascsos
theydloer asrtist e susceptymind build/a pude gromwpuiai slonmthe side wels eflilee

charg RO AR R T By G SRR o S8,

depdsﬂioh@fGaNeuthlsCEaﬁnaﬂ NH3 ratio). This is ach| eved by:

first, desi t he ,nroc ort to ...
L B3 e a R s e e e St PRSP frosigine
heat%& %{Sé&?’ P44 SalRpld, WSOV ABBOGELulapidde ﬁ&@a@ﬂﬁyﬂs internal to gate
t hr ou t he reaction chanher;

v Gt eI TGRER PO X db HEGRPRS Fept e e Nde Thy

tempRHee of e s@a‘ﬁﬁé Béfﬂuﬂﬁ & pMteWRIvE AT Ml P Veater REGBHR 15 can be
|ncrea5|ncgﬂ uni form ~ Control of flow downstr
Y

lowgrpdoby thi good fgidepraptingsin passaserih 0% ahithous fip fobfluid primarily
cool'ér@dﬁzl ﬂb@é)gfweyﬂ Bre98R 10k Lllﬁi"fhg ¥1@% &3 c@ﬁdu‘bh&l 1P Bl se€oali@fly coot

preferred enmbodi ment has determ ned referred
O-ripg Hdmtwega gate vhloe 4&)%11(1 TRBRTEF LT a(?l?t@ﬁﬂ%ﬂﬂ%ﬁt cogling of O-ring
507 &&%@&g&g ahhy gw%éee 'bgaﬁlh&\aa ﬂ)a%s &9 @&Q:oolcﬂ{ﬁcgﬁlﬁé?&%r 415,
17 process ga ow rat e established
Prefarblyy temmgetuplds feot ildsiraied)adn @Na@é pegnd provndcibagrte yadypsso that
r at.es neede for i st ai ned,
the %eatq 4 SRR A eic nésbnésrcél %QC&%&F wi thin these
ov @mtrhnyf Fc@\dlelg:lsltﬂﬁ lof lmgls quamgsqmax@lzayeasrtde énllert trna@ﬁ@d ha/eort
en desij s0 the node
s PG E e PN e S s St it Bt @ gon-
turbﬁl@%? &ﬁﬁﬁiﬂhﬂﬁbﬁbﬂiﬂﬂ? inifédsia velouidednid sgmpdsitiont he@dbstantially
3 floms has i ndi cat ed th af t r t he
lanig g S8 OIS et Sttt b S er R o

trandvidbsStyfab QW Bt FAcIRAGRIEEr (G EhaRtion thysudfabd GRte EIPHS).
the reaction chanber. Further, valves 509 an be

Prefergbly rspecetieas ows bibp 57e5HeR SHEROT T BRIATTE e %CH%?H%WPOMOH

acro@d ﬂh@ @ha%ﬂ'ef 3%t RRET8Y, loPRorchstBIy 2906H 198 0C Bipd3iHaR ihi€dhity
nodel 1 ng, secondary carrier gas inlets have been

meapglga@rmitsottpe THY ralise-cs RaCliNH:arta)t Jhisfs achigved by: first,
F . I
des1gﬂa1r %TI&(E: érog%sg %gf%%eg?r edoy'&% an ARt d?é ihately kB8N flow of

nmbodi ment , has been found
t hat supply of purge gases through gate val ve 413
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provi des i nprovenent by preventing accumnul ati on of

hi gh concentrations of GaCl3 vapor between the face

of gate valve 413 and lip 511 (i.e., the regions

encl osed by face plate 415). Also, it has been found
WQ A/ 1388 angi ng i nlets to provide greater cHrYVBPUTHEE0

flow at the edges of 20 the reaction chanber and

| esser purge gas flow at the center also inproves
procassi ghses throughdlfe reauting oksintticn andsrgonde by déstapingfselptttig injgction of

the s uscept or an [
e B G R0 P B Do bR RAEIA Y usi,
Contmlv:é ﬂbwminwns:reammommhtp ausee:putros essstnaotkat.d or

t | [
DAL BOSE % gk oh el B pRA Bk et spogiment
has L\M’fﬁﬁmﬁzﬁ A@teEirted Grddvdd gaf inldBpart ponifizhralommt thatiaalibstantially uniform

according to the_.invention. Prior to s i.ng .fort
Hlow i, POt PSS S Ao EAPTOTRY £ 0T Y PTG U o oSHotding o he
sele&&ﬂ@ﬁ? tésiabn &‘8@510%\3’ gldaaks Adeeed ﬁlof ﬁtegbédl safthiyied) Rp@rthiogghput
in relevant part conventi ona e nsj sts
opergtiony et Wikl thesg prers!f, Hlewy guid EF&?%IIW“?E%?%@;H o tape L
dem?&é@%& fhre nﬁﬁ‘é‘le%@@g floW infdHELAEHBA chantePl RBXktanfal B/ dnkfoinﬁl across
he reactor fllowing HO over a boat  holding the

the repatigp chambene%lacp madeling qfqluplaiefl &iefs Tippye hyipdipateg that after the
NH- Wag % os hid 3{%1‘1 i oftﬁéjﬂg?ﬂ&éﬁ e AAder, e 96\&39@@ b&obhes A

ssure c r. Conventional HYPE has been
subsmedlyfmfom ecrops dvet thactipn clanthen i Tiethetpvdsgs BP9 eandgontrolled to

B SRS A B ™ N

PCFﬁﬁhbS%ﬁﬁlE’d Gﬁﬂﬁﬂﬁlca] modejdpg,(satoh@amgﬂrﬂma@ldtmh@e been added

to mg]ﬁ:asett W Q}E%%rhg%]agg-pmcess%&aels Iﬂg%gtﬁnﬁ%" r?Qaa 1%5 g %@%I)Imular
prefefpgdentbotiiaicht, 1t1hli€bd¢ni &rund thay h@ptya]ﬁ p’mge gascethtangh gatb kave 413

verticall or horlzontall urrou ace
provides {papray 9Py ECYEERS Y ‘f‘S} St il of (12 ¥por
bemte@ﬁlﬂl@ Ik UF gatd CNGS41301Re 1ib 611 (1., fMRirftidiskhlgsct bg 4ok plap 415).
netal at a tenperature aboge its meltin

A1s0a Hdila% Pren frund that gransmeARISE f FVIEH & LIS 8y of"é?h dges of

the @a&laﬁ iR niddedibrHird-QAPBE A LhE cdnfi aBP irkEi¥ v hinTs oMy Tof
Goup IIl-netal source equi pment i ncl

di n
comwmonfaaﬁ velpeityiod lapicit the (spycepipi 3 betfes naindgipy fﬁ %}‘iﬁéﬁ%?bm’e
the M&ﬁfm@sﬂ&eggls inlets are placed and arranged in one

the quartz furnace tube; the other end serves

for exhausting reaction by-products. Al this

equi pment (or at |east EXAMBEEWhich enters the

L TRR Sk R hrRa | ERULRALE Bl AR AYPRLAS 855

cannot be us e reactors process o one
111usmfe dire agdlvangagts acrel mbx;a:cm bmﬁmlth;at pm@scsuﬁeé whem Ic@ndpctelg HVM of
.arrange t

Grolf P Srel3fecapinfit BPER ity ASE R Ry s R phifison and by
way @ itiblltioth, ton@hdertal HUPECBhstmarﬂ st bmﬁydkpcwﬁ)ﬁd ingnlevant part.

