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WD 2008/ 064109 PCT/ US2007/ 084935 EQUI PMENT FOR H GH
VOLUMVE MANUFACTURE OF GROUP |1 1-V SEM CONDUCTOR
WORMERbALS FlI ELD OF THE | NVENTI ON 5 The pr esePtT/US2007/084935
invention relates to the field of sem conductor
processing equi pnent and nethods, and provides, in

parti CURGIPIRNANEOR HI@H”?()'MIQ\‘HEfMVAN@FA@fIQJ’R}Z @rne

manuf act uri aggafp Hov @gh\h;cef@gg@m@wfmggﬁﬂsﬂ or
waf ers that and

el ectroni c conponents, for use as substrates for
epi taxi al depositi BIELD3aE THE INVENTION pr ef er r ed

dinments, the e uiprret a met hods are directed to

pr gg‘ﬁ @F%@nti@Ve@“% Woﬁg? ﬁFG‘eO fSemicOBM i RS PesRzife Fquipment and
met R, a%ﬂ%ﬁb\fnh@sa rﬁéhl&f Q%HE&%Q& a‘iié'nlléthHHs'TblI thi ﬂ?gh(x%%iﬁ

waf ers. BACK NTION Goup 1=
manotepoung ds Groe IIIFNocrmaIWndi sembaiiicyor vedas ﬂaﬁawudwbﬂb dor

mat.eri al s. 5 oup II1 ni rldes in cul ar. have ..
fabrigeh oG end BleR oY seimpabn e o nERs B Ehitediyiyieposion.
and YSRIrthl Th Qfeféply érﬁ@ddu'ﬂgnt@ Rhé 6qEAMBRNAR hcthRRakd @i ®ddl t¥ producing

short wavel ength LEDs and | asers) and certain
Groep HEnitode sendeensontenvefqrpand ispegifagally to producing gallium nitride (GaN)
Waf|}I gh-tenperat ure/ hi gh-power transistors). The G oup

TP nitrides have been known for decades to have

particul arly advant ageous seniconductor properties.

However, their BOOREROSND OF TAE POEONTUON anti al |y

hi nder ed 20 the Tack of readily avallable single

cr yuou Ilb&g@mmés arg tlmp@rtfalt anémdeéjausqdwpmy@némwrt patepals.
Grolg;r ﬁYVIﬁLf%rt’l cI}eis i IpQI%' elgﬁ % i?tvgllgle ng r alt te%%BOf hléh make dtléEm partl%llarly
usefaleoQZab@ﬂaﬁtﬁ{gS(kptl,c cesipbhend (Iﬁftﬁﬁilaﬁrlﬁ slfdrﬁ‘@i\&:.letﬁth pBPRand Riers) and

float zone, that have been used for ot her
certajp glceworia €pmPRNetfdRarisularly; ki ghrtesnp o/ highrpowentsansistass)-

t hing .

i1 o] Bl SuDELER (FBRR: dfiadelf gy Hri )y adypraseons
sem'mbncatclmsmdsmmss Hovprves shurieconvacrgiahughhagbessstbstaatidly hindered by

t 500C and >4
the g layad e e CARE W8 VaNts Thb Gt L4 Tg o Tty 6 grow
bulkl GEOLINEEs RN S DEERC | Uﬂ Lgﬁfﬂ Efﬁtl@éjcorﬁﬂb%ﬁd@ﬁﬁn @5&1{1&{5@ Ithods,

conpli cated and have to only very snmall™irregular
suchcasy(szoghmalsk{, A(ertmekgrgdlem fateze, Bvidgen@oior flBatgronR3Dat(ROOBYen used for

otnehpeibrysFiees S50 Pl FEASLTEG SRk iy S THENER baing cneray
of tHRIGA-BYoRd iR shitd inMeédrhstRitlody 8{EndMnhdhihO¥F G&Y @€ dtmospheric
densities and desirable electrical and oEtl cal

prespirop¥eni kigh presswie epdiemperatiren(25p0K aan g pressure are required to
achlevea\gelte%dt a0 ﬁ%aﬁoué’ Hl%h S? tsﬁl}de tt{&hﬁ gbl]';A l%lV% %t ﬁlgaséﬁated, they are

IVIty use 1 n-pra I Ces.

extrﬁhél? r@ph@llt:aecpam ladtd 00K0ef ShalQiragalar aa/&tatse garD&tis et al,
in the ear lé 1970s, no usabl e progress was made
Matu$ﬁ1 En& Re01(20%)1680' s when two breakt hroughs were

g#gﬁ%ﬁ%ﬁ a-luaﬁvé §1ﬁ§‘1% Rl Ellil?strla’t%egr&ftlyl iﬂé’i‘eés%gﬁl%r(ﬁ]ﬁﬂﬁﬁy in making

epitaxial Group II-nitride layers with low defect densities and desirable electrical and optical

properties. A further difficulty has been the inability to make p-type GaN with sufficient
conductivity for use in practical devices. Although attempts to produce semiconductor grade
GaN began at least in the early 1970s, no usable progress was made until the late 1990°s when

two breakthroughs were developed. The first was the use of low temperature GaN and AIN
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WD 2008/ 064109 PCT/ US2007/ 084935 buffer |ayers which
| ed to acceptable growh of Goup Ill-nitride |ayers
worsapabt re. The second was the devel opment PET/ES2007/084935
process to achi eve acceptable p-type conductivity. In
spite of these technol ogi cal advances, the defect
buff@'ﬁﬁﬁérﬁ Whidh 164 Mcbﬂthbl@ igbdWitHRf GRYE BI-hBri&d alérs Qﬁtséﬁﬂﬁﬂley The
- cm -3 for dislocations) and the
secogdwpéh@b@v@l@@mem efya precaspto ml;ueme ghocpiblqp-itpsesenductivity. In spite
of thega tegﬁ)no(iioug%ag ?Vaan mmrcgef%clt qaf: sﬁa rcg‘urp @Pﬁl’ttil(ie]hl?ﬁrts 18 sé%l extremely
highgPEY axiEl chil f58 dslchadlse alfld)the lpEipBe CoRRicti€itydis nolNaKE i Edin other
et al, 2nd ed. 2000, The Blue Laser D ode
semiggRqyeiss - Mewmigghespdinitapns, tlisse h@\@ﬁ%ﬁéﬁ@&cqa@ﬁ@rptawmuﬁlon of
I t [
1- Ilrlt?l%,g éltﬁn%g{l&% t %;I/E %g 2%1 sggés E?&Pllaa &l §gﬁ) R4 2080, The Blue
Lam&dhb&gSpmagh¥WﬁngBéﬂemences in the | atti ce constant,

ff t of d al ..
R} ﬁ}&?tﬁhél %@hﬂlﬁgr%ﬁt Oﬁgr@?’r@ég 2&33 2gingd Sy é%tP Spphire is the
most WRIBHRSH rs@lgs@rajtee ?cfhotw%d ?Qil%n@mé M)l@tfere%gésqﬁttﬁ‘e lattlhce constant,

stress and cracking of the Ill-nitride fi
thermabecfiatient oFoxpansononeé prysabﬁttucnafe betsvean ﬂ@rlyl-mrgiw epitaxial layer

and i Spiiole ST ReR K e B 8, s Sho B prBGaide fims
or tHelbubtale. qaﬁdféﬁhmesa@pmr&h@m Yery Bph $EdifRith GEdiot BiinadS

15 much nore expensive than sapphire and only
condgtiv e as noqgrfgfrrn@t cqfidaptitr s (typical ly 50mm

di h

LS G BRI R RO Ao SFTRNFLEAL] R0 RS b

much iRt c§Emkico rﬂdmcstapplﬁresamalmngsax@ﬁéae anghnslidr ideamstervidypitally 50mm
are avail able at lower cost and in _nuch | arger

diamgtes yathe F20mm sodRQEMAsIds opEfFatirpp nilvisis i e‘eiﬁfﬁswrsapphlre and
ARl k6P RER RatEe L S O i
lowdensti dang i@ ssiok ilaagea‘dila/masthrs I(Ili(}rmmtdlanﬂe&eﬂ fay eapphge:BO0moM for GaAs).

these substrates |.eads shor.t feti in | aser. .
ai L P Bre o EPRIHE asuf 6k Dbl %SO&?@"%%H@. ppfitions. the high

defebme%ﬁl%s LsshasRy %ﬁthtlﬂeﬂufnd%rl%et@ %row%ﬁﬂh@%%hﬁst&%s%éd% to short

much higher information density in optical recording
lifetypet indaier diodey. slII- mkrp@dta@d diddas awif prrtimtias intérest beomee their shorter

efect densitie | ead t her brj ht ess .

wavfpgh oS B s by ipiorSiien GoShetonst] e feceali®. 1is
expRfd thituQpRBERRYitIPIOWRS defEtttRhbiMes $AIPKRI 10 ﬁlglﬁﬁrtbﬁ‘ﬂgﬂﬁe%iEDs which

mat eri al s have desirable properties for hig
are Ipq@gﬂgﬂefﬁbgﬁplqe;p@pntpﬁ\man@%@mragd, flaoggssant biglbg) uFlnally, Group IlI-nitride
mat&%’fg’@gaﬁftgl éeﬂ(r:ag)ﬁe rgg?rags {)OP ?13 W) ﬁj :e1?n ¢ {%ﬁg)ouf%} ]%ﬁtgé%% g%'lces but

comd%fc&@ltzad&ﬂﬂ 8f thysd dattes has rlitﬁ@bcm’tﬁrdf ﬁlrpmﬁ&ea@e d)f substrate limitations.
reliability issues in electronic deV|ces

| ow
The dighaiséct d?rtsyy &gads ihpnr perfppmange ph {ﬁ#@bﬂ%ﬁﬁwﬂ% plegfgqnic devices.
The \MVIJ Eorﬂiugﬁv at ?Ig}r/ré] H8%esWOGLsitdt) Ae fdrSis¥ Mtﬁlhlé]lpp&%ﬁer%l@lfﬁes where it

to renove e active device regio
is vigaired be dilatoefesovaheht tfrogrhtlié(acnmfsdievmcfe 18¢iGn s bs smalf dsneotar and high
rcially usable.i C on|c devj ce
Costﬁgﬁﬁieu%tsﬁ gre OaFwe@éﬂ}f}dgh@F @e SSHRRIC G Vi Magkqdy ghere
larg&rdek‘ﬁ@%bz& &QHip ﬁ%dlt@mérs(‘o?iEDsg?er qftc v c%k’tbfa?g'eaérgassub&rates
I ar ge nunber of nethods have been investigated
f urt hege nuethee ef mhthodehavstbede myicstigatddrio émtheamdallce the defect density

n el%liklléi_ai m-glitgg(—?sué)nn f oﬂaégfgtsgli\{ Zra es. ub %}nfmlcunately hfe %{15 et EHllemé/{tho ds are
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2 WO 2008/ 064109 PCT/ US2007/ 084935 al so cunbersone

and expensive and non-ideal even if cost is not an
WOR)sO64100Nne conmon approach is to use a for mP@F/US2007/084935

epitaxial lateral overgrowh (ELO. In this technique

the substrate is partially nmasked and the Ill-nitride

also lc@¥BErsbidic GREEGRASIVO afld AYK- icf%ﬁl%v%h lfcoRVi8 ot zli}?obj 8&S One tBAmon
epitaxial filmover the mask has a ?reataly r educed
Rt

apprapdl is éarsconfotrarmd iepiyaxishdatesabeyergroptie (Rl lalls tgahnigue the
subs Ja{:“e i Bg“rﬁaﬁ; gla Sd a%gltlllel Hﬂg%ﬁ%eﬂl?lﬁé;r Slggo Seglgkg t%roavtv ga(igrlagy over the

maskdThé b}ﬁfh,XIaﬂ it h)@lér tlehegk Sapd gregynaidat@iddivibedtion adhage However,
| aterally. overgrown regions neet. To further reduce
the qpifaxigl §Inp bethe eRCTHIEEIONS i1l Birethe s3me Bieh dliskogetiph Apnsity agpehicved on
c "
a noﬁltn?ne%ﬁ%% énlfsbgfrl;?tre] . ktg%gdétté(tslfgtfurg%g ﬁefeétts %gra‘?éﬂp\?léﬁ @agé?lg laterally
overgarwihegge neot sT s fibther atece the tih;l(ﬁ;amm mfnsﬂg, anke chmwcrform multiple

dIS|0 at i I, and sone . 10 areas with hi .
ELCltgo d sichie g@hﬁﬁ 2 VPReSHRSBY VS FRCWES FOISUBWRY 1Y E??St%ld in the end
procﬂ@és% ﬁcﬁl RGNS sAGh 8 e, %ﬂlss!oﬁﬂeeeﬁ’eds%ftl&w AlsRWatl&H Yensit and some

| ayers of the III'-nitride material. Because t
areasiwsﬂhdngtdl@lnsatmnsienmty oriented perfectly parallel wit h

th h dirgction S owt h, procged sgne.of the .
di SPBT SEoBE prRtfte R PP Ly g TR HanBIIES iglo grgarery thick
1aye£sq)fb1ee BI-hR64d MetcHRe BREGR thOd@IoRWidnd%es Sot Qfichid@ peIfelely parallel
of 300 to 1000m 15 The advantage of this approach is
withtthg gromile diregtion, a%grhwﬂb@r@n@daswa@mfé@e diblecafigns nregt #nd annihilate
cach (J;{ﬁer. .qilo[‘ Eﬂ Y %6' teyeffe%tl é?rﬂe d&to 8%“1?}16?&?@@ er%rf‘gOO to 1000um.
associ at ed” & nt can ractica

The a&meagea»yans hﬁpr@i@hﬁ§ gRsthc VMPES lwmd‘gBEedlaabmsguesuMﬁa& The
rates on the order of less than 1 to about

dlfﬁ@hliwa Lﬂn Hiedt gREdh elesnistpoand asigcidvb il ineHabaf cat plfaﬁtécaﬂy achieve

thesﬂa?elt t‘ﬁﬁjﬁﬂ%&&&e Svcf P’Ecéﬁsﬁl%% BN Gies {%&o@vﬂgfa&{foﬁﬁﬁé{ SERL of less
tens o mcrons o grovvt . e on grovvt 0

thant letoralbounfepmﬁ@m habsthesiecass floi, yv@dbf m\m}d ofn'hg IEIg) twehiiques

rates i s hyd |de vapor phase i.tax
dlSC%%?rﬁﬁfﬁ‘?%Ye (6h R VL P AT EHErORS of grﬁwg‘ﬁ oﬁlaf‘c?nhg grRVh
techliq8t %@Basoéﬁc@sﬁ'dﬂ la&ﬂle%dtlﬁglggrovﬂmfa%s' idh dir%det@alesﬁaWE taxy
to produce very thic | ayefs. However the curfen
(HV}BE?bcess and equi prrent technol ogy, while able to
i eve r owt h rat has a f 25. .
- I meing s M b B o5 afdl SRR Ibw b EPgnGioup 1 nitide
rnatérhl@ §80 @b@ﬂdfﬂmtbew&ﬁma ReryRhR¥I1ERss. Mek&ler MRl drleVPEtprocess and
high quality Goup Il nitride lead to new, innovative
cquippent tegfmokney, Wbﬂg able frachievsitighngrontth ees, basrrasmehesiof
L0G VAR
dlsaliva% r%teg] o?ﬁér/ o elsnvt§o ) s}‘ég (%_llgrsl t%%%\%%%n%%elqu provides
relathEHllemf s quatityoGroup Iieide sddtol nene indooatp el dpplidations, ¢.g., in
sem conductor materjal. This system conprises an
residepfighang|comnmereial Nahiggsy€e¥.ce of a Group 111 precursor
for use as one reactant, an external, high vol une

source of G oup UMIVIX @Ffﬁ]wther
reactant, and a gerrpaﬁre—w

The invention relates to a system for providing high volume production of a

monocrystalline Group I1I-V semiconductor material. This system comprises an external,
high volume source of a Group III precursor for use as one reactant, an external, high volume

source of Group V component for use as another reactant, and a temperature controlled
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3 WO 2008/ 064109 PCT/ US2007/ 084935 reacti on chanber
that receives the Goup Il precursor and Goup V
w@ompoedns for reaction to formthe nonocrysteCT/UR®07/084935
Goup I11-V sem conductor material. In this system
the hi gh volunme source of Goup Il precursor
reacB&hY SRHNALE 4B bteivePIRIGIOES 1R pRRBEsdt ARY Glfo%? el (Hﬁni {08 reaction to
precursor, a heating arrangenment for heating t
fornpthe cm@my%bn@ﬁrmxpgﬂ ngml@aéumrdmt@ﬂalt he pr ec u rs o r,
an‘i‘n 1sn?§lse tl?eV\fngﬁ) %lu%{el s%rrcfeorf I‘glii- rﬁ]ﬁy %Ic@rgor dV | re%glsly
anmoun eous precursor for r on MAﬁh eg
comfFiSHdp cVnﬁt@dw Goreidlding thefpRédiirdone iaating bysig@hdchinfr heating the
sem conductor material. Preferably, the container is
precyfser #td geapipting 8 gat flaw«d tha RIRCHSA otdcemass floxy pondfoligntor
al, I
1ntrol%lﬂ?18§ Oﬁgl?écag%tl(g?lﬁ g?ééseg)&%eélﬁggr(f%(:ﬁlo%ac : }f@& a(l}:rg{slp g’ac%mponent
to fdrmrthamonacrgftaliine sgaﬁ:oﬁdlummrmﬁatéﬂlm Preferablyothe caftaingr is operatively

anot her. enbodi the s urt her co rj ses
assopigiedif) & Sigy g EanEIds | te‘L?fEldBF thi oty th pasgier gas into
the AR & BhahR& WRBR ?arcnﬁstéé kdrﬂﬁné@m 0 @9&&6\9 lof PR f&dlﬁéor

Is to be deposited, and the reaction chanmber includes

e nﬂm ynqihmretnhOéHnefIm,rthe ststanal flotheg cothprisee acotatabl suppart for holding

n chamber, jn a cont
one by et abHE e TR I g SEa s e eong e arER® b
depdAnted,RA8 tid RAGNWHhhRbEEHAAEEs dn@-ytaBertir8afdraiftro@iifig/the reactants into
apertures to facilitate formation 15 and deposition of

the reprtiofshambgrsin aldontielledaninnendilee.dhe srbsatesiindgypport e configured,
dlm%ng no%%[i %It}cg éc?&tlonaed %Ehetre%P sl atio th? geé‘ftg‘ﬁtchl % p&&qﬁg% facﬁ’ltaae formation

and tiépi‘)sﬁi@ﬁrdftl[e&ﬁofﬁd@[‘ydtdlhﬂi@%ﬂﬁtdl@lubtbﬁnfa&ﬁiﬁt apunsthakgbstrate(s).
| ocated in different portions, of the chanber to avoid

r eREafeighl yUmeurFacpﬁ@yh%'&r igondigyred s piorizorigl. restasgnighchamber
and | 3C&0Es AR Gnth n_ﬂlg@ﬁce}eﬁ Ufe loHl@d BURFLLA f&ﬁ&ls WED chamber
e‘reaction C r |nc es a oor, a cel
to a\ptﬂd reaotﬁorsmﬂﬁ\blaslyl raget ana ﬁl&dapﬁminbdh lo&atlotantjacant amlelmmedlately above

0 et act ant e ur e nay be
the BTG A heh G TFRORENHT AR s T it 2 phigr sidewalls,an

oped ﬁ?&taﬁlﬂtan' opkR oﬁth& SIRACHIAN AR Qf?&fure YMaSI e bMerisd@hl slot in the floor
configured and dinensioned to introduce the reactant

for iatieducenedhatecactint into thdn@acgtm@cbétambm mettl thogat ¢oofighusd and
react i

dimriigned g%ﬂ)?f”ﬂéweﬁg#ggt%ai ‘i} 58?‘%&%&%‘%%1“?%10““0“ for

reacB6 V@R lanSthe MRt tAMZ @r@f@ﬁ@@l EHeQBad@an lcRARbEHaS cktB86@PBooled walls to
25 It is often helpful to heat a reactant prior to

prevmftqrémla@mﬁg denositipnefrepstantsdbeticon chanber For this
{[tfggﬁg Ifl%ﬁfuzgo\‘c’/iiiegagh?%\é a‘i&‘gﬁ@ecé 1&%‘1{%& 1?t60 tggﬁe%a%%n chamber.

For ﬂﬂ@purpmﬁn&é 8ystoratngdyi fakthert doeipeise ammta@t ﬁltﬂoﬁ&ctdm\deeﬁe Ith?at includes
operatively associated wth a heatln% source to heat
a nof?% C?réal@t%rheabﬁrwfertr@t?rtaés thagepbyhiereinghe deiiee isipperatively associated

w1thrael?e%{1hg 5]01?0 bt thE Eea%ﬁ'n? &*%8 %s %md’ucttl(t}?m?d’]ﬁl% ¥eaction chamber.

aperture r the ofher reactant may conprise an
In thim@mbddlmnnmdmm&y aB@tuk fdr thhethsyshetnntfroat chmnprlsn @huigectopn nozzle

assa for.introduci ng gne. or .nore purge
withdp® SestRat Fhgr in 1%%%5?%%? e OGO Ot QI Be T HEZC S Sfroams into
the &s&&h%'ﬂamb& th '&?re&ﬁﬁ@'@tth%f A8 th ‘Prfeaﬂrb&@eﬁlﬁn&{f bEfiond bficiently
formthe nonocrystalline material on the substrate(s).

form the monocrystalline material on the substrate(s).
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4 WO 2008/ 064109 PCT/ US2007/ 084935 Anot her feature of
the systemis the provision of a gate val ve associ ated
wowaok/ 06419 i nl et for introduci ng the purge gas BCT/E82087/084935
in a manner that directs the other reactant to the
predeterm ned |ocation to efficiently formthe
MO AGSERES Fdhlrk BEtHIBY §EMad tﬂég)%wigibﬁ oB Btk Ak GSsociatddheith the inlet
the reaction chanber is made of quartz and the gate
for ipEpdusinestherpuige @ps plegagls, in amnapnet thet digeetsshe gthecrghetynt to the
oo L R B L B 0 B g,
Whehaht edclioh éHagnbetifsgRaddast quartanal tic defcahiveriaiadg@of Metal, an O-ring is
0-ring during operation. The gate val ve can al so )
typigaflyinienaded. fncaredibietweestha grde sef va ped reastes feroprgyiging a sealing
I.J:ectd t I . ] . .
comfHEE THR%pic ARl PRbied 7B Py 18 &vl BUBHETThERA O-ving curing
opemagac tTiho gachaivearan iaiso linded oplaradity ofspacatibdpegtu@ntb assist in directing

surrounded by an enclosyre . 10 ich is operat.ivel :
the e&ﬁ%rae%caﬁnéao R0 Jeseaion norape clereoaR lng alpril.
| NTHRRRNGH OSIEIR: ER IudcOWRE of REr L eARSMAL UGB RE AL an enclosure

reaction chanmber wall(s) to reduce or prevent
whicheip opéraiioaly assotinted vathoone drinhorp fasdpsarcutatingeaat itterenclosure to

byproducts on.the reactjon cha r wall (s) to provide
lowe e R 3 R TR R R ora i Febanbeer gl d8hoston of the
GrowEHVpreBétsorldiecd@iof biypiddaéta bR ele re@dtionl chOmbAGLANS) t8Provide a longer
outl et and exhaust conduit for renoving exhaust gases,
operptieg ek hgfounmenderadca@s seqrite] The rggebeniehamber gay dswingbide an
\Y, n react | roduct s he
outl Eaf Bt ST e Bl AR R RAUES e R B
prechat, ungeatiee Groilip ¥icoatpdne&xhad sdactomblyirbdiods, from the reaction chamber,
tenperature sufficient to gr event condensati on of the
and @ heafingrargagencnt figrhsping the oxglef and sxhaysheonghyit e ptgpagerature
f ' : f [ -her e t
s R e Rl L T LB 035 8m may
furthel aodaprisd opurh &rmambying d@st axhetdt gasck fienmethkh ackstion alsasbdroa thermal

formGo 1.1l oxide 20 salids, scr ubber _f or _washj ng.
destftﬁamaggﬁtf’?&f%&h@fg@ﬂ degipt gﬂ}q etxgmt 8#SCp &%@W@pﬁ%@glde
solicf§[ QS'&_uMe'r foro%ésﬂﬁlgstﬁé HeksrubRH gﬁ%}’zﬁld‘ DT Fe@&%hg% Gfoup 111
additional Goup lIl precursor. In general, the

oxidg pelidsnfor raeyslinguing fomedtiodef addidonal éirpus 1§ prequifsor. In general, the

treati.ng,unreacted Group ||| ecursor t ecover its
systep ST WeBE RCSoo0F Br dayln PRSI stk GRTBHT précuor to
recoétdist GBI Dbt fdr're@fcﬁﬁ% hsPformbntidit bedddarRectoudNH precursor.

details and alternate conbi nati ons of the el enents of

t hiFgrthenespratornd desrilpiand aliernate sambinetiprsorh thhelcmgpis 9 dus invention
- ' £.0l | Quj ' i ot 1
win g 6088 810 bONSA9,AEhALL R ISR ALIR0 AU LIPS e

also DEHGRIRTLEN Dthd HkcBRAW NGS The present invention may
be understood nore fully by reference to the foll ow ng

30 detail ed descri}pti on of the preferred enbodi nent of
BRIFFDEPERIRTTIONQKE{TIHE DRAWINGSt i ve exanpl es of

spgei.f i ks f [ ' -
Ly e
detaHyd 0B ptidn dfhke pr¥erddi cobodrh@s of Bd-pedehl iuséthelustrative
preferred GCl3 sources; . ) . .
examples of specific embodiments of the invention and the appended figures in which:
Fig. 1 illustrates schematically systems of the invention;
Figs. 2A-C illustrates preferred GaCls sources;

Figs. 3A-C illustrates preferred reaction chambers;
5
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Figs. 3A-Cillustrates preferred reaction chanbers; 5

WD 2008/ 064109 PCT/ US2007/ 084935 Fig. 4 schematically
w@e@Bmssied transfer/reacti on chanber conbi nat i PEEUSH0Y084935

5 schematically illustrates preferred inlet manifold

structures; and Fig. 6 illustrates schematically an

al ey BakhMRatlcBRE bR rrdidani el BlacAbt SNGRITR BémbihRgoRane

reference nunbers are used to identify the sane

st Fig tuwckenatispbn il lustjaten preferegidfinlet @lﬁmfcfldgtm@gresmrm L
IS* e%] 6ﬁ>ﬁus%teggcllgel_r}%t£a '1:'Fa|1£nR aﬁ%ma{%{\\%’%ct% éas Tpet glﬁarglﬁ?ment

i nv
gr ahe barﬁ@teﬂ’eraﬂa: Ihlngfbrsvﬁ’e WR& toadnifA eHelsting gtr@étufa's @pifcaring on
[11-V compound seni conductor wafers not hitherto

diffosepddigyres. The 10 equi pment is capabl e of sustai ned
production in that over periods of weeks or nonths

ﬁ;loﬂ Y3t R i’)ﬁﬁﬂﬁ%ﬁﬁ OF ?H%epﬁﬁﬁglﬂ?l\l‘ﬁ l£|1|\?ﬂ3.0DIMENTS

t hmaighipdtition Hesiiddsi cqipitnt fat mathod LS high gﬁa\ﬁf&lfra(lend&ngh volume
bat ch of wafer si’ can be produced every one f ou

manpigRging phoTERHUL VI qomwue@ ﬁ%l@%dt@%wéﬁa a8t larhemﬂoeﬁ%ble The

t
cquipfhoRiREHABR A uditlh ARidedeiin h@RLERIIANP AR drffthuns
prodapm(bra&oealnoqu@ds«) be shut dbsndodmbimeenatdee Hl&e:qhmmwmstoapable of high-

terial icatio refe dinents, the
thmg%muba@mwt%% e e a8 PEER ﬁtegpf thr et b prahiced every one
to fRIE BOUST e GRMPUIE N QerphRhi & b Snic@NhcRH %f&ﬁ'@@ﬂfoﬁﬁ%dsar@&ﬁtable for
the focus of nmuch of the subsequent description.
fabrfceitersofi apticalrand redogtroyicenimpongrds, strowbsiratest fot further t:pattaeml deposmon
nventi o It will be appreciated

t h
and i T Bt B SR a8 icaribls ton ond |y bo adant ed
t 0 Ilpf)l‘é@éﬂ?dd%b%@nﬂ@{t@ tife QfuipthdiR an@hRiddb bl s@bélﬁbﬂgﬁdlrected to

. alumnumnltrlde Indiumnitride, and m xe

prOdalIClHlﬁ]GﬂNﬂﬂg%Clel W@fmsb aitl e smbeiliaeents axp het fQCWQfdm&hmj the subsequent
descﬁ@&gﬁ STQ fo%ug lIISD fo lolrevﬁh %ﬁg{ﬁnﬁg ﬁgﬁaglg‘% %r‘t\fj’\e/a asé hrnltlng the invention.

