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WD 2008/ 064109 PCT/ US2007/ 084935 EQUI PMENT FOR H GH

VOLUME MANUFACTURE OF GROUP [11-V SEM CONDUCTOR

MATERI ALS FIELD OF THE | NVENTI ON 5 The present

invention relates to the field of sem conductor
WO g equi pment and met hods, and pr oY HES200%4§4935

particul ar, equipnment and net hods for the high vol une

manuf act ur i nl\g:pof Grou I1-V corrpound sem _conduct or
JE‘@{ UNE MANEEAST

waf er s FQHIPMENTHPR iC
and el ectrWMIQQWCmWat es for

epi t axi al deposition, and so forth. In preferred

enmbodi nents, the ' H@W@ fs are directed

to produ0|ng 10 i conduct or
wal by wrescanidvapen rdldtesdd Itkye ficts qfrscmmdugtogmomssmg piutiprnepe and

ety e pAOED B R ol Y g

mans@omtone@toy LS tempedsl. semik:Sn@th prafetd thatiate sudage fom

ticul d d band ich r .
SN A M S A,
and Qﬂfﬁﬁﬁnﬁfﬁrsfel(r@%rhbﬁtﬂlﬁﬁd the eglipmtnt ey ebbog 4 dikdogdanproducing

s), and certain eI ectronLc,. co
Grmt ’Fr%iﬁ's%{:plpgp umobwaf[e@ rSBEificE 1¥1F gﬁ (316% sallium nitride (GaN)
wafdrd ansi stors). The Goup IIl nitrides have been known
for decades to have particul arly advant ageous
sem conduct or roert| es. Hovvever thei r comrerci al
use has been & HOLAND ) ON0 the | ack

of G&ﬁg@h'w &f@hh&bdr.guﬁo&%%n@w&wqe@&crnaa&épmalténanss

apratlca I mposs| ty to grow b ul k single crystal
Groupdbstiridesas p@ﬁlcmlhﬁaha@c wids. dirqct pnd gimbewbishpekndsmpsitgylarly

usefill f@'z!’he s {1‘_1?% Qﬁgﬁeatgzﬁgﬁcugaﬁly%ggga?g%@m LﬁEE Etkﬁgiers) and
ceﬂa}ue@ccmmssctompmentst(mmmm hxghdmmemﬁse/hlgbwoafsr tednSISTN
e n e r ou%ﬁ? th‘%éﬁg‘% bgao ! laﬁo&ﬁlls éecgtc{%s fothagfe Pl rhcﬁarggadvantageous

resu
senud&ﬁlﬁﬂpﬂ@*blbdm Fandvearptheinedrintigiabise Gadbeat seistnsqilyenindered by

h d t t
the 155 B Ganny wrodahlon el s9an EoSRE 1S pad R iRy o zow
bulk BBk leeeystah Nbstibd ¢ twaGioap Si1-Ritgde RIDESIK @sihe e hditisHieHethods,

n |nvest|gte y are trenel
Suchaaﬁawkfl@i%kéa’e@ﬁﬂ ?rs%zarﬁ%dgamovi%@ﬁa‘ﬁf have been used for

. othel defr®DHiakors St bakifeon(dM GaRBNTHe Rhsolfor thi¥Rithe BSh binBRG energy

R50§§2006) 167.) The lack _of a native single crystal
of the (g Pfa%déf*’lg‘?hef&ﬁ‘—}hy‘i ip decprapeiions pl ngf meltiag pt aaN it mwh@m

pres%%nSI 3 eshgjre dééié’!aﬂa t&ﬁgmmﬁeg tz@@odcas)ﬁ@ E3GWh Exrés§u%rgﬁ:ﬁ§1?éd 0

desirabl e electrical and opti cal
achiqye opstied Gel. While (yerinshighi iir¢ssera bachmifizes hb@é:wem pwwestigated, they are

extre'n{éﬁgdu l(r:rkpth}{at%cp 9(—3 Rad %R a%i{ XMHII I] 1 Sg'i'ﬂs Aﬁx Denis er al,

I VI use In |ca VIC houg
Mat&tﬁngxtf?si()t(@o%bd)ﬁmbe sem conduct or gr ade GaN began at

uﬁ'?nei lac%%noftalﬁg \?eastrg%%g' gs.7t substrg ¢ \%ea }zmc ? (rg}ge; fﬁé@% ng&_ng
epitatial/@toap eld-nitiilelaf¢rs Svﬁth\lvas detfbm desaics fnd dysirdbdnglentadaliaed optical
propeGraﬁes A gmher d%fﬁculty 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

iwo breakthroughs were developed. The first was the use of low {emperature GaN and AIN
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WD 2008/ 064109 PCT/ US2007/ 084935 buffer |ayers which

|l ed to acceptable growh of Goup Ill-nitride | ayers

on sapphire. The second was the devel opnent of a

grocess to achi eve acceptabl e p-type conduct|V|%%

pIOFEsHIYF these technol ogi cal advances, th&CHEP ?Wugb

density in Goup Ill-nitride layers is stil

extremely high (1E9 - 1E11 cm -3 for dislocations)
buffalhlayetrhehlsh tegi (sfea@entéhle giowit §f GraumBtnifrederagr @gsapnpire. The

seoleE ek th% g&%ﬂ%&ss t@%@]ﬂé&eedcg %ﬁ; ];J &cﬁ‘ﬁiﬁ&ﬁ%}' In spite

ese a van es to commrerci al roduction
of thep4 teelinplogigel aeipartcafx theldefeict depsituih Cadipd fmiride Emsrs (swidl extremely

hlghgl %%é 1 b r o g e %Q? Qtlldns)zﬁﬂ% tl"?f-fdllzr H%Q Q%gllu&ﬁ%% Iﬁé{ﬁ ]gs ﬂngﬁ & in other

semtemBictoys. |Desp1terthesﬁ Ihtrmaflozgrmvwaehdmoe\; lerbtio-cnariexceal production of

subst r.at e S most, i del
Iﬂ_néﬁgg W%fuél, f dfoﬁgEl!t;)f ESF% it CEr %mu ¥ %angée AN Q&sThe Blue
Laﬂvﬂh&hESﬁatﬁﬂVEd@pB&&apt 10 thernal coefficient of

st al cture between t
T ERER B Bl ool b ith G AR Seie Sprate) Sapphirg s the
mos&wﬂb@’hxs&ﬁdﬁﬁsﬁaye @fiiodell 8¢ kiSicorSdaF &S Mffbrefded akind Gttt chiiant,
Ill-nitride filne or the substrate. Furthernore

thermalsgpificienip{ sxpangigp gncherytal sSEuFwE bGives the Jihi AT sEdeyer

and BRRGELL Y&Y (ANHich ASnshP OF ddrtiQl, WRdss ERNEAEIH\GF e I Slifde films
substrates can be produced in both conductlve and

or theisglpptryter Bwitkermgts, sapplive hap g very QighTeIsyER (Gics be made

&ﬁﬁﬂ? only available in smaller

Comgéﬁﬁ€?%¥%w%ﬁypl%ﬁPFy %Onn1 di aneter with 150mm and
208ithsuhsratis wanbg praticed &) botMpindugtiye ppd wighly reststive tprms, but is

muck %@@é}{g%ﬁ%{%@éﬁ%éﬁlﬁ% and @@%ﬁgle i maCfltep&iﬁ tersrgtygwally 50mm

sem co | con,
diangtea MhtakilS&nmtand Povem ag dsrhommltmm) rﬁ]mhs hacrogeast th sapgitieragd

natn{eﬁgg)%r nﬁgﬁ%ﬁ@o&l{lﬁ é}l(‘chl dﬁr rm% %Lgtfoe Ga%?:?l fre 4y avada%le at

low<dl @vdt asd ﬁpmlch ¢a&§¢r@iﬁb831€térh@15t}mghd1mﬁ&etcfef @pphicte H¥Einty for GaAs).

assqci th IL1l-nitride e r own. on

o Giie B PhmliEgngnty e Sl Prse T B B e bish
defedtldbdsif}iabdolRd baGEN -HirRd @5 el fgﬂ)vﬁl‘f onBEsk isGhatrades lchdsab eisdrt

because their_shorter ge en th pernmits

he
HiferFri g JRBITIAP 1155 SBHE G T PTG Bl FigToib At Bnortr
wavél§ngtk§}ﬁi’§ng§ Bt ltﬁ?ﬁer%fgﬁﬁe&@h @Sns ﬂ‘é‘iﬁbﬂﬂ@éﬂ@é@ﬂﬁfﬁ?&h@ds It is

densi will lead to higher %ht ness L

h
cxpegied thebeplhbteases Wil lopepdiaires denstticovil] ledindésherbehiees LEDs which
are r&i i ?och‘ eﬁ%tﬁﬁmc&h ?rlelny and FRHRceht %u'lESE t%a@? @rup M-nitride

terial ave S|ra e properties
matefrmle@aeeﬁtwlrabﬂﬁ prhpgsosedpr bkl ﬁm@m}c higb ppwersldsrpnic devices but
com&gmgaftfo ok 61%53 (%Q ;h s%?‘c?ccgr? rB%c?auQé)&f sﬁ?ﬁscfrlik I frffitations.
I A par gcatse of rate I ons. e hig
The bligh eeiizctaﬂemnyﬂqadh aaml:@r pcrfqmancepled fahabrhtya&um ¢lectronic devices.
The ]éoavnca)& S h{ﬁt%/ g}il RPP repnﬁ e %%L{%gsl I% r%ge\:rg witt 1§B Pow?r c{ewces where if
is vital tolbe Abigho pawes hee ‘ﬁbﬁﬁﬁe YIS E devite regisn. \/ﬂiaﬁdmalll@hdiﬁ:tﬁhh@ high
ﬁ?.% engqve heat fromthe act%i/?e grgv' (S8 r e i on. Eg
cost () SUpAfFe R mOL IR S BSRE R M5 eé?‘é“% PR whee
largeR QbviEOARER [ doinfphied 1o/ RAEL 6r LD Requat el o8l darde Mﬂeﬁ gubstrates.
mar ket , where Iar%ﬂ{ deV|ce sl.zes (conpared t

| adé#ge mrmieepbeihedi have bravayesigit © fubgeredie 3he defect density

in ep RSN 8Rles dh AALGE VO WIS e OTUNBMRAMS, thaMR L8RMmethods are
investigated to further reduce the defect density in
epitaxial Ill-nitrides on ngn-native substrates.
Unfortunately the successf net hods are



2 al so cunbersone and expensive and non-ideal even if
cost is not an object. One commobn approach is to use
a formof epitaxial lateral overgrowmh (ELO. In this
technique the substrate is partially masked and the
I1l-nitride layer is coerced to grow |aterally over
the mask. The epitaxial filmover the nask, has,

alsg CHIPEISOTPR AR & %egppéf# S8 1k Gpst 1s PRLARARDISC. { Qe common

apgphdhaisitalusé blfofnm Bf thiexod éneraegicomewet (HIIOhals thiseedmime the

s R T P AR B B0 R P PR B e
magker Ehe apijfaacérftiml ateerthé paskviss g gwatly egiuwnd dm@:tatloﬁr oiensny

HJ“L&J%LE?{% Chﬁ%&ﬁ%lﬁ’lh% l% o?ef? ?%ﬁdrg @tl??ﬁﬂh@égﬁmfﬁg atlon den51ty
as acfv@m’ %mgn%@ecbﬁ@stratﬁe In addidemifithep defeets gre %ﬁ@raﬁd where

adj%&lt eRdalB QEHGEN P GRTRRAIDYS NEMUSrediiddsthe disReativnt deénsity, one
o

cal PEROT A FUELPBh dORGFEF P EuTip Eh% EERGFUF A0 time
co@pﬁﬁ@p&@c&s@ ghalt @ the ené qudun@ debebdmogmsotsi axbstrse, twmth some
e%s{ oW 1%4%03E1h| 8kns{t agmd’ Sonte aréag%mtﬂ ﬂlgl{]hltsltobag%n%#nsqut

ecause I ons are no
par ah¢ eiostvaut:fhesetfhleapyrmh ko drite ercreilemng dedeqy rdenﬁiws is to grow very

thiflf B?&? dBthe 30 'H?trﬁf: nfahz%aﬂ' ﬁéc@ﬁﬁtth@ﬂﬁlogﬁﬁhs 3ot oriented perfectly
ann | at e each her. For this to be effective one

parglle paith §e grasvih rigyféwgs BrEpwih RIPessrs. spme ghhe dislorgignn meet and
anmiRigat@ EMANIIRGE Fot Hif iSbAPPEDRE Bt Seddbad fdﬂ&elab'&)teih ths order of

o PR e il e AP i S LR oo

thetsabdtratec dfheplificuity al findimchgewsh theessry agassociated equipment that

carl 2 a%h&?[ﬁvs%iﬂevw@é ﬁ;er'\ﬁ%ktﬂ Q@' %@% Pﬁaxp %ﬂglaciues have

| ess t t o about _
groa\ﬁbl rateruen B erdesof éqsawanelv@rﬁbOﬂb? umélrwdr afd tiye apE too slow, even

for: |ehn 'oﬂ es pdios ?déﬁﬁ Qesagl@é{ﬁsed\’\ﬁﬁ(ﬁfg ﬁfﬁﬁﬁ' feGuife V&l thOens of
ens

m cr 0 rowt h tech u
migrang Oﬁ ggo“ghrcc P‘EHYI %ro‘érgq Fe@b@au% ﬂ@ﬁ*ag rs'd%?f?ﬁflg’t @@qu@s high
grofwylel Fatebds ipdeiole vpﬁstaqma@mpitaggy(ﬂwma In sumary, the

8" (r) dlsyufnfrﬁ%r?; cuggrrﬁ f Igl?e Igljé %? g%dﬂgnm%és%cgg bogup I
nitnydgr mpatehil giktol wy ENEE Hq:mdwﬁ veihyghich dayerst Hvemer tbc g@@@ﬁ HVPE
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proames rElBNeE @5 rcehahigﬁedméhbowrwn iigh  QHadl thtnevigkvative

nitride |ea i NNQV, i cati ons,
applicgons, 4 &1 ig Felsin M ARl s SRR § oy oyat ens.
SUMVARY OF THE I NVENTI ON I n accordance with a first
aspect of the g ig]&%nlt' 7 NTS provi ded a
netal halide s ' ol une
pr oluascpisianest with rofitst aspeea bl theeprereol nventiqn, here is provided a

meBE BhIFRNGYE MO TS \@J]h?lhighV%I&iﬂe GRS REST @'fho%ﬁ&r?ﬁt@ﬁihe Group
hi gh volune source o Il precyrsor for use

up
DY Skgigoridasior IErah v igh épwarlseSh%ﬁxteraﬁlu hsyelpmg soprce of a
Grcﬁpqugarééum@ TRARE At oh®featisft, as ekl @ighrehthasdurceadtiG@up V

r roll
CO]’ItIpOIl nt o} Ube s gl?o%er?eac?am and a temperature controlled
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3 WO 2008/ 064109 PCT/ US2007/ 084935 reacti on chanber
that receives the Goup Il precursor and Goup V
conmponent for reaction to formthe nonocrystalline
Goup I11-V sem conductor material. In this s,)ésten&

WO WA vol ume source of Group |11 precur 86F/US2007/084935
advant ageously conprises a container for holding the
precursor, a heati ngirarrangerrent for heating the 5

reachpeh#rbe thaierctyeh e Arpug I TeraEsOF 16\ (PreeD ¥ [sempensaifos raction to

forn?ihe o ﬁi!n@%&ﬁ’ﬁh[@ bdrGborkiQétod Mitk2@uUCi ng a desired
anobunt of gaseous precursor for reaction with the

G buhiswysenpbnkish volume seren af keorroiilauespsionidvapfageously
. . P . g
compfi § BOHIMC P RARE 2 prpetisety PAAMY el iR R AL OAE o
precarsdr @digeheadting agenblow of thh atecinxry aduoess flhe costraticefor gas
.. 1nto the container in a man I, facilit S
intrdJ e o BXod BRORE B Lock s BroMRRO AU ED BT b FRomponen
to feamohdreoncerhatinaBahicoddnetosystesah Prefdchidy, tiomptairees ogeratively

ot at abl t.f hql di . trat .
TP S ET ErOET
the doSitalr@r B mA@pOshitie thoilitia biRtineatthd iR fRReTRIRS precursor.

includes entry apertures for introducing . the :
" e Ao idEneTiA e PakEpBHT ENARISET & TP ERpITDfoF befding

one BB kubsNit Pupoln Ve SIS b Ad BstaBnM sSHRBRToR R Btcrial is to be
configured, dinmensioned and positioned with respect

depastied; Al the erestiamtchamberynciisler eiyepouses fae intfodygiag the reactants info
the eQEBREADBerl D 2238 ARRASNhArORIsO thd Jh%%t%&%ﬁ& {%’;ﬁk bieEnfigured,

~ sem conductor material upon the substrate B _
dim¢psiepesy ap Ipypsitiersd witigewrd e bhagrblent angy apifuregie Bdiligpde fgrmation

and @%%Eiﬁ&’ﬂ“&ﬁ ¢ m So%?fs%%:le%mﬁ%ﬁ%? maéflﬁ %Bz‘?gn%@&ﬁsﬁr%@?
rIrntroducing the reactants are l'ocated in
di PleGareiyt, thporddtion shapfbet heonfigumdes a hoozoatebirettangalet $hember
ntil they .reet at .a predeterm ned |.gcatiaon, .adjacen
ond RS P B Pt FRE B LS P B R s
to avo@bretdtion uaiialyeneet aicd jrekesen@inkld bostjonadzeddt anDimraedpadly above

of ' Sj s, an 20 en i.nlet, d an .open outle
the s el Rined thg iraehon SR Bet Buides 300, NP RE G rpk b Efsyatts an
oped iRlet, AR 41 (eré]ﬁ ﬁ%ﬁﬁlodemémﬂi@h a Er@lgpérﬁﬁd mlfiﬁk%:zt mzod ﬂztgltsﬁ)thh@e floor
reaction chanber, with the slot confiqgure n
for gfradurieg BadEaqient ife fsdercton fia %fa*&fttgﬂfte%ﬁﬁ aorff%uﬁfl%%t
dimdnbiohdd th DRroRh @A RGN G/ loQBREH P tHOiredck@Akl QRatMnt thr
anot her reactant. Preferably, the reaction chanber

reactipicvighangiepiepsiant o Breddals| thesrepasion ghagrhen hassitcrpily FRojd walls to

prevEl BPRirih 08 d0foshiBAGE Alisnd fHefesPN. 25 It is often
hel pful to heat a reactant prior to introducing it

P . ) ) 1 nt
i nktés afise helpfud td fomt civagiiys prior tPaptrodh¢ing 1 intpths evaci¢rechamber.
S g c
o GBI 4 DB GO B 5 R e
a nozcsfaningraterinafes mtesnleivroavhwhatin thdvisvide s aperatigely associated
witn QPELALINELY 235081 ALadh, ML RQ NCALIAY BOWSE. S BRber
K&  FESRTENT BT o "o T P57 Re'T GalctTon “Thts "te

In thiseatbdiarnc tharhey apdrinrd tht the etfibogtha®@n inay th@prestan ynjection nozzle

; erture for.the.other reactant may conpri se an )
with SRSt S R, s GinR e el B e oLy SEegre oL PPt ks streams into
the réadtidiicHamBertio BRES AR Feaclaht t0 eHeGireigictiRe® fociDn G0 PRACESLlY

as streans_into _the re@gi o& chanber to direct the

formspqrapnaegygiellinfmaiaial proths SEERESHN ned | ocation to
efficiently formthe nonocrystalline material on the
substrate(s).
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4 WD 2008/ 064109 PCT/ US2007/ 084935 Another feature
of the systemis the provision of a gate valve
associated with the inlet for introducing the purge
gas streans in a manner that directs the other
WO 28%0Eh® to the predeternined |ocation t oPCT/US2007/084935
efficiently formthe nonocrystalline material upon
the substrate(s). Wen the reaction chanber is nade
of Agothertfzatengt tlheya@%m & theprowsios ofaghte witvarpstogiated avith the inlet
Ly,
for iy Offg 3 oo Rl St ol PPl SRERUELAREIHERN b i
predeemiect focation Theffigiattly foah the mgocyshlEte bytetid @ppuihg eubgage(s).

t i.d det t t he O- {
4B B 2R R 2 ) DO AL B v s
typi@e pta RS, lb@teﬂ&&tvﬁdexé ﬂ:{é gdletrv@be Iajtilgrea(ttdﬁefo@ pfmefdurgevaseﬂa:rgt

ocatl on

to.th redet erm n for he . . .
com iR LYSES TS Ak ethe Dopeess e e fhe O-ring during
operitfl YBESatONByQan RS ercWk b plued)illy bSspadet bpstiedo Dyisain directing

enclosure 10 which. is operati velt})é(q associ at ed w th

the Qibrs TSFtapgP dhemasristonsined loreiinede fomg s FroperySAllms Rty o

t O7hd QU&Ion tcﬁ'ﬁnﬂe‘? MREHAL dHe@r Hord VA1 8RR LPAmMIBLIPST enclosure
wal | (s) to reduce or prevent deposition of the G oup

whigh|is opprasively gsrocieted raione enmprp rﬁl@é@r&l@ulé?ﬁ& Hen thegmelogpe to
lowdt ﬁ}%ﬁ@xﬁ berliRlel o S (LR BT QMohBE: Pl LG RancR ?E&Eﬁt@g%&siﬂaﬁ of the

ore nal ntenance 1 s require he reaction ¢
Growrelif mecsxcsor oicicandien Ayprodigts| cattheartion kamder walldUp pravisie a longer

exhau I
operh IR B PR e B R OV AR BRSSP0l o
outlert ead ¢ihamst bytand deratmovifig @mamsln easee achidony wiracbéGroupdild

heatin rangenment for heat.ing the o and
Proc e U BT Br DS IPe e g e ion chamber,
and PHEMEH hrr&@&ﬂ&ﬂf@tﬂeﬁﬂhgﬁﬁe et axihabiaikt c@a&a’stotahﬁn}&lrmurel n

IO PR RIS R PRe B PR ACo - BHARE

furti@r S RBh puds Brirbthd ifdhe Baaha fgaded FrothtBE ABdtoY chamber, a thermal
destructi n% t he exhaust gases to form Groul? 11 HS)XI g
ox1de

destmupricnhpggler Tor thermatp desipefina iR HibAY: B4ies g d

solidd a&S&ﬁlbbérfgr Radhidghse dé‘sﬁ’ﬁct&f‘éé@ééeiﬂdrhgilieh or @FcBbRink ke Group IT1
oxi de sol i ds for recyclin formati on of

oxidg @rehd{s famedyclgecmg formatipn ’é’@ﬁal Graunydlrapeasor.¢ general, the
syst<§1¥ %%Eﬁln;g? B RldIR 8'\1%‘ gm Br HREESIYeaS¥E ERID 18 precursor to

eat'i unr eact e precursor to recover
recovetrsts Grvauprﬂll dlgmat ‘éwwclﬁlgrand &ry@m}m@f agdhdorab Onapil B prasprsor.
i_onal
def e LR b LB ot 08l ARBRER B BRAyenion
will bm@arenwfmn ttenipp@edilialvirge awbfptivent dbtatem debwipappenideae are

draw hgs an ol | ow ng detai |l ed description and these
alsoﬁ?tgmtgf?%%}pwdﬂa 8% scope of the invention. BRIEF

DESCRI PTI ON OF THE DRAW NGS The present invention nay
BRIBF DERER TGOV OB MTHE mﬂmesefer ence to the

follow ng . 30 detailed descr.i refer
enbyATRSAL DPHEBEE PR St R Dt Paatr G eeveoving

detafHARRIBBoP! tBOBCId 8 eﬁﬁ&ﬁﬁbm tig ﬁéseﬁthﬁehﬁ&ﬁ fAfustedtivand
t he appended figures in which: Fig. 1 |IIustrates

exampigsnERaCHE] IyPodIonis i tk@fm‘fﬂﬂﬁ%orr %ﬂﬂéﬁ pRpdegiigares i grich:
N fl'é.sf 1RLERREELEHEAH FabhdoS@y ik Sftion;

Figs. 2A-C illustrates preferred GaCls sources;

Figs. 3A-C illustrates preferred reaction chambers;
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Figs. BA-Cillustrates preferred reacti on chanbers;

5 WD 2008/ 064109 PCT/ US2007/ 084935 Fig. 4

schematically preferred transfer/reacti on chanber

conmbi nations; Fig. 5 schematically illustrates
wor@se@iedd inl et manifold structures; and FPGI/UER007/084935

illustrates schematically an alternat|ve react ant gas

inl et arrangenent. The sane reference nunbers are

us &gt # schicalendailf yrefdned sramsfergtaction damberappbawiiong; on 5

drferent L gyt Ge. DETALL DESCRIETHONGE THE,

PRAFEG iventTon provi
e q lgp ot uktraadchetdnosly dnaltcinbtiie repetmt gus mﬂdzterrang&niahtg h

T TR KRR T —

dﬁﬁﬁ&wﬁ@ﬂept is capable of sustained production in that
over periods of weeks or nonths production does not

need to be shut dovvn for nal ntenance The equi pment
h ATE DESGR ON-OF ODIMENT'S

i S Capa :':‘:'- at
| eqqis 1@6%11%0‘.(1@55 e@mﬁﬂ&&lﬂn@frmﬂ\@&ﬁbﬁﬂlﬁﬁ ?x'&wlﬂ?raﬁzr A8 Ueadolume
every one four hours. The G oup V corrpoun

mﬂ-ﬂ@@ﬁﬁﬂ@l@ﬁl@f@%ﬁ Iy feempounst ssmisgudustor pterssugt highsrte ppgsble. The
equi @1 t1§&%}£&95‘?ﬁ55t$1%d gghufﬁag ﬁ%%ﬁﬁh&a&%@%%hﬁm&or

stra urther epitaxial deposition 15 and
prodmmoncbhserrot seadite bashue tlown Tormamitcaakncgp ghé equilinemsis chppble of high-

throtz%%%teércr) ??n i} ?ldat Qﬁ”ésfa Wtaﬁ:?% ¥ gh@?ﬁg&r@ﬁfﬁ.{ﬂ?& ?g)gﬁce%re@ery one
to fonahets , Tha rﬁﬂomﬂhV&nﬁpMaﬂmEoMtot wefefsoo lps)d@tedrm@mitaiﬁle for
e SCI 1

tl .
R Y PG s GG bY RO et A et Bl yposition
and o @thiend¢eidonittor nhdieritd hpplibstiodppr eci at ed that the

pref er ed enbodi nents can readi b a d
pr BOTEiEHE SRPERaNs Mseaypmen g B%Bw%i gre f»d%{:ﬁ%}@ directed to
prodﬁcﬂg GaRnUHEOHARR] 4ddi sdéh erhtdirbeikdUiré thie Gus aNeludh et subsequent
al um numfgal Liumindiumnitrides, and to grodum n
O

descyigosy I hisrfoqys SUf9T PTovitpeRfE phl thewldatfo by fakghpyfgaring the invention,