Waf ers ar. first cin emon a .
supseruation, BREE S lim i By TBbER FBRTGRe ualty osicuted of
quarbA DSk m?@ IM&QLHOE {sriboned nhls@hmtﬂ&nﬁ&:tcﬁﬁog I:ﬂgwﬁ:@’EGCII dvet digat
quartz furnace tube. oade
nolcfiahe GBI TEFbH & Fiid GF AL G SHERCFRY i TR IEA o Semal
storﬁ%f &, @1{1%]1 bldGuSURBRdd: - ccﬂ%ﬁndmchum $9 ﬁ@eﬁ umfbﬁth@@bﬁgl of

e subsfrate support, e.g. ush/ pul | _rod
arsepifig gphpwphide and nitri e%emlconduct%rs For E:le gTOWch of GaN, the Group I source
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fabricated of quartz since they are al so exposed to
full growth tenperatures. Supported wafers, the
substrate support, and the positioning mechani sm nust
be positioned in the usually 20 hot reactor tube wth
WQRWEE¢Bre in order to prevent thernmal danBgEUS807s4930
cracking of the wafers and/or substrate support.
Al so, the reactor tube itself can be exposed to air
is tygimalﬂmoltanaiaen alqoathi gt (avidh windhorthel Hgreagsptform GaCl), and the
ventignal .HYPE reactors are not capable of the
(hogﬁgngﬁyﬁuﬁPﬂﬂa 0mmﬁggénanufacturlng that is possible
W mnbﬂeeieﬂam\mmalm tibeamtbsyrshnedeitod veticalyionhenponty. The
for.a 25 nunber.. of.rea Me & n
surp iR PR R e g mec & BEF e bRty A one for
maiitgiaing fige @d0p D0Mkiang attbhferithenboie i (m[t\lt&lgtpomnahd HMBHler for

reactors bec consj de am
et Rt TRSSELT AT R B L PRI GT AU A The
Gro@pimmteﬁﬁso%t& CQRPp@ENt il chudst anaiaefov\ﬂ@ea Gﬁdm@ pn mifc}al nﬁeds

be heated, and. it is heate p|dh¥ gh fumn
SubafranYéafer heidst, pRehgas iicte &It %@‘5 638 0 uart? fumace
tube"‘ﬁx‘é'%ﬁﬁf end Br/EORY el QR |rea|5|:?(£’zﬁo;r ﬁ@&tc@‘f Sl ﬂﬂ@% HiBBbR b\ least

furnace can require ed heating
glbn

thatmgp@etem thg/me@tubﬁ)gnw 06 TgERH RN R aebETgsbe wsod
Mogi] 9el2lEt§rs p%&eés%gl);ﬁﬁ% Rty Ql Qﬁﬁ@g‘[ zﬂﬁ@ép'h&g: #0ur6 Ol ke wafers must

temis 1dle, and wafer E'oductlon
be arrexagaﬂ @r a whaersoiyt ttwgtfm bl hvafera seealiregitydn fing of the gas flow n
(ﬂdn%)mmggedqon¥%ﬁ(mf rthernore, despite risks of

T he damage,”? ers are usual ly placed in and

re Wﬁ\fﬁ‘d anerlamated h;eﬁrselaiad:mg thé@ (M@ sRN8ic B@EndrEgnd then by positioning
the o g#& 52007 O otagtﬁgl}/fém%?aw? ﬁone i n%% P%rgz%gﬁgéer{gbﬁ .Wafers are
unl&@éd&w&emgﬁﬁc thb e@@ortrfﬁﬁsmﬁ $yrndda ends'ghsm Bitig &Iﬂ:dv af@’tdﬁfitds support.

of th|s nvention achi eve h| hput
The B PR AT SHATE PGy BN TR Gaagir s &
fabricaf®l bf Q\Grtk Bigcd AEPMYBRYExhcCO rﬂﬂegfbwmaxhpérhte&s SSlqipefmi
is that such 5 systens require_ cansiderab

walra 4B DPSTEICAPITY 0 5E PEHIETHRE PR IR SH5f Do PRy GOned in the usually

hot #eBMEMHHORith GAMSE oftlet to'ﬁév@ﬁﬂﬂénnﬁﬂﬁﬁﬁ@@ BlgS chicking of the
conventi onal HYPE reactors are heatgﬁmngthe ext er nal

wafire a3 ddorisvesTRis SHRROE, A0, by Tagtas PybEse LRRLAEENEITE
t d not | th
~Wﬂ%ﬂ§%%§§?gg%ﬁg¢ﬁge reactor, and not only on e

i ere it is desired. Such undesired _
de Podi togvengsral BVHE weiemereyot papable of the susietued highggbimsy

manﬁfac{ﬁl‘irﬁr? {\gﬁos%ﬁ% 08 B qﬁﬁ@[ 2Lk LaKE St WabERis invention for a
ers. eanlng requires 10 time durin
numihi affnedsdre. Opactason is shan tie rpactodueiting @verijos asquirh &S@Ilmﬂ%cﬁve
or |s neffl i .
v oB G B LI SRV 88 B W con e

contfldieﬁlﬂ:ﬂjr lmzer &empn&sgee dinghe tehaors wbtisriateptiovabely thessusceptor

0 ear
(ubp SR W e gheeiar rutd BTEReF ot AplliCaiRERt Rhups
Heaf@i@AH Yool FR0 be rpid. aliGmevier) &f doneénsinddl ﬁ\ﬂ@edam&m dhe resistive
excess can react_ w t.h unused g@%cg@ﬁl rmchlori
t =

furnpgs, 3N reqNpRRIPIONES! RFHRE MRS By e S BB e of

hou! DRAAY QfchhRBoBAEEAAP aBOARIInSUEBs, @ Gtteias tep asd wafer
must also be cleaned fromthe reactor. |In C%f([q§
& urthermore,

ProduREOTy ERAEIPDYISENETE. BYSICE PAEARICEAoF AFd e agheAte
desﬁ@%ﬁsoéfltﬁ‘c‘iim‘!i\pdahﬁgé Quakd@bire usually placed in and removed from the reactor
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little or no undesired growth of Goup Il1l1-V material .
occurs. Reactors of this invention can be nore
productive since unproductive cl eaning and
mai nt enance either can be shorter, or need 20 not be
W/ 1384ent, or both. For these reasons al&d/UpiE/es4330
systens and net hods of this invention can achieve
hi gher throughputs that can conventi onal HVPE
whes it ¢ @asopcAitiof Feeperagasson aydidfuribemhenting anf cenligh geleysofFor these
conventional . HVPE, s t I
reas it 7 Rl ST B TG T el cp kel O E b e ERNERBA, Y can
conveaticnal BVhBEsystangup |11 nmetal) considerably nore

| noaE oo DS bR R T SR R R HUPE S B b

systéﬂlst BqliR& ok PHBEMbBQEactorClka)ing (hheloahd eaaah oftbis nmen‘mcfn

nventi on del vers af
Becqih b TR MTBIRE P 088%0?%?3}?‘51{8%&0&%8 B3 ng P
remsﬁﬁé(ﬁﬂh@é St AkRAE dRERS HPubbuadp imide Fathe kyacdf) @n@rﬂt fonly on
reater Si nce the capaci t%( of %}ﬁg Extert[] th
the sybstpisovheee hiseRTH SHgh ylesired dengpiisawiRs FyAuety degied,fom the
reac®OY fnf 16 (BRI cah QrmI AYanH AiMResQFhichRBK frifcs SfdkAl Tl@fking requires
production. For exanple, an external source can store
tlmeuip\ﬂtlg)Whﬁh#letr@%@f@fﬂoggml@qﬁé’@-r ans of Ga, e.g.
apMsgxﬂhg%}&Jp)ﬂI or R e ‘ﬂ%r RiA: S04 Esccﬁﬁosﬁ?t@@ o Bie interior of

operated In‘se i 6s Tor essential [y unlimted
the rsmy:traa sreadl fmt:bdmstdﬁmlted on tho pnbeimts BT asidyRrRdsanglitigsor none
t p
orin B P01 S0E 5 LR 600 80 Bl 8
also i fyeently hsad, trliexcaa canoreadt Wb luhysefl HO & foeh tdoadts (48, MHCD

2008/ 130448, PCT/ US2007/ 08 h Lt
BRI AT YR A ) QUi o s VAR Rortl Milshimas
also ®% alfled frohothe ategr.of Ga, a boat of apprOX| mat el y

