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WD 2008/ 064083 PCT/ US2007/ 084845 GALLI UM TRI CHLORI DE
| NJECTI ON SCHEME FI ELD OF THE | NVENTI ON The present

WO poo8n6408h rel ates to the field of sem conductPE€T/US2007/084845
processi ng equi pnent and 5 methods, and provides, in
particul ar, equi pnment and net hods for the high vol une

manuf act ur CMH@B@MHLMU@WMWGN@@HEM@F or
wafers thal are surtable ftor ftabricatlon of optic and

el ectroni c componep}ss pfPk W;@@@ﬁ_ﬁﬂﬁ ates for
epi taxi al depositi preferred
enfiddiprBaitinvenkien eﬂuwmstht fiallcbf mahfmdd;qu@rdctersmg equipment and
roduci n C}o I.Il-nitride se condu and
met@&é&ﬂfilp&g\rlﬂ %?GH%F%PI&%H o L% @Wo urpe
man¥BERY g o@W Xp oﬁﬁ@séM&Mﬂcg}lv@f&H fhat hie-s¥itable for

conpounds are |nportant and w dely used sem conduct or
fabrivati@r ofaipsic andeleaonit compondnthe foriuse pasubisicatbsafor kpivaxial deposition,

and \é\épe eﬁlla E’%%r%%ﬁ?@%ﬁ?@%&%%ﬁ@'ﬁgﬁﬁag %éeﬁ]fogls ta{rec(!flllre%geld%o producing
GrodPBI-hitGdd @iliYondabRF tvanay @he Bedchfida ?% prdutiag ShlimAti#ide (GaN)
C

certain electronic conponents (particularly,
wafdqip.gh- t enper at ur e/ hi gh- power transistors). The G oup
[1l nitrides have been known for decades to have

particul arly ady ‘§1133 6&” n”ﬁﬂ&ﬁb&&]ﬁﬁfpert'es

However, their =€orReret AROL LHE Dok sthstantial |y

hl @6&159111 Wycontpdand sk ifpokfadhd WikYAhdcaRbRi®hd@tér materials.
stal substrates. It Is a practical inpossibility to

Grogyy ﬁlx\mzmdq@ uih ka@pmlgt kaverwide.alircsitod igaps svhagh mhlée t@emlp@rtlcularly
useﬁJll flo ﬂ} %8 :ﬂgﬁen&l p%gclc [a?ld g na&v OgﬁDs and’ Pasers) and
|ca Xt reeze M1 eman

certaflh eﬁt:trdrﬁﬁ %mbdil&htsﬁ@%cbl@ﬂﬁ M@lﬁderﬁ@fatu&tﬁi@l{ -power transistors).
sem conductors such as silicon or GaAs. The reason for
t hitée CgoymBI wittides brnzibesg kenwndyr dspdesre have martigtierly advantageous
sem%h&ﬂtcfr??ﬁje}ées' "Ho%%gm%%‘ @nﬂﬂercﬁp sk bE] §db§tggf?efllycﬁ%ered by
eric pressure. hi pressure an
the laﬂntpfa‘eadﬂyrmﬂﬂﬂé @mgleamydstwl 4Mams e $1ss| ] @ranealnmgussﬂﬁﬂtytto grow

bull s o o e el plidasorinufo §ne Bl g mpthods,

such%'@ob%fsﬁ{j V@i@féalrgﬂfﬁelllt%zé %rﬁi@eﬁlaﬁ bf ﬂoﬁ%hé thitrhﬁgé‘t)@eﬁl used for
crystals. (A Denis et at . Sci . R50 (2006)

othet gemiyoriduetoragichab SIélconaDr GeAsi ﬁbﬁ @amnyﬁgt thls istlbshighbmding energy

| diff | t
of R GEN Horb N a0 8 faemagsfir e G Peditichs G hElhdigheric
pres§i8si Vahl gk #}ﬁ@&fré e teaiperadiRts ©300°CChdPFAX® fre§Sire fe required to

further dlf iculty has been the inability to nmake
achipua pplecddaalN Wi thlesigrippchigh prasen trshnigpes/have begrs@vestigated, they are

o AL Sy ALTEED ) ST B QuPLOBHEC(s, s

h&umﬁiaﬁg RE0YSEIH)@6pyogress was made until the late
1990' s when two breakthroughs wer e devel oped. The
f1 8¢ Tk T BatviREng csia! pEnpatc Aty IngiRpsan e AR{TCulty in making

eplta&lﬂeflfCﬁBuﬂr Ay %{tﬁg%‘b’% Wiftflohe e@&‘f ﬁgﬁﬁzﬁ%s%ng OB 1T i Bnd optical

[TT-nitride S on sapp Ire
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

buffer layers which led to acceptable growth of Group IlI-nitride layers on sapphire. The
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WD 2008/ 064083 PCT/ US2007/ 084845 second was the

devel opnent of a process to achieve acceptable p-type
wW@owdnetsyity. In spite of these technol ogi caPCT/US2007/084845

advances, the defect density in Goup Ill-nitride

| ayers is still extrenmely high (1E9 - 1E11 cm 3 for

secoﬁﬂ S&la@@l&t de9B ?n@ﬂtdoﬂar]ﬁo&sﬁ MPLhERBABEDtabld Y-type BRJucSity. In spite
as in other sem conductors. Despite these

of th@ﬁ@ﬁeﬁlmqlw@l adypases, Hipdeiess densit in rewmitenigiidg layers is still extremely

hlghlctrl Eg Elgsl(f ?m fo? d slocan%i a%u? trhg %Ié &8%( délfctlé\lﬂgls S %gjb{?ghéﬁﬁs in other

semﬂantEJctd:cﬁSEE:spﬁleQH@e libptatibEs theve ad\agcesﬁed to cﬁ))mm&hﬁl bﬂo@hctlon of
defect. densjty is_a result of growmh on a non-

11-niiggs episare Fidpap BifaLEs fos LERS (o8- Walanyra es aly nd &4, 2000, 7he Bive
Laﬁﬁﬁﬂg%%@% %gav&gl geg%)3|llcon carbide. Differences in
the Tattic

constant, “thermal coefficient of
exfian hlghl’de&md dﬁrs;tyhsazi restlt of gromeh beb weemativwesubstrate. Sapphire is the

Il - |tr|d r 10 substrate |ead
most yidgh Shisgh S i f}ﬁbwed@y Stlteen i Diiheriins Khsigittge constant,
therﬁlglecokfﬂméﬂtbf Edinkibh 9Rd c&ﬁtal HBRIBHPBLERLR thefTHI ﬁlﬁfd'er@'ft%(lal layer
apphire has a very high resistivity (cannot be

and &@mdbmartwl@yd trahigh depogrofdhtscyastresomaatdhing gf thSﬂI(I: nltrlde films

or iR ErtEuel®: BPREI B o Pl afair e Gatel pace

conduhﬁ%)%@ﬂmbég raRgm@néohdav@ityabl e in smal | er di aneters
(typically 50mm 15 dianeter wth 150nm and 200mm as

derifnsebstiptics Ay be mmefleceddn bpthcondwciiye and highbpiepisiéveabesms, but is
muc %ggﬁ%g%% lﬁg%lﬁsgpéﬁ e a%td%%[ %f\eilg%l %?Hﬁgtlferr% a?r%%}s @ggltcally 50mm

dlamiﬁﬂéi with Ma0edm laad @e0mah aﬂﬁhﬁhstre(tibﬁ@nmlﬁﬁ ﬁﬁiﬁt@ﬁraﬁﬂb sapphlre and
Ehlre 300mm for GaAs Wil e the use of sap
natl%w gratesfppodgs %%P@ldﬂlé‘ior%%’ﬁ% SYEPE aNAPFITL éﬁl}l@h%fe avﬁlélble at
[ t fﬁn%?
k““gfgaﬁggn t 8@29 %ﬁ%??%?ggi ead ém%%ggﬁ%%t %ﬁ,ﬁ?@gﬁ%@ﬁﬁSmAg.
i n Wiakethe dscoafessppHitd andi St1€|ad@sdltabkerfomombedaevmeappﬁcanons the high
ticular .in cayse their shorter
e P o SRl R T B Aoy SR GRS e 16 short
hfetfn‘f&@rlgdef‘ aloasg hedsitridd 1adc? dlo@éps&t& alttiaatar fHES{tRERSe their shorter
th lower defect densities wl ead to higher
wavblpnghm@m@ mEghshighgrgnformateory wmty woopitisal icepimgenethedsoflt is

xR ERF o mft P USRETER B YAl Bl oraiByyeps which

are ﬂaqlgh:dffbﬁtb;waslymntmfgﬁbaﬁ@é@eéntah@ €lubRBdcht BEBs. CERalNItGrdbp ITT-nitride
commerci alizati on of these devices has not occurred,

matqriglyave dpwtahlpsrropdrtieyies hiehtfecquenays high gewer chppfeomig devices but
com%%Fc?ﬁLzaﬁgr? §f 1.Ih¥se| (f‘e@gc%s h% &Q%Ec&reerdf e{ﬁ?ﬂ%%alﬁg %&ﬁ sutistrate limitations.

y 1Ssues in €electronic’ devices
The hcghdu:&tclt dd:ﬁsycy dfads appduir tperﬂmlmm bid wmabmhbaisb&s fipelettsenic devices.
power devi ces where IS Vit to be able
The foyv P%%Vl%%ft sapplyFA liflhléesafdm%at&%fﬂr@ée W hé&%l Poffg devices where it
is V1§d'l"?cj be éjdl@ﬂgette V@ ﬁgatl?:lb the Q@ %l%H bSHE Shed dBhRter and high
conner0|a usable in't ctTonic device
cost mﬁSi(ésubstmtex ereBﬂ)t bmercmilbmsalﬁe i ﬁl@@le(ctxomp aleeide market, where

cost, | ar

re | r e area
1arggr%§1pp 5?8%&_ Oﬂlpﬁlﬁddg Paﬁ \Jﬂfﬁs) FREPEB v qligggt %&@narea substrates.
| NYertdarRb e bpmwlbaméverb%e# Gf cbthRtcdab eerthcd 8aRid he defect density

~ epitaxial Ill-nitrides on non-native substrates.
in emtam& Hirmitidesyon thom-matioe @B@ft@teswéinlﬁudmamhethe aheggssful methods are
also & r%]gl grﬁgﬁ)lgg (2 ?}gpeﬁl € QI? G QRN cos 1s ot aenno‘tl)J gct nte ciorsnmon
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2 WD 2008/ 064083 PCT/ US2007/ 084845 approach is to use
a formof epitaxial lateral overgrowh (ELO. In this
W ewhio4sE the substrate is partially masked BETUS1967/084845
I1l-nitride layer is coerced to grow |aterally over
the mask. The epitaxial filmover the mask has a

appreh@aik kY udeatfee & dpisdxea adtb@No RSkl (EIHO)YeY8his techARue the
epitaxial filmin the open regions still has the sane

subshiptghs pirsiplby axeblnd apd g Himigddalererdy eerrend 18 gzow datcrals Reer the
: It { f.ect s,
N e L

the dpitakinkfilng Boitic epéhegiding kidIC Alid tha selanbigh Wislevadiot dénsity as achieved on
performmnultiple ELO steps. |t is clear that this is
a nog-masked wibsase; foadgifipn: frthes dpfseiririRspesidsrherg adiagant laterally
overgl:b%vﬂel%giong %?H %f&h@f&dﬂ%g ﬁgfo%ﬁoé&@ﬁg&%% 'cawgélj?orm multiple
ome areas of | ow dislocation density and ’'sone areas
ELOtes. Hi holadr tHaothit is anvedengichsive 41l ffhe comsmisymoesssfand in the end

roach to date to reduci.ng defect nsities.is to.
prodyf g QRGP ORCaROUS SHY R it Yognc s 1 T A iRty and some
arcaBRFRUSE difBconl Ragk ons are not oriented perfectly
parallel wth the growh direction, as growh '
pr dbeewst susogselubhpirhechdb shisdatr¢dmmgrdeétct derditmnmd toigdrew every thick
ea er.. For this,to be effective one needs.to .grow
layof R dpEh gt TateRuding b ERHAR < S0 GA PR fibaratc
withtthé SronaRdR8GIdN 8 ¢rBdth proedday@el o tIOMDIBERRAY tneREARISnihilate
the substrate. The 15 difficulty is finding a growh

cachoiberi $10F {histed> ety aeedncsauiomiewtlaychsen digerder of 300 to 1000um.

' e t i
he ARSI BINEYS: SRR Yo ULRIR 3508, HUREERL e
diffitdianis Findth gadogutvtibetgadiieusin daassb didied c@rigmém oh S lcampraet@itly achieve
of the ELO techni ques discussed above, which

:
thesg @5{9%”‘520 gver YOV R endBhstoehniquss davt Srgnanates onrbe isieyof less

h . I . .
8 PETRLEHR IELAS USRS SERCSAR e
dischissed abaves which hequingrseeandl te tats @f afictoheofgrowitn Phicosty igrogvth

o e S T PSR} b A e G e

(HVHERE process and equi pnment technol ogy, while able to
achi eve high growh rates, has a nunber of ' o
di dmslvamarygths. culthet sate et aitriv graduomgiow dwlesatiomtoup 111 nitride

t hese dis t ages and ovi des rel atively |
maB o gAY R e el St TRKAPER diot S Bip) BVPE process and
equipmepMadiné®ggPRhil€ a1k @Nschi®chigh growth RSdsdRitd @imirndf

~ conmercial Tighting systens. S RY OF THE | NVENTI ON
disadatagas e g RIRSAnE NYERIEON RPVE OVREEQTBRP therg dMspdyetagesand provides
i ' 0Sj t:i . i ne. ] :

reaifR B ot AR Rl Gl 12 ARG BRE b b0 FBedobs, .. in
reside@tigltand gommeraalightingkyacigaseous Goup |11 precursor

as one reactant with an anount of a gaseous G oup V

conmponent as another reactant in a reaction chanber

under conditi onsS j F 1

sem - teri j ' of . 0

& QS ARRHESP IR G Banod bl BRE P BpRlyill Ep ARG,
monocrystalline Group III - V semiconductor material. The method comprises reacting an

amount of a gaseous Group III precursor as one reactant with an amount of a gaseous Group V
component as another reactant in a reaction chamber under conditions sufficient to provide the
semiconductor material, with heating of the gaseous Group III precursor prior to entry into the
reaction chamber to a temperature which is sufficiently high to avoid introducing undesirable

3
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reacti on chanber to a tenperature which is
sufficiently high to avoid introducing undesirable 3
wOE0R0088064083 PCT/ US2007/ 084845 precur sor CROPUNIT084845
into the reaction chanber to facilitate manufacture of
the sem conductor material. Generally, the
precHRELEIHFIINGS M@ B8 8ok CARABIIAS faclthtd heant FA¥RITS of the semiconductor
trimers, or other nolecular variations of the
matqsfabcur sor that reduce the reaction of the Goup |1
pr [ M t., .
G SRR it Wi B Breh eSS G Ry atBiiR sl o other
molédatar Metidttshs o tHeyalesirdoe dtat Rglutd tie rpdciotl bs the Group I11 precursor with
tenperature sufficient to deconpose gallium_ chloride
the @ropaNscgpPanepheVEchiedrraup He PipsEBeUs ggsgoup gahlium trichloride, the
metd FOLBE AL freh o ER L0 A0 RATRGieny  WRLCFRLY gyllim
chlo/@O dinpars or trinerebdferd thg gideeus gadlmoh itiochleddendnésrs thEGedetion chamber.

hi gh vol une manufacture, the gaseous Goup |11 .
TYP&P@S@ (RGBSR ZahEINg Bisbhlarids a%h«;ﬂ%edptpé%fea@c? O0re eriphe entering the
rawﬁﬁ?gﬁ' zone at a mass flow of at least 50 g G oup

el enent/hour for a tinme of at | east 48 hours. The

ga$enhigh G e Madaporetht gasepub&raumilt progesoranat tad connguously

C onent and is provided_in subst ant i al | eate
ProviRRE EHEACHEOBR § syt she @%éﬁ_gl foup ?ﬁﬁlgk&}%ﬁw fora
timeSHT ak i&gg{ 51@ HAB:anO CriStagdduls WRo s YWBmpbher intdy! 146 hiffogen containing

pr ovi ' so, the nitrogen 15 containi'ng conponent
compeiyenbenciis pievidagkin acohstaitiillygrepss asweht then drtrohiha gascoas Group 111

nitrogen ion or radical erated by. .
precfisst FoaL MontasRe Rewan s PRiiefe Adsq. i nitrogen
cont@i'ﬁﬂfgtt%ﬁnf[j’oﬁ@ﬁtciﬁd}) be d ﬁ%g@iﬁ&_n@ﬁﬁng lgaTRIcA ab@hinfondNék 4 MiBogen ion or
met hod further conprises introducing the Goup |11
radignl genprafed by nksmpvaivalios oAPEINEAR gkt o t he reacti on
ch I I .anner rovi r t
b e el Rt ios Y S ogt B HoR YR B ERHIARR furher
comprisd inttddunin@fthd Geoupdniontsisicrlahd MRowWRY &bhbnérh éifite @it reaction
Specifically, the reaction chanber, may include_a o
charplpes i a cgnte&féﬂim@neratogﬁwdw regcHeMalqvE ong AT BI9ESUDArEes to optimize

the ]ﬁ@&juc@ign it Iﬁﬁ?cﬁ%tall@%ﬂgﬁ% tF?rIE&g dseﬁelé{ﬁ&{ﬁ& tﬁ@ %Et{%&g&amber

I ntroduci ng t eat recursor- throug
mayshadtdd axflodrea céiliogra wiir dfisédeshixtarapet detpmdauaropeomn outdet, and the

referably heated in.a nozzl e subj nt the slot. The.

et b nars Ppditad B8 H5uEq CrI TGN orisah fiyoih a 10t n the
floofBNAE YA ITRE pfEMB: ispteferaMly Rated §Ah GBPAY G cent the slot.

mat eri al, which conprises a source of the gaseous

G dbp invientigr deurcdases tas: ystem foe fomang ¢ mangaystaléine Oroup 111 - V

G o V C nent. as anot her reagt.ant, a reactjon
semGRiiBioY ARy Grh JamPNRh PSS Ob fepspis CER [1Erecursor as one
reactal € a@Which of Girduy MchbR@o e 8¢ inttharirédchiit, @reatPioh IchaMber that receives

sem conductor material, and a heating device for

the myecianth fprrerstiga Ssowsiticiodapn the mpresexstalone Grauprlll semiconductor
I A . I | .
e SO0 S0 A O 1 R ARSI BabE RS Borine e
reacB6h phiadther S04 tedgiEpRuRGchicisGuifivéentigaddh oraveldanteducing undesirable
facilitate nanufacture of the sem conduct rial

| ( r nma .
precursor compounds into the reaction chamber to facilitate rnanu?acture 0}‘ the semiconductor
material.

The source of gaseous Group III precursor is sufficiently large to continuously provide

the precursor at a mass flow of at least 50 g Group III element/hour for a time of at least 48
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The source of gaseous Goup Il precursor is

sufficiently large to continuously provide the
WQe@sne®8s at a mass flow of at |east 50 g G oRGI/US007/084845

el enent/ hour for a tinme of at |least 48 4 WO

2008/ 064083 PCT/ US2007/ 084845 hours to facilitate

hou t@ U RAtd MexhRIMsth @ 6laHi Rclfe sMBe S@RIcERNIHE niterTHRt BY 4 pleferred
In a preferred enbodinent, the reaction chanber may

embpdimedh ﬁlneglt@ﬁ@wna%la@bhrdm}z b# @mﬁgure@dtsaidmnzamtah reetemgr lar chamber

and ﬁﬁ%%g%lm%eg R é{gtﬁ cing tqﬁep foeP%tlalgt% g&o gatt%](P oy (Lﬁ@nl%hfe‘ Eotrflor?sr §t the chamber

to avoddedattidh windl itheytrhey anepledatbrniinpd Rdeti@r idjaedt dr@lclﬁim@iﬁhtely above
adj acent and | nmedi at el % above 5 one or nor

one gijHeter yPEEGSSPr @@@&W. Hleoﬂremlq?@ qepy @éﬁaalc%ﬁeon The reaction

charﬁ%%% Q‘Llll n}? ugg%]a ﬂg&g gl ' EP]Sala pgﬂ}?&ggx?arlls g%n(\?%?luld}{t an open outlet,

and omnactmﬁteamry apempe nompm;eeta horiaoutaloviet in elwcﬁimtfommrodrucmg that
erture co a hori zont al Iot
reac‘faﬁ

he flo
ingyheireagtt ?18 amb@éa%tﬂame %cen wadcsﬁlrrﬁﬁﬂeﬁ%{feéwoduce the

reacw&ﬁ thd B&lRLAt Rl Efe%!feﬁgm@@ thlioR R onRaen ‘ixfi’th' a%fhefifég&am The
react ant and direct it to the pre eterm ned

sourb@@%gasmustmoup E&ptacomowsﬂmlaaib't ihers flemcissnsiatioNvathitbe slot to

. ource o aseo I1l prec or, js typically in
insc e 8 afyeu B3 ERa e gh e robs BRERATHol ot Y batce t he
Pr @G KPREm ;p‘fgféirab@%oﬁ%@ési DiaZ@MEnfrédRHEN déHE: Bhohcludiea nozzle
system preferably conprises a reactant introduction
contgiayrigcheat tﬁzggsfqr m&qt@@égthgreﬁbwhp@m the ﬁ@xapqﬂsm@emmly associated with the
heat}nga({éé{cl o y i S&%&gé&%ﬁ% ﬁjﬂ{iﬁ{r%%u%{% ?ntg ?ﬁéé r%gct 0‘?‘1 charnber When
the dag@dustGrouPpIIe precsRor i9rghbiunt @ichloside thée h@hﬂmgldemce héaas thb%alhurn

. reaction chamber. Wen 15 the gaseous Goup |1
trichigride e gbleastd Ogeﬂ fq dpspemppscrgadiiyrg ehlofife diess pigingpsy pefere the
ri t ast 700C to
heatlegcfe gés%oﬁs séﬁll% #Ijlclfﬁgn g eg?el?%gl ?a%e‘gl&g c%&r l%e?l mers bef or e
t h&“he r@ah@d clgasee dsnegallyl indlitdéy d @idtaisle deppertier Bolling the one or
reacti on chanper. The reactl on chanber generally

morg whisiyates upeTy whish s moragsyHHIing smipsdyrteg mgfraiabiaeo b deposited.

|
The B Ry URRALRS TR0 WA, o PRAREIPEA AL O pctnt whi
compe&s tah dm cctivamoerle alhast dirtets tHeartha oeqetdns estha lprfﬁintenynned location to

erture for the other reactant which co i ses an
e PR e B/ EARe 6P GeioR Btst A D o e substrates

t h?nyc@l‘P‘;‘?ttﬁé fEh&ﬁﬁﬁ dh@ﬁl%%ﬂ RMdd@ of ﬁﬁzfr'tzc '1@1@6 lthe fe%t'i@ﬁ Hfamber may be
nonocrystal | i ne sem conduct or nateri al upon the one or
surrermded by bs endosse Wh@p&i cmratyvely irgocietad wiithroncloantee fans for
reacti

cirol gt indhe B famt Rl wtt e KRk SR T RIRE g MBer wall(s) o

redudd 5OFre iR depdsitionUTEh OGrdITH frédifsdr @F reddti6i bitbdidtd\éh the reaction
air in the enclosure to [ower the tenperature of the

charplecs ¢taillon te Reprvisiera lpager eppratiag timsdgéuc graigerapen s required.

by%ﬁ%‘é a?@ec%f a I'h:etarﬁégg Iafc‘génrhate ﬁgfnﬁﬁ ({f tﬁeje 91{%1&1 S 8\5 Ithdse invention
will 8 hppgatt fopethatappehded deavdegoirel folowingnizmtled Id$scr1pt10n and these are

required. Further aspects and details and alternate
alSO%WE)‘FWStSP‘H??SO fghe wpentienent s of this invention will

be apparent fromthe appended drawi ngs and fol |l ow ng

detail ed description and these are 30 also within the

scope of the invention.
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5 WD 2008/ 064083 PCT/ US2007/ 084845 BRI EF DESCRI PTI ON
OF THE DRAW NGS The present invention may be
wWapwenetedd nore fully by reference to the fol POIUSZP07/084845
detail ed description of the preferred enbodi mnent of
the present invention, illustrative exanples of
ereci fic enbgRIFEMESCRIPITRONYENHE DRRAWINGS appended
gures in which: 5 Fig. I 11Tustrates schemaii cal IR/ '
he nﬁesctft Inyeatipn mtheolnderswp@@orci\ﬂbz iy fefpsencatethe following
detaﬁ&f“{iees % e e 1bod ngésnli_.ogfheirésleht 1%5%1%10%5 llustrative
pre err ¢ react on ¢ ers;

exarfples @ﬂ‘gpedfb reﬁfb%ﬂ@rﬁdntsﬁ@f(thd: ﬁﬁe@titamﬁrthc appehdat fﬁgmss in which:
Fi % 5 .schematically ill ustrates preferred inlet
ig d1lusdipies sehpneasicalbnsy sinsmfghe mventiapst r at es
sc e tant gas inlet
ar ?%emen dqﬁesggr&?fepe a{(edrhe?ch}lg@ér%Urrbers are used to
i déngsi 34-G Hmssanepstartedtregotion appelaars;ng on  di f f er ent
fi DETAI I DESCRI PTI OF THE PREFERRED .
w%taa VRS e T LT Bt (%\'rrﬁeaﬁmr EHRT E)W%‘ﬁ‘?nsand
tg) ‘é%clflé?ﬁatf&lag#1 1IHfSQMYE§‘Pfe?érFedQH1@t R Silfo 1M QUrti¥Bres; and
nufacturing of G oup | -V compound sem conduct or
wafeg. § 1Hm§:tratn5tsh1®rrmaﬁlcplrbxssn dt@natﬂvheeac@apu Epnstet arr@ngernent
capabl e of .sust ai ne rodu ion |
of N REa e RO s PR B e e I S Sl 5 pFring on
dlff&&mtﬁgdmgm for mai ntenance. The equi pnent is capabl e of
hi gh- t hroughput production in that at |east a wafer
(or a batch of vvafers) can be produced every one 20 to
DE EY i

o S S 8 St AP PGP B0. D gin e

manfifAChRiRE of Biré IR @eRRshd b&hicomdiltdr Waf& RET hitherto gosmble. The
sem conductor material applications. In preferre

cquippieidh aeneble ofishetaiagd pradietionsin dhahe pioppsiogs ef weeks or months
prod%@t?c?ﬂ (fideg %l d%{esegltél & %@9 gﬁ 12 r%g{rﬂgd eeG?%lg%' Bl’g)b%ﬁt 18 ca%?ble of high-

throtigtpus prlodectivarih tha? ot ldes @rv%ﬂ?éﬂ (ona bdioh sf fvafus chs bé pfoduced every one
brevity only and should not to betaken as limting
to foup BOWﬁvérh? pgwp i t/ SRmneUBESAREPRBICor S ferh AR PioRuced e suitable for
fabrﬁﬁt‘?d c@l ?ﬁi% cgﬁﬁdoﬁﬁfﬁd 'fé)rysugﬁrﬁ&afgf ﬁﬁlthtepepltamal deposition
pro u0| ers of oth Golup I'IT nitrides, e.
and ﬁjrumthem wmmonduca:t& mdterehl applndationde, and m xed
mindiumnitrides pr od

e PTGt o, hioieiried SEh e s Girgeancall directed o

prodﬁerﬁg NG Yd e x%f@fiué?ﬂd‘sﬁlcﬁ RHILE ML € T WBERI ST rUchWAHIRY Sibsequent
any of the I11-V 30 conmpound sem conductors are

desowrptlbrn nThikdoas aplr btthtm ioslyi andeshould mot Hicgakemes diniong dwrinvention.