It wﬁ% %gwakmame Qﬂé?én@@ oPBHAHORE Bt red Sty e h@ipEd 36 producing
wafers o the I'll-V conpound Sem conductors

wafegy ef affer ﬁﬁrwptﬁlién@é%ﬁp e 2o pluppuE Tienindigm nitfge. gnd mixed
amn—lnmﬁ%g&m rm%bﬁgnm%wgﬁawﬁe&s of &&% iy gh&ﬁﬁlﬁ&sﬁd

part rrents C e realized
arsenodi fAgtarginglyuproduning ﬂmceadgcmmm%rsmr aafeys (é\ﬂaﬁf paibe HI-V

com ogmd %%%&fﬁh?tersdd? aée of %hs i&ﬁ‘mﬁ by, focus can

men S an Ures’ That are especial ly
i nplos trﬁmtzoh@aﬁé\pamqmla:rawpsmﬁiebtercdosmsi marticelaatmbodiments can

b R TR BB o 5 B o
Si. mwbp,mems caf bé b e eRVR A |aﬁmfelama§eimt gﬁesbetneﬂy hapoetam to GaN
anlcant le so tha |sc
cpitgs e PRI P G ORT G s gl eI Bh B8 Brstiriel
sﬂwtﬁrpt%cﬁ'ﬁb TobHakh Ye AQR%IRM! %Qﬂo?ﬂ&kéqmlﬁmhh of thistin@hti@XREBS e to
recoveri ng and. recycl of Ga that is. not

haveaﬁcwaﬁqayt Wopasletsedhabids ?@ahlﬁ ef eglbwme%wa%f%wr GHjos the

1nveﬁttb% PR GAEL ERVirn N THEY, BENURIRI he uiMdf Bxdehdlid €8by recovering and
dowti me needed. Al so, the 1nventive process and

recycling of Ga that is not actually deposited and is therefore exhausted from the reaction

chamber equipment; with limited downtime needed. Also, the inventive process and

apparatus include ar economical use of (Ga precursors.
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apparatus include an econonical use of Ga precursors.
6 WD 20081064109 PCT/ US2007/ 084935 The ‘i nvention °
i ncl udes the use of a known | ow thernmal nass
susceptor (substrate holder) and | anp heating with
We aWperi®ure control l ed reactor walls. The BSEUSINTEAFS
heating permts the heat energy to nainly be coupl ed
to the susceptor and not heat the reactor walls. The
| affhe hgattion nchylst brsenfeduopplay el mascnicepsbr Systratm
M.t Vel r o
holdltag \%/Rf I:%l hedtfH! Xxgéhat§u 81\'1\% coﬁtg%g:%?% glll]st ?Iﬁxe u?é"aslamﬂ- Eceatm
perninahd gt aryzgyemmxpmbma coup’leai 1) masnfscetpmmmt it head tlmlraawg:eswalls
ot up and ature.ra are t he
e Jirche B 906" Giniph LR Lttt ST bR B T chanes
to thetah@ys. The bwithelagt @@ﬁ/sﬁ@@ptﬁﬂoouﬁl&& with g i ﬁeatlﬁg hﬂ%ﬁpemut

reactor walls that are trolled to a s
Vﬂytf@%%rfpgfa&if%dtaag%?ﬂ?% i Gittodreg® E‘ﬁé%t%s arc in the range of
2-10F Rafekd/@BSndand pREGMENbn BRPARE bf AN degfteetslsecdﬁal |'s. The

| ack -of wall 10 deposition permts straightforward

us EnpIVENos inelpdagiisreiegrtHly thab pre GPHTRLd fost WEC1LE fegwperagto

mmi?rﬁ%des@%& bAdHRRe rBicA¥A iR JFRERIRPcitioh B8 theWART TRNack of wall
i ncl udes one or nore external sources for the Goup

depasition perpiy sE@ gtrward paeofipsip epnime@umghiratc, stress and other
| sfectly controlled by an el ectronic
per BT kel

controller. There is no practical limt on
t héhsinyentiof 1rt0h:éeeoue@r meke Gitayeg) seureesdotheerounlld nygciser(s).
SQUr c al.ne C [ 00
The fgw 30U R0 ALATLR il Recloliaby e Ay e
contrmdiar. fGleckasind prgetidakiimit on ﬂErsmetof ﬁwekt@mah@robpﬂ\li\ﬂﬂme Group IH

sourg i B B Pady o1 o0 sl t ¥ e O EBE et B ners
coull 88 eenitiidddregeties er pearhit eRBchimisktdicn comeintre mmlmatdowm,hem. For

Gd 3 is in uf ficientl Io vi cosit )
the JERQ AT SHy'sibe St ProruisRls GRCly T ¥SaFaé ot ofggrytions
and 8iBdoREER that Gitiet daB8ElBin mmdaérﬂyu&ﬁv@co%ﬂf §tht6] Bfine physical

evaporation 20 rate of GaCl3, and that GaCl3_assunes

meagsy B RUEMRE p E3TERR gay trengh aeddaly cay pipwds fsulficient evaporation

rate Bf G{@Y, af@thal GIMELRIMHELS IS sUIBBSRIYAbw L kBoshtp s’éﬁ%Qﬁa prefi@red

i nvention includes equi pnent for naintaining the
tempegptires eftrange ebhktard80tenper at ur e and pressure in the

| o

comTfiBeh bXnBLAl Eu ARt SR RTILe £0Gat A% Bhafly tamperature
and pmghugeah ibeded mgodashe si@m@hd equapont foy flohing secoptrolted afipiust of gas

oo SR PERBL N5 S5, A, RF B, L P P

sustaliekngh ntasﬁowsaif éﬁChr(mttherangmg@Z(}Ofto 4@0g/hapr A0S resndt oGaN
bst.rat es or

depogw,g? Fasz,sz mér%,r%e ?)EE(%O tPI4?H blﬁﬂi% %ﬂ% P%}dzani;%gr subs(%rates or any

numble lof wasler Syftsanatffit omtiteiasdeptct. STheakliteay RBLem Bom the GaCls

nmai nt ai ned th a specific tenperature profile to
cont e O ACP O TP HEN CHETS 1 B SRl e

GaCnl so includes an inlet manifold structure t hat keeps
the Goup Il and G oaoup V gases separate unti|l

deE‘é%qunBﬁ“ gefhimclfes a Hé,lst Ia%fﬂ(a%wr%%ﬁﬁa%psm&oup fit and

GroldONLRY Rlarate until the deposition zone and also provides a method for achieving

high gas phase homogeneity in the deposition zone, thus achieving a uniform flow of process

- gases into the reaction chamber and across the susceptor supporting the substrates. The

7
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hi gh gas phase honobgeneity in the deposition zone,

thus achieving a uniformflow of process gases into

the reaction chanber and across the susceptor

supporting the substrates. The 7 WD 2008/ 064109

weDIBBAN07/ 084935 process gas flow is desi BEEUSHH/Q§E3S

substantially uniformin both flow velocity

(therefore, non- turbulent) and chem cal conposition
proc(s:tstgas Béw isalesignadrip b@subsﬂahﬁﬂlymatfbrw in bbth fovwpredfcgy (thereiore, non-

this i.s reali.zed t
rorb e S P oDy orf GRS o gBR PV Hafl FEPRRMG
embgdisest, fjhh;ﬁﬁ refﬁﬁwﬁlbﬁ}i @rdtﬁﬂﬁg)&‘eﬁhrdig?phﬂmk}uhleopbm fforquamp &K and
wi dt h of the reactor, .and.to i e

Gmltpn%a%emh@wowﬂew F}Sé‘bbu&%%g%ﬂ?%” il fspcer and o
acmmlwfoﬁﬁlﬁu Ok WeSredlefbodleshgBdmanithid afd pdadotures are

in flows accordlngé rlnc:lglgéﬂof fluid
desigRrA 474 BEneamodr B B4 dIP26 0 iR 1 IBSID e RERHE dviegiista d

enefOvdRiof hits@ ficulés Latthod ﬁ%d@eﬁ%ﬂ@ tblelth@or b&th HeGr¥up II1 or
inlets to enhance the reaction efficiency of these

Grogy & énets toreghanch the rprctieteffigignoyertidesat %ffw-“wf% Hp & pisbered
L.y 4ibR0¢ QL ol form of th
ﬁmb!(?itlmr}rler @Bsr m o(% ﬂ@%dé %1)‘1 gﬁ% Eﬂﬁ“ﬁgﬁa@g’?&? GaZCl1 [ n(%rglo e
Groip@l praneoeGaGaGh. the moarmdraCl rie beothe grefrzd dinbreditnent, this
this would jnclude a nethod for deco 05| i on o{ t he
would elpdes rﬁ(?tg(gbﬁog gqcomp%s,m ﬁlbq EOIPOAIR ST ot example by themlal
de w@@ggﬂ&pggﬂmgﬁ or plasma. The invention also includes

equi pment’ for automated wafer handling, includin
f ulThs/inventipr Al insludessaaipment for wreaeed walpripailing, ncluding fully

autoﬁlg‘?@éa%eﬁ%—?(ﬁgirs]%&tg rlcﬁthﬁ’l %parla@ o ltRGKSes, R)Q@ 1de RN bL&Contact wafer

whi ch are [y conputer
handéern H of Waigh aredullneaenutes sontrabled e lewfa%@ld lto die @vigrifl growth
rogram The invention also includes tenperature
P8t rol of the reactor inlet and outlet fl anges and
t hEhexhatist alsy sickdvsandpeatspeonabllof titesicyn adet pneewist Banges

equl at,i ng val ve tha an_operate at
e {5 B8t O] SO PR B BP . Bhan R SR B op gporte
redutddl frid@se akt @als topipermantss T2thpprasnatanrrel ig ﬂss@hm@revents

reacti o s and .m ni zes de oSits
prempEiy G ENFE AT OT SOy HPBRGS BEos grarahy s s frpus Rction
byprB¥REs0 QU kjot feaMdﬁ@bproIﬁkﬁ id I@HHHT ThiltegrpOilatul @ tRIWnitiFLexhanst
exhaust downstream of the reactor is cm gl led to
dowpsinsira pf the Srigien s4pnEN ed fo N conpruation N Gh al so

| el il €5ti8n BIBS mRIHSE A Rufel %ht\é Qall®10r84lIE BepdSRQSI thSvalve
on the valve mterial an e side walls of the

materigkgmel dffe sédedvalls of b merstog ard 'iOe*@MC@ BisaesiHlaBeRrdderycpresidence
nmex@%% %thgﬁeaggope of the gases in the reactor.
I ona

aspects and details of the invention.
i néfiditienat speuisendofetails ofibe aproitontipeiudedhguss I@éﬁ BlseePEor Ghat can

holdgpﬁg & M@é %Ja%eréjéﬂHnQ EI%V»% dd a%@sfc%{‘lﬁr d%s fe%nt

revé’n attachment o teto
attachalnmt&tﬁ ﬁmepbmwduﬂlemgscblbtocchmglgmhwlhgmwﬁmmsme pr esent

ention.ls scover S
ot PR B R OHTAL ™ o KRy 8Y A PP R e e Gomponncs
have@Bedih aajudthemiyat | preﬁem&n gnd thatwivdneouptainpittech amptrlatu& esigned in
appar at us des&lg db
light of these properties, th& combination can be used to deposit thick layers of Group III-V

compound semiconductors, and in particular gallium nitride, with heretofore unachievable
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i ght of these properties, the conbination can be
used to deposit thick layers of Goup IIl-V conpound
sem conductors, and in particular galliumnitride,
w th heretofore unachi evable 8 WO 2008/ 064109
WEEPHERI97/ 084935 hi gh throughput, hi gh upP¢HESZAHPS493S
| ow cost in a manner characteristic of high vol une
manuf acturing. For this invention, "high vol une
highteraugheot, bigh mgtim¢ and lpwyIopstiina masiren ehascicrisiic Qhpig) ghme
_ hput, high precursor efficiency and high
nmn@%ﬁ?% ant utilization. Throughput neans the 5 nunber
of Favdhie irsAfiany "Higtatohgenmipaifgstuone’s ©e 8V M ie charastarized by high
effici.ency neans.that a l.arge.f Lon,. of ,
o rpl e AT T e Ry ML AP PR, SR Rgtpys reans e
numbB@f waferfiouniat @d be Atdckaed] Prédaesoeefficencyandaas thet atangb dmction

of varjables_ associated wi.th the terial roces
or 3 gt Sl e 12 SR Eer USRI F PR Tk Rgte P theroare
alar ﬂhhﬂifér %ﬁaﬁ%@&@%cidtcid xeilﬂﬁiﬁe ﬁiate(‘ijlg plocas algbdtﬂubmg% Hyes
our or a perioad ol a east ours, 0]
depogjtigh Figs| pngs FOREHEe SHEgrp iy Fleﬁlmﬁgﬂ"[’) a8 %a?h‘ﬁ% Fepag for a

pericdQf? adadd 2y hiSurs, 1O 1 RPOGE PP YRmchl peB hQFBsHa RE5d Sk Feadt QDO
a period of at |east one week, to_as nmuch as 300 t

hours, (49 2¢ isp T iclemenenes Rourferra Bsaigf of #lcagt gve Micgle 1oss mycn as 300
iz alped QS GR 1R ARSI A GBkal BRRE capaci
© 4@%&%&@(%&%% p}%&l}{ﬁ Rg% evgcgéejl and f é} roi ng)?egsed capacity
can rahd] from PKR i @ Ke gswicycsselnng dor inpeased YM, mudiiplq vegsels can be
Thi vi | ' .S
L L e L
obtainedinf séigbu renufd&uiEqui pnent utilization nmeans the ratio

of .t he ti .that the substrate.. ' t.
o oRpifacy PR3 plelS R0 Ehe b ek AL EERI e reactor
compreéd tbldiverdiste mefiod, Bechtds 2@ hosrs. s PerHVMpmostwé the ginprinshect

orod B B PRESTRND FP] S ah B0t PE P T BB QP lstve

rangéy fBr BRI thebilres ?frﬁ ﬁvafﬂ[&]!)lbl e _f_xf]dtdrb @ﬂlﬁoﬁﬁﬂﬁ@ﬁﬂ}d}lﬁmtpﬂfcgssingf
processi ng . technol ogy e equi t utjlization for

techngdso L berapoant vy &y HjM iog Ciepiliey Brger! Hen ‘%60“131” of

abouB PO 57D wheh8S Homi o Gkut bSsiBd ol chdxidl Aefdii@ibn 6duithdnt.cON

epi taxi al deposition equipnment. Reactor lilti lization
i sReaqier pakizenen withanered aUENH SIS WHoTGFrBwte! die pajeial on the

 substBt %rdcalmg%inttﬁgrsa&b‘xb ok Bl ehtHn@CEVPE td3kotsNthlsRBtue is on the

reactor. r conventional HYPE reactors, this value |
orde of 49rio d56, whitadier 2 BIVMieeagior Bhas (el disclased hergipipis value is on

gh as those disclosed herein, this value is

theo(%‘ﬁe%% etog]r%é"ér of 65 to 70% 25 Growth utilization is

t h@roowie niieadort iste dvarhembtimemchoreacton maimug thivatis e tnge

.the tinme during.which gromh is rL0g: Lk
curiigb g oy et PP Sy BB PRkl For
conveGHMEIH VPR adactbdéPhiy edetiossthe bRiesofike to 0eswinie foheH VM reactor

order aof 65 to 70% ilLe for a HYM.eactor. h. as
such B g @f%%%égalﬂhféﬁe‘f?‘ﬂ,e ivon 8¢ et oo Bacnie Dot Saos o
that.&%;’éiltcﬁn@daﬁns@?ﬁ]ﬁngﬁe%ss,i .e., cl OZS%S tg that of a

silicon manufacturjng process. . T resen

T ST AU G S TR I GG ETYBE technology
which BrveRthidIWRRh e RNPAREhg. This is done by replacing the current HVPE in-
situ source generation with an external source and replacing the current HVPE high thermal

mass hot wall reactor with a low thermal mass reactor with temperature controlied walls. The

9
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whi ch prevent high volunme manufacturing. This is done
by replacing the current HYPE in- situ source
generation with an external source and replacing the
current HYPE high thermal nass hot wall reactor with
W 2008/0¢4iMer mal nass reactor with tenperat ur BCT/US2007/084935
controlled walls. The 9 WO 20081064109
PCT1US20071 084935 use of an external source
use eff qnreicisaabsourdeslimdatts thy nsedblp sipp PEIEETWEI0 Clprgdihe precursnss,

greaﬁ% ﬁ%lwasciﬂé the eqLE{JJrrﬁt L)1) RGE. eﬁ%ﬁh@ﬁn&r& %?elqﬂééis @i?f ?ilt'] tlele precursor is

zatT on. ernore, the mass ux o
contpulled direedly by sn elearminiarhise dodicouitlley résyltiag irelmpraved pengrol of the

ss flow contral.l,er.. resulti (0.1
ot Bonees ) SRR D Lo R e R BB NP Phonecied
wallt pentidedings tie tieaatairciidr hedtmpped atoling botinturiog predtiband

wal | 1. d the ti ' for.heati .
i e AR BB ERF 0 LB S A RPBHATELR S
temadthre pybckBes dhicH e doephctanly paobletih thesubal HMPE ok sall

r ocesses

permts. the use o [ti- tenperature ,
syt L abiley Wﬂﬁ?ﬁ@ft Vela oPpeBEIRRICe® Fs PhE FeGRoygad slmost
compl¥RE itinat@lvall &Y€ NEHRRGHA v A1Mchakits BRhOMhcrbAes the time
wal I” tenperature reduces gas. phase reactions and
betwigpplggninge lsaging todiigh Epon WAEE S wal | deposits.

El irp ﬁ}@éemﬁv&ﬁioml Has BRI fad: 19 &Y mbRACKBAS &Singolfds can be
tinme 10 between cl eaning, |eading to high reactor
usedipsiah xtemplonurcd fs EivRIsdappsitionafilino pomproupd seicandutors and can

E ac ! ¥1 - ] ( : . used
ok R AL B o 0 QTR 50 D
sufficientbyohipld messfluz oo dehitve rsd madtapalngh gepovitiderates oo large areas. In

canj unction Wt h specific. deli . [ .1 ed
partEfI HRE PR bR T oalifie R o kAT E Pl
physicahineans, @g dubtdingtvaihre datriph cdaposght iond Gatlesan provaie geufficient

areas. | partic , when nelted, . GaCl3 is in
cvarisipy G g UFeRY ISP § STl oo il e
temlféhkhyﬁieﬁﬁla rifRR rasouég%lggxibu&m mop.y\mrhlean@fa F}ﬁé Bvengias is based on

t hr ou iquid. , can provide a sufficient o
the 4] 4P PAE o Rt et g e s S S gabout 400°C
is acBld@a Binsdf ThedRPidaY for@Wa VbrIBOGiey caathak@it@h either as (GaCly) or

tenperatures in a range about approximately 130C.

Ga(lgrt hermore this invention is based on the fact that

Gafil3ditioh 1d 8BS 18idied PBRZSILABcARISHBE ufdSs PRRSRecsor. These
t enper at ur es bel ow about "400C 20 is actually a diner.

comfipvadgdre mimslar tof@rnfrsibat wish Hirpdacinename o arafel ajgrns thepexample

. 0
monf b BFEARR 14963 Pl R oyt e
termpia EGurbswied afbhne sen alsobpepnds barke (iathdtalers ¥ aGH20 Gatsyersion

ith H ir anb o
of sk 6 baBrre AEL T o GBI 0 CRouP RS bty
of the iinidr dt@emBes wish Sbewsindeli@inatidhel tRStctneinghi Grat ba@ds bphded

B 8% B SR ECR RS AR A b

briddifg B.atbm. DIKE agthealmbédtdsghstifif@rl aBons(dbO8dsks, MR Xmctidihef the
stability of the diner decreases with increasing
MONQIRETHM; A FRT SN SFMRFE R VP HE APAESS-Ga- x bonds by 1-2
kcal /nmol per O substitution and increases by 6-8
kcal /mol with each O substitution for a bridging H
atom Thus as the nunber of substituted C atons
decreases, the fraction of the

10
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10 WD 2008/ 064109 PCT/ US2007/084935 H 6i "Te &4 r

A ~. 12C-x~uxss3ee n2s ,~H +r..ir I A~ 3 er GR.

c Estzc a u."tiveb 3Fb.S/ fti The growth of In- and
WRPMEPI4Ei ni ng conpounds can be achi eved usP@EEUS2007/084935

substantially simlar equipnent but with the

limtation that these sources are not as easily kept

inaliquid LStage. n 63 meltss at 583C. Wile the

present i nvefti be,s#“fm GaC13 may be nodified
5 to operate at ‘{* artt.es, above BEICEHHFE i s
practi cal | ff cul\,.An alternate approach

isto heatgit he InClB“to a tenperature below the
mel ting point but where the vapor pressure is

sufficient tg achieyt. a agcept abl e deposition rates.
Al C13 subl i rreS*at’);fgﬁt d. medst s at m19qg1and 2.5 atm

The present % rihed fof taACLd can be
nodi fied tqe@perate~at< hi ghetfhan at nospheric
pressure and 10 terrpe‘ratures above the nelti ng poi nt

| C13, d|t|o al | th te
et i S isava Mhopnt ok somhais 73 %éﬁﬁ%ﬁﬁeﬂ%&bﬂaﬁ@ﬂy

smu]@pb pricht B&%&Vtﬁe BmAstfohitedt efekd s)()uerth‘e YR basill @ lM@hqmd
al so work. AICl13 also forns a dipner. (Al C13

stateg H}@Clp ;nal‘gﬁ ) 5§$] 6 Vhikedhs pfef@qqgm@%{gnob HessEb eéltfor Pyt may %e modified

to ofcBAPR G RSres ﬁﬂ)% B@f"c Bishs HAARameq it Qfﬁihh! SAn altemate
invention is a | ow thermal nass reactor. 15

apprpdrdivigihestdbsinebde # GImnarature balps dieaneliieg Mtbiflb‘l"llleé%lthe vapor
r ired for heating
pres%'?lﬁédj ® %%o Cﬁ%ﬁg%x%ﬁl?‘g%g&?mbﬁ% el %%% mai nt enance. The
abalGit ylbtlmes apiﬂ&ﬂCyankiemlts ah@OEQ)md 2.3 . Silho prosent evahise.
[4a t he S e o L h
descﬁ?eéirgﬁ% a(éiﬁ can i&i/w% e tg?pﬁ%t%tr ag a%aog ‘?1% 3%@#&
tempaedilressaps tethe m'Ehmg@bmk of MCﬁgO Axdviriomally, tﬂ’telltmhtb approach described

ture r as phase reactiops _and. al nost
abor ST CE I o T i e PR BT e PN A A oATgoressre
will 260 wadkl AdepaBb E@'rrg eixhéry ALTION, @ade Siqhil @hdst ald aehewe phase at
cl eaning, leading to high reactor utilization. The
low fegiReEESmal nass is achi eved by using what is

t r ARbthdroRAl tompoakhi@d s iedndonal d iow Shesh@Mashtéhctbh) ThBilGy
invention the wall tenperature is controlled to a

therma) pass qeect?rewﬁbﬁealpeﬁa@re cprolled fralls greathpredygse foe dyneraqyired for
heati@h %&&%&&Q bB REh P BroRAEARSEAnbhnde. fn{e&@ﬁey tol Ehidl) BeA M4 cool

system only the“Substrate hol der and substrate are
the slstrptediso Phiatts thy e pampliniapecramr aRpcesirs Wikghsare petipipgtierdly

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
current hot wall systems are heated by being enclosed in a furnace. In the new system, only
the substrate holder and substrate are heated. There are many ways to achieve this including
lamp heating, induction heating or resistance heating. In one embodiment, the system consists
of a reactor chamber constructed from quartz and a substrate heater constructed of graphite.

The graphite 1s heated by lamps on the outside of the quartz reactor. The quartz reactor walls
11
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25 |l anp heating, induction heating or resistance
heating. In one enbodi nent, the systemconsists of a
react or chanber constructed fromquartz and a
substrate heater constructed of graphite. The
WQrMpPnidl® i s heated by | anps on the outsi dePeF/UPHR7/084935
guartz reactor. The quartz reactor walls 11 WO
2008/ 064109 PCT/ US2007/ 084935 can be controlled
can bs¢omgoliedwaing etvyriay ofretthodis In mastepss theaedigempraatiglcpntrol
t enperature contr ol t ' :
sysig FRSHE of b SRl BeppdY D FOS Pl e ier R 1P RS
locatidns, dombértei] ovith,a feaivhiknystemits idjest Eidted banding sylstating input to the
adj.ust either. cooling or heati Input..to the.
wal ORGP RO f Bt A0 o i EmefBs e
tempefat@B Q;Haﬁigol%ﬂb t&@f d&rﬁ&l‘xﬁﬁ blobvlk'?r onitd the bxttiioré Ek&trttfc&)r walls forf
contro y fans that bl.ow ajr onto the .exterior o
cooline Thexel GrrgEpTe st <o %‘Pﬁ\gﬁ& be cap PEP%% efrrpganre
contho¥eN@h be BRSHNEh&RY vhl theem st th adlicvalinptovePserfothince cither
tenperature controller can be programmed to vary the
duripgegrpwHear GrRE$H0¢chi eve i nproved perfor mance eit her

du Rkl o RV Bis O tHEBL I vRRA G BriptDh i WA BepReids cbodiments
the follow ng description is primarily on preferred

for repdveine galtiny nitfide fGaN)3yadRIsdi Wig by aPPTEERFeh hal the) aunupay) and
it i . ’ .
medBh BsGibdutbe ieal ABRESEY SIS {0k iiEn BAATERS pRAte
wafayefiaagef Gkilll{V ¢amponed snticanductdrs ercpritheude scopapethis igfention.
any of the L.11-V.commo ' s it hi
acofiiel pSaipont s PRREHES AR EADEI AL ALGEH Ll
throeghioirfoedidrity sniyiahbimithdthéntselpp Emahtianhe i nventi on.