7x7x20 cmfille

h liquid Ga 4 ee
el rat s 0L TS bR e RE e B e Yalk SR
httlJlﬁ n8telQrel eet Framg 1NV hiteerfal dad@ﬁrsaREactd?udsﬁthle invettéon can be
rate and conposition of the source can %gv\ﬁ(g_l d
more BEGIV fce WRroSYE e clraning a3 BREEEIe ¢ ﬁa)“ ef, OT Do%
not ﬁeoars rﬁ%@uénﬂ oShdtd. By tRAS Sdabehs b, B8 s@ME hind Methbdsqifikids F@ention
Ga source boat inside t reactor. The

can @Ihfel"@ b@h%fjhf@ﬂgktpﬁfséhaﬁ éiﬁb‘io%?impgg HePEHERTS upon react or
9eQREH LV ABH XA PHREESS I o QAYEdibR $1v P Gstems Rehat their
tenperature In the source zone, and various -

consghfiona] iteoyel Gabersecstreqvire 60MTERE (B ha0d 6 Ragtberfiewp 11T metal)

r
cn SRR e B EUIRIS P AR BB o 18 s
mveﬁmﬂ (wihirhtahrerechapged ivtifhdhe Gepecesst Gaglly). Eheegrtamial ppugee of this
r,oce 10 con a

mvegﬁugl &e"ﬁ{v?{% RS gy‘éft 2 PIectrsor dtkr%t cgﬁ] ﬁ% %J: thlllésdnlﬁ ﬁ(\?ﬁé%% grgﬂg)m osition

at m&:&hiuﬁi\/sﬁistailﬁb@h&ﬂ ub loor mpghmmslyﬂh&gm&m or groatere (Pirice fa capacity of

HYPE syst ens ot.her reason

the jerib B AP R & BF R § Rie HEFsh D EHEP s o

weekdWishstGaaSIrediRtidn Fdr stﬂﬁ;ﬂe ah andaniioared canastete igntof raaty tens of
such Séstems are. of& i ndi vi fj”li_’f?l |y desi gned )

kilograms prat-ed- faapro?'g@{ﬁ ¥ @Q:kgj apj wu &¢S can be opera edjin series for
esseti AR AR EALds@Mhcl BREScHA, for 15 exanple, slow and
conpl ex mai nt enance. Because they can, ? {%{n Cfancl ud eq;
c ohptasxendingl HH g Wétemﬁq}g? P13 S% agirigtly Jaled gapacity. Simce
the éé'mfcg nGldl fit B BIMRE Keadb fhd BV BNNd BALE BRSthakctor itself, it is betieved
time-consumng to disassenble and reassenbl e. in
particular, the Goup Ill source zone is intricate as
it contains 43
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a separate quartz inlet for HCl, a quartz boat

positioned adjacent to the BCl inlet, a separate

quartz inlet for the Goup V precursor (which nust be

kept separate fromthe Goup Il 20 precursor), and a
WHHHEIIHE additional quartz inlet for a carPGBYS2HHY84930

In contrast, the systens and nethods of the present

invention are to a great extent adaptations of tested
that amdprst Bnd &r adwmedltlod@§mgn®s kasothen § bg ofa. ey ssagaylpdor 3 ke of

have. b f| [ and
G DA RRP A et o B P RpEL S
Disdi0nei eith g larkoGa dxa hid @t h«trhteforqz)metl fpmdl arthp pefﬁreim édrther the
odi ment | udes a ou rce
e G G ipe O S 8! 1 TP S SR gRor (e
is oMb sPOBY SasHBE Hcahﬂdyovfeamé ll@lﬁﬂ &d if 1]:19 malmltreé boa’d'imeldg’élbe
val ve require ort. tiIne

rescigig Thrrdliessng 147 rei'ﬁﬁ@E mCEB?ndﬁ'# RS BT D %@ R process
concﬁﬁ&ls & ,hﬁé Qﬁfpt&ﬁhﬁ‘e h&%@soﬁ{cﬁ@laﬂe@al}dﬁ?ﬁo&s&eﬁcﬁemtﬁ asioesrom 60% to
al so, e systens_and net hods o s_.inventi.on
over9ft kave bﬁﬂgﬁ@ﬁ@@ hF S thGRpTE-Ss flﬁé?"el:%fﬁﬂlec%ﬁ bt dad sy ipee
%’ %e? B gk cefld th@ﬁép\ﬁ?ltz&?z?dng BB} &85 whith atconstant process

erentiate systens of this invention from 30
conditins e Fier thesa keapprpElseyie sivists eadigehedsaf s nggnign can achieve

high8H BRAEA M HE RPOSLLRbIl AR Lakhal Orowt b

nci es, reactor i zati ons and wafer
pr r&aiutrhen TEA3ON hlﬂésl,g tm'ifbrqgglamm peopvantiphal PYPESystems is that

Gl enci Thes I, its
re PSRl SR BT AL AL PR b e oy
mdlaﬁﬁhﬂii desifricd hnctfahpwt@i far s;xamﬁe nscrodatk Wmdwgﬁm 1eadS to, for

m'% /s%gg%sétfg@g g%{lﬁze t?ﬂ%ﬁ%ﬁl SYJ % thoo%(eff %‘l%ﬂ]ﬁg complex and fragile

quattmpShdis that Ao ffanlt ﬁ:dlb&rk@rﬁthahmh tea@Brseum fime-coranmeing to

and about 200.. cmin.l h wth.a corres
cisapBARbEsARe] RERITER COHLP JLRG 5 Briuhidas it contens
a segé;:!&e gyablifetawi tax h@haﬁ%‘dﬁﬂbsﬁﬁﬁdd@dﬁﬁﬁt &sthe HOR intkataasepdrate
1 denonstrate that the HVM syste ofht i's
quarthiplsh o B¢ CEatP BOTEBIES @drchimyt DRt PG EiER e EIBWP ¥

cﬁf&&\’) &Rkl PR&kbId RGN S@AB inlel ABlafartier gdsPidd @Xirad:, tBY GWRs and
fficienCies Epitaxial growmh efficienci es

metmlﬁ oEthe Pt IMVIPRNIRTS, VAFERE POt PHPEF AR 9f riteggpe ptandardized
dem%ﬁsa AEha %or%g’iv%@es%é Vﬁ‘ﬁﬁ?ﬁ:ﬂf@ blee%ﬂﬂhﬂnz‘é@fc%@:@icﬁ@@@ﬁe%ﬁon and

neter c zone | ength 40 # wafers
malpﬁmmmhsqbrmlu@mmrwuy wallm@pmonﬁ%cﬁ%?wwle the

partﬁu%re{err@@%rﬁlg n%ﬁﬂdlgg% 8% 'g‘in Pbﬂr!:é i?)ﬂé Brith @leBte GARELAY Group
III precursor pienum and mlet ports partially fabncated from metal The gate valve requires
only a short time to open and close, and the Group Il precursor plenum and inlet ports are
considerably less fragile. For these reasons also, the systems and methods of this invention
can achieve higher throughputs that can conventional HVPE systems.

The qualitative design choices that differentiate systems of this invention from
conventional HVPE systems leads to surprising quantitative benefits in epitaxial growth
efficiencies, reactor utilizations and wafer production rates, and precursor utilization

efficiencies. These surprising quantitative benefits are reviewed below using the data tn

Tables 1, 2, and 3, which compare a conventional HVPE system designed to handie one 100
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Total pull and push tinme min 80 2 Wafer | oad/unl oad
time mn 9.5 2 Total load/unload time mn 89.5 3
Operation overhead % 10% 10% Total |oad/unload time
in cont. operation mn 52.0 2.2 - epitaxial growh
WQ 208%13H4e to grow tenplate min 0 0 G owt HPSE é‘?sé"ﬂ(m?f‘””
m 200 (3.3) 200 (3.3) Layer thickness um 300 300
Time to heat and cool min O 6 Time to grow layer mn
mm 63m@@r subpertedridonlwlingy hwadoos0Nr1@uR0 Totmfliageisivwg about 200

99 10 0 actor tine mn
om I&&lﬁf{‘gﬁ‘“’f Cé’“eﬁﬁgndl?%éﬁl‘e%"m‘rfaf{@g%dv(gfﬁ{” RU) R U -
gr GMdiﬂehhgTﬁfst/\ﬁ:h&Kfablﬂepimt gowithi effeciMeiB 6 Y0 of Table 1

oo R BN S AP BROIE et

5  comeBGorSUAVPE syshgnsact uaI epi t axi al gr owm h times and the
reactor |load/unload tines. It can 45 WO 2008/ 130448
PCTI US2007/ 084930 . be _seen, t hat HVM syst ens and
met hods of thlwll‘ll@/ént]ﬁﬂﬁx@i\%mﬁ‘@hf’ ﬁgﬂfsunl oaded
significantly faster than can conveqdnv@itishal HYPE
Spipdabgrowiinefidiensies can achi eve hi gher mepit axi al
%e&’é’éﬁﬁnﬁﬁ;ﬁt&henc' es. It is also expected that in

q}z ﬁ{ eration, the externg] Ga sourges of thig
a\;é PR wi |1 al | ow sust ai nelt":[il operatlogéb f or
bly 1 onger periods tHan ible with
@@mﬁm@iﬁal systenms. Becausé™ in convé‘htl onal HYPE
Sipstoeemengthe reactor is nmi ntamnned at né&r deposition
tenmpey Rdcek & sheliweenlyr uns, the substrate nmust be 1
pul led fromor pushed into the reactor at a slow
h voi d thermal danage. Assum ng t hat
3{19 o rEd’j}]'tcﬁmﬂtﬁrt‘e(gsubstrate hol der fromthe reactor
PIHB0 cm and a pul | rate of no nore that
f“%/ﬁ‘i‘shf%e to avoid thermal 10™#¥hage, adout 40 nin,
diot! mélgud ruetdlenzth pul | the subsErate frotland al so o
Muahpdihed mstoiste at e i nto t hemireact or . 8¢urt her, ohce
thgrSabstisAt®ecand wafer are pasiti oned95n t he 2