It wﬂiﬁbe&fp}brd@fatédﬁtﬁaﬂ thé pﬁéferﬁdﬂlﬁﬂﬂuﬂdnaﬁmalﬂfeddlgt lﬁH eﬁ‘dapt’eﬁ to producmg
in the scope of this invention, This invention, can
Waf%éoﬁ‘éﬁh?ﬁ DL rlllymélé% Cef ’faé‘tf{lﬁn\‘}@ g gy gdium, pitidey pagd mixed
f
ohur AR TR R e b ¥ R AP O BRI and
arsenlidp sA tdoodingly, prSiuciid mbgndlmmmmwafemrbeafens of hey of the I111-V
el errent s and featur eg gat are elggeci ally inportant to
compaygd PSRRI AT WA f 8C9PE (04 mt"SntFﬂ’é h vol une
mﬁ%fsﬂﬁ@éiﬁﬂoﬁ @an %‘b@tﬁcﬁﬁﬁy WSt Effg@&/v%lb%gﬁge brtic@lal £GBSiments can
technol ogy, can be naintai ned. Al so, the equi pnent of
be reahized bnwedifyiog cosipdesi greedy t:@rnnhmréélyaavgﬂgﬂe farcarexigudeposition of

si. FSHERadRub Ry fu B RIS ittt At Shcially impportant to GaN

epitaky Wi dsyectORVated fol lﬁglﬁ{?&umb Mdnd@cHER ﬁ%hﬁh@@@&bl\l’ @evedoped in
by recovering and @JCl ing of Gat i S not

silicei taghnelgeyy @@@)b@ tn@ult%m i %lswfée eqwpacebi s invgnfieroin depigned to

havd eé”igﬁﬁ“g%dﬁgﬁm € soetﬂytll {J%Qéablé%i‘ﬁl%ﬂ b&h@%%&%%ﬂrm’g Also, the

e I nven roce
invention provides for virtually 100% efficiency in the use of expensive Ga by recovering and

recycling of Ga that is not actually deposited and is therefore exhausted from the reaction
chamber equipment; with limited downtime needed. Also, the inventive process and

apparatus include an economical use of Ga precursors.
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apparatus include an econom cal use of Ga precursors.
6 WO 2008/ 064109 PCT/ US2007/ 084935 The invention

w0 p@B06HSY t he use of a known | ow thermal mnass BUBUBNT084935
(substrate holder) and |lanp heating with tenperature
controll ed reactor walls. The use of |anp heating

permik isychiéh RRRIdcSMBTIY of Skt loYy RSk Wil gls%@ptblh@ubstrate
susceptor and not heat the reactor walls. The

holdepand dame thl@ﬁww@ té@([)ﬁp}b@@i cqiittahled reastor meills sy b@ usn %amp heating
pem? ﬁ rt[lne B?Q{ %né/rgy o }na T cou QiIQtSZhe s%sﬁeptt%eanlfi ngpﬁehat t G reac?or walls.

SUSCG or ¢

The $atSih BOBPE KPEtEm iy &furped Stith £oqItodtybtEn cdwmgﬂs;er@fatshpmr changes
and down. TenBerature ranp rates are in the range of
/

to thg lampy ebfiedew)/t @@@h@a&%ﬂsm@pwg’ vtk the, gy léréfmg)ﬁysaen? permit
Veryqﬁﬁrt&ﬁﬁééﬁtggé; n?? Eoth%‘ﬁ%ﬂg 'gg{élzln'f rlghl:ég%guéé g ué Pdn[eisvﬁé the range of
2-10ndagrark/2econd ded preéetalggon phasecr ekt idogrsedsedond. event

deposi.ti on on e walls. The | ack of 1 10.
%gé FI%VGBHOIb’élﬁtﬂlaﬁ%reéftP’é\Wﬁa% ‘?%F %Pantﬁ&l@%é? aspecdfiig fgmperature to

mmﬂﬁﬁﬂé Lfchel FR7 hgge%'&éhoh@taﬁd pRVER B AELIOSNEE walls. The lack of wall

pertinent gr owt parameters. The invention includes
depmrt@ngrermus graghténrwatd woof oesituf wpnitdreigGoogrowth tate, stress and other

recur The flow of the Group I'll precursor is

pemg‘ieliltegg?'lvgl éa(li%ﬂ]?ts Sled by an electronic mass flow

COMMhE @lveBtion THORKIBS bife dYandre @& tekadkodrtd¥ for @R GrB8p Bl R cOfsor(s).

the external Goup Il source. Goup IIl 15 source

The glomt ofithetisoupdll trecurspriihéirecilygenisellaibyt an cletrones 8e9 flagy
t |
contfdg%r S ere?ﬁ no p]gr%t?qtedl g]\%ntt 3htﬂg 51z%ef fdleq tepn 1%‘%&1 ﬂi Qoug%eh Group III

ween COﬂt alners w

sourB@ccd@Mﬂet"s icebe fnathe rdnige oflePasi (0 ©B00fkgGaN setfial $aurce containers
recursor is GCl13. This Ga source is based on the
coulé s &ranio]dsA sogchlira P rihYiiching hehycengesiinggcysh ng dpyyngime. For

the (ﬁééggl{l&ll SFGLN tlll)lg‘@bvﬂréﬁﬂscdrtly Gatat q’hlsr@é'%qdu?cee 1}91 %%!&'d(‘o"ﬁ C}he observations

a carriér gas throu
and G‘aéﬂs&nesmat p\rhem |Cﬂa€la15$mﬁ sufticently daompmcmnycsmte Z&Jtmtpaysical

of Ga and t hat C13 assu uch a sufficiently
mcafi, o TWRBUR § oTiat B HORE A S e SRS IRt evaporation
rate 69@@@13 ofnakh® Gar1l §§%§me:sr E‘Lﬁh' ANEMLER 1oRG)iddeRy QiR TBRiferred

for malntaining the at a constant tenperature
temma:tumseé’eﬁHIgQOf thh)eBIO&@/ VI scosity state and equi pnent

fl. ow ntrol.l ed anount  of. s ~through the
| o ar e e e R R s TR add: S R cmperatue
and Pl%@ﬁltr@fn thd dve vR BNt TERIN arfkPdtjuiphens Bt fRIWIng b @Bnth@RS amount of gas
| ows of GaCl3 (in the range of 200 to 400 g/ hour)

througiythe liggid ¢aGlp al@bwltyép@g thei @15 wanos t therppstararddies qguipment can

susta;l% %éhnrbl%g% (hogv‘yoli}% ?rg Od‘mjlg)g t@H&% S@H&ﬂ ?l‘f‘eatt [ &LAS BN

er of srm

depsitimaptcoin tht hengdeif il ve [Q/4(I(M§6ﬁ1&1@5uf 610nd DG Qladncter substrates or any
container is maintained wth a specific tenperature

numgergtfismgllepwater et lt@@ﬁh%ﬁ%fﬁt% deferyceten. frozp theaaCls
conthﬁ‘é@ﬂ&fg@%&ﬁ{eﬁ g&nﬂ& o%gggi t@g%éé&h%pgggfy th ggésiiggtt cgoggéatﬁgﬁoen of the
GaClnti|l the deposition zone and al so provides a method

f C)rThe 1nvent1|0nn glso includes an inlet manifold structure that keeps the Group III and
Group V gases separate until the deposition zone and also provides a method for achieving
high gas phase homogeneity in the deposition zone, thus achieving a uniform flow of process

gases into the reaction chamber and across the susceptor supporting the substrates. The
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hi gh gas phase honobgeneity in the deposition zone,
thus achieving a uniformflow of process gases into
w0 b@sioeqee i on chanber and across the suscept or PCT/US2007/084935
supporting the substrates. The 7 WO 2008/ 064109
PCT/ US2007/ 084935 process gas flow is designed to be

processk At Bldby gt th ®E RubstarR@i uhife el b VGIOCI‘[%I (therefore, non-
(therefore, non- turbulent) and chem cal conposition

turbylenie ped ehasnica] camipbeitien (thenefpre, atunoformiIH/ e rggioaf &t ¢ pigferred
embgcriTJ[r)Il %’t QEIS 1 re%hze Itys 8% eSa@% gplr %\ﬁ glller%%ofctg rtfri‘e @roup 1T and

Gro@ﬁg%&séshﬁzit phé\ané dlﬁfdtﬁi dlmlﬁumxséfrgals labﬂo@mth@fvvlgﬂié‘ofalﬁ)er R8&or, and to
the width of the reactor, and to 5 achjeve hig

achigyy igh wpifgrmityn Ip pecff@tir@de@n@éwémﬁéh@ ganifpld aﬁﬁ@pftérractams are
t
dosi P apfl LR o e £ RL IR Lo fe b e ARG R Rcs
Thé&he mnﬁémﬂs@immdlem mettesl ta addabﬂmgy twelﬁxédoehit&h the (ﬁmup I or
either or both the G oup G oup Vinl t
Groghahiets o KEEa rswt@flfeiffje:%@wwf Siese @rsgﬁseiwgbq%%md
embbinfenP ik %hﬁﬁmcﬁﬁ@g%e@m for %@&ﬁalv&%rqu)snﬁéﬂjé’feﬁh@dlmer form of the
met hod for thermal deconposition of the dimer form of
GrotihHI pRcésso@aidld inpr ¢e uic@omcEaACLS Thaheththgrefedrad kRibodiment, this
GCl3. In another preferred enbodinent, this would
woujdhiarlude 2 matiadier d¢compesitionsd dictansnonit prasarsarmferrdxample by thermal
deaﬂ?(ﬁﬂméprﬁkmﬁf exanpl e by thermal deconposition or
P Bshe. e I'nvention al so includes equipnent for

auttasadvedtigvailes ifdands cqdpmemdbiglitorgatbd Wayer hahldlﬁfgatﬂcmdlng fully

cassette-to-cassette | oadin separate coollng sta
automghg Cpssetiesto-grevRte donding, senaras coqlslgﬁ%@ dpag logly, ney- Conthct wafer

C

B e PR Gy SRR 0L AR B AT 8RR Efwen
prograxal udes t enper at ure control of the reactor |nIet and

out] et flanges .and the exhaust s stenland a. al

EP@ HEERPEEISY rnérwdeﬁtﬂﬂg%er%ge\?aw i et B gudgl flanges

and fh%@blﬁﬁgt Bs&39 Wi Ca §Rddially WsibRMKEALH RS ulat §IPAT AfhHT @an operate at

control 1'n these areas prevents 20 premature gas phase
reducedipicsunsaraind gimianiper aterss.d EpopéremirofonGalinabeseeiréas psevents

ous reacti roducts na' eactjon . )
promive S iR S BB derop T Y€ FREMLAT ypipus reaction
byprRYh@s sA majemmadtiRdaPpRiduthic NIEAT! The tetnpepdtic@ftiRtenki®e exhaust
prevent condensation of NHACL. The invention al so

downsfedagefsheragater psmogggllgiaﬁoevrwm@oqd@n&aé@@ eENHebbsi ts on
t hjhg "ﬂl%ﬁ orpglgc? Hcﬂlde?gg Ft?rgg& ??te %?o Ioedufg&?e 0? r’f]scén e valve

o) re uce gas reci reduce re

matetfal bihdihe Qfdetvitls @l sieSrchdiont did t6 @@;ﬁlb@ Bas 1Ad1d¢dlatnmaind reduce residence
. aspects and details of the invention include the use
time @3§ﬁ§%€ﬁh%ﬁmﬁﬁét can hold one or nore wafers

du rAdrdﬂlo(ﬁQ?a %’:@ﬁh ddi s%ﬂh&n%%%&%ﬁh&ﬁd@ﬁ% 9066, §1f§ceptor that can

pr event nt o the substrate to the susceptor
holdduneion gndré wrafergdmvtgmnmgnemhﬁiue apd e sestbptondendricd o psevent

ased t dlscovery that, s i.fic metal halide
atta%beeﬂtﬁe subsralodg Wh i ARG AL HONTE BinSpr oper ¢ i s,
anght BakeERnEoN B Rdedbl thefkBPRY R YSe HESEAEHadR compounds

have certain unique chemical properties, and that when coupled with an apparatus designed in

light of these properties, the combination can be used to deposit thick layers of Group II-V

compound semiconductors, and in particular gallium nitride, with heretofore unachievable
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l'ight of these properties, the conbination can be used
to deposit thick layers of Goup IIl-V conpound
waemsoenaduct ors, and in particular gallium nitPCT®S2007/084935
wi th heretofore unachi evable 8 WD 2008/ 064109
PCT/ US2007/ 084935 hi gh t hroughput, high uptine and
highl tBNuERRt, 1iBh ApRBBEY 10vNEdsR AT Lhbsddr ChathotBH@lt oM s Folume
manufacturing. For this invention, "high volune
manygGiiast ur| ng (or H\/I\/p i s characterized by hi gh
th h g re i . .
cqipen e Bl SR BRI ne! Hhresipseg by hieh
thro@éhpuﬁﬁl@g’lﬁlérbmtﬁortelﬂfaéletfo@mnbngilf @ﬁlﬂﬁﬁcﬁiﬂ utiPFgodr @rfoughput means the
efficiency nmeans that a large fraction of the materi al
numbﬁrpqﬁW%férS%/hﬁér dokanhcqBeeesiagt & TeESOp LBHIRCY Akdns Haphplarge fraction
- r
of tRFE G A0 IOUIR R OR B Ch 1@ rhEl P IATRET wilied, Althpush there are
a largt nuioberr ¢, vativiles abspasticd math thatrm&mahnpg&eisra:mm sauoured HBOM

111 el t I ¢
depogg}q géfangf: liogfggr{olugr(gg (ﬁ gE}rgup | ull%( %ﬁbq} {qm)oprer Bour for a
per1@d @F@néaspﬁf h(ﬂﬁ’!‘sJ rto 196 %Q}r&% i1p gleﬁlfentaﬂer |h§ﬁ'13F0r ;?g?é(gof at least 100

hours, to el ement ‘per hour
hourp,eumZ@ﬁ gdﬁroap Hlemenop@r hewe kor ot feriad ofraichasiendock, toasi@dch as 300

I erl i od. of
to 46D SR DhétpGaRnr hafiibr anriod s Sr-BChmotn o Spicalititep coacit
can £a@dg® QoKL AtoFEK Y 568 vt ah@foriinGt£a8 80/ NVMultipid YdsBd1§can be
vessel s can be operated in series, This can provide
operated ipsqrics- Vhiveper proyida GroyndHpYimnterkd thrawghpyisthatare sigilar to those
obta%x{%ﬁ%?sﬂ Igl%a&%cm& silicon manufacture. 15 Equi pnent
ion nmeans the ratio of the tine that the

sulBguipaieat uthlidatioh hanehe Trzﬁfo onDﬂﬁﬂlé elsht i subgrated ihithEreactor
peri od, such as 24 hours. nost of the tine is
comgyEn{o a gen ua}erf@ﬂﬁ%walé gs %fé h@ﬁﬁog%deVM et gpthe time is spent
€
prod‘rﬁgfnggqr cpgk' Sog&lrrrkg ggtu% Sc’:ggﬁrrgﬁ(gg g{éﬁglglg@?ﬁﬁﬂtéﬁhbé/ Quantitative
ranggs fardlomse ﬂem;umsnzdra avatabjr foc emaira glhcoresndmobm@lytor 'ﬁmeessmg

tech{el(guéﬁ nfﬁeteeogﬁgﬁlg%:nztg#l 1%810%8%&% % Ljél)l &kw ﬁmar ést OeI{ the order of
about1781td 859t htdaal sitfilasid ﬂhﬁt%‘f sﬁ@oh%it@hal%@@ﬁﬁ&ﬂ &ﬂupment
equmenf Reactor utilization is the period of tine
duRicagjonitildation puwhhpatodidfdinmaduinigaihion gtorv@h of thiggnatatiad on the
S, accurr the reactor. For nal . HVPE .
subs}rggcl% 8$cg1rr11?£¥nstﬂ% Eﬁaatg Orocr?“ﬁ%&lon lflggrﬁ 6’?% s,ttgls ZY%&;G is on the
ordeBf 4@ tdf £5% aw Mok @ 3P e M6 5Bk ad heSEdidd1sSddSREn, this value is on
herein, this value is on the order of 65 to 70% 25
the @aefioS e 7P¥zati on is the overhead time in the
re , -
or SRl TR AL Berhdag ind Apd Mo i, B iE e time

durihg whfch\ir6hedh it bedueting infthe reaconufatd ﬂib@ﬂratéﬂéﬁﬁoffﬁ@d) th@feﬁn For
thiis value is on the arder of 65 to_ 70%

convquiphad FEY It reagfors: Hus vk s o the prsiseefl brtoeh % Wfﬁlesf%&ﬂ}/éw reactor
sucHt% tﬂékh ;dtl?s%gf%&j ﬁér.efﬁf tlgéx/Slﬁé)ls%anE@ofdgr I +d ciBse t8cl _lQ@%? i.c., close to

a silrtcon nanufacturi ng process.
that pf & siéindn maweattuong podesssses the main limtations of
t h%hce: %gersgl?ttin\@éggn tagcfrlgsnsgé ‘81% main limitations of the current HVPE technology
which prevent high volume manufacturing. This is done by replacing the current HVPE in-
situ source generation with an external source and replacing the current HVPE high thermal

mass hot wall reactor with a low thermal mass reactor with temperature controlled walls. The
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whi ch prevent high volunme manufacturing. This is done
by replacing the current HVPE in- situ source
w@emsnetldon Wi th an external source and repl acP@myUs1ve7/084935
current HVPE high thermal mass hot wall reactor with
a low thermal nmass reactor with tenperature controlled
use ¥ &terldl 8o RVl ARIBARAHQQ B %ﬁ YRZRR O BAERzc tHS Bre@iirsors,
an external source elimnates € need to stop
greafly drhuensingrihe equiprastfeitilination: dwuthsorae, thgmast flyx of the precursor is
controqped%ﬁ%ct Qlf ﬁl%gtyortgégﬁlgésor W lg'or%t? 1 resulltlijnggt 1|g}elrrngpav%d céltﬁ?ol of the
grovﬂﬁ peddesd ir@lﬂhiprm%&elﬂl a%e Cc@ﬂﬂfeﬁhhl&ﬁass l'r%tﬂrtwmgtemlperature controlled
i nproved control of the growh process and i nprove
wally gegatly regiyecy %wtlméﬁ%aredrfa%%eaﬂéa@% goalingnbath dpanggigmeh and
I
rnan?to ' tr%% a’{l"f?%aétﬁh%h Ir%)o?]_?ﬁlg%ﬂ % ngétug ?%l%sﬂgtreoalsr{)ﬁpe%gy teq8e of multi
tempepatntegacts s, whieh abu hadt pyactioaltyapmissibie ihelat cuaredt HY®E lidtevall
SUbié aggralso F]ts the use of nulti- tenperature
Systypod 8s 8Ly iRitoR ol ® WAHCTARARTCIGAYGrS sBsRiasE Eraptionsipad almost
comPEdEBk: Blim YRS WAt depBlils. FEMRh&MN ok a&gba’esygr&a ﬁakgs%k the time
he wal | tenperature reduces gas reacti ns and
bewﬂhnnkmnmgdﬁwhegEﬂygbtmmMmanbsumalI dep03|ts

1 P B spanGarOR ianr T e Tl o] badoih Ak ARG fghpounds can be
usedﬂs'a'n' &hdBourtd orHEeBE GE% sﬁi&rbtf TRV cémPaiRidefficdnBetors and can

fact that certain netal de conpounds can be used
provade, gnhcasunsting Wikienedac ﬂdrvemﬁmlmg@sietanl@@ ipthis ipyengion, a

suff%loegﬁg ﬁ&%l r%aﬁsql VglP Oqgl g&{elg fan%qjgaeﬁtl%vﬂlel}lgﬁ géﬂo(gﬁton I tesjg (ljlarge %reas. In

partictlat, WigeninidiRdf Gaol; igin assufffidientBniblvyvisogity s@sso bbmxit f.di)ttine
achi eve and mai ntain high deposition rates on |ar
physigad gaeany, §.21 Bubplingjveth aaﬁam%% threpgleHquidsri s, pan Pwvaie a sufficient
evap%ﬁfftfohqrht]% %tfléédlg(?\%d’ {hﬁf3§§%{)3ﬁss§ﬁr@s SudiPa ORFiBht e}'; R {flgceosny state at
si cal neans; e. a carri
tempdnzlttmbg In & ragige db@&@ﬂ:ﬁroxmdprlGO?(dele&mrﬁlbrecthﬁsnhventlon is based on

rate GaCl13 d that GaCl3 assu o
the SRR GHcIone My oot wisc o i gy hagg at t?@%é%ﬁ%ﬁ&w phput 400°C
is acudGAABmBP OPile AR QX KSRl or #ROfemeF b MHR&I@GEH& §s (GaCly); or

invéntion is based on the fact that GaCl3, in
Ga,Clsqui d phase and in the gas phase at terrperatures

1? gh% {9 (??@g%;zﬁquscg@ uﬂj aﬂ%ﬁ er tur§8$ asa% %rf)]reccursor These
comp&iidl @@sﬁﬁlar {682LGE6 buk WitdAdd kdpl Qg éhe@@%@r@ Q1 etoddse &For example

chl orogal | anes can al so be used as a precur sor.

monppldewgaldanedes e warbsidge fal p@marépl@pzmlé atrs. i shoyn below, the
termrlrrgaﬁ (lg%ﬁt}o%rg%cg gtﬁ g:% fSS b?ﬁeé)?%c%g%g PF ot 1@?{%%% r%% a rCleS palnd trans version

of thdycdthiuadE . Aéﬁ)rcﬁh@WﬂB [ebal¢ ertdi eln&% Cﬁéﬂm 3®{19Ghy bmdeﬂ stability
atons can al so, be replaced by H (note that there is a

of théldémawcrqaa%swlém@reéﬁng 6h10f1ﬁats0ndbfﬁb%t?ﬁa)nal Gasdhudn gy do?
kcalﬁhoJlkE)I P@k &b@ﬁ%ua%ﬁ ahd ﬁ{cﬁbasﬁg)?rﬁ -8 %9211(11]:&3%!)& 8281 sﬁlgk‘?ltutlon for a

e di mer reases w I ncr easl ng
bridging ¢f atnait i s e themantber of subbtitCGad)Cllatnmisddoyeates? the fraction of the
kcal /nol . per O substitytion and increases by 6-8
MONPRIST /aﬁﬁlg“&l‘lt?{n%eaﬁtﬂreﬂwogﬁioiefﬁaﬁ?l on for a bridging H
atom Thus as the nunber of substituted C atons
decreases, the fraction of the
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10 WO 2008/ 064109 PCT/ US2007/084935 t 1..A 31. trans
wa2@8%64ms e 9 a i.3 :3 00 M61i I'l C_ The grOomUB2007/084935

In- and Al -containing conpounds can be achi eved using

substantially simlar equipnment but with the

limtation that thesezﬁouﬁces afe not as easily kept

inaliquid tates 3 nmelt+s.at 583C. Wiile the

pr esent |nvent|ohr< SER0.D ﬁ@?or GaCl3 meaiy ubg, s f i ed

5 to operate Lorper at uf e3wgbbve 583C, this is

practical | yg 4cul t. f alternate approach is

to heat the InCl3 to a tenperature below the nelting

poi nt but where the vagpor —pressure is sufficient to

achi eve accepsablatd E?IOQJﬁ%tES A1Cl13 sublines at

178C and nel ts &t F00€1any @ 58t m The.npresetla

invention desg#k fongcaﬁﬁisfan be nodified to

operate at fi herih ~atnosphevic pressure and 10

tenperatures above the nelting p0|nt of AlC13.

t|on I Ite nate a ch descri be .above )
b iseonah o gt SR b6 T RBR TS Bt B S X6 e Ytantiatly
smuPar %?ﬁli)hl%h%ﬂt hoithth g inV@ReK tHaf %Mo@rces Wl dot ﬁé %llw‘% -in a liquid
also fornms a dinmer (ALCLl3) in the liquid phase

statcarfdClameltsent é&%"Cp Halbide the pr¢sgw m@mﬁl@nabw@sd fox{er¢lemay be modified

to ogeé%tg # %ﬁpp?ha Urgs a\%oviggs Sa Ij[ nt | orhcaﬁ\é 8%1{6 4\’ ff\tlﬁu,?th rTAan alliate

appro&¢HOie t@hebt Ehedall Ito |a|t@ﬁpéﬁ@ﬂuire§bfgd$\$ atd veltiag p6@s buth@ehdre BR vapor
required for heating and cooling, both during growh

presgne Inailine i 4p eehicvRrsCatiahle depastionapicdl y heat and cool
t h%léy %ﬁﬁlﬁrﬁ&se tell7§“t e Hélttssattlgs dJ rﬁd ij atm. El"he resent 1nve t10n
eré%ure processes, are no ?
descpibsd fd&tl(ﬁ(ilpcatnﬁ& rﬁchttlﬁedhto dIMF%Ee b]tdhghﬁltlhan&ymquena'b&ssure and

ability to ont the er at reduces
tempgrEuEes HRowG ! ﬁ%ﬂge tHigcPoat ICbo r%giodétf%lﬁ 5.dhs pifcratie apRigRgh described

aboREBPRICS heaﬁ Ao Bt 'tlf%r}nél{m% 901‘9@{0 acﬁf‘e@@%'sﬁﬁic%ﬁ?thll% vapor pressure,
i ncreases the ti bet ween cl eani ng, | eadi ng

will absactork. AlCk abatformms. a difiee (AleWs )t hethedlquitagssé mchmhheegasqmase at

) usi n mhat is traditionally called a cold wal

OW’%@ﬁ inthis invention the wall tenperature is
c OfAtn"oﬁiek ﬁﬁu{ S nRpoBRECAthiS idRANEK AtaUbR- thdidfil nfalld Fe8&tbr. MPe low
wal | systens are heated by being enclosed in a

therfak massacacter wiletemparasys centyolled wallsteieatlyupdicesithe times| igawired for

h h
heat%%d é\li}gg’lgriﬁa elhﬁd(; eu glegﬁotw@ém n(lz“arn?t I?arnt%? ngﬂé{ at\é\?ﬁict{) r%q%dly heat and cool

the JuB@tAtO@sO pern€sithé ﬂMdﬁﬁﬂ&brﬁﬁeraﬂu n%ﬂ@es@é@ Qdiomené nottiectically
system consists _of a reactor_chanber constructed from

possehl@iﬂt the gagen) FEYRE hetavell petiner Teoritity e ceptrdthgwalh nrerature
redug%gga? 2)"1’19@ h&etiotis %}ﬁcﬁél%sp%dpq e@iﬂnflﬁ% \g’d'ﬂ 8&&%@ FEfififhation of

reactor. uartz reactor
wall deposits greatly increases the time between cleaning, leading to high reactor utilization.