Headi ngs. are used., t hroughout.for clarity.onl.
i OB PR BRRE IhreRr o bR xpBatrinRlal s water
that RreQdrofiesul o prenind peratibg Prefelradembmiinéracsiuhd ingentibn can be

&GN wafers that is. econamcal..t.o canstr. and
coongpaly Tl dispBRRITR A EROBR HERIFL BT e  SrASHErTSR st s
beeXRsigRGITBPMIGA dYmERRIL 2RMAKIO RE 116 () dtaxy. To practice this
~adapting/ nodi fying existing VPE equi prment that has
invepiashit et BrEtaOP VARAIAKS AL RASFEI AT [P 40T REOGR O
desiglihd £QToksBubtifRPil @poneh® BF S HERsHBh SquibhMe FonQBsatoh!

'S not necessary to undertake an expensive and tine
Instasdrmveiainedy hishdbreaghnyt Galo derositig eHEPTRI OF B dTieTqn; Gig be more

. _ ) i )
oG BRI AL RREAL PR TRl s
existiiept pracesmeeqiuphentrowh aghipmenty ddetieoriticssh pedifisd existing

rapi.dly and,econom call [ 8 maki ng
T

pr acesdingly, the fdiosidgatesqiptveis fiesdirprehto. theMdeoergliywpreferred

such nodi fied exjisti equi pnme wever,., the
reasHUBRE PSR EbITISY o HBCROV-CRO B PUIoE Errsiat oo
be redifedr feinn 8§ procds$ify f@ hbodksdrbed @sdxtdilpti Ry ks wWellkabdwn in the art.
directed to the generally preferre features. to bhe X
In diftseegt pehodiaepls ity pes Pﬁ@e &AteR P gﬁé?ﬁﬁg?eﬁrcaﬁswmp emented;
the iR¥RHHES nONlimFrQAb BB ditieak ifABmeliB g 8 tiddsh Ratufds OfbBivever, for
~ _processing are not described in details as they are
highgdpyelsqfshmaingd. higd-thgopghoul progcHipp maast or 6‘?%%? res are
advaiﬂ{r?%l&% %ﬂ% thg;!ﬂ ﬁémﬁé B8t Bls i@ SoddRoPRadIRSIES dnb @dllyCamnkesd

enented; the invention is not limted

to .
wafs hyotingrerth scriepast eanbing bage winrh elinsedatt loadine ead unlpatineand

precgs%{ng a wafer while the other one is cooling. The loadlocks eliminate undesirable
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30 higher |evels of sustained, high-throughout
production, nost or all of these features are
advant ageous and they include cassette to cassette
| oadi ng, load |ocks and fully automated wafer
WM Wit h separate cooling stage whi chPQI/PRARR/084933
fast | oading and unl oadi ng and processing a wafer
whil e the other one is cooling. The | oadl ocks
GXpoeiniewf thareacunthesipspbite tRinDze 0ORMWBIen 0Doxygen and water vapor
and great U§%u9:9 7&%@/@%&%%@%%@8% Wiin gf MBESer%%%%maEéa handlmg reduces
%i YE8 Mni'm zé T ntroduction o oxygen and
yleld/\mmdmfm brealgage ﬁgmaﬂwi lraadilmge)f rmfegse/hbmxl@ dabgye Bernoulhi

Wﬁﬂ$ ef O%(gtg %}ﬁeeﬁ[ﬁg wag/b gll& h g‘lé)fa ag e %H%l Iapt%ﬁlg?ramre as

highl80ed°Cngd 9dve W6 Qi)ﬁhndtﬁnesomé cases a Ber noul li wand
is used to handl e the wafers mhlcgﬁalloms hot_.lo dlrgg(i
] n

an@ens smBedgent of bapriced features o s GeHLon gt
the c%ﬁéé?t JrQRencFie PG sthn T8t willaRES @ ap ?M%ﬁﬂés@ o8ferd] B@bochments

erred featurés of this invention are first
can gﬁe@@

tiichieadapted tormeaicalsptcesnmerially ayeisble; ot oppEEySiupaRnt. [The
foﬂo‘wu!ltJ %GQS‘&OQF 18%6({11%%(1 e%f)fﬁ'ﬁ'c%‘f’a? &%ﬁ%ﬁbmﬁﬁ' JTeE Svention

utinely adapt articular, comercially
and aﬁnm prefbirel, fe@iresthiat laiagrseé qu pmmfﬁhe ERHBONEpteripyifgele-wafer

epltaﬁr} 2¥cac Itqé\?arih%lsé é;}onlﬁl: gl{%c%dlnﬁz PRodAR WZi uit@' &apar];nt however,

1'8°1n entrén 0 an
that fhieéfventieds hedimited o thlnsqiarucslabas&@keé emberemett. Ahaother example

i es . of I t
e L VR
cAyapparent, however, that the invention is not Ilnrted

to_this pa cular referred e
exBirfred € B%J“Flﬁ%ﬂ B ARTRIATHE amgg%t?rﬁﬁe % ihea*a%rsﬁeﬂd&?%’mdmmg
GaNRE SR WRAGHY 18 6deas wath rAMce(:Sait a ﬂrﬁﬁﬂar préfé&ed 15
Preferred enbodi nents of the equi pnent gg ﬁ h
cmbpdigcnin gis frpsiEseibet ngpera deiriy wiiREre e . Gensrally, the
eqm%ﬁérﬁ IoF ﬂ%ﬂ%ﬂﬂ&?ﬂ%@ﬁ%ﬂé@ ahll s1rz&f QJeRE Bigh Qolnhi@ mabufacturing of
articular preferre enbodi ments are then descri hed

epitaxfal ol davgestomisiesiralen ard #at BF eqppemy pl EmgEIction and operation.
Generally, the equipnment of this invention is
desi gned and s ﬁg Trir@(,rufacturing
of epltaX|aI %g 2&%@%ﬁbn s&%ﬂrrates and al so for

e cBaanyvenfencomstwithout limitziod, tbp@verttion m ge@CralhGHENERAL with

oG BRHENTS G T L NETL Lo SRS SO s oo

gasefl @8 GighiBPsubkiisktmsreh 0 €ing & rdadtidel dambler] andisebyystent S fdrveste
basi ¢ subsystens: subsystens 1 for providing process
abatgraents (or i quids); subsystenms 3 including a reaction

chahekq aiRRe by st &bl dfelcoMBRbfon ol FaBhRtpRAGRAL featises of
- noted above, HVYMis an attrjbute .of a conbi nati on of

the Wﬁ?@&%ﬂdﬁlﬁ@? geaeTis Batisalsseiped psein'sy st em i ncl udi ng
the generic features described herein: 1. EXTERNAL

PR S s SR Dr GacL3

The structure of the first subsystem, the process gas subsystem, especially the gallium
compound vapor source, is an important feature of the invention. Known GaN VPE processes
are now briefly described. GaN VPE epitaxy comprises synthesizing GaN directly on the
surface of a heated substrate from precursor gases containing nitrogen {(N) and gallium (Ga)
(and, optionally, one or more other Group III metal containing gases in order to form mixed
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30 The structure of the first subsystem the process

gas subsystem especially the gallium conmpound vapor

source, is an inportant feature of the invention.

Known GaN VPE processes are now briefly descri bed.
WANB/MPHEY epi t axy conpri ses synt hesi zi ng GaNe@i/PE8470g4935

on the surface of a heated substrate from precursor

gases containing nitrogen (N) and gallium (Gal (and,
nitridyp tahdosiohylly, omaeoranoraﬁman‘csttdnmovi@e spepificlelecimati@donductivity). The

o GBS B el Dy 56 N G e o o

galh@riﬁtdrglﬂﬁ:l doyhpo@ite ¢, trivethel- et pan(IEd) @rmmvﬂlﬁlegaﬁpﬂc{f[ﬂ\!l@) In the
el ectronic co i Vi c nt ai as, .1

st Gt Jotat rOTHbRGE HOE GR e Tt o e

secohc[ hobePiEdR1el5akdad)c Vaor Pressgl HpitafyhOor gani ¢ conpound,
., tri-ethyl-gallium (TEG or tri-methyl-gallium

(T cheyyeal prapertigsyad Gaphebilithenty pduehdemparatuep dpurg theg Gacl

vapc@ e FYREsibéBhisHe m\{ﬁ@%ctPoﬁl%éHir € Eij bad¥iMg AU ol atbbB& cBntaining
second as MOVPE ( Met al ‘ganl c Vapor_ Pressure:

liquigfiat &wc)ntrasméafélh Bifi stehle splhi y@mbileé\émfht@wn {hs phsnesiafy
o3 i BBl FHREL AR AR G bApb Al calR th AP0 g or o
TMpyndiES kmgold@le lomats. &?Mﬂiapn@mnmamsmguaﬂbf|aqmoaia®H3] pnd
t anbi ent
somEGM BT i TpRaf RuRad Wi MO0 B
c oﬁtmndztylmlapmmaemhatad Meap.echngoreng W icnspo tadeslseae e wiedhas the

about 100 nd TEG ar olat | ' .
N-coP RS YR Bl G Ba e A (AR Ry ven aigh
procésNiddneratiiek. MieEEGAAMAULE Qb lﬂlpﬁdpaﬁe& iNHRanr®er noainl ialdcert] in

1'1 ndar d c linders. Alternate sma-ai:t'va ed
gencgt 3’3’ F’“E:""o"i"l{l P RG Pt Grdtregen me °E]81 @r SRR eb{%y ?f&i Ay souree
to a Aifl€gentnE @NdcAbiicNE FREemMMikeaUy ddudél piSnaUatanicraink i this

unreactive with GaCl3 or GaCl . even at hi gh process

mode, dhgyuesserg ipte rogetor gevelvdedueslts can be prepared in a

'm@f]ﬁE WPE ?r&cgﬁe.sa MOCTD ak®GIENSTAE haRYbeBl f@)\dhdjiorlﬁ less
ener g a nltro en nol ecul e, for exanp

desitablg fmgu%almd b:@mv@@mq Mawfaﬁmr@g»é@rwpﬂg mfad@@wgﬁ aFlésaan
MO@*kﬁ% 1%&@@9&%@ fﬁ?‘!hle dvite UF@%%%& wmﬁﬂbeda&ge%me\slmen

he pr ssure in the reactor Is usual
deposigiduciss ratOaretlépe then@\%]oﬂx%d@p@b@s@@s achiguakip bz oy PEapepoesses.

For examElc %E *ﬂ%%@ﬁfo@‘%{{g canqivgﬁ bhfe%grfgc og ?(ﬁj il ?&chfhéug 0}' ﬁore while

Sistdined, uring o ou
MOGVD nitekeard @p&a@ lebd that 10 ﬂﬁowmnd G ¢ $E"Pd€ss ilasa@lssabﬂfo r

t he, . wth of . fi t
e B S BTk o AP s
ordet th@orﬂﬁ‘@ﬂSll Hyiredrtibatvits FEhitéabdes fhpd WPEamtmegsEE a supply of

i 5 1 ML B P SICI A 1 - REEYB PG HIE

mantfY lgmﬁﬁ@ﬁs than 10 pl hour. Second, GaCl HYPE is
| ess desirable because this proce requir hat.a . 6 -
supprsjorss cquipgsnECithe BEetiion ésel?ﬁmfﬂ%’ ilrfé e@é%@ﬂ&e ﬁ{VPaE for high
voluﬁ@ ﬁfm%ctbi%oz Q)ﬂfoqgfy, HQad 856‘2)1@@1@3 FRWOERDHOB. gV\ME]fbsmlon of

. has been found that maintai ning such a supply
buffag ﬂayelrslaq@th@ liga. Hawaver.osart Gefel: FYREi forshighe sdvme magyfpgiuring

reqmlf!aqI a4 Bf@&(ﬂ' §as,p%9h'{a &hfe%s i é?ﬁﬁdqéng Ao Q4L Bt can be maintained

manu t uring I
without mterrupnon (except for wafer ioadmm’unloadmg in the reaction chamber) for a

sufficient period. Preferab ly, an average sustained deposition rate is in the range of 100 to

14



10

I5

20

25

30

Therefore, equi pnment of the invention is primarily
directed to GaCl3 HYPE for high vol une
manufacturing. Optionally, it can also provide for
MOCVD for, e.g., deposition of 30 buffer |ayers and
wao hesrbedioe. However, use of GaC 3 HYPE for hPGRUSZGY7ERE3S
manuf acturing requires a source of GaCl3 vapor that
achieves a sufficient flow rate that can be
1000M@iMb@i f AN pat hdudwdb thatdpproximitelp ond exteefpt ofedratohaf enltiple

| gadi ng/ unl oading in the rea t| on _.chanber
Waf%ﬁfr?qu&PSermm% F‘-’raB&ﬂePfr‘@PzP denQFtion, wng eiéﬁ?st[ﬂﬁ?ﬁéﬁ layers.

Achﬁl%ﬁg Sichia fEl%ineB@Slﬂl(ﬁl rhi @edgﬂé}s&ﬁa@lﬁe sbOfe bRvikd a\ﬂﬁss flow of
2008/ 064109 PCT/ US2007/ 084935 1000 um hour of I}L
GaCharptistsbogorpprratmaglp P ok Pl epubiie Ve firduby Sthwm thick layer

of GQ@%&le@sfes Bt d p?hﬁﬂméﬁ’agrgg $of CEHIIE RCNGs é’ﬂ%ﬁﬁ(ﬁ‘/@@ﬂ bﬁlﬁ%ght)
or two hours .0 f t hi

osition tine or even
Furthegysselsa floaeds eopi m@gr@bl@rbe sapyanas fpresudiapend ﬁlﬂ‘%ﬂl Yodha

: prod&(gt%&ﬂ éﬂtg[?uﬁjth?%t reﬁlﬂged‘ct(? wcﬁa%%é?ge%&éjtﬁi: SufRSRe ffhiW 0 Et most one per

at “about approximately 250 or 300 g/ hour
weelf, ar 208 mrferblyout arleB06very twoite kour wpehs. Begfrdiggly it is preferred

that {h2 1R} Ire‘cfte SQPS%% z%_aam% Rl@(\ﬁl\golr 6{?%8? g(y E8$¥S§htglro$ atcg%sc%ﬁiﬁ?lg‘?&%e%s), and

1S V3Bt _
preferatilefot anlept 8i0e batﬂOyobu)O[rm 230 20 B¥dwvdfegs onbasaikf prohemt Such a
duration so that oduct ion interruptions required

sourgcs potdgayy iyt ‘é?’i}‘?r "the source are linmited to at nost
o n'Ehep@lﬁlpméﬁﬁif theOibveBioe plok ki abCl sane: thlt olva'a&he sqmﬂﬂgms in

to four weeks. Accordingly, rred tha
ondef @B RS Kok 458 AHAAHE Ao dePgynEpfFE g gues 18 been
hind¥ad ff the %@.f b)b&:ﬁﬁﬂ%?rﬁéal Eﬂtl@{l, & GULE Faikt, a@dnthick® conditions,
referably for at [east or 150, or 200, or 250

Gachs BB v a6 briERRLoY b DbmR ST o VSl R
deteﬁﬁﬁedktﬂﬁmﬁgrbu&nﬁat%'rﬁ)cEs B fnadHite SHYPrRABRL vbr ﬁt'i)@eferred mass

i nvention provides a GaCl3 source that overcones
flowpteh | Seaandi qaClgmglts atta@mg&ﬁ evad [jRRef aarythen el fgmpad y sxaporation

fromgﬂtghcgff{]ﬁ]t[% Z%o peve, Er\ﬂayﬁis@&%{xﬁét%ﬁﬂnéd hatid e(rgfo@ﬁmﬁ Pates are

een ast certain phy
madq:'quertp émtprmdmg p1&&BLE makd iﬁ@v ratﬁt Fartlisi dymicad pbitkical @esns fors
mcregf}%% faFFa (ff e%arP%Qa'_%)g & V%? ,P a(,jgltXt?G%g Bub%g{e‘]% %Sd gagtrhgg %0 glgg%%lgyse
evapGati@rassificimtly becanst (éaﬁiahcgndl méxdmuaﬂe rél@ﬂlvep,r oskots, ng
ferred

b S TE Bco T Gagort SRR Be Pl gy e

been®bapeddahil @Rcovkfedhdt BegihiiflitAbokt o EmatdBE0eT, and t:sPlaasﬂy at
al so been determ ned th oraé n rates.are

abor HRERUTAES 1FOC 401G o R VP stteggth o

visodsHy §iR8hs tol Y P1 R ofmfbyeil %h fRRN St HaObeeR Qbichekl@as Hik@vered that
rate of evaporation, agitation, hubbli

and
in thisfiesvqriviceo i Bieisorou PG mepaFs CaRePs el P%?C@ng raising the
GaCIS %I o?a!n@fﬂ by suPSSaHR R0 ‘9/\%& 3 thd Igweged Sads FOWTake be

tive VI Scous, t is needed is a form of
| i ﬁ«znocdi@ﬂﬂ& @4Cls srfuectif dis myem@m&m@%‘@ﬁwﬂ @friiguidi GaCls

o B R 1590l R0 ek s s

for ealpqnclog thvatgloyat 08 048 oBuchipbyscal @@nﬁmamhﬂﬁmaﬁfmhhﬁlqmd spray

t {
the hgmgeﬁovtr ﬁgr*{%grfﬁlas Wé)%chf O\?ei&\rf]ﬂd: lgluu?dt, ﬁébb‘l’é csafr? owtg%ggﬂ {h@ ﬁ1q€uﬁ,
ulﬂ’aﬁhﬁﬁﬂy gigpeagedhdiiqid \wed éd Iikhain parﬂa:utaltu ishels bwerdiscowarerbstinbty
bubbl g? étgllnim\% g%,lrbl n%e'iP gsiltlﬁtgl Cﬁ% Ale by gz?nbgegler%s known in the art
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GaCl3 evaporation rate sufficiently to provide the
preferred mass flow rates. Accordingly, the Gad 3
source of this invention maintains a reservoir of
liquid Gal 3 wth tenperature Tl controlled to about
W R9s/HMidat el y 130C and provi des physical nBEHESZE/8HES
enhanci ng the evaporation rate. Such physical neans
can include: agitate the liquid; spray the liquid;
mroﬁgkmﬂowawﬁswmqf@%e ofdpud Ga@y erg., (€Lt ehwutl! 30BULbEapable of
prov?aﬁﬁn geta}%d tn}lysso (gla?ratt aﬁ)g b'taﬁf'“ Fj}‘eﬁeer}éld }cc:)] ttlsgu({ﬂhe Ga(%lg
sourbéa]Savb mashdsmmrfm dirdaaih prdpotioh rtmtgeiamlhme intord@fte pabreve

, h i At ,
ven TPt el Jopar ottt e Gadto P ogaa e
lllustl‘blf—:@ ngjl @odr&)/&ﬁ BylibidSiEQ Slithys IBight @a cdnisigerably @a@tBthan the

t aboyt 130C, | f di
it Bt Hase TP B SLEPGROReTsperi Bf ettt hours o
250 §PBf HotlkfoR b bt FFfat leh® 168kakBs, tSS0GRr Al Borlarperie@sRs 1cast one

fotal surface area in roportlon tfo their volune in

weelprte)at highasgoRite 100 gnsr ?@F forerRsEpPRPLA &G usi ng

h eﬁio'ré'bgere!i @Q@f‘ ts§ur9é"$ hﬁ@o% Gﬁ;@%ﬂ%@%@ﬁ\fﬁé hnd di®dtion cannot rely
exar‘rpl e, rate source is

on Gl snmheé &l mmvmalal Oﬁ & agtpouleh atuch gn appT shepldibe yutficient for only
15 184§ %%ftistzcjg%ﬁ ptﬁou : tt18ﬁ TR ol , ?th Qﬁ:e%t (W%ﬁ éa@ie source

~aroun or a peri od east
of thixoiuvafiot B larQGGa@l paracio UFo 4cbrevathp érghéhroaghpat gqaéa% this

100 IS, haur.  for r o
v U oued Qg gRECY ke | ey il g ey §iRlrains
is mmbrm@el cahplivhtell Bagic tmdﬁmytdf Gallbyrie oaaemaddy @at@:aﬂntsphnrme

. t he p eferred dur at.i
moigAndte PRt SHetist B sosies b ST Frarr e popors
pnoﬂtﬁmwér@mu&uﬁh DRferifipuat thnvordudhine goalf 61 vatiemtenfrodin@ndsythe

15 to 4 m nut es of unlnterr pted d

inveryfpgy s Soufeop Grtshisro! At P! b AR of &8 ot gt sbout
35kb hjr%t leaw etut 9ol B HoqWaR afafped lif@PRGHhMed ToreQEInRYS of size

the hi gh-throughput goals of this invention,. the.
and Wmﬁbt 13 st of e ATRFIRaTY O RSN G (HeseUTCS INFHQSE BroXispify to the
reaci!léﬂT&htaﬁgcrg "RW@EEM@J SRR e G§Cl§@d%§ceq:9ﬁ Rold between about 50

conplica the tendency of Gal 3 to react readi

and SRR RGOS EnGbarE0 TTHa ke ch Bilbrareised frhre i
no r&?H}%p%? timft [PodthE: Qz?p tﬁ%g)f?ﬂfwé @wQ@ll dir&é"cﬁﬁer %ﬁttheq gt[cg & ﬁg

ture prio er production. Depending on
constrhetpnghgpuse. @uah@mofe mhpmu@nmfdﬁafémogld tielset up through a
ention udes _source
manl SR st EOm AR S, GRPAR Byl Bl T

emprsoabe b@ﬂsmemb@tﬁnosal hbilerBe kgetpmis bheramgupp eapldcemwtth a new
determ ned by requirenents of size and weight in

'ﬁﬂ1VP$® of the advantages of positioning the source in

cl Qﬁ@rﬂwf 3pfiof YhelGudi@urO of Sacihv ot haaiail )empleﬂmﬁe control of
re red enbodi nent, dig@ &d 3 sourc%hcan
1

the BT (SBGEY MSOOTHH NGO R g RET S BB o the aCT

suppﬁeﬁﬂ!é@ en Akt a3 Mdw Hondess, cdrltrotibrk,| anB ehelliRa bicE@4bly hatcase
here is no real upper limt to the capaclty

of the
grad@i]@fgmg bapdbe haem theaauich BP fobi agtrq:aggorbqhampgr iniet 33 in order to

prev&? Qéﬁcfcﬁﬁhbﬁjgﬁ 08288 Qapdrik \t.h@% ﬁles o thi RkE 1SRMHEES

coul d be Set” up th mani fold to )
tempseatyrks at §wi reastiph ghabrbheTeed Q‘Ptg?é s bieh st Hiey might Rarprge sealing
matepg%gén%r ﬂ%gw{eelntqﬁ) us-gﬁ % 1.%@ sw Wnes QM &%mgqulgt L Be th SQQI to the

e reactor Ts operating and replaced

with a new
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full source. A further aspect of the Gad 3 source of
this invention is careful tenperature control of the
supply lines between the source and the reaction
chanber. The tenperature of the GaCl3 supply |ines
wardsed¥8ci at ed mass fl ow sensors, control | BEFUSHEHE493S
the like preferably increase 30 gradually from T2 at
the exit fromthe source up to T3 at reaction chanber
quartzitkastioB Ghamben fatersket, Oﬂinesg end the didlefwamitiprsedfngthpgerials
or i.n.the I
rems%go%l eande Erlva ﬁl?lg gol%a utltnﬁe T eacgl %Jr%%% hl% 1conductor
mdunnsgenmﬂy Mmstomthsghd td&qmatdnﬁ)gﬂmteg rﬂ:tandhmmgé()"ﬁe é]hleng)re the

mat eri.al s ot her t er. |nth
invefraac e R R i B R Gl Ry e PR or
cool&%@l&llﬁﬁéﬂ?&cm &@S&@@ﬂ/’ OBy mg aﬁﬁEZy I:ir@f(i&hpe@itures) so that
C or gaskets rings, a t i ke, ]
the SBEY Gt FpPTSEER THE R CE R 00 ESFT A aiqns Ty supply fine from
the sB¥RO i@ IAPRIANA A1ABLE apMOxibAL TBB°C Qfﬂ"fﬁﬁ%iaﬁimd#ﬁﬁ thd
t he sem conductor industry general I%)bcan

reacty hamaidnlete Fpch iy H?%@blgraéa‘fté‘%’?@ﬁ’gﬁt bptto 1 gYE. (or other

temp-Epa%fr@ flar g ’saftﬂ@%elo'wrﬁ'{g ﬁ‘%h %ﬂeﬁ%&‘ fESarR€BBONG et Bieother sealing
enperat ure of 13 supply lines and the

matqqrgﬁ} i Frgpetier Balizg éhlq TRGOSBATE tqmm@*s:uraéonﬁr@b dpdengph of the supply line
betweGERE E&iréeyagggrgtgg Ergcﬁtlla';% A% ont RS E}H%:%hédl@ e shorta;%reff:rably less

t enperat ur the supply [ine tenperatures
than it eprsexifnatelyalt ft ekt aid fndthedesswasey thel @t ©hre 1s
ine fro e urce, which is preferably at
con&o@@&)%yy% rﬁsg&ecr?ﬁ S?f&%g% up to a maxi mum at the
r eAdiritlen aspha i ére Gaﬁ]i?eiqummlmf diis mseqnnefsqzr@dnsie;com of the GaCl3

s BEPSHTIE h sABHE A R 2 RSEEAES D

on tH-térhR@@urelof ic TRCIS @l présgurd Gvet’i‘alﬁee(ﬁaC&IB s:)d thd ot el garthat is

