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WD 2007/ 143743 PCT/ US2007/ 070721 H GH VOLUMVE DELI VERY

SYSTEM FOR GALLI UM TRI CHLORI DE FI ELD OF THE | NVENTI ON
wab@7p43sent invention relates to the field of PCT/US2007/070721

sem conduct or processi ng equi pnent and 5 methods, and

provides, in particular, equipnent and nethods for the

hi ghiGyoVoruMIBDEL #eERY SUSTEMFOIP GATLENMIOTRACAY.ORIDE

sem conductor wafers that are suitable for

fabrication of optic and el ectronic conponents, for

use as substrates EIE_!HQI}EHE&_}EEEEEEion and so

et oaes BT R ey B s BT ag tep o ki BF Fagipment and
tHRRIN] AN H Y, ﬂfy?afrﬁm @(?ﬁlprﬁ@tﬁ@nﬁ infehddy f&10th® hRAUGIHEe
e gallluggnltrlae )’ 0 wafers BACKGRCUND%%F THE
manp T ORI Cepeu!- qon\m@@drmlﬁq@d@m Wangye thah ate syteble for
fabrlxéﬂat?c% c(¥]fe g)?l% Qna fl%(%ﬂ? 881%1 SnelﬁPst %é u@é gs sub%ﬁgg%ogl gltamal deposition,
and Yéfoedh. ﬂﬂb&f&t’ftﬁi’ﬁrﬂ&fdﬁmémls ahé yqull&nbl&%hd Imdhigyds fadoditezaddi td §roducing
optic. conponents (particularly,_short wavel ength LEDs
GrOIahHI nEdds somighiglucior pkirh apd sRdcHE Iy te pipgusiag gallium nitride (GaN)
particularly, high-tenperature/high-power
transistors). The Goup IIl nitrides have been known
for decades to have particul arly advant ageous
sem conduct or BAPKGREENDHOWSTHE, INVIENTIONMTEY Ci aI
use has_been substantlally hi ndered by the |ack
r e PR/ T Yagompauadssira gnporggng %ﬂbwukeébb%&eﬂéﬁl@sconiiwct@rsm%reﬂals
t
Gro RERERS 18 BROETL s L e g Bl i R Bt Rularty
uscfulr fadfabriomtéalg opeiclvotppnemsu@hartaslatdyoctoral siclgngthel EDg ahd lasers) and
radi ent. freeze, Bridgeman ar float zone, that have
Rt Y A R L R P e R R )
Ga%e GHo% rnemsfh@ce B&'n%qnb&zntf@ﬁdé&h% 1§ hBeH Igwnaﬂﬁwydvamageous
he Ga-N bond which results in deconpos
semwondumrtnrmrt@fs Enveatr, shaioepiresicial ugsrhes deeresubsentjal by lghdered by

the IR0ES L ARG IS BERE A B bR IRRS M b B GRRty to erow

bulkhirtle OFyS@BHILEIrAtECEHNhE GRSu AL RItREEHMPIMASS bRt @&Hitiéha@Whethods,
are extrenely conplicated and have lead to only very

suchsaygf2ochalsky Uplayca](grg@glw fecezg. Bridgspias o flogftzone, Nhat. hag@been used for
otheFQeQm{:gi?(Rlc{ObQ gﬁ ad §1Y1r02)n g éaAQC'%h@Iea?o%ntﬁ{é{hg‘sﬁsﬂl ¥ r%E)‘t/nnldlllng energy

ate i ncr eases
of tlmﬂka Nooné lwltléh(ﬂeaﬂllts@l (dldcpbnhlbdsﬂm)int findieot ndgrtenSo i aNd at @iiospheric
defect densities and desirable electrjcal_ and opti cal

presgpepVefeheh BESSUC iR ieRBeTaTEs {2009 &awgé%peaemewﬁ@ are required to
achl%:\géﬁrgélltédtdaﬁ OWHKS aBohy B@h?g%% ft & e{%hg{g&& 1GEhve Bken nvestlﬁated they are

uctivity for use inp I ces.
extrah¢le wpmplitadedoaichase led o oolydiect onalhiragelar @ahtatsegﬁhrDcans etal,

| ea [ 1970s, no usabl e progress was made
Matuﬁ’t"sﬁrngt %éwgqoﬁi@g@) s when two breakt hroughs were

devak RRGS aﬁaﬁvé‘ élﬁ@l& cWRtal Elt&trh!t%%r&jﬂy 196’1’655%&@1%r(ﬁ‘itﬂéﬁﬁy in making

GaN and AN buffer | ayers which to accept abl

epltagmai\ﬁrhumﬂ@tndp layyrs with llowcktefetcésiemsstletmné dpfpmbireeelecrmal Wbl optical

prongidie et St Pgeled o niuREGaRd B el Ry it ppgeen

condRAGIHE for iké . prhéhcﬁpdldveces. Although atternpts to produce semiconductor grade

waft

GaN began at least in the early 1970s, no usable progress was made until the late 1990’s when
two breakthroughs were developed. The first was the use of low temperature GaN and AIN

buffer layers which led to acceptable growth of Group IlI-nitride layers on sapphire. The
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of these technol ogi cal advances, the defect density in
Goup Ill-nitride layers is still extrenmely high (1
wE007/138831 cm 3 for dislocations) and the p-tB@EUS2007/070721
conductivity is not as high as in other
sem conductors. Despite these |limtations, these
secofd WAl @&Sdelvglépﬁl@ntc&m[)@és@to fhedd %Eée@ﬂlb@sfp %ﬂe'cbn&ﬂc‘tﬂ'\litﬁeln spite

epi t axi al ms suitable for LEDs (see, e.g., Nakanura
of thgse tgFhnofegicad ddvamoen thejdq:éecgﬂggslty Llag}gpupljlb@]@;nde layers is still extremely
hlgh§2§b P%%g 1;1 V%lrj I\'i\‘? H,lSFeCEltllén%}) Ia]n(}] 0 9 ndtu 1‘@1 1 J[ }l%hlghc' aflin other

semicéndutéors. WDSiplwltKi@la Yinig€onss utbsé Edﬁaﬁcesﬂ@dl {m@n&ylal productlon of
silicon carbide. Differences in the lattice consta

1I- ntlthlé? geitaxid dimp syighle fof LERSAS o8- Alshampipgt al, 28¢ P@@@QPeT he Blue
Iy | epitaxial layer 10 and the
Laﬂpq%§?$§?5H§%UV&k% Bgﬁggh density of defects, stress
and'he haxhkdefigt dénsithes 4 tasulnbf giodeh dbn b men-nativd shﬁjstrate. Sapphire is the

oS} BEELE g By i RO NS8 BHRHIEOn CBidie IP Ty BB i omsant

therfhPRIIB ciGR BE LG ahYibh ¥nd aPHARNIAHES ER [heklﬁ Imrﬁfé%?ﬁgxial layer

in both conductive and highly resistive forns
and ﬂmshbsmteelee&‘pmemlslgh dendiyrof dafsptsi steesamdl ontlyn@ofthe éllmnetride films

or thpJyate, Frusls el By e T iRt 6 mdhd "

condiRfiyd)antl hbOpSRRaBcaiddctdaty ve substrates for ot her
sem conductors such as GaAs and silicon, which are

av8iC apisaates car baprediecsdtin o dondyatich and highly 1ghiatiest forms, but is

mucflﬁoqus e[% ?1 Stéheanhl ﬂehu%aagﬁg E{e avraglgtgm grﬁ{lle%or e%ergrg‘[\g]lblcglly 50mm

diantt@ativiieh BJOPhrh @Ad 2OMEm dshiemdhghutidas)e Cthigie i cdntrast to sapphlre and
associated with Ill-nitride |ayers grown on the

nativq pybetraesder poskiniieonsigiors pigh pe ey Pr%d ﬁlﬁcqnag\évcfmrs guailable at
| f t
lowdrcbstointf fifich REEL FLAAES (B iR LB ELRORR for Gads).
i niVéiriteethe ose mfeslappltnye dnd SaPtarcalitabledor mmagddveiehpﬂhcatlbhs the high

xpect ed uhstrates with | opwer defect
defogfelpariy %sgowtmﬁ fil&i‘ 1%18145@%% S HESS %ﬁéesvlmdéﬁo short
hfetffi‘ﬁeeanl&‘s‘}k' HioQ6k. fFIPLnif R l§§e@ HFdBl%s b dr BQ@RQE? ﬁﬁ&%st dRehuse their shorter
| uorescent bulbs. Finally, Goup Ill-nitrid

anﬂlangh ipairgitsraveh I@ighfprrlaf@maipm@mlsw axorftioal Ihctgﬁlng methods. It is

expagl TNt ls PSR o s ST haD G Sy b Rpingyy LEDs which

are requiRAfor RYLERUBENAT ifddRadstatt@nd ﬂﬂbﬁe@édn@ﬂ@lbs FREINI@Bup I-nitride
defect density |leads to poor performance and

matqrigly hyie idpsigablospyapestipsifos hebtfrasmircyd bigh pewer elppfeonigdevices but
com%%{lﬁéinga{d%ﬂ R4 hgle c? @Pc%phgs %%&etﬁ*redt m%‘f‘t%et‘t:aﬁl of g@strg%qlmltatlons

ev ces

The highrdfimy detﬁ;ﬁ?ﬂeafdl; wpddipedoinhanee aed fotiabiliegisaues il Blectronic devices.
smal | di ameter and h|%§: cost of SiC substrates are
eS|

The {3y coustisBY SN &l SpPREABiesiiunsHisatle fr s nita highpawger devices where it
is Vlfﬁg[d(l% abl%etrgﬁlogg hbARIR thlg ed}ﬂl&@deifllcze%%lgﬁ OFRALAHI HRmeter and high

sers or require ower cost arge area
cost Bt SlﬂiS'&‘StﬁS A!relmbt gemmarciedly whbloit thedtechawe doeen market, where

i nvesti d to further r t he defect d nsit in

larger gfeyieg s F‘S cOMPATed e Lﬂégrs Ok i%l’ﬁ?r?&lmre W BeHt Bt substrates.
Un fA%%gé%hﬁJey of Hl@th%é!§§§v%9rfe€1|1 iﬂ@!}t@% t8 & thed II‘&R[CG the defect density
cunbersone and expensive and non-1deal even if cost is

in emriah Hl-objidet on @menatiymwabstratgyp tndertuniately theggecesstlonethods are

o PR R P RSBt 2376 e isapbl s Pre common

approach is to use a form of epitaxial lateral overgrowth (ELO). In this technique the

.



10

15

20

25

30

substrate is partially nasked and the Ill-nitride

| ayer is coerced to grow |laterally over the nask. The
wepioraxizat filmover the mask has a greatly reRQEs2007/070721

di sl ocation density. However, the epitaxial filmin

the open regions still have the sanme high dislocation

subseeRss partialy AGRHREH thONI-AitM@ &S K 8sbrsddd ok &b Baterthly over the
addition, Turther defects are generated where adjacent

mask.aib¢ epitayiab fip ever tbmnasle hisohstepbercduqug ditlpedtion deesdiye dlowever,
t he .di si ' densi . erfor g . .

e 0 P51 BRI Yoy G GELRELLIMIIS Bl B R
on atnoMENHREG sUbisti@e P 110edEHSon, &ither defebis aBNEEncQIOWEES adjacent laterally
non- honpgeneous _substrate, with sone areas of |ow )
overgrasyieatans Meglenky fujthanigdaesibe digtasadonflqnsityi Qg can perform multiple

sl o i (NS . t .
ELLPLOTER R 80 K TP R UG L GREL i e v
produbéscknontibrhageaesusaiibstiate, Mith-sonteraras offbdve dishdcatiddedaggg and some

the di.sl ocations, ar.e not oriented perfectly parallel
areanthq‘ﬂgjb‘%@PWd&PW@’cti on, as growth proceeds, some of

t hehdih))sPGREEINS apREEchAB UaRNY rbiuk AloRlc FRAG AL to {Q\KJ very thick
this to be effective one needs to grow | ayers on the
layeorafehe BF-nd0de matetiald Giacausttibe didlipanticng erofotohicsted pprfedlyparallel
... s that. the |ayer is _honbgeneous ro the substrate. ...
Wlth-ltﬁee groa&lrt]il ]d][rgtﬁllotnyaﬁ %mfvlﬂh]aﬁoH%%g, s&plé:va?f hec(illglﬁfagtoﬁ} ngﬁéanad annihilate
cachAStB&C IFat Bfis @M dPRRVe diltatccad PRbRAiceLbd the dedtr 0¥ 80dR 1000um.
t hese | ayer thicknesses. MOVPE or MBE techni ques have