The low thermal mass is achieved by using what is traditionally called a cold wall
system, but in this invention the wall temperature is controlled to a specific temperature. The
current hot wall systems are heated by being enclosed in a furnace. In the new system, only
the substrate holder and substrate are heated. There are many ways to achieve this including
lamp heating, induction heating or resistance heating. In one embodiment, the system consists
of a reactor chamber constructed from quartz and a substrate heater constructed of graphite.

The graphite is heated by lamps on the outside of the quartz reactor. The quartz reactor walls
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11 WO 2008/ 064109 PCT/ US2007/ 084935 can be controll ed
using a variety of nethods. In nost cases the wall
W0 esoposadur e control system consi sts of one OPCTDRI07/084935
nmet hods to neasure the wall tenperature in a variety
of locations, conbined wth a feedback systemto
can B&idttlolled LARE a $RQt RY nREhJAS A MBst ARWIhd Rall Renpap@lide control
region to maintain the tenperature at a preset val ue.
syst¢rn camfaithel oneras aalradiethods hemgagure thetveatiemaeigruse jnsa variety of
nt r.ol by, f t ha I aj. r o the ext.eri.or. of
oce R b EY in Bk B 1 Bl s RN, PR B Bl o tre
wallirSgib@to mamsdin Senedpératbeatcopsicaniluat Irtddothidr eB®odintedt, the wall
tenperature controller can be programmed to vary the
tempesgperia cemrteolicd bydasale blow pbwatp he exisrinneidhe gagtpsvalls for
[ j f f
coolff 118 Pl ERe kDR il SRS e £ bE Ml Bt BEUS o femporature
contesteo damenpegratinédoto varyothia cémgeragratd touhinyd mgevddGaidormance either
wafers, it will be appreciated that the equi pnment and
duripg g1O3HR OHBREHSBBEF can be readily adapted by one of

av &1 &g8oiSthic tcus b HRERoRbFink U@ riRioR i OFHAE: YR FRER 1 embodiments
any of %he I'11-V conmpound 'sem conductors are wthin
for firbducsrgdlingh nithils (GalVemaficonit wihbe epplicoigiey that tlichequipment and

equipnent . is withi.n the ope of. the inventjon.
ettt SRREECA P LT SRt S e B v ctfes SRT MR ey produce
wafo bhait ofi thé ENVeghnhpdiinll 8¢RBndulbord\heOy {18 thd W8P bOMis invention.
provi des equi pnent for high volume manufacturing of

Accagdnghafseelscquipragntiiswibivribasaar of Bicdoypatipnc Headags are used
throfBRLRId: A lrie L) SR8 SABIDRHLIEf Ri@fogd N Tnvention can
econom-ca Vy r ea‘i I'zed/’constructed by
adanid thg invediidy progideX eglipmgnt\BEhigH wo iy vhadufadtuti@sof GaN wafers
been designed for and is commercially available for |
that & qepe@ﬁlce%tv)coaﬁmcamd oppértiona dfered pnkodimgyis of thernvention can be

ecoﬂoﬁli@ﬂﬁ% 1@8&%8/%81‘1%&%{1%%%%8%@{@% %‘i{f}ﬁgﬁ gﬂgﬂéﬁg}/ Bp %qﬁlh{gﬁ%gi tlhat has

consuri ng process o S|gn? ructi
beercdusipmpé farsinfl ¢ coBaiedeply sivhilabhe for wilipom (81) Epitaxy s o pratice this
. I nstead, sustained, Ei h- t hr oughput EaN deposition
INVeRRA e AP RACCESAY TP A ﬁ%ﬁkﬁﬁnééﬂ St fme copsnipe prepess of
desis Struct 11 0 r{&aNe Hepdsttion g _ tch.
| AP st ctRalll eedioaons Fiushed ﬂ&gﬁi A%qhRHREE £ImaLsh

mted nodifications to existing Si processing
Instqad oshytziniednhigh-dhrenglemt Godedeposifpo aquipintit of dlechinmerdiohi ced be more

rapif B s omE bR T BT e SRR ARl nodifigations o
exisfi®d SOMbOGside peddubtidPproven Eduisrherti M@6AEith QudhNBodified existing

generally preferred features to be incorporated into
cquipicst hoyosir, they ivenien alsoenceamases deBeYoiPnsiiedon: es

t hat .hed, f P '

BBy o B PO BB Bt
feat@td to beliicdpdbridanto crivbiagd Sirediligmerdifbf @4 produdtsn. OFcatiies that can

features to be described can be jnplenented; the .
be rgtApeh TP B> 1iPEOGT8tNg itk desCEbeBsieiars st 1oy # Wekegwgyin the art.
In d@felrentt Eﬁ%gdi du Hlt?%renlt_@ Vdtthe feg{ureos.QO IBE gg&ﬁ‘ib'&@ Xéﬁl l?ei ﬁlfg)flemented;

sust ai ned, hi gh-throughout production, nost or a
the inh@senfieadtumasedap embadnamt cigepderseraing atlhiegse ifentinagleHowever, for

. . I di o d | k f ul
highG R uRIa P Lot Ao R rddvcBan ot & A LB i s arc
advafflgeBuplddans, hakte taastdg afdis.0adi Rdd s and fully automated

wafer handling with separate cooling stage which allows fast loading and unloading and

processing a wafer while the other one is cooling. The loadlocks eliminate undesirable
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processing a wafer while the other one is cooling. The
| oadl ocks elim nate undesirable 12 WO 2008/ 064109
wEROBNEAMD7/ 084935 exposure of the reactor toPCT/US2007/084935
at nosphere to mnimze introduction of oxygen and
water vapor and greatly reduce purge/bake tine before
expdsHRIUMEe réYBioeRVAMmotfiRretdtRiNBhR6 iMiAyadbtidtto ff RYBEELSd water vapor
yield | oss and wafer breakage from manual handling of
and grepidy sedupqpygpbaleaisnae befoBerunaing] Moregaacthe guigsweedihgndling reduces
. ndl e th fers mhich all . hot, | [ nd .
vield ARGHE e PGS I FPaR R RSB0l sy emouni
wand @Ngc @@hanale the MeaferGameshadlloerihotioaging Sndtinlohéing at temperature as
. preferred features of this invention are first
highe SOPTGewr save langecopbing ERtc- of a generic VPE system |t
W ldeBQr%Pgm 0 1%5n KSR %hehp(l)re e%rre]c? Pand &G t’ﬁqs il?\pé%%glll gl%%r?ﬁ described in
can be routinel’y adapt'ed 1o particular, conmercially
the vigdxt 804 geneBic VATH $y8¥%yn. €1¢ Wil BEdHme apperenf BdW eWs® @eneral embodiments
description is then directed to a particular preferred
can perswinehsaelaried toastiquiyermmsprcidly aveilabic. St spigraregpipgynt. The
Toll AL HEEFpHTE thoh BRSEA 00 pARRARE ph Bl o b T B Efencion
and &fries preferret eaturePthaeisibasediad) onel df ths ERPh AN tseridsaBingtc-wafer
.that the invention is not limted to this_particular
eplta_ﬁﬁwzfr%aﬁf%a “ibl fmﬁfswr%%m@ﬁ @i@%?fﬁ%"eAZf s apparent, however,
that tHHMRNHBRSs £RWnslicaas iy Q%CQQ%%&%%&H%WA{%% example
series of AMAT (Santa Cpara, ). 15 Preferred
the igndioidnsrentld cofilytbeadepfod pntha CEA R Rhwdss of AMYET (Santa Clara,
CAJ nvention (for producing GaN wafers) are described in
)general with reference to Fig. 1. Particular preferred

empadt MRNEMbAi Rchtd 8P tHIQYGHpnRAHaddmBMbEs Sth@idvestio ¢ producing
reference to Figs. 2-5. Generally, the equipnent of

GaN viwfsrs) preedes¢rdreding gerasilgniéireimencsite Eie. Botartfograr preferred
ennb\o/g'I uetn S atqgﬁl%];l ggclilllrble@ 9{} 1%fore c?e%llife )%&Izlﬁ)lf re%é\rllclqu %%r%% P Gé:nerally, the
substratés ‘and al'so tor economy of constructdon~an
equip@ehdfitel invaatiosNERAhe MBI NENTIS o0hi ghHbb [ NG L faturing of
_For convenience and without linmtation, the invention
cpitgxdal g lagens wn gubratgsegd wise Hor qcepeing AE eoRsguHiQ) angd gpgration.
terms of three basic subsystens: subsystens 1 for
provi di ng process ases (or liquids); subsystens 3
el udi ng o FesCENBRecRRBBR ST TSRO T or
wagbecondenidRed SiBhithoufimiatie tad@ventionMetderaly described with
attribute of a conbination of various physica

refefegeg tgrids. i teinkeofdliee basiec pelstitieme subsydenet ifer mrewdingasocess

s SFREL ARG 5l TR FO PSR T v
abatsmbsyst em especially the gallium conmpound vapor

source, iS an ing@rtant-feature of . the invention. .
Knéwrioessnabopt FhY Hlcie a8 akribyie ef p 6ompinplen 9f weious phesigal features of

the s?ﬁ%lm\'{ﬁﬁuﬁﬁ’iigttﬁé(é’en%ﬂw&itﬁ@sqdecs}éﬁﬁ&ﬂ%rezih.ng GaN directly on

e 1. EXTERNAL SOURCE OF GACL3

The structure of the first subsystem, the process gas subsystem, especially the gallium
compound vapor source, is an important feature of the invention. Known GaN VPE processes
are now briefly described. GaN VPE epitaxy comprises synthesizing GaN directly on the
surface of a heated substrate from precursor gases containing nitrogen (N) and gallium (Ga)

(and, optionally, one or more other Group III metal containing gases in order to form mixed
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surface of a heated substrate from precursor gases

containing nitrogen (N) and gallium (Ga) (and,
wopisoaabdy, one or nore other Goup |1 metal PCT/US2007/084935

containing gases in order to formm xed 13 WD

2008/ 064109 PCT/ US2007/084935 nitrides and

nitri@& dndplibially0 58 & mERIRpHaP %r@vfd@ sPERNE SctiiBCEddactivity). The
el ectronic conductivity). The Ga-containing gas is

Ga-qpatpaning ggsalls luiseptyresHowh mnodéor(l@(@;@ﬁlmr ggdiun trpahloride (GaCls), or a
galhturrnI gr%'a 1o e i(,)] dC ]g tr1 eghy?.gé%‘;‘ l l )or %&ﬁl}%g%%ounﬁ{MG) In the

first (CIMB)he plrdsvcetqm reﬁ‘erredsto MSVPEt(H@h@J V@Iﬁﬁﬁ’reﬁuﬂeﬁﬂlﬁﬂakﬁ @nd 1@ the
as HVPE él—lal i de Vapor_ Pressure itaxy and in the 5
secogd @ YO YUBE (ot Or B@tl%tVa@rd)dﬁﬁséf XY Pr essur e

oKy Gl B80T 5 A PSR AB hi  Gac

Vap(ﬁ)bﬁtstamﬁesamdl inRits it the irgactibie vessealc t.ig foy\pem@ HCEo@r a boyt containing

hqu]éigge} r Scpntr@%é@lp ?s ags(@%l%g(ﬁgf %é?xibgeg%f:orgﬁtg s {in the agsence of
moﬁ’aﬁ’t%wg{g'iﬁcﬂr@ céﬂlﬂlohgesuﬁf%&ﬂﬁ%ea%d o%)es‘é@éli:\k}lth gbout ﬁ 00 g or so.

n seal ed qu%rtz anpoul es each wt
TMG@hkod{l Eﬁoaﬁe g’olcatlleslmuldm Thvml-am@taﬁiﬁrg gats@s wsuh By hingonia (NHz), and

semiRiiclShanahS S RaNAINOR SReC RIS L avar i abl e i n

st anRalaebl plasMERkvatd Ngrenat dﬂnyauﬁhgmnﬁ&t a¥Rhg dcalﬂ%e used as the
e.g., containi n%gN i ons or radicals, can be used

N-cartginingi g nMeilasi I\Qa&,submn@@m wreagive with (kaéilant G@(Ell gven at high
proc#%#%@ﬁ&'tayu?esw}thﬂi g@tpr]aﬁlcgfs gg PFe\ﬁgr%d uﬁoelilrlla%lﬂer 18169 elﬁ%%e art, in

atures. rogen ra can re are

gend¥ENBE prok i cidigyt faﬁ;pﬁf 4 nitiogerd MoQRORY fr ,exkhipl@,r Bvadiiimga RF source
energy to split a nitrogen nol ecule, for exanple, by
to a BigRRY liae fRF2capatcan cleqromagneticaly indup@plagmgyd %@@r%ﬁlg in this

modt%{]t;ﬁgbfegmﬂgg??%?@ck&f id H&Qﬁf%d&h@énﬁ When operating in

e pressure e reactor is usually
r effekedknodn VRE pkms\mts MRB (O oerd Ge€] HMPEViAvabderGaGhd to be less

desngEtEng ?}\éfgn?q%leg}ga%qd belff{acgg}s%rqqﬁg 3 g' L r laygrs. First,

MOG‘V‘U 154&s |d@é/11%‘5fe fo’r: tHeSHrow A HRY @réa@er liesS] (ﬁﬁ%erc@@e%cflf%able
the growth of films greater than 1 Oum because

depatthinguteb Fase al@dp&ssthem B of &teed?poatl@l wtes Achissalilphp PBﬁBFoprocesses.

For exdfurie MU e R e b Uhhe Syt ol Ofp RO HRE i mgue, white

MOEVDLAE:s a2 O8PicRIIN Qs tHah lUQLr/Iﬁ)ur V\'Bédoﬁd MECMPVPELE Res@li&irable
typically lI'ess than 10 /hour. Second, GaCl HVPE is

becquassthiderefesa iquipedatis supphy of lpmt 68 Hepeasantria sha igagtion chamber in

orde? ltbof%i%\ (%ICC}eb:yq?éCQp 9&@& elg ﬁg&r ‘tééaeg tflalglﬁi t\ll;lmg ?ﬁ&lhﬁ%lﬁ$?ﬁﬁ% supply of
hquﬂdG(ﬁhnfa)ﬁbﬁﬁ thhaémias rdadtive Wigh S48 And tiay BEuficdént fod gh dolume

in a formthat remains reactive with HC1 and t hat
manP%‘Cténgl%‘ihéffﬁ‘%u“f or hi gh vol ume manuf act uri ng is

di %E&F#r% e&iuppz% ! e f e 11?\%{{1%&%11# Iaﬁ'eét @ln HVPE for high

primri to GCl
volunwmﬁmrfaqnmriirrg .OPpimiabpat tan, alsat proaide éd)l@dO}ﬁ}\dD lf(oiee go deposition of

D for, ., depositio ers an .
bufTpay e thﬁ@\kgv bio G s st oA SRR b S fifecturing
requiROH ERFELHT QECL: vapor that achieves a sufficient flow rate that can be maintained

without interruption (except for wafer loading/unloading in the reaction chamber) for a

sufficient period. Preferably, an average sustained deposition rate is in the range of 100 to
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requires a source of GaCl3 vapor that achieves a
sufficient flowrate that can be maintained wthout

WO ndosf641p i on (except for wafer | oadi ng/ unl oadP@myUSIV07/084935
the reaction chanber) for a sufficient period.
Preferably, an average sustained deposition rate is in

1000 PRVERREEGAN éﬂ%p Qoﬁl‘%ojtﬂat\éﬁrfl%ggﬂté)l?%@ Yafer (or one batch of multiple
PCT/ US2007/ 084935 1000 hour of GaN per hour so that

waf@apprequiasaipehgre diren onafoe tw¢ bours o€ deaisttondimarolr evel tblck GaN layers.

waf er s ires.no.nore . than.one or two hours
Achifdisganth bR degpsoe it Aok Seh hapies BoXERaidow of
GaCsdpoatibehied; ggegqﬁeegfszstol R3O0 %Vlﬁ)uf %920“@@1 diRatar t3b@ pm thick layer

source provi a mass flow of vapor at abou

of GabTmomprmﬁ @loyt ABOouMaBhHoSGL b e vrhalem 1mﬁ abpuHQ‘Va Gadgowveight).

Furtgn%r suc%fa fl@avy Elie ?anoé:a% lcge a1n§ 1nezfgt%o @P Pen?éurﬁ ?n sc}/ that

prod'ﬁuﬁéthﬁiteml?ﬁﬁﬂs I@qﬁlkworr@élﬁrgbad@rxﬂé@ﬂle Kalaty aﬂéﬂlnlﬁvddf’tb at MGk one per
for a sufficient duration so that production

week,firénqro prafeyablyong af lcay cveryrtwerafoye mesky i tecordiaglyeliicrreferred

that gi;eg?dexif {E?bc% §ﬂ1015negm91thtaﬁ%§l Ioée}\q/eeafégg(% \x)ﬁ'?et?%(ofr %Etrcﬁgsrcﬁ rnultlple wafers), and

preféablgrioi atdtast 100, or $5@roe280,re@d@50tdhad0 whterd drdwtahat er mare. Such a
be.naipta|ned for, at |east 50 wafers (or batches of

SOUTRR S0 KROWR IS PIOL#l 10 preferably for at |east 100,
or the Q%ulgﬁlegpcg thé)fnvgé%ntﬁo%ggs é(\@faéfg%oﬁ’rrce ek 80&%01955 problems in
nor e. source is not known in the prior art

ordef heachepyie prefortredbflow maes mdechtratmnsp Achictew recfeacd fowoutes bas been

.t hat. erc ens, in achi.eve refer
hindregip eSO B b B Ru O perR P GOl B Gt fpdions,
Ga(lak @%oh@%nb &8por dah BE €safkdiodAl 3}‘ Ws&)ﬁ?ﬁaﬁ@ﬁ( EBHVeAdMit has been

hysi cal properties of GaCl First, at anbient

deteﬁ@mgqi thap e ClasBbigaaian jages @msl(ljllad@ﬂua‘r@rfqr papisingeapobet preferred mass
Y L1 o V
v Bledr So 04 otk PR SRR Ty ot Bl ol e e ysgporation

fronf O lRuwuethog Neapeverat hiy St dcrBimed tHad B dpatfidn rates are
Second, &ACl3 nelts at about 78C, and vapor can then
inadpguateforpEp iying DEsHRIFask s Flomy fast ﬁeﬂhrrqufmepakawseebmeans for

iner ERME B or adiBRichl 0. DERCAChALRhpedd oS YaRar ALkl

s are | quat prov pre err mass
evapoattm ratElsufﬂwem,tlytbjepama Gaﬁlyylﬁlu@is kmeanso bo relat%ly viscous,

DS RS eHET ok B goagdr of e TowGapreiod i has
beed @55@1’\7%3 bhd Bis88\ckad tﬁ@t%'éﬁl%n%aa@%goﬁt'aﬁHﬂoQuha?elKﬂQW ta‘ﬁd%@pemally at

relatively viscous, I's needed Is a fofmof 1
abOL(Bafm@xmmatsluﬂBD%E emboyeJ Ga(éhz assugee sudhyg loa/rerdwscosrtastate w1th a

een. o rved i ScCov hat, .beqi nni.n
VlSC%SFS'%’erl}H ?‘Fa?’eef % ‘%ﬁggéd W%t ggcgglathgr F‘&ﬁa&%eena%l%jsgliveh ang glscovered that
in thAPIRHRX | RBS e ¥tale3 BSut pAPAYE md@aidd capfIIBScrRlEeIR raising the
| ower viscosity state mnth a 25 viscosity simlar to,

GaCs qyaporatien ragd sublieiently inrovide thearrcterred mass Bewmatebser ved
an%[cg&%‘fn&\% i G%@ souIJcQ of Hnsslnlvg V\%r n\fe#lﬁt%qﬁl %se?vq 3 & liquid GaCl;
routi ne

ansaecaa

withrtainéragiré me coﬁaﬁﬂjﬂea te Wb ﬁpﬁﬂo@i’ﬂnaﬂ@lﬂr a36ud ﬁnd:lmenidbs/pﬁmcal means
provide the preferred mass fl ow rates. According
for qnpancigacths cxanorationgate; [§ugh physisH msanseenribelnds %ltate the liquid; spray

the ERE" g Cle 11 { tflough the 1
o (EREVR) Lt L RGP DB GRALTGR sy iauic
ultrarsb]ryiséll}alisp‘mrthe liquid; and the like. In partlcular it has been dlscovered that

bubbling an inert carrier gas, such as He, N, or H; or Ar, by arrangements known in the art
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30 for enhancing the evaporation rate. Such physica
means can include: agitate the liquid; spray the

wO p@aioat109 | ow carrier gas rapidly over the |igeeTUsS2007/084935
bubbl e carrier gas through the liquid; ultrasonically
disperse the liquid; and the like. In particular, it

throfi@Sa RRRRA vﬂk§§€g@ﬁ@9fﬁ@ﬁ&(h@%bbklﬂ&(ﬁﬂnhﬁ&hﬁsgamﬁbﬁﬁmbbof
such as , by arrangenents known

providing He mﬁerri@nw Ao 8¢t@f6qf1@@315>cﬁve@m@lo:mﬁgw%@w of the GaCl;
sour%%%g r%a s\élbt% S greg h a[%oﬁél%og 110 helr geiju %%eereto Yehieve

bette{iﬁ@ﬁﬁé’rﬁt@ﬁé cf&ﬁl‘él ﬁdlﬁ)g'\hdfaaﬁlg sledienfsafulside dﬁr taé Gdfsél&’dir. For example, the
configurations of the GaCl3 source have increased

111us{ré&65| a6y OREGS 1 PBENdrisalo i Peigbithalgs consigerahly grpater ghan the

e I
iAok BB oy DL BT BEL A AL, 6005CA YA 4 o
250 gypampde, fott énpaerﬁ)dl deaU Rhsteit()é oG (Watpa dousfot wiperidd oLatlleast one

Wi t der ahl reater than the

et B 2 26D el Py ienran oS s 1sp! per
ho MorE@Jer & @&C, %Iur@é egfabie%fstﬁe FlAQH TR faf at%%regloﬁecrannot rely
hour for ‘a period | east 100 hours, to 500 g per

on Gv@lﬁsumphechlnpeduvmmabf%ag athpaiges. dhweh aweek)yntt woudd bh |sgifﬁicw$1t for only

15 t7548tntﬁi%u 88&8 pe il %s?tg%ﬁ r”@gr %fg%ag{ﬁgﬁk?f laﬁﬁgt ofqhe GaCl; source

of th Bk eitiodds far a@g%a gy dubathiete MR thi®lNputlddaBidbf this
GaCl13 suppllgﬁGln |A%?vydual 100 ¢ aﬁggulegﬁpsﬁgh an

invegheru e e sepnbecchyiinecheils sgusee smrgferaply imitah Hewiencsgecharging
ion or

s ol B0, SPGB 20 IO L syl WA B
rnm@@t@l The &t ¢hargeT theaohicevandithe GaChuppiy (Dmgbmutt @Cfaéesof moisture

of this |nvent|on the tine spent recharg GaCl3
prwg@mf%f@r predygtione Depryding an fl@dhrowlsm gpalsp aﬁéﬂlﬁueﬁ@odﬂ%@nw the

r f
invoffBAPITRIEs SRERG AR SO HOIRE of RIGSHAK 8 o BRI B ptJsast abou
35 kgharaégast dbeusmlto(ﬁ) k@(mdtlt mlﬁamﬁltsietmpﬂxlmehlhy&mmlmmnts@f size
of .noi st.ure lgrlor t o .waf.er product.i on. end

fre
and zyﬁl&%hgl YIRY O vy ayfessof 8psifaning e sOHsEdR Fiot gro ey {othe

reach@ﬁ/ SNk IR, 117G ﬁx‘é’f%ﬁeé @Mﬁ&ﬁﬁleﬁﬁﬁfé%z?c gfsod}é’é an%l@%etlxﬁéé‘i% hbout 50
about 25 kg of 3, or at least about g, or at

and ll@(hhg ohGalk, ﬁ@ferqblﬂbet’wget( glaulh 68 and, ﬁ@)ég It|wﬂltbe realized that there is

no ri UEhE G PRIt ot B P oL

condduefdimaddust 0 thﬁerﬁi@)ré Qﬁiﬁﬁpl@ RoGO& GGG 15 LSUl@bE E@tfug ftl’n%d%h a
enbodi nent, the GaCl3 source can hol d bet ween about 5

manfplg to POITRIY SwitchTACgm qneepBicaly ynaskarwadnatsagier dovatiae. The
e bR S AR e S e B g o
ﬁﬂl&h@ﬂ:the Ioglstlcs of its construction and use.

Furt her nore, (gle sour ces of. GaCl3 coul d be set

t holEheTAsPRg r‘?if fhﬂ aGle sppraph thisdpY@HPRE e f@ﬁ@eraturg Control of
the s%ﬁ%l?qgleg Bet@RAL ﬁi%rsg %Ieaﬂ&] Ene EAGHA rcggtﬁv\%]r} 'T'Irl% Terﬁé@at%gb of the GaCl;

y source coul renmove e the reactor
supplg hnqmeandtasscglmdjmaﬁmm sahsavist dongrolew anfduhd lilksopreteablAincrease

f.th f th
e 1 BEb FPREL 81 gt e, SIS ot O S LNERLLEN
preveft a8 hshiieh SAHE G%C%;\%Egpﬁ th€ aFplyPInSRATRRY like T NHowever,

tenperature of the
temperatures at the reaction chamber entry must not be so high that they might damage sealing

materials (and other materials) used in the supply lines and chamber inlet, e.g., to seal to the
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supply lines and associ ated mass fl ow sensors,
controllers, and the like preferably increase 30
wQ@e@adoediby from T2 at the exit fromthe sourcePCpPUSOTE4935
at reaction chanber inlet 33 in order to prevent
condensation of the GaCl3 vapor in the supply |ines
quard@adti dhbifBer, FRVRVIRRS, O-HEPDBAAIHINRS. @urlehy, 8l Bfterials
chanmber entry nust not be So high that they m ght
resw@%ﬁﬁgﬁl Swabim gnd predilapledbsrouting conmercighase m he se)mlsrgwctor

ity bR SR oo T0eb R et b sl 16, Ftetore. e

inveh@&Cinchide S fvapipg the koheask of the CQ(IH APPly ladrd ahdd ehehihlégting or
Currently, sealln% materials resjstant to C exposure
coolggdhalingy asmcecssay (eestalve "©aHABing! te suprlyilige teeperatures) so that

L
the sonmen-tvhmh id ptefemaiﬂ§ asahost alg)rmﬁmateé;npmoé?t up ® a)ﬁlakimmﬂl at the

h
reaciip St ety CGLTEHARPYL SPRRRITYI g o | REC (o other
tern;%ﬂﬁﬁ%eythét' ifl @af@l?@th@ HEsh tei efahﬁ@ tol &R 11*1}’1%1, b'\&her sealing

enperatures increase (or at |east do not decrease)
matfaiatbs)g To Hvettsurpgiizy th¢ n@emam‘rhemph@tlgg gowenl, thhilanigth f the supply line
r ef.er abl at abpout

t
e RS i “Phu R g PR Th R boravieh hollf byt proferaly fes
thanRIbBhEIPPRINYmARBBUL ft2BPD &X biBfe I The A& stire od8bhe (RAC1 DR is

tenperature that is safely below the high tenperature
contrqdled barquesire@onirakgysism bt-her seal ing 10 materi al s).