L G Y

any &fiBesk BAGHbOR, £Harshed ehﬂdcﬁtﬁer&h@@c@mﬁﬁ t}&h@dfsg flux by varying the
preferably | ess than about approximately 1 ft., or 2

flowiof & cigFierzzap by oqioliph s SAuEndYarailhiE SELROPFOLHR wasqrssuch as a

PiezGRR L@ He9e BY cdh Y RSSWHRoRYdlMond sk ol the abudl Wik ass
aspect of the GaCl3 source of this invention is

flux,srgedh sMS Bt seondofnta the regptopghamberf [nygddjtippothe prssure over the
GaCﬁ’zQ@@g Lan ﬂerboﬂtrﬁfég%k g é)rc%m?@ di pgystem p%gi dn meléﬁtlét P e

he source 1s epe e tenperature of
bubb@td‘i@ preskige pm@é ssepvgr a bk p@@f@regnldtc)t ot fwzf@ftroi of the

over %ge%asutr?h %tthe so}mc q 1%9r t(ﬂ)rn%glg& tktxe c%n%ﬁig%é‘essml 111‘3 r{]@x%tl%n with

can’in princi contr
the camyolie tetnnempaftaﬁbtmﬁ ancathp rtbﬁaeme@dtm Rt g@rﬁacﬂmtes an

i h
impey e RO PR R s P be i oneape e s

insulé@ipasdripbMansensors such as a 20 Piezocor, and the

I|ke 71 n be used.to provid ditional c ol of.
s Teglpicbfe togl ol vpp e e 393 SOFEegR m% Suppf ines,
and ﬁelseqmét mhAlEdd $ARWHQAE bhrPit GRATRET3 ark Bhisskh tdi@iht. Fétanetal
pressure over the Gad 3_source can_be controll ed d(%l
0y 18

compengpts advirkel-baspe plisTy sughsasdinstehion jog Ragiushot afantaireg

prefdnf3@. FHURP l:(ﬁfo&uoﬁh@q@zfn%@ 20 g Er?etaﬂ? OSthpRents ¥l R BroRd Q- thl%ugh a
back pressure regul ator, |l ows for control of the

protagtier COBoBgB tAsistantoogtieg. SHgh é@t@@h@a@fuca@pﬂse@é@n etrbige, bopma
mm&oﬂéréﬁ BibiaR fRmtb nttdEHAHD ge'f%d\@dmtbgmment the metal components
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25 the controlled tenperature of the bubbler and the
flowrate of the carrier gas facilitates an inproved
determination of precursor flowrate. Optionally, the
contai ner also includes an insulating outer portion.
W@ z008/864H¥si rabl e that the materials used i nPEHESRIYSH3S

source, in the GaCl3 supply lines, and in the inlet
mani fold structures in contact wwth GaCl3 are

can behtoate'd mathradgied siding layfar arendst aﬂl@@ho@rﬁp'iime hetyer, fog example

SE{E]? ?ﬁ%%%as e (l&@/ C? oy Ilﬂcga ﬁg F@aﬁfg,? r e Eetkr@%(}%t%m Qars been

demomratas tmowésmsﬂemd eoﬁmammadmcc @gqixzmeznthsmg amvmments. For
gqrgg}yi ded thro rotective corrp st ant
non B peon b ARt Tl R ek e SRS B

polyh@fsg)atepmférfddde boron car bi de, aI um numnitride and

preferred enbo he netal. co ents. 17
OB B 150 et BSBT] D08 o RGO LB BaP R fouss
of GhUBaShefdriet €Phdraly 8% adﬁﬁo acoaﬁmdﬁ@lyaﬁam heus agirbpr@ tmbodiment,

| ayer, for exanple ST LTEK&Sl and S LCOSTEEtFl %F)s
the ORISR detiggr Tty C%‘Vélp?daﬁil@-”ﬁ‘f‘ AT aEopd o et thofsirerbgnounts

for tRERPitedIRINBIAL. 8 sHoRi dH- ML Rodb G6RAZE AN b 9&{"[1@151:11:
resi st ance aga| nst oxi di zi ng enVl ronrrent s. For

embpdimentetha reagiinnrbaaherdor atbir spmpenepicaita rapRenfypigiabisiog can be so
r I are
consTTBUES b¥etuih Bl LR el 80 Pliyidl b 4R fucmRnd FRe: 2
mairgguneee. gapiamu@ apid sh &drth, sgeprred. elnrogtitrasmtherGaCl3 sfur@de] 3
Configzlﬁi{d%;l {iﬁr%gmgr?ed &t %wgite %?C (9 Cltl:i'eléi. Oll.ﬁ{g %% JEhE g? §%¥r01161 a{l:] an
unmdaaiupwé fnaﬂ;ﬁE‘S tccfamlajterﬂagih @mamﬁmm of the e?rromitﬂi -9 pradoct. Thus,
r e desi.r.ed a nount s he r

the siies AL 4 PO BB s AP ftARSt dopor otgrwise
d1sc@1t1ﬁaéd foEt¢h@fiisHiberf ?bmﬁ soRIrecutdoe reaction c hanber (b or

ot her canponent, of the present_s is ar. ¢ e,.

so i GRS RGPS %theréﬂé(rﬁf%‘ilﬁﬁn% rgbe {Yﬁ&s Ay tpt the Solid

prec@t@(ﬁrflﬁ b @ﬁgie r&ervbltadr Hylﬁr@ﬁdﬁh%ﬁﬁ RiplcGBRFREE thaBe AlITA0EE,
cl eanln% and S0 fort is required. In

togeiE{Q hEepTee ¢ AETTIGA e eHle Bndeastand Sk Fmatifoldig system, one
reseiehiTEASheUpeAti % ProNe 4R JbRusFSELRA wHITB B & Bdre bIMST reservoirs

precursor in_an _uninterrupt ed manner to facilitate

are byingenleishae With selfdarre e stefipoand thilshis rmainsgp gaigerrupted

syste-ﬁlﬂé‘[ﬁce ithis tng' Effg'é? %ﬁ% dﬁ)%raﬁ gfq egétmp RV cﬁﬁ)oﬁl%ﬁﬁ the GaCl3
anount's wi t hout "having t down or ot herw se

sourehi is elomteifared do hapinpe p¢telg|cs¢mmsljolﬁl thif éhessoluicel can deliver its

contg dfcd}] (ﬁgrﬁ?@oﬁlréﬂﬁan obeem Ch egﬁln?ﬂ fre%ll nli]s%{ng 8&1@18&5&'(1&% during

[ar I'és o recursor
whidhmheasos:tce i oot ﬁﬂ]sd:mmnnal otbgr wardsy ihdismgeaddes ngtl by itself
reservoirs. thfxég]ﬂre mani fol ded together. O course,

necessIRRRftPIIpugp P AR under stand that in a
namsﬁ Qlsded by b prafertideG203 sRB@IcdO tontAaGa0B inpehaketkervoir.

rOV|de the g ous precursor whi e nor e
Alsoo% PEForF S SFGR Sl g I pseragrsdhs- sin ST FE R negTe s
whicdRRRCHEFRdeNBS Bfd 8hC1338fbrichabe ddtivered GORItRSmARiple reservoirs in
uninterrupted systemsince it has no affect on the

sequeiise PRI RgFRlIgk Tp Fis frdereingrboth srbodapentrbeftopaRieged ore 2 single

sour&'afﬁ]p%efeﬁ@dj&ﬁﬁ)dhﬁeﬁé $1R daffpRlehedt (hiQ b ek Rk RaP s Afrb i for
conti nuously in that the source can deliver its
sources for Group III metal organic compounds so that MOCVD processes can be performed.

For example, MOCVD can be used to, e.g., deposit thin GaN or AIN buffer layers, thin
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contai ned Gall 3 without refilling, opening, cleaning,

repl eni shing or other procedure during 25 which the

source is not fully functional. In other words, the

source does not by itself necessitate interruption
WogMIMeposi ti on. Al so, as described, a pPelBPROEY84935

Gad 3 source can contain GaCl3 in a single reservoir.

Al so, a preferred source can include multiple
mtem@élete\l@rersslamrs ef mixgd n@®tal niridss.any shigihn §dditionad pepcess gases can

be“ﬁﬁbggéggg(g% Qh%§ﬂﬁ ?lérztrgig130Y?go:ncgg g:quence
or Thaerpgr Hipteehrsor in a ghecohiringwe gy motstGroapr athinme rixgmples of
o S LSRRy B RSO APt e

becatMeduhippovideanfiRi@onperpiaten 610 at tgmchl gest @mpGaoug. Winimonia

ot B 8 pBEFER S SRR o Mk MR BLEGER ST, G
readBy gvaﬂatﬂ@mmd&dﬁl%ﬁahb@rsme@d abdibdredr ghty €2 Src atfhlahlelaB
WD, 2008/ 064109 PCT/USZOO7/08%935 Inter %%E b
Cryopeliquids| 0 §1838e% FSPBGIBEHETS AT VWP Fges FIUXRgoIdBesy gisehcan be
routlﬁggj bdtRIMBd bPHRGERW GRAEERerS #NandiRe KIRU A ﬁl@rﬁ/atl&?é' Qfﬁbdcﬁﬂents the
known in the art. The group V precursor |s a as

eqm@@ﬁtt af thisrigveshien em alemEovGoapsovrcat efrther Stepdiled
such gases include NH3, AsH3 and PH3. For the gromﬁh
R %5 %k$¥k ypically used '5 because it can
prOV| e's crent incorporation of N at typica
gr Natthio aehiperiadrensed ccofomp ibarcacgrduiosystems Ne prederehny adaptations

N CXC TR IR L L -

in thisafiventisn i8ta@sas-18 pdsicr il o€the fases 1@ Be agxe deseabddafhesedsatures

ogeni ¢ I|qU|ds r a al so .in, contai ners
have hhy %%%m&eé be wefit e HMO Gal IysEgth B mgd! lollEhf o
enhah&MenReliskloceiticran.| REhdughL MRIBIddiydSoiitoo kd dfested nadigto
the like. In alternative enbodinents, the 10

cmbeeKRIF At 298Pt 5SS PRVRIRITL GFACIORTFISITEAG Op PYNATH&2p By Purpose built

to magw &@&) o 4 QthRE fGRRNP e linehidH ihEl8Ss both ZedeREAGT GR
Y Next, to achieve |ncreased econony, the

mOdlea%??@i*ﬁI]@L?ﬁ@ly@F@rﬁﬁd deserpreemdigpicgingdspregpipprat. 1o invention
also FRATES GL Akl QY ékﬁgﬁe reactor systens. Avail able

reactors prefer d for adaptation and use 15 in this
i nGentdlignprefeotdichection-chembays have ﬂlomqntabﬁm%érgﬂfe%ﬁmﬁ@sﬁre

oo BT SR O ML PN By o

dunemhlenmd |gfaateah¢rmmstahmdlenam’ma Kiceme ritagireh o d;bnmﬁﬂ reaeteinn
et 0 B v i BRRER L PbP Ryt B b RERF VIR Pl

GaNredgt.ors and reactor systens can be purpose built to
i nclude the to-be-described features. The invention
|ncludes bot h redesi n|n and 20 nodi fyi ng existing

3e OO HEF A AT SER R&AMEBEATALI ng new
eqgi-RNENL s e;[ﬁ%nfp{h\g%t tbﬁﬁeratﬁifcﬁa@tef REbHLERS nHi}Qva&”&§ bﬁdt tinfkpent
equi pnent . Generally, preferred reaction chanb

ramping, 4o VO TP RILEN afisF o Sepositign Eunfip B PElyCtAfe@nd §1walbiekef vafed ot
minififke p@ﬁ&éﬂo{@ﬁ%&‘&mﬁ Q{f&e clokdd %Eatﬁ@ u1 B %R0 hieBower thermal

COI’] I gur at sser vertriec
masses (i.e., ability to absorb heat quickly), and the lower the thermal masses the more
preferred. A preferred such reactor is heated with infrared (IR) heating lamps and has IR

transparent walls Fig. 1 illustrates reactor 25 made of quartz and heated by iower longitudinal
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di mensi ons and greater horizontal dinensions. Certain
features of horizontal reaction 25 chanbers are
inmportant in limting unproductive reactor tinme and
achieving HYM of quality @GN wafers. 3. Low THERVAL
WOREBBEUSCEPTOR AND LAVP HEATI NG Fi rst, ti nBCEPEA7/084935
ranpi ng-up tenperature after introducing new wafers
and time spent 30 ranpi ng-down tenperature after a
IR lalimqs @3iatd wpper wamsigsaIft lappofu dduavte isarefoesi thamber wall material,

smce i § ds SH%%%CH{ % a:asrr!ar%%dsuf c1e%ﬂﬁf(9 ¥e%fstﬁ§g gﬁfﬁt@ﬁﬁe vd? %ifag{ogys

ave ermal °  mass
(| e., ablllty to absorb heat qui ckly), and the | ower
o 4. ReLdsheLos TiRESRSURhEoNINoe oNTTERMBEREALLAARD Bl evgEsd

P o et e B M e oo
be hhﬁtw&t]flﬁhﬁ%ed Qﬁﬁh@r(}aaﬁd rodbas, pfecantsheaded, &y

| ower | ongitudi nal 2008/ 06410
byprpduria9ap 6evpsid smwém¢ Pel g wolls. e epmgeition orqadrapalign can be

mgnf‘f Baﬂt@'qﬂﬁtea Br a@t@ﬁﬁ%eﬁ@oiﬁn@tﬁ@ {cafptadirCHanbafambBl walls generally

eri al since i't is sufficientl IRtransparent
by c@,qlmg itheiretatah ynt@mediats) temparpture Al isswfifcicatle htgh jo prevent

o BEIO et B R ST AR RO
formaamandmlnpabh@nbertha \mlbr Poocursers usgdso GGk H)PSduetessze cendgnse at
bdo‘a & E%lg,sip ?ouédi g i 8 gmcn al %&rgaucg]hﬂh@l %89(16&% %h]g}%eﬁaubout 140°C;

ecursors
and OyP begimsctb §orﬁmddﬂepmmt teoip em@mtenmdmg about é@ﬂ °<§I Gmtﬂbsr walls

osition condens C
e PRIEE T GrPaBSTel 19 R o ary PRyePro0 i sl et bEAGpint o be
sufﬁ_hhﬁthﬁlilgmb%d_ fgni)ahSy G @fe&dlﬂs%‘r anbyyeodict mdédsetlmnt ﬁ:_ldar?wc,
.internedi ate te rature that i . hi 0
whichhag Resp Taugd @y romiaciets iovs o Wﬁéﬁﬁ@% fﬁ?ﬁ‘”@%ﬁl"bﬁ’&ﬂ’&%?mbﬂ
wallQUK pldhdfed itdmysettfltlire GArR0 tdrithd SWmbEr wailIS weTsD 143834°C.
formati on and deposition on the walls. Precursors

us Eemporetas @@quIYHEe%Ffé‘é%&%éeﬁ%ﬂb’éﬁ%‘éﬁ%ﬁm Barbrrbshuets.
Althgwgglhtlﬁ t&g%m‘e'hh Ehfhilel GlalR@dre Qé&%ﬁﬁg% theatddHA Ghme 8RR IRE

w about 140C, and GaN begins to form and

s&wdﬁom the hwgérﬁmea@tw eescentere & Adliusbaigt @ BElred cooling
arranggﬁg;ﬂ }- i S8R A5qL hﬁxq 8 atfﬁlggﬁ%a@ﬁéll El?rm]—c@’/t ?ﬂl@tcoolmg

IS pre éra etmeen 200C, |ch h een found
air isaBredt6d mwghaheaintmy& and g‘mertan.d gogrd the edendrpt thie pgagtion chamber
precursor a d

b
wall R RS B0 Py BREN boaBRgeRR Ul g PGy oo e
adjugedredrdmant [Fpr btample, Ga[\lltdelmad; mt 4 wamiabln spdedtﬁdmdpr fang|chrsbe

t t h [
e e L

ranges generally requires cooling chanber walls.

o Abheusbx] RsteAnsareérrechanber walls are
neverthel ess heated to sone degree by heat

t r WieEr iading 2p¢ BRipading gl alse ﬁlﬁfewraft‘wl‘ée sm%fgﬁ? ?ﬁl be goyjinely
hm%%b} HehdRIES: Rﬁleﬂtrs%ﬁe%arﬁ%glﬁﬁﬁiéﬂa% 2859, AROR RIHn th e art, this

reactio mber 25°71s housed in a full or
equipyaent il starh mebeds, adavdere el iendyunleadwaters fpmebg rection chamber,

and %Egrg%g eg}ﬁ?ss Er 0 lfﬁno?rig an%v gse%ﬁa‘? Had- @vgﬁr 2:3 eﬁénglr transfer
e ten”per atures c
wand:semﬁaobxt@ynaﬂ hcﬁldas et 1|by swsnmtmyn thadeasbor ¢hagbeii ﬁ)mlnéwafer
trans‘f"er,nche teaction chamber can be isolated from ambient exposure by intermediate wafer
transfer chambers. For example, controllable doors between the transfer chamber and the
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adj usted accordingly. For exanple, a nmulti-speed or a

vari abl e speed fan (or fans) can be 25 provided and

controlled by sensors sensitive to chanber wal l

t enper at ur es. 5. LOAD LOCK, CASSETTE TO CASSETTE
waafogns4ldadi ng and unl oading tine i s al so nBET/US2007/084935

productive. This tinme can be routinely limted by

automati c equi prent schematically illustrated at 39.
exteAsr dat pkomdvipading doidemnBeding tihi @n B0 sed thepresitr chambg tigrambient

equ@gi%%ghb%ﬁ%%%é Srreg?{étri%lgﬁn %rl clontrol%%g d\,é\)lglfs %etween {ﬂmtr'éII{IS er
charfiledp arid tBe Al @AGpéle ﬂenﬁeplhdmtenmd eemmffabdifs;yafﬁ's gn the

usi ng. transfer ., wands, bet vvee external hol ders an

susPRr. SUSLAPRER 415 BRI EERETG ? ERATSIF UGS PG R Bfistur or

othet AHdSIHRFe cdnbnih BRALCANIAEIUS g 1Gads Poier i0364ddnd Anlobdol wafers.
ami ent exposure_by interne iate wafer  transfer

It 5 pRriS fase pOPas BB raRsi pgPd Asre ddetueeIpTRIBA e fige by
allo&ﬁclg'ﬂﬂd‘ﬁﬁ ORITRR e SRRhdub 8audille VERtRRRR{M64109

P /1182%)07/ 084935 exteri or can permt | oading and

unl oadi ng and can then seal the transfer chanber for
* GQUiATPARATE ISISEEIN e. After flushing and preparation,

f uf’{rﬁgsrs ggsofg)t\xy %)nltr%p lﬁ% qﬁ@{ Elalﬁﬁ)ﬁd'\%e i tﬁehcﬁregﬁcﬁlrbcffaﬁﬁw 31 to outlet

reactor can open permt p acenent
mangold 3E,esrnma)|ﬁan1ff0mMpem’eng)mgh m@htysﬁi@t bptrar ThiStlioWw imcludes the

follotvﬁé ! e;%gﬁds qﬁ%@(}%{iﬁtﬁ%%&tﬁﬁ%&g%ﬁg ,gaos%st & Lg%ﬁ 2 cIOQttal%Enlgogras
e.g., mmgammM&o@ncboﬁﬁmug@s mg gﬁmgpxtefm @itdgralie reartibo altkmber
and unl o preferred

o aF R BT Sh S T B Sgeeon P eipomnse suoh

mixid§ BArOedGh i@ strdB1Bradtiondl el 0 ibignhanedxago b adiPinddEir S
W t hout causi ng contam nati on. 6. SEPARATE | NJECTI ON

molepplep it Béatesauith PP RG] dePPHERR i nl et manifol d 33
| nThheattl s86TakONn9f 1hd Ga0W aRd NHQ ﬂews h@g)refaﬁmﬁ@h@e@&) that the

is i nportant for dep03|t| ng high qualit
gas Iph p gnifPravgompetitiefes spiss and HIE GViFTke Syﬁf@p@r riégas beon found that the

HI/VCIQ ﬁﬁ)tuﬁr\} ﬁ{ dv%sthfe %ceto@ the @ﬁé@@ﬁéﬁ(&%%ﬁlgﬁoﬂeﬁ'ﬁﬁér 0T Wﬁrs) at any

| um cort ai ni ng gas,

pamnmlﬁrrtugﬂanel%mhb@yrimghagla@pmeu@fely Niagor tpare prsfeatiity bilessethan
apprs)ﬂﬁau{ kno%/é %p ?‘VO Iso %l{%rlg}"\gﬁﬁg SRR A eesﬁlmrﬁrt sﬁ%sé%ﬁglyy

m xe e reaction c
unifdreda tise oser@ﬂi pbBioms et ﬂng faxanf the akctpooru mte@dmgm @e GaCl; and

NGB BB il D A TRh o AL Mo o

the rekAGS tHamber. so Th I&porﬁzﬁrheﬁlg aepha Et&b@t{&l’mbﬂl)gasds heveGalch3 tusindent

o L1 BB PR L BUSEE 88 0 B s

diam@is 6B Qlseep kdr. has been found that the [1I/V ratio
shoul d var over. the face, of the susceptor

supipeibt te fiRarsapuidmothay e FeeireW#tionrgnes @ B“-&Hﬂﬁ e{ﬁngmako% low

flowREES, @hak |0Me BYmbR DS tﬂeﬁﬁ&e@ﬁ&’&hﬂ%ﬁﬂnﬂla@%ﬂ% di®Slously high
preferably by Iess than approximately 3% or 2% or |

concgptrafips oLocekeed reginnsradtgvo SH N, 87 y&n f grisisienajion, are best avoided.
S uﬁ%#&ﬂ‘@& bl%l(‘ésx ﬁas%vff QT ik Vet TR AN @551% dr r&f%&%h Qf‘t‘ﬁe Rfiet et

ace o e susceptor. According
mamlﬂm of/eheycort axisping faabiean chobdrd Aguess hee thh@tm b’mﬂﬁ mgalﬁé" refers

to th? Q}ul'&tﬁ& et gd&]ft‘&)?oc@ésl ahd @%legsasés%o \Qﬁréja%ﬁonoéhamber whether these

structures are unitary or whether they comprise two or more physically separate units.
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t he reaction chanber so that upon arriving at the

susceptor both gases have a non -turbulent 25 fl ow

that is uniformacross the width of the reaction

chanber and preferably at |east across the dianeter
wQLo0s/x@19usceptor. Finally, the flow shoul dPRBVSIERB4935

recircul ation zones or regions of anomal ously | ow

flow rates, where one or nore of the process gases

c ainietacnifold dtsens ehd fubrieatsie haovshyfolpying general features have
been @glh tglfagz a%d’e%rr]?f%rr?o]d;{r?ceésegdag {ﬂg)%% ggﬁwgfcr lf%"%@s@%&f)&ﬁ?ﬁlem@ r.[t 18
advaﬁfa@f:@rs ﬁ@dh@ga@ flesdntgasckticitcagioa (bhnmiweﬂrobyced ay afpmposed inlet

de n or .redesign .of _t. nl.et of .a new o
ol SRR o Sl By e
art. ‘ThOb@boskBBésidl o tHedbebs lteltaﬂvammﬁ@xreu @d athRse tbfhscd dimifbrmity

process. and carrier gases into a reaction chanber
Pnoméf?%élra}frﬁé%‘él structures are unitary or whether they

COPRE] i3 Bastpdh BlndRHvEntRENEL G ProceSaRabmbyEintdthd Sactidd chihber

2008/ 064109 PCTI US2007108493 Inl'et manifold
be digtsibutsd eerosirieme 485t enaleef thowidief tharhamen Sf FigmplnBpiipic sas
inlet é}%ﬁg !f.H &R ob ﬁl\ﬁf‘e RS- U%H %Jh%a@@ﬂﬂ AL R R BRI NELRES Bcross

However, or nost enbodi nents, it is
the ‘aldthalftﬂa?g?é@mberf Breattive Safesycl hOWTPasn 6r Avdseden chaekp introduced to
o B0, ORI RS PO BRIBERA o i
1ocamndaé:|om@xe svmfcd:pm @upmrkfa gae@ektrsp\mvus Aeptoiglon ingthe vicifile of the
mlctt%grtg éilig 8@/\; ntla %?1% g}a é f ¥t c{ertslt(t) i ptaé:cy evlagﬁlallgégy ‘%X%% heated
suschabr doiadt ikh@n arefriot Bdatedlaboﬁ&ﬁaphﬁﬁmtﬂp GIWS(HHQaIAﬁtame‘@bs the inlet

o2 B S5 TR M DG L SRS R R B

t hﬂeﬂhﬂ{ﬁb ®éon fh@id (et aaphiew pfﬂpbl&lb@ﬂ)redlg:ﬁﬁ by b pareitul@@ohfguration
one or_nore slots thro Whld({gw?as‘ an_enter can

of the Giaghcinfs NS TRELS P%&féerlgwrve &F pldae Al g SRRy e eas
flowS RAFRGNHe ol oG g'iﬂaﬁﬁ% R SxTHAO 18S vRidrHIRGRRcePlor IHdHiRGRMRvith the

can_be T ntroduced assist in directing the GaCl3

primgryGae and-¥Hg fews canhedaa@d@taﬁ@f thess dpwp (o IBCTEHE UBEETHRE @E
com% 00 velbQ& A bRRARRNG TR Sn 342 e BB onedik I F(ﬁ%&amﬁl@ in

revent spurlous deposition in the vicinity of

embpdiments pbeteshe GaCli andaiianevayee shefrectipn ehagbey fpm Mfeéftﬂt inlets,
it ha? Qée‘ﬁsfo (a a@gan %ﬁ?q? ouzlera (‘gg%ﬁ&v Elﬂ@n{%‘%ﬁ{og& reaction chamber

susceptor so ey ar eat e
somaepiit Opﬁﬁ'ﬂm ef §a@p0n8 DG, floAlstie condinethy prachss gases eboveshe intended

depdgﬁlgg é%rée aag essl:neg(gl;hﬁ 8}(16 alls of tlﬁ? E%@t@ip @&n %Rﬂ ehdé&oq\eé&%uon For

err vici
thesdf\ptﬁpckseg e 1§ miyﬁﬂagdnai togﬂﬁoddc@m/gmampa&ndmeﬁ qarmd podatetalty aear
|cular n uration f the, GaC inlets
the waﬂﬁﬁ?%vl@ St gpgrally Y QRPREHE 8%‘?1“1%?% s y
PUAGS, aBrred inwﬁlahﬂﬂﬂmﬂﬂe @t dPfiandt bgfugtatitng af Rest, one of the
exanp I'e from under t he sugceptor and m Xi n

RO A G R PO N OB B in £ B drthiofifec. For

exaxﬁﬂ?@ $Qeth k’&%r&c@ss‘ 436 LRSI WAES Bid b Yor Blore2fre&0RAShdiliakal flow
nd vel oci ty (gr event deposition on reactor

cont@«bﬁﬁwm be Prppe seangapendently 2dinh BuiflourRisachgeamy g preferred
embsd%k%ér AR t}!ﬁ% &{e%@n BLR6 AL D8rdaBE Ghith HhcFRABRB! cobfrible