The gdvtage oatiisapmiogahds tatite lafer isdipgnogenemys Berogs Biggubstte. The
. . [ . . .
iR 0 5 B B A T 0 ey v
thes¢ taybethickadssed. VIONP 6 BB Ehnidue havd grogtiowmids on the order of less
techni que that has_successfully achi eved hi g%}_g}r)owth

thanylfpggoy W@Wﬁ%n%%?reﬁﬂ%levve%wnafszyma@wﬁéy tephpiques

' ' ; . .
dise ORI, SHRRFRIASH R frorPGoRE by B PR IO Rt
techhigqu thadhasesuversyfutl cidevedyhegls groohvenrasris hipdrideurapenphalsty/Bilitaxy
cess and equi pment technol ogy, while able to

(HVEE i eve high growh rates, has a nunber of

di $2MARERIAR culBft RHESLIME k¥ %Mdu@ﬁ§ NV dAY 68 CFoup 111 nitride

t hese di sadvant ages and provides relatively |ow cost,
matdriag s tquat HMPEGo pugduce vaiytthicl dayicessadlevwevsethie qumentidY P egrocess and

e REH B el S S o

disadlVivedpts. OThd ggdnefviftich MRt Badcdrds tﬁés@diﬁﬁﬂ@lt@%e@ an@Provides
Group Il precursor for formng a nonocrystalline

relatgyrebulow gast, high qrahfycerandt gitrigatlead tanewThworgtvesgplications, ¢.g., in
. ri : M roviding the precursor at a
resufr%gss afnﬁg\tjsvmo er&algﬂﬁ%glggg%%m% oup I'l'l elenent/hour for
atime of at | east 48 hours to facilitate high vol une
manuf act ure of t FEMVIRIN Y O THE INVENITON -
Advant ageously, the nethod turther conprises
cordhe HIventiep tekesia gangthedvias praiding g ggeasus Gapwuipl pregursor for

AR LIRS 10 S SR LAA s
contRUS LSRR Tdi0F thedtecuXve api afasy fl@w ofjasleasti s 0§3Gooyp 11 ¢lement/hour for

. precursor is a | 1.j.um conpound that is cqntinuousl
a tm?e of at least 48 hours t%afacdltate hlgﬁrerolurne manufacture o(f) I‘ale sermcondl){ctor

material. Advantageously, the method further comprises controlling the mass flow of the

gaseous Group III precursor to deliver the desired amount to form the semiconductor material.
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provided as a mass flow that continuously delivers at
| east 5kg gallium In particular, this gallium
W@ovpoesTd i s galliumtrichloride and it is proRCTES200Y070721

heating solid gallium trichloride. Wien the solid
galliumtrichloride is heated to a |iquid, the nethod
MY nk e HEE] BasBOGHAGHORE TN PréciEr ASELEhI BUA I@Qﬁl@bﬂl&ﬂh@tf is E&@inuously
gal liumtrichloride during the hea provide a

provirtpsigis fal raags flatvethef cogtineansly @éuwrs @hiewtﬁg(glg@muae lpfpagitcular, this

galhu%la(isottnlplo%ﬁ %?]lll(l)lllrrﬁ g;‘gﬁ?ogﬁqem ?P%Q'ﬁ%edtbg}eﬁgﬁ%gd% gallium
trichil @ idee rvelheir e solid galllﬁﬁttn&lﬂoﬂldtﬁjl@ teatad tooaiyuid, s nieyhod may include
liquid state on the order of ambient tenperature,
CNCORERLARS 1n§@@$pd§§awamﬁ th@ g@lhgnlstgplplgrl%ﬂlprp%me heating to provide a
r
s PN, b ERSIBLAL, o OB A, v
solid gadlird tiget1bridents hmtla:ll}} loratadigo duemplegamk'ﬁesdﬁﬁabmtrtg 1Itdmce a low viscosity

. _generate th alliumtrichlo The r..
hqu%égatmﬁ*&é)rﬁ%@?a FEnt BHCTTC AT SUg @éﬁY&Fatmg %F‘&&F gallium
tnchtlct}ﬁfe%fa ter{'i‘4>1 %Fba&ﬂ M@'tb! ,136%9 &&«&a%%é%oﬂﬁfa%ﬁ@e’r JT8% RBbRd into the
e, the method ™ further conprising
llqulldwtllmﬁgtrtdhkoridalduudeg th@ lmatl@n@aeamteethb ghssoud gadliymltti¢ghdgride. The

e RS RIDA e et RRE, ReBgloohn 1o &

galAlifermibalyi @e gasebhs pietSrs@MSHbEOR GroupSITUEL{dY] wit®the method
provi di ng gaseous indiumchloride or alum numchloride

furthsr sepyvps heating dhhlealide e simmenatugstbelaye ity mekimginomt but sufficiently
hlgh g@rtie?gte a%@@oﬁ%&%sﬁf@ tilgtr acR{69¥§ tﬂ% ﬂ?ﬂaﬁll < e%%t'c?dmoﬁ” %Lﬁogal\)lm halide,

this smm)dlﬁiedu@ tuegfulfek pfdvaimg g%b@lndﬂf@éhlcs@@e @ Sahinam diloride
sufficient amounts of the precursor for continuously

PICCPS8Vt di ng 20 the precursor at a mass flow of at |east
509, (G LegEAL R o Qlat@ b st tof Rl £
ooy S ool TR, RG] ShuS TPk PRl hcous

Grogel peodsat for fommtier 4 monodrpstalhins Ceyngt B Vishi@icos duaterematrial,

| recur typical | nprises cont.ai ne
whidhsoaisist i F e B grouh ot S i for ARG oviding
the Iﬁgcﬁ& WPa hlaks RER ¥ LIRSt 158 Q}?Sﬁlﬁfll M@ﬂnﬁnﬁﬁﬁ@ corat @l W dtheast 48
mass flow controller to deliver the desired anpunt

houns@o fasilHate heshsehinne ndoefaoturaeli the perhicomBictes meaterial yin thineystem, the
source of G ou recursar further | udes .a

sourfiodf Gty ap i Bine b P SRR Shes tfobiighes BEER B preqgror.
ge mwaﬁtag&)ualyg@a s&ﬁr@&vOpGrddpmme@m&@g opdrativdfldisbd@ited with a
t he contai ner be operatively associated with a

mass gy centgpllc &0 ﬁ«?léier eagleaired ameuat & amdbnermicondygtor material.
Genkfd 1%0[989 &ftgrcol ﬁ"l{l ?écu g lea e?glr?hl(:ﬂ?g?ﬁ&ﬁ{ g%'{q%akg ey for
heattnlg&he plreemudslsmd foﬁ/ﬁ@lﬁra&ﬂng agas ﬁGWSof@ié)pmcdrhdr )] edautlsmrthe container
is a galliumconmpound, the systemis 30 capa
mawmppwpﬁglylaﬁwwt%@ W8 spyremp ‘f?’éftlerc%‘ﬁﬁ]i“gﬂz Eﬁﬂ%tF‘ Cwuﬂt\%%téntroduces
the @lrics GBGHiO 1R (@falrlch T o GG R e oA H AU ROES g Wow of he
precofsot. Wéhaethi gmdumﬁmuprfﬁtmecmqr 1Gepdhiaml opmpohied, the system is
i ne niti hol d .at OK of
capa R By domb b B gt g
i's c%ﬁmﬂe%%ﬁ%@ﬁ@sﬁésmﬁ&gsb@&%d 45O for tenisIPLbldme manufacture
halide sufficiently to provi de the gaseous precursor.
of thgsemecondwiteranatensl. Kesindradly, the gentangr gy 2004 lylledd agleast 10 to 60 Kg

ofa sho ({ 81%211%qf ha?l € w:{’th the heating arrangement is configured and dimensioned to heat

the solid halide sufficiently to provide the gaseous precursor. The container can hold at least

-4 -
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25Kg of solid halides such as indiumtrichloride or

alumnumtrichloride, with the heating arrangenent
w@onfitggreed and di nensi oned to heat the trichlPeT/tg2007/070721

sufficiently to provide the gaseous precursor. Al so,

t he heating arrangenent may be configured and

25Kg oI5 194165 §ukh A8 atdiurh REcHIbri b rQuARuiQriBRIoMEE Syvieh hBHSating
| ow rate of at | east 758 Goup |1l el ement / hour. For

arrafgemehbeondigasadeand semensinnca ¢ heas theatﬂphlgrld¢ pufficightly to provide the
gaseégﬁgr% lﬂ%r CA?Q? e ﬁegiﬁﬂg gltrglg eln{énls 1% %? 8@1%' agul?%dn%ﬂedtr cﬁ‘%ll%rlrseloned to heat

the thblaandé toaprsmﬂg Iaenacs@ Abai raeroflasleuﬁe'd g Ghowp HI elerredt/KaueuPor further
11 hallde is galliumtrichloride, with the container

extengdrd MaBIIGiye. apluEigenbeantaiesiicay e sonnsaigd dn pstes i ettty delivery
oftﬂg%ﬁgebotgg gre%ﬂllsbld 93 ylé,r#émlh{e & i 1P é&glﬁt ﬁ%ln?alﬁer%u%pom S

chieve eatl ng so umtri ride
t 0 Aaprtfenmed l(h’olnp H1 balideiis gﬁihtlmttﬂchlnddlﬁ; emEh thowontidier and heating
Vi scosi t uid state o anbi ent . . .
arrangemeat o lrg@r%?ée?f* AR Ew H%%wﬂfomi? fRf Hguid. This
can Qe 5@1%&' Ib$ 'E‘eﬁtﬁ{g s%ﬂ& %Hﬂﬁﬁi t@féhloﬁ@lé ?@§ ‘c’e%p%i’aﬁﬁ’f‘é ratAc @t &f induce a low
e galliumtrichlorid during the heating to provide

Vlscasltryawld $tetyon gheeorger @fmw terapdratura watecwith thedwngfineatifurther

incly 2, rsfiisn? Borich e nokaSedentutPn bt e g wiehloride

durlﬂglﬂleﬂl@atlrﬁaggr&\hﬂé £ nfabefHR ¢a B EMb @ g AMGR i AYdrit of at least 100g
i ncreased evaporation includes a source of 15 carrier

galligaghaard The sadisdgallium ssddorsdeds typicaHy hieted éma tepsratyrgof 110 to
r t. '
130R B 08 ARl BRI R NG s BB D gy o
carrigBgdsi dmchat don dinit ﬁ)&rsbdet.ed With ths %lft@lﬁGlOﬁor balsbling rth@@ﬁrimagas fxéto the
any supg % of hydrogen, helium neon, argon

liquig gafl e gichiasids Jpring thedicpiing osgengriats the g%%?o%%ﬁ?é]d‘ﬂfﬁé%‘%hlmde The
h
sourt:@' éa‘?ﬁfﬁ[}%k ?ﬂgt S%ﬁk g@%)#?%?ﬁgdm%&l ﬁ%lu{rﬁ\qlieéfé trﬁ‘?% %'urg&g}res thereof.

rmﬁrea ifatheapebférmel antteslircrg pthe @eveofiorapro2 ey apseansth@r ﬁacmﬂltate high

oo Lo A LR e, Lo el S0, o

gasebﬁ@@%o@%ﬂ‘ﬁ?é’cr&sdﬂ& hesdtrd REMIhdsB %Wm&uptm Q[bn%fnt B]heﬁ least 50g
hi gh vol une manuf act uri n%ppr ocess. Specifically, th

per lgwn foral timpbatrteass 48 hows ofithoherc@rising intetrupsiosradithe high Volurne

maniiebl S Bcsb e D ba TR fantofihF FhFSASy of I, Gropg i clement s

suffitddt @nanapld depobitRonZ@RRHF HeGouA T R-\d benhidgn dudr inhdt@idll Bgdivalent to
t he Brecursor is provided. 25 The precursor source can

at lepsh d Ot ¢/ bows oRtacd 09arm pebsiralg daries thegsme Hat Bisipsecaior isirayided.
su Fl“fhg Feculfs&r J&?éedd gncefu&é %ﬁdn@alflé}rﬂbﬁf tc%?roﬁrog lﬂ@sﬁtﬁt u%ner surface
precu sor, ube i'n e cont al n r vt an ou e

for Hobding b lhhhlldrfgma oﬁﬂferd}renp gaprdchrsot) ghligtubie Guthd doﬁtattfa:e with an outlet
ntainer, a valve controlled container inlet adi ng

for ttw%bk%a BTCR gsdhronala Hayid ip heceomtaT B ‘éf‘o‘f’ﬂnélioHé container inlet

lead %ttb Ble dlé?@den Qxhcf OvavdBddnesiey cl)ﬁtglﬁer thfé?lea&iﬁF hy &Y %\Le'rf] fine;, the
r carrying the carrier gas and a gaseous formo

deliv@rylipe farlcapyiag thsaurritrgas aﬁma gesgots onmadmiee Gaup 111 precursor to a

reactlgt{]/}/(g]ré:s gg}{]g’g@ioglfof%&{ﬁgq h %@%\g)gﬁlgtro é&%ﬁp ?I Gl'Vosl'le%liéolnlductor

mat&HPOALFRALofItRS lemsdﬁle@ufdcfdd% p%ﬁﬁ@p&a@)a% o IR rnmsture from
moi sture from the carrier gas down to no nore t 5

the qametrgap dowhid no mare ben 4 pers pérdrlligasorfa darmer gdeist d@’amream of

th the cacrier urifier. or.a container heater

e“faér%err%%%??“ i1t et ORI tef fpr 42 BiRoar SeTHECS s TP RS

sufficRnt® thel@a §§ﬁd fbri @ A OGrdu @11@eiBsok;| d soRF®CTaS@frier &as and a carrier

source of a carrier gas and a carrier -5
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WO 2007/ 143743 PCT/ US2007/ 070721 gas heater for
heating the carrier gas to a tenperature of at |east
WA 1®T14083 a carrier gas line configured w th PCT/US2007/070721
si nusoi dal bends for providing i ncreased heat exchange
surface proximate to the carrier gas heater; or the
gas BAL if@ hc@fSe BRicatidh el @3eBmpb@tirs BT atNe€an | 1 RCYSNa &drrier gas line
m xtures thereof and heated to a tenperature of 11068‘
configyralgith sapsadatdsrds fopprovishing bicreaped et exchargersgifp¢qpyoximate to
t flow of L er i .0 insulating .
the ¢5foa TR Booro B s b i BRI RS Ry Bl Pt puares
therdofahi @eattdel didapeansoari B1°Cpon 80N ohaviasgflaw cofitdster for
i ne conveying the carrier gas . and the Goup 111 )
contpfling,th gpasy HaW thsearde g3 Soainalatingputss pattiod fgthggontainer; or