To b | i-ze e r I

t hé ﬁltiét%lg{ %spg& Otf ﬁhe (tg{l@B régurl%i? ﬁgﬁﬁ’ 191 ORE onq% ﬁrreglsg %]ﬁ&ocf of the GaCl3
flux aynp alicedhagnban dIntJiﬁlbbEﬁiehimen&lﬁﬂ I’tli)@GaCm flatx ﬁdi\:ﬁlﬂﬂldjsdnece is dependent

short, preferably less than about r oxi mat el
on thg ternp@r,auge pt the (5aC43 sthe prpppélr?)?%egggﬁ. @aé@eafn tﬂf‘f‘eﬂ@ﬁ@f gas that is

{

oo s B0 MRS TLSTUE o R ki
any dbfthpsegmirgectesnd pielferasd dntb@d@a@lfﬁs toXbnfrblitke masofltshiey varying the

nber. I n, a bubbler. e Odl e GRACl3 flux from
ﬂowtqb@ Qi eas P% C%Bﬂ’?aéht évatl h}&&aafﬁmgosatqu jfgsors such as a
Plezg%’(glﬁld hbeKp ‘7 eeaHbEURYES pfo@ﬁie@%@&%n@l%n’éraﬁoff thOUEt0d1 (BRI3 mass

is bubbled through the Wil e the mass
ﬂuxf ¢. gx11tgra1@am@ec@rd imo el m@qtph@hmb@o i additien thypressuye over the

R G B B, P LR SRS PR b8 ot o

bublad. The hre@@fre BINtEARYdteth| €. aﬂa"ackg 2ddburd edii AV bl Brgasrol of the
conposition sensors such as a 20 Piezocor, and the

over [IrRSUTETN damnsoEccieoBines EPpivelds thakdntdirgs arcsewatn epnjwiction with
the clotﬂﬁroﬁgot %éﬁ{rll)t l?\iq‘%éf ﬁﬁg:@ ‘Iblg%] !!'rz((*’]tggbﬂg}v rajie ofqgéag% né’as tf%Céhtates an
impioR € 8ete@niomeon dfipeccuSCHdwsaty @ptidanieheamtdindr ayd ibyludes an
Edessure control system 17 placed on the outlet of the
insulstiBB PBYET PaENpr essure control system e.g. a back
Pr &sSs HEﬁraBFegtH%]tacﬁé)ﬁlate?ll alsQ84 frOthe €RE Ofo&lur&f it t?x@ Cha@@ Supply lines,
pressure in the source container. ntrol the
and gotht ailetemarpfodd storcturesinconjagheith €aChd bie cAorinkecsistant. For metal

controlled tenp ture, of the bubbler and the flo .
compaagio nidkel BR p 26y gyt B Babie QX OB o fyell-based alloy s

prefS8d £ THIrMRE éRfosRin 1@§1§§1‘1’cresf9f mfe{a@%rﬁﬁ(;n%ntsg% e PR idod thdigh a
contai ner also includes an insulati ng OUt er portion.

protective corrosion resistant coating. Such coatings can comprise silicon carbide, boron

nitride, boron carbide, aluminum nitride and in a preferred embodiment the metal components
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It is desirable that the materials used in the GaCl3

source, in the GCl3 supply lines, and in the inlet
worwsedlad st ructures in contact with GaCl3 ar ePChiUSI00T1@84935

resistant. For metal 30 conponents, a nickel -based

all oy such as Hastelloy, or tantalumor a

can baPSaA P AFRLd 3111c@YayeP o BERicl @fhorptiett Keibof Ry EQ drQ@Rample
resi stance for netal "conponents can be provided

SILTHKSLgH SALCOSIEEE R (compmareiaBy arrileblsifsanaResteliomegation) has been
e e B RA% F SRHoS Sy S 600 SR8 ROL B onmens. For
non-pictfl €ompenand) eRionaa tesishiit pBlyaleric angpaidiesthdrcaWdn or silicone
2008/ 064109 PCT/ US2007/ 084935 can be coated with a
polymesa@rapiefeeigd] ayer or a bonded anor phous silicon
| aYLliew! cﬁ{t Wl E?Pre%nleg%gdﬁ &ng ?%ﬁdﬁ%reﬁeﬁed amounts
(comTerC|a y aval e from este rporati
of Gh€&nis referradst icatieds haing cuntiimousigt sathed ircor appséroiate embodiment,

resi sta ce agai nst. oxi di envi ronnment s
the So4Fce ap 4 1@6%58%?%%‘1 Géﬁf%wﬁh@te@gmtmw gsfmq desired amounts
for tH@I'e%fté@Juﬁle (§t4RE. RIKAADHO indirktb SR MEWRyROIMITES 8 a@mar
preferred. In view of the above, a preferred GaCl
embgdinreng tlmfalpattioel armbot @ nglepc@ﬁmedofeth@pmwt ssm‘terGh@bS can be so

i S ferr to her as ac conti.nuou
cony s of REgin B SrRldls SRS iou it o Bt shohsy
maitehdn¥€le g ! Sedn@ipt #idN@dofeRGd qoirbd Ol confh &l the (PN sdice is
deliver the desired anmounts for the recited tine

confggured ansihdimensiorgdga lpgo e tha d@mmd@@u)unmﬁéme]precurh«mm ajn
unln?%i EedI rﬁéﬂn% 10 @cﬁa’qu ﬁl H%% gnur 0? C&% %fl ﬁg)roduct Thus,
rconponen TEhe resen SyS r?) i's or

the arstis bt(pfablé Aproedihg Itm:s@ LR6eRSs withbad Hasingrte bp Shlithoder otherwise
so that intermttent chanmber nmaintenance, e.g.,

discontgyad iy rapignigmensof the sobid PEgsUrsPed. I n contrast, the

Ga

oA SRAL SR SO LSRN LIRS iR 1
precun;bnin&r singlt egbervanmner byt promimg ntikipee desqrhoivothatmee manifolded

touelfi PSS aphited Someprovl iy Ta i e drdoldEe e, one
mseh@ﬁ4 daf bk ‘Bp&%te%%‘ brdi@d’éﬂh@ baRbRes e iSor ViR, %&ﬁ’g ofh®f reservoirs

repl eni shhent of the solid precursor. This can
are bty wpledisbéd Weh sblyd preowiseli mefesalf anct:nh@trthisyemamg en unlnterrupted

antities of e lid re or in
syt iR ng ik S oIS Brof BB Eogipgpts e Gacs
sourdé B aidNtfcpled @shertMARLBGRg cdatinGOUIP R, that thKbdur&dcaardeliSa@ts
woul d under st and _t hat |n a mani fol ded system one 20
contpiage a6t wibentelilbiparapce st degping irepenisfengaisetbergprocedure during
[ r
w4500 00 0 ooy Bk SRR P Sy

necds$iaite inkdrtuptionet GaNakpouifisit.er r upt ed system si nce it
has no affect on the %Peratlon of the reactor. such
emboH: AbAessibedh @ pegferred Gaplirwarqesan cayaindsall %étaafﬂagle ICSCIVOIT.

Alsd“% RO AP s ALl A u‘f&@d dﬁ%lg%{sé r%sér{?%l}s 4k, bhe 1%%% fl?av‘&?g"outlets

Fiver 1ts containe refi’ll
whlcdmn magﬁohileéamthag GaCBpW@nr sdni egdebiverat] Him meamddpllle eeservmrs in
dur i ng

sourc s not.. fully functiona
sequgpisant greal- iR el CBUPBien Bub SRRy Sgrflen Ferdid fo as' single
sourBE A8 PR A PerhBYdBth iR thO B RpmERN AR AR kAt ean also provide for

sources for Group III metal organic compounds so that MOCVD processes can be performed.

For example, MOCVD can be used to, ¢.g., deposit thin GaN or AIN buffer layers, thin

18



10

15

20

25

30

Al so, as described, a preferred GaCl3 source can
contain GaCl3 in a single reservoir. Also, a
w@e@Bessied source can include nultiple reservoPCEUS2007/084935
(i.e., 2, 5, 10 etc.) having outlets which are
mani f ol ded so that GaCl3 vapor can be delivered from
inteﬁﬂk@iﬁ@la?b@' By&r§ MY RId RethMiBRlics VUH 80 €8I AdditiBRd] dkdcBls gases can
I'n the follow ng, both enbodinents are often referred
be rusingly sappligsidsknowgun ¢ art.n preferred embodi nents, the
equl nt «of this inventiaon can al rovideofor
solP ey P uf bt inE ol MBS GY Lo emptes of
suchME3 N PILOE BIEE £4 sI8 dh doEH P ef dr i @dwth &HOGa XSHP isaty piViIGMided
can be used to e.%u, deposit thin GaN or AN buffer )
becaugg/ican proide sufiognt Mvogiangirnoy ety iSPoney e psratures. Ammonia
S d .
ond BALEUTRAPR: ARNST Pl VLT [BL oBImifE IR T halbr kBN, i
readilpavaibbdleyinsyphpddre td atvdcivnsmized) ahdearaet gasdh® geauplable as
precursor is a gas contai ni n ne.or pore Gio%ﬁév
CryogeRIFrElaUiER QR ESCH IS0 4R EPNIYRLE O VAU dEFeNHEIUIX s idD ey gases can be
routfER- coR@611E 6y SRy 0bntfelrs NHRd the NPT TlIedhatt$€EBmBodiments, the
because it can provide sufficient 1ncorporation of N
equipmentydithialinygnton bant Asrppoatda fessouwrohother @roipdiltviories.
precursors are external sources. For exanple,

sem conductor grade NH3 is readily available in
* TyREMIEIRGHOMEIRY ar  ous sizes, and carrier gases 72
ar . .
NI Ao SRR e By R AREBE o T ddaptations
of caametréallyravailatie ropctoosystamd. ddratigbleramstofd mufeced foroddaptaton and use
. .21 and. the like..In alternatiye enbodi nents, the
in thEja ORI S TR 2rA] St BT S0t Graciid. 1 hese foatures
havSRh GeRrnc@tBE ulShiaupr Hivivi 6hGAKII8RSs with ?he BEAETERns and
GEOMETRY Next, to achieve increased econony, the '
enhangeroewss disclosydshieeers. Adtboypghethe falliiwing degstiatipmizgliregfcd mainly to

commercial ly available reactor systens. Avail able :
embP@&@P@rté%paPé?teeﬁS&Bg FEFPRGARE %’i‘fﬁ%%a“é*r{&a‘iﬁ%resys%%“icﬁn PRpyrpose built
to inc e Md Brbel d¥GErilt faguieS. MRS investicH inclRtied tieh frREiUhIAS ah@

be next described. These features have been

modifFingrrisiiag caeppeniadrdesigning apiptaica@angvagersmant; Hhegvention

i fi cati . ncenments di scl osed herein.
alsoﬁﬁ%ﬁg Ilte%gﬁ?%gﬂléﬁnﬁ%g' description is directed mainly
t 0 Geastalig prefatisd tdaatioaclapibeextst hogzagalippeeeesd-gas flow and are

reactors and reactor systens can be pugpose buj] to .
shapeq) &) gi@pRrereMately, Boxtdke b1 lisaf-spagic $@§9nﬁ$+gatﬂwgﬁh L‘éﬁ@r vertical

diméfnV 98§ gi%g{neg h%ﬁ%%ail A1Hh A8 ALY RG] sk BEh&Goftdl Rction

equi pnen esi gni ng and fabricating new equl pnent.
charifbers areumpoitan in Hinstng npraties ve tractoesoetand gelegquing BBAYL.of quality
G I\gfg‘%r ally, preferred reaction chanbers have hori zont al
A pVHEPss-gas flow and are shaped in an approximately
box-1i ke or hem -sphere |ike configuration wth |esser

© e AR R PUEA P BRI TE cacti on 25

c hdfibertenaspent rpgidgap tenmpeldtimetaftogintogucnigiadw wefers and time spent
ramlgirelg-%toevgl térilgee}at%Peda te(l:r gidee}@/ésri]tgonl_{rvuyig Ilot l%gclhictci%e at%ﬁjl sl\lllo\{\ll?df ‘beer l?r'nited or
minimized. Therefore, preferred reactors and heating equipment also have lower thermal
masses (i.¢., ability to absorb heat quickly), and the lower the thermal masses the more

preferred. A preferred such reactor is heated with infrared (IR) heating lamps and has IR

transparent walls Fig. 1 illustrates reactor 25 made of quartz and heated by lower longitudinal
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3. LOW THERMAL MASS SUSCEPTOR AND LAMP HEATI NG Fi r st
time spent ranping-up tenperature after introducing
woewsnefler s and tinme spent 30 ranpi ng- down t ePQEUSL007/684935
after a deposition run is not productive and shoul d be
limted or mnimzed. Therefore, preferred reactors
IR 18Rk Teaid Jppc LM sPEBOIR BlingR 20a\(RuakQues ple@fdBthamBBS® AP material,
~(i.e., ability to absorb heat quickly), and the |ower
since Has swiBeigaily Hageespatche swibiceentlp (& feststand, and spieientlyaefractory.
such reactor is heated with infrared (I R) heating
. 4a s and has IR transparent walls Fig. 1 illustrates

-eactYP W IHI TFATYRECONTERY NS VG WAbIRAND FLANGES
| onght Ystine@leadiBe WRCHAGD D681 Bfcrifed [SURAHM HARMERR: arldRlso should
lamps 27 and upper transverse IR lanps 29. Quartz is a
be lipriefl or meging paiideuringsGAN depasitical processascrefursars, products, or
syfficiently IR transparent., sufficiently.C .
oyt EifErodn o S PRE R FRor B, i fepdsifongrggpggnsation can be
signif{aitiyl EMRERO Alidke dBNORE 11 A thHRANBRERNBIOE thoANBIbEANHES enerally
5 Time spent cleaning reaction chanber interiors is
by capling them tp o éniemoditaisanparasee shid in stfigently ik tprgyent
I 10N - P
condbh i 8 Proc bR e LFER R 1B 0BRSS B g provgpe G
fornaingl @nd écpaRition toarth®ivalal PrecurSais hsedap @il EBNWPBrprocesses condense at
condensati gn can b significantly limted or abated

e .
belopyabesh{ &1 40" qgthe meineipaparardick N1l rond e eply halomgabout 140°C;
ond SEREEELLY, 9, 008, JIEME 0,70 PRGN B amber vl
are @atrdéabattemperafurge that saprsfearddy bytpead2@X°€, which Hakaten found to be
ufficiently Low to .prevent GaN  fornation, and. o
suffgiegs e St B OLIY ro it 4P BB oU e doTds Testionsand, £98°C.
whid 128 BSEFouR@ BN T Sbnt PRIWON ARRHEand? 1Tnft 8IC dep&iEtion on chamber
princi pal byproduct, NHACl, condenseS only bel ow about
wallg 48Qreterrnd taBaNrdsengirasget for therchwmhbel widlsas 290 wx350°C.

E; g ﬂ?ﬁ%gﬁtﬁ i S%ne[xog ﬁ%gﬁegcg{ﬁﬁgg%s %%Igﬁrgﬂ%géﬁ‘g? s:cFo B’\?l% lcﬁam‘t?err Svalls.

AltheeEWEe frakPRfent, Whiriber Ras]s Reeieve AL ksthRatd@ to dene degree by heat
su f|C|entléﬁh|gh to significantly |imt precursor and

tranggisecbdomtthe bigh detsraratyre, suserrtsodey. IviHprtasagrpleard perling
hpe ' onif v Lin '

ool LSRRt 25 R AT SN GBI 37 g coln
air i§ dingeed throuigh éhecdhadtiedndwadet snd Sowrddtht @xBEOLof the reaction chamber.

Tenperature control to preferred ranges generally
Wall egiperebace e Gergeashigsiberinifaies yromgtiyiqgd groling air flow can be
B Lo R B B PR AR Hfnd an b
providaiped abutral lesiycepions senitige td chanbgs valttespaatpresf er r ed

cooling arrangenent in which reaction chanber 25 is

housed in a full or partial shroud 37 and cooling air

* 5-@%9@&@%&%%7&]@9 ¢MeEdRE oud and over and around the
ex {)f{erolroa&ﬂ% LhE uﬁblg%{lé AheGOANDHt npér{)mnlvet ?HR‘?{H?J éﬁqleol%rroutinely

can be neasured by 1nfrared pyro ry and cooling a
limifel by aoimadie cqaipiicat eticaaiallgiilhagdtntedran B9 e Aaligtr@wnain the art, this

Jrul ti-speed or. a variable speed fan (or fans) can be
cquIpEIeR; 3 StAEEI A TS, LR Y PP aROp YTt LA St fhpd cgegion chamber,

and %%%%1% _l_ch\PﬁJrisest, CIPELBIH s and the KW NIHwARSES Thsid Pransfer

wands, between external holders and the susceptor in the reaction chamber. During wafer
transfer, the reaction chamber can be isolated from ambient exposure by intermediate wafer

transfer chambers. For example, controllable doors between the transfer chamber and the
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Waf er | oading and unloading tinme is al so not

productive. This tinme can be routinely limted by
w@oioseflde equi prent schematically il ustrat edP@r/USBN7/084935

As it known in the art, this 30 equipnment can store

wafers, |oad wafers into, and unload wafers fromthe

extefi6 @& AN NGHIREY andailbaaipemal t&ﬁ@@il'tﬁ@ﬁams@er%hamber for ambient
robotic arns and the |i ke that nove wafers,

expagyicn gAﬁthéhlghleg anqarepetatipet weber cemr@lﬂqbé@ dcmmi b@tiwgelaﬁl@ transfer
ce th rea
char%beg ra]lil %h 1@% qLer crarel aoggt? 10 rﬁnt ngg%cre%lc 0t ang d remov otr%%vc?\@? %Irln the
suscapedt. @ﬁch@@@ﬁﬂf eﬂsdbp’rewfﬂtﬁéxmdmrafof thméaﬁor 1hfeﬁﬁﬁf0&fxygen moisture or
chanbers, For exanple, controllabl e doors between the
othef gmp@rlwampa@ﬁ@q 1sducey PWBIDDWRLHEArdo load and unload of wafers.
r
ttis PRk 04e o n e B P e Bt A A BRidctive time by
allowimigi handlingeofiios waers Adtheut chlivisgcorgaraimdtiqar. epar at i on,
further controll able doors between the transfer
chanber and the reactor can open to permt placenent
* GNEPARABUAFIESTIONf ers on the susceptor. Such a system
21 BORLONSHS, SRR YL MG LEAEE Bint BRERIRTark o 31 o outle

rnan&brdi I% mmrtawfgt dl@oslltﬂﬁg $ighr quatityt @aN dadrsa ﬁﬂllyﬂbm\@blwdes the
waf ers. %referred to use a quartz Bernoul li
follqwigg §$€é¢ﬂ%ﬁl&raﬁ Elgtigsefor EherPéQF@éSe%as% piiEdBe BelHum; coptagjng gas,

e.g. ft’&alcqg, all§ tﬂ@ﬂgbéerﬂgcoﬂfsagg%%i%%fe%m% &?%&%%19%&1% B reaction chamber

‘cont dam nati on Process gas
throfigloswperartt intets, Thegrxhdnﬂti abt bamixedlodtsBR thardabgordelraedier bervause such

. of arrow 31 tlet. mani fal d .35, r
mixigs 6o B 4 el P iy ek rarps Etompiek R St s
rnoléclﬂfes thed I QWMRIwRR @Jl‘t%%di@e% Glaﬂfo%éﬁﬁér?t ics for t he

pr OCGSS gases F| rSt t e gal | I um cont a| n| ng

e. d! hen, @RS Sparatedentiye th¢| @a(ﬂg@mi Ntlailaivg |arfgprg&gab jealganged so that the

NH3, ent er the .reaction chamber through
gos SRS iealPENERR B 33 BUAIRS Ryl SPEP AT h&itRen fppnd that he
1I/\chgioRBoulbeesUSRr SleGhcclST tht Xisbeptéd@nd afhotted Wate st rakr§ at any
reacti ons, ., form ng conpl exes of C13 and NH3
partigplag Hipe @gefeltahg'tbx lﬁﬁséhﬂlé?@fwlmt% pegumate regirably by less than

apprﬂg@%? gi%g/p%rr%% %?é( 2 ‘g{)’y arr ang HMI%{RG % “ﬁﬁ%gégss@ﬂ%g Y

uniférnuin tira¢ 6va@iipostidis@f thafaspaie aumndefitormeA eusedingliethe GaCls and
ptor, It has been fo that the 1]1/V ratio i
NHss‘f?iwta pyefilgs sheafd prawide éftaé%a\% A botfs Bupridptcrabycreross the width of
the rehdR'c E.ﬁ m%eifat% r?gpat%e %Xe&?r %@ﬁ/&és%&‘h@sfe 4 ddB-turbulent
prefera by than appr oxi mat'e nmor e
ﬂowpthafle nallﬁdnyn fyodsebswidibof thapeacorn nhamlbqr aB&poafer2Blyeunt lehSbacross the
the 11l/V ratio should be simlarly
dlaﬂ%@fﬁf&mﬁuﬁ?qpf uniformin time over all portions of

th @nfaﬁ? €th@ fﬂomoﬁlél%@ ﬁﬁv‘%r recrf\&ﬂé%fog' AdtYor biBn BB nAMisly low
NH3 velocity profiles should provide that both gases

ﬂowmateh, \slmr@ que pramereaifithe H@p@s@ gasdy @amﬁ@mmlldﬁte Wuthem anomalously high
(0] n arrivi nq

cong SR Q orLoc ﬁrgﬁr TR t@l a3 Tlow, or even of ed % & th11 e best avoided.
Sl BOtH "gESRY Y8 Mayhot i el gi‘é‘
t h@tefbﬁemmbf:@rs P a6 W SSadhis eibdlichreafl dekign bERAEJiGMOf the inlet
chamber and preferably at |east across the dianeter.
mangpldigfa @Mg@eemsémg reaction chamber. As used here the term "inlet manifold" refers
to the structures that admit process and carrier gases into a reaction chamber whether these

structures are unitary or whether they comprise two or more physically separate units.
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Finally, the flow should not have recircul ati on zones

or regions of anomalously low flow rates, where one
wWoerom06H0Df the process gases can accunul at e W€TrUs2007/084935

anomal ously high concentration. Localized regions of

| ow gas flow, or even of gas stagnation, are best

av gijdedaniRld BegdRU8d frRERE S0 8% the WMowin@E&eM Q@htﬂ%s have
careful design or redesign of the inlet nmanifold of

beemioundro aoniaye ipriciresbiioPesn sehBleer Howsvarsted mest @andements itis
advangal%e?us f%r ﬁl s%n? I { ollnfjo ) se?ec?edsreacttl%n Fgmgérﬁpgga&%ceg %y a p?oposed inlet

manﬁhﬁil’(&@fgn\m T2 hﬁi’delfeh @Sl@g ﬂsﬁd @bﬁfaﬁﬁeﬁmdélﬁlgﬁ@mf@p&kages known in the
whet her they. conprise two or nore physically separate
art. (TR pEoposed deePeaB HpEebydD iteeativaboinere (Bl49 3shicygingteased uniformity
pﬂopquﬁg}g?ggahgped and fabricated to have the foll ow ng
genera eat ures have been found to achi eve preferred
pr bosts & hgabednl fousd adanegesus thapromesd gasrehodintetifesreadtion chamber
advant ageous for t s flo nt o ect ed
be disEikuischiren ABEr™BY 0d a@ Qégﬁwlﬂthpqv}(éb%%@&%eﬁl E?r example, multiple gas
1nlet: %@ﬂe sToP bl GePbaNISE tﬂi’@uémgﬁilcﬁ %aéjéa!n%tefr | ge Qﬁé&ﬁméa laterally across

I'ing software packages kfown in the 5 art.
the idttpofsted cliraslbayn Acaunri¢rizes slh daitragenat ihyélogen mmrbweutocd@ed to

chi,ev r i formt rior to
assisf G ifTipeafy GRoR et Ben oo bt Radbh it deigd reaction
locatiREbRVCARESBGAS. Fukthir, k&ﬁr@vétﬂ @pﬁtﬁﬁﬁfdle itedrARey Vlcﬁhﬁy of the
di stri buted across sone, nost or all the wi dth of

inlettproats cih srase pntagasus é@(ath@acéual et pastsdo @agpacmh meth rpgpeetdto die heated
ot r .
e O R LI P PGB RS PO A RERRS. e

ports buarﬁmecroolea R @b beEpagad aftCId tBS prickysqQ@A dorndiyidk @g@Rir vicinity.
can be introduced to assist in dlrectln%wthe GaC13

andexhid higHaeeg e thatgss dlevt Preperiiarpieduged byiapagieailaregnfiguration
t h
o 55| A AR 5ALL O, BN FoL P URESP Bhom UL Chcplt pr
ﬂom mneing@rdnsgr ariginasing dvanxhagdivem fuaderttheswaceptad andmhiging with the

prm@ @gﬁ{ gqndggﬁpﬂéﬁg pf}l’fwbé,ehlés[re (Egl:t:etrﬁléegp té]gsvé Egalté?ease uniformity of
comPORA AR Nty 4P PrRRRCepblitish BAt&LYMr cbBondhte tFol= %xarnple in

ports can be Cooled or can be spaced apart so
embpdlmwlgfats é@ @ lnand NiHx flowstehesr the\mmtlnntctlambwémm different inlets,
... _has enf t hat Iow ties prod a
itha3 B DR P e ialrrite SPER ERches SRR S Bie Pl B chamber
som@@ﬂatk@@sﬂréﬁﬁ{ ONVGEC; Qind NHINREkYs Q)W&)@Hh@ #Hel ptoceseemBE@aie the intended

purge gas flows |np|ng|ngdg or ori |nat|ng for
depasitipmzoac prdbin shirke thersids wal psln%rrea%tﬁ@ siingyeded depepetion. For

s PR, Ry AP LR A CPuHSB of Sy Sy e
the chaghbeewveldd dnd Dlesder evieumnit caepaBi dboanthe midélaor thic charnber
conponents. For exa in  enbodi nents where