It w@lﬁngp ag).rpit;%ﬁ#%da%%tythe Bre e%llfeie tolai\llrgvlqgrg%}urfscgdl atg tﬁd@?%?ﬂ%?} producmg

waf@b beayr GRUFRIIGI@dEY cav aillhium ﬁlﬁfdeemutmhaﬂlde and mixed
deposition of Si. Thereby, focus can be on th

alumg gt sy ind e Btdess andhatpredus ngsyalersall |C§r0vmﬂbph%ﬁﬁbld%and
arseSTAN. Accordingly, producing semiconductors wafers or wafers of any of the I1I-V

compound semiconductors are within the scope of this invention.

This invention can be particularly cost effective because particular embodiments can
be realized by modifying equipment already commercially available for epitaxial deposition of
Si. Thereby, focus can be on the elements and features that are especially important to GaN
epitaxy while aspects related to high volume manufacturing, which are well developed in

6
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epi taxy whil e aspects related to high vol une

manuf acturing, which are well developed in 6 WO
WQP8NOH4D83 PCT/ US2007/ 084845 silicon t echnoP@hyS2002084845

be mai ntai ned. Al so, the equipnent of this invention

is designed to have a significant duty cycle so that

silicht tdcBndle@akhebOMmalitgRed/ OAMB”Btth(ﬁlﬁfi ACAWTHING invBhS6h istdd§igned to
i nvention provides for virt ual @ty\,lg 00% efficiency in

have e guieansidubixgysiesiovbatdais sypableeihigh ﬁ@luqunamlé@ytrmgn f\lso, the
1nve§t)%%ngﬁs t E%g ?Orrom 1?%1381‘;02&}2%& Xleggyp %ﬁ[h%rﬁ%roe}g% ﬁssn}eﬁa;{ ﬁXMPetc vering and
recytling G thavitnonEctiBdRgosifidaad id thercfdty extiduyed Frode tescaction
and apparatus include an econom cal use of Ga
charpbes egwigBeat: Wrthdimidedaysing predediedIspntde fentye progerswad
appa|ré’8&ls H%ﬁfd@% 5 1§M%§§8F 8% pkRURSEy ate  hol der) and
a eating w t t enper at Br'e Control | ed react or
Wamhs invEhgorumeludes thanpe beaknawn lopethoined nidse susegitor (substrate
ener t o, nai nléx%/ be coup led to the susce|?1 and

holdgglnd {47 helog St igmperatise camLicd FEteg el weeqqﬁqﬁ@p heating

pern@BUh H@e&l MirbD tPm& 'T*B@&ouﬁ’ﬂ/&ittﬁ Mhd le&%"t(m atnd\ﬁ%’f Neat BRtreactor walls.
power changés tot s. The low thermal nass

The isamhqﬂtmg sysherp lissehunpred Wlthea ¢<ampl kyeséeni tgpesingitveny fast priver changes

A L G TN T K —

Very(iﬁﬁrt&ﬁﬁér%ﬁ@é]ﬁng’é%db&h ebahaldbynO TetPera@lre @fmPfaté-afe in the range of
degrees/ second. The invention includes reactor walls

2-10c degrecapecond aud profesably endhaserder ¢fi 7 degrgey'seconr®e to 15
e RO A AP OIS Bl GOSN BN hprgure o
minip@zdiidesiséd gds pitdeatuaiods usepelerit depdsitibnnanntht (W’alllﬁlg Therlack of wall

growmh rate, stress and qther pertinent growth
depqégwgrpéfr@% SrafEfTArAGRHSE OR 1T HE MAREOTBIR OB ORI Eate, stress and other

pertf FTQ rmhlﬁdg%@é for the Goup IIl precursor(s). The

of t oup Il precursor is directly controlled
by Tan ilmeetdnr moludes@mssorfrhaw cR@rad pdurodsl fer the'(h*eupa i prearsor(s).

ractjcal |i on the size of t xter G oup |
The 85 fratefrapa rrtorsalon kB ouiil G B ironts ToRs Mow
contfAREETREre 20hd ﬁlraélt%l [iRitRAAnK Gize BPhe %ﬁﬁéﬁ{a@ t}reﬁﬁyﬁp §ource Group III
containers could be manifol ded together to permt

sourswqmmqrrg caiebwethe togt af héfes1 Q0 tor30A kgdawisey énabsourasreontainers

coule;g)e gbqﬁlffg e%i Igoo%:g%é aoGg%h?ngggglg%gc%rgsﬁgatagﬁas w% no down%rne For
the dpssiAyeHf €8N thaiGa pﬁ«ékﬁmsc@am&clgs Thiy Ga Sddkdd iS Ib@STéH'OYI th®¥bservations
VI scosi t st ate routine pfgéSl cal 25 neans,
A

and é@ﬁmeflﬁ@%/hét odien GaCligdn ¢ ightly layy VidCTRTTate, ésalﬁme physical
rnea {‘% lg' %218?@%& Eeirﬁ% ts tﬁr\éﬁgg) [1@4 P%Cl %r? pﬁ@ld@%%?ﬁmgﬂ%vaporanon

SSumes iclent OW VI SCOSI
rate 8f Gh€L;] andah@r@{@g assdrneﬁ aucher saffisieglydbwrasngsityoftatt I a peeferred
130C. The i nvgntl on includes equi prent for maintaining

tempepduigg e nge ohl Kbis'P8nt- t enperature and pr essure in
thept %eﬁ%&?&%luﬁ){s é’(%u%rﬁelﬁ%jr A8t %jt'hef@a{ 1 thoa aﬁg‘[aﬁt temperature

contr anount of ‘gas rough the Tiqui
and predsudein the tawn gistdmdiy@aﬁl&d/@}ummm farfowiege tomtrollBdiasnount of gas

tain hi ss fl
tnrogih T GRoe0! TR atn AUt amafo Teltnctor dhigquipment can
sustain high mass flows of GaCl; (in the range of 200 to 400 g/hour) that result in GaN
deposition rates in the range of 100 to 400 um/hour on one 200mm diameter substrates or any

number of smaller wafers that fit on the susceptor. The delivery system from the GaCls
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deposition rates in the range of 100 to 400 gm hour on

one 200mm di aneter substrates or any nunber of
w@pmBletosvaf ers that fit on the susceptor. ThePUEUB200T/¢84845

system fromthe GaCl3 7 WO 2008/ 064083

PCT/ US2007/ 084845 container is maintained with a
contBREETs fnhinth ROV QidtakpBcibit rhpRathiR REANED Hr&RARAFSsh@h of the

of the @GCl3. The invention also includes an inlet
GaClmni fol d structure that keeps the Group Il and G oup

vV . . |

v SO ERPEPRER 5Pt b bR (IFRGPLYR0 e B0ESALLR b 1
Groljpwagesnakpatatcntinte depssstidn znc a0d elso prouvsdesdalh@iodfprachicving
_.uniform flow of process .gases into the reaction
highgazs phese hameeargiyds theflepasiber penss ths gefyetipag upHerm flow of process
oS RS p P BRSO Ul SRR bRt
proctshpas €loerie desigmed to be lutbseanitipllynoi fedeim wah floempsity i(tharefore, non-

s S A8h S Bt S Lt 5 b g S

embBAin{ERE, ¥hib N RL1ARA LY DrdRllink REpH 0 YRrdaly in?dPok® FSFRYUBrNp TIT and
gases that providé uniformdistribution of gas across

Growth¥ gasatthatpiovitheum éaot dstribameh ofgzas aclossethe vﬁ'd‘rgh)f the reactor, and to
unif.ormty. .l n_preferred enbodi ts, t ni fold and
achithl 188 P o dR RIS RS Brrias 5 Phisaufivffs arc
desi%ﬁﬁi ol Q¥En AARAR SN ix@s REWE @édéircﬁﬁ%tlf dprtﬂcqﬂ@k Shmad gfamics.
he invention also ncludes a nethod to add energy to
ei flhe invsptigyotlpo inghidey o msthodito gdd cgray e ajthicppiehash g Group 111 or

t f k€l y e

Grofh0TER 0 S Bl bl g Bl B P T BB e
embo@ibtead tiie woluhkihoklde o eatiqaodi thethalafecdrpodiiicrest thedimedfform of the

the Goup Il precursor Ga2C 6 into the nononer
Groguldl precumordpaCheintpthe remoar abbdilmenethet presrredgmbddiment, this

[ hclude a nethod for deconpqsition aof the a ni a
woul BetiE s el OB S pIRa A D die o e sgser g agle by thermal
decohRR MR of PRisindvent i on al so i ncludes equi pnent for

aut omat ed waf er handling, including fully 20 '

auflbaivicotiongsetnchbidepepagmentifer duterditad waswpandling, including fully

cooling stages, |oad.locks, non-contact wafer
autofi s PEPe R PR e it S PR BNt PR npr-gpptact water
hand@&d, dIndferiiole 8@ iy thep@vesaakiblled o idterREQDIoANR ovidtell growth

i nvention also includes tenperature control of the
progig@actor inlet and outlet flanges and the exhaust

sy : ol : ‘ .

vV E T Ao P By YR 3 B0 R T B L GO Bt langes
and the@RhiBPBIal biidEs spetiiip elespusdepresniaogulbting Neeethar @asperate at

prevents premature gas phase reactions and mnim zes
redugehprepis° G REaiN{CHY CHEYICS o § Y BFTYER CERE I e arcas provents

r o .I . .
RS GAb 8 T S A S YRSy Myl ction
byprodeas.oA mgocwadtionl Hypcbduot s ™NHu€ht Thotedgrsatic thaf entire exhaust

NHACI . The invention al so includes a gas- gate
dowpiiget 9fgh watice el SOartinteaaeoetosal NEREE: 2 and
t hepsifRnied AiSo Bfclldega ERAFERE] A8 vARe EERUEE @PBsits on the valve

recircul ation and reduce residence ' ' '
material and the side walls of the reactor and to reduce gas recirculation and reduce residence

time of the gases in the reactor.
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time of the gases in the reactor. 8 WO 2008/ 064083
PCT/ US2007/ 084845 Additional aspects and details of
w0 b@sioewpent i on i ncl ude the use of a susceptor PCEHUS20ATIO84845
hol d one or nore wafers during one growth run and a
susceptor designed to prevent attachnent of the
SubgiditRngl dspedtien SUSLRRIPhe MVENTN ihflhEKthe GG Ma §udBSptor that can
The present invention is based on the discovery that
holdgye o froee wefeat during e eeovihoundsd 2 Sussanter gesignatlito pisveftie
with an
attac(’f‘lﬁl rﬁ][ gﬁ ngas?rg{e tb gx‘isd su?%%toriat%hné\,ﬂﬁﬂ% rg% gugler ties, the
C 0 fTihb pﬂisbtﬁﬂnmﬁoﬁ)ﬁ bas&tlon ﬂledﬁ?@ﬁﬁd:rsl thdd BpéélﬂicamewaShalfde compounds
G oup III-V compound sem conductors, and . in
havegeriainanigie pamisad AoRFitics.cad thatvvhenspanled wiith an apparatus designed in
)
ight TN BHRN s, M Qb IN uo0d AT TRpiCerk 8 Group 11-v
compaumdf sanﬁwnldngorslﬁld:mrpat‘tluukar igaNi@nt mnrrd,e With hbretatbrenmachievable

nuf actur.i ng" .(or i s.characterized.b)
high Rog g e AP BRLloN] et inch PrEs ARy A e volume

nwnﬁg@ﬁﬁl nt utlllzat|on Thr oughput nmeans the nunber of
waf er sfhour that can be processed. Precursor ' '
ef Focihenioyentwanhigheelume inzangécfurmgt (@ V) ig glaracterized by high

oo R BN P RSB L P RS s

numBa d Rl fes/haesMeai @’ phbdcdlsddh @rematRF bﬁ’lcwn@? ‘ﬁfe@ﬁ§th@ﬂzdlarge fraction
structure, HVM 15 deposition rates range from around

of thsgnagerg] upit 19 the sy e gocy wtrhe aLodyst mduﬁpofp‘é@st% uiltiaygh there are
a larg? Iélﬁtgrt@]%r og e\]:'-a);lﬁtgésr Jlsgglcﬂite(f' §/1tIHCEH5 1§1’a¥e§*191{, %P ek a@@%ﬁrﬁ tLllre HVM

or a period o ours,

depdsttionGteg ra(ﬁfge tﬂ@)rﬂ zlrbu@d e@rgmromm léllehnl’enﬁc (@ﬁclﬁasrgaﬂhmﬁb pﬁr hallir for a
| east one as t

perigq %ﬁ?é#ta%‘é& h%% rto ﬁ%@ 2 Qr%n 15 ale@f%nfdter fl)leléfsﬁor épﬁ%?fi ?nf atAeast 100
houtrsth'Z‘(:)ﬁl GRu ‘fﬁ e&%&?@?&%ou??d? é%ﬁgﬁ o% Etolg%lt | p %el@ Qo @much as 300

Phoone vess i ncreas e vésse
to 4@hg Goeup2i0l dpmmatped hour fera pesad offhit i}eastamrnpntbv iAdypl@absgurce capacity

can {55t RBR i loct) KGO b indesase s FOAL: b Pipl st can be

operﬁfé@'@ &8, TaksicAn 9fovtictkerduﬁ‘?Ht‘l7‘ Aatdrle tﬁH@fpﬁﬁttﬁat'a% élﬁnlar to those
t he reactor COprare to a given tinme peri od, such

Obtamdh@&nilsonm@nufwme most of the tine |s spent

o S, RSG5, OHERIE A TOL R CBUBLELL B he

cornbz'ﬂ@@ & ABRSH AR RFi6d Au8h habd Bodror F@i’b‘HVl\/ﬁ rﬁdslt bEMB time is spent
sem conduct or processing technol ogy. The equi pnent

prodgeingipreduich# dropsadvmsefucealiyation, clgane oF paintenangy @pantitative
rangg% fo? It QB meﬁ?ﬁalgst arg Avdifib R mdl S pﬂlcoc'n sc'érﬁ"c acﬁog PH}%sm%f

I con epi deposi i1 on equ
techublogy .z alhé @ﬂllprﬁeﬂt fnéilipeionddr HVM bﬁer@hprlﬂlng nidieréd) igooiiclorder of
on the substrate is occurring in the

of _the nm

abovrt ééé? B9 %0, wgwhé%méﬁf r%ﬁhaq of ispsen cpiEHYrdsposiHETS CqpaEnti s
Q&or éﬁlzg{lgt?fs tﬂ(% tﬂﬁ_b/ &uﬂlf“% \leﬁcﬁ ovith WMerrﬁﬁ&rlﬁ on the

suc as those dISC ereln hi s ue 'S on
subsomttas oofurig inghd f)é}z(@tor. For conventional HVPE reactors this Value is on the
order of 40 to 45%, while for a HVM reactor such as those disclosed herein, this value is on
the order of 65 to 70%.

Growth utilization is the overhead time in the reactor, meaning that it is the time

during which growth is occurring in the reactor after a substrate is provided therein. For
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Gowth utilization is the overhead tinme in the

reactor, neaning that it is the tine during which
W@e@sHOH0BEZ occurring in the reactor after a subPSI/D81087/084845

is provided therein. For 9 WD 2008/ 064083

PCT/ US2007/ 084845 conventi onal HVPE reactors, this

convéetishgal FBV M rda b rQ fevalQd is@n thO@ordePaf §¥ol B4, aFhiR VMHVM reactor
reactor such as those disclosed herein, this value is

suchas theve dascised berems s vrled 698 thoordenek 95% o clogd ted@0twi.c., close to
1 idi.c acturing process. The present
that FE%gelrl%? é%%aéléﬂaétgﬁ{s}%g}%{a g‘{es main limtations of the
cuMhe ptestMPvdneioh Bddrogys thd nidin Ghitievesttthdhiegteny BIVIREEtechnology
.manufacturing. This is done by . repl aci ngi t he current )
whigh\eveny hlgélmogl%@ﬁ%@fa@téﬂ@g-aﬁlé#ﬁ danepydaplasing thesqurrent HVPE in-
situ §&H£e°§en@%of SRR é}gerﬁan%oﬁléé Bf&%ph%ﬁg tﬁ% gird eV high thermal
mass hot wall reactor with a Iow thermal nass reactor
maswhdthwdlerpaoatith e lewtiarmbl wdssweddter. willhempeseuroicoatrolled walls. The
external source.elim nﬁlt es .the need tao st o&q roﬂucti on
. ggett

use QNG SPHEC SRR SSPsneeddp siopiMPdusr iy gprecursors,

greaﬁg HRIRM (e EduigRbidt ARtizATtont FREMBSre IS nABSHuL dithke Blecursor is
the precursor is 10 controlled directly by an

contedlked tdireetlycbyras sleftrane woss flol bertrolics sedultingginiimpiaved eombl of the

trol of .th . d i .yield. Th
eroi o i b Qi doF 1 PP Qs FRGRE Sl Bt conrotes
wall¥@ldafly fdRatd e FigdueQsirddier Eéaﬁﬁ% bedIEddlRg, bAh diead brogth and
and cool i n% both during growh and nmaintenance. The

maiggpyanee.y Theali by tel rapidis dcatand ceplohe sistraigidiorpermitythsgise of multi-
1t . f o g r. , i

e Pocs sy P o M bbeer AR Fhl i R QSR AR
syststal Thd bbisigstoeontrdinke afallltérhperitarec@diidedlgad pieasyvdaktions and almost

t enper ature reduces -gas phase reactions and al nost )
complstany ghimaingtes Warh dspeds. RAimngfigndiveadl deppsifs grgatiygpcrsgses the time

whal, ' [ the time between

bet cl eglr?lgﬁgg’%%ggggogﬁ%%yﬁbgﬁ {l{r%gz;\a?t% g'r utilization. The

pr &&eptesentveveniionis mstrheethedact ttiee céab ntced thalidr ¢amipounds can be

usedgagfjl?ll(?épemﬂ]al | g&w&%@i—&@é fi%&gitgﬁl qf #fls\?/c asﬁ@an&ﬁile&)éhl?gorﬁ%{wtors and can
prov%(fe'ﬂr%&hﬁiﬁ&ﬁ_@ﬁ %/it@%ﬁe&ﬁé‘ delmrf’é(ﬁi{%rﬁ@nt cﬂeﬁil@@ 'IH tl}&{kqh{zé}fﬁion, a

W th specific delivery equipnent detailed in this
sufficrondphighrmasa fhnftd adiievetdng dingtaimtegls dépagitionaatas i kayee arcas. In

an i ntai.n ., hi deposi t.i on tes .on large areas, |
parti i T A g R B B R b E iy EHRE B PERR pufine
phydi@iVméhss; @S, biybingtvath DcdpEEmdds throUth NGuid IWAYS, el prlaRrid S, sufficient

e.g. bubbling with a carrier gas throu?h‘ liquid Gad 3,
evapesiopraigiod &ak s aind thet Ertls aasyarss sueh vsnfhgicetlploncdggosity state at

tern}%\lpﬂutteg ﬁ 231/ %@5 §b@‘ﬁé‘5§§§%@é§%§ rl%%)‘%’.f f*‘ﬁt%e%&e%hlsqm%lga? is based on

SCOS te at atures in a range a
the fapahapGa@t, éh yhel R piage hieinrthe gad fhiase atnvr@pérhpcsitglow about 400°C
ed gn the fact that GaCl 3, in the |liquid phase

. b ) d
is acit%?lb’ﬁéh@lﬁlé Piradiemigal famyds for theelimgerabeaniaiien ateras ﬁaé]ach)z or

Ga,@gtually a dinmer. The chemcal formula for the diner
can be witten either as (GO 3)2 or Ga2d 6. In
addi tddnort © @alll Blatel chierdgalhor agaldodrescd ana Gk pocchesor. These

used as a rec or. . se. 30 conpounds, are
comBiis are S TELBEEC I it HrSHTETIo AT Ch plomsy Fopeample
mondtRBRgaltfle HAX HEWS bridge Cl atoms replace by H atoms. As shown below, the

terminal Ga-bonded atoms can also be replaced by H (note that there is a cis and trans version

of this compound). According to B.J. Duke et al/, Inorg. Chem. 30 (1991) 4225, the stability

10
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nonochl orogal | ane has the two bridge G atons repl ace
by H atonms. As shown below, the term nal Ga-bonded
W@ e@a®H648h al so be replaced by H (note that thRPCBHUBROH084845
cis and trans version of this conmpound). According to
B.J. Duke et at, Inorg. Chem 30 (1991) 4225, the
ofth%td@rﬁbﬂ ddoead® WBH #OR34iAE 4B An Ml IRORANREABEX boRlls be-2

di mer decreases with increasing chlorination of the
kecalfreglpengl s@uwtlg@ Aas ingyeages by Ge8 gpgllfmcpl vpé cach Cl substitution for a

n t
bl‘ld%HE %t% s A ulsgg%feor ﬁ%%?é@s%g?t%uﬁed%llﬁfo%s/ &'e.?.ﬁea\ﬁ%s ﬁleﬁﬁa%ﬁon of the
monbihidl ek a @fves whispdritutee thoGld ducwase. decr eases, the fraction

of the nononer, at a given tenperature, would

decrease. 5 .01 R Tufts 1,2 CBt SIMC3WR [yampia

,a ~... 02, 1,23~1 M mXE Thergrowt h of In- and
Al - cont ai ni ng con'p ’ bgu ticHieved usin
substantially si - Eyui H’%@ut Wi t TS S, seractire
l[imtation that e‘ﬁg ur€es a not as easily kept

inaliquid state. InCO8 nelts at 583C. Wiile the
present invention described for Gall 3 may be nodifi ed
10 to operate at tenper gturgs aboye 583C, this is
practically quitle. QIF-‘ AU, Ape aigernate approach is
to heat the InC 3 t &g ten‘pe*"f’ture bel owsEtshe Srertrng
poi nt but vvhere{ﬂ(gﬁa or i W& is sufficient to
achi eve acceptabl e o}eposu ion ratest Al G 3 sublines at
178C and nelts at 190C and 2.5 atm The present

t Gd 3 b
o FRteh oh b o ArahBi D SefiRs BBt i 4" 5 substantially

smnla@ RREpACHI18E WIRAUE likdatiGRtHat MYsdPRuftes Ofc i & Sasily kept in a liquid
Additionally, the alternate approach descri bed above

statef JpClpgilts at hedG: ﬁ@’hlb@th@wr%ﬁet ipention glepsaibad fardsgdhimgy de modified

ooffr Bl kPSR, 1 YRt REGHIGy gL Lol AP
apprafch is o hdwe t}@aﬁcghaaeeraperaﬂuﬁw\bdlmeerrﬁéluhg @mnﬁbatt\hl&rre the vapor

mai n corrponent of this inventionis a |low thernmal mass

presyga st SFICiqHdo pelieversoemehladePEos thigct or with
tenper,a Mﬁrﬁescé%ri%‘% éﬁ%ﬂn&@é 4t99 ‘cea{d 5 B U‘Fﬁégﬁe@é‘ht §dV¥tion
require heati n coo duri gr owt

descabdd foai (8 naande. rnérchﬁeéto] dpictate atdnglam |tm|aln)atﬂneaihean gresoot and
t he sub trate a

er m t he
temmfa%twesta %P%?L g é@g Mﬁ&wnaf% thopltgpate ppregpqhydescribed

abox%%ﬁlr@l? hbﬂlrfgl'l%lc%' ﬂfe%éltlhg ?&nhf%t achRE a SRRy T vapor pressure,
ty to control the wa erature reduces gas

! phag@rk cadtlh oo fomu adimss fA]@dﬁp lirethellyjussl phassatdeis theagds phase at
low gen?peralmtlrsé El'i m nation of

Another main component of this invention is a low thermal mass reactor. The low
thermal mass reactor with temperature controlled walls greatly reduces the time required for
heating and cooling, both during growth and maintenance. The ability to rapidly heat and cool
the substrate also permits the use of multi-temperature processes, which are not practically
possible in the current HVPE hot wall system. The ability to control the wall temperature
reduces gas phase reactions and almost completely eliminates wall deposits. Elimination of
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
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25 wal | deposits greatly increases the tinme between
cleaning, leading to high reactor utilization. The
WO oMsbwes3ral nmass is achi eved by using what i SPCT/US2007/084845

traditionally called a cold wall system but in this
invention the wall tenperature is controlled to a
curr&R @6t WhiE s}-2emeiratheited by Being tnMEXcAQR8/FRHAEB3n the new system, only

PCT/ US2007/ 084845 current hot wall systens are heated
the sphstines hefderpndsybsratiarg hpatpdhatlecre pre mafy wiews tgypehieyq this including

lampl_ﬁéea)rfnelg, alggucﬁrféﬁ% Qt%{%or'}%l&%gce%%gt@gh“ tﬁt ngt %bgal%netﬁ? #HeE 9 ’stem consists

ofa t’@atolr Bambeh dUﬁsttlfu@fedffﬁbﬁtﬁ qmegtmndrae@lbataa@ B@teh&ahstﬁ@tedl df graphite.
ne enbodi nent, the systemconsjsts of a reactor

The @W@hﬁ% s %Wétbwd%m%orf ubsideraf hedupris reaght Tae dupdgtcastor walls
can GOLHHOHES ﬁﬂng f Vgﬁ@t Hfztho%s TSR e /811 lE@%;e?egm@’control
anps on t he OUtSI of the quartz reactor. e quar
systere aciisidts efadiesor noan n’@dlotdsm mahsluedthleswaiﬂgempmamreﬁya oiriety of
net hods st ses the wal ] erature cgontrol
localons, i eigRd PR Tf B oy it N SoP S AYRARE YR to the
Wall\‘i@%lbn t&@i@ﬁmﬁ erecel'nﬁelﬁtu‘{@ﬁt' aelsrxse@fvalué OG Al RIS em%@&'f?deﬂﬁ Ghe wall
feedback systemto adjust either cooling o
temmeeatnreng cwmmldted b f@@ethat\hdtbw an@gtodlhe euterrai ot the reatioe Walls for

cooli |vYa e atgﬁ%}ég ' es 8or?s raglgﬂtt? g? ano a&?/erltf ilnn‘:grg?s',] g%n[teﬂlperature

cont}ﬁtllI%Wcﬁi be Q‘Bgﬁn{d‘f@i ©Xkf thekerPperitif: tbAAKILR inybl & fePformance either
cooling. The wall tenperature is not constrained to be

durigpgronaher pingnened. nes; the tenperature controller can
be Aq{hggwg sOf Yl%r%ll&%)ﬁg a%g%ﬁ)?i%h Y grlﬁlgrl p?gf%rred embodiments

I Mprove ormance ei

for pf&ilmwm&ﬁn nAtitd G witersf pewl b@faplbﬂaaafed|tﬂ1a1\l\hen@1u1pment and
description is primarjl preferred enmbodi nents

methagls dpysidee P%ﬂgbegrgﬁqhm%ﬁaﬁ{e@lrhy&@e CEATGagRT<Et W the prtyp Pllso Baoduce
waféP Bf (ﬁ{tﬁéjll WO aﬂb%ng gﬁ‘hﬁgﬁéﬂctc?g] gre \Wﬁ{lﬂ %i!sscpﬁec‘ﬁ] th?ﬁgventlon.

can read| one aver age ski
Accandinglyy saﬂsmumm@hﬂ ¢83w1thmfth!¢ scopt ofithy infentibe  Heddibgs are used

nd, s. ondyctors are thin.the scope of this
thro g UBR L SKP adg aPa PPy inkhar LMirn: o e Chi n i he
scopg Mk n{\Qﬁtld)ﬂ"fﬁ%QfdeQ @qul @1‘3‘ 118)3)531 ﬁ"\/@lu‘ﬁ‘?eerﬁamff@crt@t%@maN wafers
for clarity only and |ntendedI|mtat|on

that A esgnerhigal tacenstivghanst erai@sl Faefepedambstments oif thﬁonmnélon can be

ccorBBel B Tkl o S BR 8RS bR b LB SAETRE Seng Rpnat has

beerl d¥RAbH €51 a6d s EEnmECRNE A SiBdblly/fof SidicoE €3] emnsy T Tetpestby this
adapti ng/ nodi fyi ng exi sting VPE equi pnment that has

invepterh s SPGHeEsspipT o AndeTfake a8 wIRISIVAIaNg tisFionsniag pegeess of

des bt R SR Aol RS Saldl YOYERL Bl

InsteadNsustiimed, pigheesaglnfut BaNdepbgtiom gqaptent@isid ivettiog cah be more
nent s f N dep05|t| on equi prent frgm scratch

.conp
rapl&ﬁ@fl@swnogu% lirpdtredispriruetee faraetad and Jaifadi raedifications to
exis G TR AL PN Bl LR ReRE ATk SR KA B ovjsting

equlpmmlﬂ; bawened, the centnsals@encexipsisende Shvopronstesgiong

duct.i on pnent . .Al.on
el i BRBNEE eBation 1 e dityehio B eefeggly préferred
feattﬁrgé:@)%qﬁ&ﬁ@org%driﬁ%%xféﬁﬁé 5t 8@liprAeht for GaN production. Features that can

be retained from Si processing are not described in details as they are well known in the art.