ﬁ%ﬁ%&ﬁumu@mk@ 10 mn can beggf equirecsfsor ther mak
af | n, reactor purge,,,and set-yp of procegs

%é’gm%mover h | oad | ocks the urge an (gas setup,,
Xo} ad{‘ﬁ'{? ?‘Ee%c?ﬂtr?ﬂf%@neachm i t hout 1°0ad | ocks,
setup woul d be nuch longer.) Thus, the total

|- epithxiahg¢rowtk thene i s about 90 min, or 52 min in 15
aend o Breusngdioduct i on (wher ensione ti mes woul d be 9

sgr;?‘;ﬂelgateequal |y between two (mSSI V%OO (3.3) 200 (3.3)
Layer thickness um 300 300
Time to heat and cool min 0 6
Time to grow layer min 90 %0
Operation overhead %o 10% 16%
Total growth time min 99 106
Total wafer-in-reactor time min 151.0 107.8

Reactor utilization (R.U.)
R. U. - growth time/wafer-in-reactor time % 66% 98%

Epitaxial growth efficiencies can be represented by the ratio of the actual epitaxial growth

10 times to the sum of the actual epitaxial growth times and the reactor load/unload times. It can
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runs). In contrast, in the H/M systens of this
i nvention, wafers can be rapidly | oaded/ unloaded at
| ower tenperatures without risk of thernmal damage
thus elimnating extended wafer positioning tines.
wWRHWsi&sof their |ow thermal mass and | R- | BAk§US2007/084930
heating, 20 reactors used (and specifically the
susceptor and wafer in such reactors) in the HVM
be seypgha e HaVdysrehdrod sneafods bi tisiimeerin @n be idséuniaged | y

sienfTS g LT AR )G B 8 Bttt gt

epitdkie? bRl efficieigesHWNG siys t:@l&&ecﬂthdt in m%:trii oflsatfn, thhiesternal Ga

i nv ion achr consrde abl orter
sou A UGB NG P HEETE hRFHioG (o SORUIol Iopeer eriods than
posEROVARbsRBAonkVPEeheact or s. 25 Once | oaded and

assum ng, Ga precursor sources used in conventio

nal ..
HyPesasyes inpavendprel BYPE wechehaicaster iama ﬁf‘éﬂaﬁgﬁ’gsm’n

tcm}gérﬁfﬂe habRePfund E&%ﬂﬁ&‘&fe m@E bdiRlllel Boind¥ badhe@ m@YhB rdab oS a
convent i onal stenms and of the _systens of thi

slowj. fm@egh tiatsrio avoed BFrmp presEcmAsBIyng el e ohfag Ribe i older
front RWVENEor 1nh:tt is aﬁoﬁ)g@ ehtfd atptlﬁ“i‘até gﬁm@ﬁor@ﬁﬁ@@ Erﬁ)%m &PHb S hermal

used 1 n M systens “and nethods of this

damiagev elpytuf éﬁunhlasre$¢cgnﬁ¢ foqauttheapbeiratcaltums ltslﬁéro tesgush the substrate

into %{ g %ﬁ%o rFuﬁRé%r&l% %h%%gbéﬁgte%gd GafY %@%bﬁ@on'égﬁﬁhé Yeﬁﬁt&mﬁp to 10
f i'Aact uar operation the syst and net hods

1min ofm eviequiretl fiarelndrinalrstalili zatias hiactoepured, and seeuppl nrecesedasses.

f f t t ha
ovippaR et 3R B PG A SRS s YR s yiter v fade
setuP Wbl D2 A6 ¢a Qﬁéﬁgmhlﬁpﬂhe exaimmld@nloedlﬁme iisf abowt_ri)ﬁ lmhie, cpf52 min in
L T T
dequat e mass flow for extended peri ods.

Conventional HYPE syste hJgenerate pregurs
|n1%?(¥1§a%t’dnfh€fﬂ¥a?&t%?‘s‘ﬁn§ HY PHEsTHGSIGE ¢ GBS Yover

Ioad@@’tlﬁbideg aﬂ@tv&n‘ té’rﬂbérﬁ‘tuﬁs i@kt Gisk OfF tibrnBegantEe tHub eliminating
ficiency of this process depends 5 strongl

exterl@ﬁ&cwérr PgEitioRiRg Ymem @eﬁr%e e%@elé Wdih?fi“&h%ia%séﬂ% iR ?ampdir?fmng
reacﬁ}?sor&‘s%d gdt ﬁ/%}ge‘aﬁa)ﬂ%r thél %Hépt&%{@ Wil 2P SNYENGa QB (38 the HVM systems

tenperature), the actual mass flow of Ga precursor
and nERIOHY ofhib nventis combs/rapidieycied botwaen higher deppaition fempRigtures
and %eg?e%{ CARFS 1&‘3&%0%91‘?% r%%&"r‘;{ ﬁﬁu@g eﬁreretfct}@ thd 1% [\/piyst@ﬁls and
precursor can vary eve a constant process
metimla df thisomen(ien ghieve mtdanablytsm latige/enigadng Wpes thangre
onventional Ga sources (in
POSSbbé? %Q%“YGEHO%ZE%PE I boat ) nust be within the
r emt@badem@nammimgr(h mamawr squess ayee it dvosentiond t\HEwydtems

reactar est boat . b

are e SR D SRRTHE Borsher ol Rt p bl RN b s of
conveitibAeskReMWand diﬁ thdé‘l ﬁrs%ﬂs@f thidd ﬁl)feﬂtlﬁn are of @W@mhatehjraﬂle same

HYPE syst em cou 0 re than ab
magaiiufen KOMSYR1 /1S $Xpesiag %%‘gg AT YT S%Ceé’ﬁ%dr%ﬁ‘rer%‘t% gystems
and F%led00 G iReBiohtadfighibeark hdvagEed oo Glegpcuiot boukdeqigbdin

. In contrast, the HVM sy stens and net hods . of tgg

conyeRGeinkVBh SefIsose that in gpiB?! PRpeCeD 18 BEB RSP T,
inveti& évfileacﬁr%reﬁﬂ{r Ggitﬁ)ﬁ@f FbREh IrhiQcRE ofdd JPFaeS Waf Be eRficiencies

up to gm of and greater (sufficient to
pﬂ%@ﬂgbmﬂﬁb@ﬂomrh rates in excess of 300 umf hr) that can

be sust ai ned
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for extended periods of tinme. First, this source can

provi de GaCl3 vapor in a manner so that the Ga nass

flux can be measured and controlled even during

epi taxial growth. Second, this external Ga source is
WRAHHB#B0f sust ai ned, uninterrupted oper at PEHUBEEA§LHE0

Ga precursor is 20 suppl ied froma reservoir holding

10" s of kilogranms of precursor. Additionally,

mu P qthple;eezsm'rf\c@pabke of adeciete opey %srvefbr am ingteal pa®df brs unlikely

effectiv unl i mt 0 ation atlve
har B Py v P UAS b0 foo” SRR Pl
Cont@@ichd) LTVIH dybtbraakdreritd G pdejurste fin-siedo khe redveor by &tetpassmg HCl

of thetl t hat fer is in the.reactpr.durin
sas Gier BRI I O S JRit ey o bisHbcidepends
stroﬂél‘ﬁoﬂ‘%%t&yg%BﬁBEy AMAProREN RS 1iOhs (BRI, Somnbentedtto 3%er about 90%
achi eve such a R U of about, 95% or nore,

depeadimg on Clagrmaperainpok theactualigass ALl (e gpreursa (G L}"ﬁ“ gso gy

Furth@, {RhLietd18hme mlﬁtecr@ée/@ anffe Gh sd@ce%&eﬁfé%xbhaﬁ pteb@sor can
HVM systens and methods of this invention wi|l

varye Pl Bl a 6UEHIGIREs eronAPat (C\e CORTPAKTRF AR Hﬂput HC flux).