Ga 1%, arrderrgdaintet H%{P)@ﬁf‘ grovideefor dyamiip g J&ﬁar%é?f fi? lé?ﬁt one of the
proc%s éflg é@% sb %a@'ﬁén-unif#) figs @(%@RIGH QHHH %%n{e(ﬁorated For

pro a purge gas ow entering it e reaction
exargiplanibkets fos aa meonksst gas jost bedividetl iGa®8 or armie Nl“ﬁnfsl apdsndividual flow

cqnfjne t roce ses .abopve.th ten
Cont&ﬁ °F PO ARGt i HacReRdanty adist hedlowg ?a«gh §fteqiyeln a preferred
eran@@rfetn@ rGafdl?ﬁ‘i‘léﬂ@ht@taﬁﬁfi?—Ql iHRPRR! dilc@Rs Witlindepch @SS controllable

purEoses It 1s advantageous to introduce a greater
rela . of carrier gas laterally near
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the chanber walls and a | esser anmount centrally about

the mddle of the chanber. Also, preferred inlet
worewsiedlas provi de for dynam c adj ustnment of, BECT/USHOT/)84935

one of the process gas flows so that non-uniformties

observed during operation can be aneliorated. For

ex@mrhe. asbéb't@éfsa ﬁr@fert@d MIGRSH fdld i chrid the é}ht\ﬁtéj&ﬂtrbm Phereby,
two or nore streans and i ndividual flow %O contr ol

inletyppnrbodd temmpekpsungs &y |ce!1ebe centiodlge [b@ﬂild@ mrdvgni gendenppsion of
precurs?rs 8 g a%%@ ?ugc% O evertﬁt dgrpg% tfo% eratu?e set%%ltlng a’ten%"f‘s ‘?g gasket
or O-fgleperdan! 1A cﬁmﬁsfedj thalgJa€l; 1E1E|t p@ﬂty@oﬁlddw at 42eMfrature no less
2008/ 064109 PCT/ US2007/ 084935 Further aspects of a
thanﬁh@hl@h@% EerpReraresistiches) i@ the @@Gaéuméwél@?awmﬁlé isqygkeradly increased

t €509
from 1 200Ut %ﬁro;&h{)&keﬁ] %(g@ptfrogll\t/)g‘%tta ?ﬁ)gﬁtg%t%f et 0 ? ;& c1)'1§)e§01ally available

chlopnemmﬁm,ssealmgmateﬁal@]ﬁph an gasiket paterigdr bindl @rmigemb@rials, available

atures itive ials, e.g.,.gasket or

for 1@@.1 ﬁlﬁ gt B mR%“’&iﬁE& %ﬁﬁm&tﬁ%g@a@ P Hicequaggreagtion
charﬁmull)é%npﬁ) Rerforite %ﬁ@%ﬂé‘f&em éx@é% oP aﬁ&@ﬁi)ﬁrﬁﬁrﬁﬁt&pqgéoc

tenperatures reached in the GaCl3 supply 1ine, which
Chlormegﬁsstentasbalyng maetceals each dili@me abongs vagpe whlghtrebmpmaﬁh@s if

) |rmte rmermall avai | abl .
availa Pt BEF SRRV GL e il BT ip e ol RerefRe By can be
raisdaaterl als and Oring materials, available for use in

the inlet manifold, in parti cul ar for seali ng the
maricbedingy ielnemanifrld sempssaticoR shokkiserontrplig o rewain in the

rangg ok rg%éxu? nﬁé f“%ai%‘ﬁggg &%i@ﬁ% I gnitél%%r( §e: g)% Q’tng%}tleadg goaﬁtalse the temperature

fronﬂﬁh&éh‘r&ir&eﬁdﬁlhg $iahife@OEhext fiohOhe thﬁﬂ@h@lOﬁlcbhbﬂngbl@[nd very hot
nper at ur es avail abl e, can_ al so bhe used, in

suscswf% rﬂndagf@rrﬁéh @nbﬁqhaxenwa%ﬂ it ananifplel ineladesdempeiegirs pomsers and
charfn@fd fQIete ; eﬁ&g 'C%Iﬁg i élg%nq:loy exdn%}l?ttgﬁ?@afu%sdof 155 to 1?10°C can be

tenperat e contr orenaln in
achigandy c@]fcuhlhogja tappareiersingloyied G&HDENBOfDnldy Ggh¢rHa@own fluids can

rai se th 5 fr.om

suppl yi n eat to
be u%@éﬁ@@%&ﬁﬂ}pe%w KYEEs-ahidy ﬁwﬁé e er§ Y 9 iRroximity to the

ternﬁe@@tﬁlte' RRsiGNeFREnLadhY Bl nli‘é?l‘ifoﬁi»' 2! ‘%e REOGaCl; B 3r&rdh8ealing O-
mbodi ments, an inlet manifold i ncl'udes tenperat ure

rings eﬁhamsl armgenbatroae bs chexen newp pregisalyan gt oigtherfnpal imsleling using

For e ratures of 155 to 160C can be
SOft‘X%rﬁlpééé%Esogﬂoé’Yl} %\f”itng a tenperature-controlled

GAIRENTNb b Swh hbein th@Ma Jr lidiRiSorGapor fH@sdiE8UnbRA to exist

ot her tenperature rangl The fluid c annel S
malrplls' &f thedph§lordimei forpr 3 ahﬁoma is ectudlly 20y steblpapde §O°C,

eGSR PLE b RS TR i) B conimcd
that 8f mngmetthaqmo/psf HRQEEPh TP L Lo RS PE! the UMM e Qfic and at
t hermal nodeling using software packages known in the

7004} tordGhai 39 %mif eloadiesr ieddeemposedtiine tboGadl;enorongui d or

vapor phase are nown to, ex ly in. the Ga2Cl6
di Aerthe dymer H*PA%FP 1§ iegted glé? 3 WGR?EWHE’?% ROTE Dt gt temperatures

at oS '1136306 8T 6n GG H 'vi?iﬂsoc‘é ‘gﬁg{ @&t B¥h the hot

gas phase’Raman sgectroscopy ave con
susceptor which is at temperature above 1000°C. Dependlng on the velocity of the gas above

the susceptor or its residence time the portion of the dimer that will be decomposed might be
too small to sustain a high growth rate on the wafer. The GaN deposition process proceeds

through the adsorption of GaCl; and its further decomposition to GaCly with x < 3 until all
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that at 300C nore than 90% of the gas phase is

conposed of the dinmer nolecule and at 700C nore than
wOBob410he di mer has deconposed into the GaClBCT/US2007/084935

nmononer. As the dinmer nolecule is injected through a

metallic injection port kept at tenperatures at or

chlobigé A¥Y B emdba 68 %Eﬁﬁpﬂﬁédsbﬂi%d Qfont BEGEI TR thWefdre 8684 to operate
only in contact with the hot 30 susceptor which is at

front apeangmer eorabeilealood oref@egsleanehadgment of Hee lvmmntllytr@mces the
dlmeﬁrgﬁlioi%gﬁ] a %?gri(zntélb% :ﬂﬁ%e? l’fl?eglgegét\% ?l}%r bee% SQ'tGugge %Hrg tof % sBsc%ptor
regid) Thisqlattz tibeSooah @it toahdicgbrog Cimtter ﬂﬁb@glﬂaﬂﬂﬁlhel W\ﬁf &f oval cross-

The _GaN deposition process proceeds through the
sectigls ENpHEY dhpiorided da theghiger whilg wrthe, W@@@&%@@pq%bﬁ qigher to the

mon OSSR Rt e

suchanwayl that the duattotabofanGaunnkl recave haighfforxeofdBshdietdort. dn this

ernbgﬁl%%‘g\ %ung? r%;tgl}gn Em e 161{1]8{ %%q%]?%megagcéﬁepﬁg anre%{l,ér:adlatlon power
BRI 5 T LD G0 B ey

700quar Kighdruhe theafinecfosmtod Gaae; is @geéted incthaghetz infuceughd passes
funnel with an oval cross 5 section. Energy is
throygtuihe detfunaelizqac.dhsdimegayill &e deacanposed;iorias Mogopst Hifpessigiected in

e I T T BTN AL TR
inje@iongyirt lpéthctGeeCle)imas the readie aaddhd suisogtorrie agintginad tiagbmperature

flux of IR radiation. |In this enbodinent, the funne
aboyeetPl0dh t@ Breventitagiregfopiatian %fﬁ%dmem Aniietericd cgbagdinanhs to use a

|
SIC BRI Bt B0 Y6lngl B MELRECHE: RELERSRAT AP IREPE ey formps o
mairkfin 400kperatund g.hﬁzre 700C hiepdiaiasly bbsve 80)() @aClS i's

injected in the quartz |nJector and passes through

the hot funnel zone, the dimer will be deconposed to
o 1HﬁﬁanDQEANBmﬂum®W%HEMMEdEFMHRthe reacti on chanber

j u stream t he susce tor efera the re n .

oSBT b ReGn R SEiaidid ERation & dhafil known in

the afrﬁ‘ Arka@pd, 1t gn §M§%€§é é% phit® BB Waihnattoaicadide or silicon nitride, or

tenperature above 800C to prevent the re-formation of
alternpfevedy, rmpfracdsorprrmt@lrcrr@ﬂ% nibbelbuseentol i prajenably mounsedjoCrotation on

a shéﬁ‘jé a]{)ggn%)t;r\l\ﬁﬁ ep?ﬁfe Torl, g?snc%%to Pern era;%% u%ﬁ Bl% ge %pproxnnate%y 1000 to
1106°€(ee h@hbhi’)%n@bﬁ:\/rﬁalﬁﬁ%daﬂdh@qﬁr&flahh ﬁab@ﬁﬁ)u%@@@kno&n
SUSCEPTOR AND MULTI - WAFER SUSCEPTOR The susceptor and
temporafuip@Rt PG Y - bEC oid farpdng ddeadrene betcrtrthg susceptor, the
s GBS R ko AR, S0l it
advasitdgecwybegatsciiten lmiit oanirémiatunvwehed chpdmtﬁcnﬁmt e yindasidk of the

or all oy. Th usceptor is preferab
heat?%f%e?ns%r H%Pfttcomﬁﬁli“? the%fﬁma@ﬁ%égg ?‘fie (ddgs%%sé%rtlasilrecﬂy)

The% Bfﬂ‘ éﬁflfécoﬂﬁ g6RA P RoBRAE BX HSRL ﬁibﬁtréltgsoo to 1100C

or are mal ntal ned e quartz IR | anps
controlled by known tenperature control circuitry. To

o SVEEgriraAgra dead zone beneath the susceptor, the
25 susceptor nounting preferably provides for
i nReastionrshambeiguglst gaaifolddd provifiesder ts fres and élaobstructed flow of

exhaust gases from the reaction chamber through the exhaust lines 41 and to waste abatement
system 5. The exhaust system can also include a pump (42) and associated pressure control

system (pressure control valve (44), pressure gauge (46) and associated control equipment to
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advant ageous because it can I[imt or m nimze unwanted
deposition on the underside of the heated susceptor
war@sobs1aelj acent conmponents that nay al so be heer/@82007/084935
(directly or indirectly). The susceptor can be
configured to hold one or nore substrates. 30 8.
pernifESYEERI FdiN R RBRSIrON ThR¥XREr mAHEdI @ Ex IR lfn@k BhdBpressure control
provi des for the free and unobstructed fl ow of
equlemauﬁusgda)seés adveptageously dae tommperating ebetroliddrte light méensatlon of
1reac1.e §I%%%10t§.y§elzam 13:' a%gsd ! ore;{\@l % Y d@(Rlc%se[nﬁpgl y4 Iggﬁsrgntl?e camer gases;
un- rée&ﬁ@lcpra&@d gwee ISaCle anrd)Nng qieactfsayl&iypmd(lpus eg8e &e @ERarid} NH,CI,
vaI Veﬁl&i ressure _gauge (46) and associ ated control .
WL oY) B 100PPetrraagRorTtvgsggsoximately 130°C
t P .
I'%E%F%%tﬁ%"e ﬁ@?@%ﬁfi% o SR L R B pdery mpterial
belov dbousghroametehyd 14 Cagrebths loyitl el rsanifobdper athanse system should be kept

abox%rtgﬁagl{qlge%gtg%: a(h%met ]gegglgg 38 tplgcgg]etlo r{g?%ﬁa&;& Scaling materials, the

outl RGN ¥nfpRARIk §§odl@ ﬁotcék"cééaea[bogﬁa%%%om'd{éw gapked
process gases, GaCl3 and NH3; reaction byproducts

whiAchormegly outtetrmany foliHb:GIp, crauGa Qlefcrabi@imaintathetizn thagange of
abo@%ﬁﬁr{glgé? ?lg Hgg ?% 6%& 5 %fﬂ:ﬁ’ra% g ggr\{tg)l%?eélg%mmlar to those used for
inletGRAARINSG fhiRFat Ak c6REdIFincNidiiglonaiens@sal kr[Hd@h?)p OMEk@fMm exhaust

materi al bel ow about approximately 140C, and the
line gnpepeeatuteali 1 dintited iy thx atisauns pHewsshle rearicertive fRieihe scals, preferably

t e e. On the other hand, to prevent
mthgggnegr% g'rlg |t01§grg ﬁééea ing materials, the outI et

mani fol d tenperature shoul d not exceed about

o  PPWIRY¥E MRANAYEVERGQC. 10 Accordingly, outlet manifold
tenperature T6 1S preferabl%; mai ntai ned in the range
$

of Coabd@mn@wt msmb@tblylent% }tstem@ca nvyefteleeqo@hammmé system can

assifi oGP L iR o he bR eP RS WESGar REvant kdlium compounds

exhdubRH Fdm HedelctiBl tharMber] MuThEX BAbSHiment Htht @RAT& eHnfexhaust 30
T7 is limted by the maxi num al |l owabl e tenperature for

kg, ard kge ar morqusfngr(agsiping arpprcnémla@bg@%ﬁwé'@b deringsgmogth of

susteillﬁgcf: hl%%ohiﬂd%%ﬂ %EIQ AUy Lent G de%g% {]19 e@ tng)%‘%%é fecover this

wast@éﬂa arRisstyRle it nte Candyprealrspeaby achiofing bﬁedtmbjruppmlmately 90
recovery of waste gallium conmpounds exhausted from
to IQ e Gagedl¢IFR6Y- chanber . A singl e enbodi ment of the

' n‘Fl?%ltl' ?srb s%ﬁéhlﬁmﬁgﬂius%}gtegg gFﬁQ\err&f el ent f wiktc&batement

assum ng appr oxi nmat 50% wast uring a
subsmsmmrﬁ that preusieafongdlliuln ghoweoy ambthmmﬂaatadlllyragaptéd from

curr.ent rices, |i is econam cal .to recover t
comtt e S PEEDE e Tht SR CRReTa SPLISRIa By ey passes
thro@élhé;@l\éhﬁ gin&§ ﬁ?fé&ﬂp‘é%tﬁ‘re %Qﬁ’tﬁr&l@d@qﬁlté] hﬁﬁ’t co‘h@eﬁlsgﬁ’orﬁ &Bexhaust

ficiency. Fig. al so schematically illustrates a

producief @g+ suthe pngd |0|fr@lmut b5 e Cay gresutaaras convenient, and then into

burner unit 43. The burner unit oxidizes the exhaust gases by passing it through high
temperature combustion zone 45 comprising, ¢.g., H,/O, combustion. The oxidized exhaust
stream then passes through tube 47 into countercurrent water scrubber unit 49 where it moves

in a countercurrent fashion with respect to water stream 51. The water stream removes
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25 subsystem 5 that provides for galliumrecovery and

that can be readily adapted from comercially
war@sloetibe products. The stream exhausted fronPCEES100D084935

chanber 25 passes through exhaust |ines 41

tenperature controlled at T7 to limt condensation of

sub s@a?ﬁlﬁﬁlﬁys bl wRt@ d8leb Ry an8 particulaft ddMepondmtd Erodf thakQiizchRRhARt stream.
reater as convenient, and then into burner

The Qﬁ‘ubb@ﬂ@X%Wﬁé ghis tlean ralspseddiindihecystemed Tex haust gases by
22%21'0 ﬂv%} : Ss‘lcr%anrl %li't%qhg IS‘%E'?% %n(ti §598 gul?{e aﬁe@ﬁ%&‘s%és' B e%argt%r 59

whefXpatiGilate abmp@tentm pﬁm@ﬁ@s[e@nddlut@ gghiutnugxeded (e. gnt}azog) are
countercurrent water scrubber unit 49 where it nov

sepapgic 0 b Gap: tBe Bigker splubleLoRPRCIAF, ﬁ)hmraélésp@é%ol‘f Mﬁn@rand Hel

Ser BT 0h P RRGIE SuRLEARMARITHER e BFD Lo fpeation

flocqdatianc arhdadoefoeth mposingit iemfobdnmdnhef t!hx idicatoh esohaagdice 60kg, or up to
stream he scrubbe xhaust s.then.rel eased. .
120kg. GOk Ogy%‘fﬂé’ﬁlﬁtﬁ'f?azg’h Utias gachdig ]Iéﬂf IR Hidh el e Fafiquiate gallium
ox1d@§‘ LI RSt SO RER AR B @ & a‘a@aﬁﬁ%ceohﬁy?@o%%ﬁﬁ Qhd PRycled into, e.g.,
re particulate conmponents, prinmafily particul ate
Gangdin fnownooticdesil (@hyiqpesGaR0.3) g., Buenad, 3¢PaCatleeh iclilowde,

sy b el ST A S TR 55 kgt om e

systéBChni ques, such as screening, filtering,
centrifugation, flocculation, and so forth. A single
enbodi nent of the invention can produce 60kg, or up to
120kg, OrAHDHHERREDpaKHKUuhREMB@mmﬁBNﬁOFﬁBgInﬂmhﬂﬂﬁnth
of erati.on.. The tic Iate l.ium _.oxides gal] ates
o SRREIRLEs Amar Al et E Gl R S 24 been
genéi‘ﬂﬁl ARENddebol At Phis %nﬂodlnge%t {safadR Bythk ﬂ%@[@ﬁ&lﬁ%ﬂ‘aﬁ@hdaptanon of
t echni ques: see, E% Bar man, 2003, Gallium
Te

an EPSTIONGK scdies, singiy PiooB rengtor fom ASM Ag@rizadng., ATeadingly

b e e COLCAR: SO R e PR RUER Y s However,

theseatureles6 hbbiaditing. DR Pattidul 2 leniboeingihtechndaidasgidenihodification
the invention that has been generally described

and é@iw’élonwﬁ othes poleb lewnitaial tseeiely 2B atcrEithip dic sceng pithe invention.
dapt f
o0 BRI St PR IS0 7 D6 105

whidhegayt hofd $0® TSoltg @ﬁ/@ar(gg hiebtdnrmsinaireit apecd Iﬁquzd ‘atoa &dﬂt@lled
preferred partlcular enbodi nent . However,
tempegaps anAp & DR #PPHOFTR4LRY EHE bartd 2pPht assembly with supply

line€ Thedi MR tHRN OE ewhRf gij?sg{ﬁ Mtlfo'll%@h{a Y o?aﬂClg to éhe reactor

adaptation o er av e epitaxial reactors
charaber vvhllehmmtmg er peupeingfGa(le condersation mithiFhgdine@ AF 1@ reservoir

ustr of. GaCl3 eIi ry.s e
inchydsp FREP AL S SSg0H P QBT oL LR O Rl 67 § Brofegred
embb&inRht, @&l %mmé acmmwaﬂsa@atus hd kﬁw@ﬁ tRe hrtAHlaflcbtive
controll ed tenperature of up to about apprOX|nater

embo@iments, 86T andndudemeins fasslmtﬂayag/uanhn stifhe|GaCly hcmeé for spraying

v RSy AR 4P PR BF LA R G oy e o

delivdryrlihé)igclQdesy @it pordotBSling 60 ﬁﬂl@ﬂﬁﬁ’d @Ry Mdcald@ gas and the
lines. The reservoir. o o o
Group III precursor and an enclosing coaxial line providing an annular space inside the

enclosing line but outside the inner line. The annular space can contain a heating medium.
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i ncludes internal neans for enhancing evaporation of
the liquid GaCl3. In a preferred enbodinent, these
w0 p@Bda0a bubbl er apparatus as known in the aPCT/UB2007/084935
alternative enbodinments, these can include neans for
physi cal agitation of the GaCl3 liquid, for spraying
t heid pauiibstrah@rankbmpReNhSartbemRET faleli®érytshQehl 1@@' lifl cabinet 135
and so forth. Optionally, the supply line (or 3
whighels ipogifignad ad@yceliltrt@ lcorfecstianad pocicet 2as spuirelsabiagt }397 alro limit the
lengt (%etfﬁ? eblélgrgssg Iéal ,gc%ab enr?? §§J‘ Ils% 09165‘ %n?cp rildjgtce%t to% }‘les?lﬁtéon
charaler pRhigh dkresip ﬁﬁiﬁeﬂl b$ bﬂﬁnéth67 Bfﬁbb@sgaﬁ @oﬂlttdl%abmét 137 includes, for
outside the inner. Iine. The annul ar space can .contain
cxargplg.eges |0ﬁ@tr9+é>@n@}rh39zled Vevapso 8pitiens bl PE*W/ fosadditiprd poegsss gases or
arrangenent of
hqulé%?ﬁ%ggég% ﬁ%g%l a@é%ﬁﬁ%?&%§5 whi ch is positioned
adFac et 111t1s1ra¢e:srprefatred) pgiplypasscmdbly I@Pasn awnt dethil.c®biveet 07 and 109

cont%aj Eﬁnﬁg‘&la‘ll%‘lndilgttcgﬁéeé lggg&t‘u{] {6%{:{@%111? 38 ?ggl 3@?@%%|ttﬁ%mtemal bubbler in
the I’é&‘ﬂi‘%lk QRd iR Gom e kéé@rv%?rra@oﬂgswﬂ'l g@a%@ra@é’d GG, lQi%or They can
Process gas control cabinet 137 incl udes,
1solaee<a1¢pb®rvogpa®r wmtmmmcqaatrdesto fogh. é/mbvesldﬁafaahetqwhct plcrgmg of the
141 7 f t|o al cess.gase Iqu|ds
sy ahovealigoud B Tty R PR GERR e Sttty igee
condehbdihcah ssi1E bedur adths ?ﬁ%lta)ﬂ ASHTON V1,103, Jallva D08 useful in order
detail. Valves 107 and 109 control lines that conduct
to purar thicse aigas Contiol petiercpniaimel p@ssurharconungtigh withéhe controlled
G L
detefrainatiéh @ﬁ;ﬁbc&t@rtﬂw fa8s erhemdﬁltfo@rofwalvetleo anews &f&d:oﬁ@lete delivery
forth. Valve 110 facilitates the purging of the
systefy 4q bapused, With HenwarpEye sHecT saseyhepoh seremth W@de thereby
t
rod G RpAGe AR Sterh T P S B i i ifiand SOACERSRY Bfrovine
equlpmleﬂtehfﬂ:ﬂlﬁiej 3" heisetublyi aiscollndmdes tavgurlge 12h G&Stecoatrehmg Various

Cont r.ol e cont al. her SSUFG i n conj UnCtI
aspectsof £lgnt fﬂwg dhe %ugﬁ@elr%@ LFeornelHdespus contale ad tensducer
129 H RAWnkAb € cOfstdd ?re%ﬁlré bS&r tﬁé‘@atﬁﬁédn'taﬁﬁ’ére %IM@BQM@Q 1sla5mass flow
determ nation o precur sor | ow rate. The addition of
contyedley é3 I tcopravidewgredive ficonpf @merc@ls tosdheyoa(dy so@mn_t:lo Bese act to

pro B a PP RAG %ﬁ%@?‘%é CHaRG O BelRbetig o also

1nchldés Pre@QlrE ESpiukRore N5 AN MEN TR 9%&@%@9&3& ihéTRdiay tidsupply
equi pnent |ifetine. The assenb ﬁ al so includes valves

lines} yalves, apd ceprmolk@tﬁntsqumlcmﬁbln\mmliﬂﬁ slunaigpechestiog biopkwn clamshell
forn} !&re%ggp Eeb:% c‘?) Bhé(nt ﬂg §l*unhﬁ rﬁl 530%%& QJ.%OUC%?&JI’P {eﬁfb%&tﬁe sensors that
ontro er an t rans ucer

conteIREHENlinP COBPOHAL Q:mferattdneS SanBaBthe aothsdratare. mAleS@S (or at least does
rovided is a mass flow controller 131 to provid
not %@

ERPYTIN Hi tput af Fheéﬁse@\a)gr witorthe indgfef @%@ﬁ%twnr?@amber A gas
heatg %%\?@ega%(ﬁgatgﬁé)l\ﬁ'léi &R0 Hafld %‘ﬁl gre‘?é'}hﬂ)lg) ”[?5 ?éiinﬂ%ﬁre of at

reaction
lamﬂh@f@des pressure regylators 125 and 127. The supply

e aSﬁf é i ncl udi n the.sugﬂﬁ¥ l.i nes, val ves
an PESRYIPG fPEFECT Gapalp of ey e, Wy Pgl Fﬁ?ﬁrlﬁﬁgﬁs down to no
mor@8ahisNGB Ip@ﬁﬂﬁﬁldnrls ﬁia@éﬁf‘ﬁeal éartgé ga@ iR R RfBer@AGRrier gas filter
conponent . The al um num bl ocks a SO Cont ain

is davemspreanmtolithe caens @asputifagr. The carrier gas can be optionally configured with
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control supply line conponent tenperatures so that the
tenperature increases (or at |east does not decrease)
WO e@si06419 out put of the reservoir up to the i nPEr/USI007/084935
the reaction chanber. A gas heater is provided to
heat the inlet gas to the GaCl3 source, preferably to
sinuoilAMREAAE W, %1%1511 212, fbepdlidinkOferedd Rt RBRIlgY suace proximate to
purifier capable of renoving noisture fromtl%e carrier
the fgla@ercﬂ@&heatt@r no rmore than 5 parts per billion is
gla?? ng 3Ea[htlstteaEe t%?sv Gewv% Qafa pergfr%%gg %inﬁocfhﬁl ‘ﬁp ofr thg reactlon
charﬂlerIZf)ll e ﬂ"hlSTB&tl@ﬁ lchar@berdas qGaty \bﬁls%tilmg‘e’ﬁeiraﬂy@ﬁﬁ}ﬁddgu raﬁ(élongated
with 27 WD 2008/.064109 PCT/ US2007/ 084935 si nusoi dal
rectanghs bostgucturgivgthg greatepwidty pnplesser Bl ihapehgef wyagE ridges
r
203 SEVPRGR S NGES, B ST FllGand NEpER LD EhOGPRE, Fhen the
char&lbﬂjl @:dd)pmzrttd ofidctr hecuuvea cThomractmhattbebe2i® Enclddudsin laehmud ohmt directs

nber has quartz walls and i en |1y shaped a .
Coolg}gcﬂa@alt%er t%ﬂﬁ%f‘cfh&ﬂ&ﬁr wellyean %%3&9@?0@ Y tﬁ‘wpar%% Sbsfantially
lowtEHrhh gt tﬁ@ﬁ%@é’ eIt shr&wggﬂeleaﬁ Bhs ggawage rlkéi%alg%&%m that

span transver sel y across the chanber walls and support
can bhepanadll as ieis ptethlem figuroh énexose thehrearbien chanlogye Vasiblg here are the

onsE i s T R0 STESOTNG Srecple” o0 SRro Al s draving) i

posifibiabgithindld Sa@an TR safitptRlid RAtddbyaqfaBBPEAFK WhiGh arc arranged
substantially lower than that of the susceptor. This

into swie ewralysqemerale] inpas Uapeipmpasiey 2OR & isiblerig dheetap of Hhetshroud; a
low%f%rr%}/eac 4P ned ear%aét{9n #Bert I]’%%t?orfséo@% 1§ﬂe|t hl%nﬁ'xlla W& visible.

|on c here ar

Si #gs 3mﬂuﬁf%stﬂeng1M11%@2‘m@§ sédﬁ6n$ﬁrb@gldparﬁblﬂ@1q&bﬁ[’rea i&ction
ositioned within

(not._ visible in_this drawn S
chamle‘é 3P hut gpitting,for stianeshngie g@s %atlﬁ%ﬁtwdd%‘r 5 tomygysatz wall 303,
bott{% &g?rtﬁ?gﬁ% §g§ ?g@&geo%da?%gﬁeﬁ?abfjed?ﬁﬂ : og@h; eﬁllsatﬁpﬁﬂet end of

the rsitoucthamber toviker inket nmynfoksi stducidess, el uartlz ilenge@a scals the outlet

er.. Porti.ons mani f ol d_ar i sible
end igt%p.r@actleltcl?wh?m @é“ gt rp@m&ﬁ@ SECHUPS- P L 31 SRy |dgh for entry of

prockfe® ?'Qslgs R@fridr GWeRT ans8TrEE, 8dd E@ﬁ@tl'l %Pow&é@eiﬁfo&ﬁt AL BI gases.
omtfing for Strengthening ri Il1lustrated here