. r . ai.ni i i . .
o asRURE FEPRE ARG, SO Al TR U s camir o
and te Gdoep téiprocersyr andwn enetostnigeroadidl wed wedidingl aatanntifaespace for
val veg outl et and the valves in such inlet and outl et
contpinuy . ag?%lp‘ﬁfilé% steel, Hastelloy, Monel, or
conihaal bons dliRusednt iddidde thitehy 8nt&Rer06r thB 8l line, or the

surface of the container include '
valvpdinjttethe afilvad poidttlaptl dreevabeatins suchnalet drak owlet inghidt s@mdess steel,

of, t container, .the,valyv i,nlet, the valve .
Has Glo} For<d e SpRPlbR pESol T Ll i o AR Grgegs the contaner
inclglRl goveétyafluortylérchkits ] dhal thistet Reastohk OF kil conflike ! tB€ valved inlet,

froma group consisting of a nickel-based all oy

the vahyedatuglas, the inkshvalveshsastlat wbvasl orgfe delivery bre Bahpr iaelude a

tride : ' . g

0 QUG % R0 A0 SRSV, L, {568 o

alloyatshebn kadvde, bdrbo hitrige, lbesdrsdatlite, mirgihuml tridenfuded siicdiayer,
referred enbodi nent, the jnvention provides processes

bongegrampsphays silicgn &y ch a3d gt ke giloanagegisiyny ppterials.
pr . . | )
B T e
gascgasfos@l dat@adup 11d prachsogtoourpactansiont forgyothesibingigaljiem nitride that

. .20 nitrogen, helium argon and m xtures thereof. at .a
inclisf e PR Gl e pe el T Ras of hydrogen.
nitrdg@h,"HeBlimI &% oh An@nti STRE HRd s et Qﬁaréﬁuﬂ: 8BVe athB§pheric pressure;
injecting the carrier gas into a bath of a liquid
heatfngrthe edrriethgns @ o tgmparatuysrafat lesgtr 104 ridnicotngthe ngrrichgas into a bath
ar.rier d a ent r ai ne Goup J11 precursor .
of a it FFre O e AP I pERLEPEATE st iR by trbSFoRg bay entrainea
Groép BUprebhrkorfrdrh itttebatil @) 4 M@EtidHGzonk ForasyReiSin@fa Gdup 111 nitride
_enbodi ment, the carrier gas and entrai ned G ou Il )
deliysrisgu i gspepts opthiviembadimerf. the cerricr ganed eraingd&raep HI precursor is
- r [e. ; T i Se: -
aclif SRR L Wil ik o FRBlpcldigor L1ch S 65 ok B Rforghs s purified
by r@astad opeibishirt kd Ammoey thuiné paas pérdsilligasor the partivt g8ds pltovitled at a
flowrate of 5 to 15 liters per mnute; or the G oup
flow rpte Qf de P diders o mHetes 8F e @ropp B BEechsonin the Ryl inbsited to a
e R R e G Pl S P G Ryt g et tom
trichksplect s and details and al ternate conbi nations of the

elements of this, invention wll_ be.a nt, from t.he . }
& o R RSBt st G Bt R P Rag B Y iR o s invention
will @g QQ/%@@& EroM B a &faewcﬁdwiﬁ%g R 150ORMeAetilRg dERYIBNS B these are

2007/ 1437 PCT/ US2007/ 070721
also within the scope of the invention.
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present

i nvention may be understood nore fully by reference to
W b@7figd7hdW ng detail ed description of the pre¢BEUS®A7/070721

enbodi nent of the present invention, illustrative

exanpl es of specific enbodi nents of the invention and

t he appendedBRIB¥FBESCRIPAIONOPF THE DRAWINGH r at es

schematically systenms of the i1nvention, Figs. 2A-C '

i | Ths preacwtsnyengpe mag deadastosd grase fullyfiygsfergre @ the following

| - S e [ r L on - FlLg. 4. -
detalod SRR o ThEpERRI HRBHNER of MRS R L inppstrative
exarfsloDo Ml tifio mbolfingentsso fabd aitichednldythd hppeat¢dfi@Bes in which:

preferred inlet manjfold structures; and 10 Fig. 6

i | Figstl iBesdetes splagmaticalsy sxptoam of thewattiape reactant gas

| Nk, SAIGNASHERY preMed T, LGhGRence numbers are used

to identify the sanme structures appearing on
di Figsr 2AiC flivguatesprefEfAlrtacBESCRIAIITON OF THE PREFERRED

EMBODI MENTS 15 Thi s inventjion provides equi prent and

mﬁ%éﬁﬁatﬁﬁﬁhp@? r #eg?%?ﬁaowlgﬁﬁ%? nations,

”H@Eg. %%‘éh@ﬂléﬁ_ﬂ?&% il Q4Bs bﬂefe‘r%éd(iﬁ’llgpﬁﬁﬂi%la SHLGeRIUGHPT

waf ers not hitherto possible. The equipnent is

capablbelloftragysthinmaidaly adetdrnarveireactdnbgasombst apargeonst.

of eks or. nont hs roductj on,does not need to be .

S hd 1 GO S R RS RaHE A5 RAI Y AP Bt SaPsagipe on
diffdaédiguiddr oughput production in that at least a wafer

(or a batch of wafers) can be produced every one 20 to

four hours. The Goup IlIl-V conpound sem conduct or

waf e’ EALL R HON OR i) BREFERRED FMBORIMBNTS

optj cal and el ectronic copponents or. substrates for

f uf]‘llhhs éPveél&OP B ﬁes Ci:gBlé)g}ep | mgthadsT %F L@?‘[?é?w{h fafe and%lgh volume
man§ RS GE Cir&ip IMRYIonfouad BérhieahduR bt walféts RbEifictt8 Possible. The

enbodi nents, the equipnent and nethods are
cquipmert ip ceppibloofustained grodyetiqyigdhgtionegr 1GaNdspt weeks or months

prodtwgtgcﬁ{s Czqoeg ggﬁ%érs]e#cfg Bg g@.lq ‘ab%g{)tsmgﬁl??%&ee fﬁl%%gulfﬁgne?glﬁé t}alg)efble of high-

escri I on. I's foocu

throbghgvt prpdadtion iadht ahlewdtd widtr (boa betch akeafeds chh bt pradgced every one
invention. |t appreci ated that the

t he will b .
to foyF Bpwpr dbc St mérrosperpd reaigedpcts Wadp e aroggeed arc suitable for
fabrf&?ﬁ’(qy&f‘ 'CXYaa.fnﬁr %cﬂgnig_tcgﬁl?oxgn%;' OIJ slul)s tés,rfofjﬁﬁtheteelﬂtaxial deposition
al um nu nitride, 1 ndiu nitride, an m Xe
and &drwithenserhgahdictorimatdiiadpplidatipokes, and t o produci ng
wafers .of Gqup.lll phosphi des and . ar.seni des }

AU PSSR R SOHTOON UL S EonARePES Bl beieisd t
prodtin@ WANhitddtewitbls; BRick eHBONREnELFt ARIFUE FBuAIS the subsequent
within the scope of this invention. This invention can '
deschiptigrar This docas lis/for betvite bhbycnidwbowd matiwe egalrani asdinziting the invention.

e B 0 BRSSP 1 S R

waf&teppsthd Gl nfirides! Ry ebyminhigciigideamdhien Aifridd)end mixed
el enents and features that are especial | inﬁortant‘to
alunapg/ galljupeiagdiugh pitadess ko prodiicigetiafers of i(éﬁul?/ I phasphides and

arselglggé’;;%ﬁc@%ﬁ@%ﬁ%&@%}I@;}%&togse%ﬂe?foq%df&s of aWof the I11I-V
compound semiconductors are within the scope of this invention.

This invention can be particularly cost effective because particular embodiments can
be realized by modifying equipment already commercially available for epitaxial deposition of
Si. Thereby, focus can be on the elements and features that are especially important to GaN

epitaxy while aspects related to high volume manufacturing, which are well developed in

-7 -
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silicon technol ogy, can be maintained. Al so, the

equi pnent of this invention is designed to have a
wae@nitdizeant duty cycle so that it is capabl e PET/HB2YN7/070721

vol ume manufacturing. Also, the invention provides

for virtually 100% efficiency in the use of expensive

silicRtRMndI8S0 &k b& hadisined. €S the Q(%Lﬁﬁm@& dfiiak irfv@nfi@t is designed to
actual |y dep05|ted and is therefore exhausted fromthe

have agenifioantgubhesielseso thefut iswepable off kigh velvmeasangéitiringe Also, the
1nve|ﬂﬁc§1} ﬁggldg‘%] ?og 81(1)1&]12&&1. s p@néf‘f Xl%%npy %Ctﬁec' ﬁseﬁ(ﬂ%gp@t%g% (‘% W recovering and
recytlingesft Gothat Ralova@sallyhdepusedahd és ﬂhm‘fvﬁe ke ok fee fifsal thArss:tion
susceptor (substrate holder) and | an% heating with
charplgmsengmapte W Birimistd dapteaccrsacdat lse. thymy cadee prcgssapd
appa'i’@cﬁ& kﬁﬂlde R %U&&o%u&ilgls%%ﬁ gfb%ﬁ& st O mainly be coupl ed
e susceptor and not at the reactor walls. 10
Th &ht amenti@ainc g esths tuserof skeypui kmpeﬁemmatl Innaas mnepmﬂ (substrate
syst to ermt f ast r chan
holdgt e T b Y AR i e DI SO st SBE it of e heating
pernlut%rme H@eﬁ‘tehé’r? o/ ﬁltaﬁl'@ Q@chﬂp'ied % Y subahortBARBE Bla¥ iR reactor walls.
changes, h up and down. Tenperature ramp rates are
The ilamp heating sgterofis eup@d detr eemtiob systan ambrpmtezfear faist yovom changes
the or rees/s
to th Tyt @iy el SR SRR PR e WY B e system permit

verySRQGérthpGatuI PR SEsUbGh i ah8 dBWAI TemPetNBE Sdnfiefht&haSe in the range of
phase reactions and prevent deposition on the walls.