In different embodiments, different ones of the features to be described can be implemented;
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30 Accordingly, the follow ng description is first
directed to the generally preferred features to be

WO pspwsht ed i nto existing Si equi pment for Ga@I/US2007/084845
production. Features that can be retained fromSi
processing are not described in details as they are

the iWRdrtiok ROMGY 1infitddne eibbdimdnl igpldredrinG a8kRQdifemnes , However, for
different ones of the featurés to be descri bed can be

higherdsyelrehsustrined; bighthipoelyw pusstieeTiassp0dle iFBag4saturchare

adva Yg%{)"l% eaglg t%l%a]{ﬂgltrudé %é)t\?e\gt\? cgss%ﬁ? Po%dﬁggfﬁﬁd 'lqrgg\g/ EIF('F Hltllfy%%tomated

Wafé?ftliﬁh@hfgadl,th bapgtutd bvoding Rt whichdiliois dist 1oudatg Lﬁhﬂdadﬁfg and
these features are advantageous and they include

procgspinget wafer yhilg sheeathe qng anisaeding) Blﬁdlome%@ chiffngte ppgesirable

t
eXp(V%\H Ocﬁqﬂeﬁ%act ogefstrtng?ﬂﬁgtﬁ tﬁgm‘g(% I@t%(gl an%&zgé}gaﬁi W&Er vapor
and greaﬂje&silucgplagméhﬁle.’rtlmb btferd ﬂmenmghMoremver ths actoalatachandtie reduces

) a ks.e] i m nate undesi.rabl e sure of the

ywk# an Wﬁfaré ?ﬂwﬁﬁmwau%hhﬁmlih%ﬁx% FSdiSPmGFagss a Bernoulli

wan@ w&%& tERINBIE fya¥@P RhichaMdwd rh%@folaéﬁn% ey aeloe&mg e{ Reerature as
time before running. Mreover the automated handling

hlghrae@OO%GanQ/saebdbﬂgmhagldnmfer br eakage from manual

lin fers, SONEe . cases er.noul | i
g@ﬂ?f&%ﬁ%@@% af wgfpé?§r% fahirey ff&&e IptipR alii’v}aét %ﬁ%ﬁlbed in
the dé'ﬂ{e@ﬁgf J‘gen%hc LSRN rl@w"i‘ﬁ beéb%éﬁ@greﬁﬁh(%@ %s@@gle?aﬁ\éﬁlbodlments
| ong coolfing tinme.” General enbodi nents of
can bﬂ wlugnelg @damat torrestiofart ginsmengiadiytaivaihable, &1 f:pltasw equipment. The

bed t VPE t
foll i SirgEate iR RHG oRiclD BT St s i vention
and 684 femutfédﬁ&leymdﬁma@éa driforRayrithE BPSILON® BB sCdfald¥e-wafer

avail abl e, epi t axy eg@ pment. The foll ow ng
cpitaéd dedcprs @YﬁﬂuabletfmA&M esigat koo Phegnix.cdlarlt sragpetenieHowever,

that ?@qﬁgérnggﬂ thrnme% éégy.? gtntjtlglglarl ;gr]e?e?%d%%yg%ilﬁi%? éeagng?[geé gxarnple
the iafergiongt@rdvaistly beaphjitad ioathe ICEACTIOR & ®Ragédics aDARIAT (BundSMara,
America, Inc. (Phoenix, AZ). It is apparent, however,
CA)that the invention is not linited to this particul ar
pr i
b RIRALAE B ihe SRR LBl SUATR, ot Bpuign (fgr producing
GaNseufices amfdeAMb'Ed@ﬁgeﬂeaal@n&r Eferer(dé)to FR0 1PiPeftentae greferred
enbodi nents of t eqw nd net.hods of.th
e PTG B EP JES R LR Clio R L e &8 Bigsor-ob Gignprally, the

equ1ﬁ§1@§tr G'Fthl%ﬁd%nﬁ&f %ra%ﬁ‘l%ﬁe& éhdFél&d b%th fé@'high%hﬁﬁe H{aﬁﬁﬁ&'{lﬁﬁg of
enbodi nents are then described in npore detail

epitaxed] §radhlogens onBilbrdrated-ad alse der @bhgmy oh eonse'qcthmrmdwpelfatlon
this invention is designed and sized both for high
vol ume manuf ac I taxial GaN | ayers on

substrat es ano(f;ur a Fd‘f‘B%‘&I iy O5THEINSEYUERi on and
OPEbALIRBnicAR fAaNERYut FYRER AVENT R Qtioh HEgd NVENTl Y@ with

conveni ence and wthout |imtation, the rnvention is
refelgm:reuoaﬁ ig yl adsons didbrepbasic suteﬁfmrehc wbsystﬁngl far firevitdmgmpeocess

gaseB r(%rcle(]%l (Fs) Bsystems%s%sltuﬁmg.a A El er anc? subpys(t)erns 5 & waste
abatement.
As noted above, HVM is an attribute of a combination of various physical features of

the system including the generic features described herein:
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gases (or liquids); subsystens 3 including a reaction
chanber; and subsystens 5 for waste 30 abatenent. As
wmoirgtombve, HVMis an attribute of a conbi naRCDOS2IN7/084845
vari ous physical features of the systemincluding the
generic features described herein: 13 WO 2008/ 064083

1. EREIRVSZOOMREBIBEACIB. EXTERNAL SOURCE OF GACL3 The
structure of the first subsystem the process gas

sulbgy stregtyread p@:ﬁr&t Jupsystem.ghe piogess g8s ﬁcﬁwﬁ@imv%sp@crlally the gallium

com%?&{dcx%gaﬁql}%% Sy il 1 ei)ggéntffgaﬁléfén g \‘/ch9 1n{lgft g&?gxn aN VPE processes

are feaNbMHEy @Bttty GONPPESDRaSy forhaieg smhe@&ﬁhgmm @ﬁﬂeMI}OdSh the
the 5 surface of a heated substrate from precursor
surfarg 9t & hediad anbiral fram PE?ﬁléTﬁO‘( spscurrntyainE nirgea)) agdggadlium (Ga)
(andoglé1 df l&ﬁ’e o? Hor® Bthgpf}gau%t tg;f' &)lﬁpdlllﬂh% ARE & order to fmam mixed
tali ni’ng gases I n orde o Formm xed> nitrides an
nitridgstandroatibyallyoome mrmmerd@paictptmprsvtde specdfié dectspeetdndactivity). The

Ga- Q?Pg‘f?gftﬂlfrlg géﬂgﬁsﬁ? ¥ u VI : Hgl‘npéﬂorc(t%c% n(%lraglﬁ n? H%for}dsé (GaCly), or a

gallibfl-Ggh@E o P&&é@pe 3), ,trl-%fhy@_%aﬂﬂhl (THG)Yr S APIRAMDEFMG). In the
e.g., tri-ethyl-gal EG or tri-nmethyl-gallium

first Ca93)he proceshie rQﬁarrfsai tosds I&HEE (Htah® ﬁdamlré’s@sws hpethey pmtlin the

i-de Va or Pressu itaxy and in the
secopd oS MOYBE (Mo CE R ER Resr FRR BB br emsr e
EpiTha¥dmicdiBofdtess sfaba@repsility Gty af hitR (dntseratick j deYfuire that GaCl
only at high tenperatures) require that Gad  vapor be

vapag\petshieibpsiend insite i the irepctipie vessele € o hy vassing HCkoygr a bgyt containing

hqulgons 'rlg%tohpﬁa%\fagﬁ? & abé% le g(?qﬂf aql de d&\é {:&ﬂ(ﬁ*yoén% rg%ethe absence of

m01smre§1whio<hri§ cc(mmohlye;uplblmnﬁeeaiéd dnrtraingioutes kaskwith absut 100 g or so.
onmonl @/led i.n seal ed quartz anpoul es each w th
TM% 88@1 {'E go filedgguidsTikhea¥rgo E@%%‘S%‘FS&MU{ ampmogis (d13), and
seml-EHﬁdei&gﬂﬁl‘?’tg'Nﬂgls Q@éldb‘fe sualihy ?% a (NH3), and
sem con r qualit Is avarlable in standard
cy Altederdy plébme{ana‘taed:@Nple@mnmmng/aheds di2radealg, gan be used as the

cont ai ni ng i ops. or. di cal can .be u
N M IGsHET Nt SR o eRurp st B A py 0t even at high
procewt@ﬁg&ﬂaﬁ@eswNltfogﬁqaaicers &R 6t pRYERI3E a MaBher IBRBWRIIRURSAT, in
eratures. NiTrogen radlcaPs can be prepared in a

genatan prowmnmenemgy fossphif 3 nitnogelgewbﬂcale foypxpmplei ki adgling a RF source
it.a nitro en
o« {ier i oty R TR BE N ferd MR aRBSonslipe in s
modeltﬁsbfe@mgnﬁﬂlbe@dcwM@unye&dmbasrm When operat i ng in
th node, the pressure I n the reactor is usual

r e&lfélwkm@‘n YRE prafsties IR CH eed Sasl HN@@J@Vahéer@@nd to be less
demgggﬁgpg&e/ E?upeﬁire glﬁhw %ﬁﬁ#ﬁﬁﬁﬁﬂ% Q}rg%f H@‘rgll&%e %rs. First,

MOGNVDY is dess ldayi eibke. foFthesdrowthNDINRs iggeaked SlSandHBlhf ladehesefa@hievable
the growmth of filns ggeater than 1 Gumb ec%gse

depog&mnée%raée agdesdhan Jn of Healepption i achis¥alle jyy HogREprocesses.
For é;&?npq@ W]i’ﬁ H%bsft%hﬁéte%ﬁﬂ b AL Sarl¥ oFYBE: RI0B ®r more, while
For exanpl e eposition rat can be I n the range
MOGVDLAGs atdRPicPlinbogs then 1Aprieur wledoad, GaCl HVPE is less desirable
because this process requires that a supply of liquid Ga be present in the reaction chamber in
order to form GaCl by reaction with HCI. It has been found that maintaining such a supply of
liquid Ga in a form that remains reactive with HCl and that is sufficient for high volume

manufacturing is difficult.
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MOCVD rates are typically less than 10 /hour. Second,

Gd HVPE is | ess desirable 30 because this process
WO 286483 t hat a supply of liquid Ga be preseneCT/OSI00E084845

reaction chanber in order to form Gad by reaction

with HO . It has been found that maintaining such a

SURBRbMFRE, cquipitingofFRe iy cdtib®IsPrinhaily HREGEN® GARIS HWIEE for high

with HJ and that is sufficient for high vol unme '
volumgrindraéadiringg Qricaaly.iiteantalsolprovide @0d06640 63, ¢.g., deposition of

/ 8 Ther ef ey . of .
ol TRy A e IR P P U e SRR hisR ol manyfaipring
requites b BEure@SUGACH waporghat @pliicwudal dufficiért loanradd thex dah ®¢intkentained
_for, MOCVD for, e.g., deposition of  buffer |ayers and
withppfnferugtionsxeqns for wiafer @ﬁd@@n@am@@ thsrreafitign chynber for a
ury [ e : r t

S D e S A B RO R AP o J00 0
100G it Houe uf GaNtper howptsoaitat @epotphatélgone@faddr (or one batch of multiple

| oadi ng/ unl oading in the reaction chanber) for a_ .
wafa ) requrcs e IRty onprog e Apry of deposifiopdiges o sya thisk GaN layers.
AchEREIHL 2PrefBd deBoyiloh e (A0AR M A0 Suhe prb PR thclRow of
GaChnepbaitaboof apprdxtimpte iy 2 58afr 808 Jg/lromq (0 2@smmocirontae 306 am thick layer

one or two _hours of. deposjti ti or, even thi N .
of GP&WQF&’FISGS&&W%%HP@“%@%’ 2 ng_ﬁéngﬁ é@é{iwi (BPunitoh B Weigho
Furtfég%kusgh%sﬂctv@?atte Ea{hgpr@f%%fb%eb@ﬁlﬁﬁl‘tﬂﬁe@fo%&%fﬁfcie‘ﬁ%ﬁfaﬁérpso that

Cl 3 vapor at about approximately 250 or 300 g/ hour
prodiigtiGOdtamptipnscughaired30 Geehat dei' sckvi¢cathe sourod arGdivhitolrtp af mest one per

s B b SRR 2 S 3 Rk R BB et

that HeeH ¥ Afd YanliR riBihRiRidmedatlQdst §0 Sufchd G BRich&WfahilBpleSfafers), and
that production interruptions required to

preferablydpiya/lenst 4% er { Hb 05 300, 230 éo BOGhvelses ardatphenpismorspSuch a
r . eferably one at | east every two
ﬁnwﬁgﬁggﬁ§5§g%ﬁgﬁg§é§5¥éing|y, it is preferred 15 that
t h&ht kguipmahtcofaBainkentival pibaideed Ghar; satirct @as bvatomed @oBlems in
(or batches of npultiple wafers), and  preferably for
ordegfo yebipye PIgferedro sges yid dusgrionsy ABigving rIgiorTikflewgaiss has been
hind@l%_td(ﬁll1 Bz r&%t B}P& aln il prtciﬁéf{igseof éa@?.t F%fﬁp%rﬂbrﬂe anditions,
prior art. The equi pnent of the invention provides a
Ga(Gafh 3okd wnd sapdratn bv édsroedealypbyohibéimmtiom Howdeer, it das been

achieve preferred flowrates and duyrations. Achievin
derefiigrgitie biof |\ oHp B Hiss She AT oa HpIB s HRPhe Thaietred mass
flow¥teS ERERING, QRYS ks aPAIRRE 789C @ afd Ch thehibk $6rmeiby evaporation
anbi ent conditions, Gal 3 is a solid, and vapor can be

fronf the hguidontfpcd yHewdbiar mabdsoiso tidondviermined thagsvdpeetion rates are

. .determ ned.t.hat Cl3 sublimtion rates are i nadequat
inadp Gt B DR AE hreB Rp Mo hlesd PbBu B p R aRAD AR For
incr&8meitke ofaEpIrdnt &g ahgitdiou! bubBlGng,and taRIRY, d6 abt inbRBse

be tormed by evaporation fromthe liquid surface.

evapagtionante sptficiensly deemsp Bek ldeped wiknewnto be rabatiigbt wsqoup.

ra j e . r ovi di . SS. 4

iy et T s S

been stBER@s bind) disadveralf thettepdinaig @abow .agproxBgdttlgti20tC, and especially at
bling, and the |like, do not increase evaporation

bub .
about 4pRrog iRl 1ERTY 9r o e ¥ learmes peflh dopeT Kienaty sigipwith a
Visc5§4yas§ﬂn\{ﬁj t¥, /& SHAUSF water. And further, it has been observed and discovered that
in this lower viscosity state, routine physical means are capable of effectively raising the

GaClj; evaporation rate sufficiently to provide the preferred mass flow rates.
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What is needed is a formof |iquid Gad 3 of
sufficiently Iower viscosity, and it has been
W@b®sg®a and di scovered that begi nning at aboRET/US2007/084845
approxi mately 120C, and especially at 30 about
approxi mately 130C or above, Gad 3 assumes such a

| OWQEOthg“E}Q $hd GaSL 8b@ c¥bt thistinVérieahdidtafis ArbRfvdifof liquid GaCls
g., that of water. And further, it has been observed

Wlthetﬁmwﬂ@é@%ﬁ@mrqlhdtto abayut ppprexinuiely 199 eyl prywsi@%ml@swal means
n 0 tiv
for enﬁyﬁcu%thg %¥§ﬂo@bn§:§%\/ §B§$ gltlfsgcﬁ?glg ns Jsaafq{u%‘lg& e a‘ééttl(l)e liquid; spray
the lpjuddsifidey ¢drertas rapidledvorths llﬁhﬂ\]\foﬁlﬂﬂ@&rn&ﬁga‘é‘ﬂlrough the 11qu1d
2008/ 064083 PCT/ .US2007/ 084845 Accor di ng , the Gad 3
ultrasepipally disperseithe Hawidmnddhe Heg ninaiaréculpry iBay Respdisgpvered that
u T
b e e AR PP Db RO B b Eehnors BBk in the an
throegihzahman glsbd)mtyesmepof laduid GraCht eg Sﬂt(‘.]hg PphpsutdaD°CEangpable of
n i.nclu te t he he |.i UId
provi{ B e Pid 5% F?}Fsymlo@% R@%%lﬁoaﬁgwaﬂ et the GaCls
sourG@ﬁaWGQflcrg@s%d tt&ﬁl%%cé Q@a o Iﬂ’Hb&’thé t¢Hhbl- 3B RMERIdrder to achieve
di sperse the Iiquid; . I'n particular, it

bettdm@fnpmeuurajcmuobwwh%hlag clemeln sl Qultfgdfai’f thﬁ easervolr tFpecxample the

) as h as He or or . by. a nts

itusflRR (BT ot Roeri i Sh P hoiehen Vs SOLTEPRTE Biefict A The

dianfed&el Bor Gia@lg; thisakbdd dk aﬁh@dtIZG%%r hbsr BAPPEER] &fat least 48 hours, to
providing the preferred mass flow rates of Gad 3.

250 pipef kqur der epmfadguieatcrgnd0dputshie BAE 31 hewifos e phrgdof at least one
h
weely 6 LERRAA I3 B 1008 L RoBLAR 'l BPRLLE Lottt 0

COoMdredversi GYCIhsadrcd galﬁbﬁnfmﬁﬁprﬁﬂi’l&d (ﬂ‘b\xafatet did duration cannot rely
reservoj.r,. For exanP the il]Justrated GaCl 3 sourc
on Ga&lsppplig indadiviguphl 09 samppiles: wich g apgnay \M@rlg@rsyufﬁcwnt for only
15 @483k ﬁteggﬁﬂnlh{%ﬁuﬁf%ﬁ%lgﬁés@ﬁon Fﬁ{ere(farg ?fuﬂﬂ% §%{)\é@ﬂ'ﬂth@@aCh source
aroun per hour period © st 48
of thiomr entionas lazngGng eapdeayr Thbarchiavgthe ihggh-thfoumhphtamats of Gids
1nvey‘€(gt{< the( t‘ét%gggq%lt gqu%rgl no r(,?lg 8416%0 sg)gr%g%b&glgﬁlttcho %wev%? erechargmg
is mP®S hok d%tnp?&at'e@ 6? theteARMEY of é;écl\{% RA¥Eleadiy FRELBnospheric
source capable o he preferred flow rate "and durati on

moigaiien dihe G@iCys ch@rgecﬁl@ sgursaiditeel Gahlsisnpiply ilid eainust0G fgee of moisture

. ampowl es. Such anpunt d b uf f.icient faor
priof BRI DaRRHT b LRl B Eabk Bt ot ShibBintenss, the
inveAhi®t RERIEs soirded chf®lc Gftdihg Of Ichddabder Ch kg @alR;, oPht least about
this invention is |ar C%S capacity. %o achi eve the

35 ki gyt {as'otbgHpA tOg7<9al¢gs(%@fh anHipper hmidetcomined fhy requigsments of size
ot TR DB OGRS TS R AL LTt o e

reactibreclisgitdenay aqfref&@l &nb@dlﬁﬁﬁt; ther @aCli; byurvd ¢dm hold between about 50
at npspheri.c ngls ure. The Ga har ge
me

th
and JOQ4kg peGetley Eﬁ?& 9etwie%§bq%§9 15(27@ ]gg,eltdpllﬁ;g rgatlgp%[hat there is
no r&fi by Igertl PRIRE ¢ agﬁg 6F {n@ Q}ad:l)e%%ﬁ&' JBerQfard A€ 1JNR ghfiyt

goa varil ou odl nent s I nvent1 on 1 ncl udes
conssmutiaesdospablehamong indiltigle avurt esastGaH oosul @ be kg upfthrough a

man%l(%tg ’pﬁ]%{rli( g\)%v{t%:]heug% %ragla lbo%]lo up SP}”i‘hg Itok %&Ilgqrr Isg?l%heqj)easctor oov%tlmeo The
empfye%‘tﬂrcre%ﬁf&it thePbe flnff cd VhABChNRLABL isioBetdtiBWalRtf rebPBed with a new
advant ages of positioning the source in close

full grusse. mity to the reaction chamber). In a preferred
enbodi nent, the Gad 3 source can hol d between about 50
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and 100 kg of Gad 3, preferably between about 60 and

70 kg. It will be realized that there is no rea
wWaQipme64oB3rit to the capacity of the GaCl 3 sourPEI/US100T/084845

than the logistics of its construction and use.

Furthernore, nultiple sources of Gall 3 coul d be set up

t hnofigieiBaspSd offBd Gt 1d sduRcdf tHistinwiitibe iy db@efﬁﬂ@fﬂp@ﬁﬁﬂe control of
source to another with no reactor downtine. The

the ss,lpultvd@e& befvgen Hsrsohise padiheagaciion ichambgs. ﬂélaéqr@peratgre of t%/e GaCl;

sopiSP B0 B e BeSoB% BbchaoRFblin ot BERECTo R Bercase

gradGall} SoSOLY sieh®Exit o thayiidd ol T3 zﬁaéaeﬁuh chante idtid3ein order to
control of the suEfly | ines between the source and
3

prevepeopdepstighoichafibh. varpentanpwpht lincs ap¢ thelkecdigvgver,
B T IS AR AN i s
matgtagsdiaad bthef materidR) atedtih dleempplyflmasmmd]ehaﬂmer odetuggt o SE3L to the

at reaction. chanber, inlet. 33 i revent
quarfzSaetipD ahpmhery foriagskets, Q-Hngs gy ther% h ugﬁ f&f yeglingduaterials

resm@efh@ td OBedpokGre ahlPWEMRbIe fof RITARE %fdﬁl%ﬁ?l?ﬁtusé RenE @@fﬁfcbﬁ’c[hctor
anber entry nust not be so high that they m ght

mduelmrgg@rdlsfadamq withstaaditehpergtang anedtarthareabont BEY. ddectfore, the

d. ch inlet. . e.q., | .
invepffor W30 Rnkipe B RmBE R ARRE Ol ing il and BieRgine or
cool@ipcthé Nfed dskRcestary é@é’ifelraﬂ %@{rbm@gﬂﬂfe%nplﬁbsme k@8pcpitars) so that

to O exposure and avai abl e for routine commercial
the sygplyilimett¢rapyaiviasdnderse 6o at deashduratidgcigased plang theocwnplytline from
the s\a}%}clgs\évﬁﬁg id ﬁ]ﬁ%%bqiv eﬁ)t%lu%%)%?(%gﬁ&%ggﬁs(g ﬁgﬁ% tol G%QXHnum at the

reacﬁ@maem&teu nﬂetpévhtches peradls lab@ltwpbﬂoﬁﬂﬁatdpd 4% ke h537€aot Bther
cooli.ng the |ines_as necessa general ly
e

temp%ﬁlt@ﬁ%fitw ??g‘elwbﬁ@%@s pIgh tenperatus GrEO- ﬂ§ss irpfper sealing
rnatérﬁ?s) S§Q @)IeMGIJ rbﬂ%ettﬁmeec"e%ta ﬁllpbﬁﬁfr@ & rél,ot'he gjcheﬁstﬁe %ply line
decrease ong t upp ine from t sour ce
betvxwhn dte sosrcp rappzaratab Ialyd ﬂie reetmdmn chmlv@xmlnmhehyi Be30axt, plpfdra:bly less
maxi mum. at e hanber inle ichis.
than BRI HEHUE a Bt Sxi e/ TAG1TS OTEE (B HGRHEE '
contffcﬁlé'ﬁ%&%tﬁiéﬁuk%htrbﬁsﬁ@flﬁi’/y bel ow the hi gh tenperat ur e
tol erance of O-rings or other sealing materials).
bett Rrtherasptt @f theeGa(dd sawae yf theamwmmrlepmm p@ltroltoﬁ éle GaCl3

Aol Btk drestBRb s ep SR REre b i hesopiss is dependent

on tlﬁs’l@ﬁﬁ)eraﬁfréﬁﬁﬂl@maﬁlﬁ aB& prebdiadiovdd e G@(DBra@&ltlﬁ@ﬂ&lvbf as that is
r 2 ft. or 3 ft. The pressure over the Ga

bubigsh reeahgho GaE Tt Wil s Thyes Slum o CH Semn Y GFingyles eamrolled by
any 3 theld Jal[’;{ﬁl&&rs él%?e%ed%fmbtolaﬁqug t% c%ﬁ%gléﬁgﬁfaﬁt ﬁllllxsby varying the

I nventi cl se contr t he nto
ﬂowtdrfa aahaaaﬁges by bdsntﬂalllaubbl RoutaebeeNdilble,gab b@m@ﬁﬂm’h sfelnsofs such as a

Picopigs, Caha I RGBT B SRR BrIdernigiient onanEp B A g5 mass
d
ﬂux%?%.kﬁlgg}ﬁnég %e r USRS, 6o H{HI@&@%P ecﬂgmg@r I adc?'?‘P Ila,QI%é Bl%séﬁ?eséver the