The ause:eptoplscg@amliy paditior®d3n serhiotitauar gpaming 3w ke thaoss mpdurface is

coplFuPﬁr é’%H]eatha %Oé)f ofd quﬁga Pléea@? on'l%ﬁeg)%esﬁllb?t %lgls%}ﬂ%&aslusrfatce 18 presented
to proB&lsfgaddd eﬁiehkﬂlgtf e iABOMAMBIIE Ztriidtadg o ﬁl@&h%ﬁﬁ%a%esi 8 pass across
outlet end of the reaction chanber to the ou

the tapaf thelsusespion stitippisbecpping 1B lgnt oy being dW@ﬁ@(bmdey thefsusggptor.
Cyhgaﬁ&?r OVI g@ec' ?fl’ r%@fdtrek ?cﬁ agsﬁﬁceeétor% o‘?@shaﬁ hhx/hiapglegﬁgcteptor can

or- exi e suscep or

rotafeS Agi@a@tagéduylyp@&rléﬂ @Rean boirseidid tthtcrucgh Itlas tubpes piige 31Ovolume
so that its top surface is  coplanar with the top of
undeg ihg suscepren tp psewnt dasd apsp vehesq PocestERsgs cpn §‘fﬁyat%ate In particular,

bullct?H%Bl ﬁcl;%ﬁ&%ﬁ@ﬁ%ﬁé’d sulsOc lﬂ?&%ﬁﬁfftegases entering from

et” nan structures so that these gases can
pas’fhe adetosanifdald satruaupe@protvfde rsuSsegHsoy thmugihdmth pmccﬁ)lﬁ oyl slit-like

Ient or bei under, t us tor :
port%?? dSCsien B9 drBo 1quart6\‘}f g5 G G000 b‘%tB dlattened
funne PR hich Qﬁf)\tvs PRV GReddNBAnSHS P IO R to process gas flow in the

reaction chamber); this funnel opens into the base of the reaction chamber through a

transversely-arranged slot in shelf 317.
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rotate. Advantageously, carrier gas can be injected
through this tube to purge the volune under the
W@ eesepilor to prevent dead zones where processPUEEER07/084935
can accunul ate. In particular, build up of GaCl3
under the heated susceptor is limted. The inlet
Mey &iotderShdet6 W% &S thRMoVA A& d%%@ﬁys fil8$ ®$th LRARWIRIIREA Barbide
port 315 and sl [ike 30 port 329. Gases reach por t
607 312@61 pilicen carhigg glrseql}aﬂtuz thteuble of3thg flattpros! funird pepyedes sliqlike port
329 olrae% %? %ap ﬁlnnze?ﬁlg1 | oN the rea%%n gﬁ‘arc’rgb ’ng E’[E%?(ﬁ[ lamps 601 and
Fansy ( ransverse

theuﬁeﬂecttbmptﬂzh afmsdsa)ted éxhd:esshfsitremﬂ’lth@mﬂa Arqtu@rti ﬁ%aﬂm d@htaining a
the reaction chanmber through a transversel y-arranged .
é@ %ngggle middle

ther@peﬂupul%@wémsequﬁhr%h\m boitrer obthegoatetnbe32Hon fo
f | hy
or ¥R FLEFERSE RN P i L ARk SRS copl e

spotd@npipdect tﬁ&ﬁﬁhtaﬁﬂtﬁe SiC béwls aoptedipctdigrclof abdie Qed°@.um@rably,

rovides slit-like paort 329 for entry of GCl3 fr
Ga(flyjg pgrodgossl thigughpre 328 a8 NG 1¢ Hﬁwééee ﬂmslgh RO Fd - Altematwely,
I [
Gadl Soeqrgtlmﬁ]?g(% hhtr&gl} rpnféﬁeilsia%gg\glg c% cﬁlgggﬁﬂ&?g% % 329.
Alteﬁmltlt/ahymmEF dichl mhebooeateplae kodbn usthi: aﬁem b dalvdripoaticghof tube 323 so

the hottomof. th artz tube. 323 up out
that ghe il e cangye %ﬁ@atﬁ‘@ R¥ ﬁre HeAtigROT ioNS1of éadrwaia &“?ﬁlatf‘f?g’ gprpe or all of
the ﬁﬁ?&tﬁl bdrePlab&] by R, FAa ﬁllode%%ﬁﬂéﬁ%p@ctﬁr%ﬁ LOhORFIHRR. A SiC

spot | anp power” to naintain the beads"at a ‘
extehsgopplate 185as dispadsd etvd@0@ie it pbeB3aB layd the@a@l 8f ths susceptor. This

Sic PR ROuPy Rl R it b R B dos o
reforfid 9 Waephdshbesk@bn BRI dit-3ke pRRB2DEAI @li‘hnsub&fptdit e ‘ﬂé“n%érature of
t hrough port 329. 10 Alternatively, an RF field may
the Y eatadioapldn siwulld bﬁ e d00°G andaprictomehly plooviei 39A° @f t ube
32%.5 t ha r}be activated by the_cr | on
of ?%%gllyﬁlr egdl] %ﬁogallwlll ErrIgBeLa p la{)pregqqe :Fac 1on/transfer

charhh@ akﬂé&bg;a rh?[l&ﬁ@%{’v@fé@ o\ aiibLE4D ViskdmBI$ n$dtdd dodtdfion
activate F field. ASC extensmn@ate 335

chamlser@mpﬁ)éﬁeél e$tm@é1rres WbICQIhnat/e b@ntpr@&zgmémien del@gfegSon and 3 are
e xt ens

1den£ E eéd n t%1r§ lel]tld smr)ne referéhec n m%%]ﬁ%gtEa g aax anstfe& Océl%%ber 401

houdet rdot beh oméﬁlmnhtx;b@dgaﬁi dhaseedne (v ellustraR dfor trahifk@ing
port 329 and the susce%tor The tenperature of the

Subssms Eopeths joytyids oAttle susm @tple sppstian vomeboigad from the reaction
charﬂﬂe%fb%@%' e BROM g §O0ser %h&T bts bf& ég‘%ﬁ? coh ol ALERlY

t-away view of a particular pre
mveneamtl on/transfer chanber assenbly conprising wafer

nsfer ch er 401 senbly mated to tlon
chdhpEcESE er apambBy PR Ly Eact D 1sBgted within shroud

405. pnﬁlwraeé h¥rel asi@eﬁﬁmsﬁse&t ool Wil 467 AraBwali 803 8f the shroud. The
dentifred in figure with the sanme reference

shrond: nbEesto cBRéunp Icacvlylgtanmmf ére rcdtr&mb@hammr to hewrgeis agcontrolled wall
r obot Ber oul | i not., . .

temicPlg, R PO bR oy e OYBETr A d8ch HORbsfbincluding

bott&H kil i 5081 d¢ RallSVs! @ihsk RHI td Higtlct BRAGLHRINsHEIEsusdéfor 215, and
fromthe reacti on chanber back to the outside.

cylingirigaktube 3Zhirisescsplof sunpherand eplions putes gbe flowe dhic suschpter rotates
ina cﬁ]é/u%}t p%Hlng 319 in rounded plate 409 which provides lateral stability to the susceptor

and is coplanar with shelf 317, SiC extension plate 335 and slit-like port 329. The planarity of

these components ensures a smooth gas flow from the gas inlet to the susceptor. Outlet
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25 The reaction chanber assenbly includes reaction

chanber 301 nounted within shroud 405. Illustrated
wheoros/oer1e portions of bottomwall 407 and far BeI/USR0DH084935

of the shroud. The shroud serves to conduct cooling

air over the reaction chanber to maintain a controlled

man¥Bld strut@FRALALEY SleneB DR WhidteRdaHLAS cahafREesSHdH elcieSion
have al ready been descri bed includin bott om wal |

charglps in giededigetpd dgections prthigéo Sdustding &%etT hﬂauﬂleft anagifold and flange
h e 3 cyllndr

309 ? %he reg’%tleoat%?r%g SPAOS e%agedf%gee%ﬂef‘r V\(J)lﬁlal gp,u r%agk gas O% 1“ Iq%\/(noialustrated)
mads fiseeRhperatat ahe Shlohﬂe ﬁ:sﬁ;talhﬁﬂﬂa@halsp ening 319 in

rounded plate 409 which provides |ateral stabilit

t hénlgiigemfald ptruckyrgs (as this fararamses hoscig har fillwirated gyi in dashed box
411 .e%‘feﬁﬁﬁ'ﬂrl] @e%@ﬁl?&h 3(%?0\)9 Ngs&lddio tﬁé‘ﬁorﬁq{aﬁl S6Pthe I tion charnber with a

anarit ese corrponents ensures a SNDo gas

gaskfet mv@frmgr(nbﬂ”lﬁugﬁﬁed) ok dte ke mite feans &El}qiemture@ntilchtorﬁg rdABtant

008/ 064109 P US2007/ 084935 nlf structu
mat*?rh% Lfg@é © Brl¥p dﬁﬁ@weﬁ% Pherrag, a & ﬁﬁ%ﬂﬂﬁrea@&%g Hlshrotates
clockWRe (ERGW-2D) toﬁi)%ﬁg%ﬁséa c B@t@zeéﬂ‘ﬁ!ﬂe(f@B %Har%é'r? %HQB%t@IQ%Clese

i nt o exhaust he outlet manifold and flange
(upv30d) torrlashend ecut thegrsslga bbisrceathe tsoahenbersgdhh gate wiakvia can be
(not ill ustrated)

seal L st R R B AU PR EE! & bt P e To¥ Doy ifterial for

the ORMgfi9tHE stk WS tHik BRnfigifedtddbe foRbMck ©-HSRATHE §ﬁb Rhlv@fpeeferably
illustrated within dashed box 411. Pl enum 2

also peasadastpedts et ewenirg a%@@?@bﬁdt kelavie The sructyre aﬁg@’ lptver gpe inlet, as
previriq%l%léls(%eg& e g) fﬁgfﬁldf:%\@ mmr%mc (fufartz tub93r2l3 Nfat §er1118(t1 funngl 325, and slit-

m tenper a
likepbitopdne resistant materials. Gate valve 413 between

the_ transfer chanmber and the reacti on chanber rotates

cl Eigeritdestrgrs st ef thepagjsapr arepf%%da@ket pepifeldstiugresggd their
o e R LR CEU® Nt AP bl bRl B oty
idengiteinviapy. adrB dre idenafibeth thgdigust withdle phatrefoddioe hymbers.

ans of, e.g., asket or O-rin The referre

Congiggtatg tist fgstirpydiey epciipn chamher S33rR0 HrehFian pamppHsEmbly 403,
1nc11ﬁ919g’ Shrb &Y 403 [ reftioh %E%nb@f% 1 gﬁta? theabY Sy RSB RP Icbfambelr

al so provides ports for gas entry as described bel ow. '
strucTiwes $01 anstatithe reght.t Resceipae? | gas! suséeptor stebilizpreepploddp yre inside the

ed, AN des icatin rt.z tuhe 323,
reach SR EHasety Qi 55eTS TR ion h AP phatt S35t pignym
stru@uilel 210 iy leatedSiod D A0F Shrohd 408 PR feh G ldhahaRb& Rink8dnd plenum

inlet mani fold structures and their arrangenent in

strugtps arespotaddy @imgteerkchadembio.is Bistlenuress-sepfiiaobati sides of
Oﬁgzgn previously identified in Figs. 2 and 3 are
POl d@ntified in this figure with the sane reference

n u nﬁoﬁmﬂermgzmw tidanliengricturs leatiing tBronglo Slllitdll{e@dﬁemtfbﬁﬁaClg
anber assenbly, reaction chanber assenbly 4

(prefeﬁ%hlndauhapwaw\lﬂwst&ﬁ@ Fté%l(%‘?m%seét‘?ﬁﬁﬂé?“%@@e 3?%; aatd funnel 325
that ESHSn%ﬁfdﬁnalWalttgﬁésdgg% %I(t%ﬁ%é‘dqﬁ[ﬁgg&sel? & HEt Ko §11544Q?05§5§1 nificant

e right tor and susceptor tabl IZIn
fractpdradfethd Béttan evallnditittercb¢teon ahember. dimad hizruldeor sl btubes or any form

flan 313 of the r i 0 d. a nst
ofa ap@ﬂgﬁ alyorrt H@é@r@fﬁﬁ @9?53?? nssti 33 %e%mqg)ﬁ}a uppey, opening of
the fiRgc]aR@ Gl RIRs SRS orf iﬁtﬁ@t i986L18d RS the susceptor with an

extension plate 335 that covers the space between the susceptor and the slit-like port. In

operation, GaCl; (and optional carrier gases) moves upward in the supply tube, spreads
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structure are sealed by Oring gasket 503 which is
visible in cross-section on both sides of 25 port 315.
w@emsiodan® ng now the inlet structure | eadi ng tPCDU§IV07/084935
slit-like port 329 for GaCl3 (preferably, but
optionally, NH3 instead). It is conprised of a quartz
trandveRRly383nc AMHell MNgldirddad by RRtslit ftd BRAt4dh RBAhYer and towards the
flattened but extended transversely so that it opens
suscgtp s Bhegeby, @ﬁﬂlsu ey from pent Bah tevardshaseptararhd wak laginar flow
n er I o smal | tubes or
Substéaﬁlglag &tfafg] Cgoss %Wldﬁlgrrﬂger C?g mt?reﬁt erial fill the
f upasideah: ndw ﬁﬁdsttstraaﬁrefslléaﬁimgrthfbutgh ®oti B30 6S theReanub@rafinclude
the funnel and includes slit-1ike gort 329 that is

plenypgitragtur ol drectpipde éh—‘s@@égéﬁe vighviert 1an NEypechanbly, pitgptonally,
V;
GaCh s e B teoIEe iAo BEh b A8 SURRERLA FRE 17 and
passesadcrwmarg asea)ls ﬂm\te&tlupwhﬁrdbemhﬂohgh thgppimbet obesrtical tubes 519.
S 30 2008/ 064109 PCT/ Us2007/ 084935
NHy aﬂ%\?}@e SV ?ﬁeriﬂﬁ@ tHRA$ ] OPHgR R @rwggé%%tfélauwmrﬁ%n which each
i t ARADSIrts2AHd HAWR!
Veﬁ%hlstgtéép{%?lea g ?@%w%g&ls mov es? 19 ?%m por%éléﬁzchgﬁ% o Ofthe plenum.
Thel@bs,déﬁt ©IpOR m'ovamtoawalrésrthm ausceptolwn aslatstaa rﬁltowadubytamﬂllfyommﬁorm
of th

acrofS PRI A ShclighistsPBet S R uEL B Seiticahbe ftioglSiied by a

sepabité Uﬂw qRShdnith 50® all Bf whﬁﬁm &Itw@wacgus%éﬂle 2i§0¥h@f31@ﬁ1ﬁn also
415, and gate valve 413. NH3 Br ef er abl

inclusjes ubga faryondustiog Sernprsateeeyoniiap Brids.«-¢. n%AémTa“ flyid aving
r i ney
e SRR NS AR B HRP e R e B e

rnalﬁthhﬁedh wrﬂﬂaer thé)ﬁb(\lx%tddsﬁﬂiedttﬁbp&aﬁli&rang%d\sa Pt pldh@m structure
exits the vertical tubes, or optionally through
adjaggnd {9 PhineedPdpee meintynghpithinghe Apcryéanal kage fqiiske whng materials

o G B0 5 L IR g AL PSR

menfioneisaboowsordshdr erisgs Cl" epiportira cmtfcfl muh’a:aﬁrOSfli; oisible (a corresponding

subst ant,i a uni fo across _th i.dt h of the ) )
tubeigalse Visthle 1%%1?4’5 3#?53"9@??%{999 3 i? fsfpe%ﬂtﬂytoas@% this tube
serszOtBtJoei hed- Fﬁig % tlﬁ?ﬁ@érﬁélﬁs %hfﬁ%s"ﬂ%%%’&hﬁ% all of

which are external |y adjustable 213. The plenum al so

i nélatredva 4lBexivhotrgaosiduntlieg atramper af gesgnlcbpentsof 15 as well as
M f.l u avi

fluids, e,q. L DE t enper at ur e .
servingdo P € oo TREETS mangreambesy do obERRahR Sl mreride
contPdtiR dRBES S ForavdFerd andBh U tralcH Betwath tHerdnB®r chamber and the reaction

above-descri bed tenperature ranges and so that plenum

chargbqr terougleporadj ackat ilugrated infclewd pasisiond whighdlg sealed to face

t I {
a1 R 0B 0 A OB A9 T e
purgfecgl’asdsheg ON,J MYeilr Sizt bed samgashichatere 1§ﬁBﬂiSeﬁﬂ@ﬁ tledaige portions of
for other Oring rature control tube 505 js

the gateyalye(apd r%lﬂ%glwémhﬁrnﬁ@id Pawer gt hegeagalpationseoiphy gife valve (and
reactiG Eha‘?’ﬂb,_%)rf? ad (%QI%HE Egrééque aifornli ofﬁégﬁg%lhéfn and VGIOClty of the

operatlo this™t serves to c rln
processagaséest asrteeyaflovs awo‘sshﬁhn su&csptopm(h‘tbulbilwlburgag@e:uﬂ@at aflong the side

valye 413 advant age nber as .
wally i ¢ ByPPY 8 pEaR! e b 5w lﬂ%we%m%a&} G oitRor to avoid
undés%&ae uﬁm)ffdamftﬁfs ishapRers. 1t is opened and

cl osed to provid

Generally, for dep051t10n of high quality epitaxial layers the inlet manifold and port

structures cooperate to provide a process gas flow that is substantially laminar (thus non-
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control |l ed access for wafers and substrates between

the transfer chanber and the reaction chanber through
w@ooos/03B? It is illustrated in a cl osed positPONUBIV07/084935

which it is sealed to face 25 plate 415 by Oring 507.

In preferred enbodi nents, gas inlet ports 515 are used
turbfilent) Bh&at isRUPIEntBAS RBifoln th veldty ahllRbmpdsiA6n. aMEe substantially

spaci ng, which here’is denser near the edge portions
lamipgr andhmifgem élopaghpuld extendrlesgitidolly maﬁ@émc) o dhosyyagapear and
tlrans‘?veelésgBri ac?osg Et]ﬁeﬁg.lga&? ! tc'hgrn%%r (fsor Ethl&as% ?érgss t%e surf o? the susceptor).
PreferablyQpidictst gaf fl6 @Rtk réxtioR enhrM&Ir Qg lhﬁfo(ﬁlﬁl it helocilw @eESSHnposition

gases as they flow across the susceptor and build a
acropyihg ehgyaker¢g F‘Tt lgpsh S O glor%reﬁqr@l@y 30 el s Comppgiion uniformity

3 & o] t

e
desigiing tHeq&actdssD pas 1®np<mw ﬂo)p,roxfldiaf adglpady tpproxnfattly glhlform ﬂow of

uallt E xi al rs the inlet EPé%f0|d and
proc %Srgfé? @?%{to 6mb? ofidFeqnd, by @gn@g§elﬁ%‘<ﬁ ihjection of
carrfeP@sch & c%ﬂgéstth@ rd?fbslx rﬂ(atél W8 m EhAUS HRHic fﬂre@@nﬁlg umforrn

2008/ 064109 PCT. 2007/ 84935‘ turbulent) and t
Consquxsftfhm d@\Ivns]reaml Pmm the Smlsmptamf; teys mmﬁ@ohpom tion. The

]{B]lni eun]gfllrai(lg{) 1n§F9 ar A Ia{rﬁcrésrgégllé 2]2’ Ga uI duafee 8 embodiment
has aertaﬁﬁﬁ&f $plcYerRAPSRsd ge@ 1ﬁl%ﬁp‘6r't E6h N AMRE 5o (N adhbdtAABIly uniform
across the surface of the susceptor). Preferably,

flowps peasiisedy Aauitlloves forrfotahprocesiaap Hawghisabisrestablishediapenrding to the

sele{tt%% g}gkog%yl’é{}l&pngor@%p%g%@ aabgs neﬁa/ec{ 2% Tt iq, }:lﬂ%g %H&%?& hltllg% %Eroughput

operdfibd, ON@t] WithiiRAGS owBrafl dTom glyldélfne& hﬁ‘selﬂl 32/7\énﬂa;11t 9 have been
GaCl3/NH3 ratio This is achi eved by [

designedisgrihngogeled prbbdiow s theqpastiop 6P%f§bftrds ﬂ}béVPH%UYawlfom across

the 1@ &4 aﬁ"lﬁ@[r %k@%@de}’lng Bfn‘{) %n'&gl ngoﬁow & ‘fﬁﬁé t&f"ﬁﬁtsafter the

roug e reaction c and secon
NHmpemmmges apewt iphl binto tharreacebn ghselsert thlscﬂms elsd) becornes

subs?ﬁll%;@?i i t el &gﬁrs]:ﬂge? {eg;at%qOMSﬁr{Lgﬁma Ve %65% ﬁag B/e controlled to

ameﬁ%&q%oﬁnlf&mht% $hat ?raﬁrl@@ﬁum{g%@%'iét%l nodel i ng of the
gas flow dynam cs of fhe particular preferred

e nﬁodhmgmlded]h‘sm@tecmaﬂmmé@lh@, peaohdary @drrisr g@@m@tsglwe been added
i nl et port. ca rat.ion so that a_.substanti al . :
to 1nﬁﬁ>a§ tlhﬁ,]umrf? %Ig[ﬁ? BORLYGPTOegss gases flowvs, For ?pbalngilg in the particular
pref@k QL&BSod@AsNt 1t QWS PRheSuR! BaRibply IFPIeL AS&GARMUBE ght valve 413
the selected GaN deposition conditions and rates
providss dagrevementiyerteedntiss seaintdetionidngh eanserfrsions ofigaCls vapor
t €. Qv
v SBRALAE0: st ) BBl U8 B 015

Alsdﬁldﬁls ®cerGaGdd tHat Qt\t\angﬁﬁg)mtdwoqﬁaﬂﬂda grrachasrbier gdsSlow at the edges of
substantial ly unlforn1across t he reactlon chanber.
the rption chamben 4ag esper nrenersdlosattthe perdeilyed@rones sateanity of
com o LG o T, HFRE s BIRG MR8 Rl LR (Rekabifhas above
the swiast affithe abdcyptani f or m acr oss the reacti on chanber.
Furt her, valves 509 can be controlled to 20 aneliorate
non-uniformties that may arise during operation.
Further, guided by nunErigzﬁﬁﬁghgling, secondary

carhl &lveAAsn isHo®t CQOn%Y&i B&&RRAYRES conventional HVPE system to

illustrate the advantages and unexpected benefits that are provided when conducting HVM of
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to increase the uniformty of the primary-process
gases flows. For exanple, in the particular preferred
weriwsdo4ent , it has been found that supply of PUF/ys2007/084935
gases through gate valve 413 provides inprovenent by
preventing accumnul ati on of high concentrations of
Groﬁaﬁ'ﬂ-@ ﬁﬂ@t@ﬁﬁl Sord oW et tnhientfoAC Priof tRttthovBlM ehid ddmpdtthon and by
I'ip 511 (i.e., the regions enclosed by face plate
wayf B)trodusaul@n convenfienal $ystamep arh Arst Rrie@n gewgb¢d11nerlebvant part.
to Apcro%\\/fle%?ongf lel%%os %rrnrcl 151% a h09 aﬁttu‘t;et}% agg i aﬁ Igabrlcated of
the Feaction cha g’ PESef ur e s aty

quar€£ Nier Gelup Qllipluuesoe & f@ﬁhéd)ﬁlmlﬁl)dn ‘ﬂfe remmﬂéwmg HQIbver a boat
velocity of flow at the susceptor and better naintains

holdingethe £eyn bmgtas inhldquid fore Bhp Frame Yopropweorsiy seripicd fiom external
|

s, T N R P B SBALE Sl fop e et of

arsemlde ovEndageskniand samécopdadted. HonthkigrewthivdtGadN, ¢he Group 111 source

: |de en conductin of 32 2008/ 0641
ity 7P 6an 6 I8 chost BWW Fiphis B agicide %@CD pnd the
Groﬁﬂ]@ Sbﬂ%gqst]hsggﬂy BhhRhidfssetting forth this conparison
way I ntroduction, conventional HVPE systens
ar én mor@detabt |tle¢ d11},ar1deslnﬁr daped qrnantreéleah@cmertpaﬂy or horlzontally The
conventi onal st.em.consi s ‘5&?1 %t P
SuTTq CRVEY ‘fs;‘}a ya TIEAPRY §PC WA 1S ‘f‘ﬂée@%ﬁ%‘rﬁ ‘”fqnes one for

maihiGi tBO Grodp MPmERMat Nempbldtir® abdiR ifs@RatiAE péidt; kh@wicnBher for
HC1 over a boat 5 holding the Goup IlIl netal in a

mamtalqmgdm erbsirativeatey ap @rﬁu qbﬁrnélzydﬂa@bﬁempsragup ;ﬁcm apitaxiplgrowth. The

GroSHERATH sodbChBEns T uufe ToBh PEFATH ol GH oo
substtpnifdechol ddroshil enl@t@dtrd’lplhdfdddmd&ﬁﬁhg@ndldﬁb efid of tlﬁe rquartz furnace

the gromh of GaN, the Goup IIll source sty
tubeihierodier ead peives 19t a%ltazlstmgar@ac(twntbﬁ RARsTEds- Ay thlmqm@ae@téor at least

that Wlachoern'f@r@lgf)u}lg@{ﬁb%ﬁust 3 a c\({te%i%lf ﬁgni %taﬂﬁﬁ% sjte%l canggt be used.

amonl a gas the uaftz t e can
Mos@rdaemtmpiroeass bely onemtafeadt hyinarat faﬁnm@hﬁh@pﬂeysurél' hultiple wafers must

be e St S A B el 3Bt v g 15 e gas flow in
(Hdéwu5BH%¢emﬁgbﬁHaq§ﬁgHB,III metal at a tenperature above
its nelting point; and the other for rmaintaining the

sub¥aferstaed iadest byafirsaplscing itineon ayullrﬁrtrgh: uppgeart thee by ppsitioning

| wt h.. .The
the Sé‘g % 4% :’:‘(&)tPL? i Peénp%aék“efzwe M tﬁe qHar@ @WCF fybengY gffers are
unlob & ByprefidRiortBé dppaftarorh eed@fnacatt Ghas liFtigehs wafe off the support.

pl aced and arranged in one end of the quartz furnace
The mgighanigrp forqropision g dhe gibgate Suppast A &u Stnusly Prib sed, invist also be

fabrfva\%teﬁ HP gHe?‘[zSSmdb‘l the;% Qr' 3sh %Qi)(p%g 0 fu(llgéro%{h tlfeﬁ%&tatur%:@ ﬁu&por‘ced

ers the urnace rrcate

wafdslahd aibsstaisip@sts asd &elpoglanmmg nixehaged mush/bé;posit&a@ti@m the usually
process only one wafer a tinme at atnospheric
hot rﬁ?@@%@P%Wlmrw G 10\/8’fd@F go prasent thsemak qamage - g nergeking of the

wafé&? ?Ig(%:/ syu%?ta&t? Qﬁrpéato Atciﬁ(g, ftlgéggg?tﬁ{) tvl\llﬁ%: r;[sé’fg%a%gbr% Cf,‘}?gsteg to air during
wafadbddenveandnirflerdmgdeposi ti on.