2- I(Trdﬁgrqeé/@m@fi am@ptefer@@p@guthq ondepelrtry degrsesy' scgmt-f or war d
gf ﬁ"g:@ ﬁndgﬂmfﬂ ﬁ}dlu{&Bﬂe‘a%wglll it %E emtb%eattg n ééctﬁf?cst%m%g%ture to

minintigd mdﬁslr@m@s@ham&tm‘s eﬂimpﬂevaﬁ depatidnadn thBevalk. 0T lack of wall
Il] precursor s% The flow . of the Goup Il precursor
depgsgiogineggits yragitorapidaie 9y inatiemeriqrale fer gredh ratewiress and other
A9 X gre is no practical limt on the size of
Periy Ee gté%e%? % oup Il source. Goup IIl source
coftha nrmentsorcmnlukies ome drimgore am‘@mad)ﬁoﬁeestfor tho @rbop BOPrekgrsor(s).

nd se rce containers nlfolded
The H3gtiis Gy B TircorSi ATy CoBPasEPYCB el
contRRcHOVRerk '1§E§‘o pt%@t[cal Hﬁ% FHEROSiE bPhe Q&teﬁ&NGr&ﬁ]ﬁH%mce Group III
precursor is . This Ga source is based on the
sourobewmytainges gmsbe @rﬂie ehng@ 0060 e 500 tha00 kghand Ge@aBsdugcej qentriners
coulﬁg)fg%ia%lifgﬂ%ld)(o%ﬁ% I Segr%ztl SEAZ“,C tn%ﬁbeb\gée%c}gb{éﬂgﬁsh%%% ?}? léiox‘?‘vg time. For
the dap6diBon 600 aN] @Y IGheprécudidriid Ghen! TAKAPDEHAdOR badedlod th observations
GaCl3, and that GaCl3 assumes such a sufficientl y | ow
and diseavssipy (hak s Gak Tais epefficieqtly ﬂ%ﬁ@ﬁ%ﬁﬂturs@ée Gputingriggsical
meaﬁgﬁi %%u%?lﬁ#ze? ﬁamg%f éﬁ%ﬁgﬁ ('{11 ? gi;&aet%ﬁgﬁm&ﬁ gvaporatlon
rate pf essgr and thattGeeClh esyumnics ohi atsyafﬁctlattgz lawdnmsmtpmtm b preferred
a congr ol  ed anmount of gas 30 through the
temﬂqr%}ﬂlieﬂ Ofﬁéﬂgo htP ei3er i ng the Gacl3 vapor to the

re
8k L B L TS

and pesure in the @azNVISecwslstaiteoamd augsnénh farfwiag g eowtfollbd@niomnt of gas

toroilrib s ey paP SAGPRPE IEGC  Fanog b Preeustibo dbisgbipment can
sustaifl 8ighehasy @rowvs%ma@n ik aRrhilR JE208 3 460 YRR Ot 143K 48 GaN

PCT/US2007/ 070721
deposition rates in the range of 100 to 400 um/hour on one 200mm diameter substrates or any

number of smaller wafers that fit on the susceptor. The delivery system from the GaCl;
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container is maintained wwth a specific tenperature
profile to prevent condensation of the GaCl3. The
WO pooen#d7eh al so i ncludes an inlet mani fold strRC/USM07/070721
that keeps the Goup Il and Goup V gases separate
until the deposition zone and al so provides a net hod
conthidbr RGMHiRYInBY wthh Phcidio SerphRSbrdRBREAD Prdv¥nd ddnb&iBation of the
deposition zone, thus achieving a uniformflow of
GaClx ocess gases into the reaction chanber and across
th X 0 rf The
gad 1P DR Had HERRES WO MR BREERLRT thad Kps BIERFRES 1 and
GrolyoV hzabds@eparetcaatil the depsit@inodode afid Biso providdds @rhdth@hfdr achicving
. .chem cal conposition (therefore, a uniformll]/V
highrggs ph3se hopogensityrin thestepospn @ive Hius aghpdng & updarm Hey of process
Y
s BURAR R PERBLS B TR ut TREE BB EE B Py, The
procdssstas iflowt is dosigdedga dbe aubsstessiatl enifwrdt i tath floe vekeay dtherefore, non-

nd . to, achieve high unjformty. .ln ferred
turb@ﬁ%% aP%hlﬁr@,cﬁtCﬂ@p Hp eksfef% W{O@Qﬁ(ﬁ\é fafiods Iy preferred

embd&Slcanests ?s”x@al’iz%ﬁib?%'o HinpRESIABYrigRsy fll QWertd & AhIGRGp 11T and
to principles of fluid dynam cs. The invention al so
Groum¥|gasksghat prestithodnifamad] siribnieergyl gas asioshidie vadthipd e teheor, and to
.Group, 11l or oup. Vinlets to hance the reactign
achigy s kR ThtBenis ufidpets FACRAG ol dfe 5§ 5l Mires ana
desi@iHAQat FBfted Hylthedaiay lods 166k U@t@rcﬁn?’ﬁi ﬁﬁﬂﬁqﬂ&f oftfhed BPhamics.
deconposition of the diner formof the Goup Il
pr dbainsatianzlel mcludesa pisthodon ede enacacioseithenonbnsh HerGroup 111 or

f. i -t Nis. . l.d i
Grofl 0 30 eSS e Rbegh TR e b el TELMAIEY

embbdieten®lthis deanhipolsdt b entlayd fot dermal dEbempavittsi éfahe 8ins® form of the
i ncl udes equi pnent for automated wafer handliqg, i i
Groym| prsrvgot @z@ intathe MOBRECT B2k s 4@ pribergreigged ppgodiment, this
woul EAChRC pRARAL B 5ol BF Ao ASRHRREE orcxppple by thermal
decomgmpittoeror pbstnaol | ed and interfaced to the overal
ar h rogram The inventi also includes .. . :
P ertbeimye e Bininebide ot e e Sty sl Randing ieluding fully
autoflaBP 988 ctt AR At %‘J@ﬁﬂ%’? SepaYt 8681R1 Gt c$ REA 1BLLSY non-contact wafer
desi gned pressure regul ating val ve that can operate at

handdg s radefoeticlp aredslly eorapuiehdogitrotledrpit iatenraegd toTherpesrali groavth
" control in these areas prevents premature gas phase
PIogfdlcti ons and nini nizes deposits of GaN as wel | as

Varrhe s ch@RCAls® heludy Preatpetdtsre cOntidl oFfthd @a&bt @Mkt and outlet flanges
byproduct is NHACL. The tenperature of the entire

and ghieiexhast systsimand esnecwily dssgnedqrespra rsgeamy wlyehat gan operate at

reduB&f"]?( ug%recﬁﬂiqﬁgl? ?etrﬁp%&é&fes.Nﬁéligé?r%tgpﬁ‘tecd.n@r\é?ﬂlt thg% a%a%% events

I'hc S a gas-purged gate Vv 0 reduce deposits on
prenidigre\gas please B ctigisemnidahinanided depositsie G hswolll ag tiirious reaction

reactor and to reduce gas recirculation and reduce
byprogygty endeaior fepgiogroyprugis M4Gh {he tomperatyie of the entire exhaust

dowhdflahi mg%]re%ae? fétc%nﬁ'ﬁﬁe(fjt%gn?)\%\lg?t t&'&ld&ll?s%ﬁ.bﬁ] Mﬁlgﬁé@ﬂ

I ncl ude e use of a susc at can one or
noflbe wafcetion dse inctpdone ggr-pwigtd gaia valnd tarcduscdgpbsits on the valve

mategﬁz Ialgcﬂti]g é’:ﬁjl% afarl]g\é? ﬂ{?gre%a%%ria%&gg g%&ugé g%gi?g@ﬁ}o%%nﬁ récﬁlce residence
time of the gases in the reactor.

Additional aspects and details of the invention include the use of a susceptor that can
hold one or more wafers during one growth run and a susceptor designed to prevent

attachment of the substrate to the susceptor during thick growth runs.
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WD 2007/ 143743 PCT/ US2007/ 070721 The present

invention is based on the discovery that specific
Woreioal431ad i de conpounds have certai n uni que cheei/vs1007/070721

properties, and that when coupled with an apparatus

designed in |ight of these properties, the
comiak PaktRinGAlioR & B4S&FHor e @RRESdrY thatspdeifi@melabhffde compounds
Goup I11-V conpound sem conductors, and in

avapeerteinaulieue gamicalnonertics.cad thitmhen epenled wiith an apparatus designed in
I { n
light (ﬂq@l E)}( %h%ﬁh%l? cglﬂgfrng{:l er it |%Se§ oggep%gltt 't}n& %ﬁgrs o?@roup -v
compaudf @ﬁﬁwnkiﬁ@ors!:md ﬂhljiaﬁldutw @llthluﬁfmtrld’e @fﬁ’th\h@fewfﬁre unachievable
manuf act ur.i ng is. characterized by hig
highethroyglinstigh prgﬁe 5%1% QQSF inest PRRIICE §BFAGREStiS Q| rlsngh volume
fuipent utilization. Throughput neans the nunber of
manf ?er gghour that can be processed. Precursor
ef Focihenioyemvanthigihedlume namgéactfuragt (@rH B of cltanecterized by high

terial ta.the s oes intao.the duc
throfigh b st foorAf gy Aedhes ingnend uiig nh dRisehgf Means the

numb & ¢ FAPIFE/ B RS @G! @atn% phbdelsdah®ramtLF bﬁicaen@{r %‘e%ﬁsc'thﬁf‘éjlaage fraction
structure, HVM epOS|t|0n rates range rom ar ound

of thg r@ftaaqd infut tQalhe psiem eoacintathe gadducuand ipeot wened. fAlthaagh there are
of. at. | .east 48

a B by S P et Sihiine it pheSii sl M

depds@ioAQeted réage Bipnl drbusd @(ﬂgﬂ}roﬂﬁﬂl Blethent @fichPasPRII@S) R hadr for a
| east one week, to as nuch as 300 15 to 400 g G oup

period of asleayett hqyss. th o0 g(@pumllpelement rst har foeaperied %’cﬁtlwst 100
houﬁht%lg@b Cgva(grgzlg Y1 %Feg‘fe@? ﬁ&’l hr%¥ gogrgg;dch@'@%f af 1%?@03%%@%% écg er g’ﬁ%ch as 300

to 400ag Gheup bp&edatether Nowedi £ periothofut Gk momhda @wapsource capacity
I11-V material throughputs that are sim./lar to thos
can e frABP K Hhtosh) Kg ghorrayrssa endif ingeeases Fel: wltmlez‘é%%ﬁ can be
t
oot BT 8 g BT Bl AP RUBSRL B o il o those
obtaﬁngsihommanlﬁbctudeM rmst of the ti ms i s spent

duci n roduct as osed set - cali brati

SRR R o BRamaBe Paeaiie Gk JR theSbughe isif the reactor
cornfoﬁ%;& ® Hg@%ﬁ' KRR [RFi8d,2Y8h h@@ﬁi Roufr@r FMVI\@ r@dsk bE@B time is spent

sem conductor processing technol ogy. The equi pnent
produtsling ipzmwcbw dlmpsqd\lmsgtﬁurecalakpamqn, clganing er Maint¢ranon Qhantitative
about 75 t. E ‘}%f to t hat .of

rang%? Oré%er%e Bk HFP a&aéEaB fP% 0% “é% Hﬂlﬁ%?ﬁmc URKQL REOSFSSINE
techﬂélbgy Z8lhd Quiprhert heiliRfTonTor BVM bMErdlip TINY nidiedd) ig60Weldrder of

of the material on the substrate is occurring in the
abouft éYéé@ 8%, mHichdnivalar faothal ofiqimen cpiigtigdspositipnscquapraenti s

C chgr 1?[ gg{mr? Is tﬂf? %ésrgbéi qi? {?meV\éﬂlr \I/IﬁEh OWMOF ﬁl%%ﬁ%rﬁael on the

ose disc ereln, IS On

subsatdds oefuriins inahd Bfetofr Mdmnuéntiolnzlaltlveﬁ rbe&tdrh,&h@werub éaoh the
tine in the rgeflctor neaning that it is the t

ordeg gf #ip 4ae-omhili iona BT Y et Surihgs thase ‘i‘i@?@éé‘@&m élfnts é{ﬁlue is on

the &dmgrtgyg(yl s provided therein. For conventional
E reactors, this value is on the order of 65 to

70%rowth Utdizhiion @ thivieriead ttiore inukhreastot, moseingi tatlitis ¢lok time
this value is on the ogrder f 95% t o

.herei to
durigGichierantne pousTee B sy SO BuaHS riay ded Berary For
comRhA&6RS $IVPH Ractors, this value is on the order of 65 to 70%, while for a HVM reactor

such as those disclosed herein, this value is on the order of 95% to close to 100%, i.¢., close to

that of a silicon manufacturing process.
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WD 2007/ 143743 PCT/ US2007/ 070721 The present
i nvention addresses the main |imtations of the
w@ 0o a#3743HVPE t echnol ogy whi ch prevent hi gh voPCirEs2007/070721
manufacturing. This is done by replacing the current
HVPE in- situ source generation with an external