3 can in princip e contro 5 any
GaCoJ schh@sc@nrbarcan’eol@dshy appssafecango] s,f,mtamdilﬁphbed an th© outlet of the
mass  f | ux

ontrol the by varyjng the
bubligh e pregaie EGPRAY ST L Btk Aot srsplaf ity fr gapgrol of the
overGRERARI ih KRN 0BRRTBARIRHCLoAPOI DS the container pressure in conjunction with

the controlled temperature of the bubbler and the flow rate of the carrier gas facilitates an
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Pi ezocor, and the like 71 can be used to provide
addi tional control of the actual Gad 3 mass fl ux,
W@ 2@8/064083 gr ans per second, into the reaction BPCEHOIRWO7/084845
In addition, the pressure over the GC 3 source can
be controlled by a pressure control system 17 pl aced
imp@Red B&c@Mhit®in SHprédugsodBouR! &ptiohlBy, REESHMifera®atin@lides an
system e.g. a back pressure regulator all ows for
insulaging pufer priiphe  over pressure in the source cont ai ner.

cnd £ aryRble a5 GOREHAR Rl GRRYEECLTER HH PRu Ry tnes

and fnathe iraét rhhﬁfo(kcﬁﬁtfdoﬁ[regﬁh&ohﬂt@t With @a€%$3 ame chlorM®resistant. For metal
2008/ 064083 PCT/ US2007/ 084845 i nproved det erm nation
comppnastsed Bckel based pllvatush appiestshay. o tanfalem o atantaem-basedalloy is
) iR RULSLARE BB ROGR b sl gt
protésaiCk Sos ot yesistamtaeqatlngn Suc¢incdahegsd a:’dne:tommlﬂe fiticeh carbide, boron

nitrla% &ggqtngc%{ Sidé; %&rﬁ]@%@ﬁ}l‘g%éﬂg %g H]Séé:ear{egl e%q rgilgrg élgeela etal components

can B EQYeSWERa 2R ics 1dy@Y or @Boﬂd@ﬂ‘taﬁ‘lbkﬂﬂoﬁg 51ﬁcon layer, for example
tantal um based alloy’is preferred. Further corrosion

SILTEé@smdrSdbCQSrT Fﬂl@:\(coummqmalém twilghle fhen Riegrok @etporatlon) has been
dern %Ie%h[ \Pcie 1 a eve Cgrlr I?S SOIZE] ! esa Sl %n Zol \ﬂronrnents For
%Sé"r? VR 88W EOHSFOYEN LTSGR 2B PO B%F%
non-ﬂielteﬂ'cﬁﬁipoﬁé?ﬂs) Bhioaih e témtanabm@hﬁﬁmnmﬂaﬂsi@uaa%mna)r silicone
preferred enbodi nent the netal conponents can be
pOW@@éﬂ@ﬁ?Mﬁ&ﬁfd fused silica layer or a bonded anor phous

3 [LERR oo L BRI FuchD ol b IR, of Blding prforred amounts

of GeloIyigreftiradjo Heasin e ectingdesmittiondyeth thex, i ovippeopriate embodiment,
i ncreased. corrosi on resistance agal nst oxi dj. zi ng

the SOHTRE LA ﬁ%lh\feg its p%t}tamﬁ@) ﬁ}aﬁ;& \g}th% rﬁg,wtogl to éiﬁ]%qutlpf‘edesned amounts
for tfl@i"écﬁ&@ﬁﬁle Hﬁ{'a)ﬁ%ﬁ§ | g{ sﬁ@ﬂ@ Bé ﬁ#&ert(tg dd Iﬂg{-)ve%}r ﬁﬁgp P4 particular

icone polynmers) are preferred. I'n vi iaw Of t he
embadilmeﬁt, tlze prafoarahechb Ga(Gk Bthsocmn}eomeapﬁhhepmﬁem eyd¢mpis or can be so
e grred amounts , 15 of G s referred to

in
consfucted of Regtai. BEACEITlsTaLls gre Re Oflﬂs 50 twtgﬁe%ﬁ?%?ﬁn& &
mauﬁémgé rse%w olcantdPeariQUI6Rh GaFEARLA. Vﬁlrco'nhﬁstcﬂi@ @M burce is
hout interruption to deliver the desired
Confmmmi difagnsionpd tp peaviéathe |dﬁ%redwna1umtmf thd preedrenriia abe
t ood, ho rt|c l.ar .enmbaqdi nt
uninf R BF R s OGN Bl e Fo S BR G tR GRER I T BRduct. Thus,
the BURLBENEapIYIBIE Hhovi Gin® EhcS@AMBENLS Frith6 @Rk b B8 sRit down or otherwise
certain process details are perforned, so that
discoinaipdrfarirepienighaeri of thesohaprcersahce, e.g., cl eaning
an
2 oiah B bbhicle SEIY Bivigtll SORLEAR! rdlfialidsbr e solia

precdﬁ&t medsiagio usts oaf ot tlryeprpmlmgrmalnplerre@emvmmhm o mpif@lded
ner to facilitate hig ume manuf acture of the

toge@@buBf PeYrseya sk diad @t’“salTWlSPéﬂd uqdﬁ@t@édh%én p &n2gipldst ayghem, one
I‘GSGR’rOH‘VCIa Ib@ élla%ago gtm'%{éttﬁe gﬁd&%‘ﬁreaﬁ' r%lﬁ@%n@%l‘ % ﬁ%@f’\fésewoirs

or ot onti nu rep eni shnent o
are molg mtpk@nfshcdr woh solzsprEhmrsomatelbd achthetvbd remtine an byinterrupted

syst%{l gl\élla?d égl% ﬁ%]; eéloﬁgﬁtlele %atg%,r Qﬁliljealnetal?tto% nﬁﬁglqlt hg rnent% the GaCl3
sourBy]stall B! 1818 & MQkinSistabdly @n@ini®RiLyf @ tH&dhe source can deliver its

contained GaCl3 without refilling, opening, cleaning, replenishing or other procedure during
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together. O course, a skilled artisan would
understand that in a manifol ded system one reservoir
W@ 208l0e408per at ed to provi de the gaseous precurBOF/USHI0T/@84845
one or nore other reservoirs are being repl enished
with solid precursor material, and that this remains
whichth¥l %Lﬁb@fsfnwhﬁﬁr fafctmal aMoticd GRrdd, tHasune detd &atbyaRelf
the operation of the reactor. In such enbodiments, the
nece@@t@lntemmt@mf Gabl|dsposiddrerred to herein as acting

n u :
ot T HEHSEbe TRt CrCR s A sl GHers s gl reservoir
Alsd, @ pr&fbirshiongceyan diidhede pultipRdusevelty (i.09218 100tc.) having outlets
2008/ 064083 PCT/U82007/084845 whi ch the source is not

whigh gre yapifplded spiat Grildoraper canobeotkehwﬁé froguthe anyltils rerstvoirs in
e

e IS b D P Sl D o SR RAGR W singie

sourcarit @fdﬁer@ﬁrﬂoodﬁn&tslth@é@lpm&&r&f dhis invedliocanalso provide for

sour%seffgs &2@% @ N C %réglgj: Icpllgnc,pl gﬁgisgléllt#alé&gg{/ %é%e%g%sé:an be performed.
For &&M@M@@mcm% uskRtd, 3 oV aRpbsit@th QENde |A1N%ﬁ‘3r fary@[rg] thin

the miltiple reservoirs in sequence or in parall
interinredidtelafeis] loydra gf mrstdmeatyotiden nd safethof Additipmt ercrcesﬁ gases can

to. as a singl source. In preferred enbodi nents, the

be ﬁ?@ﬁ%ﬁgh%%iﬁﬂ?ngﬂég % on can al so provi de for
SOUhE gfoulpOV pkacAtBr s lal gafBbi2hinBipdMRios nERETROUIS afiingd. @tamples of
MOCVD processes can be performed. For exanple, MOCVD

SUChcﬁﬁeSdéCIM%NHs ofslds gd PP@E&% ithe gravih cleNS NHNisypicelly used
el B8y 10 ST PR O 560 BB, mmons
and 6¢hBr Nl}ﬁ‘edumd)frs areleytesiap phiresd. ¥dr ktednple,isomidoadadtor gralleNHs is

gy precursor is a gas contalnlng one 0Or nore
read amilabledpawgn X hhpf Waioyh sizeyyend GHERGEASATT LS aKmble as

cryo?érﬂg lla s bF % ga.F & alsB%n %IR%&S oF ?%S MBS FRxbyH tﬁ@sle (%ﬁses can be

ecause I't "can provide su ent i ncorporati
routmflyNoatrotlgpbycmbssgtaowtdnttodlesel latndrtbs likAnimatticenafie emblodiments, the

.ot her precursors are external sour
cqui B S L GRS oGS P ciauiony 0oy Gioa Tphordes.
cylinders 19 of various sizes, and carrier gases 72

2. RELETBN I EORMTRYAS Cryogenic quuids or as gases, also
I'n contal ners of various sizes. Fluxes of these gases

camlNekg to acdmeNenmtryaseé atanohlye thebyaat@arssibsemscon prerﬁebrhldy sidaptations
21 and.the Ii In alternati enbodi nent s
of C%@Ff&ﬁiwtwa#a wegcm Ve V&%(ﬁﬂ%reéstobwefea@d f%fradaptaﬂon and use

in th%oiﬁ{f@rﬁﬁ)n(iﬁd@&é‘@s[ls gﬁd@’d@r dildr thE féﬁfdr@get% be%@x?desm @Rese features
OVETRY hbXt to achi eve increased econony, th

haverl@mntd@ierrsmbé ycsbfen@ﬁsl er HVM ef ﬁbNyammthtthmgdlﬁoétlons and
connerc al vai.l a SV.St bl e .

enhsfiGEHRS ERHPY AR R Ro LGRS MiRL AR nf Rl g mainy o

embbivits tBat a|d61§?c| HEbEin @ 8quiPmEBXS teablorPdnd reictéissteeBichii BS pliPose built
be next described. These features 25 have been

to inglde the tady-descred deaspigs. The inmomiasy indarley eyl raslevipring epe
ifi '
o8 P GPTOGEREO S b0, DB, i
alsoticludes the resulting equipment.
Generally, preferred reaction chambers have horizontal process-gas flow and are
shaped in an approximately box-like or hemi-sphere like configuration with lesser vertical

dimensions and greater horizontal dimensions. Certain features of horizontal reaction
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enbodi nents that adapt existing equi pnment, reactors
and reactor systens can be purpose built to include
W0 b@setbe- descri bed features. The invention iPCT/US®E7/084845
bot h redesi gning and nodifying existing equipnment and
desi gning and fabricating new equi pnent. The invention
charn®bbr@h®aml bﬂﬁéﬂi(ﬂﬁﬁnﬁﬁ%ﬁw&h@re@%f pABRhd aERBEh@HWM of quality
referred reaction anbers have horizonta
GaNpwefewsss- gas fl ow and are shaped in an approximately
box-1i ke or hem -sphere |ike configuration wth |esser
vertical dinensions and greater horizontal

3. LoD AP UG TORAND TN zont al reaction 19
V\DF?I@p 81RGAORIapihb L UPAORFEARAS Hoer iSRRI RIgSIcRN Wafers and time spent

i nportant in limting unpr oductive reactor tinme and
rampiggridewnigmpaymuet aftpy aldepgsitiapaNnwaredmsodugtive ang shigeip limited or
minfifi2d %%E%Md%or Gl hOng ok ﬁ}ent SR BERL: thermal

-up erature arter rntredueing new war e

rnas@@ Gél é ] avilitype absorls Hé’aﬁlqﬁ@k@l)vmdttmeatmrtﬁerﬁfal Blassds the more
depositiaon run js not productive and should be limted

pref%ffed M AT sipuch Fraetor &y ieatedvathenfiared (BRkhegiag kymeps and has IR

| I
van RS DR PIRDI LSO 1S USSR BER ot
IR ldniyss ZMdnmlpemmmse&sdz H%lampsél9 mﬁe ng aa;irefe@trqdrohﬁmberexdall material,
sine S H DR AL e BT ) DRSS rfrctry

illustrates reactor 25 made of quartz and heat ed by

L N e

mafléné spent c]samng raactiorsclamnibier oitemirs is adldR Itdt @rtsipaﬂl‘mﬁnd also should

be 11@%&:92#@?@7&/641 esi E lﬁ&‘ﬁ and suffici ent I % pregycts, or
bypretYBER d%%&go%dgﬂﬁmeﬁér \;I;hl'l'ée SHREB ALp&SitRA N Bndensation can be

reaction chanber interiors is also not productlve and
signgicentls hmurzdi or frtdd byi comtrobmgrihniemipzeagure Bf therapa@her walls generally

by cfgRahirord «RARCERREL wPEFAR B oMb SRl wayone

condRHSAN oH P PEIctiisOR A bPRIAQOSHult @t fsagnfft;&entgﬂ 18With pEBhd FaN
limted or abated by controlling the tenperature of

formatjen epdifenesitigalondheyaky. direqursasy usedon iGag 1t HYRERsoeasses condense at
beloWb%{d‘ﬁﬁiSaéoect %‘h?ﬁ;w %&thct 'Ixfﬂﬂfcfo'n&é@%&ﬁ’ly '1581% dut 140°C;

reven 0 conh récursors an
and GlatN Hehais to ﬁorﬁvefnfdl debeyit dtyerhpmvaﬁm:s ek eaedinly dBalt S(TOmGTw?hamﬁber walls

and d%fOSItlon on the walls. Precursors used. in

are qqpsedlegt @ SIS EORAAS b Ripiorb B Dot %Wbt?hé@é:beqnhfeund to be
sufﬁ?ﬁe%ﬁgj hRal o Qég gg;? L& urs dr ARE Sﬁ%’éﬁu& @bﬂde*ﬂ?eitﬁ)‘ﬂ ahpsboec,

> ~and ns to form and osit
W 'dllelrapéueat faxued; tekcadicinglaloouto sﬁgiﬁﬁ@ntlﬂhlmrb@aN\Aiapdmtlotmrechamber

wal GRSk S TR AL Lo BB PR
sufrbinpb @l ¥odiido {;&f&fea% dgeg geﬁéryu}l feﬁhitresocro%ﬁﬁﬁ §192[m&@ chaus
bypr oduct condensati on whi ch has been found

AlthpuglhiR garfspiisheahangbdrovells @rasmegmthfrlw richtpd ko sAnte dxgiee by heat
tlran_i(}e lﬁ%ds fr?%l H? ﬁlgh g%gé%gt}rne V\%lls?eg%or %d [hgsrtr g% étperer?%lerreg tcé'lorheng

arrangement in which reaction chamber 25 is housed in a full or partial shroud 37 and cooling

air is directed through the shroud and over and around the exterior of the reaction chamber.

Wall temperatures can be measured by infrared pyrometry and cooling air flow can be
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Tenperature control to preferred ranges generally
requi res cooling chanber walls. Although IR
W@ e@sep@sEnt , chanber walls are neverthel ess he@I/Es200D084845
sonme degree by heat 30 transferred fromthe high
tenperature susceptor. Fig. 1 illustrates a preferred
adju§ted h&d@)@dlﬁﬁl@la%?%ﬁ*ﬁplé M CEp cEEHEL VA TD B8EFan48r fafis) can be
housed in full or partlal shroud 37 and cooling air
prow@ddilnd@@mé@llqdﬁrycs@gwm srasigiie suehasibgr val teraprdataresund t he
exterior of the reaction chamber. Wall tenperatures
e neasured hy infrared pyronmetry and cooling air

S Lp B RO AN RS S0t BB B64085 PCT) US007/ 084845

adjwstedading ahd imehding Hole i8X86MbEprodudivb t ThERBRAAbedoutinely
vari abl e speed fan (or fans) can be rovi ded and

limited by ragtoneadic Wul@gﬁgbs;c@e@@trmllmlk}@stqa@d@h P ds idgiopvn in the art, this
equlbilg;g ega § ﬁ\fafé ﬁé&%}? %%%ra;[ﬁw ngroscérﬁé?ﬁlrrt%ac%on chamber,

and @ér@@hll’yt doVrQ)rlsé@W S, tI‘DMIC%ﬂlS bﬁd ﬂﬁtlﬂdeﬂbdtynodelvt?ﬁfhede Py using transfer
automati c eq U|Enent schematically illustrated at 39.
wangy begweep gwisahhelders apd the sypeeptas diy therestiop sharabgy Huring wafer
r laad,
tranér‘l’gtggfefrg#tfgﬁ@ﬁ%@g& cﬁg Egﬁsgéaﬁgdpg?#& 1o n'Ft) \é@é@s{n?e @fgﬂ?@}‘ﬁl@&iate wafer
transfabdiimbear er axwinplhecohtrkldaa‘tﬂ@éﬁorsrbe/twemﬂmrtsmsﬁer chamber and the

usi ng transfer bet ween ter hol and }
extefip g, b BT osing e dad e mgoe faoet ot G Bet fgpambicnt
expdshRN Sﬁﬁtf?err’ﬂu"sﬁ‘lﬁg raﬁ@gﬁe'p%tlﬁﬁ‘ FREL: c%ﬁt‘ﬂolb}’a%lé %r@B@c@e&{ @@transfer

anbi ent exposlre by internediate wafer transfer
chargbraahe the, regagor can@mpﬂl ) perorttpladehnghl anddomosalled tweden on e

tr.ans, chanbe nd the exteri.qr | oadi ng_ .
suscBF SRh o R B N SR ot e s PaR Bl b o S hoisture or
othef Smo3pRdrRMNonta@X PRSI redMides Eufglﬁgﬁmagpmdo FadRal ahicad of wafers.

further controll abl e doors between the transfer
It is prederinskto anela ghets Beraowh teapfcopand b@pap@rlﬁfqdumsam@mﬂﬁptwe time by
allox?ﬂlg haﬁcrﬁ? a&f h%t W\Q@ef &/’ﬁh&ﬂ c‘é@s‘? egl %n‘?%rﬁ%gt% Su.Ch a

SySt em also preven S exposur f%%hct or interior

to oxygen, noisture or other atnospheric contam nants

6,s@ﬂghmqug@§HgNrging times prior to | oad and unl oad of
wafers. It is preferred to use a quartz Bernoul |i

t r Breseey candiot satraldom inlotapndiold dhisrtbeldieeqtipa of pirew) to outlet

man P PR 6 Gos B R P LT Py or L AR fnctudes the

folldwingpdertadadharat teaistidsrtbethe pecucb O e 3 Fitsn thé galtiumeﬁhlaﬁﬂng gas,
of arrow 31 to outlet . manifold 35, is inportant for

°-2-d&5osne iy HIFGEFIFRaIaT)E eanc Layis pref?{?'%,lwep@e;vtheﬁe@%e§hamber
throﬁ gtu%el R gl“h% eh&ing Gk Stoﬁfsid%tth@ Roab@8n {MGiber because such

Ss gases. rst ﬁe ga |un1conta|n|ng gas,
rmxmg gan lozd @ Gndeemdole tfacmttsr ageforoomg eomplagesgd€jaCads and, NH;

refer nter th action chanmber 25 through
ol s, Branfehie b Vit PG OGRS G T i wed outsi de t be
r eggkh C&@te?%ﬁﬁ% eﬂﬁ%’c ﬁiés@a@iyé?[ﬁi NP ¥lotd a‘é‘eaﬁ’refemy ﬁlQanged so that the
undesi'rabl e reacti ons, g., form ng conpl exes of

gas lea@ Wifand chpositon @c&plae%andt tittﬁ@ overtthe $useeptey. tihhas been found that the
GaN T
i RS SR v R TR s i FprRRRERGLE o BHts) st any

partictidt tifnB @referably by less than approximately 5%, or more preferably by less than

approximately 3% or 2% or 1%. Also, the III/V ratio should be similarly substantially
uniform in time over all portions of the face of the susceptor. Accordingly, the GaCl; and

NH3 velocity profiles should provide that both gases both spread laterally across the width of
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gas has a uniform conposition in space and tine over
the susceptor. It has been found that the 30 II1I/V

WO 20080698DUl d vary over the face of the suscepP@F/USHNT084845
supported wafer or wafers) at any particular tine
preferably by |less than approximately 5% or nore

the RAR{ACRRMYciY the&Poh BARinARRROXIsBBHE BotBFases ha’A% Dkonl Wrbulent
Also, the Ill/V ratio should be simlarly

flowsth#sis apifera) aajossubg wiskthrof ﬂaetrﬁa@éloxwl@&m%ﬂrlan@ oraferably apfeast across the
f e susceptor. Accordingly, the Gad 3 and
dlaﬂk‘ﬂ—g fﬂ? ocCl {eyptt Elr of il es should provide that both gases
boFatipy thadlohashenidl oy haeresisculinwodésoratgidds dManomalously low
2008/ 064083 PCT/ US2007/ 084845 the reaction chamber so
flowt ies. WilkR 0Bg P MPTePTARe Prrecss gaws stbprcayBipte i engag@algusly high
cond%ﬁﬁlat dnt rLtbléhl?igd re%h Flg@t al FloWD ?I Weg]o?%ﬁgﬁﬁ Hal6n V&rgf)gst avoided.
he reaction and préferably~at Bast "acF 08s
t h@refelirahmbesss ghs fltne 1$zufhmptl by cafetuidkesiygn ot hadeélgnmf the inlet
rnanih ul d not have recir.cul ati.on zones or reg[l ons.

1258 §F XEWNE TacHn Fhanaer. G dsed e thsy e%rlaﬂama?ﬁ%ld” refers

to thBREEERs ARF EEMAPRRECHI A MdshnB N BNNTRIAMEDS WA these
concentration. Localized regi ons of low gas flow, or

struatynes arsfungfary atvelmptler ithmy, compeish &%e ommoieddysicalbr mpelrateeumlts

o O BABRG HattiPaf FHha R o S oS e Pufpgures e

beenr Rard tﬁbh@@@?ﬁ&éme&ﬁrob@@ dad86ws.t HewbRS Mor hids€dmbodiments, it is
mani f ol d" ers to the structures that admit process

adva@me@wﬁor the ggatley iptetapsclectadgeadtion 0hﬁah<tmr0<w¢éd heg proposed inlet
S

rnan I% dseség t(? bhe chotdgl 8?151%% Eluﬂ{]{i:);n%w If e ar Jea?tu()vr%tr%gyckages kn?wn in the
art. mhe pf@o@eoﬁc&ﬁi@nﬁd tl&m&byfmtdraategdmtmo%alvte atlievd mkicayddngiformity

general features have been found to achieve preferred
Prl%‘ioc?@%@é fabrgatiqnows. However, for nost enbodi ments, it

is

] eggt@t:j }é[?]ﬁ%: E&ﬁ%gﬁn(% ?(g gﬁ%g d&%%haft p?(?gg%f%ag gﬁtrg F"Atg ‘fﬁeetgactlon chamber
be disentivfianl atraks somo, rhaost loe alimﬂ&ieezddthsofrt@e ¢hamber.djovaaxiample, multiple gas

nodel i n softvva nown in the
intel R85 B FoapEta onanEbish BB Srenit crbPs IR sydd Ry across
the VI SMBe LRERIRAS Adcaribr RS Sidhas nEARA of By&6E&Pan be introduced to
fabrication. First, it has been found advant ageous

assigt madqumtmg dusGefals aedh theyN Hma@es ﬂheougééhet He@ﬁou%thfb desirephecaction
I d
locafE MR R MER R TR o PRy P albod el B Riogorhe

1nletgjb€ts Oif isTHAR EntBE RS fdrMROAGia] WL Cibr8as b6 sphcediveth rEspactas the heated
istributed laterally across %bthe wi dt h of the

suscgpigiisethat theyaliemotheairisaboye Aprigximaiely akrS69° %y@k@@éﬁ@ly, the inlet

pon 0 UL o G S AR A Gl i
r edlekt 0has beeadbureinthatioy €lothaoptricembiiced byra fueticuldr@onfiguration

prevent spurious deposition in the vicinity of th
of the fpakils Iﬁ‘gls inlgts pan Byimnip vy oL Uk’ dypamica haﬁSerHgaév purge gas

fl & ﬁ%@k LEPREESmM LRAdNE: ing with th
3TEhe 5‘“%&1505 RSy PR AR R BERRSY and mixing with e
primappGaeii: natdeVil; 66 BOIE: uset tealtattiedsy flowsdo inchese @fiformity of

ool ed or, can .be spaced apart

ComB?%%%@%gVaeg%y&a PHOEMASROYHOR RRFGACIOF CPRPPRFNTS. @quqlple in

embba%lea%%érQ A4 2hn OREL FloQW cRIP BRI AN RAAAHGEFb R Yifferent inlets,
particul ar configuration
it has been found advantageous to provide a purge gas flow entering into the reaction chamber

somewhat upstream of GaCls, and NH; flows to confine the process gases above the intended
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of the GaCl 3 and NH3 inlets can be inproved, or
"tuned"” dynam cally. Secondary purge gas flows
WO peBMEiosy) on or originating for exanple from RCER200TI@84845
susceptor and mxing with the primary Gad 3, and NH3
flows can be used to alter these flows to increase
depdéRtidnGoft hiyd Rfshkd BRIERRSIA1IsUT tiaMet B6mtuinidéndRH @Eﬁd&‘inon For
deposition on reactor conponents. For exanple, in
these piypasasein issadwhetpgeouh €0 BHOH B cargrcapRamnewNief eitier gaspterally near
the cjf'hg%%érl \9%1 Q} rgolggseI crlr?g?mqlcfeﬁt?%gfrhnooutntlhg hﬁddle 0? ‘fh%%%algggrn
ageous 10 provi a purge gas OW
entAgsd, peeférddoinich eahfaldb basviddferbgtamis adipwhaht o) st le&done of the
of GaCIB and NH3 f] ows to confine the process gases
Procgtscns ﬂPWé sp thad peregniformitgs olyoryed dypggoperation can be ameliorated. For
I
e R e S DE U Rl T Bk O b s vidual flow
contfed valveh esebquropidse &, 1ndd:pe|ndemul\mimtsagﬁdlmv dfocaich Blremhmchl apreferred
r.eater of carrier gas Iateral ear
emb W B O T tatia o5anessdnr roumtms S qpﬁn%aﬁwowﬁﬁlable
relatiicdgd e of the chanmber. Also, preferred inlet manifolds
provi de for dynam c adjustnment of, at |east, one of
t h&urtberpspasesed agasfefﬂedvmetsroamﬁm incbrde verhpasatuict Gomgrol. Thereby,

inle QRIS PR ELEbe Pohuoled B R Rt Songlehbariop ot

prechBrsQ€. g Ma€'l-S hﬁ(ﬁ@i‘iﬁre@dﬁd darﬁéjge\/tb deraperhtufiisenGiping hﬁlterlals e.g., gasket
val ves can be provided to independently adjust the

or Origgymaeriaksc Bsshiscasher, the GaChrialce peréshos t gpemperay m less
than, tﬂé fribfed g'ie%% Htﬁ%g HHa ltflé &‘iﬁ?% i Iﬁﬁ@g? \;/llﬁila) %eﬁably increased

i hdepen con ere
fronﬁﬁ:ﬁﬁc h@r@;ﬁm&teﬂ)y ¢3 (D?Ute chboutl approxnattigl IG0PQOC deﬁ‘nermally available
tenperature control Ther eby i nl et mani fold

Chloflé?rﬁ@rrsa%n&r%g inggmatgHalpesueh Ay g@kﬁtéaat%%lﬁ ap, Opfjing wateriplyeavailable

for SO NEHRSA gﬂ ﬁgm?dcld 19 G RL Forrsefind the gl%gféld t@ﬂ% ({;{%rtz reaction
prevent danmage t enperature-sensitive materials,

chamabeg, begga@l«teterlowe G}nemlpgratmesaml catss oAgbalit sppresiedhtely h60°C.