f af R RIN
Furfir i\ EEDA Tl Pore A AR RO GOAD RN B 88 reactor
and rhemtmmtlofnarc te sonstrhigediy wester aspmdiab| Ehe Jargeshbrs beligyed to be
st A0 TSR o o UBRL LR
conv%ﬁ&ﬁiﬂﬂ@?ﬂ%ytﬁfﬁﬂ' LS BET hO 8we:3Dan FhaBl Bp@ximdRdné toot kg and would

util.izations nd achi e fer rates
be a%%lfn(%f%ﬁyn%gﬁ% Hénmcsézetalngrrgg ﬁglﬁ%@v\a &7 Vtﬁonv@n‘falﬂiél)nal HVM
pr ootodtragd ths HVES syisbéRls and mathedd af thie amn:umn chphyiangxteinateGa
# runs between in-situ c
sourts HIRR PR Y G B T S5 o O G et Eicirde 200 g gE Gt
and Ble6BeGutfitieA&d Quppofl grdwh Pattsdh exm@/ ¢ti300 8m831‘) titchn bé wetained

mn 187.5 18.8 bake tine mn 3 % matoloadGaﬂﬂ
for exfenfied perigds qf tigtee Hts Rusguise 630 BRERATR R YHRVE I fEfngh S0 that

the GBI cdPbShedslred whdlcdnbBRAEH Hgn thﬂ’ﬂg pftaxiad Sfbwdh 4decdnd, this
- ex-situ reactor cleani ng time runs bet ween

exteryl Gf pQuiest iganp g o gisemied stm%e%teéloagféﬁqné&ezt“é? Gapyegyrsor is
supﬂi'l@!i 9@91' AscMoRt hbRtiny 10'dbf kiibFBmb 8F ]ﬁ@&llrsof eﬁ@&ﬁénaﬂ]r M8

tinme to take react or apart mn
reservon‘s can be operated in series for effectively un11m1ted operatmn

In summary, relative cpitaxial growth efficiencies can be summarized by reactor
utilization (R.U.) defined by the fraction of the time that a wafer is in the reactor during which
actual growth is occurring. It is scen that the HVM systems and methods of this invention
achieve such a R.U. of about 95% or more, while conventional HVPE systems can achieve
such a R.U. of no more than about 65%. And it is expected that the HVM systems and
methods of this invention will achieve even greater relative epitaxial growth efficiencies in
actual operation.

Next considering first achievable reactor utilizations and wafer production rates, the
data of Table 2 demonstrate that the HVM systems of this invention can be more efficient than

conventional HVPE gystems.
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time to put reactor back together mn 1SO 120 tine
to |l eak check and other mn 45 45 Tine to |l oad Ga
with ex-situ etch min 10 O tine to beat reactor mn
75 20 Wafer testing time min 60 60 Preventive
WOaPSit3eHBnce nmin 120 120 Operation over heaRFUHZYFOHEH,
Total ex-situ cleaning tinme mn 959.2 571.2 Reactor
utilization (R U ) and wafer production rate R U -
waT ABLIF? + Ractoprutifizatimns end hchiesableiwaderoprodagtipayateR.  U.
r owt h tlrre/total use time % 39% S%Htm [uns
G%Toéf'?%aéefgmfé‘mef ¥ se time for el Waf er SEVHi n
# waf ers/ hour 0.24 0.45 # our s/ waf er
7inHu reactor cleanipgfigles ) 24 hours 5.8 10.8 Reactors nust
Hamplstesainei Figmipgken out of productior for cleaning
dind tpspevenkiraaetor mai Nt enance. 8k nce t he28%/M syst end
and thehhetleeebhddni s i nventi onmcan be rapédly cl edoed
ﬁw@gg, mai nt ai ned, they can aghiigve hi gher reactor g
Lizations and wafer produgljon rategg;than Carjgg
nventi onal HVPE systens. 48 V\D 2008/ 130448
2007/ 084930 During oper ation, ma erl al s gr
Spe(hlgekGy Wi ineifittons in th& P eactor, %8.g., on th
Ppagiboevesimid s and on ot her i nteer nal re%/t or 15%
tanposienteaingxing: excessi ve graovith of t 888 nmteritdlis
can cause problens, e.g., wafer contam nation.

qxesﬁ{}[r&gmyae;ng%%ﬁeed to renove these undesired

ri nd, can be performed either jikn-situ, that
f‘*": %’t een% Smglaegné%'rbllng the 5 reactor%u?r ex- Slt

3‘1"?@#"1‘)&?§3§§0§%ﬁ%}1‘??@“’5he react'dt. In-si cl eani ng s
e esopErtter med by et ching dHBesired d¥posits w th
@ to toAf tevtoraparunber of i n-si tairet chi ngd2br cl eanildgs,
1i0¢ ® pufrBRioobightogdhssi t U cl eaninig | s advasit ageous. 1BWM
B¥shedp bk ikdloghed NVENtion reguhre consigerably | ess

*Fﬁue%lto}fhé" ﬁlnéxrggu&lsﬂm t han ngﬂlvenu onaly HYPE

% reactors of this .inventionshave wallsg,
ﬁ’? E%i‘ﬁa??)rlled | ower 10 terperatures S0 that I|%&Ie
Wateetertae "#eposi t s t hereon durPig waf er Producti on’
Broyentieesnainignensgent i onal HYPE M@actors opétate at
bhahien odgpasi ti on tenperature% so that2ihe same 20%
WMLREinflcaniBg @6t al grows on mgactor wadshbs and 5712
internal reactor parts as grows on the wafers

Reactor utilization (R.U.) and wafer
production rate

R. U. - wafer-in-reactor time/total use time % 59% 76%
R. U. - growth time/total use time % 39% 75%
# muns (wafers) 15 15

total use time for #runs {(wafers) min 3734 1996
# wafers/hour 0.24 0.45
# hours/wafer 4.15 2.22
# wafers/24 hours 5.8 10.8

Reactors must be periodically taken out of production for cleaning and preventive
maintenance. Since the HVM systems and methods of this invention can be rapidly cleaned
and maintained, they can achieve higher reactor utilizations and wafer production rates than

can conventional HVPE systems.
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and substrates. Table 2 presents a scenari o which
assunmes that no nore than 1.5 mmof unwanted GaN can
be allowed to deposit on reactor walls and interna
reactor parts. 15 For conventional HYPE systens,

WQ H0¥13048¢| eaning is required every 5 runs, Pff$pgos4930
which 1.5 mm of unwanted GaN (300 um per run and)
will have grown on the reactor interior. In
c oPurigseperatibn,imptaials grow e nndegirast locahensie Hstreactor,¢fL. 1o the

jnventiagn is also rfor 0
reacled S ol oo L S R I SR ol e
matanalsl cal 2ange groeiems, icre. cofisrentthoination. HYRMEIngystequsy tofen@ithese

il]l h t.h t B J I .
AT PN ORI TR

reactoR\6@ B%-6i@) aﬁ@hldlﬁﬁssféﬁﬁﬁﬁgﬂ&@feﬁct&e Idleitlag/leatiﬂgds oﬁdnypefa"nmeﬁ by
15 runs. Ther e , @In-situ cleanin i nmes )
etch%w@wr?%@fgpﬁﬁvﬁé%@a&% g mgpler gf 1y sg g@%g% ‘?ﬂ?@e%m?%% grore
thorSthle-sitd SledridPEs hdaRgRIs.t han the in-situ cleaning
tine of the Mreactors of this inyention. Al.so, the

HVRIVaY) sxstsins 06 this IRyRtipmTAgHES erRsiFerglly foss Woil clgapngiipe than

conveRBehaPHVBE kiktdhsC Ak R ctobd JTBhié MgEntieR RMRAAIIORGh cbhfdfied lower
systenms. First, these HVM systens have signjficantly

tempeiaiweeso tha dittlegpdterid Aenesits theroen dREES W fee Arodion pheeadest:
[ oM Bt hfBGso 1kt I
oo Pl DU AFRERIE o gL A O e
amogitrif materiaeroweorsirariereyalls pne Bt TgactpopariSps erpwd edis WaTs
SySt ens, ause .t h Sy '
RS P85Sk A S Rt RS 1 < b ¢
unwaited Gapaneniiswad toekpysitonovartdr erallSindontemelssictny patFhe

desi gns and nents i.ncorporated fr. ' .

or brey o VRS TEr GheR ey chifertoy g s, dyrine
whi@at £6um dfuinlvintelGeNgit@dmvpdren s il lnge yiotsin on the reactor interior.

cassette-to-cassette | oadi . the ability t erform
In bRy AT BHGRAE b UBAFRPE T Ut MG Gt S Peripml ey Runs,
onlyd ikl bAbét (D8] 2096 bigssTehd Dafint th@GKSE hive gesvev@rbnventional

exposure of the reactor. to atnosphere.