( ets, has been found advantageous to
relatppedipivde a pur ge gas flow entering into the reaction

chanber
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somewhat upstream of GaCl3, and NH3 flows to confine
t he process gases above the intended deposition zone
and to shield the side walls of the reactor from
uni nt ended deposition. For 25 these purposes, it is
wapseRtgeous to i ntroduce a greater anount PEFUREITI8ERS
gas laterally near the chanber walls and a | esser
anmount centrally about the nmiddle of the chanber.
Al Emihepaseéces mf@@rtfnﬂr@:t inlramiahifdld 'glcpd@tﬁhmgaﬁm cegiirpla ibereby,
8ast
e gl s Sh ot Ror R 180 By RO SR Raln o
precﬁk}@@‘ls atd am@amde paeveht damape. terhearaturesenspive ,maltemiaét sg., gasket

for a pr Cess.. ide t re
or OB G O T o365 Bane e 0o FaeTRA pgdess
than mmg@gﬁe&&rm@&aﬂﬁe nd thy Gadi:uspply hiee, Wh&WlDﬁrei@%fy increased
stream enbod 3inlets

FromgA PRGBS, | U0 & E UL R G GoqaEHE Ry o 5l

chlofiRteEi9hhiaRbBno th@abadid, b8ohfds @k ePBatVidI LRS- B8 H@Rrials, available
PCT/llSZOO?lé%4935 Furt her aspects of a preferred

for uspringhe yrighmpwifald.jimpartiemarienssalmg the waninld fodhe dupHaFeagiPn

chmﬁ%k 6‘0% H!?dﬂaé‘t&{o%té RTRRS R4S e&%esg 3PaHa8: @9&&%&@ dsdpet h

vent the condensation of precursors, e.
Chlom@lt@tstaah@am prteehiuch sifeeRs otEngs @Wéﬁrtam&hétt%l@n%’ﬁwcﬁéf
& P ideflefhiurl fimit can b
wvaiff R e e a8l np S ARG it can be
rmgﬂenperature no | ess 5 t han the hi ghest tenperatures

| rerasteel. PCH GRS P il P B e

rang@ pPatoxt apptorinyatd b 063 to(ItBﬂ‘?fEbjE eidlet ylpplwaivlhaﬁlte:raise the temperature

chl.ori ne- reS|stan erla S h a asket
from i B B RGE BT et s Te nolod Pl £ BRRE
susc&ﬂ'ﬂ& :chﬁlfrﬁferﬂ&& Binh&ifents, an Pt hatoRirmdiades s@fletange tdmeors and
mani f o

d to the quartz reaction chanber in_t
changiglp G [RGRRSTRITE PO Bt K GXAT P BB 0%%3? 160+ can be
achi@RRBP XLk ¥ (h8RGmrd LofhlIRE IGM-DESIMF ANt OB EdinoRE fluids can

mat eri al s -such silicone o-rings usable to hjgher

be ujed Apretiy (pnepsTatyre rangeeaiTing it chamelsar el e LB QIONTHLY o the
temﬁé@ﬁﬁ’@ séndFife f)(ﬁﬁoﬂsryf &le 1%{‘[&1519{"&’(1 'é%p e G@Pﬁfe@f)&fs%nh kditihe O-

rai sed. Accordingly, inlet man
ringg. éimemezhmmem@n@mbﬁ chobe Te@ramFasisElydn Yigw Pé#hﬁnﬁai imedeling using

SO&&@@ ersﬁﬁ Qut; approxi mately 155 to 160C by eit her

yl eat to raise the tenperature 15 from
anﬁa@lﬂ tnomculaewmtmgn the avist erliged chefapor Phasmatetkaowm to exist

reac % hot erred
st T maror S e oret Prerous walh B e or e
TherGRBGMAEC aildhlatiohaaiebsratoa ﬂ)ytge.i'fpﬁléﬁakdﬁi@ spedttos@ipy hhwt c@sfirmed
For exanple, tenperatures of 155 to 160C can be

that ﬁéﬁﬂ‘&/@arewncﬂor/mﬁ the gasghaset erpyaoatd it dhecmer Belpads and at
o ] d f
o0 SRPEUAD i, B0, BN, Heptnes 1o

pra&f éneahhey nidlgvulens pjeoskcidiiroyglht omtthbic z@aqnenpem &¢ny pletemperatures
Sitiy tions.of nlet. mani fo d .1 he
st or g P R S PERe <L iy R e ph B8 bot
sus cé}ﬁéﬁlﬂ&ﬂ@ Bl te@pSralR HBAS BVOPD, r%p@ﬁcﬁ&—‘g &ﬁhé’ vilBithl B heQhs above

hermal nodel1ng using software ackaqes known in
the spﬁgptgm gr its Tesidence time the portion of the dimer that will be decomposed might be

too small to sustain a high growth rate on the wafer. The GaN deposition process proceeds

through the adsorption of GaCls and its further decompésition to GaCl, with x < 3 until all
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Gad 3 nol ecul es whether in the solid or liquid or
vapor phase are known to exist mainly in the G20 s
dimer form That formis actually very stable up to
800C, 25 Thernodynam c cal cul ati ons corroborated by
WQRes/8e Raman spectroscopy have confi r neBCT/UHA7/04¢4935
300C nore than 90% of the gas phase is conposed of
the dimer nolecule and at 700C nore than 99% of the
chlodicdtae bedmersmd*@ddﬂpbﬁsie@n iadorhet! oG Itripthengiore desged tg@perate
fromddag%{) oq}?er%grﬁl {% Cia%lﬂl A aé?gfteﬁ“gd éﬂoﬁﬂ%ﬁt & tﬁgﬁ@lﬁlﬂgﬁ introduces the
i njec ept t efper at ur es
d]m@]: Eﬁﬁi;ghtahmmﬁmbﬂpmk:r the osacof chidndedsimmeied wpditcany oﬁthp Sl@nftwor

.ont a t mnth t suscep .
reeiqr FS e b urel Fo 08 o B SRR L R i iRl gyl ross
sectibi CE@RGy i@ bﬂ)\ﬁ&led e ginse epiloin ¢ funhd t¢ éboipre ehet dimer to the
t he ort 0 rer_that. wi |l eco 0
mongfig (A Belerie b B SO %ﬁa@P RS shagae o
suchtahﬂaywae& e quiRLGa b DRPOS kdckioh a Rich CRS 81 IR ﬁdﬁ&dﬁﬁ In this
t hrough the adsorptlon of Gad 3 and

it
e TS 6 R » R A o o e egigigpower
adj ua QPR bgﬁé ﬁQ%RF’EéBlﬁéﬁg&%{]Q% 9 BPnpefdalrObf d1Rd @ﬁm@ﬁ%ferabiy
renmoved to obtain an adsorbed atomof Ga. It
700°Che hizher s desimedoto of)qadﬁlatsem ccttccblmﬂuettelamm alﬁd)lmses

oo e i B 5SSl MO RUTAR s

the réR864 San®bbajrRen stﬁdahlttafﬂ%d;uwéﬁﬁ)f e]ﬁﬁfe@biﬁth@reglﬂﬁ@e’tmeﬁr the
uart t ube connects to.the re

. region. This
infec BT GGl PEFHEP™ TR SihcoBlPafs T aBoEe  tomperature
abov§ %Qédcote preeBR Y rel SrrioN bBE dinfor! RGrétt@ddeimbobinear is o use a
he funnel to deconpose the diner to the nononer.

SiC pinfefoeWreeIdthe ibrwd] andrite weesstor Rhuchds heeicd hy theéﬁthmgé%m to
L ocat e ha d the quartz
maing 8 e AR T e T By MR 3081 | R, At on.
Inthis enbodi nent, the funnel region is filled with
. 7l BU@@ﬁQbh&ﬂbmﬁIrﬁwAahﬁs@&@PTdIe radi ati on power
ust ed to ing the IR ab orb 4 material to @
sReaBaTH tsee%ﬂa% oFrdee 5% & gBpHelie” yorecaly known in

the aﬁ' heszamPl, ftoeh SinfRise ERpMcoatcd &8 siliSod afaEd ﬁdiﬂicﬁn hidgde, or
guartz injector and ?asses t hrough the hot fu
I Qﬁj‘fgy rogqglan on

altenz@ﬁ@ly % WEapRraretylior pligye %é‘éﬁ‘fﬁiﬁ%@& PiefsT3DhEmAYH
a shad® Dudin g@aﬁdde?&m&nh QusbERG LR ANRTPL Earl BeShpdRBaEBAT000F0

the suscepto Préferably the region between the
1100F @l @dighen apéd prstmantainpebichesariziRdampicopRicd & ko t he
temp%tl‘f’lﬁﬁg Q&n% &f‘:ﬁ{@ Wo?aéfrgﬁa L?(%%Q% ?@ﬁ%gﬂ%%eggﬁh th@d @ﬁ’s‘é@pt&oﬁl@
suscq:]xtceﬁmumemg eufeodinpntidéssfot wjcgsen of PifeSRC Bfll%lﬂlﬂfcmt ipelem
and the susceptor

advailtﬁgeﬁ)él%lp?{:ﬁ&sell acn,Bém%lt or mmmﬁ eallmﬁ’yggjce? 21 n%oélr‘ﬂg? a{rj g'x% é:%%f)%rgéﬁee of the
heateAGQ&Geptlarr e fadjtadak yorqhmms 800Gy al¥a beSUSCERIER y\Nndirectly).

b NULTI-WAﬁER S chg gg us,ceénutglT and its nmounting
The QuSePPIRL Ct destoRHEgPY H%WF&EPF%% g %%nerally known in
20 the art. For exanple, it can conprise graphite

e SCoRLefp WMhlusgi | 1 con carbide or silicon nitride or
alternatively, a refractory netal or al

s uResstiRothapbesrdieiapamiold Houatides fioihe figt %m U&ﬂb%fﬁcte%ﬂow of

exhaﬁﬁ %gges fraﬁrth%ac%hl cg&f%é? 'tﬂrb% 1 thSSHERP TR 41 HP RN skl B 8tement
can be approxi nately

system 5 The exhaust system can also mclude a pump (42) and associated pressure control

sysiem (pressure control valve (44), pressure gauge (46) and associated control equipment o
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1100C (or higher) and are maintained by the quartz IR

| anps controlled by known tenperature control

circuitry. To avoid form ng a dead zone beneath the

susceptor, the 25 susceptor nounting preferabl
Whgy9edt8 for injection of purge gas. This PﬁT’Eé“?”&ﬁ‘ms

is al so advantageous because it can limt or

m ni m ze unwant ed deposition on the underside of the
pernfieepeeation @rtsre@pt:@premg)-oTheadiﬂafdéme@m*b@ﬁ@meé apdhpesspigpontrol

. J i | i ndi : :
cauiffy 8 (PO AL R BLLRSH ko M BAME BN 10 Hcopdensation of
reacarhsodugtse ExhBBt gaSes A AREDIEXGAIS TyiRedy toroprise tzersurer gases;

out l.et mani f ol 5 pravides.for the fr N
unerfhe B TR B or s 5P s Dk Bymlolfoed VB AR Grmarty i,
NH Ghanec, throughs debeibed hiss ttethparaisred dbosm dbdud appastimately 130°C

abat enent system 5. X system can al.,so .
are PG o B or e on i ache SIHE] e Ao eRg mperial
belo®ubbe ApfrBLiastul BI0CO Mt @le otabivBanifdi)and pXIRSS Y fery SiogR] be kept
(46) and associ ated control equi pnent to 24&. W . s th
abovs Hys feawarhes- Pea thessis Mg sl #5y nidlstenprRtighehsiing patgrials. the

outldt GAHEAE tRMREIHE Slould R eRiebd BloulBRickahAeipxb@ust | i nes
and pressure control equipnent (if used) are

adberranEply rardield temprartateUlods ExsrIb meigtaimed [ fp fange of
abou? SRHGARAEOR 5 of 1_6d'°€%9_ttén’-ﬁ:lﬂzlré3tﬁ‘3 oo meRsRAMSE (DRS8N

reaction products typica conprise the carrier

- inletguesifold teruperaterg coribl findodisg opjipsalshermalangicling). Mfgumum exhaust

ine {0 KRl s o Pl TR e s, prfenaty

in tht empeobuntelS S abhd&BCabout approxi mtely 130C are
required to prevent condensation of Gad 3. NHAC
cQpdenses into a powdery material bel ow about

. 9a3)g‘?%>’?iWAé;IE§>{ETZOC, and the outlet nanifold and
exaiisderiby 5dx€ Masib ebttdndaesubeBtemsah Oy fdmet Shatement system can
_tenmperature. On the other hand, to prevent .

assishig PR EN PRTIaiM & PYRGURRbEIPeIcE, dlrete sallipmeprmpounds

exha(B8d fOth thel 859864 afdhiRr. SNQMbE cABbdigxRQFtheaRRintion can exhaust 30
approxi mately 160C. 10 Accordi ngﬁ outl et manifold

kg, Wég‘béroaﬁwfédmgi@%}“@ﬁ eprpratel 1 arAdy dUHng #BORERNGe

susta@fed ﬂ%@%mﬁ@ RLXhLOREE) Yarkamerk Q}a]p@igté;, RYs dcBRRGEA kI FeBover this

contr means simlar to those used for_ inlet _
wasterginiahdredydieitpde Galhoresonmen tlereby adiaydigrrifeeiptehomaroximately 90

el ing). Maxi num exhaust |ine tenperature
fo 1@%@@%0%8%% by the maxi num al | owabl e tenperature

f oFigt hdssehtrssticplieflimstadsy préforredrenodimypst of walschatehss

to 160C, 15 9. VASTE MANAGE Ldering n
subsiifa & Cabmesitenor SBL)ar aya st i el PEAEY 2nPEilen,
comByrsiatuedablic aaginst. The @eonerbanstd Gperatiionchaimbetsd passes

i nvention by recovery of t al.l i um conpounds
throjgf psbredier § bl pre e e i do i R RS Shaust
prodgctgtg Eggi., etk réfge bg goout) 1/55?6 11607 (Cagreieh adksonv@end Qn&égl.;n @to
kg, or nore during (assum ng approxi mate b
bumngiawstdy. diy Prgeraiottdren e e§ﬁ?§l€f£ﬁﬁﬁ§§’y PRISGH 1\1%?0&}&%11{%11 |
temptgaahlé @ﬁﬁ%ﬁ{iﬂ;@n@hS Coliphraits, 68, PLAOG 88mbiistion. STIRGRIVIF GRtaust
streamothcgne;ag;gg ihrouglhs"cube 47 into countercurrent water scrubber unit 49 where it moves

in a countercurrent fashion with respect to water stream 51. The water stream removes
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waste Ga and recycle it into Gad 3 precursor, thereby

achieving effectively approximately 90 to 100% Ga

efficiency. Fig. 1 also schematically illustrates a

preferred enbodi nent of waste abatenent 25 subsystem
WG2008/04199r ovi des for galliumrecovery and tREV/URANW/BY3S

readily adapted from commercially avail able

products. The stream exhausted from reacti on chanber
subsRBtig s leratertshiublgghd pachenlat comprasntg from dpgreadizadreshaust stream.

0 Il.ed at T7.t on of exhaust
The % nb&)eg exhaust gas 18 then?%lﬁasgﬁ Er%rﬁe gss’ﬁél%tgz t 155 to 160C or

g r €at @&terﬁstrem mﬁnhcﬁmublesamd ph:dﬁeuiaﬂe miaterialspessey to ucpatateﬁ@f?

e burnper unit oxidi ust
P e e e e R G e
sepa@a@éhﬁﬂ 1 i the veted sahﬁ}b‘}ﬁ b&ﬁpdh@lﬁfbﬁﬁiﬁrlaﬁryhdls'ﬁhﬁe@Nqumd HCI.

exhaust_, str.e t hen passes throu tube 47 .into
SepqEelRCan PP RIcPEP™ SCPa NS SOgh e b Gring. Coi agation.
flocdulutidn GAH RS RGUIA §ille ErasdliRdht WF b ifveSRBCEn fodiR6ekg, or up to

stream 51. The water stream renoves 25 WO %§081064109

120l43e) TOEgS O PAOIGRIgE S Qu B g SESLAPTYR off qpeiRiien Thegriiispigtc gallium

omd@@g&u%g Lib CHR1R ARP IR QRGN Frahth QUBLIN ROV & A8 te 9N BAMES, 0 o,
tream The scrubbed exhaust gas is then rel eased

GaCLrhyﬁqnom clyynj eab tRcBFqUEFh scontrg € Barsrap P P alineg REckenidsp| e
4-PRRS 'n%uiﬁa e AL ok PASSERubleQoff ?Qr?é'n%ta%pa'é&d from the

ere particulFate conponents, primarity particulate
systgal | i um oxi des (e.g., &203),.are 5 separated 61 from
the water sol uble conponents, primarily dissol ved
NH4Cl and HCl. Se aratlon can own
Nechni SucsPEERRiBEoERrudh SRR SRR
CeNbxitl d&yﬁa&d 1@ A partichi@Csrefeatd @nbodaneht 8Hthe aivedtionAhas haxgdleen
enbodi m the i nvention can duce. .60k
generglly df%fglﬁ@i ahgie i Cmpgdpey 1} QLT DRI ACAIGT e e on of
an EFONION® ferRp airatd-Qifer Jexipatidid Woat ﬁszgad.xherwm InOXAgRsdingly
gall ates are collected _and the Ga is advantag ousl&w over,
WV

many e%féw &llowingrfeatyrse gre1seagificie guis prefyred pytiepianembpyimepo

thes&fé@tmeg e doPERRIL %u ©fher ﬁﬁﬁcui@r c%rbodr@@ﬁﬁ%ﬁh b2 orFAbdifiddibn
Trichloride, SYNLETT 2003, no. 2440 2441. The

and sdapletionsef]otitst avaslabip @wéwé reaetersaaé §1@ dvithinoiis s9eec okthe iuprtion

A
N d P e G GO GO ar DY S ar e L SbGa ey 102
whlcrhfcam hald B teeTHt keorf Gathianld zsn eiatin i efrre rAiqiigd ate seiiobed

Thi s, enhodi ne
tempgra 8f L& tg boqu%?roxrm%egp%ﬂﬁ%ifﬁj’ Co nri]nedtr %ﬂg@%%ﬁ;%l&@%&@ly
inesepﬂtreamnraboﬂnehdnsrwﬁwkomoﬁ&/h /ém&rqﬂe@massrﬁnw A el 0D ﬂ@lryactm

char%]%g%fgﬁ f lértarl?:%g];o? }IPrIgovm ”g Qﬁgg ‘H%Hf Bor %@}J hn%§ Lglée 1B8cBvoir

inchidedihtéf s masie faradnhhrciigtdviyghratioh € the Hn@ﬁi‘dl @iarn a preferred
odi nent.s _can be based on difi.cation

en nd
emboHR At e PN ISt P aRPRPT R @513%‘{“05 e lﬂeﬂgt&%n&?‘ée and
emb@ifemb tis8 cdoNBc18&0RA8MS forgﬁﬁsléam YEREOHE the Eh(gl§ hqlﬁ&\ -f6r spraying
il|ustrate aﬁgects of Ivery s

the Hapid) fpapigsaniss W&ﬁalrofr@%hqm%ﬁ%w forthy QB%( ‘enallyy ﬂfﬁ‘oﬂﬂ?@‘ﬁ’ kige (o
delivefy 1@%53111@111@&@1 AR aRink lan FineABnefbohtFitigdh@darrer gas and the

cont rol
Group III precursor and an enclosing coaxial line providing ap annular space inside the

enclosing line but outside the inner line. The annular space can contain a heating medium.
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tenperature of up to about approximately 130 to 150C,
and supply assenbly with supply Ilines, valves and
controls 105, which provide a controlled mass f|OMIOf
GaCl 3 to the reactor 25 chanber while limtin

WHeHeri®ng Gad 3 condensation within the |Pf 520W493°
reservoir includes internal nmeans for enhancing
evaporation of the liquid GaCl3. In a preferred
enbgd?Grdhstrattshasacipletyudengtmisab|deliveapiyaicat 98 meabinet 135

Y
IO A8 oAl R o BIRPCIE 7, oLy
lengthi of ltheoGa(ﬂqupplprlmyJ uagmeﬂ 136 id dlspioiiofedradiabent &stbpicgction

char{%ﬂ%%%%q}e 15 i .hﬁ@m( lg)F qa% | Veof’cgssf AL (t: r?l’tmf%%l gpﬁl’/’li%fcludes for

exarB@ phadonpol fanelr 3hand E@aﬁﬂ: poftivas 141i -nEJ darddifibmg ptdaess gases or
carrier |11, precursor and an

liquigs, spdis r@&’gﬁﬂﬁlﬁa 9 aémp‘i" Wiy an annul ar space
i NBigdeR iStrat@tegtd@phlyAsschuly 1081snde dehél. Vaves 107 and 109

line. The annul ar space can can heatin
contzn i o BB 85" PETROSSI0 77 8305 thigpig: o era bubblee i

the rhdehibRl SiiRS AR HBMAAPIAEYoi ALIb AN Aborek ddjabl &. They can
” systen1101 i n cabi net 1§% which is E)(c):)sletlon e Y

isolesaiihasivoir Hr owmvERsRdISo fr e debreda f%ﬁ%tfo‘%he BYBing &f the
systén‘?’%bovgale Ahiland Rt vjaﬁgs%mh@éon&hﬁr SRS Iﬁ?%l:ﬁdaﬂ L&

I net 1 5 is also positioned adjacent
condensaéion ¢ postiznbequr inghé pllg-théﬁémﬁgs hll lddeh vidye EHbp neaful in order

to p&glhe 0GESEolRT ?%P‘c&%n g gf%@uhafowi&%e {Rrofed

gas contro pane eparate portions
tempbﬂmxre oﬂt&é’ bﬁkﬂﬂeraddi iltei fbmaiatep:f tht;@&sm!g% gziigptes inipgeneds,

e P e oy P BB L SRy a g e Bivery

syst@etodiel purgdd i ot Qérreviet chifdr gmvﬁehmbt MIgnB&hhhﬂt thereby
conduct cagrler %ﬁs into reservoir 10 t hen .t hr ou

redugigg SXROPWF RhY B2 qOosiy R AVTQERER) 3¢ Songpihent éﬁ‘%

equi ﬁl&ﬂﬂﬁd’ﬂﬁlﬂr GHE bikembiyalantivet halexapor at efr tafoBing arﬁiﬁxfu.s
can 10 isolate the reserv0|r for maint

aspegof B RroNBIGRDLS W f Froipded SRESHU GGG i fratbieer

129 &YR4ifEInaReH fadt Bﬁ‘esﬁk'@ &k tRThAINERtaintd| MBS pRivideB®s a mass flow
cont ai ner system In partl CUl ar, since condensation

conteodlpr 39 de pioviflc s peesiseifiewaf sapipRas & 1he Sk Hesenengn 1Theggast to
pmvicfgg' B 5}&@9 'aﬁ%b‘éfﬁ’?dé&d thiks AOREE Gab iR b RBS EnARRASH also

ntro e cont al ner pressure 1 n conj unction with
inchidhepressmeredulasers 122mpll?4t Thesuwbitiive abgmblyemchidme thyesupply

lines l/f%ﬂ%sra%td ?Séolfeﬁelsceﬁglgéeg ﬁﬁpfeaa(fﬂdnhﬁlﬂth?%ﬂen' %%’ ﬁ(i:lal‘é ell

m na cur sor ow ra | ition o
formvtalen@ost b@claiohmmertt hTéhfz:fdwpinaméJl@éS ialse cynialg JENEIANT S4Pgors that

conB ABly s sBmPERar Bope i of L b s BB OB RS (oo
not debrofisel frbrh Qs cmple o ihe oo ol uarcthe nﬂaeﬂﬂe mftdci_;lon ahpmbm msggas

equi pnent i The .as |y al so Iud val ves
heatg 15 POVAg o RO 811 PAG G ST HEFEELD GrapRge of a
leasttiho@ugh the supply lines. It also includes pressure

controller and transducer 20 129 to maintain a
coRBtRlY.rEEET @PEier’ PREVEREPT Eo PR hrermicAggylown to no

mordfhQY 5 9&% ﬂe§b1@1&ﬁq§ plafddaWa c&r@iBt #2Qkd18Mind Ihd REHHRF DYArEE ¢ls filter
precise flow of carrier as to the GaCl3 cont ai ner.

is dopmasesmfithe emiescayPUdich EhSrerist e an HeloRtionplit sonfigured with
mass flow of GaCl 3 into the reaction chanber. It al so
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i ncl udes pressure regulators 125 and 127. The supply
. line assenbly, including the supply I|ines, valves,
and controllers, is enclosed in multiple al um num
heating bl ocks in clanshell 25 formto encl ose each
wWeepoMt¥t . The al umi num bl ocks al so cont ai RCT/US2007/84935
tenperature sensors that control supply line
conponent tenperatures so that the tenperature _
sinusaidal bersles.o.igtat 112 &g tprafisisng inprorsedibest expbange ydiee pragimate to
Qut of. the reservoir up to the inlet of the
1he?%§%§%gﬁmghanber. A gas heater is provided to heat
t hBigs.BlAedindgBdllbstratehiep Gadh & swulicoe] crproginaend bf the tactan
te rature of | east 110C... 30 Optionall a
cheryie P iy sRSign Ehagpoer Bavaui it M Rd (reg e F D b clongated
rectzﬁlgﬁlﬁl: (5374 sga@ué Mt of Redl widihlatd febﬁﬂlll@gk@_aﬁtrﬁilgmfejr ofhliﬁhﬂtz' ridees
is placed in a carrier gas inlet line, an urt he
203 gap epvorsel agrpis tag hapmbertgnlserd Siznrbieovds carprly “’E%@he
charfbé isfdpiated Theer ¢ RSuuhn IThe 2GcEeH thBRbaRS édd3kd M a shroud that directs
configured with 27 WD 2008/ 064109 PCT/ US2007/ 084935
cooling pidPida thifdhruchambergyalls spypegontrglied to p imnsraise gbsgntially

lowdr REh 889 60D §RL ot C TRRGBroRY %&ﬁﬁlﬁy REOX{uiBds8 148 arrdrfd@ment that
carrier gas heater. Figs. 3A and 3B illustrate top

can g epgacdots 1hispir dibee Rpeselrisapsaihstreastion ghambeia CYipiblg here are the
i ' | deSwine) i
longE 030 Blithe 5257 HERE YO TIRERGE 20GabHBbAn Rl disving) s
positiget st the rebasr. Sthe satcepter inhtaledby guesta lempsivbich agrigranged
. . lesser hgei A n er . of a . [ .
into b lrs DL o Mp LR 1o SO EHE i RIER FORRIPAR shrouds o
lowanatrhsis @Ridechbddd yhewbetion flembeh divb@ms bSthe pdstata@doldndensible.
vaguum, .The reacti.on. chanber .is_.enclosed in a.shroud.
Mt I A R R R e R R T e
chari¥k B! 618 BrnRenCon b @letheting ba2(3e Mheirat-t here are top quartz wall 303,

substantially  |ower than t of the su ptor. This
bottor, v @é@@? 404 gpeHiarast ?mlg el ﬁﬂ% ﬁa?%eiﬁgé??&%be tﬂ%é?ﬂd of
the rd&ti6RPhaRBe OB NEdiet ASnikdid bfuctufes) MRISRadt: Bae€ 309 §dais the outlet
expose the reaction chanber. Visible here are.th

end pighgreaction ghantEn s tha guish Bapibyd stretes. (iRE 3 AprHes for eniry of

proced&GRARL O artel BadeB O d Vb Birfd] ShdipRritatl Srofd@ W @it bfSexhaust gases.
positioned wthin the reactor. The susceptor is

The puseanea ihgenerghiy positicnapin swai-elicular epeninghiged that He psigace is
f S- . : I-.S; -
o B 1B Gl TP oL RS b AR IR s
to pihéadsigaseraliaoing five: the snddt nenifeld ambeeres Rohatitnse Sots ¢an¢ass across
inl mani fol d. ar i Si j Ll t
te bt ARG L BLClbE o oFhdhe Arerlcl G U cfor
Cyliptreblapueedtube a2t provideclhaabercpdO bupett sbaft o1t wingh fiersusceptor can

strengt heni ng ri.bs 203., I.Ilystrated her ret
ey AT RO SO Lt g1 AL DG 10308 G e volume
undef] HRIstgesbele prdkht BAT zordahérz pfdcan geses i ®eandatt hbn particular,
inlet end of the reaction.gha er to the inlet

buildmneiEids WPt Bradd SUsHRBOhIAIT £ | ange 309 seal s the

outhe&hiet ARG sthl@iréaretilOfocRashey thichgh h&h @btk B &Y and stit-like
mani fold structures. Port 315 provides for entry o

f
port 3. frasevissdpogasadirst dhpueh arargAees’? 3 i W5 oPERTHY Hatied
funnPIO25 widch ARHQY g&@&ofs?fea@ ¥hdsvEel 8 xhAMR sc 48 5@8ess gdd ow in the

susceptor 1s generally positioned in sem-circular

reacipethimberd s §wnelnpens ink thoppse o thaesaction champir Aavshai t h

nam£g§d%39m§%?QM?ﬁﬁﬁeﬁQ?if 317. Thereby a substantially
smoot h s ace i's presented
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to process gases entering fromthe inlet manifold

structures so that these gases can pass across the

top of the susceptor w thout becom ng turbul ent or

bei ng di verted under the susceptor. 25 Cylindrical
WQMA85A10 ybe 321 provides for a susceptor sHpfHF307/084935

shaft on which the susceptor can rotate.