inlet ports s o e at a.tenperatur.e no | ess

Chlotrﬂlgrreﬁlﬁgntme@l atey c‘é)gle P sa l?l totuli].}gh%é@lgeratures if

avalﬁiﬁ%pbéh 15060 usthi 1%hVH1§h E’Js@fﬂ?erlﬁrélt ﬁahﬁ@lﬂ%&dteﬂq%eﬂ‘af&mlmlt can be
about approxi mately 130C to about approxi mately

raissonmer ci al |y avail able chlorine-resistant, seallng

rar oo 21y, Y5 R e Ger i e vl ogmyin in e

rangk bf BEdUt bpproRImdt€ly 1588 161 CtHeciiBNéUpPlyand Beat Rerafhd@id €mperature
reacti on chanber, begin to deteriorate at

from &mpieRtArueRaVing trémzfé@@d kgat fpBLihe Appicestiorghamperipdery hot
suscg%to r1I ?efreﬁr%({i §ﬁ1§8&1ﬁ1%ﬁ%éétp?llé?%a%f?ﬁil 1501%1885*161318&1‘&1&19@ §nsors and

rrng usa enperat ures
chana¢Rifbiedeh@eratas cahttsd flnedsu Fed exdniplaftemperaase df165itel €1°C can be

mani f ol d upper t enper at ure I|n1t can be raised.
achiqycddpdiiieylaying p Agrapcratis ¢igll %%&%@Nﬁ bflyig. SHberkaopa fluids can

n I
be ugégrp]ftrog %hll’erlgftée )Q/ragf}gg@% %G%Ig']ﬁuld eciﬁt r Sr &%;l}f run lﬁ groxmuty to the

ternpeaatse sehetiveppeomt afrthe inﬂewmana‘hbi ent, the Ga@hmwlang)rts and sealing O-

sferred heat fr he hot reactjan cha
ringy o Ghinch AroeSSt At B Chavn Bt BREa ARG et Godeting using

Soﬁwﬂg%hdﬂ%a;@ghqnhqgéMges tenperature sensors and
GaCl; molecules whether in the solid or liquid or vapor phase are known to exist

mainly in the Ga,Clg dimer form. That form is actually very stable up to 800°C,
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channel s for tenperature control fluids. For exanple,
tenperatures of 155 to 160C can be achieved by
W@R008106483 Ng a tenperature-controll ed GALDENTMET/UBZH0T7/084845
O her known fluids can be used for other tenperature
ranges. The fluid channels preferably run in proximty
Thefnbdyigmict @EReHBhY! E(ﬁ‘rc&%ﬁﬁéd by Easq&fa&é Ri®a®phscopy Bhve confirmed
mani fold, e.g., the Gall 3 inlet ports anJ)seallng 0 30
that pf HPEC n@ia tirel 9046 phihg gaephase sncopwostrbsfghe dnar molecule and at

eC|s i ew,.of he mal nodelin sof twar e
700 R RptS B ik of 5 it iy dCormneaed b B (RGE 5 i
th %sstﬁ’é highe? 'indléc‘[i C? i) Ecté’diﬂh%ug‘il%ﬁ&aﬂf"cqn 'éE‘t‘PdM‘pcIrPkefp?E ht%mperatures

mainly in the dinmer form That forn1|s

at ottt $5@f161, ﬂleuch:cbmp&iﬁ)@ of2Be Wh &@G08/0@ 64 BBy in contact w1th the hot
PCT/ US2007/ 084845 Thernodéganlc cal cul ati ons

suscepRipy whishat gdempergaie shoysd 0pta P cpprting @rstb@pg?l%&v of the gas above

f

the s%g& 'torr%gg[% n@hfeﬁttlmg QQnSpo'}RSf oeft: tﬂ?@mﬁe& ﬂ}g éi%@cﬁn%]?%@& ?mght be

too drﬂik&ﬂo%ﬁ%amfa Hifle gabivite Fatb as thie\(zﬁbﬁ ase (d}alNﬁcﬁ@)otmhen @ﬁb& proceeds
mononer. As the dinmer no IS |n ected throug

thropgh e Pfimtfﬂne%fﬁa&ls sk s %9&5 oMY Epniooesh lﬂa% < gpuntil all

chloﬁﬁ% RY teafl femd i 4 %BQﬂpﬁlséc%b%d Qont HEGH Im%rth&%folre @&%H to operate
only in contact with susceptor which is at

front thapemater ﬁaratxoﬁ,(éaﬂlgloﬁ()ﬁref@&rdeamqugnﬁn of tee iwednvion tiptrafuces the

. th above .the,s tor or .its resjdence t t he
dimisSFolER o Gl PR To /Rl st kbR beh P LR sheptor
regl&p Grh%mﬁahz tibeBah@kNMtodhd@BoS BT E@&@g}p@ﬁﬁlh@l m{ 8{ oval cross-

deposi ti on process proceeds through t

sectlads Engigwoswpr@rvld@@ theakierl whild mrthd@mndetosleparaipase diliiﬁ digner to the

rnonpgl%vé é)r?fgrr%%?rgﬁ%&{%n %g%h?b gagilagltoggfo(slf amqstio?aé[;ed and shaped in

suchtheieftar ed@sits flc bad apRERicecivé & Biphthii JTARAGBEEtO TS
&C 3. A preferred enbodi nent of the invention

embpgitealy nﬂﬂéeglan Fﬁeﬁﬂﬁtdﬁvlém!ﬁa alawd%mr materiglsend rﬁléf‘efradtaﬁén power
adjusteg1 & f))rlng].tﬁ sotbdnt trnagerlallJ R J[’e%%apr& ure OE%OC?%S of, ore preferably

gl on uar connec e reactor

700@&'ljﬁglﬁert kg ﬂiégf'm@r Fo%rdﬁ"'Ga‘@ L ifBctey ?H th€ gR&er 1n$@fotr bR passes
Energy is provided to the diner while in the Tunnel F

throggctbahosenn¢leods. the dier ik be Geepmrmmwed to the prospecr &l be injected in

rad tion fromlIR | ocat ed an
the HRER TR berdi s ) S b AR e s BUBE R bERER ™
injedtR@ oM of tH¥ GITIE Index tHRfred drvrTaad itiad duBBeptdrils bindained at a temperature
enbodi nent, the funnel region is filled with IR

abovetfHOP G emprementahd wHformatibn dféhe diseat Aoprefsowe cmbadiment sdo use a

o ' t | R ab bent t t

SiC Bscasp kP sl BREBF S oes0Bebist i dit OB R Beil g to

maiﬁt%ryt%gé%a@réauo%eI700@5&ﬂpﬂef’erm$ aBARrdoged nj ect or and
passes hrough the hot funnel zone, the dinmer wll

be deconposed to the nmononer and be injected in the
” Sreact on chanber gJ ust lqu}sé\t]/éeam of the susceptor.
Eﬁ%ﬁ%ﬂ%ﬁﬁ%?%%&?& @F@%S 8K the i nj ection point of

t hehE8Edcdptb i itBoiRAGtican babd sthh®ird USGeRERIN éssgenerall?; known in
mai ntained at a tenperature above 800C to prevent t

the g1 -Hageamplenit 6n eqrapréicrgsgphita cppted é@t&lédl@ﬁ‘@@@ndﬁemsﬂu@n nitride, or
alter%gtlv%Zy a%efr%%&er%&&l 212{)%\/3 %E gl%llg éjtt‘%&gﬁ éltr{l]oeunted %or rotation on

ptor
a shaft. During GaN deposition, susceptor temperatures T4 can be approximately 1000 to

1100°C (or higher) and are maintained by the quartz IR lamps controlled by known

temperature control circuitry. To avoid forming a dead zone beneath the susceptor, the
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25 maintain a tenperature above 700C and preferably
above 800C. 7. SUSCEPTOR AND MULTI - WAFER SUSCEPTOR
wab@sse®sEpt or and its nounting can be of st ane@r/ts2007/084845
construction as generally known in the art. For
exanple, it can conprise graphite coated with silicon
suscERbPMEnteg ﬁbfek&ﬂﬁpﬁbldeb @(ﬁ*l @Etlon&q RkgegRatihkghpctiéh is also
refractory netal or al he suscep of is preferably
advangaggewsdbecayse itagaatlingh obmlmmmaﬁwan@d@ep@slt@m\pn the underside of the
heatgaj(? gu(rggéptd)r o%lé%%g%tt %Bm}a?@%ﬁ%ﬁ%t%%ﬁal?‘bg ?&éé;(g(dgre%tly or indirectly).
The B®cBptar Ctﬁflcbekt)bnﬁgﬂ?redwhéld ohRol mspssubstiten! | ed by known
tenperature control circuitry. To avoid form ng a dead
zone beneath the susceptor, the 24 WD 2008/ 064083
8. HIBTEDEXHAYFD84845 susceptor nounting preferably
bt %‘éh&ﬁ% {nbéﬁéu‘ﬁ%{@ o8k 38 ﬂr@ﬁd&%ﬁr thEHeR ahBhESEhBBel low of
van eous because can I'rmt or mnimze
exhamm/@@&ﬁﬂorde]m@&acttmrbh@mbbm@rwgdeﬂ&sé;dleu@ﬁlnbml altb@tvedte abatement
tor and of adjacent conponents that may al so be

susce
syst¢iB at élﬁle @ah%t:emsgﬁnb?am Y ipelade g pumpthe %@@é@ﬁta&d REgfutsecontrol
syt e o) A o R B T b ) R o S men o
pernfibopdriteonf at eedvaadipressis)it rlihe toatetfrhanafodd exlmaktduss a@hlsr(essure control
.from(bth (ifactlon cha er throuhtheeE%L}:l l.i goee]a ¢
Cquigpgnt (¢ Yrgdr e %‘é?tn&’ﬁ»ﬁ‘h‘{ y %‘%Fg}ﬂe tur’?ﬁ@“% g {inf, ﬁ’ilsatlon 0
reacﬁ@t{‘{)l%ldﬁ&s | Peh MR PR cAARh p%kﬂm%st?ﬂ%lﬂl FTS@%Ma@ner gasces;
con 10 system (pressure control "val ve

un-reaeesiguoessy gags (48) amhl Ha,stgwloatbwm@iocts Mdlllcleaxu ppn@nty NH,CI,
NHIGCP B dngtBo o R s FEba B ERS she O ety 130°C

are redlirdds6 Prev@h€cordvidati FIeOasCly. N'Pﬁ@l tQIRRIB b @ powdery rnaterlal
controlled to limt condensation of reaction

beloprabgucanproxmuniehis t4456s endl thaguiletaaniioh gdrsbeess system should be kept
abox;ethfscE&H)é{rat%PmJbaﬁ% oglbeg r%lgﬁ‘{’]&é %%evgf’f‘t (ﬁ?ﬂlor%ﬁhro?gg%ﬁlg materials, the

rocess gases reacti on obyproau
outhhnazﬂnfoar @npeiatae shouldiNmg@x cectibabidtiddpaped dmatdGl 160aad H2.
As descr ed above, nper at ur es above about
ap g&r ® |0§,1tlg_tg9@1foé(f g:n}pégﬁwr,eé% i Breéq:réb,lgﬁgalntalned in the range of

g e
inletonddifedd tearpicfadihird cantroldxivhulsig apyt®helnthsined Irmbdbh:ng@e Mammurn exhaust

bove th| tenperature. On the other hand,
ine FRRRSFIBE L 5 TBIC QRS B AN By DT (et he Seut. preferably
in the®MdeQrdbbRNBS G s5oe, shoul d not exceed about
approxi mately 160C. 20 Accordingly, outlet manifold

tenperature T6 is preferably maintained in the range
9. VOASTEAhaWA GENDE¥OXI mat el y 155 to 160C by tenperature

contral, means simlar to those used for
ﬁoflﬁfi?f“%ge?f’ﬁwaftﬁﬁ atﬁ%ﬁ?trsBﬁsyéFeﬂb“I amm%ﬁ%ﬁwem system can
assmtt ﬂ?éd&bm‘f@g %érﬁlt‘il)n ofi\@é(irﬁgﬁﬁcﬁ?(ﬂw&&ver% bNGadt® Qﬁﬁﬁﬁtdéhff)ounds
is limted by the nmaxi num al e tenperature f
exhaﬂdhf@déi@al e reaceibechdimler. Ansingle embndiencof ofabo utvense ¢an exhaust 30

kg, ollr%%%g, or more during (assuming approximately 50% waste) during a month of
sustained, high volume manufacturing. At current Ga prices, it is economical to recover this
waste Ga and recycle it into GaCls precursor, thereby achieving effectively approximately 90

to 100% Ga efficiency.
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25 9. WASTE MANAGEMENT Consi dering next waste
abat enent subsystens 5, a preferred abatenent system

W@ 2008/06483 st i n econom cal operation of the i NRENUS29NT/084845
by recovery of waste gallium conpounds exhausted from
the reaction chanber. A single enbodi nent of the

| NFeNt iR seRcm AR SitusBte3Q pkderr@d crlbbdi@lent®t vm@feelbaternent
durmﬁ? (assum ng approxi mately 50% waste) during

subsgiamtp at provides: ome@ilhum I§POXERY @nﬁethﬁwmbaé@qﬂﬂwgaptﬂd from
ri n el
comfUEGAN o T P8 b S EEPRLE hRLSRSRN gy o
thro@ghdx@uid gines 4Etetnpé@lnyre appEsldra e iy hﬁﬁ)t coh@erk@@sn @exhaust
efficiency. 25 WD 2008/ 064083 PCT/ US2007/ 084845 Fi g.
prodycty) & 8. Biche Faier OARPARLiLED tRstGOSCes exeatit @f gppysgient, and then into
t
b B o 2L S Phna B IR B Bithi B nough pigh
tem@dapteednfbusiion wonrs comatikinganai Hall, eombodiont STheBlaalized exhaust

str.eam exhausted fr reacti on chanber 25 passes
Stre%rh&a@ﬁsss&ﬁa t}l‘%‘g@%w&%@fr&@a WAL SHUPLATUEY 4grwheye it moves

in a buotdrBlrter® %ﬁ%ﬂ%ﬁﬂ Fé@%&ﬁ ¥ RBtistcam I OFC Ster §rcdm remBves
the range of about 1 to 160C or greater as

substamtigkby plé miater apldblchad pamcolatebcmmmmema iftomBe oXldezadigxharst stream.

S th exh ust ses ing it through
The b B B P e B AR R BB o si ng. e g
H2 118 waed¥iRitsdrh Qiith tiHso10ME dha@ paltiexBRUSterifll pR3ES toREPhrator 59
passes through tube 47 into countercurrent water

whereepagiigydate gempomratsyasmariiyt pagispdae gplum exadpsi@ec (rap@nt are
sepe iE0 Dol 0 LG BRI D miBh &y PHRRA, ihsqn VM Bng et

Sepaﬂaﬁdﬂ €| batodtaioodrtgrianie tteimiqucheuoix bdiczenimx figttsitg, centrifugation,
eam _The scruhbed exhaust gas i s then rel eased

ﬂocq%mnt prd %Oy@ftEmA'S?’?ng TREbagment gk the Apveptiemeanaodyne p9ke, or up to
1201% dr AL 'o'[3 Fﬁa%%blg a{lﬁn Aot OPF@@&%O rTh%%ar‘uculate gallium

ere ért ate conponen s primari parti culat
oxidgagdllawmawmikeste(ien@ the C(Em’&(hﬁ)zantageeuslg eEavate dn@ﬂcc&clednnto e.g.,

wat er . sol.ubl e. conponents, prinmar sol .
GaChy P HRRICAT K EEHEY Rer dri oBHTHE: S ALRTRHBYE-
SYNIGEIND Qe fo. S6MAMH-BLN eqht Q'\Qvtelrfs'oldb‘fer ¢diShonents are passed from the
centrifugation, floccuiation, and so forth. A single

systembodi nent of the invention can produce 60kg, or up to
120kg, or nore, of particulate Ga203 during each nonth
of operation. The fartlculate 8al|iun1 oxi des gal | ates

are col | @FREGUERY PHEIEEL AR EMBVEREE QL SHY VOO ed

ane(ck 4618 i BtpRsticlad preferfRdndh Y m&N QM CREEA DA that has been
techni ques: see, e.g., Barman, 2003, Gallium

geneTallycddsonbadeabo2® ByibeEDIdiRGOBIS b;a,@ed qusthe plodzﬁﬂ(m@orz 41id adaptation of
B R e U T —
manl OVENTL QNN ftat GRS aFd speelfit So tiP@etched pafichlet@bs@ehent. However,
thesee %?u?lesrtaig tIlotOI];mlttlhng IOr‘ll\lleerrII)tai’t?chlatr Iggltbogl?rls’entsec%?l be based on modification
and adaptation of other available epitaxial reactors and are within the scope of the invention.
Figs. 2A-C illustrate aspects of GaCls delivery system 101including reservoir 103,
which can hold 50 to 75 kg of GaCl; and can maintain it at as a liquid at a controlled
temperature of up to about approximately 130 to 150°C, and supply assembly with supply
lines, valves and controls 105, which provide a controlled mass flow of GaCls to the reactor

chamber while limiting or preventing GaCl; condensation within the lines. The reservoir
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25 generally described above. This enbodi nent is based
on the nodification and adaptation of an EPSILON(r)
W@ 20080640831 ngl e- waf er epitaxi al reactor from ASN/US2007/084845
Anerica, Inc. Accordingly many of the follow ng
features are specific to this preferred particul ar
inch&f¥h adémBINtheank Qe MBhncin dé BRPBrakisALY IR @IEGROL. I Mpidfdiebd

Q her particul ar enbodi nents can be based on
embagdigficnt. dkask dreludgrichublibop ppndraghs of kngmiein thearit iaplternative

ernbgg lr}{ee% eser %%Cﬁauée %ﬁ% %Bre Pw&gsctgr cg%l{eaﬁgg ég eGa I3 %Q%iefor spraying

the 1itpiid, \f@rrwltrssoatcedrsﬂa@s'hl bk Uid uidg aiesefovti Dpllaﬁally, e swpply line (or
can_hold 50 to 75 kg of GaCl 3 and can naintain it at
delivggy Hng)jipglpdesat cogxiabPRIFign haung pi er Ahqgaaveying o qyrricr gas and the
it
Grof bR TR AL 0o 10 Al AR
enclpsiny linkebw omcsmierthb iredr s STHd amubat sga€lcdn tantdihe hee@cs @edium.

| | t ti .Gl 3 ) )
coRtioabaltism o ie T semertel EUEaY phitem Q] fpsebinet 135
whlc%oig%Qﬁéﬁ&:’adﬁ:’a@gﬁtﬁ%w&g%ﬁﬁﬁoceb | %Qﬁ@ol'c%ﬁ%@ﬁﬁ nieoalﬂﬁlt the

for “enhanci ng evaporation o i quid Gad 3.
lengfir offthe Cedls sepplydinaesabinet hsie alsoglositiened &lpnishieto the reactlon

t.h | t Ll
oG O L P s, o
exarﬁl]filb t @k icotrdlfpahéle 3GaGH 3epar Y ptioh® 14 SPTAYfoRBdditibial process gases or
qU|d for ultrasonic dispersal of the liquid, and so
11qu1[d§>rS|!th agpEromall metat prgarigspmpoundse (or 5 del i very
|
c Io E \% 2Br1ﬁ{1%‘i%‘?ess ?ef%r%‘d( k@g f%ﬁ%&@ﬁ;&%‘@ H%réa{i]?t'in'i‘ n?élé%% 2(27r and 109

contgl @namthencdndaumgrrm @x4 ko teser@oipr o0y, tﬁem@rmhammt@nal bubbler in
space inside the enclosing |ine but outside the inner

the IPW%OH TRE theR At HPMsiBa ESCVAH e it PRESES HClAapqimThey can
r Y7l

1solagé © \}rés%/\;déﬂy 1?? g{r%ﬁ{fg%n%a . r@lét? gﬁfe lel@qgﬂﬁﬁ{es QUhe purging of the

systg@n abdmedhe duthkdjand eni¢t viabues ohtherbhamel systanc.eBspagacular, since

ontrol cabi t 137. To lLim.t .the I th of, the
con(%g@tlgngalb BP%; Y REcur &na C Dig- tailféerpgnt%i‘glo lgg,g\ia{l]\feo]nlgds useful in order
to p&}’éb He8hrehO @(Hﬁro'l 89&%'c@ﬂtaﬁ1‘éﬁﬂf‘%§§ure i’iﬂpd gmlaﬁéﬁw'ltﬁ thd dfelled

by cabi net 137. Process gas contr ol i net
tempenasigad $he lﬁuhbler @néﬂwl ftow tpas oCiba camier g@nf@clhlaw apepved

separate. portio 147 for additiopa rocess
ceteFRRASF RRRF OB Sl g S 1 PR ol BEGRRpicte detivery
syst&R fPBIpEEed witll noﬁ@oi’rbh’d@ Ea[rﬁb sPViRh el BOzrsWEPMYde, thereby
assenbly 105 in nore detail. Valves 107 and 109 15
redug IEICRBYSUFG PIEC S1NRM EORBRIES! eagviTeRmeaignil gpscl ey BIpFoving
t ler
oo " ARV SR, AT o0 Mo
aspeetsay dloat tachbugh Giasupplydines. TheysodatluddsyotBine obh&oller and transducer
reservoir for maintenance and so forth. Valve 11

129 foympinfaii p €QNYHE PRSI AYCdhe LA Ongls 3 copiyingh ééwaovlﬁiég is a mass flow
contﬁerk €81 @y’oblﬁk %?ré’d@e of cafnh@r g%lQ'EH ﬁ’1'e Cl? ¥&iht&tr. I These act to

particu , sin condensati on tan possibly occur in
provideen @ingrotled hndedaditreredmissiflowl PGaUR| ivw thd Gacgomuswinber.i h also

. .order 20 to, pur th eas. ntrol )

inch 25§ Phessie resRBR IS b DEr DR ipl Thermecmiy - Rudige fsgpupply

lined, QAREY, ahdlESntRllcksN R BUlBEEH rﬁ«ﬁl@iptefaqeuﬂﬂngm Healify %ckshﬁ clamshell
carri er gasfaC|I|tates I nproved determ nation of

fompﬁoee@glosmacmcomppa@é Tir elugday ibaeks falspaonain temparatwasensors that

contro sup ‘i%'nee tcoemgoelleln%/teen}f)eratures so that the temperature increases (or at least does
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systemto be purged wth non-corrosive carrier gas
when not in growth node, thereby reducing exposure of
WO b@soy®8Em to a corrosive environnent and conBELUSIVDT/Y84845
i mproving 25 equiprnent lifetime. The assenbly al so
i ncl udes valves 111 - 121 for controlling various

not &%&%@é&sﬁr&ﬁ tHel ¥t BF MeGBscter SpdRthy idlétEShe ﬂeﬁctﬁinﬁ:‘ﬁamber A gas
i ncl udes pressure controller and transducer 129 t

heatergls prayii¢edgo bertshamict gastoshe @aﬁ%ww%ep@&m@y&m%mmmre of at
leasfﬂfl%ocprowded is a mss flow controller 131 to
provide a precise flow of carrier gas to the Gad 3
COpaibfily, a Padfier @phblt of rapicnngiRoBtEe Rbmotht egtri@ngas down to no
calibrated mass flow of . Gall 3 into the reaction
more pappararts per billioy isplaperbingawsriosieas sutdineeyd fithers capmer gas filter
is dcﬁaﬂgtrr]:a%z of H%ecaﬁjfb? %% ]élllljl 3*§§ %MGY sI Ay %gﬁgnéll:}econf&gured with
supply I nes, VES, cont roft ers, encfosed”In
sinusnidldlibphds, algy rplgtutnl Hx doi mgvﬁirxgaksreas&d dnbarmh]ﬁahﬂge stirfacmpraximate to
enclose each conmponent. The al um num bl ocks al so
the ggrg2hh¢alifper at ure sensors that control supply |ine
CORRRNGALnY @ﬁﬁﬁﬁ@ltawt% V@é%vstcrf% _}Jréﬂéﬁre& ERBEdifHeH & the reaction
i ncreases (or at |east does 27 WO 2008/ 064083
charﬂ@TIZOJSZ 00iR/roB8 481 Shampdr hde quastzsedlisfandns gdveradlytspepedats an elongated

to th h
rectdgaflof B iR P Gty b b Elee o RFh A pOgaE R i ricees
203 Gl tRinS et R acrBEsath € Eiddhber w1 ah @ SHPOAURY Galdf espbciallye@hién the
110C. Optionally, a purifier capable of renoving
champsir 3t eircsated Bider Nacuwar r Ther regeiionddambeios oclescdun @ shiead tisit directs
coolﬁ%na%s n 0?%erkﬁ1elt tllll1 oalahﬁ)gg &v?ﬁsg (?anI i ¢ P&?{l&i fo'a t%getlamsrf %uébg%ntlally

lowe@fthdnhatadrtiid @iscepas. Athid fhiraud geﬁh@llgam h Sliitog s likamrdngement that
optionally configured with sinusoidal bends, ,
an B opespe. ap1iis 1 @Fsepﬁ%iw% (hEXRoRE edsdon shambstc Naﬁglé here are the

long%#%&%cﬁbgal'ha)fﬁ% ©0Y B tHeMrdtdr gslu%egg)g?é ?@og%fsr%g Jgﬁusn(tﬁéxfing) is

ustrate top views o
positdnddheithie det icactor] O lehsasdeptor 20catciiiysquasta tdmmrwinhia pfeenranged

has quart I and.is generall haped as an
into 73 pelna poriliel B Lrpgamerrakoad b bl TR tiytan et he shroud:
lowé’f"'a%? 1ﬁﬁgdétﬁ§e‘¥&{1 & ton chabED qfort‘?cfns%‘fﬂ{et ifilet hﬁﬁ%ld are visible.
203 span transversely across the chanber walls and

suppBt ltlh%rwl d lgngigysléil atolsy-seatien thrhegh n&mmi@trprﬁ@rred reaction

acuun1 The re
charBRESTL Bl ARG P S PR, T RRRG b omquarte wai 303,
bott&h d@krt4 Wan 3bhendhandiritz Walelwal CRT. BuaeFlaht 8 F¥lsdal the inlet end of
tenperature substantlallé 15 lower than that of the

the rgtion shambertpithe gkt o13aify Biursp, #ukquarts dlapgad® yeplsghe outlet
end ?ft'h@ ?&%H‘&@ End: to ﬁ‘t% Dy rﬁﬁﬁfb%’ shg%zur%% rPoﬁ@:z. fs‘sl 1%1{32%%56 for entry of

ures 0 expose he reaction

procasses pdkes, choitgghscs, ahdSoZ6k%h,and pbhe 11 pporades foif exitief exhaust gases.
shroud. , Susceptor 215 (not VISI%ﬁe in this draw ng) is
The seserRiPHItEInGR hPAsitEgned r”é S PloFircuir OPeRjBg &b & thaglt%t@aﬁggace 18

coplQﬁ/arg’Yqﬁi; t}% ltd;)raggﬁla% bide Zfir7e ﬂ{ef&gsiesqbsthlma@ly sWooft fidbhee ﬁ epresented

par Upper Tanp arr I's visible in
to pﬂooq:ss @hsasleetesing duod) tha 6t hawérld &hrmcalyres so thiatidiese gasdzsown pass across

he_.reaction ch nb Portiqn t he et, na
the 137 B R inegior SR bseompeutiunger belhe g RULHA 1e susceptor.
Cylif89&S$ 88 tuB32 NHRVERs RATatduSithR)r s Riehh R SnveASt ih@Rusceptor can

rotate. Advantageously, carrier gas can be injected through this tube to purge the volume
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chanmber 301 but omtting for strengthening ribs 203.
Illustrated here are top quartz wall 303, bottom
weeasHe40sml | 305 and one quartz side wall 307.PCUEHR1027/084845
flange 313 seals the inlet end of the reaction
chanber to the inlet manifold structures, and quartz
undér'tl@enﬁﬁcé’p@& t8 %?év%ntt Nad Quhdseihed®p@aeks Phsds I%ﬁn ﬁ&%@ﬂdl&@ In particular,
chanmber to the outlet manifold structures. Port
buﬂ%ﬁb@f@égbﬂmﬂﬂéh@h?ﬂ@$$wgmm@ésbé%w@ases carrier gases
an Q 1: r [
q"ggs lgt I{lgnﬁfol(? %hc%%& 1% 1]d[ g)r C3 %Eﬁ;e rﬁa(megé b&[)hsl'g?rt 315 a(de slit-like
port |3r29 S @IM;eszetdhlﬂoﬁB 20 tﬁ@,lg'fﬂcﬁlaﬁﬁ tibea3] this tubPohs fix&@ €lattened
S | anar with the top of quartz shel f 317. Thereby.
funngl %?t?o@g hellaws gasshisotircagiiranaveasylys (tnsecas tegrogess gas flow in the
reacbP gmeg)a ﬂﬁlﬁ&lecfﬂeﬁgmft& AR tRL Bl AN el %1 ough a
structures so these gases can pass across 0" Hhe
trandvepeyfartdnged sistmphelf 3W.t hout becom ng turbul ent or

being diverted _un t usce tor rical. ..
W}refﬁs%ceégf%%omef@%ne? @H%Wl@%ﬁﬁf»mf siliggr parbide
607 Qﬁld M\’ﬁ‘ﬂh%h Lh6ids lﬁ%%ﬁlfztz‘? fin ﬂféri(ojp B%Q%tterﬁ‘a\fﬁﬁﬁ@gﬁ%@és%t -like port
carrier gas can be injected through this tube to purge