. 49 WO . .
VB TS0 418l RS0 5O PP OB A RGP R e s OB i leaning of

the HVRCHESRY of 1h138nERidH QENY SO HDBLERSayed todnly dvBE 18auns.)
boat, used in conventional HYPE systens nu

t be
Thejg&re. crtbigadi tapme digtea PHERVEHIBHAEY PIHBaHOT areifhiea: 4fines (and up o
naP FrRGY Mo 8f @fs ikVagiidn.
s GREFVAR eab SR O ANS AL aw DSpauea gl e

whi ch
c aklioethp EVIN systetinschi tinigventiea Asayge congidersly 1¢se rgpifetieening

. ina.ti ] i h
timeh B Ohb TR oy WP R TNED AR ot s TR Bl shorter
coolingthentivtehioats wiichtriniss precaiv end foblowemppeoiivshacesiii d¢pning. Also,
Jdi.ttle.or .no.interrupti.on [ e ri .
treig fisgiserefy Ringt oSSR iR 48 ittt EUEHRE RS for i
processigakitzrad beyuse thaflivivesysiodd andmdthads ofaliie mvprtiod gemnpsg
rate. Thi. ecand R.U. represents.the io of .th
compretrailly Rt A G B 41 PR’ SRR i Kb Bodteitd e
desié';ltkemfi bﬁ}}ﬁon%ﬁt@hc&pwieﬂrlfgdns _Si p’iodieb?’ng‘ ﬁfaiﬁing inchlietsagidig-acting
Cl eani n mal nt enance 11 mes. t can e Ssee that . ...
reaciOh G VI B BIOBTHA T SRS R LS o RS B sy ©
peﬁanﬂadé-ioa@fun1oa&@b5ar&§%dﬁhﬁ BRES, inVRth bRvwePRvEnbHiHaY atdYBE
systens can achi eve such a R U of no nore than

locks BoRiEvegbooRET ot the Badysto sFPSPRITEi enci es can be
represented by wafer production rates, which can
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be derived by dividing a nunber of wafers produced by
the total tine required to produce 15 these wafers.
Since a conplete cycle of wafer production runs,
in-situ cleanings, and ex-situ cleanings, rates

W YWRI06€s 1.5 runs (according to the assunb@?’@??g""(ﬁ'ﬁ‘mo
Tables 1 and 2), these rates are determ ned by
dividing 15 by the total time for producing 15 wafers
(| m&wdlalngady Idxsa@/sezmﬂméijt TrECRAESOT SORECS, 1-€1, 1 Eavorigused ive,

convepiione HV%*E %?Pg‘%rrrx] st gegeng%w f aﬁﬁg%%itn% (ﬁ:ger 1R 0%%?_1[{&%5 constant

rechar ge tota
prectii3er Mﬂmm&m@f tlmi ivonksl cepacitii ﬁl@&epmmqhmging, which

equire uce SI der abl

can i P oled e S e e feiRenb Sl Rt g S e
systémYPEn sygiaghe cdobbho §cﬁrce§ bethsHYMesBtemin dndmetthodisof dfis

this inventio chi eve an agﬂgoxiqgtel (% Eﬁld
nvepien SR RPTete watBe FROA RN FE SEfendse P S ofme

di SCHSHaLYy. rakRY thainfen@hRanek ciﬂ'lfswﬁlhﬁtﬂzedl Wmmmnﬂ an8 a

expect ed durln act ual operatlgF (%tly nsi rlngth
wafwmsiaﬁtmr@fé EP%@%FP%R Lo e esPeh teagio tﬁ%ﬂ\}g fres I the
reac@R % t'ﬂ@glhﬁ’ gisthe BReOfhat W Sl iDMERE fc@ﬁoﬂ'ﬂlﬂlsl the ﬁe@h%ﬂ&ﬁt@ﬁaice

especi al ‘Fﬁpecursors nor e ef |C|entI¥ t han

&l

timeg o H\¢ainbg &@ﬁath HVa{ sitstensand prgthodp of thigdmsniian ashere Rife of
aboﬁizgﬁ)ér gno:xl-@ hie g’onvépuo\ﬁg [?‘Qpﬁ éygs%%%x 5 US28Q 7 08493 Cnore

recursor utilizations Precursor
thanuabplticget i on Conventi onal HYM HVPE - ammonia (both

pr gcesses Fl s/
PSSR TR LY LA 10y TOL AOTRRL i cn
be dbmdﬁﬂyldﬁnﬁﬁ’g 5111431366 of wafifl pré¢dpositerthe total HYPE)quivtr tepraiuce

HCl ./ m.n dur 24  Li-t ] .
thesp afe(i Scf B poRicl Beil L FHH Mokl nmt i Skt SR o siv
cleaMingd, batésabin@riHO 15 Mols €stoidingod tha m:mmp‘anﬂ of TFaigesi Inamd 2), these

mol e/ mn Q. 6250 s/n1n of uir nj.a
ratef i G B T OiBB 08 oY B Eregr BPotaited e SR
loadﬂﬁt%ad'ﬁﬁieuﬁlmtﬁﬁle%ﬁ@mﬁe Qh- s@clbt&ﬁ% tinke, fodihtdimibR itilieNand source

0219 Addit | | 0% f
dalite, Caditlone, mples of, 8 0, LSS of

inveBédHehuifcQb pfodBoOrR Wwaterl G9ng M SanbiBrably shorter than the total time
required by convention HVPE systems. Therefore, the systems and methods of this invention
achieve an approximately 2 fold throughput improvement over the prior art. As discussed
above, a greater throughput improvement is expected during actual operation.

Lastly, considering comparative precursor efficiencies, the HVM systems and methods
of this invention utilize precursors, especially Ga precursors, more efficiently than

conventional HVPE systems. This is exemplified by the data in Table 3.
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Weight of Ga per run gm 151.4 - gallium (HVYM | nput
V/IITUratio 30 noles of amonia/mn during run
nole/mn 0.4464 noles/mn of Ga to neet V/III
nmol e/ mn 0.0149 Conversion of GaCl x to GaN % 95%
WO GaCl3 diner/min required to neet Rol/BF2AY7(P84930
0.0082 WV/IIIl Additional noles of GaCl3 di mer % 10%
Total noles GCl3 diner for run nole 0.82 Atomc
wei ght Gad 3 di nEABHH hroPrec 5@, wilizFdens| wei ght of
GaCl3 dinmer for run gm 287.4 Percer&t oﬁmgaa 13 di ner
Pieairsdr atilatioe 40% Wei ght of Ga for ru 4 \\EivVyht
of Ga/hour for run gm75 gm Ga/ hr Ga utilization %
2P Potyprctssett i on with- Ga recycling (est.) %27%
BOPEEFlovi | i zation is deternisH®d in Tabl*e 3 by,
Tital stmodofisi tiher | ng t hat a corwient i onal 13BNVPE syst%rﬁ
‘Bidil biakabiga foo¥0 Binon cm waf er camlide expeér.ed to usels.s
approxi mately 14 sI pm (standard 51 WD 2008/ 130448
liters per mnute) of ammonia.
ég{ %%81/%{' ratl o of 30 aﬂpl .a 95% versi on of
rﬂ’“é P8P i nto GaN, "H& Conven |onaI system
Eitgrs Hfd ved fevt ed to use approxifately 1582 gminin of
Ga. A 90 minute run sufficient to grow 300 um of GaN
Sfalliz@canvidiion BN®E@f ore requires about 151 gm of Ga.
Shacenthere is about 31 gmof Gain a 380 umlayer on