SOUhe Braabt iiRRtias bidicdsBethe Widig NinitaN&E dTitBOcdrR@k PBIPE technology
mass hot wall reactor with a | ow thernmal nmss reactor

whighi praveng hgdrvatumemeoHeering dTialy donc Pyacpagisg thsfeugint HVPE in-
situ ?%fr%%%e%égﬁ?ﬂ rv&%%raleC l}?]rtr(l;aﬁsgércg h&d {éﬁ?a%mﬁghg élgl]?el']lg E—ﬁﬁtﬁ:flfgﬁ Thermal

masE€hjptiviateRhctoit with addw mrmEUths&émIamtﬁ feﬁlpmlsre fcbrxoltdld walls. The
the precursor is .controlled directly by an electronic

use QfgdCXAqrpR Sewise ehminstes thergaditd AgPiPROqusied edhatgsihe precypors,
¢
greaf_lggnscr}g{g agtt Qil\ﬁl?ﬁé[ﬁ él?riggartgo?;ﬁ r@%@gﬁcﬁ% qu yé?s ﬂhﬁ/\bftﬂg H@E‘{Hsor 18
contgﬂkeeltdhlycttﬁlﬂ}umeslemthmw mags fieeuontedlef, oesuliésy mnglpmvdd control of the
olin bat h duri. r‘iﬁ {‘o% and 110 mai nt enance. led
gmvﬁ PFRCeSs 4G TPRERVEI%C e thegsil gss reaging oyt SmBF’?B“e controlle
wallP gfé&ﬂ& edubss t4s ﬁnﬁfre(ﬁﬁﬂ&i' for ﬁe%ﬁﬁg bad H(Fcﬁln@r (413 %ﬁﬁ%gﬁ%}tﬁ Bnd
are not practically possible Ih the current HV
maintgnance. s?jhﬁt anlityTh eapa@[ylhpatyanﬂaogldhe sldjstraﬁellsmajelrmus the use of multi-

cempBBRarer Sl FhR R ST Rl CRB B R Gl R T gpot v

systiidl IThelepiasi focotireahé Wall EheRSAE febech ighEphaleFddB®shs and almost
cleaning, leading to high reactor utilization. 15 The

completohe pliminates naillsleppsitsh Ebisinasiontc avalldeposityagreatyrinegesses the time

sed as an external
betw%g% ?fe% ﬁ % 19%\/&{63%%2 tﬁgﬁt&g&tlﬁl -V conpound
sefThe prdertioventiamés aed opthe\fhd ehat icertan njetd Gbliddcompdunds can be

specific dellver %qli) pnent detailed in this
useq %\i‘@ﬁf‘?eé‘?ﬁ Sl (i leAenapitiongh THas sompepndysgmigondesfers and can

prov?(ﬂ:d n{TPd n%'tlgn Wltﬁ@ﬁgﬁ géﬁd& %—(glﬁ']l&ﬁélt(?l@tahl@ﬁ h?srlﬁ 1>9h,n

particufar, when n a su i clen
sufﬁlcrmtly ihghamm;ﬂusttaaéne\@ qmdrmamtandug]n depadDiophrytss omlarge areas. In

means,. e.g.. huhbljng wt rrier. gas through |.iqui.d
partigaen3/hen o s o im0 sl Pa s Pt Gt
phy@Eidan@RG. bEYIinEa&d3a 888 t8GEh Bqadidact), @5}{ f)ﬁévld@\%l sufficient
viscosity state at tenperatures in a range about

evap@pqémxamtf éia§2131 dhargat hesswres sudi assufﬁmemﬂy o v1scosny state at

tomiitive T chF ab@R oS imaR 307 "B fhe BYaRSn Rl¥ksed on

the faétthal GaC13 iflthH¥alquidTies€ heimnahd éﬁsgmsé & té@perﬁimeesdiew about 400°C
can be witten either as (&Cl or 25 Ga2Cl6. In

is acitpdiy taj dimet. ol leachemecal rgrudaifos HicoHBgasdndisesridemeitics as (aaCla); or
Gaz(?rsed as a Ga precursor. These conpounds are simlar
& Ga2Cl6 but with H replacing one or nore G atons.
Foin aitﬁmiﬂ ® GayonaehtarabgiabgAlngcdhas aldoebetused by 4 Gg@rdcursor. These

Comgélg}rgﬁg ﬁlréﬂesq glg‘f@b,%eéléflkj{ ﬁ%thégfppia{hcgq\gcwgeolrr gr\égrgtgi gtom}s fjor example
monbBAb® &512?1‘6 Hal ﬁ{eecg/b%rﬁlgg s a@)% rEISIQ&SbW ﬁra%rﬂg‘ ﬁps&fwnt lt@léw the

conpo Accor I'norg.
termBtil GhO®hyledi2@Bs ctul else ba Implladegi by fH (IIOl'EEthehl threre islecis elad érgns version

of th\é\n%(f‘,pg%éoglg}aia | n Chl qﬁ%{lﬁ P i{g%gf(;f]%% :EQR?%%]S%2§5 the stability of

the dlﬂlef 8ase3cPVith T&r&gﬁg/cﬁwnn%&hoﬁﬁs Rer@ina Gast Mﬂaﬂs ib9N-2 keal/mol
for a bridging H atom Thus as the nunber of

per Siubstittgoreehddncigassa®dy det kesdiswd withipaclf Céeubsbhltloﬁ fortpebridging H

atom. ourgears ‘the nun?ber %If 5190 tl%u?erg“)@f a%r%g ceiecrg\éos Qhed I‘E(J,:CrtleO%S ?the monomer, at a

given temperature, would decrease.
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-11 WD 2007/ 143743 PCT/ US2007/070721 ‘'ru rra, {, a s

:lame r t~ran8 r; C5 175 HiJ.1J T ~, b 1.i 10 The
w@ewms7ed | n- and Al -contai ni ng conpounds canP@BUS2007/070721

achi eved using substantially simlar equipnment but

with the limtation that these sources are not as

easily kept inaliquid state. InCl3 nelts at 583C

Wil e the present |nvent|on descrlbed for GaCl3 may be

nodi fied tw, ow e tenperégtures above 583C, this

is practical | Vegen tee di” fi» Tul't. An al fRE Al weapproach

is to heat t -_13@{9/ en@erature bel ow t he
nel ting powht et t he "wiapor 15 pressure is

sufficient to achieve accept abl e deposition rates.

A1Cl13 sublines at 178C?gnd melts at 190C and 2.5 atm

The presentm nusat escritved for GCl3 can be
e

Lgheﬁ“mt han a l;gqsphqu &

pressure arw/(;ﬁﬁgf‘é;}]?fé abLQ;(e the mel ting point of
A1C13. Addwfi onakl he al RDate approach descri bed
above for I nCl3, heat i ng beI owthe nmelting point to
achieve a sufficiently high vapor pressure, 20 wll

al §q, gﬂfvﬁh o‘f‘%gjaﬁd @ll%ﬁfa‘ﬂ{lﬁ% @-Hgddﬁﬁg céﬁﬁ%)ev@d 'uﬂng Q@ostantlally

l'iquird phase and in t se at
simitag nrqmpmbmtrt&s withrtbe hnntamm that:thammarues ofc olhasecdsily &pptiinm liquid

i low th s .reactor. The |ow . thernal nmass }
statey dnh Rl ﬁgﬁm\gﬁi he@ressniipyition d&%ﬂqbgd Sq @(%may be modified
to oﬁe%QE’ ﬁ?@nfp@l%tﬁrbi@oo&@qw‘te ¢hil RrpradiRafy #&t@dﬁ%&l@p |A1Pa9ternate

both during growth and rmai ntenance.” The ability t
appmaqch id nq/hm dte lafl te ed¢mpFatutreboderh shamelénglpsint betrWIhEtrs the vapor
ture rocesses whi ch are not
prestS i Bty W e B R R R S ot wat

sy atleMsubitBePRi 178V atdOme@dtr19b°c il M8latm t EAPEreddn ifention
reduces agjés phase reactions and al nost conpletely

dGSCélbi:drfqaizﬁ 3 G4l e raeqiBed tosopeRite af tglhdr dpngftmosidieric pressure and
r 4 t :

tern;% 'ﬁﬁ?\% tﬁ@‘m:qe%lngg)% Iﬁ%%%%ICf i D dﬁtﬁaﬁ tﬂ@?@erﬁ%‘cg g&&@%h described
aboumsslncsg, aezk’th@\f@dbvb)‘heuﬁd:lﬁgg pbiat tol &hick-ad |st1ﬁfmeaﬂtzyug¢1a\lalpeﬂpressure

a cold wall 30 syste but in this invention the wa
will plsapvortst (MGl plso dormsraatimeg (1613 2 étbéle liguyd Rhéﬁia@?damdh%gas phase at
low ?&ﬁqerﬁ{ﬁr gent hot wall systems are heated by being

ose in a furnace. In the new system only the
s ubsibthet mahodchgronamcb f3hib siveatien sradotvahérech] mbkercectar. eThe low

s to achieve this includin | a heat i ng, )
therl Rt e B i Qui inerresrurla vl S TS thic required for
heatﬁl%taadlca&mg, bbiReI SN fEW B AAS ndliftenc. AThE AL  to GXAARGeat and cool

constructed fromaquartz and a substrate heater

the substeate alse pernofs tger wmfmltl-temperature processes, which are not practically

possible in the current HVPE hot wall system. The ability to control the wall temperature

reduces gas phase reactions and almost completely eliminates wall deposits. Elimination of
wall deposits greatly increases the time between cleaning, leading to high reactor utilization.
The low thermal mass is achieved by using what is traditionally called a cold wall
system, but in this invention the wall temperature is controlled to a specific temperature. The
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.
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-12 WD 2007/ 143743 PCT/ US2007/ 070721 The graphite is
heated by | anps on the outside of the quartz reactor.
Wab@®704E3 z reactor walls can be controll ed uBCHESM07/070721
variety of methods. In nost cases the wall tenperature
control system consists of one or nore nethods to

The r@%ﬁﬁé & HBRd W IAmpLIPBE Jutbi® dfMh@qukdizir€icYorOfThe quartz reactor walls
ocations, conbined with a feedback systemto adjust

can b ednstolled vsing a varictsi @i nictyds.n fumostsasdsshGwok [mpegajiisreontrol
systéng ?%Jl‘% gf nggm d)t}?nor? ogig y\éﬁegsﬂltreztrlrl%rev?az]t t%rrné%!aﬁl?e in apvarlety of

locatienyt, c@hbiaed bzythfaateedbhhlatyskﬂnow @djlist e cbbléngeotiraling in@ht to the
the reactor walls for <cooling. The wall tenperature
wallirggipp fo wamsin fheemperatuseateonschitiugt Ingnother gbodipeat, the wall
temée?ﬁﬁl%rlg%{{neolleﬁ %gtfi ltileﬁrbl&x@ BirRGt (f[% %t%ﬂgiegf thQ re‘é@%o}[ whall§ for
enperature to I'eve 1 nproved perfornmance eit
coolchgr i Thg mMemmrm mit eoast@med i@bAtdisong dlhenéso diesdemperature
rlnarH

contglf5e e R S e HRC P A f@%q%tmw Ak Pved@%{r%%&?%mme cither

durlﬂ‘gél%gxghofﬁlaﬁﬁgnan&e appreci ated that the equi pnent and
hods descri bed can be readily adapted by one of

av éthgeghsthic [focus f thedfoHowingaleadrindiop noprumerilywafreesrrod embodiments

of t e N ou sem.conduct or rewthin
for Pt Bilfgp nitide GO ONE o MARE Gpareary Thag i falient and
metledy |d@§§@1|BEd bdn WY dehdiny M&Ete&%@ﬂﬁae QF atdi@zd JRYIENH thOBFt to also produce
Headi ngs are used 15 throughout for clarity only and
wafegp ohaut ofithe Hh&’e@mmwd aemisandustass arcrel thip flenicppmof this invention.
e C
AccBlR SRR AR BhinThORoUP L I8 (IRAHDRCHULIAR Al usea
throggieuafdr @nmtfmﬂsz ahd edthenbietthdehtisitetdort he i nventi on can

be economcally realized/ constructed by
adata HeHsanenPyidex patiprgntveEhigh upblwartlﬁ%&tu%of GaN wafers

that ﬁeﬁ%ﬂn&ﬁﬁé%%@n&ﬂfct Qtﬂfjoﬂﬁﬁtfbﬂmﬁéfgfr@d %:1 eht@ %k ff’ne 19{‘1ent10n can be

Icon (SI) epit O practice t |nven
econotmcaellyrreahzleé/a:essslanc‘gedtbny admgtergtrakd fyang emmVPE eqm@ntennthat has

becrgGRBBRUATTR gt CRRF B e LERYF BEOTEHEAD PR sdpariecs s
invehi&d, 889 noSitt@hRad unfidiketah re%kgﬁ%tan@ﬁhﬁed&‘oﬁgﬁhﬁlg %Po cess of

eqU|pnent of thé invention can be nore rapidly and
desigogend eaustryctingzilli costhooons farfeahe demmong:qwn@et Bomanchtch.

lLimted i ficat ons exi.sting.Si_praces
s BB b s B BEE R B g e S R Bop,cag be more
rapid@¥iafil 'eﬁﬁloﬁﬁce@l@&béﬂ%ﬂﬁconﬂ’ﬂ@l‘d&dQﬁaklﬁé'l@rgefh‘dﬁiﬁﬁ|1@1ﬁte@| hA&difications to

enconpasses de novo construction. Accordin t he
exisfipg $1d?KP¢R§SIB§§€Q¢US‘t1¢IbWOV%H pquiRmei Adengewith sughypodified existing

equiffidiit bl ¥l ﬁlrvreﬁtgont e(l? é}%agsgs gnd{%c&rngt%&(ﬁlt{oﬁd into

sting Si’ equl pnmen pro I on eat ures
t halccodingljnehd ﬁlllawn@cuefsﬁqmosl is Arpdasstd® the gemally preferred
descri bed in details. as are well known in th

featygps to bejipcyperpisdpie cxisHag Sh%qﬂl@nela.f?lf @l prodygten. of ea@tﬁes that can
be rétﬁﬁ&&‘fr@ﬁl gl‘br&%ssq ?&re n%?ges%}ﬂecﬁg derk %m& %qﬁi wg’l@kﬁ% in the art.