329 farentrglofi fie CREraNDR00 B3 6 8HB e RGTHYUSIBATY D Sh8d ;R spmdanps 601 and

thelrgrgﬁgcz %{)ﬁf%tggl%d{)rggﬁt %Y eealrg:h Bigrqg tl&euii{]l elvﬁ%&gﬁtgr oct%s(‘fSOS containing a

therﬁ@@t%ldmelﬁ idsbRc sl tBIBSER Of the guhitaiubed23 iﬁb@o huethe middle
mani fold structures provi de process gases through both

of ﬂpcfmnef% heighinia the middlq elethe §if beagly g odgs wseneblactpspdnap @agol of the

th t 32 this tub
spotgrF pak e S HRLHE sk Bt 802 st BT bR 7 Bgerabiy.
GaCl{ i@ MeMRAILEAR] thrdulch POF\I2H $Rd NHAL AfRAGc@ABJubR Yo B 15 NAlternatively,
reacti on chanber); this funnel opens into the base of

Ga({ ran b Artradvsed thaprghrportht I gh NH: eandiegvieodyisrd thipuehmesi329.
in_shelf I
Altefrl&gl%eelpr, ?Imsﬂg gﬁ%{?ﬁé bé/\%rtepﬁea gg Eﬁﬁ& % tglg éuﬁ & a lo@irer é)laﬁlon of tube 323 so
that d&r}bﬂg}lam et tisundd By Sid drepion @didisde radicty. t ABdativelyt, Réme or all of
p of the flattened funnel provides slit-like port

the 1530csghe BREESH ot NCaBIch It ! sy aicil by cha RE held. A SiC
exteﬁﬁ?l‘lfgl'a%ﬁhgﬁg GSedB\éﬁréegtﬁeoég ft pbAABG P aeﬁg? o{ ﬂlg's{lsceptor. This

ctor optl s ar ocate each si
SiC éxmmdm plategsiedted bhthatnmih ﬁaatmtgriarapmortglsme thdt érendioeul ﬂdm not

o305 B shTFBb o ISR B BTl - S U L o
the Eflﬁeexfgn%h?oﬁ% o@dﬁﬂ@ Sodke "‘7’@? ¢ B PSR At a&%t!%'o@ ¢! ose

oop cont spot [anp power t0 nmaintain the
Si Elg) dalsstatesa dlmqnem‘ﬂtmxrasvagfvmb ofm p&00War freéfredabdcyion/transfer
IS introduc dthrou 329 d NH3, is

Char%??f A éﬁacqrﬂwra%%wa%if framsfey C tASVENRYY Madgiodeqcsian
charRer la8chdiHE6T] gtﬂ[cﬂﬁgf‘wﬁﬁﬁthasé-éeeﬁqgem&ﬁi@n@ﬁed in Fi Fies. 2 and 3 are

i ntroduced through port . Alternatively, an
1denf1ﬁedl th thiyfigvec wite ahee@nwsrekn@m niimbetse Eaemplany wanséamehamber 401

on of tube 323 so t t he .ca ctivated

noufSS b i@ PR S4B A g Pl ot PO iR B R Ve
subs&@i¥e fidi @k bukfde drfiee YsRnriar e rERAbRERENIRY a8 B8 reaction

will be simlarly activated by the RF field. A SiC 20
charehar bagk orihpputside 3Tmnster ghaplpseef ¢ihergesigns pan b ysed othis
inve ﬁg and the edge of the susceptor. This SiC extension

ate is heated by the main heating | anps to ensure
t hahe tduetioh oimidpascmdly includes reaction chamber 301 mounted within shroud

405. Tllustrated here are portions of bottom wall 407 and far wall 205 of the shroud. The
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reformin the gas phase between the slit |ike port 329
and the susceptor. The tenperature of the SiC

w@2108/064080 pl at e shoul d be above 700C and pr ef BCHIDE2007/084845
above 800C. Fig. 4 illustrates a diagonally cut-away
view of a particular preferred reaction/transfer 25

shroGH TR toRSAEIHR LYol dvol e ré@tieh chidhsfte ha@ﬂi@%&fen&@ﬂed wall
assenbly mated to reaction chanber assenbly

temsrgtust mmﬁ@wnwh@@b@reséwctyw\ham girgady dhspn id¢s|0@bed imcluding:

[,4S.; a r n e f th
boreGr 881, 52 a7 AREES LTl g R B e . and
cylitipi¢aimba32 bhe susepior BQYpBﬁuﬂnH IopM@ﬁl(ﬂ pugb Gaoflb@r Tieailseptor rotates

(not illustrated) for transferring substrates from
in a gigeulzapsniae 349 in f%mé%ﬁlé%4oﬁt"6“?fhémf“@§%{aﬁ%ﬁl Séafbalﬁ%éﬁa the susceptor

G r
ami% Rﬁ/er c€§%%§$§ﬁ§?®gﬁgn e5|532%g§ﬁﬁ {?6 |r1§ﬂ§pMHMﬂy0f
tmmenmnmnwnmenmhesaeaomh@msﬂbwﬂhﬂnﬂ&&&smﬁhyonmﬁhm&@&m Outlet

reacti on cha r 301 w thin shroud 40
manifp P%ﬂff‘édnﬂb Jeeplgpum 3@?’ phidcogugis exenytaars fm thegaction
charh®r iRl 1nd?19§e@filr$c@i%n§ REPEb exHABst 28 D 2986084 %lfold and flange
PCT/ US2007/ 084845 shroud serves to conduct cooling
309 an theopeationlvbamberctré eraladtagdsber with, wed..rit gisketar Ooring Glok 8tistrated)
Il  te rature., Cert ai n chanber structures
madf o TPSHGC BeH QREE SRS PARTARI ng: - bot t om wal |
30%nlctshsta forbtrucd@és (o tidp eem30 asdd%e@éiﬁ &t illBhic@dthin dashed box
shel f 317, susceptor 215, and lindrical tube 321

411 £ Blenumd épdeserikaddishr. 1&5@162%9 itmiaentglangeoihs reacion chpmeber with a
| in . .

gask%{J C(gg%l% p(P& 111@%{%3 d\ih% Hﬁqlkr%l(_gl\q/e? fﬁ{ gét?@&eﬁgrgfﬁéa H&Irlg}e Ireosmtant

rnatdrhtﬁ Gaeeplvor13 batdckrs théaﬁlnaﬁéﬁéhamﬁeh aﬁch&ﬂefre&iﬁfn cﬁlrﬁber rotates

extension plate 335 and s|it-like port 329.

clockyvisg éﬁiquéfl) toqpeR @ PABHABHPEHED Té‘ﬁéWP @gara@mfi ﬁoglggrclockwwe

(o B ST S B AR LA RRARY iy B b8t gon

scal @kdpaust fagapkse 415dm mbensrodact.| © gaskeh&rﬂbemgl The meaferred material for
ndi cat ed dlre i ons nt o.ex I|n 419

the Qrinedt tiraAme 4p aaﬂﬁn'rwﬂg%%f%e b TRGERE SV proforably

also% pofts ?or_s%ee@'eﬁ@y LogatRsdd %‘IJ\J}‘ Tﬁe Sructifc @REKQEWEN gas inlet, as
rin (not ilTlustrated) nmade fromtenperature an

prevechislyrdeneribedsinsludet caremenicating quiartl étberd@ni flgteged funnel 325, and slit-

like S rgg%ures (as this termis used herein) are

e PPt &t at ed within dashed box 411. Pl enum 211,

deggd. ishpgktiaels @étailk 8f SR Patbul® ptdferrdd i@nk nfahsp@e t@ttutdRend their
reacti on chanmber with a gasket or C>r|n€a (not
g

arrapgemest ghe gacien ¢hsanber RSéemhbfe Strustareserieh Aave keea peeviously
1dengﬁ{3c?[n' Iﬂ rZe dsjt ﬁ@#deﬁﬁﬁﬁ@ﬁﬁt&#ﬁ{% de ﬁﬁl?hevs% eeret% ezlﬁ rT]Smbelrs

ween ransrtrer cC e reacti on

Conﬁld&mtgeﬁrst Khle Qukvurgiénd @awfvnathdnbéCasogebly arepamatiember assembly 403,
bet ween &he two chanb and counterclockmns

md‘{%‘%ﬁm%l‘rfﬂ‘)‘ ® @%@@t@ﬁ&ﬁ%rgé?r Y eis ghthsdefé it ev%éaé‘ﬁfef RlAnRRes
stru&p{ﬂ%@@f Sre af R 8k, eSle%Eﬁtgr Q?ﬂqarﬁfsus E%r%&bﬁ%gﬁlﬁtefﬂﬁ @re inside the

5 by neans of g., a gasket or
reacporeflemted Quartz ﬂaigef3d6 of tﬁaere@-tmnmgambemh eresd rz:galast ptidvarm

mentj.oned above s. The al ve
strudl e g1 RB5 08 S0 E o T0idal. HhRaqih < ERbE e Sad plenum
stmgg&% Latdhs! @Jﬂnggaﬁ(e%gﬁy%ib'h% okivida dr@ééfs%ctﬁﬁﬁoﬂ WtBLides of
port 315.
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previously described, includes comunicating quartz

tube 323, flattened funnel 325, and slit- |ike port
WR2®38/064083 5 il lustrates details of the parti CRCEES2007/084845

preferred inlet manifold structures and their

arrangenment in the reaction chanber assenbly.

St Uéﬁsldérﬁﬁg MW € ihIRY GriRAgH |dAHRI RS LIY sl&TikeqRmt 320 fodGhGlg

[ and 3 are identified in this figure with t

pre&aagﬁéy roet eptiorely.Nifpiasisad). taneemetiscAgf pigparz whe 323, and funnel 325

that ?sﬁrot:ll%lyu%%{aﬂg f[ﬁa%?l?e 1;81\13 e;?t%ﬁl q¥a&1§§e§§é’r2 Ca{{ ﬁgééﬂggagross a significant

rncluding”™s
fracti@Beftthe botedia maﬁrof Blrcadtonathainber. |Si‘1f12tl]. baadds besnhdl pgadELsr any form
chanmber structures 401 are at th ht . Suscept or

of a pauyug Hyy akseseapsierist HHithg Binpgl 330 aﬂ@elzt 7 fiteinio & geperppening of
s
exteps{dreplatedd 5504t cofrers hicopd cell@Bwedthe sesaeptonmdcthastelike port. In
flan n enu structure are sealed b
Operg%%tkgf FofsolaPeer oibesisrn fdyon paseEh a o BB hroads
transsdefjs%EI ifthe RARLI, Akbis dl?tgctgpog %%’il@ﬁﬂ@ﬁr% reaction chamber and towards the
CT/ US2007/ 084845 Consi detri ng now t he i nl et structure
suscbwaldu Heprethy, Gaghs rsoves -ftanporp 629 ta3R@ds suscaPa@l23 5 in a laminar flow
refera but ti na instead). It is
subst g LBl b B VU B s ton kB ERL 525 "t ha
I s doggigérinpdigvaliist sfrhatlfe@ m@dniguhmelgh poH8d s thaRswatwRls)nclude
so that it opens across a significant fraction of the

plenpa strgpturga? 11, dfcephde # Baend gptcavrbigidds. Nekebreferalalysbus optionally,
GaCRiTRisbac VR iP e A R Blen B ORI BRRGES Mhe 517, and

passepdernvoqe towgdothe redvtioh dhareberamdugintheutiamhesbf terfi¢ak eubes 519.
port 329 that is angil ed towards the susceptor W th an

NH:giapinfe P prify the sertigs] tubps; orpiionally theough sestripiiediaers inpygnich each
Vert%!?t'lstg@é)fscffne@gﬁj %%%P Srtkstivd ﬂl)?fs and gassgsoﬁ%ﬁ'ﬁd 9[?15 1 (B3 plenum.

opti on i'er gases) noves upwar
TheisbippN; tapoe mosps @a\@sds the sm;sv;&msml alammat flewfsubstehtjallgnohiform

is direct by the the reaction.c
scrops R ad iR oot Dby Mieiupyer bn SigURES Roshitoned by a
sepaPAE Lal3e ﬁleEl‘i’élt\@srn‘ij §O§ HI$ 6LRhRA a?@-é&tétﬂal@y ﬁcﬁﬁstﬂﬁé 213.0Ye plenum also
substantially uniformacross the wid of the reaction

includea fibes forCondudtiog |tmgpaﬁ®wq-¢qn@pl ﬂtuldwt ng @éuttféﬁlimn@ud having

temp e SRR 3 Puag BV SRS BrolPa s v 8L FIS® g

mairt@ined &4kl e abBite- QRéridathyeratuidfahges andtse Akt plaRAY stituSture
i ntroduced into the plenum structure through supply

adjaggnhéo @Imeatl are nyasained wohwinibe aperatienelsnngs rﬁ%&ﬁtﬂll@&matenals
usedclﬁél@étrrh{gg rJQleQ&G& {i’lﬁ gﬁpr%ﬁ n% erfa¥ E&r tﬁ@ %ﬁﬁ%eﬁgaaﬁeyas%

V ert
mentlhﬂidalwbbvd fdirtoltheb (J]—ﬁdgsp @ I‘etnpeﬂamrv\bd)tﬁi‘bl ﬁ&%fﬁ 05\evisibbala dotegponding

s e AR il o

serv@g)téec%ofﬂlw flﬁ wﬁlfaw%ﬁah%uhﬁ lﬁs dltsﬁglggﬁ%%he

stantial ly"uniform across the w
r efatd ‘mhva:h]drmi@antagdow&ytimlwd@m readier vEgdsiiolat partdoel Sias well as

controlled b arat Ive mechani,.sm,5 |1 of.
serv it ol e ttasina ang S REe PadPes 138 Shend 3t 2RRe EogySVide
controlled access for wafers and substrates between the transfer chamber and the reaction

chamber through port 315. It is illustrated in a closed position in which it is sealed to face

plate 415 by O-ring 507. In preferred embodiments, gas inlet ports 515 are used to inject
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i ncl udes tubes for conducting tenperature-control

fluids, e.g., GALDENTM fluid having tenperatures
w@BH0ed0Bed so that the pl enum structures thr oRGIUSEOTOB4845

NH3 passes are maintained within the above-described

tenperature ranges and so that plenumstructure

purg@FadGeat., N9. Ghéir Bige 2MBsRCRgNRhithdrad dWsehhdbr tteedge portions of
oper at i onal range for the seal i ng materials 25 used in

the gateevaty¢ (apng reaagomehasehert ane sprrsereat tleaicontielepartignstadthe grge valve (and
reac@rﬁ I&%‘t{eﬁ%%%dg?%ﬁ%r %Si{:nt Je tpgﬁﬁ} g&&g@g %Q&é&sﬂ‘ugrf ana‘( Ve%cuy of the

procewg"aeesmnﬁbyn@ow tcioss ths saécspxovarsd hlikl dalrgywpauitadilddng the side
acent to Oring 503. In typically operat| on, this

wallg ett%le chgphado p&fw@@o@a@h gadremflpvang prdarngath the siseqator to avoid

unddERthdskion GPETA BRI ABRE:  Cat e val ve 413
advantageousl y i ncludes a nunber of gas inlet ports
S51&casraligl for dsposiBion o€ highnpality dpstatial leydrk éherislac tianifioldradd port
transfer chanbers. It is %nged and cl| osed. t r ov de

SrUGIYGY FRANCENIC IaYIde  PFOSREY Gakigsebstantialy us non-

turbb 1B t) taﬁ@ﬂﬁf ﬁ%uﬁﬁ@rﬁﬁﬁ& UGt Hlevé'l&ﬁﬁlta'nﬁ%omf)aﬁﬂp@ r Tﬁg‘gﬁgﬁﬁtlally
por is illustrated in a’closed position in

lamivyi agid untlfoma fbeaihedldt aztefnddenglmldmaéy 4p %o byd @ar ithregsus@ptor and

trang Grf s TSRS BRPbR /08T et r GBS s e HeiiGhon.

Pref&@BESproesd-gas MBws Tk freaztid R cladmth e RACI i rmWA vEIRcive iR édmposition
denser near the edg portions of the gate valve (and
ne

acropsethe chamba e ablerst San@r g}@é@ pisferahly 2¥eorclént Camppeition gpidormity
meangsT uﬁl%b %9 tog tl}eallll\/'@ rg ?c{]ﬁe . n t/N?ln tractﬂﬁgqgfg 13 %cgli e%ed by; ﬁést

des1gnahg> chetpyo@&s gdrsanleppmqu@mesn ﬂﬁeaﬁiﬁ appf‘okmmgz wafsrmt Aew of
susceptor and build a purge gas curtain along the side
procsss,gasesshigugh the r@f*ﬁé%éahamberp ﬁ%@*ﬁ?n@@ dgsighiagpelgpiive injection of

t
car BULO, AIGEHESBL B FFRERL A0 A BB o,
Conntelmfsﬂdw dowdtrehimghong thed susgepapiit 'xd @bportayter s t he i nl et

fold and, port . structures cooperate to prov a .
ColBO9dhator ieees Sos Bleaimral iR St Rl Smbodiment
has &B?&Tmﬁééf PRl pRAdsd ﬁ@tml'e_ﬁr% Eb?if%ﬂ%dtl%wsb{ tHAR ‘afs%s%lﬂtlﬁlly uniform
vel ocity and conposition e substantially | am nar

flowas graduicédo rmitlglogs §¢rdgtabl pegessrzds flowghtes dlrerﬁatabvshﬁrd apeording to the

n er_the SUse to n across
seletE GANGlerbi bl e Ploncl o RBFHELA G ST PR nh-throvghpur
operafi€h. SN&G ERLtRIN)these B"v@tfaﬂrfﬁ)b&} Yuid @RS, 88T dnk QUS319havE®cen
reacti on chanber are uniformin velocity and

designpipodhe m@ﬁele@@ﬁséélqm@t% harprotion ghamberansibsgasialtuniform across
g f
e R RGLLE 0 Ut pFARIELEL LG g o

Nngxapbloérnel@éH &ounsl 1&1«:511 leinesithbyeactibn shamtc, tHBSlognalsg bédoencs
pr oc as inlet porttsncﬁ% provi de an alread
19

subsg?ﬁﬁa T8} 3FrRMithOteATHNGaBIPer- drhes yalyss S0 g Rsugmtrolled to
ameh&%te%%‘:&ﬂlﬁ?mﬁ{é@m% e 38R/ Gherfiondes! 9N N

sel ective injection of carrie gases to cause the
ap ﬁ nﬂherngulééq/bwmmhmm friodwlintgy séreodarg camm:r gwmtagsl jave been added
of .fl ow downstre

to gl GRS PLGSF PBHDANO RS ORI BBHETHYC i taperticular

pref&?éd édﬂswngmaﬁm%&h fHRR1 B Jubfly ApulIeefa8s tBugh gate valve 413
nbodi nen
pr0V1des improvement by preventing accumulation of high concentrations of GaCls vapor

between the face of gate valve 413 and lip 511 (i.¢., the regions enclosed by face plate 415).
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20 has determned a preferred process gas inlet port
configuration so that a substantially uniform flowis
wee@dnecws: Cuidelines for total process gas flRUI/D8108%084845

are established according to the selected GaN
deposition conditions and rates needed for intended

AlsoS #Hag bb@dfouhd 8at AbaiughiRkks toGREViad bRBter DENbs gaWfloW & the edges of
these overall flow guidelines, insert 327 and slit 329

the magrionisbamberesid desser riega grs flasve) thel capien absofippwpvich uaifemeity of

o3 ber A S tiall i for. r

comb il S% FARTYET ok A HRLRNS ot bR RN (B2 & oo ggs above
the dukfavsothas susaeptont ed that after the NH3 vapor energes

around lip 511 into the reaction chanber, this flow

al so becones substanti all uni form across the

reacti on chanber. Furtherm 509 can be

co |i -und form ti- t

= OE Blycfflont R noB A 8 PG Lol e e 1o

illustro@ehd adyantgeoandamyxeartadi tehe 8 shat Blcgirsvided @hbeeshdaciiigdd VM of
30 to increase the uniformty of the prinmary-process,
GroydEY mptstigl aceeyeingda tha iaventign Relopte-serting farth thyp eeraparisgn and by

way %mmdﬂﬁtﬁﬁn, c{)ﬁveﬁﬁéna@ mﬁ %%@nst a{?@hr% 'Bﬁgh%‘g&fcrig&{ &?elg;/lant part.

gases through gate v provi des | Tprovenen
pr dvamyemgnac Wikl systeorconfistaiofjh hobwek mdtredtirmans uafally fabricated of

quar%gf%ﬁr% 8&]& _p?eectuvﬁ\sg??sefé?rg ﬁgﬁi@ﬁggge?egg;gq | \é O\gﬁlgt@dover a boat
holdﬁi]g'st)le G$guﬁ/ﬁ %@Qﬂn@ﬁﬂ&lﬁ@ &l / ﬂ%@l%ig gsﬁw%ﬂngrsoﬁk glébphieﬁ from external

as been found that arranging inle rovi
storageeagen highrpressuregadinddroWoavertivnalddy BE hes beanhwsed éadhé giowth of

chanber .and | esse ur ge s flow,at th r SO
arsefi B R e BT s Bt R st AR 1y e 11 source
is typic@NY, AloltEM 6a Sl & GEBEOboaR (¥ith @thic@rthBICN F&lcRRSo Fdieh GaCl), and the
reacti ve gas above the surface of the susceptor.
GrowpxavpPrIEe isTiaally gamontsreass now conpared to a standard
or ent.l: i t .
ol SRBESR LT ot el il Bpeclt M ALELY W norisppptty. The
surroviidihgcfandig€ tsl usgal VM Difesisti oty pe With-aVldasttebitahpaetues £indg one for
to the invention. Prior to setting forth this

maindgipgrhe Gowndl Bgtany alaprerii ﬁl?qyga@_tm%ﬁr}g BRRG &R thsrpaher for
maitg%’{ﬁglgst}{é LR a@fvafld {t%mfgféh&fﬂ Bﬁi%]?%g]ﬁb&ﬁﬂe k&t b EYBRbwth. The

rt.” A conventil ona Sy te sists of a
GrototlF-wetdl stwbecqupmadenasdiag b yodtabr liqad €éttoqf 111 oqetet tthe

The & 11 ecursor is formed in-sjitu in th
subsPAGAYIFT 8991 B 679 TPk AGRAACE OATeNHo| B10R “EhE! e gtz fumace
tube! fhk oY 8hd kdtvés fol BikHadstfrr ihctibADYF MRt AN BRYEARPmMES (or at least
supplied fromexternal “storage, e.g a high pressure

that gypiahrasiéars thedwmaet fubelahusaVPEatvies e @6 quarss dtafrdesststeel cannot be used.

rowth of 15 arsenid hosphi.de _and nitride .
MosBisofh hessp By S8 iy § PR “Ep R bkt dptiplq wafers must
be a@dedn airSactorBb ettt ke siBhERHIGH walerd aftUdfdclly RORke ¢Whé Pas flow in
which the HOJ reacts to form&d ), and the Goup V
ordes g gchecve gnifeimareRpsHiPioni a gas. In nmore detail, the

qu %Jférstay%) ﬁ&&%@ﬁmf) ﬁliaglﬂg %jerr? brtl Q Slibs¥ate! sluﬁl%rlt dndPthen by positioning

hori zonta
the substrate support into a high-temperature zone in the quartz furnace tube. Wafers are

unloaded by removing the support from the furnace and then lifting the wafer off the support.
The mechanism for positioning the substrate support, e.g., a push/pull rod, must also be
fabricated of quartz since they are also exposed to full growth temperatures. Supported
wafers, the substrate support, and the positioning mechanism must be positioned in the usually
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surroundi ng furnace is usually of a resistive type

wth at | east two tenperature zones: one for 20
woreiosedosi ng the Group Il netal at a tenperat BCBEUSIHOVEB4845

its melting point; and the other for maintaining the

substrate/wafer at a sufficiently high tenperature for

hot 1RRétbRb& v itBIoP¥M: Bare Th 8rdetXdptBvdnk trof@hedansy!) r&% cracking of the
eqw(Brrent including a boat for liquid Gou met al

wafqrp and/eitybstrate synpatte Al thiaicactanigbe dself wnéiesexawdp@ aig diiring
n n,one end of the quartz furnace tube;
Waf%af lga(ﬁrg%%{raqgﬁoc?d S&rves for exhausti ng reaction

by Spetochistsationdl HVPH sagotsiapiidticapable f the e@@sdin@bhigh&blume
whi ch. enters the furnace tube) nmust be fabricated of

mangiagiuripg that &5 pasaible with e YR Mhnethpds ndesystemiyed thiy wyeptinnsfor a

numB&D&%&?Soﬂyll\% ORG d‘fﬁg at fife Igacrtd)tg% ffis AVORRN 2@&15196 less unproductive
pressure. I'¥ |p? ers nust e arrange

heathlgamti @oolsy tithathah hie csnvefmoaa;l Y PEIr¢tacwas becausrthey can have

line of t as flow order to hi eve
Con ;ﬁg-‘( H“(:Fé Elbﬁwf S5¢ hﬁ’éﬁ% regFiory %tjéglé A EpR. 0y %‘Fé&%ﬁﬁi@mr
(subEﬁ‘&ﬁéber@uﬁ}H?ﬁ theddsQo DURPALA, 2286 it H@ﬁecplyy 220 ?dl%JaQt'IHgnl@{ lamps.