Advant ageously, carrier gas can be injected through

t hMéthtr@:ﬂg@nwo g §ethe Ramelos earpaciliniidad wikebeadssal é}h’v‘@‘% calyde
607 BV §ikon qg{%ﬁll <2088 M tetoB ro?%ﬁﬂ%g%§ ﬁﬁmglgowdes slit-like port

aCCUYTLI n partl CU up of under
329 fdnenthealt @Gl sfixst épmdr32453ntb ithrvi reastion Qttabem Te [Rnspitiashns 601 and

ures pr OVI
i G AR o A o B B3 98 i J A2 Rl B olygigine o
therthbdosple Bhﬁmgﬂmeﬂttﬁnhhmgh ﬂieeboﬂékﬁ of thhigsartzuite 3@}3 anso abwiothe middle

of e e Ry b PRaed dp e Cr Bt BR8Pl o e

spot LBRFHIwRR ChARRRI the smaadg‘aﬂ@m@ﬁpemeeslf dRLROOhE. Pafeabbf
the reaction chanber through a transversely-arr

ed
GaCly|ipinirpducet trqueh port 32 anddNB o grirpguced ghrough port’315. Alter%atwely,
GacPQIA B@&%chg%%%h tht.ﬂﬂs hd ﬁfl?&‘ﬁ%etuﬂroﬁb&d t}ﬁough%n 329.

runnel 1s co ly filled wth beads of [icon
Altengtivsityl en 8 fie asabsscrrbat@cb% keaypingbe iﬂﬁ@e‘f’rlﬁwmf'?‘% qf fgbe 323 so

f [
oA L A L, Sk e
the Nlgamt ibe reptlhedineN; wilisb wilRbs Mlaﬂhawpsatﬁbhy thn&F fiehkej4 SiC

t | t
B 5 S5 SN PRy T .
SiC shetsiva phikpls @eH68DBby the maﬁﬂIehmtg i ot ghsmd‘lﬂiam diower ddes not

the quartz tube 323 u 0 m ddl e f .the
roloR 181 Gl kPO 6 SR BT O e s it T3 gy of
the $i0 cQBRARME 1A AxR1d RODOFOTIPO |an@f_)rcfeﬁ©ly P sdoagp power

to maintain the Si C beads at a tenperature of about

806iE. 4 Piugrassaslisgonal rutawps vipwof  BEetr PR ERgHeHEpY transfer

R e e
&

chan@tEasserabINHE3. c¥irmobiees mhwbbﬂye Seknt tigvargly ipantif 1g81é and 3 are
B Y

houshiHBrobatrerineBaotilli ataed, absi othlgemeame &t dhistofted) <5¢r§ra@$femng

rnat | 0 f
SUbsgéeﬁ‘é%[r\i?eO@;ﬁSbCE OEI%XE V%S 1%1111130 %}6 T aeC[lgll?(r:rtll& %C eiglﬁacp‘!\l@@{e%%%n
chanibér bare tddhe bugidd. TAnSkehagbte 0 other dﬂklgmse:aﬁ B5uged in this

di sposed between the slit port 329 and the edge of
Vel sysceptor. This SiC extension plate is heated by

t hfhermadamlfa B adsﬁfmgv 1ﬁdh1cﬁﬁlﬁdaétgmtchﬁhbdr Bel ﬁhb’lﬂiﬁéd ‘lﬂmsﬁ shroud
reformin the gas p et wee e Sl I
405. plélpﬁﬁaﬁéle%?ﬁae POFEOnS Rl BRI Wafifﬁéaltdefﬁrp hi‘gr‘)é ﬂl‘?fssmluﬁe%h

shroml &r&%ﬁ@&ﬁ&% HIREirDROUh S rBgioARaMEbf @DGaiaiath a controlled wali
preferably above 800C. Flcghp 4 illustrates a

tempgaige n%i“r’W Teertion whymbar sFrErenhays psady perm dsceibet pelyding:
[ f-8 d
Couf 858V SRR, SIET0R O ST BPS 5. 0
cylindhieatihebe 335 Sewicgpta0RppSt anscapiiees pwisk &4 feax/ e%ééfﬁeptor rotates
|
i SN GUSL TRLIABILD o5 O B R 530y e s
and 1 zra wofiaras wnExlmhﬁﬂ 1ar SﬂCI exaausibe placiveilsed sitdike pho a%% sThg planarity of
r obot ar ot her,

d
thesei FOMPORGILY él&l}re% %.Fm?({t% ﬁ%%gor\’? Ifr%rglqhe gas Inlet to EaL %us(:ep%r Outlet
29
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substrates fromthe outside of the systeminto the
reacti on chanber and fromthe reaction chanber back
to the outside. Transfer chanbers of other designs
can be used in this invention. 25 The reaction
WOHEHBEWI assenbl y i ncl udes reacti on chanber FGHYS2007/084935
mounted within shroud 405. Illustrated here are

portions of bottomwall 407 and far wall 205 of the
mangpld stepturghiacludstplenver 4Erwideh epdedriatiast e fromg thejrpaction

chan?o\éﬂ f}lgfﬁdfcgt@@ Hﬁ&ﬂo&%ﬁ%& e$ 1P PE R NT1R o6 0N 0l b184nd flange

tenperature. Certaln reaction chanber

309 o1 tha ctagtieschmber agd seelad jogbthemvighe s&r k sadiet a3 £)-Ueg gt illustrated)
t flange 309 to outl et
madf R 00 ‘\é@iﬁ‘rﬁ gﬁ‘?c}’é‘?ﬁeﬁﬂ%ﬁ nté%r% 515, and 30
cylniendranifalt smeﬁaithisdernsuae@memn)%ﬁriﬁmmated rdthin dashed box

411. OIIHt | ongflrl g qu)al\sﬁéls%\é\él?dr tré laee St ?lgrﬁgé% iBJ%t cﬁgrhcﬂaﬂlb@r with a
CraskBIfcﬁ)\O ﬂ@@(nloaﬂlestﬁlte@ tnabe likd madaﬁddn&mm&m@andmhloandrasastant

SR, O BSLT B BB B e

clocleRRP e@ﬁ&&d 13 ele&p@,s@memf:@aﬁ tid GamfbeRnandkeugaslockwise
i nl e?i to thg ?gsce tor. CQutlet 29 20081064109

(upw@ﬁﬁq@zwﬂ@@h@wassmﬁ%qea the g chambes- | The Eeg aals e e3mubn
seaieﬁ%mm'f&la phRduakShexbatist | 9@aRs: dr0oihd hclpRdGtddahaterial for

mber in the indicated directions and i nto exhaust
the @mg isthgsampe thetimprtionpdaliors faf ofisHOfMghdde e8o JalgnPicHeadly

' 5 @9616\99?E§k%5 emetdm 8o engaltinlet,
also Bl%@ﬁite ﬁcﬂts : %guya{]sgdte Foclow = T C rco?n epgastinlet, as
previogstp émnmdema}udemmunmtm&@uasttz ave 3ﬁ?iatﬂéﬁ¢1@ﬂ gunngl 324 aud slit-
like rpﬁgol d structures (as this termis used herein) are

PPtistrated within dashed box 411. Plenum 211,

deBigr § Blastrdssldowils ofths patiedartposferel ifleonanifoldgtyetursh andeir
araepPERTT e SE7 BT T RS P TR bOf breyieyet
identfiddan Fie. T @8l Sdraftientifiedtie thisdi @n‘e @ik Ehe\ﬁah&/&:ff#ézi%e behbeen

the transfer chanber and the reaction c r rotat
Cong ok e B BRI AT Shsahe L D e Bty 403,
inclddM sERABNET Snd ratdos BhupitRF 8010 Glanths éefl th(w@mml ):hdn@;er

cl ose and seal .the assgzg %qejtvveen the .two ¢C %Hg de th
structes 444 12 8 FIEDE abPSHRPIOTLE A PRASUSECRIOR SipD1Zipg PlAie J0E atg aside the

reactdh READS. uartLashee 383 Qﬁﬁg?etactﬂfn Eahbd & urddiCagRin & pRmied
material for the Oring is the sane as that

structisn 1 bteektension éOlr @ﬁshmuﬁéfﬁ oTher isgggion thanbghflansg gndplenum
struogfrg LRY %ﬁ%ﬁge(? 30 gﬁl’_i QN4 A Qi RO t\f&bﬁeoiﬁ cﬂ@§s&ﬁ$ﬂ ¥ Bbth sides of

escri e structure of the |ower gas
portdhi.et, as pr evi ous| y described, includes

co n' cat i rt
oFREAL L9 BN R B DB et 28
(preﬁﬁbm b opfioriztig I‘ﬂi&rmstaail) dtis ppebmed efla qwrfettuhwﬁﬁﬁ,fa@ﬂ dunnel 325

SRR B PRI o A P
fract[rlihQ)\f ﬂ@llﬁﬁtym watl@fiticfriedon chahibgs . Srialldradsr amell tubes or any form

of a prRBURGbSOTess Rl e it e e ol Rt e SRS ogpine of

the fORRMRRIINASES BaLike poRACY Hﬁﬂ:ts%ﬁQB@%ﬁfaﬁlS sienhiptdDIith 20
i ncl udi ng shroud 405 and reacti on chanbgr 3?1_ is a&n
?3 the shi-like port.

extensp nladf 35 (i PECTE FaABEE DeRraRRg Susceptor an

operation, GaCl, (and optional carrier gases) moves upward in the supply tube, spreads
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structures 401 are at the right. Susceptor 215 and

susceptor stabilizing plate 409 are inside the

reacti on chanmber. Quartz flange 313 of the reaction

chanber is urged against plenum structure 211 b
WRIMEHSIYn 501 of shroud 405. The reaction Eﬁ%ﬁ%@¥mm“35

flange and plenum structure are sealed by 0-ring

gasket 503 which is visible in cross-section on both
trangyietgely ipthe Zsmplomd ig diectaddiydhaidit infgythp siactanehpmrpegand towards the

e L i
subsmesmdbamuﬁome geraxs thee \mdﬂmfzhetmmos ggmband funnel 325

t r g cieplggfqgw gntféjcl %'g Iea Ié%%ﬂ)%gh E&H 3 %X {h%EE ctures mclude

So't ss”a’signi
plenfrhaetidtoms 201, ﬁda@ldﬁ@et ]tSomd/@ltd vabfe 4l heNHe @c@femhlycm nbte:maﬂy,

e T R

passkd doSvoiwatdrotvis @@foﬁ&pﬁﬁhﬁb@ thfouglt fhe nfirabuael vatiel tubes 519.

includes slit-1i ort 329 tha ed  t owards.

NHsp#BordRROCEHt bF e . o REe ey P TG piin which cach
verteAMSSs e t§ P ?l‘b% BE&iveiBhted PoHsS ldﬁ@@e@ﬁé@ larca@l i BEI of the plenum.

slit-1ike F oper at i on, and optlona

Therghy. %rvagcaswys ovpEls ﬂtf-‘p%ﬁeator i atlwél ’ §pbgtapsally uniform
acroSPhEafRn &Qhé@a&gg %ﬁ% Oplo@%'oh@?&@ﬂé&ﬁéﬁ? &he is contﬁolled by a

transversely in the funnel, and is directed b
sepagit¢ valyaneshaion f@xat ¢ fovhietherppeernaliichdiusigilcdd 3 + Fes plenum also

inch RS L BAL coﬂlgc%%g P%iqe%—%oﬂ%Y BifidL, e cP&ﬁEﬁﬁBﬂ&léP etk

suscept or am nar ow ‘substantially
tempendtdres coniralfcdss thahthepiai soficttrse thragh wihooh Nbsanabres are

. Caonsj t
s TR0S0 0 DSBS e GBS PR ATl B c Bl
adja2shilto G-aiagSQH at ﬂlaéﬁaﬁnedamdn@ﬁbepﬁ‘amonel g foNkIB sealing materials

(.pr.ef er.abl inste va [
N O R e e e
mentibri2@ abdvé fefther PRSSBST Enysmae dodtmbaibe $03 Reisittatidonssponding
ey e A 18, DTS P! AL B8, s woe
servOith k@ el Y-rihp EPmait SinSldsiviibi ek dperatisndl Fanphli ch each

vertical tube is lined to a group of distributed

pofets valyp Al sy ariageqray g udesyd myabep el gap mles pariy Mo apgrell as
servwﬁg% SOte ﬂ"r@ac‘lﬁ@ﬁ’ Qhd PRSP cRWMREIS: it BfnSYSRERISE ol ﬂﬂo@dc

m nar flow substantially uniform  across the w
contrgflled ﬁ@easémafm apcthabbieatss TEMewn therwoytr Baeberwad the é%ﬁctmn

chanﬁq%FMm% ol gdy Nrakd i saegaga St M%}H&Clhﬁﬁéa‘{éﬁl BORe

are external sta
platep‘l 1ém}”@"ﬂil§ﬁﬂ7 il ptefic=ed en@bémeﬁtsr gag milfdlDOItS ﬂé are used to inject

purgg g{l}?f X 6 &n{?@%g%lr oalmdf | gclndsgfhfch%ere 1%?%'}%%@ tﬂé rll:ﬂgg BOITIOHS of

the gﬁtemame l(léilﬂﬁ‘eéichditodgihlbﬁf)laﬁdh S}i‘dﬂi&r galssestrd pertibbs mﬁathmgm vedet (and

ove-descri erature ran
reack el GiF EP R B PIoRs S BHEE g iy s et of e
proc%lglﬁfleélhﬂﬁay Mo hc}:rﬂss&ﬂ@sx?@&ﬁfahd)lﬁlaid JpaRgerat a[rtaiﬂrgong ﬂﬁe side
ealing materials uysed in ted, t
wall e ety Aoy S BTt rcE e e frigeid
unddIBO dpEGEhnAR sy ih @iis Richi@m. O- rings. Tenperature .
control tube 505 is visible (a corresponding tube is

al Sercvally for denssitigmoplek quptity craigrialdaysrs e ingst mapiiols gad port
struchfed %Qbé?@t!e lt&’prgﬂﬂé Qbfo‘a@ss gtapﬂ&n fHabg substantially laminar (thus non-
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20 serves to cool the Oring so that it remains

wWthin its operational range. Gate valve 413

advant ageousl y i ncludes a nunber of gas inlet ports

515 as well as serving to isolate the reaction and
W@ raef4er® chanbers. It is opened and cl osed PEHUPIOGISEES

control |l ed access for wafers and substrates between

the transfer chanber and the reaction chanber
mrbulhmtamgihhqjm wbgdrBially tmilfcmmiil velstitysend dotpppsdiop] dBeshbstantially

0Si t| o whi.ch

o 51 P i s 1P RL Bl B MR o5 e bt B
h‘an@@fsél? aEr])Es ta¢ eatt®adhimbedr mrem: teast [am‘)@ehegmsfa&; ofeh@uscep@r)

Prefga@lg rqgg(lfe%qe %ag 310818 g:%%:] Ih%[gP%gH[e(elgLﬁ% den Vo sfac t32 & composmon

acro@d'lﬁé’f&ﬁihlibeﬁtﬂ dt RRARSELHr ﬁbretﬂi’fffelﬁl&lmzl%air 1pQ r@dmu:lﬁﬁ uhift@mity
ate_val v

reactign_c ar e deS| ed to
meavw%vaﬂx ?fél(im SRR -5 8?\%&%@%@ TS Grghg s ﬁ\}“’of
des@hlgg thB HRIES Satiakehorado bRRMelah aMeaas ﬁﬂﬁr&x@b@]y&m&ﬁﬁ@ £16% of
bui | d ur ge. gas curtain along the side 30 walls
proceys aatre UEaRIGT rep@iop chapa: Aad e7osndy 35 dF1Nng Jetsti rgryection of
camgp Engakiie IH%%EQJI:\!I nt: t)ﬁﬁm}‘o@m%w 1 beddReSIrER M gly uniform.

osition of I's location. Cenerally, for

: Conudptﬁéllo’m d@wnsrfeam@manauwgm@pmsampaﬁamayer s the inlet

miﬁ"uin%hgal ﬁl%g?lfhg ot e}{ag HG& 1850& ﬁ}fergﬁ{'tﬁzuiap REQ%Y gﬁb@dlment

process gas tant| al ml nar (thus
has duermi@d a\p@fﬂﬁi@]&I@:@SB]@S 1@@1)@3@@@1&@814 %@at & aubmt@m yniform
ﬂowalggrrﬁtgg%%i] Ig?yd% be%tf & f T ¢::s&l‘.’I Eeisfff%wlmgtr%p%r\ér%ét%oﬁ afléﬁ a%?&d%l% to the
seledtéd@Gals hém)lsﬂioe x&r&iﬁtﬁbnb ﬁmgjatesl deeﬂadi oy ingmdedsuanthedrhégh-thirmghput

SUSC tor . trans rsel Cross t [
operg e okgnl Gap cultels BE i ah it ppdhive been
desiSedGe ﬂIeQﬁSdﬁieﬁ?a@fﬁfo&blhm t?@fe@&ﬁﬁl&hgﬂlﬁer fd mmmau)t ingform across
reacti on cha er are unj.ror ci.t
the Tegap Shantsh 4lsedpqsisling ¢fdn nigpisRCllpvihay @3@?"6% t gfer the
NH;@p& 8- hRbhy1iZ Y0 10htokf6 re@a{m@ﬁmﬁbe@ rlhl@ ﬁbfer[qmbEc)bmes
means uniformty of the BINr ratio

substaitplly) unitpRn acrpss throispion ghasyber f ﬁl@i@r Vil 08 r?rﬂhbe W&m”ed to
ame RS ERR- ugﬂémﬁﬁés%ﬁat aﬁgztﬁsetdanege Yirginan al ready
appr oxi nat el % uni formflow o process gases through
t hBurtheacenidsh by hemericel madrling cseenmdary [9yrrigazas iiHeta gave ben added
S
fo 1n§1%%sr%gt§1(él 1\rfrngft‘o )tfgitth?}gmﬁ&?/ pgc\?vt,retgéo cggfgﬁg F%rg:rxe agl% Qnttﬁkepartwtﬂar
prefa:rmdfembmimﬂaﬁt Cdat beh fofmdfthad srpneroures sasch ﬂusmghig@te valve 413

prov%cf% 1rrg1’1§ gvefnileg @rﬁxzer%t ng gcrct a%ﬁoygﬁéﬂcﬁqﬂtenﬁ (ﬁ'{@ 0@ @agfg vapor
betwesibthd ifsre pf gatklaﬂvedte]ﬂemmhp edl & eprthaa‘ regmﬁobnp]psa@ésfscacgqﬁate 415).
i nlet. port uratlon $9 th t a substanti
Alscy bR g e 0B 1 B G ARL PO Fpiay e the edses of
the 1BAAGE SBan@RB arld I8 TAE RS 28 ﬂewasfha lbritahagd napm@ésdm[fgrrmq/ of
the sel ectedogz%@ldegﬁltlon codﬂidltlons an b
conpRSHEANS FrlopTH A MRE Rt SiF SR - TN BT 6‘?&"'1‘53 EaS above
the QABEAIHRNusdBt., W thin these overall flow
gui delines, 1nsert 327 and slit 329 have been
desi gned so the nodeled Gad 3 flow into the reaction
charrber i s substantial | EXWPEEN across the reaction

3I cat eééh hat %a}eﬁ% Qgtah&@&%%ﬁa&wwmﬂgﬁ%

H3 vapor emnerges around
1llustratp i letlvimeges artdemersectel bnneé‘ﬁemﬁ@re protiflesd whepgordusting HVM of
becones
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substantially uniform across the reaction chanber.
Further, valves 509 can be controlled to 20
anel i orate non-uniformties that nmay arise during
operation. Further, guided by nunerical nodeling,
weesmdH®y carrier gas inlets have been addBgr/U$go7/084935
increase the uniformty of the primary-process gases
flows. For exanple, in the particular preferred
GrognibioW immagniz| accdrdingso the érvefittamn d’riph‘@tse@iup pirtp thyf cgropagieon and by

s.throu
way §F BFR RRTRURL BE St 4R SRR LR QY BT Yo
Faﬁlo'&nmﬁ@fal Ay PEeysmer totsiyes df achet—wﬁﬂ mht Birvegl ueiallt Sibacaded of
ip.5 i..e., the. regi ons .encl,osed b f.ace
auargy BipR rogoui e Rt TG e by SRR T e apon
holdtR tRY Giufl &I SHeRainel [i@ad fohR TEaSTdup WyradurdohB septg;es fiofn external
the reagction chanB and | esse g as fI t th% ¢
StOragg - r P RYCTSHAS Y uﬁ?rfvaw%ﬂﬂe{ﬁg'?ﬁ eﬁ&%ﬁ% 0
arseNi8t, PRbdpHid® En(f 4iRMe AmiBRIuSIHAC Bt B gARh Bﬁ@i}@ rthe Group III source
mai ntai ns the reactive gas above “the surface Ofgwggw

is typigabepelisp. Gagp 2 mestvbieat (vithavhighBnHCbIrasts torfati Bai

Grolyfy Bt ANaL T AhmERAVENTI onal (HYPE system to

ustrate the advant'ages and unexpected benefits
t hitmere detpil.dhd gl (e sarcesnatisoted wigharvrtieflly3p hygontally. The

Suﬂtgllglg]%/ %ﬁﬁ&% ?s 1? ?T L&%qgsytgg ﬁ%@ %/rlthg{ R t\g&ém}{eﬂ%%@iﬂnéé one for

accor I'nvénti o lor to setting forth
mairtkiigg ﬂmrﬁraup Ebmemhad aloympeveyre ebovients npding oo, and the other for

maif G Pl Sgors e Y BB Sl e Bfph B iRaERAELAE e
o e sl ot i
subsfliEeEes ao . iy R Bl h e G ariates 3 O PRk g umace

tubeIhO bided dnld s&ﬁ&ﬁor bdhadsting ﬂéébtﬁi)nftgztlﬁfbdu'Eﬂe ABrbi réqﬁipment (or at least

precursor_is supplied om ext er stora
that Fnigh P @dae frmat s b st b At p PRt B used.
MOSHI%@&OJ‘; %focédﬂ SnY RWARPEL o BHS %ﬁﬂ&phﬁ&ﬁ&@ﬁr@ emﬁﬁ)ie wafers must

dé senmi conductors. For the growh of GaN, _the
be a@r@@féml g reaciqr P et the§mif%$ efall Walemp predhireetly in fngoffhagssflow in

ordep%agchlgw MO%Hgﬂbsﬁllaﬁ reacts to formGad), and

oup V source is usually ammonia gas. 10 In
rm%fcutwa idaded heﬁrqumqlrzg therh en e gnRbspate sEnneFtaad thep by apsitioning

the sug tltajtc o¥t 18‘#3 ath?é Lt Egt%lulré/ ZOnIE][?ths ﬁr{ @bﬁlﬂgéenrgbef W 18 Gre

five east
unlohtmd‘[bgl‘rahmn@ thongport Goe the ﬁlmatm ram faprnhﬁvgg ﬂheV%i@T@lEﬁihft upport.