Such conventional HVPE reactors are not capable of the sustained high volume
manufacturing that is possible with the HVM methods and systems of this invention for a
number of reasons. One reason is that the reactors of this invention require less unproductive

heating and cooling time than do conventional HVPE reactors because they can have
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Wafers are | oaded by first placing themon a substrate
support and then by positioning the substrate support
WO 2a08/064109 gh-t enperature zone in the quartz f uPCEHUS2007/084935
tube. Wafers are unloaded by renoving the support
fromthe furnace and then lifting the wafer off the
consTAHR R lowerTﬁ@nﬁ?ﬁB@@é SR thOFeaP@8d &1 tRRIMENBE, o‘hg)bﬁhte s@dcRptor
support, e.g., ush/pull rod, nust also
(subﬁtam/méqréupmrt)ql@ tto bsihaated.tangyt isheated b,sora@xﬁwetmg IR lamps.
Hea{n!flﬁ) St%agcoo c&nem? {)Q {r gﬁ?f’lﬁ g‘%@ﬁ%ﬂ%gﬁﬁ#\gﬁﬁ@g ]ti reactors the resistive
furnbe daﬁ?fd:quu@r}ﬁ}dlohgbdt Haﬁnn@uai (ey¥pechutity) E(&ﬁﬁl@@fmds}ltheto\/blebhal to tens of
great care in order to prevent thernmal damage,
hourgy Rhking §udt prolpmgedibgasing apg e mediimes: it wsisupis éqﬂf:, and wafer
r
prodfih, ARG RARMG, ybRFm iR Gahect A B8 15RARED htaf¥! Furihermore.
despito misknod i thataﬂlal dvirkgq, saddro ns Lauﬁly’lpihcadap ahd ecnadvet Him the reactor

sust ai ned hi.gh volune manuf g t hat S
WheR it 1 Nef QPRI BRIV £ %‘gpf cphehtipg and ﬁ%ﬁg%hy\ﬁ ofor these
reaséns HDREMO find BRERAS of ANEINTEARA R ah acﬂlékaet hikihe tﬁr%ﬁ?&ﬁﬁ'ﬁssthan can
this invention require | ess unproductive heating
con@ndombrbi\(%systam than do conventional HVPE reactors

use the 33 008/ 06410 .
PCHPORS DAt B e P U OB Y By sigms isghat such

systéls £Q8iré ERABIREDHPhotdetetbNMemih©that @MhY¥ réReors UEGRMhOEntion.

(substrate/wafer support) needs to be heated, and it
Becguse gl amte@abgnmm@pms pf a@men@onaRHVal?ﬁp@actOH@a@ hmedabisdthe external
remﬁ_‘vgéu ndce Cﬁg r\;sglgfeﬁlglecan%%w throu O\élr?%hg é%ﬁ%é cgfntrﬁg ?eha!c%? 6‘alnd not only on
the subgkaw@aarehelatdlemgadarsmn aﬁ@@ﬁb@tiépo)su@ﬁmhﬂ Bedfrdqub®sy cloghed from the

to several to tens of hours. During such grolon ged

reactos 8F £l thew gae &M ¢t %Iidn%@ws phich @ygap@mtp%w fse, Clggng requires
: eani ng, system
tnn&&ﬁj éﬁgﬂggﬁg&kgﬂl% ﬁﬁigkﬁg%t be del ayed.
Fu mﬂme tireoG®up 1Hesiutser is 1ﬂkﬁﬁcmﬁltly Iusaerdrmiosdla ralagsitedvaﬁ ¢hresinterior of
are usualb¥ﬁglaced in a renoyed fro cto

the IGHERL A Sma tion grsigp%stnie Qntt SLLRLE M rtaé gs‘}@ danJ little or none

appdaty thBE rRedt LfuaRhesORInhipgt Héetjeé&)@?ed 6PFeubdeBR: Group V precursor is
reasons, the systens and nethods of this invention can

also almdfﬁ@mﬂ}hu&gtieandtdm@a ghlpmast Whlanmmd HAlgo tanveneridesd¢.g., NH4CD)

Anot her reaso |n1t|n the,thr t .
that ggn dq ‘E é’r‘?g/li Rt 9 nElﬂe?F eaﬁﬁﬂﬁ“s‘f%?% ﬂ‘resr e?‘i’%&? e @c@yﬁf@ﬁ% deposits must
alsob8QWah&l Eemshdehably nore reactor cleaning that do the
reactors of this invention. Because all interna

comperTerists thefreediory oh thinmarntiquPRYe &mencsityreaoatrplied wellssp that
little &%0%8&%' (e S%f%ﬂoﬁg Hg W H}?f%?lﬁl &Jchrsv 1&%&%{5‘ this flention can be
Foughout t reactor, not

mor@pioyiuaiwelsﬁndehﬁapﬁddhsﬁ\readl@nvﬁgeﬁﬁ rhztlnﬂeﬁatdﬁ&lthﬁtban Suchorter, or need
undesi red deposits nmust be frequently cleaned fromth

not begdtiuchy ohalle Fereesedrasny ﬁlﬁ‘é}d%? sygteansrangeaashegsiof ghis fvention
can & %V%'Hl%%} %g%%%s%hatgaﬁ @&%gtﬁ&q HVES ys{e'n[fﬁe during

icht r is not productive. so the G oup
| I Anpthec wras@r limginigrtbé fhiraughptd of qoaee:tmonuisHVPE syl&tq:ms;lstthai their

on th interjor of the reac ac
convEaHay elgama\rqb% ﬁ%lrg%agwaetrs%%s (i ﬁa rff?do hf‘d'broup 11T metal)
condiddrit1 n@¥re HOQRntly than do the external Ga sources of this invention of this

invention (which are recharged with the Ga precursor GaCls). The external source of this

invention delivers a flow of Ga precursor that can be controlled in both rate and composition
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20 appears in the reactor exhaust where it mght be
recycled for reuse. The Group V precursor is also
w0 p@BlsadeNt | y used, and excess can react w t hPCmusSmd7/084935
HC to formchlorides (e.g., NH4ACl) that can deposit
on cold areas down stream of the reaction zone. Such
at meXinfin SBtH8RA%Ik Sp W SiprodhRePe0E LRARed ofdaRiM She the capacity of
reactor. In contrast, the reactors of tﬁls i nvention
the m@realtseme e Qj rh@ntﬁdl’otyrr@alqt@cgemmetrs, i§ oant lmaiuf@@emu for manypdays or
Wee%sgoafl']stugtglznle(g 11%9%(% tgor} nvoer ne am ﬁfépar{ é}{gernal sou ce c%n 8t%g€i 1:.1'115/ f;’o' many tens of
kilogafis @ f GapE.gd tirbXignatd|£ 80 kg,gaxﬂrtdulﬁplersbmamc@ & dpeedteCi@nseries for
be shorter, or need not be as frequent, or both. For
eﬁwﬂﬁﬁb@ﬂﬂ@@§€ﬁ§“@m§%P“ﬂﬁ@“§ystens and met hods of this
in h t .
cort S Biori® PR Bl O soh eI LRIy e T@Buciy, Since
the solnroeuisp fit 1rrsfde¢hmnee¢’tbt aniadan dRia 1sngst thas thesreddwatitse Heit (s believed

that g&ﬁ%ﬁ‘ﬁ%ﬁhﬁo&n%v%&o% wrcgrlé)%gu{lll%ﬁ%d{&e%% ' eForr%g:(Qr%Ir)I%i Po? 3 kg of
Ga, 59&%&*%@9%&1&9%1‘7{% mlwwﬁmﬂmms h%nﬁa@eﬁﬁmqm?@d

sources of this invention of this 1nvention (wh

Dlscﬂnsgrer el g mjgey\ﬁ’a troatHas Gat lpar@oﬁurs bq:en(fa@l(Bi)n, thg peor art Further the
er nal .. sour i.nv

rate G} SORRi Ot o Felmo T PR, bitRe st P Bigirsor (Gach
is foeABPASIiful 1Y Ppaddn A2 ARG 6RG4AD RET USROG A Qﬁﬂ'@é%gba@lnsrde the

maxi mum sustained rates up to approxi mately 200 gnm h
reacter. dhe aff@rencsloﬁﬁles tehetiapap depengersfupon FRACEOX BEOEIFY @miﬁrX@et process
condlt??rg? nl{n t%:l%gergyurg ?ngtglg ggurgg O&{%éé }ogg g{ﬁg?eﬁlg& values from 60% to

over3006l igid @an r@@ﬁe@xammlh@moww aetle &é\ﬁiibf $ho lﬂacc&creasbssaha hethe Ga
up to many tens of kilograns of Ga, e.

Souram%eéxﬁh 810) (g6 fagthe RRPSHIANZOBF SIS WY @@@1 wih aggnstant process

condR&]2 e ¢ c}‘e@e ggdn“g%lsfoo{h]e s?st@r?é & fn@%ho%{ %E%&&r@ron can achieve
sust ai ne uction. T'n’conventiona

highbhmr@@hpum IthPEE chtaeoraren;tndnatHW’E] dysietr8d capacity. Sin c e

urce nu fit si de the. reactor an be no
%@1@; °f FRaRoR ltrnééE? : Boyahpus qf Correqt@%@?ﬁ%ﬁ SYSte Iyrthat
here?dfor‘ém‘?&f corlsHidtidnas ﬁotcs@ih\ﬂﬁf&ie‘an%d i%%t%ﬁcﬂ @s{eﬁﬁsaré bash S
kg of Ga. For exanple, g

mdlﬂpimlbfxdeﬁmledl anEame@ectfnrfSpetdlfé@uws rLaCk@ij stdn@dmatmn leads to, for
qﬁi N ﬁgU|”¢d 1q Di sclgsure ﬁl such.a | g 1 d fracil
XA &S ‘F]‘%i&n SF DU e BROAHSUINGY O ki ipFlugs C%{PP X and traglic

quartAdnii®nchtd hat bt Bffad t6 UBBORIith] Qidh 8dactdNEars kLB AMRRL o
be wel | controlled, because the Ga precursor (GaCl)

disagssmblsy anddeassersbley Ibparfiawas, thy @l@lup aH dou;m@ FORCHE ItFigaff @s it contains
a sepecﬁ?te ulnjt]zem% fférﬁﬁcleggrqgg@% béa@%bgﬁ drgetzie djde& B%e H-Crpr%leit a separate

ency 0 Ion 1S dependen upon reac

quargzerﬁtwfcsrythaﬁﬁo@m@tecpfsoﬁ @slsich aopdhd lkepn §epafa,t€gfromttH@Group 111
mperature jn the source zone, and various efficiency
precv%ﬁpoe%ndrarm@é%c{d&wm Be 1gbiona variseass. 18 seRtrasy. the systems and

meﬂ?#létor[1 He Pt dLent AScdtRd alr?%gl %rggt etxh%t g@a&@a@ﬁﬁ? Q'ﬁ%&e@ B4 &Sndardized

source ages, l'ux o
desigeydo®mni fonSzmmeessiap, whicly hemelveewophmazedcfmsetfﬁmtenmmm and

R DR e R O DA AN AT O CAam e, the
partichaP PRI IR mER T SRRY 8B BR Al sEIYEEZSHESE RIS gate valve and Group

III precursor plenum and inlet ports partially fabricated from metal. The gate valve requires

only a short time to open and close, and the Group III precursor plenum and inlet ports are
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Anot her reason |imting the throughput of conventional
HVPE systens is that 20 heretofore their construction
WO 2008064189 andar di zed, and in fact such systensPEr/@sS2007/084935
often individually designed and fabricated for
speci fic users. Lack of standardi zation |eads to, for
consSIRNIN Ross BhSe. A (RQERLBSnd B HRNFBE Bis 2B GRURRs bPEYs invention
can often include conmplex and fragile quartz
can gahngyeiiegites thrpeghpatsdhatickn cenventionsl WOrHE syistams. such
re rs..are tine-consum .di sa .and .
e dB8 BRI BI R BN M ks SESPATOL B B ensign rom
convedtibmtl H\CRE 6ysédnd [badsqo batipfiSing quantepay tahefitg waepizaxiad bhiwth
for HClL, a quartz boat positioned adjacent to the HC
cffiGi¢ficies, r¢Rcos E}gh@t@ns @'rgbwgfzer pmdg@thncﬁate(s,haéldgargglgsq}r utilization

r ( i . 3 r .
o R T I8 S SIS T Uy R
Tablenll £2, ahd B3, ehhrcomparegasonventionentl Va&Etsysteinalcsigat etwshaadid one 100
t hods of the present invention are to a great extent
mm G B ot laglt@ag &ﬁaa%qréﬂlaf‘av%bfaaéoo %gﬁl rmelehgihibout 200
cm Jel?%ngﬁi with ACeRaL g dinghiy §BmRA YRS RReRLGPRt i m zed for

Ici ent operation ahd 30 mai ntenance and which
i n€lousideronimst adhatviapleapaitialdrewthorfpoieesies thekbata of Table 1

com T B hr PR BB R oop on YA ulSEkyy e et than
convehtioR] @PHIFES §fstddhsenum and inlet ports partially
fabricated fromnetal. The gate valve requires only a

short tine to open and close, and the Goup Il
precursor plenumand inlet ports are 35 WD 2008/ 064109
PCT/ US2007/ 084935 considerably less fragile. For
these reasons al so, the systens and nethods of this

i nvention can achieve higher throughputs that can
conventional HVPE systens. The qualitative design
choices that differentiate systens of this invention
from conventional HVPE systens |eads to surprising
guantitative benefits in epitaxial growh 5
efficiencies, reactor utilizations and wafer
production rates, and precursor utilization
efficiencies. These surprising quantitative benefits
are reviewed below using the data in Tables 1, 2, and
3, which conpare a conventional HVPE system desi gned
to handl e one 100 nm di anmeter substrate and including
a reactor tube of about 20 cmin dianeter and about
200 cmin length with a correspondi ng systemof this
invention. 10 Considering first achievabl e epitaxial
gromh efficiencies, the data of Table 1 denonstrate
that the HVYM systens of this invention can be
considerably nore efficient than conventional HVPE
systens. 36 WD 2008/ 064109 PCT/ US2007/084935 TABLE 1
- Epitaxial growth efficiencies Epitaxial growh
efficiencies Conventional H/M HVPE
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Reactor Information Wafer dianeter cm 15 15 Reactor

| ength cm 200 Reactor dianeter cm 20 Hot zone | ength
wa@nod06#omaf ers processed sinmultaneously 1 1 ReERUS07/084935

production tinmes - wafer |oad/unload tinme Pull/push

rate cmimn 2 Total pull and push length cm 160 O

Total pull and pUBhEN DEpithKiaBErodvth \Mfi@éndi@ad/ unl oad
time mn 9.5 2 Total load/unload tine mn 89.5 3

' Y % 10% 10% Total | Gadyemtibodd ti

i%ri) g%%{@ggle&g?%ﬂesm n 52.0 2.2 - epitdkVYRBE grow EFIVM
tReA®&od InTerni@iogr oW tenplate mn 0 0 Gowth rate (unt
I digffer( 3. 3) 200 (3.3) Layep, thicknesg um 300 3095
| me f,0 heat and cool min O 6 Tineto grwvlayer m n

99y 1°n8kr ati on overhead % 1088"10% Total’growth tine
Repctgglianpger Tot al waf er-in-reaé®or time mth 151.0
H7z@e ldMgdct or utilization (R tbm) R U -4@growh
tal R WBoBssddnk Bi@RdoRMy t | T % 669 98% Epi yaxi al - gr owth
efficiencies can be represented by the ratio of the
actual epitaxial growth tinmes to the sumof the
Areatiay Progpetaptipesg owt h times and the reactor
I-oadrdeddordoaditimes. |t can 5 be seen that the HVM
PyBpeyrsat@and met hods of this iawemtii on can2be

Iqqgaqjﬁg{émlpgth ¢ Significantly_ faster thgg,can 0
éron#e‘;]f%@na ’ E systens, and thus can ag i eve hi gh%r
Vﬁ)f B PYPT ef ficiencies. ™t is al so expect ed

tWafer lpwdeddmeoper ati on, the 8t ernal G&-5 sources of

tTiotad londrudoddtome Wi | | al | ow sustaimed oper &%.50n for 3
epRaEtigesRMeyd | onger periods thap possibhgwith 10%
GRRY %Q&hﬁl@a% tinte/ iﬁtcglms()pel%gon min 52.0 2.2

- epitaxial growth time

Time to grow template min 0 0
Growth rate (u‘llr‘f/‘/nlzirn) 200 (3.3) 200 (3.3)
Layer thickness um 300 300
Time to heat and cool min 0 6
Time to grow layer min 90 90
Operation overhead % 10% 10%
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
times to the sum of the actual epitaxial growth times and the reactor load/unload times. It can
be seen that the HVM systems and methods of this invention can be loaded/unloaded
significantly faster than can conventional HVPE systems, and thus can achieve higher
epitaxial growth efficiencies. It is also expected that in actual operation, the external Ga
sources of this invention will allow sustained operation for considerably longer periods than

possible with conventional systems.
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WD 2008/ 064109 PCT/ US2007/ 084935 Because, in
conventional HVPE system the reactor is maintained at
WO e@s/06daposi ti on tenperature between runs, thePCT/US2007/084935
substrate nust be pulled fromor pushed into the
reactor at a slow enough rate to avoid thernal

damRefise, A8 Lo dohdl MV IR §§s8dik &hOfcatde 1ssdciz|ﬂ§€a[r@ﬁ%t h&@drdeposition
fromthe reactor inlet is about 80 cm an rate

tempygratpis hm@ntrhaﬁt, the ibptrate must kovpiligd fipay wapussecgmﬁm Jfeactor at a
SlOWaebn(élijlg}ll raQe aV01 {%l%%aﬁ%l‘a{ ge? rA sugung&hap ?ﬁt%ﬁceséfr tﬁé ?ubs{rgt[cnholder

fronfthe trm{or 11616(31@ adelﬁ SQLHQS ﬁn’d?d pulbnge yafoemoRr tRat P0G nin Resvoid thermal
in the reactor, up.t mn can be required for
dam%re phett 49maiBi ¥e z%qw@ﬁ to p@b&wﬂbwﬁf‘g%om@ﬁé algito ppshghe substrate
g A
o BASES, SRS, e Moo S, ARG I 85w 1
min Icm:k&requﬁat fqn tlw@mbhktdtt&hzmmh leastgepurpe, Bnd set-uphe Iimxtead; gasses.

unl o d tinme i.s about 9 r 52 mn.in
Wﬂéﬁﬂff ¢ BHiEg Gat 2EhSCHHHEY twﬁgegufﬂ%‘gt%%ﬂhd% out load locks,

setup %ﬁﬁgbeelﬂﬂéﬂ io)i%&gt Wtﬂe"f@taﬂéﬁ&ﬁﬁ@a& &me'iYB8dut 9bMin, or 52 min in
contrast, int M Systens of this Invention, wafers

contualnubproriacptloam (yheteoadedines wade e sharébowprally éntp@ﬁamm ewccessive

thout risk of thermal damage thus elimnating

xt ended wafer positioning tinmes. Because of their |ow

t hex B&tradB§Sthe W{VM@%'IS@HB oR A inRBntichd waRACELN e By
(and speC|f|caIIy e susceptor and wafer in such

loade@/nloadash at flowarHemprmusspsighent riginell thetntrd demage thip gliminating
exteé@ev éf{tep ]gons?t?o nl%gtrngl? ' rlgelécylusceyogt ecllr f%et t\tﬁ%%[fal Iil[]l%%‘b &id IR-lamp heating,

runs

eratures

reacio@ﬁdﬂeﬂgéntfﬂp@ﬁﬁbﬁlgy the spREpioL ﬁlﬁﬁwafEhﬁfSi’lch F@ctor§)dn RNV M systems
systens _and nethods_of this invention achieve

and E’@H’é’idﬂ ef Bk pvarioncar be sy grelpd bewicayhighaiederpsitipn tgngperatures

o RS TSI 0 OB 96 B, GO PAEs

methddRlf ﬁysstn&am;tlon&rchleab kensideratdy slicaten lcadingdedpeaing timassthan are
actual epitaxial growh tines

flow rate of sor,
possa%lel%%ﬂws?ﬂqnaﬁé% Si%0R and of the systems of this

| NRRE IRRcAER] KhuRRRICXpIBE8bNsohREs 84BN HRIALEMISIVPE systems
However, it is expecCted that the Ga precursor source

are a]péestw mmntahean—hﬂvnsays nemsﬂo‘a nete wé preoison fctuhl epithxiglegrovgntimes of

ni.fi can van ver recyrsor so
comi3Rert Arossn SRt TEY S re €Y S g A Bl fog some
magRREdAtHSRevich 8t 18 ¥&h iR tﬁﬂdhé’f@arﬂ)@&%rs@f séurtSusel My BRIV systems
will achieve relative epitaxial growh efficiencies

and ggthedypEdiseinveiion hap slgafiicpe aéﬁ%nt@&es ol ATCEHISPHSOREdS used in
con\;entlgﬂ') HV‘%@‘{}B Fﬂ ?0 t%g dllnfacﬁlgp elreﬁ ?%%?ﬁ% at%d%ectﬁoés oq\%ls

or an 1 ni berl 0] conventi1 on

1nve@or$®ut E@ﬁev@&ﬁlaﬁ%élﬁlamaagmuﬁbfﬁdm&s elangtaer @i eRdgciencies
periods. 30 Conventional HVPE systens generate Ga
P“”ﬁ@%@ﬂ%@%ﬁeﬂn situ to the reactor by the passing HClL

gag opgﬁnﬁ b ﬁ%agﬁlé bmegﬂat@n{gksqﬂé\g 50 hit3e it is unlikely

the e ncy of S process depends strongly on
that ceachton @eenwteg/caamdstpmcxde@ate:mam flavofg e@@nged pdriodm
o0 over about 90%

about 60X endj ng on
Conyrioar }J’(FE)SY“?TH% g ﬁa&a%%lr%q? b e fﬁagtea Py ge passing HCI
gas 6@ GhYalé bAl1ighSR aVRUN form. Because the efficiency of this process depends

strongly on reactor geometry and process conditions (e.g., from about 60% to over about 90%

depending on Ga temperature), the actual mass flow of Ga precursor (GaCl) will also vary.
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38 WD 2008/ 064109 PCT/ US2007/084935 Further, as the
| evel of the Ga decreases and the Ga source ages, the
WO bagg/06f10Ga precursor can vary even with a coPGI/ERf1007/084935
process conditions (e.g., constant tenperature and
i nput HC1 flux). Further, conventional Ga sources (in
FurtRéH 44 bll@k] e Gaebased ah@ale) GO eW th&fIx bN€a precursor can
reactor, and their capacities are thus constrained kﬁf/
varyreygi wath ageesstent roceph eondaiqped e.gh canstand tqnepasauteng angit HCI flux).
Furf G ARERIE R S hS: (P08 RE AL bR RS B e rscor
and fheteapaditidsl sl thak domd@raiiied &y réitor gbembtra PPhOMKdt Bday bdieved to be
to 5 kg and would be approximtely 7x7x20. cmin size

reaseiifploRospiblg (@ad aotdhaligesdyoietdisclasgd intheknown inhaprigsert) in a
toopis y
comieh g YMIP LRI B0 FERIR0R thir byl IEEBLEARIZIR Sk and would
be approamyatelg 7k V-0 o inGazgareicher Slbed a¢m dpert witR Giquigrof
Ga/hr 10 gn ater (syfficient. to.support growh
r atl%eor}tw%ﬂtegé‘gﬂﬁ%ysse@@ %Hﬁﬁtswfswéﬁhlé el Borsraelay A grtemal Ga
sourbOWhRKLGA PR i RECInSdSt, ﬁﬁvatr&iﬁg flot &f5ba %Ife@ﬁéorsaql’d ¢&260Em of Ga/hr
provi de C13 vapor in a manner so that the mass
and gteater Caffibent ne sgpog@rewth retsnin ol dessco 08 undbm)ithreg can be sustained
epi t.axial gr h. Second, this ext.er Ga source i s
for SRl bt R bink: F5E Misorrth T HTL DR kB BaRsEr so that
the GRNRAELAW S@'bol rcastréARhl @6nthdIRM el @RIV itaxAPLGWHE Sccond, this

10's of kilograns of precursor. Additionally, nmultiple
cxtenr®l Pasewgeiseapaldn obsustpradatdigtcriptedopergtipp pecause Ga precursor is

suppglfga %1%&1{ ¥ Fésérrvg\{ﬂh:glmelé e90'§) gFlgi%tgigaquS ofI ;grgcsuggc ‘??L}iér/dl’dizt{éo la@)ziir%{ﬁeltiple

—
—

I'taxia I CT encl can
reseFvoRs tal be bijdrhted ai dedibs (IR clegtiviteyf umlaaitdlyodcheiohr acti on of
the tinme that a wafer. is in the reactor during. which
aclusIMPrynFdet]vs cpEetiprgrayth gfficieaciseem hepammagizedhyreactor
i T SRR FO TN A 0L e g g i
actuslygbdetisis cacuraohi Bvesc2 tistidie VR Y stondis and nah@lstdidlns invention

.about , 65% it 1,5 expected that the ystens and, .
achifyyg waagg%?i &%&}4 ORBE T e Caemn_é%alg%%ﬁ gY¥eiperan achicve
sucH £R Y I0f 8o @RIr tahabo@r 396 NARA 111i6 L:GREIBIhdt The BYM@stems and

operation. Next considering first achievabl e redctor

methgdis off thas inyersticandilwehisy e pyadgreateomelatiae epitaxidl grovathtesfigéncies in
Tabl e 2 denonstrate that the HVM systens of this

actugl OPSFHIOBn can be nore efficient than 25 conventional
HVRExSychisRIdEng 885t Wi 2RB& @64d 0126l ddda WAO8AIS R tion rates, the

TABLE 2 - Reactor utilizations and achi evabl e waf er

datajpf d@blet2 dpmanatrets thré thetldY Mhayistemsrrd hleis invierben egndbosaeisretficient than
"Qﬁ;@ production rates HYPE - in-situ
Comgggééfagtrﬁ C eé’ﬁ%'ti me # runs between in-situ cl eaning
55
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Time to open/close reactor mn 26.6 2 Total thickness
to be etched um 1500 300 Etch rate ummn 8 8 Etch

WO 2008/06d1n9 187.5 18.8 bake tinme min 30 15 Ti n_CT/US100A084935
Ga wth in-situ etch mn 45 0.0 COperation overhead %
18% 15% Total in-situ cleaning tinme mn 339.8 41.1 -
ex- STABIIFEAC RRActol atiliAtiorls At dthievableBRiNee prodetidh irbites
cleaning 15 15 tine to close reactor after unloading
Reagtol 3n@ntence timgpandowdfool react or m nCaEnnal t i ne
pradectiogaeteor apart min 120 120 tine to PMPEr eactor
hiagku ragelrkRaniak Amk80 120 tine to | eak check and

@;ugggetmegilﬁgtﬁﬁean{g%ne to load Ga with ex-situ etch mg
0 [ to heat “reactor mn 75 20 V\af%)rﬁtestlng )

t
1?‘1’?80_ eﬁg%ée@ﬁcmrPr eventive mai At'@nance mi 120 120
Ty thickngt tobeetthedd % 25% 20% TdRal ex-sit0cl eani ng300
Etclmmteri n 959. 2 571.2 React or watmini zation R U.) and 8
ek e production rate R U - wgher-in-reggggor 18.8
| otal use tinme %59% 76% R U - gr h
l%?;k%%%ot al use tinme % 39% 75% -nr uns (vvaf%éﬁs) 15 15 15
Tigedy logd e pith@-sighctdy uns (waf er®y min 3734°1996 #
Vpcfretiog bholwad0. 24 0. 45 # hours/ Wafer 4.15186022 #  15%
vaijler-sitdeahpgdtime5. 8 10. 8 React ahia nmust besperi odi cal hy1
taken out of production for cleaning and preventive
nai nttenance Si nee t he HVM systens and net hods of this
T AT ERAE UM di y cl eaned 5 and mmi nt ai ned,
t naybgwsengstiiteeriisgher reactor utilizati dds and waf e
thmowubise eactoadflesutldsding can conwueint i onal HWAE systens.1.0

time to cool reactor min 180 20
time to take reactor apart min 120 120
time to put reactor back together min 180 120
time to leak check and other min 45 45
Time to load Ga with ex-situ etch min 10 0
time to heat reactor min 75 20
Wafer testing time min 60 60
Preventive maintenance min 120 120
Operation overhead % 25% 20%
Total ex-situ cleaning time min 959.2 571.2