the substrate support into a high-tenperature zone o
Heailmg alecogling tan thus havwid. ufﬂewe‘xba,fle rceneemgonal il \ORId ezhctoys, the resistive

fum%%@ﬁé?ﬁ?regf?lgﬁg%qge‘%%o Qp?@ﬁfgl Pfg Z}H%g]%le{sgl?pnto severiaﬂ% tens of
hout@OSuhlng @uag[l) b@a&lhgtaﬁd SotIRRItimesthh sysRniid Sdé Pinldlwafer
must a e fabricated of quartz since they are

prodapts@ E5a5695 @b:atn@gf &ﬂstengmxmeﬁlan@m@i e dike snusShpgriescdd Furthermore,
desp\{\@ ]ﬁfisz (.’)fS tirhgrﬁnuaz #Q%gé DOS eﬁ‘ly %%gf Balwgcedqﬁ aaﬁ? ?éntldj %86%%1 the reactor

wheR ﬁlﬁgh%%@&aﬁﬁ@ﬁﬁﬁm& aB4db urthet haaeiag hod cdidlimg d&iatykl For these
great care in order to prevent thermal danmage
reaS%IrSa%Sﬁ@telaﬁ apmethpds gt @l%ﬁa?rkswn%% gft‘h@t@éﬂ&% [Sl%fPtlghputS than can

§ IH\QP geltn% tube itself can be exposed to air
con url&}lag adi ng and unl oadi ng. Such conventi onal

I—I\/Rlﬁoﬂteaoatamrshmrtmgrtm theaphphieofabntintiosalst ¥PRegsttmgls that such
volume. 5 manufacturing that is ssible with the HVYM .
sySIGTER HOBES S O e R SearRubRET g sFaciers LR GFion.
BecdiB8 80 MiterntN@nkRASEAR of SorvRAtiodal TVIIERLh QbS 40 héa!’ﬂédsby the external
i nvention require | ess unproductive heating and

resistive furngeet Y mhtgrialdengoew dnpighoal thevmide efbe oragtor, and not only on

se,the consi der.abl
the HEERE Sl Y@ Pecl et SRR LR Y ENGHe ASRR slgoned from the
reactd BE ERE ey clus BlRet diat ddRdkes waPRRhtamingedWwalets. @ caning requires
heated, and it is heated b%/ rapi dly-acting IR | anps.
tlmerblrlﬂéa‘fhlﬂgthaﬁ%ﬁct%éﬁ neigredustivhus be rapi d. However, in
Cog\fseomtﬂe%l% C]l:l]l ¥sq{1€°'fﬁc{ H? 5?6%' Icﬁo Vi§ deé&éﬁtﬁ&‘&? &3 Rterior of
require pro I'ng ang %speé i ar
the rehd1®S a smlalltffacﬁﬁvsrcﬁboilmd oanisc aibstrdro waser aE)désllreg aididi’ttle or none

rolonged heatin nd coollngtl this stemis ,
appqaaﬁ igt %Wactab?%wugaa}?a%mléw CrIEEK gf%irfor:re@é% Tvﬁf Grapgt\e pecursor is
also FRABLERRE0, AL chl KERAVIR ulRedHICNEform chilorides (o.¢. NHCD
that earedapesiabh yoldlaamedoivn sapan oéthevedttibn aomd. inchehittrioe dégosits must

erating tenperatures to avoid

ar
also;ghrcpele}’é?d ﬁ’i%naltt %’ﬁ’a&tﬁﬂ cool i ng del ays. For these

I eq$Qirast R ro¥$4:8 B8 AR VRIS c RfmpdptSrel OUBHNdORalEAR that
achi eve hlgher t hr oughputs than can
little or no undesired growth of Group III-V material occurs. Reactors of this invention can be

more productive since unproductive cleaning and maintenance either can be shorter, or need
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conventional HVPE systens. Another reason limting the
t hr oughput of conventional HVPE systens is that such
WG y®BO6M98T equi re consi derably nore reactor cl eBEii/O§R007/084845
that do the reactors of this invention. 20 Because
all internal conponents of conventional HVPE reactors

not & & fA@bRdoBoth NBorakERBAbNS 815, Thd ¥Rtchir @G othddslof Yhis invention
mat eri al can grow t hr oughout the inside of the

can @@m@ngheaﬂmomgmutsﬁha} cap convsatienah EEVRE eysigmsr e it s
cl e%élro]g% ¥e§goctp ltnﬁﬂgl%‘cthé ﬁ?ou%%ggts éft c%nvn%ﬁlong%{{/f’ﬁ s%%é %, that their

coma@ftoidl akedaMbi sduresntuiicnatiesginaleitls llqﬁkimmher Group I metal)
requires tinme during which the reactor is no
congispesehly oy irequenfiy dyn dorfle ea?télwlal G poysrescafithis anvegtlon of this
I [ 0
51 (EOERLCHRRL IR Sy dSROR 40 Bl Sl i
investuilrsd¢larss afddveof Ga pdesirsoe that eandbd ¢antrbBedin botineate and composition

appears |nthe reactor exhaust ere it mght be
at mﬁ’ggw SHytainsd rpgy uR fo %HPéOW’&H%’ %ﬂ@%@ﬁ%%a £ Suig fhe capacity of
the éx&‘%ﬁil's@h&@ié ﬁ/ot %%ﬁféd b@qgac%ifg%éﬁleﬁ%rlt Eeﬁla{’;et suffidibnt UBUREE) days or

formchlorid t hat can deposit
weebﬂrpfcsustdmad pusludoam &trreeampbf arn h@em@las@uroc rTaz shoee ulﬂg)ahany tens of
deposits. aned from

kﬂo%%‘&létotg S onits eﬁy R gg’raé]éié%lfgleéPurtcﬁ? & t%?voé’r‘?ﬁt%%m series for

essch@ME UrgiRdatithides pridueddred vval I's so that little or
no undesired of Goup Ill-V materi al occurs.

Redit eqavenigrmal EW&’E A BA ugse haprs seicgy dinitsdioppacity. Since
the sg)g&gﬁ%&? Rt 81@@%%%%8%%%%’%&%%%@@% HAGEacthliREf, F Abelicved

that BChP IS 20AT {oQSbB¢ontional sodeceds leks thah &g, of@a. r Rxarhple, for 3 kg of
t hese reasons al so, the systens and nethods of this

Ga, 3 Roat 9f epRTOx e % /K EAPee i g B it Hiag sk A €& dasads kegHired.
Dlsc;f(ﬁﬂ}’ee(ﬁ{sha{] Qoﬁ;@/ B b3 ¥ Ha§ 1B hﬁ}g@mg bednSBE R inl thgg%bfeﬁté It ﬂ;lﬁ'ther the

roughput conventlona systens IS t
rate exdhaenpasaroal ofithd mur@l ca@mtén@umeib@ntreﬂed because ﬂar@a prgeursor (GaCl)

s PR s wior BCH Pt A PR el was bt inside the

reacRPUTRE §ffﬁfen€%7‘ b§th'1§71‘é§éﬂdn%‘ déﬁenﬁ&lt%pbﬁ‘ Ye%@fo'r %Ebtﬁé‘iﬁ} &l e@(ra@t process
recharged w Ga precursor e ext’er nal

condsbenscegothe thmseratuw anthe swrd@mn%m;i @rtOIus) wigienga values from 60% to

over R E R esh e R PRl PaiRde T ol B U B8 ind o he o

sourd 8 Xth 8L loy GA0D Ot AEpARIticghr At €in vapl BEE WhHE aC3RA&It tYocess
of the external source is not |limted by reactor

condyigeyie thoy thepe reagns gbsos the sy epanend wethadngf tisysvantion gan achicve
hlgh‘égtﬁmgoﬁlﬁg{mé WSk 3L DEHRA¢ ?oql‘a{?ﬁ'v% Qsexanpl e, an

source can store u many tens of
ki IA(mgflﬁﬁEea@cfn IGaiting. the thr@[ghpamﬂmheémloﬁﬂ HKYPE 3dems is that
mul ti sources .can be operqat ed in series for

here&%%f@ﬁ&?lwqrww}qnﬁﬁ peiptandatdiedetndoindagi stistotystens are often
1nd1@18ﬂé’1 e's%?éél atWip Enééf@& ﬁﬁnﬁ ectlﬁceusg?s Odld[(%? stlaﬁ’@ar&zatlonfleads to, for

stri mted capaci ty Since e source nust
exampis) sﬂ@wahé coreplck mauacmhnca an@uBEDthbﬁ cgeoftetrhlanluﬁdﬂ eornplex and fragile
reactor it eve

u i m
auar GRS A A TS T B S oEN Boweh Reioss R TG waupBie o
disa@¥ABR! #id rEREerBblk I IPparticular, the Group 11 source zone is intricate as it contains

a separate quartz inlet for HCI, a quartz boat positioned adjacent to the HCl inlet, a separate

quartz inlet for the Group V precursor (which must be kept separate from the Group 111
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Ga, a boat of approximately 7x7x20 cmfilled with

liquid Ga 4 cmdeep is required. Disclosure of such a
WO 2008064883 boat has not heretof ore been found iPCT/K82007/084845

prior art. Further the rate and conposition of the

source cannot be well controlled, because the Ga

precRfs8OUERIY pdsGBfd ddditichafl QUaf®dnleffos b iR oA icBBtrdde] th@ftems and
over the liquid Ga in the Ga source boat inside the 20

methoslg of the. pravgat iav¢ntivnanctp ogreattoxéent adaptations phtested andietardardized
: [ eLry,. .0C nditi .

des RS Sy BSRTFL I A0 RAREh REETTer SO NG nd

mair@édanct emtyhicalingsdd dopith&0RA1Y-avaitibés cdH¥enbaty e Fbee@mample, the
reported. Furthernore, as the |level of the Ga

partigeler prgdetedambodyngm éncydes s irpur hgagce rame it gye vayernd Group

I &é&&%??éﬁ&ﬂ%b& LA rﬁo%%aﬁﬁﬂﬁ\f%r%a%\d%%feﬁl.aTﬁg Eac:tg e requires
proces condi t1 ons. or these reasons also, the

onlysysbersnatotper tthd des@fand HiesGionp & tpranrsoaplcaciaad énl2fports are

hi r. throughputs that can conventional HVPE systens. .
consr eIt ﬁra%%n " bt sy ﬂwaﬁfﬁﬁlé apf megindent ﬁ%warvenﬂon
can KMRE P otk shphiaha EELGHRNABAI NG wERARI Tuct i on i's

not standardi zed, d in fact such syst'ens are often
i ndihv iqualghtive dbsighghedeshdt diffbrentate egstés okthesanfdntion from

comiGiGim kAT mBleah A shERvel upiiibe Rhelin s iR iRiowen
effididielcdd ecac@iptiBXatidnsladd wafcl frodQctiihdiaics, mAnpeiasdSutilRation

are difficult to work with, such reactors are .
efficigngies c dhesgriuryising qughttat sebancltsaneraveargsddielsive usipg the data in

i e intricat
TabBE 3, RGN0, UL AIERYPERS 6P ABERLER afp e 10
mm dRaietqaabdttacnad iacudiagatredcdortthiee ¢HfEAbolitteém iddiaseeas ahdabout 200

quartz inlet for the G oup V precursor (which nust be
cm ip dengthwih @ somesnogingsaste o thip (nvensonyn 2008/ 064083
PCH, §89ﬂ]7g’ £8¢84reva %%?Héﬁ&’l@rowﬁf Qﬁ@ieﬂ&éss kR it of Table 1
additional® quartz inle or a carrier gas. In
demomnttatcathbt, tht K&/ M ysgitems ofithds innattloadsn b€ colsedopatdy emtre efficient than
invg&ﬁiﬁagfre to a great extent adaptations of tested
convenjo LY designs known for Si processing,
whi ch have been optim zed for efficient operation and
mai nt enance and whi ch include comercial |l y-avail abl e
conmponents. For exanple, the 5 particular preferred
enbodi ment includes a Group Il source zone with a
gate valve and G oup |1l precursor plenumand inlet
ports partially fabricated fromnetal. The gate val ve
requires only a short tinme to open and cl ose, and the
Goup Il precursor plenumand inlet ports are
considerably less fragile. For these reasons al so, the
systens and net hods of this invention can achieve
hi gher throughputs that can conventional HVPE systens.
10 The qualitative design choices that differentiate
systens of this invention from conventional HVPE
systens | eads to surprising quantitative benefits in
epitaxial gromh 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 ghed
to handl e one 100
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15 mm di aneter substrate and including a reactor tube
of about 20 cmin dianmeter and about 200 cmin |l ength
WORE0B/06408Dr r espondi ng system of this inventi onPCT/US2007/084845
Consi dering first achievable epitaxial growth
efficiencies, the data of Table 1 denonstrate that
the HVM syst ensr QBLEN SEpitYGAT sowth idienGansi der abl y
nore efficient than conventional HVPE systens. 36 WD
2008/ 064083 PCT/ US2007/ 084845 TABLE tonvdaBbhaXxi al
JPiarial srpvisfaciencies Epitaxi al growt h ef figpenci es
' . HVM HVPE Reactor Information Wafer
gf%gzr%gfedrf(?%tleNB Reactor I ength cm 200 React or
I@WCEm 20 Hot zone | engt Aicm 40 # whfers 15
Feededewth si nul t aneously 1 1 Reactor préfdction tines
Rew@dreianke@@d/ unl oad time Pul |/ push rate czomin 2 Tot al
Rk bordMdefpush I ength cm 160 0 fotal pullypand push
t#i ng m n 80d2.nﬁﬁpfer 1I oad/unload tinme mn 9.5 2 Tot;l
oMU RN I TR 89, 5 3 Operation ovérhead % 10%
10% Total l|oad/unload tine in cont. operation mn
ReaBGo2pdduetioppini@xi al growth tinme Tinme to grow

t VaRlr 3R/ dHIghdQie Growth rate (um imn) 200 (3.3) 200
(a1 3)sh m@yer thickness um 300,300 Tinme tg heat and

, C n . .
o Ly Do, S0 ¥ 9090, Cperation
Totehpullefl@pshitma eact or tine mmnm51, 0 10738 2
Wafer load/unload time min 9.5 2
Total load/unload time min 89.5 3
Operation overhead % 10% 10%
Total load/unload time in cont. operation 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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Reactor utilization (RU) R U - growth

time/wafer-in-reactor tine % 66% 98% Epitaxial growth
W@RFB0648Ei es can be represented by the rati o PET/UR®07/084845

actual epitaxial growh tines to the sumof the

actual epitaxial growh tinmes and the reactor

| ogdtainRk aa@ohvciESnal IHVEREy s ahs RaBoF RahaihfatheiMVhear deposition
syst ens ‘and net hods of this invention can be

tempepedictivtdated thossugsirate sant bopulled dom erpushedimto the reactor at a
slow e%%v glm‘at %agvoﬁl%lg'n?%f%ﬁ% ¢.. g.&% 1{1%" that &’i taRE h&fe[}{g Wﬁ)‘g&@t@ "holder

Xla gro i ClI'enci es. SO exp
front ﬁhatrealcfbr agltuiglabop&oai anla pltlEraea@erdmbre%at zsam/hQﬁso ®foid thermal
this invention will allow sustained operation fo

dame&rn abis ARy 318 Arsaiired & pyldcsHbratgbemiapd alsqite aush the substrate

o R O O AR oo

min syisberequirdtefor dactel statsliration] @actedpate, ned Betd.@pquird)desm gasses.

. rature between runs, the substrate nus
(Withigh 18?1@&5}% REGgC ARt gas 1L Biedf BHAUGE Sqnindicy mf& Ripigilocts,
setup %oﬁl@éedmﬁaﬁlroﬁgér )d?ﬁ@sg firc 165 168HABIchA Bincdt B6AR96 nih, drhﬁ min in
substrate holder " fromthe reactor inlet is about
contgmoahprodugignl (whatessoofe timacsrmoowdd b shargd equahy heweam sluccesswe
5her mal 5 damage, about 40 min. are required to pull
'he substrate fromand al so to push the substrate

I NEOcdhist, @AGE OTVM dybtefnl OF thiOMEentidhe wa FRS ¢ dndietrapidt)
wafer are positioned in the reactor, up to 10 mn can

loadpdunleaddras dowartemprspiveds vaithowt riply o ﬁh@rrﬁnal demegoihup plingimating
exteﬁl&% @ﬁ%&}%{%lfomﬁtﬁﬁ&s SBeOc%?SSe ot then( l\g(x; tﬂel!n?aq?nasg gl‘f(? H%—Dﬁnp heating,

reacWrst ﬁmdt(aﬂdmdcﬁeﬁlk}snhe seebpior mw‘i’vﬁifebﬁl didb E‘ealctmgeﬁ the HVM systems
Thus, the total load/unload tine is about 90 m.n,

and mstheryof thisjigvensionican Be sanitly avieled Betwesh Elrgéeréé?ﬁemtl%@@peratures
and W@r gsnkﬂferétnl%g G éﬁl%&: @ﬁt%r%pt fﬁrjrésé:f?fes lch\éGHVMJ%Qems and

I'n contrast, in't nventi on,
methualk ef ﬂns:mnelhmnraahledé yonsidzadbeyl shomteo hﬁdmgamldadmgrtlmes than are

er at ures ri sk of thermal damage thus
possgfﬁnﬁ‘i Wé‘t"?%@maﬁh%ﬁ&gi‘f I&f er positioning tinmes. Because

of gnbe lJadé(PMYld st G‘@@%Cﬁ‘é@ soffrcdeaiRdhg %ﬁ\féﬂtloﬂfﬁ’ HVPE systems
reactors used (and specifically the susceptor and

arc alkd T@rrnalntagumdeewc orasy flow rathef premusys vetnrsl epiaxdal growth times of

ven |on n be i dl cl ed
comfi b Ry it B o B S Bp AR s ali g uE of afti ity the same
maghRHMRE FRSWEHRS, 11 1@@ @@a!dttﬁbtqa@l Gﬁg)récﬁfﬂéﬁﬁcﬂirw @&=d in the HVM systems
Ther ef or e, t he systens an met hods of this

and mgtheds p b KeEIPE hed wgn@@a%mdya@w toggr Ga precursor source used in

con\lcegﬁgﬁe ﬂg{ﬁ%@%ﬁb’:}% tﬁléﬁ@f&gﬁl@?@%&t@l tho ?}%’tf—%Ls dan cthods of this
inveasS&UWilhgeh@@ve pelatuy qutaxiabpmodels cffftghcic ceanyresttt haathe efficiencies

HVPE Sﬁqstems are able to maintain an adequate nass
presgnteyiny Labde bf precursor, actual epitaxial growh times

of FOPQ}& i 'e%@#f ca ﬁ)tlee&sad%?ﬁ%tgﬁl EMO&X‘&%?HEHQ {)érgidslt is unlikely

[ nventl are o appr oxi nma e sane nmagnl
that Elpweugon Gh Sourscseoapeosteid atdb(atatd messGovpfecutesded swinds.e
Congesntlonillnﬂ{/pﬁ sly;g{ymg ﬁgﬁe‘?ﬂg Ga precursor in-situ to the reactor by the passing HCI
gas over metallic gallium in a liquid 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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and nethods of this invention has significant
advant ages over Ga precursor source used in 25

w@wseMosbn HVPE systens, so that in actual opRCHUBIINT/084845
the systens and nmethods of this invention wll
achieve relative epitaxial gromh efficiencies even

FurtBéread @BE 1dvBPSY thd Gatfcbicaicg ARl 8% GPRSEMRE thOIUREF €a precursor can
For exanpl e, even if capabl e of adequate mass fl ow for

varyayen milthjagdonpant pyecess eonditiqns|(f-Re Icynstmﬁ sempesttvisrnd orpuchlCl flux).

Qu I t
Furtﬁer Eo §§nt?%)8l éoﬁ\%%ﬁg @g g%%ﬁi}%é 1é1 n(ga\ll\%éea erpﬁ%i b% (\z\gﬁlqn the reactor,
and ﬂi’eﬁcbupé‘di)ﬂieslalﬁe thiub boris@raine by eauetod rge@xylewl eTpaksicsgbddChbelicved to be
gas_ over netalllc(§alllu inaliquid form Because
1

reaS@rr?éﬂsémsmee@e@/ nefrbefigyed tsrbs@é&oseépﬂetha §nowR foihig Pyiopart) in a

conxéeﬁ@ﬁrlia‘? E‘O\%@%%oé\i/% ?ﬁg gﬁltrdqfé)grﬁ/oér 3@%?% r&ﬁggte’ly § t?5kg and would
be aplﬁnpimaa&l;a 78)x20t dne ireitaald eafSledf4 owdodép wh preduss or

bOR Easton TSR AR Slis R et g ) aiiogs roplgy e external Ga

sourBeGhRATER pAIGd ddRstiR, ﬁ%ﬁﬁg GG Sof Gi‘ﬁreéﬁrk'& 2%p @200 gm of Ga/hr

precur sor ‘can vary even w h a constant process
and gieati tsubfivger(téo suppotaney tirktes an@@ﬁmafrwo andhi) thp carH@ sustained

flu nti ona
for qstgPb ot RGeS T R R GG Doy ipggmanner so that
the GEAREPMuX cat thiiBifed aaPashtidIRE e diriiSeprarial frdiwiiedSdsnd, this

reactor geonetry. The | argest boat believed to be 5
extepnah 8 ALy israashlp PEsystam dnprintsaiuped eficragon bewsc (o geegursor 1s
supr ¢ 35 £ B Rolrdlts P i Rt hyflpe SR A RATy, e
resetv©1r§ ckigbasystraved idseribe for ;&ﬂbaxveﬂsaﬁrﬁimlt&bﬁi%%oﬁm in size

and be filled 4 cmdeep wth |iquid .. I'n contrast,

t h& PRUVNERYs f%eéﬁawﬁ%lt%w@ Qfﬁcnemles ‘F%ﬁl\}f@ﬁﬁlﬁ’é‘?ﬁr’éﬁ% py eactor
utlhgigl\?g;f{}ﬁ% g a&% 1%\% bg}ftﬂéégﬁa}o‘ei’fgﬁ&?lgboﬁﬁg tt}pdE gWa‘?& é%gﬂg%n?%;ctor during which
actu@agrowth i 0camdngr Bag een (st [V dhsystemssmdpothodyrodwhik invention

rates, i xcess of 300 unm hr). that can st ai ned
achip G et BB GRS ComorT e pisniopHiILy Bb St g g achieve
suchpa[ RV &€ n&Rdrd th4aRBbut 4398 RRINGE ciRcleclMat thIEVIRyTRSS and
| ux can be neasured and control l'ed even during '
rnetlequ vastiainvertontwill Bbicya dvent greater rglatize apitax@ gswvtheéligigneies in
; éép abl.e of sustained, uninterrupted operation because
actug ODSFClr sor is supplied froma reservoir hol ding

10NexOéonkideAgE aFF aficRIbRCAEO utilAedbsi 8 aVafdt prodlctibR k&es, the
15 reservoirs can be operated in series for

dataof Tablei2vdempnsinite Hat ey IY & ssicom. of Itis surenieny canrbe merieeéficient than
efficiencies can be summari zed by

Cm“%8h6 or P§%gﬁg¥%n on (R U ) defined by the fraction of
the time that a wafer is in the reactor during which
actual growth is occurring. It is seen that the HVM
systens and nethods of this invention achieve such a
R U of about 95% or nore, while conventional HVPE
systens can achieve 20 such a R U of no nore than
about 65% And it is expected that the HVM systens and
met hods of this invention will achieve even greater
relative epitaxial growh efficiencies in actua
oper at i on.
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Next considering first achievable reactor utilizations
and wafer production rates, the data of Table 2
waelemsnetsat e t hat the HYM systens of this i nveP@T/082002084845
be nore efficient than 25 conventional HVPE systens.
39 WD 2008/ 064083 PCT/ US2007/ 084845 TABLE 2 - Reactor
ut i | TABYIFYS RRAEkoR alligMAdHs A nRichievRDRAUIEF ProdiRtiB# rates
React or mmi ntenance tines and wafer Conventional HVM
ReAQ01GhhiaRnhide@indsXREFwafer N- Si t U T eact @onGéRBAAING ti NE
firdddbford@tayeen in-situ cleaning 5 5 Tingybp HVM
one, n 26.6 2 Total thickness to be
&ﬁ{ugegéal(g%%%gknénach rate ummn 8 8 Etch time
%@ cep ipgltgcleghiiee time min 30 15 Timedto load Ga?
{Enmdwlone@lqsgr@t:tch mn 45 0.0 @eration @¢érhead % 18%
15 thitwiead toibBeshddu cl eaning tinen min 339.081.1 - 300
e¥nSitt U reactor cleaning tinme,#,;yns betwgen ex-situg
E‘%ﬁ%m ng 15 15 tinme to close reactor af%@r unl oadi n][%
P$ '3 1.0 time to cool real®r min 18020 tine
baliedinkeact or apart nin 120 120™iine to pol react or
b aakto tang €talvarh indsin &80 120 ti mmit o | eak check and 0.0

BefionOvBrhdRl 45 Ti me to load Gg with ex-igitu etch nispy,
i reactor mn_¥¢5 20 Wa testing
talom t1|1 E‘ig%ﬁr%d epr e 1? §§d8 41.1

ventive maintenance nin 120 120
QOer atl on overhead % 25% 20% Total ex-situ cl eaning
t Pyrsitupfepctgsdeamigiim@  Reactor utilization (R U.) and

wade betpecatiicdituonatiag € R U. - wafer-in-reagtor 15
iR (R Mactds Srtel LBadtig2 9% 76% min 13.3 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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R U - gromh tine/total use tinme % 39% 75% # runs
(wafers) 15 15 total use tine for #runs (wafers) mn
wRIB4/04086 # wafers/hour 0.24 0.45 # hour s/ wedBUSH01E84845
2.22 # wafers/24 hours 5.8 10.8 Reactors nust be
periodically taken out of production for cleaning and