OV e |
The e e skt PR O Snar A R sy e
fabrisated dfoquani i.mlcehheghmt anmarpatadrte ﬁﬂbgroem teraparalreg r Spbrted
Wafa-g{]3 g]:te s%ﬁ%l#%l sajeﬁoai @,dﬁthﬁ%?s?t{o%f@?ﬂ%hgqqﬁxg F‘J’T.%tr{)% lpggl":l()[%d in the usuvally
hot 1SaAS itERLEHVEESR bard @l 6t€Er to ﬁf&ﬂ'eﬂaﬁermﬁlﬂ RbRcAkeg. , plakiegdobihd
arranged in one end of the quartz ce tupe;. the
wafgt Helfor SHRETYE SUETTE BsoethR AHEIOF HG® fscibien B S’HWTE&EB dtidrene

~Wﬁﬁm&m$@@§dﬁﬁw&ﬂM?nt (or at Ieast that which enters
he furnace tube) nust be fabricated of quartz;

St Sk cervengenab H VP Erprstorhare pegpable of the sustaied high volume
manufacturing that is possible with the HVM methods and systems of this invention for a

number of reasons. One reason is that the reactors of this invention require less unproductive

heating and cooling time than do conventional HVPE reactors because they can have
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Most reactors process only one wafer at a tine at

at nospheric pressure. Miultiple wafers nust be

arranged in a reactor so that the surfaces of all

wafers are directly in line of the gas flowin 20
WpHEHe64199 achi eve uniform deposition. Waf er BCHEE007/084935

| oaded by first placing themon a substrate support

and then by positioning the substrate support into a
conshiephlytlewprehermal massen dn the redetoroefahis mventionaerdy thagesceptor

nlo A e

(sub%@ ];e?wgfera gencfé‘ lqo ?Ei }Pe\r{]itgeﬁ,t aﬁﬁ\fﬂ if) gﬁé&%ﬁhﬁ?@g g‘tlljfogg?%rh&
Heaﬁﬁigemﬁeodiﬁlg |csrmhﬁsnbe rp;mﬂl Homvangntchraesmbst HHPE rewfopothe resistive

5 {ah
ruens S SRR PRA o T U5 S Cocp b B LeRBbEA iflens of
hourt. EDP@HgA ULl ﬁ‘élon@&tﬂ&@h ﬁltgedild cwfxgrtﬁneslthﬁ s$dids tsnﬁh eand wafer
t t he sitrLonin
Pmdbﬁ‘é’ﬂ? {eaqﬁ%f?f?fiaﬂmsﬁér a@@zﬁﬂ?ﬁ@nﬂ%@?ﬂf t@%@#‘o@% Béelwetﬂh Furthermore,
despBé A3 of BleBnd] GaRiEOWafe Jpf @VEIRL pladae i®ld rekdoRg Sonethgreactor

cracking of the wafers and/or substrate supp
el 0nce1 BB EUTIT B AL SLAFHEEHF DR 4 SOREE Py Hor these

 reasfdlha %ste’ﬁ@faﬁ& me@8& $F9hie i ednQasd hdhehbve 8EhSUBRBughputs than can

convent i onal HYPE reactors are not capable of the
COHV%tQIna]iH‘éBEWS@ﬁIﬂlSvoI unme manufacturing that is possible

Wi AHMEQ%%M @1 yg(%%en‘ﬂgnatl gk s s%’t@:% 15 @t such

for a nu reason One reason Is that the
systarrsacmme @m;ﬁﬁderd’mii)smmﬁ\rmtqr olsaniegihatdo thewsctons of @@u@‘fﬁﬂt}‘éﬂ

s A R OALA T SR B P

remsﬁ’ﬁé‘l’ ToinbS2 G)DN ﬁ%ﬁa&an gonsthabeplabl the livwenf tHeeeastk, and not only on
e.reactqors of this inve
the sJERaB e AR, Sed fuarurt Qs bk Bl dighPfom e
reacldeéd g, thandn Fdrml disthied flakksbyhi¢chagintihynages trafigs. | Redramgosquires
Heat i ngjﬁaﬂ% cool i ng C’@B thus be rapid. However, in
time dypRewhich HSIreadppEs obH the resistive furnace

C aRish &AM GFddp N QkRBE6s hﬁﬁﬁdléﬂﬂy angd; ﬁl@ﬁ@:ﬁ&dpaéﬂe& pn the interior of
cooling tines, up to. several to ten

the rmmrnagswcffﬁ%%ns éﬁ@)éae%@afiﬂ? PP StaRE v B8 q?@lff{‘% i’%‘z‘lﬁl??ﬁ@n@

appead $t B rdastol Blinst 3 MBhSht bdHeORUGHi0Buse! TS Gﬁfup \Y precursor is
cl eani ng, system mai ntenance, ‘and the |ike nust

also theffiejently uredr anderprss e2n roard sph paused Bid topiorm Halpridgs (e 2. NH,C)
that gdﬁ'@?(%lt NRERLS QE{SWH stald of i RE&En LiheaRAcH STNe defds @ Mhust

Actor when It 1S near operating tenperatures
alsob@clmdﬁomuhttmmomeatl ng and cool i ng del ays. For

t sons h t
i e e T
littleoony eﬂeslmm@row%&mgﬂﬁn’% ma.ﬂamat trenrsr Bagoms b tmsunmgmn can be
t he,t hroughput aof conventio PE systens t hat
mor e SRS BH I A GOHG R UL PHB Y ob Do) B gporer or nesd
not b@|a§ aBdurgt, bhedth. deortthse E@Etfnts alss, thf sylsteins anchmeﬂhbai@f this invention

cause. all internal onent onvent| onal HVPE
can%c 15%¢ %lgéerétffau%?@%g& %Fﬁ;apEc SYPESF st i ve

f UKRRE& redsbd hﬂﬁﬂﬁ@&lﬁfﬂx@hg}ﬁﬁﬂ ofoRVeTtiBEAD mntmtysttemls that their
i nside of the reactor, and not onlﬁ on 15 t

convgRfipseltemai i parses reira Eeherare (Sl AauhGasy ?@Ef Group Il metal)

consgl%ﬁgﬁjl théte Wé&&enﬁ? tHah @8 UMk le¥nat G aRBELsTor B hii@tio 6@EHOr
or el'se they can form dust and fl akes which

invensiomt(abrich ateascharsied math tie) Gaprepnysar &y e Bhe external source of this
invention delivers a flow of Ga precursor that can be controlled in both rate and composition
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‘maingqanqepERiEh RabideForReTaR i Ean

time during which the reactor is not productive.
Also, the Goup IIl precursor is inefficiently used;
nost is deposited on the interior of the reactor; a
small fraction is deposited on the substrate wafer as
wWQigsedt® and little or none 20 appears i nP¢HES2007/084935
react or exhaust where it mght be recycled for reuse.
The Group V precursor is also inefficiently used, and
at m@simERSUsERCd RS tp W aphrosuatey 208cemdnor aseatrc Riner thgeapacity of

NH4AC t.h
v &AL 8y G ARRL, B SOLIRERSS 0
weeknus tsustﬂh&d@r&lﬁc@dre doeekatpbyet brgemgaciror canlswrft:lqm) mzesy fens of

kﬂo%%ﬁi éfe@}mg%r agfol{’ it thISYt flﬁ) i nt 3 {1?11% \égugctr:ees %gne% A léra?ed ddn series for

esse@afiwtubiigfiedSustiiped prbddénrmt er i aI occurs. React or s of

L SR AT R AR A e B 5 PG oo tpeSnce

the s51@E Ffbt. fit AsidR @8 kcaddHan® Cardise Horlegtiandn, th@fca&i&tlﬁelf Fois believed
t hese reasons al so, the sy sterl;gﬁand gds of

t
that repat it o 2eonveptiand veurey e MR sag OTeFaPIE, Q‘Iﬂf 3 kgof
Ga, £05Y smplpﬁﬁﬁﬁatw RE 3 ShetlRd WAMAIGRRIG €88 Qbeplid Aybikddg

t he throughput” of conventional HYPE systens is that
Disciagerie of swh adasay/ G bpashay not heretofss beea feuwd v s PRyt Fauther the

rate &EFJ&?%%H% Shd utd g&'ﬂn@t @w&[ C&Ergﬁ?é'd 6@'09&!;9 tel dia ﬁ@&@tlo} (GaCl)

Consi derably more frequent| han do the external
is fogmadric e nf pashnsHChamimvcbfhe bﬁuni Kaagn thie ﬁia@mrp@bpa(t side Fhe

reactor el"he e‘ﬁihmcr% f %% aCtthn 1s%'%}'3 dgxﬁ%?gﬂ){ea&?r egﬂm Qﬁcxact 8¥ocess

rce of nvent Yers
cond@)np,re@ ubhse@emptiaate male dvarce aods; ald vadowsefhotiey valtes faomg 60% to

over SRR e b PREBL P £ LGN HALeTS 08¢ Brirece

sour€@ agQly, @atBix.of Saﬂcﬁ thdh@epodp@cidny caf vary ben evitharcoadtant process

source i s not 'te by reac it can
condiier By Fsrorhalig: Egenr g Bekatan ogy raag echve
hlgh&rt%ugﬁﬁu&nhat@fmxmhﬁm%»stegsnal source can store
up to many tens. of kil ograns of

apﬁ??fk¢rﬁ%a8@rr pmymeghy thIé’HahH‘FE: Pk 905@1@% He’g? SYS{Fmls that

here@REE AL goﬂs@ru%‘@ﬁotfsﬁﬁda;r&z&ﬁ sed i fad koeh Wididohg atr@éiﬂen
sust ai ned production. In conventi onal PE sy

indivignallzdesigred erd fabrcagedfpy speeifiy usersi H%O%w&@ﬁtzﬁtmé?%ié &, for
exa.nfphc? sﬁ)% Emtﬂh;{ 81 raldtenhRSl §RchREHES BGL Hen BRFLAE BOPEX AR fragile

reactor itself, 1t is believed that
quararq:ompp!mntSIﬂnmte difficalt tromusmtithosrsh reselarsees ime-pensaming An

a3 S, FBRR R PPl oy e 5Toll® ot contans
a sepdegquatz indH lﬁmrrfﬁdl a firDibeet p@simipmdoﬂjasm ko the HEt géet,@eparate
tofore. b th
auar gy aF B Fabor B PEeT GANBaLE| FoRTorP e TppupeG b
prec@8dii @hd bgos)A%ﬂld adﬂgi&hﬂaﬁuh?ﬁmtda &ﬁautsmet ilze Geacoptrast, uhcssystems and
IS 1Oorned In SItu as a
mett il e s oy FEOBE o (et DS SPRENED e e spgprired

desighl @n®lif foe SERBYesShe, Mtidh Ka®aBtdnQptimSred &R RIFLRME optpaion and
reactor geonetry and exact pro condi ti ons, gn
Hremras, ior g, te

parti&fidd ﬁéf@ﬁ&yem/&hﬂﬁe%t RS0 dup 11 501%%119&% hay %at@ vBi®€Bnd Group

reported. Furthernore, as the |evel of
11 prgeurpas picasmgnd irde ppﬁép@ally fabricated from metal The gate valve requires

only a short time to open and close, and the Group III precursor plenum and inlet ports are
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source ages, the flux of GaCl to the deposition zone
can vary even with a constant process conditions.

For these reasons al so, the systens and net hods of
this invention can achi eve higher throughputs that
WR ANsG¥HYent i onal HVPE systems. Anot her reaSbHUS2007/084935
limting the throughput of conventional HVPE systens

is that 20 heretofore their construction is not

considezabiclessifagtlc. Bavdhaspropsens alsq dhe syyemed metkodspf s invention
can AdREY h%HQ’lt Ytu?r&)%{sgﬁh@ AR AR Bl WF%dsygt%s specific
users. standardi zation leads’to, for exanple,
s| Ghe m&%&mﬁﬁsm cheikatten diffeentiBe sxstae of Hayingention foen
conELALRYBETEL S I L SO0IE WBURGLE ERROTENLA B
efﬁdaennns axamrmﬁh@tions ardli vedis peotiok Borames, raeaspwmsbxsltihlzmon

efﬁc?elnmg%c’&a th %chgg]glb g?t}aie exaeﬁgr 3 re%n%lgfg%l B?Sloxlrv rﬁt L &e data oy
Tablgsar Znd® athidh@dtrbie Rednadfii@abH v PE ey dide dédgned tol tahdle ane 100

oo SRRt B i B SR Ve SR shout 0

cm if ﬁ&l@w\ﬁﬂf 3 cor@fpbndinp OaEdrbbRhidadliehficanal quartz inl et
I'n contrast

for carrier gas he systens and
neﬁfﬁ%%%enag figshy %C%bq*’é'élé ﬁE“ﬂi“‘Hl/%‘”ﬁt"F*b‘ﬁ&%iF@“%s 4443 gltable 1
den8pst8RhaR R @im's%t@mQéf thig sivesticAtdn 5¢ s0ERkdbi% &re efficient than
desi gns known for Si processing, which have been
convgpiigngl E¥BE pysterned f i ci ent operation and 30 mai nt enance
and whi ch include comercial |l y-avai |l abl e conponent s.
For exanple, the particular preferred enbodi nent
includes a Goup Ill source zone with a gate valve
and G oup |IIll precursor plenumand inlet ports
partially fabricated fromnetal. The gate val ve
requires only a short tinme to open and cl ose, and
the Goup I'll precursor plenumand inlet ports are 35
WO 20081064109 PCT/ US2007/ 084935 considerably | ess
fragile. For these reasons al so, the systens and
nmet hods of this invention can achieve higher
t hroughputs.that can conventi onal HVPE systens. The
qual itative design choices that differentiate systens
of this invention from conventional HYPE systens
| eads to surprising quantitative benefits in
epitaxial growth 5 efficiencies, reactor
utilizations and wafer production rates, and
precursor utilization efficiencies. These surprising
quantitative benefits are reviewed bel ow using the
data in Tables 1, 2, and 3, which conpare a
conventional HYPE system designed to handl e one 100
mm di aneter substrate and including a reactor tube of
about 20 cmin dianeter and about 200 cmin |length
with a correspondi ng systemof this invention. 10
Consi dering first achievable epitaxial growth
efficiencies, the data of Table 1 denonstrate that
the HVM systens of this invention can be consi derably
nore efficient than conventional HYPE systens. 36 WO
2008/ 064109 PCT/ US2007/ 084935
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TABLE 1- Epitaxial growth efficiencies Epitaxial

grow h efficiencies Conventional HYPE Il VM React or

Informati on Wafer dianmeter cm 15 15 Reactor |ength

em 200 Reactor dianeter cm 20 Hot zone length cm 40
WO2HBPEIY processed sinmultaneously 1 1 Rea®f§US2007/084935

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

rate cm nm 2 Total pull and push length cm 160 0

Total pull andl4BER Lt pitaxial geovik effigggmsies | oad/ unl oad

time min 9.5 2 Total |oad/unload tine mn,B89.5 3

Gpérdiligonvth vidcieded % 10% 10% Tot al P unl oad HVMe

i.n co operation mn 52.0 2.2 - epitaxial growth
t]{éf‘fg"r%i[“%mg%‘mgrow tenplate nin 0 0 Gowh rate
YayigneB00 (3.3) 200 (3.3) Mayer thi dRness um 360
3@actorTangth t o heat and cool miem 0 6 TiA¥ to grow
|R@ycedr diaingte©®0 90 (Operati on ower head % 20% 10% Tot al
Gloonblehdsie min 99 106 Tot alecmnaf er-i n-4peactor tine
@&f&ﬁp}oc_gss nSandgg@etor utilization (RU) R U 4
gromh tinme/warer-in-reactor tine % 66% 98%
%%itaxi al gromh efficiencies can be represented by
tHFRCPTRTPEICHIn YRS act ual epitaxial growth tines to
t-Ivefes ipaf/gpioadidneict ual epitaxial growth times and the
Pelvptsbratd oad/ unl oad tinmes. kwmgan 5 be Zeen that the
Hvi syishepsh Rikdh met hods of thins i nventi@n can be ¢
leadad/Hhhepged significantlyy,faster tggan can 2
GRRVERL AN HYPE systens, angd thus capsachieve

Ele

r piLtaxial growth efficiencies. is also
Ed?% & dé’ﬂ’f‘)f‘ﬁiﬁll“ei n actual oper &Ff on, thegg'e ternal Ga

Speriaovgheathi s invention wilf allow st&tained 1%
dptetlaadunivad tme bomyi wlereiédyl y | ovger peri &85 than 22

- epitaxial growth time

Time to grow emplate min 0 0
Growth rate (uilﬂnjriirn) 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 1510 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 HIVPE systems, and thus can achieve higher
epitaxiall 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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possi ble with conventional systenms. 37 WO 2008/ 064109

PCT/ US2007/ 084935 Because, in conventional HYPE

system the reactor is namintained at near deposition

tenperature between runs, the substrate nust be
WOROBRHI®r om or pushed into the reactor at BCTEPR84SIS

enough rate to avoid thernmal damage. Assum ng that

di stance of the substrate holder fromthe reactor

i nBetaupss inadgovantigD: EiiPEoistampthe teaptart ie mgintaigsdmp pear depgsition

termy raccﬁqe%]e % 0P 3 %[edsuhgﬂl%{er@hst ﬁe ﬁﬁ@%m 0@%3&\%11 1411(1?0 {He Reacfdf & a

reqwre e substra rom‘a also to pus
stowt dneugulEtte atced themiad dﬂmer eamxmno thFdistdvee of the eubstrite holder

bstrate rane t|o ed in.t or.,
e e T R e T
dama@asﬁomf A(Piaing &re r@;ﬂde@ﬁtpuuphms‘ubmamfam algbeﬂme push(th¥ mfmstrate

oad | oc he pur.ge .an a tu uire
imo R AERESE - SHEE: ULk RGBT SEIcE 2 PRRCS RO Eropiar w to 10
min wﬂkb L QRGE ForkheFMSstabliatidOtaatiol agh, wid @adp bﬂ p‘i‘&cels§gasses.
ut 90 mn, or 52 mn i 10 conti.nuous uctlo

(Wltéwf*érl%cké GBS B2 BUP B TIRAF e TR RRARPY B ocks,

setu]B Wauld e ‘ﬁﬁx%ﬁ {o¥iBer.)I THAR) the 1ofl $eAAMRRE timk B dbb@ 9@\5% or 52 min in
systens of this invention, wafers can be rapidly

contingaeraipdnaticradgreomE s Wf”élﬁﬁi’é pharesh cayally tte%fﬁfl t‘f"i’ glecepive
g hermal damage thus elinmnating extended wafer
p05| tioning tinmes. Because of their |ow thermal mass
anth doRerisarit the G M sppsterabofitbia dtvertipnuwelars cambe rapidly

1oad§<g%g1 %Fggtl ll)%er t%ﬁpﬁ_%ﬁ}l%g %t&ut 3 0 grﬁfal %a%(:@g Y:"Jfﬁs clﬁmmatmg

extendﬂ:‘dmifer@nsmﬁmgiﬂnﬂfsa lecduge c@xtbbiehbwuhtmbmadmagh BY-lamp heating,

eposi ti tures wer t.e
realo G R PTG AT NGt Sprortl e Floal SRR MBS symems
and SbEE tan thverioh badse I@f)ldtyh‘.ly%led betendri lﬁgheadbpoeMen temperatures

onsj derably sho |, oadi ng/ unl o [
and (e B F ST B VR et s rrt S YRRl fug
metHodaeieslis am@nisSid Fie Rdcdndi dREBIG Uh&QF [0adids/AsiBadis@tintsthan are
conventional HYPE systens are able to maintain an

PossEYfel PR ENTMEEHYPEJP4Cre of precursor, act ual

epbh&Xbaled Qﬁ@%&uﬁ% QR Spr&ursof QBN NAdonSHSHAATENANkystems
of the systens of this invention are of apgﬂom mat el y

are ablfdlo Siptin pbgienediRIBassioneRpEerof ey Wik erteyiat Hap iy ges of
conv%cﬁx%@%%x?@ﬁ BAURES 5138 dr infl ihNBbVAVE BY STpRIBmat@) Ghe same

hi s 1nvention has significant advant ages
magniele. Bawpreaotis QWECEQM@BL@B@!WUF’SOQ®UE@W TbﬁHW\J%&S‘fem
and &XE?IE ?1911.7%111?1%11 hh&l%ﬁ{i&ﬁlca 2 1,00 éagb‘? S &ﬁ'f"ce%@gi in
nmet hods r

I nv I on vv| =3chi ev elative
comepﬁid:na‘x’ifh‘ﬂi sgreowt v tbdifin aiten op@stievbnsygicearet metheds af tes
lllve]i‘ltf() V&élg %q%vecegf:lap%a:es ﬁa d I n T (!18’10 6‘6 ?V%gr G%%%?EH%L ?[16 S?HC%&CISS
presqgdd 1ﬁd‘ab1k:t1 is unlikely t hat convent ion Ga sources

C sust ai n ad s flow f xt ende rj

SO RS T CHRPBEE Lyaets fen Qs oS wEal i BBO s 1 kel
that bdhrvEiitiod FaGob& Jaf SEk0E adiyjuith erapatsit fog etdélded gasodever

nmetallic galliumin a liquid form Because the

Congeptipnal BYEE sgstems geéleﬁeo(é%g@cggﬁéxh §j&u to the reactor by the passing HCl

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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strongly on reactor geonetry and process conditions
(e.g., fromabout 60%to over about 90% dependi ng on
Ga tenperature), the actual mass flow of Ga precursor
(Gd) will also vary. 38 WO 2008/ 064109
WO98R93007/ 084935 Further, as the | evel ofCHREPOEPS493S
decreases and the Ga source ages, the flux of Ga
precursor can vary even with a constant process

Furﬂ@e@m ithd loyed of(tée Ga degrensst and the Ghisarcgepesetba Agx phgtprepepor can
vary e'véﬁ(\)n'th ? o %&Etgg{r?ceg é&tﬁbﬁso(g %l SR LM g&%m&é dhd mput HCI flux).

particu must b
Furthegaonvamtiona G swreasr(mqapauiat theshqmd éiattioal H@@‘frh@tv‘(lﬁllllh’féd reactor,

o Bl SO SBRTEL O, RS B 1 b e

reas@haBlypossitde (and hditéJekam bendigdhesedini the kreomtn)in the paior art) m a

conv%%tﬂqﬁ[%ggﬁ B&Sit% 1@3@3 g%nmgp%g%%ghmgﬁ%é&oabe 5 I’r})aglkg and would
be aFREHIOXic FEM@XA0 cAXihs2A abdrbé fill&i Zem dewp vaeh liquid @d 4 cm

deep with |iquj Ga. In co t he HYM systens a
rerTroBss e Y M iR er Ew& 03 s VPR FREDS 65 Rl Ga
som%%cﬂ}ir&ﬂd&o%ﬂst%t GIast G predavdt ¥ updo POOMA 6f Ga/hr

precursor at up 200 gmof Galhr 10 and eater

Ga
and grwﬁf(ﬁltfﬁ@ﬁm 9 819@9% ﬁwh SR Proessad 09 Wn@iz)c%%afb Hpfgined
for egf%wd)peh%tof G, PRs:SHR:B0E farl REviEXEANICHoPRIH BES b that

First, this source can provide Gad 3 vapor_in a

the Gmaﬁe lus gart remeasendanskronmellediaverk durag chEx b gRouitie fSeaprfl. this

exter%gltrktjl &)lu*c% isaceaégrﬁe GAEDGcE F&h[n]%ug#ed 9 &M{ﬁ be?r%ggﬁgpreElli}b& is
ource 1's cépa st al ne

supplied from riresstved holarealilisari klegrans el I&rupes chddigmally multiple

d froma reserv h kil ograns
reseRE el FpbGHR R Sy T b P doSiaing C o V0! P
cal sheape mmtezd epifaxse gro&sh éﬁﬁlclemﬁxéseccatx by elmymarided hy teactor

utﬂlzé'xg @} Jgﬁ gffé%eg @%ﬁﬁ% r%’ﬂﬁﬂ«g#]? gl %&%g %?é lse}lll i reeyv{or during which

actudl lgkd Wk atdcolrifd?. Wis) se&ﬁﬂlhﬂ’t&dHWM tRenkrat tnle’(hldmff thih#vention
time that a_ wafe

[ e reactar ' i ch
achicyespeh 2 Bt wOngﬁJ&ew il Wﬂ?@ﬁg@iﬁf‘}t"%@ CAmIR
such%xf@t;ea&&m&ﬁ&e b kesls 69, tAﬂlkiSt ik Byl eHat thaENI\@‘sﬁteSm&hd a

R. U of about 95% or nore, while conventfonal PE

methodueldhis invaprioactilleshicvnrven Bsatsr Riaive gtagia! frovi cfifpimcics in
aﬁmﬁ%@&%ﬁ&@gﬁ And it is expected that the HVM systens
met hods of this invention will achieve even
gr Next epnsidsting fivseachisivabi raaptogridigetions erq BRisnRioguctipprates, the
data 99’5’%@4 2 8&&&1?&&9 Phrat fNE H\ﬂ\g ggsg Al b EdiRh ACH YR Qkf?clent than
reactor utilizations an production rates, the
convelgtcmaldfil VIR kyséen®. denonstrat e that t he HVM systens of
this invention can be nore efficient than 25
conventional HYPE systens. 39 WD 2008/ 064109
PCT/ US2007/ 084935 TABLE 2 - Reactor utilizations and
achi evabl e waf er production rates Reactor nmaintenance
times and wafer Conventional 13VM production rates
HYPE
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- in-situ reactor cleaning tinme # runs between
in-situ cleaning 55 Tine to openiclose reactor mn
26.6 2 Total thickness to be etched um 1500 300
Etch rate umimin 8 8 Etch tinme mn 187.5 18.8

WQ 20304H 30 15 Tine to load Ga with in-si PGT'gﬁ?W’%‘wﬁs
45 0.0 Operation overhead % 18% 15% Tot al |n situ
cleaning tinme mn 339.8 41.1 ex-situ._react

cle 2i-heasignutibetigasandachisvable mafes pr ﬁ‘BwPB“ fages

RdabBr nQinfenRE lResfa¥ardf t er  unl oadi ngPnReds- 3 1.0
SrodiRebiPra6Q0] reactor mn 180 20 tine fyppg ake redtr

time to put reactor back together
%)gi @g&ﬁkz%égmgr%% to | eak check and ot hgr mn 45 455

1 BAL" @“Wgth ex-situ etch nin 1 tinme to
ﬁ@atoqp@équsafeawn 75 20 \af er™Pest i ng tzpﬁe nmn 60 60
Rrtad (pédirndsyie baeitlistienance min 120m120 Qpéditi on 300
ouenthead % 25% 20% Total exmsintnu cl eani8ng tine mh
ﬁé&m& 571.2 Reactor utilizathw@n (R U )g7and waf erig.s

Sgyction rate it U - wafergjn- reactogotims/totqg

'thunctol %. 9%1%6/‘}1 R U - rovvth tlrre otal use,
9’3%0 5% # Tuns (vvafer 15 15 taI use g
Prsrtion Srdetwaf ers) nin 3734 1 96 # waf s/ hour O, Zﬁe
Tpal -sitgclginedingaf er 4. 15 2. 22ming waf er 3% hours 4.8

10. 8 Reactors nust be periodically taken out of
PERuehitndéameaiRani ng and preventive maintenance.
@uﬁgq)@mteggexhg}{mlggg{,errs and net hods of this inventian

3o ggse re%@tmdif@ér &ﬂo%@igg d min 13.3 1.0
time to ¢ool 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 {o heat reactor min 75 29
Wafer testing time min 60 60
Preventive maintenance min _ 120 120
Operation overhead % 25% 20%
Total ex-situ cleaning time min 059.2 571.2

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 (.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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5 and mai ntai ned, they can achieve higher reactor
utilizations and wafer production rates than can
conventional HYPE systens. 40 WD 2008/ 064109
PCT/ US2007/ 084935 During operation, nmaterials %row
WQRMRPEt8i red | ocations in the reactor, e.gPCT/BROPHE493S
reactor walls and on other internal reactor
components, and excessive growh of these materials
C aBuuwqu@pmbiwéwls oy on undeised loentipamin ARsIEISERL, 8., on the
|
reac% Frgfsl on oghﬁg&ltjerﬁa? aEtgr 50?%%%81&5 Ell%t? %&geﬁéﬁﬂﬁ %?Iv{tﬁgf th?]se
matdrialswid tmluet pﬂbmmmmafﬂ@oanrﬁumm ddtaning ipreqeixedsto remove these

after di.sass nblln t he .reactor. n Sit I
und i SRR ey e e e s LS bt f GRARL A ne
reactoGlor AL Bfi& dﬁydmlﬁﬁblnig‘ thé feastbt. Unetic m:ngng iobfted reafoimngishy
cl eani

nore. thorough ex-sj.t s.. HVM _
efchgnm%%e%#ew AN ?%fﬁh%fa@?f’émc%%? B f\?eaf“él%% more
thorbudh Tk Isiu Elb@@dY B 8dviahfiBedufan conventional HYPE

syst enms. The reactors of this Jnvenﬁl on have wal l.s

wi FIYM sstemms|of és Impdipn rofnire eapsidFrably oss Megiu iAo fpg then

conviRiigal BUVPHSRESIL Tht RRAESADLIUME Indehioaheve PNRUHGIhAb el ower
contrast, conventional HYPE reactors operate at

tempteregives sodbas diglornarnal denositherPeistusBE FHEY PROJECtiOREn contrast,
con®IBAHAE HOPE TBLEH Bhrat RWRhOhEREIWmMPRduBs @Mat the same
internal reactor parts as grows on t e wafers and
amowbé tatitielsgroWad] wa@ompyadls and witeanad saaeiay Mts WhETews a8 figreders
no r t
o Y5 R RE0, ool iy UL R, b oo
unwmatﬁﬂﬁ cq)ﬂfetafklow%to%posumn\rmtqr ond$ addViEEmglrstatorparts.

|nS|tucea' is.Lequired every o ru during. .