I nvention i's not Timted diment s enent

In didifekent hmbedlheatsudlé&renlt-lomwf ithe featurestd h elﬁsclrlbvcé tan lof implemented;
.sust ai ned, hi. thr ou duct i nost of a of

the ipYGeEn P B BroadOm Bl why krrasadovever, for

high6PRSE bﬁsdspdlﬂe@s ﬁ%httﬁrdugﬁ(qit Rebdub@A hREbSalPenEddl thatures are
automated wafer handling wth separate cooling stage

advantdgepusaanddbey makatle p@sa@ttentg cassdtte iladingi kogd faelis and fully automated

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

processing a wafer while the other one is cooling. The loadlocks eliminate undesirable
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processing a wafer while the other one is cooling. The
| oadl ocks elim nate undesirable -13 WO 2007/ 143743
wWERD/WE2@D7/ 070721 exposure of the reactor toPCT/US2007/070721
at nrosphere to mnimze introduction of oxygen and
wat er vapor and greatly reduce purge/ bake tinme before
expdsHRY Mk reYBib£RVRmoliHRrd trRinBhioe iMaadLiidit fRGH&LSd water vapor
yield | oss and wafer breakage from manual handling of
and grepdy sedupqpwenpakeidng beforuunping| Morcoxamidc aytopeiad hapdling reduces
. e f ' I .10 rf orym hot | i 11
s AR 06 AL L AU BB L BRI DB S houi
wang &viiscll enan@iothic M férk WhichGlloesad pafihadhdstesddinginditoading at
preferred features of this invention are first
tempgaafiic 45 didh a5 900Me apdprvetenopfoolingdmer i ¢ VPE system |t
W Heggr%Pgrgfocﬁglgﬁg %ﬂherb%ge%rgc? ?e%tt?gg]oefr tﬁfs 1§Vrg%8gﬁ NE! r?ﬁ described in
can bé routinely adapte 0 particular, conmmercially
the covitixt & gencBt VIRH $yayn. €I Wil Bedtime appérenf Bbw eWs®@eneral embodiments

description is then directed to a particular preferred
can eoyEinehs pearsed tornagtiquiarespmmsprcdly snailabie. S epifgegpipaynt. The

Tollsy AL HEETphAEk heh GRSRA 192 ARG pledfincd bt oT B Eention
and ey preferretl MicaturePthaeisibesedAd) onel df thes ERPIbONR tseridsafsingte-wafer
. that the invention is not |imted to this rticul ar
epltaﬁﬂa@frm%a a@%ﬁ’&iﬁ%ﬁ%%%%h@ﬁ @i&aw,é*zf Hbis apparcnt, however,
that HMEMNNBASs FR WndltcRas 'tﬂi%})gﬁcﬁg?%k?&lreh QribB8intENTARMNer example
f AMAT (S ). 15

series o (Santa C ara, Preferred
the iemdntidnsrenitld cosfilytheadaped ntba CEMNIURARhwdss of AMAEl (Santa Clara,
CAf nvention (for producing GaN wafers) are described in
general with reference to Fig. 1. Particular preferred

enpedbm@NémbaliBchtd 8Nty GIHRAHaddmBMbEs sfahaidvestiod & producing
reference to Figs. 2-5. Generally, the equipnent of

GaN wipfsrs) areetes¢rdiedile gerosslgridoreiaencsite Eie. BoPhrticgrar prajerred
I [ f j-.axi.al I
crmb YR TR A oe Gore SRUIEN By Rl RIS 25, Ggneraly. the
equipmentasithil inv2atiorfGENeRAhe EMBGDMNEENTHS oDhi ghHb [/ Nt fauring of
~For. conveni ence and without limtation, the_ invention
epitaxgal Grahblagens pn guldiafasead dlsp for Geanipe AEeonsHuiqy angd gpgration.
terms of three basic subsystens: subsystens 1 for
rovidin rQces ases (or |jquids); subsystens 3
SEINA REeBPREIR osTIIRNERF NG subsyatems 5 for
wagbecondenieR@t iaBithoutEimiteti®d tiebiaventionNVeéeraly described with
attribute of a conbination of various physical o
refercaen forfdg. lom temmeofdlyise basie plISvHEMY subsydeinet for rewdgasocess
ease§FRTILRE FOBictise e LS ron e b A 7 waste
abatembgyst em especially the gallium conpound vapor
source, is an _inportant featuyre of. the ipvention. .
KnoWio %vmfb%déég auribyip gl REAMBIAETN 9 Heous phsipal features of
the \{Eﬁuﬁﬁgtt%gen%ﬂ ahﬁ?démém&hw GaN directly on
e surface of a heated substrate from precursor
gases containing nitrogen (N) and gallium (G)
e 1. EXTERNAL SOURCE OF GACL3

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

(and, optionally, one or more other Group III metal containing gases in order to form mixed
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(and, optionally, one or nore other Goup Il netal
containing gases in order to formm xed -14 WO
WQQO®714348¥43 PCT/ US2007/ 070721 nitrides and PCT/US2007/070721
optionally, one or nore dopants to provide specific
el ectronic conductivity). The Ga-containing gas is
nitriléUldloptigilyl bie smneeophits e é@i@é kp&vifi@@kdttdnm conduct1v1ty) The
trichloride (GaClS% or a i um organi ¢ conmpound
Ga-qongpining gps i ubyAllygalluny mO(lcr@%)ﬂ@(Gaﬂl) QregeHiHm gzathqruim(GaCIs) ora

o R P S B0 Ese 0B EUTHRT TSR 9. o

first s@@othd pasceMNPEC(rbMbtads IOVBBIIHelidavasor Pr@ssidBditaxy and in the
Epitgﬁg%. The chem cal properties of GaCl(stability
secopi py RE §Mictad fpesnag Mﬁ@gr) ressHig Frdtakpat Gacl  vapor be
sy -
pag‘ng Egérﬁﬁ% ﬂr e?Jtlé o(gatélgg[ﬁ]{;lgﬁﬁéﬂr% B i ll){g% Eel%llope eﬁ}n%F)nreHﬁ(lre that GaCl
Vapar(bntsyﬁhtslzeﬁaﬁlfﬁﬁu lrstha r&tcablh ecessdl e.d., by passingaA€C] over a boat containing

d h . t [ [
e R e A e R A i b e e
mmé’fﬁ’t‘%}’(}vhi‘e@% gorﬁﬁloﬁgl suﬂlg)lle-[il\{g‘séeflgd E[lﬁlq"\tzaa‘hﬁ)o‘dféls ahdH Rith about 100 g or so.

Iquids. The N-contalning gas is usually amoni a
TMG NHQSFEGaaTd vokit i lequndiu citherN ﬂeuahmtrgg A4sI3s ussiady ainhwibiag NHy), and

semBo R GG R B bR B3R e tsed as

t heltehra€d bRkMbAGtHeasd NVR! gcdd)lnﬁlﬁmh@N' 1§n§b'rbt‘%ﬂi@ﬁlltsl @lnlté used as the
unreactive with GCl3 or Cl even at high process

N-canésipiaggesr Molconlar Mo gevnbstaniialbl wireashvowithegsdr edGaGl gyen at high
procg?sntgl%g \}égl%lgn I\Ihp‘ ggl fcta]?s caﬁ] bg's e%g{%ﬁ I?E‘mal?ﬁ{et%n%\é}nqh@lge art, in
ecule.” For exanple, by

gen no

geneiwldbylgroaldﬁlr‘g S g KDGSphOa ﬁltﬂog&gﬁi@ldchl&e Fob cgamsie, &iyeuddmg a RF
netically induced plasm, Wen operating

Sourgflfﬂeog&{rg%ﬁa@mettﬁ @elgﬁf%@ slrceomagigisaliemduesd nlasngs U\éhqnfperating in this
modb etﬂ%ﬁﬁegsur% n {hB ‘? gl n us\éggy Pefd%‘e&{s ses, MXCVD and GaCl

ave been ess deS|rabIe for
S uﬂfalnerﬂad),meBE putiesHre, M@Iﬁl}ﬂaandJGIaﬁgHMPE&awa pedn found to be less

des bl 7 St B e BB o e SRR Pl
MoevD V&R |d@sna@?e°ﬂ3§ tHel REW A ERmE %Ye%te"i‘ fieanl BRE bRamke2¥nRlable
the deposition rates achi evabl € by HVPE processes.

depasgrongnigaprtearcHEhatelfo o thealepositien tidas aghicvable he HNVAHgerocesses.

of 100- P/ hour o ile rat.es are
For QTR Sstositidref o f i St o Y PRfdp b B Frore, wile
MOCwSBratigsitd @BicallPREataR 10 hikoupr S6@%8, GROUIVEE i R84 d&irable
supply of I'tquid Ga be present in the reaction chanber

becaupe thppregeseFequies bphs eaely ofliquehee ibe mresettin pheireagtionjghgmber in

& Y
SRS AL R g s
liquidsGsiuf foer elindt réradindegbtiweol Bl Grand thac tswiufivgenit $or high volume

difficult. Therefore, equipnent of the invention is
manpiaciyging iy diffiqidet ed to GaCl3 HVPE for high vol une

ma r ' f
TEINRER QP QU3 hiod L YL SR ELOY SR PP o i
volmwenaﬂ&atum\@mrqnau;et ofn aBaGi8vidyRiE MOCHD dér, e/gl ldﬂ[msmon of

nufact n uires a sg Cl3 vapor th
butrgany sy it e D ONeREE kit e o HO b OE HihaRites featgerine
requited RO8Mrcd @F@&@l&' mllbdmha(t QIR of Qi M@t STow rate that can be maintained
| oadi ng/ unl oad |n% he reaction chanber) for a
without interruption (except for wafer loading/unloading in the reaction chamber) for a

sufficient period. Preferably, an average sustained deposition rate is in the range of 100 to
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sufficient period. Preferably, an average sustai ned
deposition rate is in the range of 100 to -15 WO
WQ®7n148¥43 PCT/ US2007/ 070721 1000 m hour of PCGENSIET/070721
hour so that approxinmately one wafer (or one batch of
multiple wafers) requires no nore than one or two
1000 RﬁWﬁ)u%f @ﬁﬂ%k hb&%ottha{f%pfal%&m%f@l? ohBaker @b e multiple
Achi eving such a preferred deposition rate requires
wafdari)atquites neouore ehqmrcmelod eva hows of fl¢waitoh tinGafot 8vanathok @GN layers.

bout 300 g/h 200
AchE PR PRSI Gepbtiptyts o gr BaRE e s B0y gt flow of
GaC@gothﬁ)@?(ét%bﬁtl axpEE&uaat@fy 139 oM3i0b %/I@%Q@@QOOSmﬁp@féhla{l@% Eﬁ thick layer

ght). urther, such a flow rate can preferabl

of GB% wmpmsgﬁ Fhetlt drpromaiely &2 efGadtketGasils sabphid0% Ga by weight).
odugt. i S reghar v

RSB0 LSBT SIS 48 SRR

prodBfi¢h l}hfdi‘lfl@haﬂiﬁ Mq@ﬁt&i tatred BRI seBNET e bydrcd arcllmmitedwd @kmost one per

Accordlngly, is preferred that the flowrate can
weelyOr FQTrR PE ﬁé@lYfOé‘P aplcat exey 150 tuiFuE Mecks r Agrrdingly, thfis preferred

I f I
that B3¢ Pl DR it A8 (PG 56 Zioh (o barBhes FaabspRAvaers). and
prefasmblg folSuitdénsal 00s ou i B& oir 20 atr 26 B0 Wafek‘ﬁormatdhes armore. Such a
ment of the invention provides a GaCl3 source

Sourffl"ﬂétn%t;%f Webe BHg#tns in order to achieve preferred

1 oW talipseRAt tH’éan@EI'lt rof¥ald @Gh@g SQﬁI%E fat 80krbdB¥ problems in

rates has been hindered in the past by certain
ordep hy@h@xafle pprfopet flpesatof ar@adit@ionki Ashicveng reiefioiredhflow rates has been

nind R RGP PGl B HBR B PR SRR conditons

GaCOek arplinedd Vhgdr e 64 SordlélldnBlyY QiblinAteS. Ho®cldar dayBda
for providing vapor at preferred mass f|ow rat es.