ﬁoéémﬁ%kémm@ta%mgm Ga ef figicamey of ddaso
SR ER o O Bt brah R |  hoRRRt oxt o E@/ 21 % (=

gm (=

@W“@i’?“fl(}é‘cﬁé‘bg@ted on the i % des of e reactor,
Agteal meles/ipig of Fygsedidvai | abl e MPBEYR i ng WHE reuse. 1t
Mditamgenteedf Ghat even with reéycling addforeuse of Ga
axbaishath fr @i t he react or, mbkeniGa ef fi.8d4ency of the
conventi onal HVPE reactor is no. noreys de@dimin;
WHISH Ok PHBEPY ™50 10 In cor®B%t, Hubbsystens and
W@{gﬁq)ggag@gmbe expected to usgya Iowermmm)nl a flow

slpm and therefore a lower Ga flow and a
Iovver total Ga required for a 15 cmwafer (e.g., 114
ofumHEM ore, the HVM systens and met hods of this
iy dMliT8ie can achieve Ga efficiencies of 27% (=
BAlbslot 4pmuniid/hpudringgey cl i ng amdlerdiyse and up to pefRéPs
808610 ofGeaee V/B ef fici enewlamith recycl i ng and0.0149

EGHaS o0l (Faxqxbaust ed from theyreactor. Additionadsey,
f?'lbl@s §f GaCI3 dimer/min required to meet

VIIII mole/min 0.0082
Additional moles of GaCl3 dimer % 10%
Total moles GaCl3 dimer for run mole 0.82
Atomic weight GaCl3 dimer gm/mole 352.2
Total weight of GaCl3 dimer for run gm 287.4
Percent of GaCl3 dimer that is Ga % 40%
Weight of Ga for run gm 114
Weight of Ga/hour for run gm 75 em Ga/hr
Ga utilization % 21% 25%
Utilization with Ga recyciing (est.) % 27% 80%

Ga utilization is determined in Table 3 by, first, considering that a conventional HVPE

system suitable for a 15 cm wafer can be expected to use approximately 14 sipm (standard
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15 little of the remaining 83 gm (= 114-31) is

deposited on the insides of the reactor, nost of this

unused Ga appears in the reactor exhaust where it is

avai | abl e recycling and reuse. It is expected that
WMOHIPEEycl ing and reuse of exhaust Ga, thg(:'@szoom&wso

efficiency of the HVYM systens and nethods of this

i nvention can reach 80% or greater. The preferred
literepds odinteref smobrieh dssumiene VAH raseli0gede 414 entsERRAL the Ga
prechds ng? %toté]a%} ‘El%%gl?vegfl?nag QsteRfoah BY Bt 0 lﬁb Q}S}ﬁoﬂ RERE 1.8

s are | ustrati ons of sever al ferred

gm/msnffc{tas A0 mimete rimsudTitiEmrho suaryys 08 g of 4labirft 2%’@@@ therefage
requlrﬁvg:)ﬁPt lgﬂd ft e %e tlgcl;lé A a{)aﬁ 3% %7?1'9)? (:8 in b Bb6S 1aﬁfer onal5cm

Tndee varlous nmod tions o
wafd:rnt‘he@h iefiiticney afdbk ¢cinoentopaltERORFEresiaVin apgpoakidesiyr2il e 31/151).

her ej such as tern ef.ul S
Sineg P R EP RO RN ET A 1P BLC oA S B aT o g f s bl e
is theKirdakg@tkbleRedyBighgamt réLfsQ nit ishe psidis g vemtwidescyclipg amhcuse of

Such di fjcation e .al.so 25 intended || .
Ga %Fupﬁfeg %ioHdetL@@@ﬁ%r, %ﬂpﬁaheéﬁ%}wg ﬁg@a cerfvg}n?]cg]af I%Xf’? f@otor is no more
thanf@bloR¥angy §30d in the application as a whole),

headi ngs ‘and | egends are used for cla it

nd :
CoRAMITBRGE Yribglems s s caf 0% Pt st Sy erppmegpia flow

(e.gNEH QbR addRer 8Bl 16wEH GLNOS HEES100kr 1081 GE] redjifed for a 15 cm wafer
|ncorporated herein, in their entirety, by reference

(e.gf bF4 g} Therefos &y H‘FfM&ynféms apfbmethests of Hes igy¢nggn can achieve Ga
efﬁcﬁ% %E ?{%ﬁ =3 l?ﬂar dhifss r&fyclﬂg Ving RALELHI&! ‘bg@ ﬁé}heg)lg QU®, orlgfater

prIO art to't i nventi on
Ga %@Pmt\mﬁumelmgﬂnd irersel ohige exhaust@zfrmﬂhz OORIPL 3edd180na11y, since

httle,l g e%%%%%gg%? é‘g@& 1 lﬂfﬁé gﬂm ned ot st a d‘% (ﬁ*tﬁ'@l@&dﬁ& mgst of this

ormn | ne G oup
unudéd Senmppandn dteocaciateairdus] whenhit csfava;ttahbrrccsfebng anéamsc: n]@ 18

aseous u
R e Ratne BBy o AT RSl Ao systems
and @&ﬂ‘l@ﬂmﬁnﬁw aﬁzera:nmtchﬁfeablem% angreattr. a reacti on chanber
d|t| suf cient.to mapufacture the.
o 18% Simany ol b Ohich AT A5t ok Dyt sove of

the ﬁa%rhbﬁtsufc@ &)ﬁsdnb&ﬂﬁ)ﬂlr%ﬂlntsaar@ﬂﬁﬂ&ﬁleﬁiﬂf@a@rdl predirted Aspetts bhthe

reacti on chanber adjacent. an e.on
nveg s 1A e velgnt Fahedintents ety 'et?ﬁ%i?&? B WHE‘PS]?% Sqppe ¢ of this invention.
InddeB 8B mdHMGkalibd soF tic18vEansn ﬁxradﬂﬂbﬁtopcﬁtﬁﬁ Sh@RBarditde QBB

to assist in directi ng at | east one of the reactants

hereirp sudhes plicsepss wsefil Aerabinghoas pole clemenss depprdbereiHidhyoqsne apparent
to tHobAKMeh e raﬁ'fx%nf #e sﬂﬁ&ﬁﬁﬁ@e@i@ﬁﬁh | dulch Blo8B1¢AIFRE ateSalso

cont 1 nuous provid mass flow of at | east 50
mtegde@coﬁﬁ mthln the ECN’E‘Fl of tlhe a]ppetldﬁd chpimp. g test foflewing fend tmfhe

apphc%H&r? asa \%ﬂcﬁeﬁ %a?ﬁﬁ%g]&t% 19&6{1@ ﬁé Rek fc‘ﬁ@la%%r finﬂrct)ﬁ%icnce only.

nprises purge gas streans 20 through
a p\l mimader dpfyfebfena;selret uteéshenem, thegatire disalosumes thh‘éﬂf@ahrfe

mcorporated herenq % ﬁle e%gre%, {*)39 re%gl'gllcc s allq)lLﬁtt)ses. Further, none of the cited

references, regardless of how characterized above, is admitted as prior art to the invention of

the subject matier claimed herein.
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port of the reaction chanber and bei ng openable to

allow transfer of materials between the reaction

chanber interior and exterior through the inlet port.