W oRv GG BPE Stk - B P g A S orine
whidh 1.3 mhﬂ\f@n@’ﬁﬁw(}@m (300amnt paeiroind) wilkkdve grownlan the reactor interior,
cont{rf? if in- s u cl eani of the. S[Pﬁactofrs f thiss_

In cquifgatriE Posiicleating 8F 6 FREPRY Ty BYgRgn i AR Derlgipg] eyery S funs,
only%%ﬂi@dl aﬁ&ﬁiﬂ .. (BQor leRW¥ai antorasthafwill hazeagmunm obﬂw&htmnal

have vvn in conventional HYPE i% terrs )

GaN
HVRY DHCRARE ROV Lo EREh B4R Bqr Ao s e g lesning of
the HPMSHIEMEbEBRIRGn&n 3A1d BRI Sy e8P 10Unii Kesr 15 runs )

i nvention could reasonably be del ayed to only ever
ThergBrg, ifnsity) cleaying tigics pconypntignal jTEF Tetenstony afc avisgSt grtimes fand wp 10

15 h&%@%%@%@gﬁ{he wgﬁ GER %ﬁ‘e Sk BVM RaS4rs 8 dhlsTBenk@nd

times onger than the in-situ cleaning
ti A@ooﬁhe HVM Hevnsed dtivingension résiuge rongidatablgress ax-gip! cleasing

t1me'_%n co 5? al ﬁfVPﬁillk nggv}fl%tr%gﬁgg%an i 01{1 ?enﬁqlg% &?{ﬁ%&lﬁé shorter

cle venti on
cooimgﬁlkan@ tmE:E méich mLmemecddVMLt@bwmsmaw\@l}s pysif dleamgl yhlso,

theirZﬁ%gs}egl;B}yé%?m&%%aég b@yeﬁlt?lesnag% sun T tov%?ees%ﬁrit%rgis 6&?@(%?}116 %? Si

prockRBk sy ditassandzltyd HVEBAIsrels raﬁ@ﬁfsmnﬁ)sl of tliib imesat@neomprise

simlar shorter tines for.S rocessi.ng
com@ ol Gl A G oS CRRTEYS ELTHE KRR GE NoETog pyS
desagn@\éﬁ@Eér@;fbn@zﬂﬂﬁ%r?@rate@Q‘fﬂﬁﬁ&%r&iebsjnoagyabﬂnﬁiﬂcﬁddesﬂi@y&cting
onent s ready known for Si process

and | ng. Th%. :
reacigpgiten ﬁlllaﬁatog@% éwgqglhgnql% a\flt&é:]a%ﬁtéqjtofcraw%}ioad g, the ability to

perfdHOfo® ﬁﬁﬁ/ﬂﬂl{)%’ SLRPR: $REhY s es! BRIt bibvACtatdHon¥drih @ Akt 184d
gates, fully automated wafer handling with

lockg lpepseenexpoiigealdha Teactproa @immphahe ability to
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rechangg tmg) %%tb@ﬁeenéhﬁ thedpld

perform hot | oad/ unl oad, separate cooling stages,
in-situ gromh rate nonitoring and load 1ocks to
prevent exposure of the reactor to atnosphere. 41 WO
2008/ 064109 PCT/ US2007/084935 And, as alread
WQRWBEEd, the Ga precursor sources, i.e., PERESIOH7/084935
boat, used in conventional HYPE systens nust be
perlodlcally recharged in order both to naintain
c oAsi.anelready disoussesk, thﬁl(“mmrmomwebe@aﬁl@ &iadyoat, pesflin
r
conis AR BB el B R RREl ROk BB B ANl comstant
precotselitivnandtdlswgscapke d)ﬂtbseluoxbﬂi/t@mmtgn ams Eresyswremarglng, which
ontrast, the ext.er urce 1 he HV
con OB BRI PRI Mns BB Rl EamR P S O R iha
systd:mst tih eomfastntme lee@al Gipiduars bdihe EIVIM nﬂeadmpeai tmaﬁhsdnff this

react or mai nten an be
invelfiian pRwHE DY I AR G on I e 3 BBt o
I alrPsumbitiry r&R o8 AflintnkhceltRids @Hehd @nﬁzmchcwy a:fuﬁﬁertmrs and a
time that a wafer is in the reactor to the. sum

wafgr pepdpctinaaate n Abis geipad Brl represint His iR it Be 4 crisin the

reacﬁ;lr RANL R4 FBLOLRRAREE: iFertik BSe rdabtofais 1€ ciS@fib/hiatenance
the HVM system and. net hods of this invention achieve

timeg RRcep begfeen tipighe Hydbgwsiemadanctigss pEbisauvraten ashisve HPE of
abowt V§%%o?ea thﬁ? BhLEYEAHNVBE BrstdmsQhn AidRk&h alYBof no more
about 60% ative system efficiencies can be
thanrabpté8¥nt ed by waf er production rates, which can
de | b
SR e LA SL0R, BBl ot (5L pREadGEgd ?é’h“h
be dsum by dmcbnmdt simgbee yﬁWefersfpwmw bypthothted timemequired to produce

t |
thesh Rty Sike SRNRRNE <y ARRE Ffen bbiticnbn SARYR AlBER and cxesiv
clearliagy, £es bomprse2 ) 5 rdrhee&eordrngtt@ﬂleasmnq}abmroﬁﬂmﬁeb b@nd 2) these |

di vi,di n b time for produc
rete i RATTHRY RGN Al B e o Has 1 BRAEFL Loatherg PR
loadhiRtosd tithe GheaRN tBGhikg Re, ABINDEISHMICENS, nfihtenamnd tmuamOume
recharge tine). It can bg seen .that the total

RS B HY IS0 IR oF this

inveh G g Breltd pRURRUGEyakers Nahs rlssco@l@lbléﬁﬁly siforePMah g kakltine
shorter than the total tinme  required by cgonvention

requibly eyzeiog HViteperns e Thareforcs (s sernsd mgorbeishigmvention
achléxt%'aﬁ ab PSRt %% FRAE P RBEMA I BRPER: BRE @lpridr ﬁr@l Hs discussed

hrou put ovenent” over the prior art.
abmm %@BQMNUMV@P@V@@@@@ Srpected Gugastual mraéro@rrent is

exﬂgsﬁ& cgmgﬂléﬂn e e@?&hﬂ- Eﬁ’i@len&l@gs EﬂeX—IVM% éxgsee[nd%thods

rve p ecu sor i Cl encl €s,
of thmdvemabmmdge p%um@rsxdsp@laﬂmm;trswom mlorezeéﬁqymla mlmor S,

th
com GEROELEV B s ey & Pl oA B B UERY 3 08y ¢ e
data in Table 3. 42 VD 2008/ 064108 PCT 1152007/ 084935

TABLE 3 - Precursor utilizations Pr ecur sor
utilization Conventional HVM
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HYPE - ammonia (both processes) Amonia Fl ow sl pm 14
10 Total ammonia flowtine mn 132.0 97.7 Tot al
ammonia for 90 min. run nole 82.5 43.6 - HC
(convention HYPE) Moles of HO /mn during run
WOROIEHY 0.024 Liters HCL used in run |itBFT/E§2047/084935
gallium (convention HYPE) Input V/III ratio 30
Mol es/ mi n of ammonia during run nole/nmn 0.6250
Mol es/ min of Ga TABLEFedPnsqursemwiizationsow nol e/ mi n
0.0208 Conversion of Gal x to GN %90 ‘Sﬁt ual
Irpdues! niilizaiidn Ga used in run nole/m n
Addlthﬂa% of Ga %10% noles of Ga/mn for run
“AEMEP R, (ot p'ﬁ?ﬁ‘zfsegl 76 gm Ganin; Weight of Gamin for
APerirHldm 100 gm Ga/ hr Vi grﬂpnbf Ga pet* run gm 158%. 4
Totagyabrhiniprlopt) | nput V/ 111 raimio 30 Mes of 977
Tath@nh@kabrpodals.irtg run nol e/ maie 0. 4464 82450l es/ m n4%ef

Ga to neet VIl nole/mn 0.0149 Conversion of Gd x
t]ﬂ:l M%WT l es of GC13 diner/mn reqwred to

csof j)e r}}n ?0082 VI Aql)%ngmonal £S of GaCl3
mol es Gadl eter 'r net nol e

Ietﬂfsé{Cls&F BT wei ght GaCl13 di n&f* gnt nol 1352 2 Total
wei ght of GaCl3 dinmer for run gm 287.4 Percent of
-@aifd8 (abinvemtio HYPE] s Ga % 40% Weight of Ga for run gm
okdv/iveisght of Ga/hour for run gm 75 gns@Ga/ hr Ga

Nid1Lshhif 8 dnPdn40d@rord %0 mole/min 0.6250

Moles/min of Ga required by ammonia flow  mole/min 0.0208

Conversion of GaClx to GalN % 95%

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

Additional moles of Ga Y% 10%

moles of Ga/min for run mole/min (0.024

Weight of Ga/min forrun emimin 7 gog;n Camin

Weight of Ga per run em 151.4

- gallinm (HVM)

Input V/ITI ratio 30
moles of ammonia/min during Tun mole/min 0.4464
moles/min of Ga to meet V/III mole/min 0.0149
Conversion of GaClx to GaN % 95%
moles of GaCl3 dimer/min required to meet mole/min 0.0082
VAl

Additional meles 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 am 287.4
Percent of GaCl3 dimer that is Ga % 40%
Weight of Ga for run am 114
Weight of Ga/hour for run gm 75 gm Ga/hr
(Ga utilization Y% 21% 25%
Utilization with Ga recycling (est.) % 27% 80%

Ga utilization is determined in Table 3 by, first, considéring that a conventional HVPE
system suitable for a 15 cm wafer can be expected to use approximately 14 slpm (standard
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Utilization with Ga recycling (est.) % 27% 80% Ga

utilization is determned in Table 3 by, first,

consi dering that a conventional HYPE system suitable

for a 15 cm wafer can beexpected to use approxi nat el
WOLAOHIAHP (st andard 43 WO 2008/ 064109 PCT/ US %‘é’lf@@és

liters per mnute) of amonia. Assuming a VIII ratio

of 30 and a 95% conversion of the Ga precursor into
htermrmnm@ of emwenie dsarming sV aFhreto P38 a@%%@@é@ﬂ%l%@ the G

pre A IR ﬁle%ox}veﬁhorﬁrr%meﬂl &af bg;@xﬁeée@% ik %Hr@mﬁlh't@ly 1.8

utficient to grow 300 um of
gm/mine)rf 6.0 AD0 misgirnesifadionto ABY %MOf@N %ﬁ%@nﬂﬂh@ﬁ@ﬁ’f@
of I
R D R
wafdt gheGo efficenapy rtkne@dm@:abyal M%E(mac&irhﬂ@b)rommssla CaYarto$i/151).

Sinc? ﬁzgtstlhq% g{eggg@?élg%gﬁﬁé é a(TP g l} 1) %? POFIL ed on th eﬁ%@ésto‘? %e%hctor, little
is thiy\@dadilabib h‘@:yﬂ&tgy&li rdige. NG es;pm&e that bvdnsmé»m%&t@aﬁdhalse of
even r.euse Ga_exh

Gu Pl L hEndie e 68 BrTarEn ) D6roTREEB I EheT reaﬁtgf o0 more

ﬂlanl-MPEX]ﬁﬁ@gIg%l s no nore than approxi mately 25%
In contrast, HVM systens and net hods can be ex ect ed

£ ol pRBIrast HAA YRR NN,y e, FPectofo Spcinp ™ girmona flow

(e.g.l hﬁsﬁﬁﬁ)%ﬁ HRrd OB ok dd QW ﬁﬂﬂl IQWEIQ%I Gﬁ @hed@r a 15 cm wafer
uired for a 15 cm waf er

(e-g. T raef)o Thereforre thavy. My%ﬁté'ﬁ% a:fairmet‘%%is ﬁéaxss la‘renflﬁqt gan achieve Ga
efﬁcgeﬁy Eﬂ%ﬁ % EH1/ ﬁgp ecy e ngch%% g.h&; i‘eﬁ&cdnﬁ%p o p&ﬁaﬁk 8% or greater

reuse and up to perhaps.
Ga e8l3%6n0y Wgheewlsfdmg o@a revké pLGeerbyuswidiiion beyesicion gAdgionally, since

httlesol?n Sé%el%)}%ml% @? a(gsltlg %é{ i%gﬁ%ltsﬁ?dncyn éﬁ]glde &qfiel 1]'%&%(5%%1)& of this

unusdé fa apiced iwthetrévetar esiadasviefe it isevnbhbtrmyphnmﬂ r@ﬁse thiss

BT 0 ORI ST M T e

and WethBdsE e Chvagioareh featlsSB0br guhaust Ga the Ga

efficiency of the HV stens .and net hods of ..t hi.s
RO SRR S008 7 PR APEb ST e PR scopeof

the iRPERAGH, BB SeRfenithBiniciken iliggrdeswTsbRthl phoyed dgenobf the
limt the scope of . 20 the |n ent

since th
inveasiaBo direRE S STOPETSR 415 BRSO bUTRRT e flgvention.

Tnde88 RESHS nfliiflBSonsioPHR B dcRRon NANIIBEHHOMADE @iﬁovﬁf@x@@b:ﬂ?ﬁﬁ&s
are intended to be within the scope of th

herejnnsugh p$ dternate usgibenmbjpatiopyel thwpm%@qswdomﬂthﬁ@m apparent
to thhgévsﬁﬁ%& ﬂﬂhé adg 41& Qsd eﬁtfae&ggﬁapmc@ﬁﬁdﬁ@mg Q@qiso

, SUC as terna e use nmbi nati ons of the
intenellerétm:‘alﬂ witthmg oy §copaof thi sntpetded shiems pipéheefﬂ?tlowmg (amp s

oS8 S B AL 0S-SR RSB OS5 s

mnAhmﬁmahénﬁﬁem&s@ﬁcmhemampahdaﬁneHmdmmﬁmmﬁwmhbaw
. _follo tiQn _as )
incofR RIS DS RN B ERDgs CF of PepRiety § i one o the cited
refer6A0RY,@E1aBNEe oORdW chardtdnizedeiovalfis ﬁc&ﬁlﬁeﬁc’enmr at E) thé theehtion of
herein, the entire disclosures of which are
the sbjed AP U BFEItn, in their entirety, by reference
for all purposes. Further, none of the cited
ref erences, regardl ess of how characterized above, is
admtted as prior art to the invention of '
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30 the subject matter clainmed herein. 44 THE CLAI M5
What is clained is: 5 1. A netal halide systemfor
provi di ng high vol ume production of a
nonocrystalline Goup Il1-V sem conductor naterial,
whi ch conprises: an external, high volunme source of a
Goup Il precursor for'Hﬁgfﬂ%lﬂgf reactant, an
external, high volune s oup V conponent for
use as another reactant, and 10 a tenperature
WhatRHidiRlclied reaction chanber that receives the Goup
Il precursor and G oup V conponent for reaction to

formthe nonocrystalline Goup I11-V sem conduct or
mater i aA. m@al Hefide systere forgfrocidaigrhigh vileme prpdupiéorefgh

vol source.of. Goup LIl precursor, 15 conprises a
mong GyitaAR L1t 1Y, iy Peheop PRBHHL §en soefBRb

ar L RBEeMBNhidhGfolbfatduie: dtheGrdap el isrsoaitd vge Rt lell@ant,

a gas flow of the precursor, and a mass fl ow

com exseinek highrvolyme savaescofr{grosp Yeeimrogertfat e asfnother reactant,
and 92S€0uUs precursor for reaction with the Goup V

conmponent to formthe nonocrystalline sem conduct or

mag efnpratuQGodtrolldteresymhenmbercthat roecivestiar @iauptiieprecursor and

container is operatively associated with a urce of
GrowpaY epmporgns formeaciiop & Krddbe grogosysteiiae Groyn %’3 cg@igapductor
gfrier gas into the container in a 'nmanner which
acilitates formation of the gas flow of the
precursor. 4. The systemof claim1, wherein the -
react i omhe harddebf flasn exitridigtelhigioallede s@caafl Goupdll precursor
prevent or mnimze deposition of reactants theyeon.

compyiscyp€oBtpHIEE far FldnGmihmPIcoHFioB 1 Heatingrarranggmpnt fophcaging the
b ) r ' r
e A B 80 DL AL R e 7
introdScih®a ldesiredefpasint efigasend préversoe datreation maitibe Group V component
i ncludes entry apertures for introducing the

mate

to fopra Akg mApeetysidlna srmigendusks Al hamber in a

controll ed manner with the substrates and support

corfigu ' ' el b fted with
CoR |5 PRSP A SRRk
souréeosfraatric@pas ambla ciéged cdrdait tidt inthelueribe caysitiggdsiime the container in a

sem _conduct or tetiaugﬁ on the bstrate(s). 6. The
mankgs syHEeH Beilitgigs irmatpnepldin SEhkow QL MRSl nber i s

configured as a 35 horizontal, rectangul ar chanber

ang the i . | QEcHaRBEE BRIty cooled

ok at o THESSR GReth Ly BhGFEHA R e REOFLBA SRRy
wallgliof freveanbr poitizedepoditidin of eheniis ther@navoi d reacti on

until they neet at a predeterm ned | ocation adjacent.

and i nmmedi atel y above the substrate(s). .

5. The system of claim 1 which further comprises a rotatable support for holding
one or more substrates upon which the monocrystalline semiconductor material is to be
deposited, and the reaction chamber includes entry apertures for introducing the reactants into
the reaction chamber in a controlled manner with the substrates and support configured,

dimensioned and positioned with respect to the reactant entry apertures to facilitate formation

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

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

horizontal, rectangular chamber and the apertures for introducing the reactants are located in
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7. The systemof . claim®6 wherein the reaction chanber

includes a floor, a ceiling, 5 a pair of sidewalls,

an open inlet, an open outlet, and one reactant entry

aperture conprises a horizontal slot in the floor )
WO 2089&I%®oduci ng that reactant into the reaBETHpp007/084935

chanber, wth the slot configured and di nensioned to

introduce the reactant and to direct it to the .
diffepme dertiensrmif iecchamberde pnd feagtiop el theyrment eih mestaaed location
adjaEe%?ngd%edijaglySaboigﬁle§1¥B§I§r§t@%gf .CI arm 7. whi ch further

conprises a reactant I ntroduction device that

i ncludes a nozzle containing heat transfer materials

t her ei nrwhestan of tlhiem 6etitrei thesreaaipe clanibeeingludsssdbionteadiling,

with,a heating source to t the r a ' .
o paftpE QS Riop RS Sror llEF lnd iR sE R B gffbrises o
horiZoRel Siysih éiie fafor Gdratroddcinthiiereavtdoh icetht roactaypechmbe, Wit the slot

o S A R S R D 3P Ay
locatiot foPAHG IR GviliN@othef refBdn® PUrge gas streams into the
reacti on chanber to direct the other reactant to the
predeterm ned |l qcation to efficiently formthe, K . .
mohocr yBieab sFneT fare? Paich ScRerietd et & juirogeriipp device
that HARASYSd Ak Qfmt&i.IalﬁIg !Ebeﬁ tﬁé@f&%ﬁfté{ﬂdm&miﬁ QHRFirSBS devial e

val ve associated with the inlet for introducing the
operplineljeassppintast wideaheating spurpginkeat thig agacanimsior & {sHatrgsupiign into
ﬂmr%%?ﬁﬁ@ﬂ&ﬁ%? the predeterm ned |ocation to

efficrently formthe nonocrystalline material upon

the substrate(s). 11. The system of claim 10 wherein

t he. r edliei sgsicrolod nibier 7 wbenrmdbe afiryqpentirg for thsethe Bagfante

I ' de of I ' yr.t i .
comfeeb 1T bR4Csa B LEne T oy bt I £ AP A Rine one
or mbRpupteQb Stidaghs ants €rlrédegorcdnmbdet ib dirget ieantier reatthet tg ditce

valve js cool ed. by th urge gas t.o avoi.
prediGu s bRETPR G TG R PFE RO RG S SBLRa PHGHE oD ghe sgets)
systemof claim 10 wherein the gate val ve includes a
pl wg al it Qfters RAGIRER 9 3BichFetiet E@Bprises Dgdd divd Asociated with the
. directing the other reactant to the predeterm ned
inlet| feicigkrpdRing $herTav 2 538 STCRS bR FRFRRA e GEctidiesthetreacit to the
predHBARNEHEMOR o SiBleyLioWh 8lGhdhobHSalli8ambi-ARN YBRMBSibstrate(s).
i ncludes one or noré walls and is surrounded by an

encl osure which is operatively associated with one or
note fafw sygemiodetaim FEwhereindly rapqtion ghanpsr mads stgusrte.ghe

I r QR R ahe n(thd
et B b i 50 B B b TG s S PR s B e
valvp elremttordepmsvitliingm sefiing hennGetmpwhrein plreegatergbie ippooled by the

reaction roduct n.the.r ' chanber wall (s)
pmgFgwﬁ?ngggégﬂw%%%%re@ﬁ%ﬁﬁﬁpﬁggﬁ%ﬁgﬂbefore mai nt enance

is required. 14. The system of claim 13 wherein the

r edtt i orheghaeher cianc | Udbsecianhogitd eivedmndudes a plakediisof spaced

condui t . for, removj ng, exhaus ses, .includin
Do i GTET A 1 o s ab e TR st et R o gprm the
mon6@YRANENhadA4l. reaction byproducts, fromthe reaction
chanber, and a heating arrangenent for heating the

outl et and exhaust conduit to a te eratur?
sutdi ci Bistsystem of claim I wherein the reaction chamber mcludes one or more
walls and is surrounded by an enclosure which is operatively associated with one or more fans

for circulating air in the enclosure to lower the temperature of the reaction chamber wall(s) to
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prevent condensation of the exhaust gases therein. 10
15. The system of claim 14 which further conprises a
punp for renoving the exhaust gases fromthe
reaction chanber, a thermal destruction chanber for
WO BWRAEy  destructing the exhaust gases t SCTESHP7/084935
Goup Il oxide solids, a scrubber for washing the
destructed gases, and a filter for recovering the .
redugy ggreyent dayrsiden efdhd @oup Hi preeeyeor FrycamdyPIogrdinen Bp reaction

Fod ] . St em
s SRt B b G Rt it Bl O
for treating unreacted Goup Il precursor to

r edéver The systSnofiplaint 13 ehereribe foartion elydicr mgludeschn outlet and
exhgugtr crg%(tltilip t%r I%];’DDVI%% qe;dgelugtngglses ,Ci\rnc i m,!g Llllrezpcrte%(‘(lijrg)%g) fin pr‘e"gursor,
unreacted Group V component and reaction byproducts, from the reaction chamber, and a
heating arrangement for heating the outlet and exhaust conduit to a temperature sufficient to

prevent condensation of the exhaust gases therein.

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

formation of additional Group I precursor.

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

additional Group III precursor.
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