detegpingh that GaCls3ubknatorptates @tmmamateaf%pmwmg wRAr gtseferred mass
ﬂow%tes Oggceogld b(yjﬁél\é %Pe]?trs At b % eog}} 7 o e(? 'lh& ?ﬁltl}%ni)\% ;fér%r?egitby gvaporation

front #ht elsIuﬁlr@rfam d@emenice, it Rds leodeed |de1gnﬁfneﬁ €Hat e@hpﬂMﬁ)nfrhtey\are
rates, Further, typical physical neans for

1nadpq}@1tee@§ ip];ﬂjllc}lgg gre&treél\;gwrﬂgw 8#es. & u@her ‘g@;qabpl‘,lxgﬁzal means for
1ncrér)a§{?1 lrht@?)F Iegellbgﬁ%t{&ﬁ %g tﬁ%&anl%fbéﬂlﬁg i 98 95@1&151%%

n own
evapoedtahiretesyfficicntly l]nscau\m é?laClgshqm&bﬂéqtiowa tdi be mlafvelyi gsidods,

g@i‘a\‘? g{jne%aﬁ]{ H%Jg Tt ﬁﬁ@ag fmﬁgsv%éﬁff?ﬁﬁqxﬁgﬁgwerg\%&ggﬁy gn(F 1t has been

obse@%réﬂﬁ'dﬂg%%dd ﬁ%@&glﬁﬂﬁ! SSRRGI eﬁjgré’mﬁitate?}b%oc and espemally at about
approximately 1 or above, assumes such

approoweately il 3¢ @ 5ot qbosc eﬁiaesilmsshmas WOQ@dgwt‘lyVlS@sEy mataawnln @ viscosity
t r t ha n _obs d ..
simiff . gk 1Bl e 2 B bl g obsrt B G P AR T o his

lowdr@ikcbs1g PitY Sotahe pRBIRE] ﬁé&s@@@@i@hﬁle of cArtdtRely Mﬁiﬂg the GaCl;
rai sing the GaCl3 evaporation rate sufficiently to

evapgFasigndatesuéliciméy éo peyidese profasvedrmagss Slowagssr di ngl y,
h f :
tr eggr@@rg %lf ?He{ 8§c1° 0@%?%&@’180%&1{62 nng%frl%{ng IraggsF?er of liquid GaCls

withaemperatured1 bontaﬂmdtto alppit approrinedtoly 130°C antlprovides pleSical means
physi.cal neans 30 for enhancing the evapor%el on rate,
for GQH%W%% cranoraHoRratec SHol peysirabmeans arkelvdre agitatgithe liquid; spray

I
the lﬁ%'icf%gvat %ﬁ%%ﬂ %ﬂg Il‘%Jldl eo‘r%‘fgtglg 'htﬁ rﬁgu c Eé}ﬂ P'%a)é t@r‘éﬁgh R8iquid;
ultraﬂd)ﬂlc&“lbfodlspmdel the Uqwpearsight hke.| ]ncp.alrtni:,uleamﬂ hadleechidkseovdrad that

articular, it has SCOM
bub‘tﬁlng an 1nert carrier gas, sucE Ele 2 or y arrangernents known in the art
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bubbling an inert carrier gas, such as He, N2 or H2 or
Ar, by arrangenents known in the art -16 WO

WQO®714398743 PCT/ US2007/ 070721 through a | owePCT/US2007/070721
viscosity state of liquid GaCl3, e.g., GCl3 at about
130C, is capable of providing the preferred nmass flow

throi@l £Rwek vigessld-std of Bjuie Q}aGQné g? el ARsorf130hE, iG8dphBle of

source have increased total surface area in pr oportl on
proviging Heinrefgabdimasy howraey oft GaQe. hP@\f@‘redty@pﬁématlons of the GaCl;

e tr n Lt
oubEIRE AL O o LA, 08 RSP O B i
bettGaethp&atuse eykronolin€ Bdating tlen@nbeiugide éihae rdsSrvmr For example, the
consi derably greater. than the _dianeter. For GaCl3,
illusiraied G wpuss aPindaicalonitya Beighhibaris popsiderghly pesatcothagthe
Stp 4 u
dla#eZegs fFof ggaﬁgb{ﬁl?ssw{)ﬁd bé ggougidggp Pﬁomﬁrgpr ag %gcﬁ (gfglt ?effastaﬁIS hours, to
250 g@ashoumfer a p\ﬂﬂid oftaoleast 190 dlouastorHO ¢ wer bO0Ofog a periodofiat least one
for a ri t | east a.nonth. over, a (GaCl3
weel o poblefas 0 Oy Jour &F paare B AGE® G ur at i on
c amboxre?l ayGaéIQ sOcEdphBleSH| dﬁr@f&rt‘eﬂ FloRiapd éi!l‘d‘ﬂur&gg c4nnot rely
anmpoul es. Such an anmount woul d be sufficient for only
on Ge&'l suppbedrinrindizsivel 1 00rg ampoulesptSeth depowint wenld be sufﬁ01ent for only
sour

15 1q i i Saf iR g SRR R Therl e e SRH SE IR Gagds source

of thiN @Reritlonay BRRUGaORahSachf. Tblaﬁhlb{?é/&iethhglﬁthrddgﬁ{)ﬁﬂ gasals of this
spent recharging Ga 3 source is preferably imted

inveptowe v time spema Feghirging Galla seurpis@refisblyi limaitedy Hgweves recharging

R R PR ETEL o L DR
moisuepThe IGaddschatgs thegofitce eandftheﬂGaSIg wagply rbllilbs}ﬁluﬁtd)ewﬁffe&ff moisture

production. Dep endlqg on t he throughput goals of
prlow@rw%a@remwpn&?pgn Tpg 0 the{lrongh ngHé Pl ious sobediments, the
I t

1nve{6ilt ggltdgg dglgéeddfggolng h&a&gtagréegsatbga i?al%ff% A % Efeast about 35
kg, qrwtt tdastaaboutpiseto 70iky (l\mﬂhelnalpp'emleidlt higtermogi be nrapm@mehts of size and

e .and . wei ht in v ew .of. tquadvanta es
Welé%ag} YiPWmt ARantaggh ooy Hoping O] %C?ve P’E?X%fﬂléy to the reaction
charﬁlf‘e?lftllnodrbrgf%n‘éﬂ %ﬂ%@&ﬁnen{ 'ﬂh@GE’CEfs&!i&@ Garﬁlﬁﬁl@ @bﬁ%@ﬁ ab&H%O and 100

source can bet ween about

kg oGoals, plf@f@ﬂdv bbﬂvv:eb @bm@éﬁ aap Gl kg6 0t \aﬂkbe%@alk@d tlnatt tlwr¢ 1s no real
d t hat
wrp g JHER 8 Bir-bREO TR ot Gt RRTOw S i ot and

use. HurtheEm&i@] nﬁmmgca d00FccBE GalBecoultibd §t@ ipBir8ugHdahi®blg to permit

sources of @GCl3 could be set up through a nmanifold to
switghipgfiom afigj soBIE hQyanateshvoHenaswaeteedewntinet Heg cptyiowse could then
be rdriReH QY C}nf%%\?}éa t 1S %%ra?qgta}{d PO EE wcft%tﬁ I%VJ Rl?lrkoﬁll%ebe

renove to peratlng and replaced

W tAhfuatheeswpédlolf tlﬁ:Cﬂilaf(Cl@ sovicd off thiefiveasipe ¢4 caddful teepGaitd control of

source of this invention is careful tenp rature
the Rl Bies Betweph desapise ydt thedsadsien ie@REh d s daimesgataisep the GaCl:

t f
supﬂlsgﬂ ﬁ%{ %]9 s Qi flow! {is J@,%%fr@%l% &fthd i ﬁ%%ly increase

ines and associ ated nmass W sensor s,
gradoaliy frOIInI B ¢ thaodt from the soerqergf terldbdtycdchion elmeber inlet 33 in order to

e I B e A BT ST Sl

tem]&s%’tgl%ﬁ‘ %ﬁﬂhb %hcat)n &mn&a@%y HRBOKot b8 sb Hﬁgh&HQQhéﬁz highe8amage sealing

. However, enperatures at he reaction
matam@r(@ed O@m mtemalas) usedtin H@ Soplyi lghs ﬂmrhcham’c@y in¢tghg., to scal to the
quargz refl%aeonscu p ifqr%éke ! | SJ nﬁéand r %r%rrltllﬁa,lsge}hnéig qerials

resistht tdr€l exposure and available for routine cornrner01a1 use in the semiconductor

-17 -



10

15

20

25

30

quartz reaction chanber, for gaskets, Orings, and the
like. Currently, sealing materials resistant to C
we@poedes7e3 and avail able for routine commrerci al PCBEES1007/070721

the sem conductor -17 WD 2007/ 143743 PCT/ US2007/ 070721

i ndustry generally cannot w thstand tenperatures
indugﬂbe?&&&anyf@an@thwﬁstalﬁ%lpélfaﬁfe%fg%a@er th4iabolNYEI?LI Aerefore, the

i ncl'udes "sensing the tenperature of the GaCl3 supply
invepiigieclides sansing N@aﬁempgr agyre Oﬁﬂjl@lqﬁﬁjs supelyl lings gné ghen heating or

cool{}%n‘gg Fgésyuarsé%?&g%&‘ (%%teral onﬁg% hetsﬁﬁ%lz lrilr%{g réﬁgﬂerﬁﬁres) so that

the dupplyeaseacropdratdteslinasdse (d@r dﬁ@éasﬂd&ﬁﬁc&&l&&)&a@b algg thessupply line from
supply line from5 the source, which is preferably at
the sgBEsGt Wb}ﬁb ioefrsRldY 9t aboptappugximately R Catipriont Mpgigim at the
I
reach SOk A A REED T ol bl B @ RhRLT Y (FREC (orpiher
tempesats@ftbdtyis keftlgwetdwethhihigdh teppenat tr@ata@l er@nags of other sealing

O rings,or ot ealln materials). To, better )
matgTialy; 38 befe rﬁ@ f‘a?%fe% %@FQFW‘EG E%;‘H’EQI ?‘inﬁg‘ fdhgiypply line
betw%%n MR Qbﬁarhﬂu@ &nd ﬁl%tr@@cﬁen fcﬂeﬁn@& Lﬂﬁl@@sh@ﬁﬂaﬁea&%]ﬁ ﬁl@fierably less

the reaction chanber inlet should be short, preferably
than|abgust appraximatchblofit, onp fir o3 fratldlcyrassiie oyerthe Gafi sooreeds

essure, over GaCl3 source is controlled

th
Contb%}leg-gﬁfraéggstﬂl@ C88H?lrsé’lmgg/§t em 17. A further aspect of
the ﬁ@tﬁér?as?@di o€ eheQbatinbSurtdyRRtsiifVEntiSn Wlﬁ6¢1§@c&1®fﬁl bPthe GaCls
of the GaCl3 flux into the chanber. In bubbl er
flux éni & chember. t Inet lwhbles cmboginfonb e FeCls Mﬂé@m the source is dependent
e r t
on EGELE s e\l LRSS BBl O SH s iy g e
bublbbtbbllr@cghtthds Gugh. t\hﬁle@h@h&ss ﬂvhk bEGh@E cﬁﬁﬁﬁplﬁﬂdﬂpde bt controlled by