4. The method of claim3 which further conprises
WOPF138448nt |y control ling the 25 tenper at ubel/§y2007/084930

portions of the gate val ve adjacent to a seal between

the gate val ve when closed and the reaction chanber

in order to avoid ther dAE eABMS orati on of the sea

during operation. 5. The nmethod of claim4 wherein
What Belagatdisval ve i s tenperature controlled by 30

passi ng heat exchange fluids through passages that

are congducti vel y-coupled to c e I . :

ne?hod thpgsﬂ¥§nﬁﬂ$%ﬁmyﬁ?¥EQEK%%%Hrﬁggzgﬂmﬂgmuagﬁmﬂ&nﬂ
whidubfbgéeent | y heating portions of the gate valve

exposed to the reaction. ch er interior e | osed

A R Sl A e R
a gaé’e@@&@iioﬁﬁ]\f% t G0 Get Radthie i e@edtioh chadThebBhddronditions

2008/ 130448 PCT/ US2007/084930. . 7. The method of claim
suffiglepiie rapHastie RErBIPRINV TS HR5t ed by passing a
hegte6uc ét thid {éﬁétla}ﬁté)btgtha&m% rdct B RedRASHRAGLIB PN in the reaction

0

I nt ernal e gate valve. 8. The nethod of claim®

charpljee p@Raent #3e abeeens Y pare sybigtes fadorpvY symicandustlyT BEterilat
therdol€ang® tenperature of the exposed portions are

greater than either or both of a condensation

t eiystiag ercer ofore prEgCRas §iseants|to pisstigrdéesting gtlegst one of the

ubl i pat | rature of a product of a G oup

lem$T$p%ﬁ%ggﬁ%m%gggﬁP%%¥£9. A gate val ve assenbly

configured to be used for reversibly sealing a

mager i alhe M@hdd afintdirer] vherdin bf gase@¥dimoeabl provursoh srepeinuously

SRITE LRI A TS

allow transfer of materials through the inlet port;
and. a tBpesRidsielaantwioth fuftht: comprideainfstigathe pwak ges streams

tenperatures in selected ranges of e rature .
hrop Lo B 90 RGBT Vo Pairt 21§ B IO 6 seal an it

portd5He FkNorfhambed dit Beinb Bpddiable (AR tenbiteoGRiMTab between the
further conprises one or re heating elenents for

reaciQlf $hembarprEyorEd Cr o e Pb e flFHSOBf the gate val ve
exposed to the reaction chanber interior when closed

i ngor defpd Q.RYPbA1EARIANSALHRS BhpaRd bdFiciknaRhesling the
reaction between gases in the reactor. 20 11. The
temppsaienyiof porenself shergateoralis adierent torreserldstwyensy the|2alsaalve when

clos&?z{mrﬂilesl]%ac?%ﬁ tc%[m&p Eford@hio &vdi PALAM a&dhiRdd o8 R IBM tiuring

externa e gate valve and a passage internal to
opertbfe. gat e val ve for heated fl uids.

5. The method of claim 4 wherein the gate vaive is temperature controlled by

passing heat exchange fluids through passages that are conductively-coupled to the gate valve.

6. The method of claim 3 which further comprises sufficiently heating portions of
the gate valve exposed to the teaction chamber interior when closed in order to avoid

condensation of and/or unwanted reaction between gases in the reactor,
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25 12. The assenbly of claim 11 further conprising a

seal between the closed gate valve and the reaction

chanber, and wherein tenperature control further

conpri ses one or nore cooling elenents for
WGWP§/13¢448nt |y cool i ng portions of the gate RGEVYRR007/08493¢ -

adj acent to the seal to avoid thermal deterioration

of the seal during operation. 30 13. The assenbly of

cl @i m 1thewhsbion of claive 6 ehedeinrilye gdtevebyt is heataddyipsssingradhcaied

.npre assages for cooled flujds that are
i BoReh e B TRt r arAd  Me e e 14, The
assenbly of claim 11 wherein the gate valve further
COBPr i SBf rktitdwrialairk ¥ whefeirapegdtevae: is aufficigulyddatdso that the
i nject gas streans into the reaction ch er .during
sl G oxras e 2@@?&1%6&&81%?%%%%%“
tempeaturd BEILB EPAFUYrQhirs61! Al sk¥linidtioh Ginfpetaiee aNeprbdicest a Group
are in a spaced relation with the spaci ng between the
II-Cypet Y 4326800 n a central portion being greater than the
spacing of the apertures in other portions. 5 16.
Thg assenhl ¥.10f . &hab Ttk MR REbI sk D for ARGFIHI £811BY EmitBrial-
a space Igjrr&el %ltlé_on ﬁ?ﬁ tg#e% subst ant _ir_al Iy b%i folfgrm
tranggraoitiefa Baflwseriion isbaralse thagseanbly @MINSEYSt em f or
ma q 0B olPaR¥Bpehdtic ¥ allow transfer of
ComEEEH B R BRIOSLY B RubdrliGolthB Bpchits I alloy ansioro
matepfaisahrGughupe Iokdt pprt;,eedr sor for use as one reactant; a

source of o conponent faor use notpery £

" o leEr e SRR P SRS Bhe ‘e PP BB BBl panges o
tempetdturp ARy satioarthnibeoperafiooonponent for reacti on

therewith under conditions sufficient to formthe

Goup I].I-V sem conductar .nmpterial, t ction.
chairber PTG 16 ShTa P e RO St HOE R Revises one o
moré BAGh@8tSedttod siffiichBarbi@nhe patifisiof #r ghfeatlvt beposed to the
meet and react at a predeterm ned Ié)cat.i on.in, the
fanﬁﬁ)lrgnwanted

reacHrhemBrr IRRAGRIEI SHPELBREUSE P VAl SRIERECD P
reacBMPSIN 2L @8sek & @ERASHE sem conductor material thereon
apertures for injecting one or nore purge gas
streans, and a Ioadinquort t hr ough whi ch
I

sefl-conbireswmbhatleidig g vsiviHac bealng tlgmprtcompyise one or more
ofa E%Ea%ﬁ&ﬂﬁ% &eﬁgﬁt%ﬂeg{al @Rtk &X-BlVeQhd QbadkhR ifiBAGI O fhe oBte valve

gate val vée assenbly for sealing the | oading port, the
for leatséfipidy. conpri sing a seal between the gate val ve

and reactor and a tenperature control for controlling

t he, t enper at ur : o i te

ot conaneai oy Man Ga ekt ad A 2ebReP B s
valvg asethe rdattidnh@ameactndrwharih @hperatubrerond] fatiioe coroprased eng or

of the seal. .25 18. The system of .cl ai { | N
wworg o iR g 68 SPIF R e Biph S of s utle YOG B te seal o
avoid thermal deterioration of the seal during operation.

-

13.  The assembly of claim 12 whercin the cooling elements comprise on¢ or more

passages for cooled fluids that are conductively-coupled to the gate valve.

14.  The assembly of claim 11 wherein the gate valve further comprises a plurality

of apertures configured to inject gas streams into the reaction chamber during operation.
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apertures through which the purge gas streans are
injected into the reaction chanber in a manner that
at least partially directs one reactant to the

(gredeterm’ ned | ocation. 30 19. The assen‘olg of claim
WQA5#48i n the tenperature control further PcBhpPI7EEE30
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rloratlon of the seal. durin eratio 21. Th
Sl Erbr b SR o o amipep e Gou Ty eiropdiefor
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apertures for injecting one or more purge gas streams, and
a loading port through which semiconductor materials can be transferred
between the interior and exterior of the reactor;
a gate valve assembly for sealing the loading port, the assembly comprising a seal
between the gate valve and reactor and a temperature control for controlling the temperature
of the gate valve so as to avoid both condensation of and/or unwanted reaction between gases

in the reactor and also thermal deterioration of the seal.

18.  The system of claim 17 wherein the gate valve further comprises a plurality of
apertures through which the purge gas streams are injected into the reaction chamber in a

manner that at least partially directs one reactant to the predetermined location.

19.  The assembly of claim 17 wherein the temperature control further comprises
one or more heating elements for sufficiently heating portions of the gate valve exposed to the
reaction chamber interior when closed in order to avoid condensation of and/or unwanted

reaction between gases in the reactor.
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20.  The assembly of claim 17 further comprising a seal between the closed gate
valve and the reaction chamber, and wherein the temperature control further comprises one or
more cooling elements for sufficiently cooling portions of the gate valve adjacent to the seal to

avoid thermal deterioration of the seal during operation.

21.  The assembly of claim 17 wherein the temperature control further comprses
one or more clements for sensing temperatures of the gate valve and for providing feedback to

the temperature control.

22.  The system of claim 17 wherein the reactants enter the reaction chamber as

horizontal laminar flows.

23.  The system of claim 17 wherein the reaction chamber includes a floor, a
ceiling, a pair of sidewalls, an open inlet, an open outlet, and one reactant entry aperture
comprises a horizontal siot in the floor for introducing that reactant into the reaction chamber,
with the slot configured and dimensioned to introduce the reactant and to direct it to the

predetermined focation for reaction with another reactant.
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