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%
# runs (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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40 WO 2008/ 064109 PCT/ US2007/ 084935 During operation,
materials grow on undesired |locations in the reactor,
we2@s/064am t he reactor walls and on ot her i nterP@l/US2007/084935
react or conmponents, and excessive growh of these
mat eri al s can cause problens, e.g., wafer
COMuRiNk: RPL1aBOn, ridt&FdS Bdw &n ﬁﬁﬂ:b*ﬂré@l@c&tibn@ e GeddRRSE., on the
undesired materials, and can be performed either
reacfonvills and pmather inteunalieastordoswesenth lang gX R VG giopdl pﬁthese
rnater als c):(anscla{lsue sprg‘?lF 68%? agfc‘e? C%fllt[%rrﬁgla%lhe &ﬁe%&g% éserseﬂlruées foemove these
undéi&ﬁ@ ﬁiateﬁflaw tuld Hﬁ]be p%ffoﬁhecaelﬂwﬁhﬁﬁlt@f[hdt ik withidut @isadieMBting the

or cleanlngs nore _thorough ex-situ cleaning is
feac@éx/%frﬁ"asgf@o%féer dimeaipling e 1erctemila-sithgloaping s pléqguperormed by
etchﬁ%nﬁl'd feﬂ%%? %ﬁ/ H I[ins' AfelC é?g)f - R étPl‘ﬁH%s or cleanings, more
nventi ona systens. e reactors
thorouphesxtdimrcldrave; inatdvatagedis. control | ed | ovver
that little materia QSItS her eon

te at ures %
SElFep Ogﬁ%@é{i’m&ﬁl reqyreceRpidgeply E AUsHt clsanpg time than
con\}'el}{P Endl SAGIO Ey%té?l%e rﬁieereé?cttorg bohge 1nQ@rRR§1' Hakv© lQzalls w1th controlled lower
tenperatures so that the same anount of nateria
tempprawess on thag bttleonatovad! ldspesntd thanear haingrvedet podydion s Imeontrast,

comn B 2V B o B SR Ak BT A i et PRgr B BRCTRG Same

amoURVEFh A6 B wAsh Ractdt wameshd iatcae dSictor PArts £AGHRE on the wafers
wal I|'s and internal reactor parts. 15 For conventi onal

and ppptratey.sTene 2 proserts agceasanyeh ¢S§um@iqt@atrlénmemeth§n 55 mm of
unwhitid Ga Jan. all we&: tb &'e %mm Q{aﬁ%?w%ﬂg éﬂpél:%gactol%rpaﬁgr
run an W ave grown on e reac or in

COIFbf étﬁivenﬂlcfnal AVPH sys&hsamm oOdanirpds FRpOtO eser@fs rluhy, Guring
invention is also perforned every 5 runs,

whighoh Fn ohweRiHttcd aly. G0GpmonsF el il pines %t%aml thygactor interior.
r

I e, A g B FRGYF re PEF g e Rlhy 5 run

onlyi amegnihal amhc&mn (g, 20% o2 st betheMosytsthetmgilldfave larsvn in conventional

HVliﬂ%gs?%nllsgﬁg&éﬁj d]élrh%]%% %&%IE)I{JXI}:&]E égﬁ%h%xgtgﬁélg (gqn ID ct, ?I‘\ll-slra}/ cleamng of
the HVM/ %Eén%rlﬁ{ thlkMR%nﬁ&@G&ﬂﬁ SealbibBl bd &aSed %0 Bhl?%%el(yal@q*uns )

up t times) longer than the in-situ cleaning tine
Thel@forﬁ,he-swmenaemgttmm® optonvengonal VBAE macto are at leinst SHivis (and up to

15 gL R Rerd vt ey PR A B e RO Shediey SRian

Fi 380, tH 18981 IMnRYSTHRIREnRAMEN Rdqdite boitadtidbly fROEL-Sifu cleaning
25 coollng/heatlng ti mes which nmust precede and

timefthan epgventeansbBy; P\Eeﬂyyten@x Figpt, these HYM sypterps Baye signefigantly shorter
i S

coolﬁ#il?eéﬁ%?h\éé t&}h?cnzlgh fe%é? ﬁﬁgoﬂo%,r%g eescgl{lﬁé ésxggsl{uzcrrlresa?lﬂlg. Also,

theiﬂxﬁmmﬁlpﬁa&awy}rsassérﬁm tiamed ap®dimdldstoahe Eﬁdr’&r tim¢e Rhdvom for Si

conpri se connerC|a avai | abl e desi gns_ and
proce%@#aﬂo%ml@ bacreedye klﬁﬁ\aﬁwt@m zpd Hehedsel thiy. invgagion comprise

comﬁfe?dlﬁ av%ﬂgtfl‘é ggyg&%h ohﬁ%ﬁé&é’él?éa 9 kh&QMFoR! S@%’c‘é?ﬁﬁé”ﬁhe

syst e i nc r api Iy acting 30" reactor gates
desifnd dng camponattenhcmbﬁlted’lfnmdlﬂl pepoassing systerns include: rapidly-acting

cassette-to- cass he abi rform, ..
reacipg gateg fhily, Aptamgte é’éag%fr 3 %%th ﬁ@ssstﬁea@e Ssqﬂﬁ 1%%? » the ability to
perfaﬁ@%t%wﬁﬁo&m RéFaP4th B8l tdeadn-s lt@ gswth Qatb hYRBEing and load
exposure of the reactor to atnDsp er e.

locks to prevent exposure of the reactor to atmosphere.
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41 WD 2008/ 064109 PCT/ US2007/ 084935 And, as al ready
di scussed, the Ga precursor sources, i.e., the G
whoaBs/o6418e8d i n conventi onal HVPE systens nust BET/US2007/084935

periodically recharged in order both to maintain

constant precursor flow and al so because of their

I minldesh ARRAE HisYussdd)itife @F BEULBEF sduf&harddithdGaWBhClsed in

can be performed during cleaning, further |engthens
conventienl iV RE systenat musi bs @cdotiva ht icoragedsinoydar det tojmaintain constant

| : .of -t h )
R g DS L O AR P AR s it

can B¢ pdiorindt dufibiPtlediing, durtBoetl enpaieshs pRahdd3in®ds of kH8e cdiiventional
summary, reactor malntenance tjnmes _can be summarized .
systgys. alnfigpirpigrthrexiernghtia sourgey AlrthpHY A systoms anhmethgy af this
- f : a
invR BP0 Pofito FREURREN o fotfrubfil for Bach prlds bERRer
a \mfienmiy, raactoh enaimahos tipksisant eesummarized by a further R.U. and a
cl eapi ng/ mai nt enance 10 tinmes. It can be seen fhat the .
Wl BB i i rereB & ot repRPE; HyeRia hs&meéf;@ Saedleis n the
reachr t thefsumBTM tihedaf a S Rm%hé RaGBPYEY Eﬁe%kliﬂ%%ntenance

~ systems can achi eve suc no nore than about
time80MocabE atdnvbatdlrs HAM of ftéro iaed cicg®ds ahthieinvepgremsshiceda R.U. of

fer production rat i ch can e deriye y
sbout ¥ EerhoR! RO ke Ge el BNtonSliR adn s Tevienebid B phaw more
thanf2@6ut g6l t 0 produce 15 these wafers. Since a conplete

cycle of wafer fpr-oducti on runs, in-situ cleanings, and

ex Relatiye syftemagffrgencios gpr be cpnpentse §y raferprieduction sateh méich can

the as tio f 1 d e I

be i}, AFRIBE MDY nE R PDetef BB 1ol IR regh D produce
thesPhaftius i $igcddcovapletescyClend wadirigoddctian fui’| @agtutdldmings, and ex-situ

in-situ cleaning_tine, in-situ cleaning tine,
Cleaﬂlﬁghtf@ﬁfa?ﬂf@:mﬁeﬁg? rgRdaccgitiesto the assyppaons ofehablgstl andi?), these
ratos e BERAninD R by WV O S by ATl B AP SURLIRLT 5 Yo Gincluding
loadven @uilginfe, umsitu clsamog smdemadifuyc]@inorgttene, tnramtchdree tiateahnd source

time. required b onventi on P stens. Therefore,. ..
rechggs TgRRd Bfien B geaefpghe ! Utrmﬁ%e ﬁ@%{ﬁefﬁtsws aa@ RicEinds ghthis
inveB O féﬁhﬁ‘@&%rﬁd@c_ef ol \Qaf%ﬁr(ﬁﬂﬁﬁﬂ %néi&cpfﬁlﬂy%ﬁ&%r tRMENhe Y8 time

prior art. As discussed above, a greater throughput

requing bp vemesntion & \Vdpsysteots. dibciafiereatbt ypdterapardametbnds of this invention

.Lastly, consjdering.conmparative precurs : :
o RGBT  CF ORI TCP Kl pier gt Apflgeussed
aboveN¥ @fdated PhrtigHpuZ Bnftb GGHER & Sipe @SR EEGHRA AdtudBdperation.

precursors, nore efficiently than conventional HVPE

sy $aeths commidasinggompaispve piesdrsprcifipeneas, ahq I VIVApyséenss and methods
) ) T .
ST L
conveativeNtH @by stkivid. TR exemplifi@hbyathe biatalin Mabieesses)
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Ammoni a Flow sl pm 14 10 Total ammonia flow tine mn
132.0 97.7 Total ammonia for 90 min. run nole 82.5

WwWd 3008/06410HCI (conventi on HVPE) Ml es of HO / nmPeT/dszo0miop4935
run mole/mn 0.024 Liters HO wused in run liter 51.2
- gallium (convention HVPE) Input V/IIIl ratio 30

Mol es/ min of amMmDIPABIH!S L PGedudiBor@i/atiols 0. 6250
Mol es/ min of Ga required by ammnia flow nole/nin

rsion of Gall x to GaN % 969sventenad|
IQET%QO/SrrIﬁtﬁQ% %Ga used in run nole/mn 0. OHMMPE HYM
-AdthhdniDmath pret&sespf Ga % 10% noles of Ga/min for run

ARLELTERWO- 024 Wi ght of Ga/migp,for run ggrmn 1.76
mGa/mn 0 gm G/ hr V\élght of Ga per ngm1514
MW%ﬂ e Input V/ 111 rat?d 30 rrollééld 077
maniaie Y4 @H A r un ol e/ mi de 4464 rr%ﬁ%s/ m n of 43.6

Ga to neet V/1I1 nole/mn 0.0149 Conversion of Gad x

trciGedivda s avPR) es of GaCl3 diner/min required to
82 V/III nal of GaCi3
hgagst #@l%ﬁg(ﬂﬁlg% nol es GaClggic?pnrlrlgr f ntHr(%ﬁ nol e 0. 82

U PR Gacl3 di mer gm mol'® 352.2 Jbtal wei ght
of GaC13 dimer for run gm 287.4 Percent of GCl3
@hmm@mnﬁ@@p% 40% Weight of Ga for run gm 114

tg,hﬁlrgé Ga/ hour for run gm75 gm Ga/ hr
: |zat|on % 21% 25% Ut|||zatl?n with ﬁ% éecyclmg
‘g‘égﬁ/mﬁn YEDIPOE BRIt i 1 i zat | B GR det er §i°ARH i n Tabl e
olpyminfgf Gagequiehiy AapenRyfiehat maletwinvent i 8408 HVPE

Conversion of GaClx to GaN % 95%

Actual moles/min of Ga used in run mole/min 0.0219

Additional moles of Ga % 10%

moles of Ga/min for run mole/min 0.024

Weight of Ga/min for run gm/min 1'17 g Og;nGgf/l;llrn;

Weight of Ga per run gm 151.4

- gallium (HVM)

Input V/I1I ratio 30
moles of ammonia/min during run mole/min 0.4464
moles/min of Ga to meet V/III mole/min 0.0149
Conversion of GaClx to GaN % 95%
$/(}1§S of GaCl3 dimer/min required to meet 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 GaClI3 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 gm Ga/hr
Ga utilization % 21% 25%
Utilization with Ga recycling (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 slpm (standard
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system suitable for a 15 cmwafer can be expected to
use approximately 14 sl pm (standard 43 WO 2008/ 064109
wEABWEA0D7/ 084935 |iters per mnute) of anmOPCEDS2007/084935
Assuming a VIIIl ratio of 30 and a 95% conversi on of
the Ga precursor into GaN, the conventional system
htergcga rﬁﬁuey BE&thRdn{a0 ALSEMARRY PHITTRASHY30lardl a WU, Bbive@fion of the Ga
mnute run sufficient to grow 300 um of GaN
precatsoxzm@p GﬁN hthetcheyaationa syarterq@an be cxtysted ta BIc gprofimetgly 1.8
th I n
e GG S R BT Gl g N DB g e
requHVEEodu@&ﬁI gﬁl dfi}aarﬂiﬁw(ﬂhﬁi&tlﬁhbbuz 3?%{11—01334 h&1300 unSllafy@ﬁon al5cm
nost of the remaining 120 V(P 151-31) is deposit
wafignihe K QTG BROIghe £ <PdRRs] BV PE tiepgtpigis apgr%m@ely it (=31/151).
Slncgrl]ﬁo\é?bf tﬁElrﬁnz{lﬁ%%éclbb %911 g'npS I\ ?fésig%ieﬂo éc?o HRGE tfli}?etreactor, little
even W th recycFing-and reus auste rom
is ththenaveAdtlorecytlng 4ad redsei ¢i i prpecatd thzl‘te:vemwwthmtoymhmg and reuse of

HVPE reactor is no no han appr oxi mat el 0 1ln
Ga eé}}}?ﬂs} om ﬁhﬂ\}ieg%}gli, élﬁ.‘s(ri%‘ﬁql ICLHECKE eé:gﬁV%lélo %:ld—g\?]{%aeap@r 18 N0 MOore
than'*é%grd%lrh@c r25@4;n“mn| a flow (e.g., 10 slpm and

refore’a lower Ga flow and a lower total Ga '
r e@mcmldtstf VM syﬁemﬂan@meﬁlon eanghe, expeted)tr) usc FHewerf ammpnia flow

(2l f B oi TETre BT CE Top Sen PSP T eyl 15 om water

(c.g! BV Ein). NYh@BRrd, EUSIEVAN Gy stnd A dRBEHERO BBV enEbeadntichicve Ga
Ga efficiency with recycling and reuse of Ga exhausted

efﬁqifmms ohé7Ydactlorl4) nddpet reewling and rayseandsup fotnerkaps 80%aar greater
Ga efﬁg@%%s n%l% §et%ﬁglrﬂrgeaélgs%l%se of @a exﬁ?lgs‘?eﬁioﬁerg SQGU%Q%B&Addltlonally, since

littleegfRR@FfeIndiing B® ghre@ck IGB 19 Xb@é{ﬁblté@hﬁf thelinsides ofith@irk@pbremost of this
recycling and reuse. ected that with
unused ACIIPRYS dhthereaséd eeshalekwa@r@tl vaifable regydingiapd e Itis
t
o g PSR R B Ol SR DL S PP systoms
and 'nreﬂmdt; Df)'fhllsdlﬁSﬁ‘fthb@dn anoly SO%(Drrthtatd:rl mt t he scope of
he invention, si ncg}these e

ts are ..
L b RIS SRty Pine ey e Hupbtlze g nohlimit the scope of

the thPMRhI Gfec AN oA RN re ?lm%h&?smf%e@errﬁ ﬁr@ffe?r@&j 8&het® of the
be within the scope of this invention. |ndeed

invegten. oy apdv4leg anibodenants arhentendedrie bowithm thd dq:cme@xﬁ thiginvention.

t hose shown. nd descri.bed here as.alter
tndeg Splio o NG RATTRS Cisting FwoBia Attt HeeRy@h i R eribed
herchf §@FasaPRatNIscful Botbiag€orkdflithedembntt BEscaibéd, iiRMebdifie apparent

subsequent description. Such nodifications are also 25

to thiopg gkildebinttioe 414 fromyihe Rpliscqurat desspptiat. Susk ragshidendieas are also
interft eﬂ'tg?all ‘L’ qgeg isc%ge gy\'{h@ ggé] Srgig% rcfe&n}lug: ?@ Pollgl%fgl]}% @E}d g[?]%l%

appléative ad @Wthelemﬂieydlngsaaﬂdllﬁ@@lﬁs afc used &fr&Mﬁﬁi aﬁi éorGichieflce only.
herein, the entire disclosures of whi
i ndonpBheaE irlersnessire sitpddesin, tbwmrrefigﬁclowef af whishae
. r f .
incoliRa®h herBh! ROBER onfféh, BF FofpAARCER bl plfpoSLs, Thrther, nons of he cited
refedenst tegeardiess pf haw charbcterizcdhbove) veninuiand ef pri@Grt thehe invention of

r . clai herein. 44
the sulEJ)JbeJcte rcr:lgtterrr%‘iglr%ed %eraeinr.md erel
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WD 2008/ 064109 PCT/ US2007/ 084935 THE CLAI M5 What is
claimed is: 5 1. A systemfor providing high vol une

w@e@doetidon of a nonocrystalline Goup |11-V PCT/US2007/084935
sem conductor material, which conprises: an external,
hi gh vol une source of a Goup IIl precursor for use as

one reactant, an externafgghi@hivg! une source of G oup

V conponent for use as another reactant, and 10 a

tenperature controlled reaction chanber that receives
What heecl@nedps:1 11 precursor and G oup V conponent for

reaction to formthe rmnocrystal line Goup I1l-V

seni con uctor rrater esstemof claiml

whér ei n‘t HECH A DiRSIdi ﬁ%hgggmo oPrognding qfimepaspystadlgpe Group
-V Seri@ORIdcRR Sn A O RL N 8smpeshol di ng the precursor, a

heating arrangement for heating the precursor and

genecateimdy haghyadumht sourod off m@rqupelﬂmrswwrafmdusa amaas reactant

flow conti l.l.er for mtrg{.;ium a desu['%g 12 fant,

gadBSTET3I degl Wlpme SoUrFR At PTObR ?THP?I}’?S 8&%“\/’““0 2 reactan
and conponent to formthe nonocrystalline sem conductor

material. 20 3. The systemof claim2 wherein the
c oﬁtt@tnmaturesco(ﬂgeﬂqi tea@meyl duaber hiebigcey esthe Grewudbpreefrsor and
d ndui at Antr
Gro%p N Ipogg gﬁ £&Y reac%%olgﬁo %o %1% %éonocﬁrstgnmﬁa ('ri]rro]lelP ﬂ‘i‘vml{fgeﬁmconductor
matéra1¢,l I itates for mat i on of the gas flow of the
precursor. 4. The systemof claim1l, wherein the

reacti on chanber has exteriorly cool ed 25 walls to

pr dvent The systemn of gleing é pdwirein dhe logh relaoeasavrse oferewnl!l precursor
corn?r‘l% [&Zc}gﬁtélﬁlseg I?g)r% tld: #%ih@ﬁ%?cé\ﬂo% ha lge%,[l}lg gﬁanmﬁ%%ﬁ @o?? %ng the

prchﬂ@ﬂaﬁI@hgthrahhg aigan oW\ tiad Ibrbdfl&scﬁrﬁz[ﬁdCeomdMCﬂW comiotict fr
IS to be  deposited, and the reaction chanber includes
introgdy¢ing aéjﬁélfftdlﬂ%%unﬁ o saseeysoueRiriey fosagtionsyighihs Gravp Vagmponent
Il ed manner with the
o foér&ﬁché {r?%;ﬁ é%&gﬁglgg g%glgcroh&ccgor{?ﬁ ag%}lriégd di mensi oned and
positioned with respect to the reactant entry
apert ur @he pstéraof biatralevifepsingid @ntaigdds elepabicty Boddted with a
t he nonocrystal line senm conductor material upon the
sourgq@%qag‘ra@rgag )and g relatad cg%lftéhqtdptr(ldru&ps,ﬁhg CHRISF 8¢5intorfle container in a
manh&AFHhitR c‘flﬁ@t@%fc{gg‘aﬁor‘ff?%% W BGw 3F 11 ep"?é gyt zontal ,
rect ang er and t e apertur For i nt roduci ng
the reactants are located in 45 WO 2008/ 064109
PCH/ US2Q0Z 584835 clathh i f @ hebin therdactiaisciaimbiehRascdya@drhagly cooled
to avoid reaction until they neet at a predeterm ned

wallp geprev ey or gupigiendepgpition ﬁﬁiféi?té{“é Bereffove t he

substrate(s). 7. The systemof claim6 wherein the

react o Fhé Q%ﬁ of IClg.ﬁIIl lf%ﬁcl?ﬁ{rihgro Edm&s%g A lré.tgtgble support for holding

one or more substrates upon which the monocrystalline semiconductor material is to be

deposited, and the reaction chamber includes entry apertures for introducing the reactants into
the reaction chamber in a controlled manner with the substrates and support configured,
dimensioned and positioned with respect to the reactant entry apertures to facilitate formation

and deposition of the monocrystalline semiconductor material upon the substrate(s).

6. The system of claim 5 wherein the reaction chamber is configured as a

horizontal, rectangular chamber and the apertures for introducing the reactants are located in
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5 a pair of sidewalls, an open inlet, an open outlet,
and one reactant entry aperture conprises a

whermsperival slot in the floor for introduci ng PEEUS2007/084935
reactant into the reaction chanber, with the sl ot
configured and dinmensioned to introduce the reactant

diff@e pofidhs befHe dhhmb& thRQoRINELeHLE LAl NGey nlceCAkLI PEct@Mmined location
reaction with another reactant. 10 8." The system of

adjag¢naend mmedietslyf abovhdic substté(sles a react ant
i ntroduction device that includes a nozzle containing

he t tr sfer erials ther erein the deyice,is .
at 1 JBR S L ElrR s S in B ekt oh e b ndfieageh, a ceiling,
a pafrfﬂ)@ sideRell b o H_Eéﬂ ﬁh'[ettaﬁl dﬂeﬁ oufét! LS @ébtduﬂteﬁtr%ﬁﬁﬁture comprises a
reaction cha The systen1of claim7 wherein

horiggngal slet iy thggleot mrentmducmlgéh@trh@tanﬁ &de therreaction whrmbas with the slot
confg}lrec{] é dC 41{11%&181? ?nt%ce ﬁl% rgé/c%an? n}l(i H)r &1&%[ 1t? g)trec'a%’?en%med

locatidi ﬁ)rtr&%tlbﬁa@ﬁhla(ﬁﬁth@hfﬂaﬂaﬁt t 0 d| r ect t he ot her react ant
to the predetermned location to efficiently formthe
nonocrystalline material on the substrate(s). 20 10.
Thé. systléasufcrs Parim 7wrighfurier epsmprissirp Feasst mtrgdwlon device
that 1ncll V(faes g%gzzci é‘on%gimmlgthlﬁeatt tpa%sfelr ?Illa?ehrlazl thelrlelnnt LR ?% etﬂg %1&%] ice 18

nanne
opexﬁe%ly agsbcfa&dtvhel a Peatidg euroe focttbat Heabdceimt pﬁoﬁfofltscimecmulcyon into
formthe nonocrystalline material upon the
the rgpgiionchpdbe) . 11. The system of claim 10 wherein the
reacti on chanber is made of quartz, the 25 gate valve
i s made of rther I
C>?|ng F%caqg%%befﬁggzmhkggnﬁ mﬁ Vd g@&%ndﬁﬁgaﬁgmra¥an

comprisegiadiimgctionseaklcngd cansyeein @ﬁherwimqﬁ‘is& 4 p&sgatfor indodecing one
I's cooled by the purge gas to avoid deteriorating the
or MOI PHES 8t Stisame e &tq reﬁptlofzhamhe teyaeehepther igagtpatdo the
[ I
prod R BB 1 8o R AP R o By b i b BRATR o)
to the predeterm ned | ocation to forn1the
monocr y Shakydtéir offallagh Davhich SirthEheorspiisee igat velvaiaﬁsol:iated with the
wherein the reaction chanber includes one or
inlet {gr |ngrogpging thedlyF §oLAs dEERBY INAnmaRer St Ascehhihe wth% Feactant to the
predgfe%ﬁllteh Y&la}{o@%s&ﬁbi%ﬁﬁg o e RGO Ik Iﬁa‘%} 1 uﬁéﬂ e lsubstrate(s).
circulating arr 1n the enclosure o 1 ower
tenperature of the reaction chanber mall(s) to 46 WO
2008/ 064100 9y Rt bETANN T 3D therrestition chimpbérgy miatie of quartz, the
osition of the Group II] precursor or reaction
gate WB’Fd%@@%O%@G% énd adeqh fyphercqempsises WPy logased By penpthe gate

Iv@ah g af R ARE Bat led by th
sl gl PR30 LI MR DL AR B Syygis conledby o
purgeeas td onidbaedentingibe Wdesg dariguopeesticnd 5 exhaust

conduit for rennving exhaust gases, including

unreacted Goup LI] precursor unreacted G ou

corponerdte amem oA ekie h0 Bysram theraate Y#W?lﬁéewew%h@hof spaced
aperﬁﬂ?{%edrsmst Q1r t1 GAL b éﬁétgﬁqg red Qg l'ogag% tnl'{g forrn the

t an t conduit to a tenperature s i clent
nmmbuympﬂewemﬂmmﬂndensat|on of the exhaust gases therein.

13. The system of claim 1 wherein the reaction chamber includes one or more
walls and is surrounded by an enclosure which is operatively associated with one or more fans

for circulating air in the enclosure to lower the temperature of the reaction chamber wall(s) to
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10 15. The system of claim 14 which further conprises
a punp for renoving the exhaust gases fromthe
wo e@steaam chanber, a thermal destructi on chanbeeT/82007/084935
thermally destructing the exhaust gases to form G oup
1l oxide solids, a scrubber for washing the

redu@@ 8t ﬁt‘é%lﬁ ‘aeﬂ@ﬁﬁﬁl ofARAGRop! Tt RECUr QT of 8GRNEE b0l on the reaction
Goup Il oxide solids for recycling and formation of

charaloivtallénad pavidep longerppersting sime before Mainthreansg streqwiotd.
cla|n11 whi ch further conprises a recovery systen1for
unreac

tin G [l precursor t [
G 3o, 1 e BTRAL crgp 1f SByEs HB TEfion SpHabgRIgfes an oullet and
exha%gﬂjdotnkiﬁi‘ﬁ #br rEfBViRg lekhauRf &8, $ludifhy unreacted Group 11 precursor,
unreacted Group V component and reaction byproducts, from the reaction chamber, and a

heating arrangement for heating the outlet and exhaust conduit to a temperature sufficient to

prevent condensation of the exhaust gases therein.

15. The system of claim 14 which further comprises a pump for removing the
exhaust gases from the reaction chamber, a thermal destruction chamber for thermally
destructing the exhaust gases to form Group III oxide solids, a scrubber for washing the
destructed gases, and a filter for recovering the Group I1I oxide solids for recycling and

formation of additional Group III precursor.

16. The system of claim 1 which further comprises a recovery system for treating
unreacted Group III precursor to recover its Group III element for recycling and formation of

additional Group III precursor.
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