Pr @)@k loperatifRindt&nas %@W S BER st &EloEMMnS YiS the F8ac8dife.g., on the
nmet hods of this invenfion can be rapidly cleaned 5

reactptigvahpard e adgr 111@%6}1 reggtprgempenenthiagh excosune giowvth of these

rnateliqallg éaﬁfyé%sne 0 Evga% a1%¥ Q&Z%&{}%{}% a@fea%l&g ggreqﬁ?&i to remove these

undé?s’%d WRZORK, EHEHDe ﬂEﬂtbhﬁ@i SfiRF &i-kiai) Ihanﬁ?st \eﬁhcﬂit gisggsomibhing the
undesi red Iocatlons in the reactor, e, g., t he
reactosAA e rsitnedtet disgsperhlipg Herreagioe rlﬁ?ﬂtu p@g@}pg is often performed by
[
etch@%nqﬁggsg%gﬁgpgﬂs vﬁfﬁcﬁgﬁ g)(,ﬁetgf @%&é g?] %I{agr}]ﬁﬁgcl}lg%t il dléaalnﬁlgs more
thmﬁi@%m&ﬂ@uﬂsmh@gﬂad@ﬁh@mowﬁnvve t hese undesired

ials, can be. perfarmed either in-situ
Mﬁaﬁh@ma PEHLSIONBI g e @nﬁlﬁsr&[;@ less gp-siy Ckeﬁﬁnag time than

conx%ﬁh@ﬁal giaas %%fgﬂlls' Mt BR SIS BE I invédtiodi HaVe Waﬁ@%tﬁ%oh@olled lower
often perforned by etching undesired deposits with
tempGiturcARo grat hittleundsenal aeposits sherepneduringrgdergroductiani Fgegntrast,
nor.e h ex-situ an dvant eou
com gt AR Gt CHERE gabeu RSP RER Ty hame
amolt-oFinhddered] @adW\¢h fch&Br Bl andCiaRyiei tdaeiva aﬂrN 1&6WS b e wafers
The reactors of this invention have walls wt
and guntrates.| Eeble dnegsents @ seangpe Ml assuses thatro mprerthen 1.5 mm of
uani%? R caﬂ%@%ﬁb& {oh(?ﬁrpg)%@&r%%act%g wARL §hd R Q?éi%étc?(ﬁ pahg]
cont rast, conven feactors opera

deposcdnvemdrﬁnﬁm dysemssid-difaalcanhhg is mlre@mﬁs rcmﬁs during
material grows on reactor walls and_internal reactor

whighal-p &1 6f Bt bHaNA ONBM L UnRG) Willh B Yecrewn o4l keagior interior.
In cAMtGSE ﬁtlﬁ-fsﬁu %fegﬁ‘lﬁ% 0P tﬁgkl&jﬂor@%g VEIHQ)%I iy le Eﬁomrbvery 5 runs,
1.5 mo unwant ed can be

p03|t on
onlyreenmminal anaduing (can 2% e fasabf the antount thaTWﬂ;L ha{® .gi?awn in conventional
SR S VST L LS 80L% s o o

the HVWWS?@%S%& 3BRnHER Q(ﬁfld FdaBorBH) bé’\éléliyea@(y @nl?re%‘@' 18tuns.)
the reactor interior. In contrast, if in-si

Thel@fmfannﬁgu @feamhe tiness of coryeotionahiFeV REweaefoisome pisleatt §gimes (and up to

15 tlgt?@/i lgpg?r ‘@F ¥1% %1@1{ l'i 8{nﬁ gtf %Wg@gtogr mls gthvegfld)n

COMIY) tHeamaM syits c&yﬁfg @RhtiOF rdgait vbilshdcRete 198 OWBitPElcaning
the reactor jnterior. (In fact, in-situ cl eaning_ of

timegpan ‘P@VPWMI@VSW&EBSY@?UI% First, thesnHiVom spsemuhave ssmiaganily shorter
cool %/I%g %ﬁ?ueg thf)c'ﬂfnx s?ﬁteerc&%eléldrfﬁﬁ%él&%{ls% I & sﬂurb'lesa;t&nlé Also,

eani I mes O ventil ona reactors are
theid cﬁﬁasﬁerﬁolp/icmﬁmg&m%diﬂolp @imel ard dimEls) tol thargeiitet timas ki@vn for Si

in-situ cleaning time of the HYMr actori of this
ProCESREYSI§HS, because the HVM systems and methods of this invention comprise
commercially available designs and components already known for Si processing. The
designs and components incorporated from Si processing systems include: rapidly-acting
reactor gates, fully automated wafer handling with cassette-to-cassette loading, the ability to
perform hot load/unload, separate cooling stages, in-situ growth rate monitoring and load

locks to prevent exposure of the reactor to atmosphere.
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Al so, the HVM systens of this invention require

considerably |l ess ex-situ cleaning tine than
w@ovsesosdnal HVPE systens. First, these HVM SRGI/ER07/084845

have significantly shorter 25 cooling/heating tines

whi ch nust precede and follow, respectively, ex-situ

cl egai malreéﬁys Bisclsbad, Ehed%@fe%@ﬂi@ﬂ uedeany, e GeasseiRldyn
times are simlar to the shorter tines known for Si

conyspiersd STVRE wgqr@must be @gug@cqllyeremmgygtoédﬁg bafito maintain constant
precg}%pﬁg\glaga afso 'b%caugé/ gﬂtthclg Tlrnépeg%r C%P'r gg}‘:ri ﬁlés\?% T charggag, which

can ¢ pgesicd duridd eleatdﬁg,l fgﬂlseraacgthmm raging $inMdI ©6 FHReE edr@@ntional
from Si groce55|ng systens include; rapidly-acting 30 .

systgran cingongatehe extgial Ga sewres of dhaolVa sy #gmeiheds of this
inveﬁo F«fﬁoj)ﬁh? GAR TR & AOQQ%IHQ t1 ﬁfb@ e%hhé Slyerltoﬁs opﬁﬁlfeor m

Separate c |ng stages, In-sit
g r mmnmanyermmr marnmgmwdmbmedl bd smalsartzod py ca\femlner R.U.and a

WAl GBS B P US206 I BEBUFSen Rl ofko e HEayhat o wafer i n the

reacr SF R 368 oflthkEriGRS M%%Fe? is RPN &8Stor pluSthe cqéaﬁlr@namtenance
boat, used in conventional HVPE systens nust be

timepeHi cotlibe a¢dn)khattéh¢1HN@\é dystem endercthyds lof thes mménttomiaghicve a R.U. of

b f hej
aborft A% G hers MBI S50t dgh A uch AR of no more

ﬂangamhmgperforned during cleaning, further |engthens
cleaning tines of these conventional 5 systens. In
cofclaaige systeie cHjcianciea cache spuiserisd by Wtaﬁ@ PERAVICH9® tadeps Which can

be d&?\qedw Jl%? oaf ?Jnl%e? f WYG??@O@H%&E‘:& ﬁttﬁnéﬂ helrédl %otﬂrgduce

nt err for “ex
thes S Wiatemg. ysmceeaedrﬁplewwwlte&iﬁme@ prodiREoe amem ﬁwmlmmnge chnd ex-situ
by a further R U  and a wafer production rate.

cleagiggn Ay CRUNPTEHT & SERHECCPHENg @t% agpMpHEng ¢ rﬂéabé%ah anéi 2), these
rate%gﬁg ﬂ$tg#rﬁ1|ng@ b% 'a?vmlh gg 13? lthd tg Al ﬁﬁle%%l%ﬁu&ﬁg 15 WiRSs Elﬁa{ldlng
loadGinéoaditmgyd, moedsitd elnamngtlﬁl@ mksnt&i&leahtngdmne henistewanct hate, dibsource

HVM system and net of this. i tion achi
rechifE ) TABBAE SRS TG St £ U Ve GReRIgRECf this
1nve§ﬁl§r{ ir€ AprB &ty s&Inas s léonﬁ&er%ly R6:&r thdtdfc aRAUIme

el ative system efficiencies can be represented '
requbyd Wafcemveptl@m bMAosysteatse S hewghore hthe aysterpeardemetheds ¢ythis invention

.dividing a nu waf er roduce total, ti.ne
achifysr g st e R e o hSad A giussed
aboey € bfeafth tMBhEIpuPTraEY 6drh@it iy dipScted Buishd abtedl @pdaigs, and

ex-situ cl eani ngs, r at es conpri ses 15 runs accordin

t o Lesly, a@wﬁ@mg@ﬁ@p@mmmeé@rsm ffiaicngics, theald¥ M pysteaas and methods
v
of th%{ 1?)1(\17%52[{021 Lﬁ%gg &afb'é{errsg}s( i&sﬁ {'91 dy;l cur‘hgfs F}fo%a d[‘ﬁ'tc#.@?nlggl Han
convientiShdl H\@Emldﬂ@s tThi®is elxémphﬁfkd Iey #haratagn Mabie,3.
mai nt enance tine, and source recharge tine). It can
be seen that the total tine the HVM systens and
nmet hods of this 20 invention require to produce 15
wafers (runs) is considerably shorter than the total
time required by convention HVPE systens. Therefore,
the systens and nmethods of this invention achieve an
approximately 2 fold throughput inprovenent over the
prior art. As discussed
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above, a greater throughput inprovenent is expected
during actual operation. Lastly, considering
W@ oivpas@s3 ve precursor efficiencies, the HVM sRGI/ER07/084845

and nmethods 25 of this invention utilize precursors,
especially Ga precursors, nore efficiently than

conventi onal HVPETAYAIERS PrddiirSor tilg2agioRsi fi ed by the
data in Table 3. 42 WD 2008/ 064083 PCT/ US2007/ 084845
TABLE 3 - Precursor utilizations PrecurgfRentidnal | zation
Reseiregtythation /M HVPE - ammoni a (both gypgesses) HVM
%glgp@,l 891:5}‘%\{:{]%%89{5 14 10 Total amonia flow tine mn

ammonia for 90 min. run nole 82.5
aymgnia Flowy  (convention HVPE) MBMes of HA'*/min durirl
Tatal apmplogfardiow tne024 Liters HC mived in rud2Piter 51.%7.7
Fotf) ambiowmnfgroonvientth on HVPE) | npiste VIT 1 ragao 30 43.6
Mol es/ mi n of ammonia during run nole/nmn 0.6250
/mn of equi red by ammonia flow nole/nmn

Pﬁé (H\/%@an of GaClx to GaN % 95% Act ual
Mehe@%fﬂiﬁlr{mwrdueagwed in run ndpPlemRn 0. 09184

IAcdi HClonad inmpd es of Ga % 10% nivdres of Gaflin for run
nmole/mn 0.024 Weight of Ga/mn for run gnimn 1.76

E—'@R%{g’:ﬁi /hr  Weight of Ga per run gm 151.4
%lﬁfﬁﬁ%{e? gat VIl ratio 30 noles of

PO HATS n dur i ng run nole/mn 0.4464 moPes/ min of
Ntples/mimad @mmghialdurieg @i n 0. 01@dle/n@onver sP-6X0of Gad x

NMoleZall #oRS8quitdbesm@bnifAGE3 soleiiam n reqrisred to

ERELsTIRLEGI R (P82 VT % 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 OggnGgf/l;lrn;

Weight of Ga per run gm 1514

- gallium (HVM)

Input V/III 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%
$711§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 GaCl3 dimer for run gm 287.4
Percent of GaCl3 dimer that is Ga % 40%
Weight of Ga for run gm 114
Weight of Ga/hour for run gm 75 gm Ga/hr
Ga utilization % 21% 25%
Utilization with Ga recycling (est.) % 27% 80%
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Addi ti onal noles of GCl3 diner % 10% Total noles

GCl3 diner for run nole 0.82 Atom c weight GaCl3
waleweno4sd nol e 352. 2 Total weight of GaCl3 di PEF/USINT/084845

run gm 287.4 Percent of GaCl3 diner that is Ga % 40%

Wei ght of Ga for run gm 114 Weight of Ga/hour for run

IMGAutTIFL R 8 detefrRingd id TR BOR, fibs? EYn AN ncWhitlal walémdnal HVPE

with Ga recycling égst. % 27% 80% 43 WO 2008/ 064083
systeCwitsbhoy A0S 48uBaic can ba ¢xpactcdip ss approximatalyd 4 sipm (standard
llter.?_ﬁgéﬁmﬁteg té %Lfsnlrglﬁ%a’atﬁs&rﬁfﬂ % V@E r&tloaé\% earn%(r:h\a/%m/t cgﬂl\%rsmn of the Ga

prec&PSDﬁthtcﬁdaN pthysenappbed isp@étlcyn béd eﬁ;iepmd(ts usngppiékimately 1.8
liters per m nute) of apmoni a. a VIl ratio

gm/gin &5 ngy 98 r@@%eé% \%ff@}eahwc&rowr%@()@al o &Y @t 3¢ umpidy gherefore
requifalibdul 5 £ gﬁ%;o%rlﬁds Osgﬁ‘ége n@ﬁ%%%?%‘i}o%%g} Qﬁ cg@aeﬁlta%otlﬁn YR%rona 15 cm

appr oxi mat m nute run
wafautht iGal efitichey (&:ﬁth@/\b@ﬁi@ntﬁmabﬂ\/ﬂiﬂ\teacttoﬁl@ @pprokimately 21% (= 31/151).

therefore requir 1 ince there is }
Sincg gt ORYC &fﬂl%’f% 35@ %ﬁ @3}1 7 %ﬁ@.ﬁlﬁ%t ¢dnsadps %&Pacwr little
is thh€ndFRi1 1 f&yan%yanafreﬁslae 1G9 )eyﬁeretédqrﬂﬁlevkﬁ/%ﬁh rr@@fch&g atPreuse of

appr oxi mat el Si nce nost of
Ga oxbaitadli ﬁn(gn IIEO‘GQ(WDI( thel@ej_ eﬁ'm)enpys otihp senvemtiond H‘ﬁ]éE reactor is no more
than' RS éﬁdﬁ reactor little 1is thus unavail able
ana@BV%lPﬁgy reuse. is expected that even with

I eqy 6dritiagt, BNAMIsQ4&i@Rs @ﬁd Hothcas ExhelsipBeted fDiBetal8wer ammonia flow
reactor, the Ga efficiency of the conventional HVPE

(c.z.¢ EQ8lPBY and thesefarsradowen@n flappingyd leweetojal 2ok quired for a 15 cm wafer
(e.g. U?{‘i ér%?t ThdMi S YR ﬁO‘M %&%{%&&%&%&’hf% %%g&énegan &2hieve Ga

ower antoni

efficidmeies o6 2 2oa=I3aWeH) (Bﬁithﬁhtﬁ%b}&ﬂldg andl meEdE aﬂd)dip&io feehaps 80% or greater
required for a.15 cmwa Ther ef or e,

Ga qfﬁ@emww%%%ﬁﬁlgaﬁﬁlé TRYSE wé Eg’l eéha‘tSFﬁdsf“i’fﬁ\‘ﬂ%frﬂePQﬁﬁr c%ﬁifiltwnaﬂy, since
llttlead#?hee ﬁlagﬁn% 33 % 1'1@”33 ?sc'd 051?e7d0 n(the %é %%} th‘@'rgﬂ%ft most of this

recyc Ing a e an o per aps Yo or greater
unus@d (&f #ppeare nc'ghew:atctorreehgust whgeanld avelible ofydGagenthaust.elf is

fr the reactor. Additi si nc ttle of
expaclh g Sov e eod st 6 Shad GRUBEER glticidvey qBihe VM systems
and hRR&Hode8f Bs ihghtoBR6H Rfach RDH! or%freatté}' s unused G

appears in the reactor exhaust where it is avail able

r edre prafigrreshainbasiments pf thie snewpier tesgribédhaboni dh not limit the scope of

the i SRR, S B iR gy SiiA Mbbaits drS e S EERs of he

invef@on. I £RE BqBPde R len®o@mi@lts ard cicat@bE QekhaNAe dédR I $hi®fnvention.
the invention described above do not linmt the scope

Indegd, varipes madidisaiian, of hajsecntivade a@hﬁ@@tt}ﬁiﬂ%esshawe and described
herelidﬁ l/lg(l?]]t a{s%‘ite&ﬂﬁe ﬁéfuz S%rgpﬁh?(ﬁ{s%?ﬁcg P ggslé:rcilb nc{ gz)ac%née apparent
to thoee skilldaf in thehﬁ“c sonp@e odbsthicnt dde\Zﬁpﬁl(bID rSuch modifications are also
intended to fall within the scope of the appended claims. In the following (and in the
application as a whole), headings and legends are used for clarity and convenience only.

A number of references are cited herein, the entire disclosures of which are
incorporated herein, in their entirety, by reference for all purposes. Further, none of the cited

references, regardless of how characterized above, is admitted as prior art to the invention of

the subject matter claimed herein.
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I ndeed, various nodifications of the invention in

addition to those shown and descri bed 25 herein, such
w@g00als@shat e useful conbinations of the el eneP@BUS2007/084845

described, will becone apparent to those skilled in

the art fromthe subsequent description. Such

nodi fications are also ThHEendedgo fall within the

scope of the appended clainms. In the following (and in

the application as a whole), headings and | egends are
Whagsedaifred igl arity and conveni ence only. A nunber of

references are cited herein the entire disclosures of

mhlch are 3 cor d herel , in their. entirety,
by Ir ef er*ewefgw#g P’“ cpegten oy pogasrystlline (eun ﬁﬁ- v

semfébﬁd?li%torrn%t@ﬁaﬁ NGRih c&%ﬁﬁ&@lr&ﬁﬁnggn howu s &ub (ﬁ’gup I precursor
above, is admtted as prior art to the invention of
as ome’ruea@:auttjveldt amahowtt of h ghseeds Gecw@r Y compodt 208 BB 408Bnt in a
CT/ US 007/ 0848 THE d
feac c?r P3 er@BP(?BS’(‘ilsaﬁuf%%gs ? P19 h&e 4“6 EFIWB?]@V% Pzﬂtrfraﬂ} yith
heatﬁgQiﬂﬁhd ddscous\GroGF M pRRAL6E Prior By alto thitesdtios QAMND&ES a
reacting an anount of a gaseous Goup |11 precursor
temppsataisev el srsgficigitlyhightosyeithntreduangerdssieblapigsapser compounds
into ﬁ?g@g&l%ﬂt 8%?%9&8 tfgc? eerﬁg u?e%ture 3¢ ﬁle S %?eo%d&&og BQI%ESI
under condl t1ons su Piedndy
sem conductor nmaterial, with heatlng of the gaseous
G oup | IThe PHc@fodI TQRIai M | Wherk@ tROtidesiriBlo pidagrsbeemhpdnds include
chanber to a 10 tenperature which is su?frcrently hi g
dimgrg, teipstsd of ptheoaalerwar vaiteeny efithe psewisor Watrederepberrastion of the
Grog PR O I O Rt Tt hod of el aim 1
wherei n the undesirabl e precursor conmpounds include

di ger s, The 8L ofMaidtNeherb®l tRE Qilr@l Nﬁiﬁr’ealrb&%% oﬁsi"g%lllium
precursor that reduce the reaction of the

trlchﬂqudep)ylggl@, sdsptedite B tqrm@r@d@lﬁgfﬁm@@ @@ep@mposggall‘rﬁ@ chPoride dimers
I | S

or trmﬁ:érp Bgfso%; %1 ggée%g%m&ﬁﬁfaﬁlépgﬁt&g bhe Ilel?,]ctfz)%%ﬁyl%ﬁgtr
tenperature sufficient to deconpose galliumchloride
di ger s T@E nidihoBIrTlR@i 0% BerbMeh@ pseeusglialh ktidRloride is heated to at
trichloride enters the reaction chanber. 20 4. The

leastmiORO @priof tocdnddrimgthevractegmehambeyaseous gal | i um
trichloride is heated to at |east 700C prior to
en ering,the reaction ch nber, 5. The netqﬁd of cl aim

er eil B¢ ehoéiaﬂ.ﬁ? ‘i{ﬁmﬁh? g?ﬁﬁg%@goblp Joregirsor 1s

contﬁfﬁ@ﬁél{]‘ ?Mde)d ﬂ%‘%}{é %E%Qndx{‘idﬂetah@ nfa@@ﬁ&x!v O a@l‘éﬁk@ 5@? GroUp ¥R
low O least 50 g Group IIl elenent/hour for a

elemenﬁhotwffomtlmeaﬁat M&tH&lhpsrs 6. The nethod of claim1
wherei n the gaseous G oup V conponent is a nitrogen

Bt ant PP RS TR KD Ry  pgmponent i a nicogen

containing component and is provided in a substantially greater amount than that of the

gaseous Group III precursor so that a monocrystalline Group III nitride is provided.

7. The method of claim 6 wherein the nitrogen containing component is a
nitrogen containing gas such as ammonia or a nitrogen ion or radical generated by plasma-

activation of nitrogen gas.
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30 gaseous Goup IIl precursor so that a
monocrystalline Goup Il nitride is provided. 7. The
WOoreaoBo6t08s cl ai m 6 wherein the nitrogen cont ai PCTS2007/084845
conponent is a nitrogen containing gas such as
amonia or a nitrogen ion or radical generated by
pl gsma- Tag hicviaid dlh INWhéEeBaRe BAstion3éhafifbeMBcludes one or more
2008/ 064083 PCT/ US2007/ 084845 8. The nethod of claim
wally apthwhishduithes compeipesdntredugineehe Greunudbrreareorgnd fgpep V
com@l\eln’? 111?(?I %G\Q@AC% cH?Mﬂ?e?r n é%%t%l%ﬁ%nin%g é%ﬁ#&%'&? atr{é%tion above one
oup precursor an oup V conpone I nto the
or mbeagibsatcLloaphiatizd the praiotisrodf e nivao g stallid e Piaddtial ehodeon.
reacti on above one or nore substrates to optimze the

producti on of the nonocrystalline material thereon. 5
9. 9The rhbe msthagfofelamm Bheipiarthe rragtien ¢hamber ludhanfleer, a ceiling,

a paly %? MQ%?M@ ahlo gé’l{ %ﬂeg agcﬁ 'allb bﬁ%&uﬂ%g %ﬁa V(V\Al?{hhfﬁ#tggrv}%hlrp%sesaﬁtroducmg
the mwarGrsels 11l ptercaﬁumhf@lghtahﬂaothﬁ aeeftboBiodthe dhhinbe ecur sor

through a slot in the floor of the chanber. 10 10. The

met hod of claim9 wherein the gaseous C}ouP [11 ' '

pr 8ur sdhe methpdafetpimf wherpiwAhe sassowy Groantlimrecusiopds heated in a

or form ng a nonocrystalline Goup Il -

noz%&%gf&%%%h' or material, which conprises a source of

the gaseous Group Il precursor as one reactant, a

sounce of sybnfFoR¥Emng & FABERNtaRhe WIOLHHEN - Ves%ﬁﬁ@ﬁtduct@r material,

reaction chanber that receives the reactants for
whighepenirises ¢ prareswiithe gapcowr Groundlimseryeioy 8% and jepgtaty pgpirce of
Grov} c%m%?ﬁ%n%% %IL[IOCHI%S geg:ﬁ&sn? éI%gctloﬁ%ﬁ{a&benﬁgtgﬂggeqvegqﬂé Ice%ctants for
reac&dilt &n’erd%@thttbebm&&tm@{bcr}@fhﬂlﬁ’&%rohp 1H-V esmpreoadudicd rmhd:ﬁikﬂ and a

IS suffrcrentl gh to avoid introducjng undesirable
heatpedieyics §or ee%%%l@ rgagequﬁ {oBoumBl PreGHBoTdHIE ?Pa%%frm& e reaction

[ r
1 G TR Sy 10 SRR PA L ot prcurcr
compasels urgo Grcongpctionl chpmbeto Savilifas mauffidtaic @fitheyschacapduttor material.

conti nuously provide the precursor at a nass flow of

at | east 50 [11 element/hour for a tinme of at

| eddt 4dhp &ﬁ?@ﬂpgclﬁ% il | ihgtean fiegRuses Of gesepwtdroypt lmgecursor is

sufﬁgfegflg]@a{%é%’Eo‘ﬁﬂﬁ%ﬁ%h@ﬁo%& (}ﬁlec 107 a@gmalpﬁo@%?taﬂ%sg% § Group

wherein t reacti chanber 1s configure
11l eemenGhowdnt atimero et lang ¥l doucha fidveitatmagtt dumap eranufaesire of the

for |ntrodu0|ng the reactants are located in
SanﬁP?@E?Eﬁ? %t i ons of the chanber to avoid reaction
until they neet at a predeterm ned | ocation adjacent

ang3i Mgl L&l oRPANE I?Q\ﬁﬁférm IR EactiBRShiRb&Ss fiffigured as a

deposi tion of the sen conduct or
horizontal, rectangular chamber and the apertures for introducing the reactants are located in

different portions of the chamber to avoid reaction until they meet at a predetermined location
adjacent and immediately above one or more substrates for deposition of the semiconductor

material thereon.

14. The system of claim 13 wherein the reaction chamber includes a floor, a
ceiling, a pair of sidewalls, an open inlet, an open outlet, and one reactant entry aperture

comprises a horizontal slot in the floor for introducing that reactant into the reaction chamber,

46



10

15

20

25

30

30 material thereon. 14. The systemof claim13
wherein the reaction chanber includes a floor, a
w@eioBloeuys3 a pair of sidewalls, an open inlet, BCI/URMAT/084845

outlet, and one reactant entry aperture conprises a

hori zontal slot in the floor for introducing that
with'tB@6§lbednfighicd dhBQih@REdnc@fo MABTRHAN the 4D cME AHA8/IREAABR the

PCT/ US2007/ 084845 with the slot configured and
predgicrraisil dnvation forireaction it anaicr kaeaint and to direct it

to the predetermned |location for reaction with

another .reactant . 15. .The system of cl.ai m 14 wher.ein ..
EhaS oo bE 3G RE Bl | BTt T e B BhmbuaiB 1 ggursor is in
gas flbWwsReRE6H AithARe Wbt {3 ihtedust Se Procurstrifd Weereh®fn zone through the
precursor into the reaction zone through the slot.
slot.16. The system of claim 15 which further conprises a
reactant introduction device that includes a nozzle

cont ai ni heat transfer materials therein erejn.the .

b TR 3 ot SRS oF i GEhE: Dattiere FreRRLEkPaigon deviee
that GRWIdeS a hOzA1E€ adntdiRRgMeRCHINSRE nfdkdrRls théreir WhérBintREIYGiEOR

into the reaction chanber. 17. The system of claim 16

operghedl e pysoeined gethetba eating g vice o bead gherrgesurios pgar fq ighntroduction
. [ ri d the heating device heats the gallium
Hﬁo?%?%%#b?fﬂ%ﬂ?%'at | east 700C to deconpose 15 gallium
chloride dimers or trinmers before the heated gaseous
galif7i umrhe kgddRoF BRing N6 &M rdiMehe gﬁmﬁg RSurhBpREtirsorli gallium
The system of claim 16 wherein the reaction chanber
trichiarrdetrard tholgating deviee heatyt the ghllismstuighloritic faost lerst 07§ to decompose

.one.or . nor.e substrates.upgn . whjich the ocrystal.lin
el Y QU SO0 T R GIOLF T ls st B P grice s the
reacByStigmmet cl aim 18 wherein the reaction chanber

further conprises an entry aperture for the other

reactant whi ch conprises an injection nozzle that '
di d8ct s Thheystrhef clamedt wduetein thetrpastion sbieneqriutleat comprises a

I‘Otatlélg astgé[%)gbéo? 8S{d§| Ctlhﬁg%el‘eg]i éggem %ﬁ%t%gurf)gﬁ&ylﬁ%ha% Irngo%ocrystalline
semRURGIciRaeria & to Healepysife@m of claim 11 wherein the
reacti on chanber is nade of quartz. 21. The system of

claim 1l wherein the reaction chanmber includes one or

nmod@. 30 Thabkysgerandclagn 4 8mhotamthd rbactian chamgbadurtieerwhimphises an
entr% %I?eo eéa oltr :Lil\b/eeolﬁq?rarlg%?%h gvthg%c(}/g L gsn 'ilerblonﬁ 68%15 Iel?%%ien fhat (fii?ercts the other
reactafiahapréteefhinkd G0 FAciENBMRRH thehlohSdry§talling S&Hie8nductor

or prevent deposition of the Goup Il precursor or

matqrisheporothe Byp poMQEs Bibsfateshe reaction chanmber wal | (s)
to provide a | onger operating tinme before maintenance

' SopEAUILE gyste‘lnz of claim 11 wherein the reaction chamber is made of quartz.

21. The system of claim 11 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
reduce or prevent deposition of the Group III precursor or reaction byproducts on the reaction

chamber wall(s) to provide a longer operating time before maintenance is required.
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