GCl13 can in pringiple be controlled by any of the
any B%msmaé%rgeteré, %Pr@feéwﬁ@alb@%wt hfetﬁtcoméolttbe E’éf’& iy by Wé’ymg the
WHSSca h S
flo con?C r Tajll#gra p%‘ix&{%d&??#el Sogyael ﬁﬂa@le sE CE:% %SI Q}{SOYS such as a
Piczeensardsths likdr 7 hsambe @eé:{@pmwdeakidlttohel donkel ofthe mtuetieﬁaClg mass
used. to lg‘r ovi de ditional con of the .act

uxnea% g1N RIS pereseﬁon }IHO bl]ﬁgﬁ%ctlﬁgrcilgr@ 9n an agi(ﬁflgn,ttﬁeepressure over the
GaC‘lges%ﬁﬁdeQﬁn ebaghedited by aﬁﬁgdsﬁl‘e%ntrblr@sﬂéﬁleﬁﬁﬂﬁ@ed%eche biiet of the
source can be controlled by a pressure
bubld@tn fF h@ preswc eontiol S]zﬂt%meﬁdg arback eraseurt eqgubtor hldows for control of the
tThe F ssure c nH;q %istegy e.?. a_back . . i
OVGHBI %%‘é‘i?rl% B QUSRS SRRSO TETRTIaTCT SFSsp g I gpdynetion wi
the (MnEEB Rmipbratilie o5 MdbuBbePM EhB Elow RVt cficrt f€ facilitates an
cont ai ner pressure in conjunction with the controlled
improgpgh detarpetiasrofpriecupion llogrraten @ ntieaally, she ¢oatainasfalsorjacludes an
acilitates an inproved determ nation of
Hmu%ﬁ£%8§%5?&%PEM/rate Optionally, the container also
i nttd ivdesradle tR4t thosuatedinlsngediit the GaQittsoorte, intthé §aCls supply lines,
%lrable thii the materials used jn the GaCl3 source,
and jnythe fletapanipld sppotyres infostact Wik Gagly e Chﬂﬁrl@% resishnt-of ¢f metal
com?&ﬁéﬁ%t Y Elchtel' based Qltld;%ucw'ag PraSefidyd oR it %F b Rhtaluym- tfa]sed alloy is
esi stant. For net conponent’s, a ni base
prefeush Fasthelagtredslonyresigandedint mletathmmpmlenmrma be mdyaxhaeldhrough a
referred.. Further corrosion resistance fo
PrOt?fﬁlthFOlgg%lgWéﬁ{agt (éocﬁt]mge gB‘E CR2HBES (Eaﬂrc(gajé)ﬁls%s@@on carblde boron
nitriB, Bofsit da¥Sd € AR LA i RIS 'aﬁ@l ﬁﬂi &PatddNnboattfitht @l%attnbtrdg&mponents
can conprlse silicon carbid goron nitride, boron

can baedsitafewitia b duscd ghcailayer ofca bmmied amarhous sifieerdlayer, for example
Sllte%@J angiI SIRS teél@)e (crorr%trnaelrcuc],:l?y Vanlegle From Restek Corporation) has been

demonstrated to provide increased corrosion resistance against oxidizing environments. For
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can be coated with a fused silica |layer or a bonded
anor phous silicon layer, for exanple Siltek(r) and
w@riocost7eel (r) (comercial ly avail abl e from ReBCEKS2007/070721

Cor poration) has been denonstrated to provide

i ncreased corrosion resistance agai nst oxidi zi ng
non-@iYd1ceOMEBRENSs, chidkine 2Bis¥¥at 3O Hcdid At ARBIthiS2AHOQOF Qi Rdne

non- met al conponents, chlorine resistant polyneric
polymgroareaprsetisidt her carbon or silicone polymers) are

| .
h?rg Efeﬁe\?gerqt ng)oe{rﬁén% e qu{il%?&é %F&os?mggrﬂfogec% Egﬁ?‘g@% for sources

for Gilolip e th@dtal @ gauid @om‘@meymasnadm pﬂtwas pmobepa&&med For
can be erforped. For exanp can pbe used

exargplg, MOgafd san be nied t@aq\g ofeDANL Emm fieN qray&@ff@zr KAYISTS, thin

t I r a
i ARACRGL! b RUED g BTy Bk TS0 R AAAR s s cn
benan&bnmbpthaanBMJmﬂkabmm in the art. The group V

ur sor _i S a aS contai ninhg one or nore G \Y
3 SrHPAB Teﬁg B 1S A3 FOYFE g@ OGO LS [Eaup %Egnsdrﬁj(amples of
suchpéﬁes hendd N, 9A oM ethdqugeefNr thNBolveh sy@¢alty 1s%§ﬁi@ali30used

because it can provide sufficient |ncorporat|on of '
becaase it g pmividgrsofftdient awpeimatmnezf N Nmmnalagrowﬁdemph@turw Ammonia

Fecursors are exter sources. Fqr exanpl.e .

and BN ORGSR B RS FBESrmy AT Ri For rade NH i
readfly i A1t®leSin l"?hﬁkferé/ﬁg bPHFio%k 2i@8s, afd Ehrfidl $4s8Y 7088 QFailadle as

are avail able as cryogenic I|9U|ds or as _gases, also
cryogenig GAvids ABASEASES, glp b oentaingrs of valaussienf Flunessef thess@gses can be
rout@%@ﬁ%ﬁt@ﬁ%&%* ﬁgésyf}o%) n(# gorllﬁgs?% l\k/)éeﬁde n%ﬁlag ! l%v%lt%%tl(fg E%E&ﬁments the
equiptightuTemt ifentitn Sanl dsembl e fesoutdes of ghevGebRipfitrchlorides.

sources of other Goup Ill chlorides. 2. REACTOR

GEOVETRY Next, to achieve increased econony, the
* 2. REAGIORGERVETRYE are preferably adapt ations of

co i al,l.y avail abl e reac i | abl.e .
b At dY s soraiin B S e Y, Pty adeptarions
of cdrﬁmef&ﬁalmvaﬂadlw@ctas sysEenfi® Slvaldibl@tdactdts proRric déruideptation and use
be next described. These features have been

in thifeinwentiondeclvde asels trost off alk frtheamtuses tadm nealydaseribds A hesrefeatures
f
oA AR BB, BTSN EUED: 4 186 030 S o o

enhdnoemedth ddtlosatt Ierdihai lthoagt the Xolkivwing degrippioeiztdirected rnalnly to

actors and reactor systens can be purpose built to
embp eI h SR G HONG B4R B Bl PERE A STy 57 B purpose buil

to in Ak WSS -RAURCHRAGEH G NFhe R ek REbN Bi8h RS EAR and

equi pnent and designing and fabricating new equfp
modiflyingi axiseing icguipmahtsmdi designig sind fiebricesng tdw gqlegmmprré}me 1nventi0n
eferred reaction chanbers have hori zonta

Ge |
a“OﬁF%§%§§“é§§ﬁﬁ?%ﬂWﬁwalﬁre shaped in an approxi mately
boxgehtlBy PreRABH r&BAST Ehanited 168 fhbﬂ%tﬁél'p?&e‘é\ﬂ b4y RS8R are

vertical  ‘dinensions and greater horizontal
Shap@d maais apmgxm@tﬂlx bonlikeer haneisspberchide icpuinguantionewidh jasser ortical
in.li roduct i ve
dlrnenglonP AN o gllreﬁgr iall% azont[ als evenﬁlon'gme A fu al re]s: oF %Qntal {geaptlon
chambers are important in limiting unproductive reactor tlrne and achieving HVM of quality

GaN walfers.
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-19 WD 2007/ 143743 PCT/ US2007/ 070721 3. LOW THERMAL
MASS SUSCEPTOR AND LAMP HEATI NG First, time spent
WO 200pi1#374p tenperature after introduci ng new RF/E8207/070721

and tinme spent ranping-down tenperature after a
deposition run is not productive and should be limted

o  PILOWTHERMAS M sSSREKELEF R AN EXﬁF medrhgact ors and
heat i ng equi pnent al so have | ower thermal 5 nmasses
(i .Jarst, tahd $pichirampingbep tenpsedtre gliccitpiluciagioew Mefdro et time spent
t.he thernmal mass the nore r.ef e

ram i€ QORI IRE s e it s A ieagt RREHERLFSe timited or

minin@ARE BREHRS pleRrrddiradttngbedheatdb lcguibh@nt disd hdvegdwattBrmal
reactor 25 made of quartz and heated by | ower

mas$es figh-+ Al th4p absord h%?ffrﬁglchfl’) d thplesicr thedhepat gesserthe more
S r arl I

pref B Bt R reabiol PSR RS EIRMIRD MBlby TR pfibus 1R
trandplarehe sial$ Bigt 1 ilhuscass frefalctblr @Rhtnhade I‘oéﬁﬁzﬁ&t ami‘dmeaﬂ:@ by4ower longitudinal

CLOSED L(IP TEMPERATURE CONTROL ON.CHAMBER WALLS Al
IR lampsncrgdmpper Syskerse e limng Or d4etzdhe ewéq%érchﬁmb%rrw} gaterial,
sinck ?t 1@&1}3‘901@19% ﬁ{ ﬁ%ﬁ%ﬁl‘eﬁﬁ g@@féleﬁ{l? @158 anBSubddRnti§dePictory.

m zed. GaN’deposi tion processes,

precursors products, or byproducts can dep03|t or

o  £QDOSYEHELCUP THMISTRATURNRIONTROBWSICHINDOISH Wi DS QXD FLANGES

condensati on can be 15 significantly limted or abated
by Tématrat Flepyng rf‘éwtl@hf}tﬂpgaeu FECTETS {SHSOCIPARERSHICHE] 4ngl also should

r
v AP i, 9GS PSR AL L8 AL s o
byprodude csaddposit 01f cqmdemm roaontsna]n@}alﬂ)sy rﬁuaﬁ lalepcss;.tldmwr dohddnsatson can be

sufficjently |lowt revent GaN formati nd
sign @B%T%X limgid Bratafi tiedontrollmediiempess ot s rsWWp@neraﬂy
by o B T A e B B e
condbAgu@ion 20 peaedrs@aNnl dyproslucts, Huo that a;mdff&mcpmm lowab prevent GaN

formi e P Lo Grpob Alur ot it ia GEIT AV RERyo s eBndense a

beloRedbaBETV RADEC: WRipeiAciasyypesinct, AHE 1 RnBése$ L beloRNdtoxit 140°C;
high to si g nifi cantly limt precursor and byproduct

and GeNdsgRAle addlepooCt tempraturdysscdsdg dbouind0t ¢ . Hehamber walls
are con{roin Cd n‘gngem eraf e i“? Rlsalt gérfetlera%gy {)é{vveen Oog'a Whlc?l% l;)éelnof%und to be

erature rang

sufficteatle hapmhe r51g\ﬁﬂldaﬁtly Enﬁq&ed@so’i 5ﬁ@by;a5dJ@ rm@deawfoﬁ and 500°C
control to preferred ranlges generally requires coolin
(8]

whichgsibeen {Rang & be syftigspighloprosigmdgat Amit G Hspesie) %chamber
wallgf ﬁ(ﬂgf\éﬁ%& %%# ; ?a%uﬂa‘%é'ﬁ%%dfoﬁﬁle%ﬁﬁb&‘%%ﬁ%s 5¥0 fiefloec.

rre omthe erature susceptor. Fig.
1 Mehpstatat esnteol o pﬂe&meldamgm Igemgallﬁreqamgaeamhhg chimmber walls.

whi ' hamber 25 is h ful l
Attt [ T chermaiRaralbare yor i ol Kot e g

trandfB@eFREQAUER: Rigd t&ﬂﬁerratﬁfbdsu%e?w?d Fidq 1ﬁ?fstt1%'fés%rpr9tferrg@ €oolin
reacti on chanber enperatures can be nmeasure

arraﬂtgemmt mawkeidh pgapnwetha}ﬂllan as mdtdulsevﬂgma fullfor partiehshrved 37 and cooling

accordin For ex mul.ti-speed or
o IO ER N Pl e 5 S R0 oot S B Shamber
Walp@ﬁipmh!tlr@ﬂcéwoe&g%h%@fea byeREhrell YronRt§aaes1inedit flow can be
eratures. -
adjusteggccordlngly For example, a multi-speed or a variable speed fan (or fans) can be

provided and controlled by sensors sensitive to chamber wall temperatures.

-20 -



10

15

20

25

30

WO 2007/ 143743 PCT/ US2007/ 070721 5. LOAD LOCK,
CASSETTE TO CASSETTE Wafer |oading and unloading tine
WO g00aiig54hot productive. This tine can be routPeBU§2007/070721
limted by automati c equi pnment schematically
illustrated at 39. As it known in the art, this
o SAUAVENK, @ARsPHH ®) WRdserse | 0ad wafers into, and
unl oad wafers fromthe reacti on chanber, 5 and
geNéafar loydiog apd islesding tigne is plob oot woduative.ambiisttines ¢anke routinely
. .t hat ve wafers .., using. transf wands, between ..
imifg P TS R Gronf s pmat G S AV BRI 01, A5 Piiowih RS, i
equifMBAIRA st ivia e@ls, \edewafelsi A S AR unl ddtiew 4 f8RTEdr@ FheGBaMdachamber,
can be isolated from anbi ent exposure by internedi ate
and geyreeally qonayisese £-2o abaierasms pad thedkephat meystafers) ag) esing transfer
r r e ; e
wan R e A o RO T FOU R BB} Rl aer
trandferatigfredctioh ahfraberfoan bamddilaat frdf @Xpas ekposul tyeihtermediate wafer
flushing and preparation, further controllable doors

tranyjigh GBI HSh & Of Panat ercongpihiedoorn hetivien thedransfier ehambspand the
extekiOr &‘ﬁg}t@gr%dt ﬁ)(l’SaSl rdtun%qit{ \6% ﬂféﬁl s@ﬁftﬁé' ﬁar%@ertcﬂgm er fﬁre ambient

susce . clt a systemal so prevents exposure of t

expasesc tAdfterifhiskeng end pepavayige rfirtheicotoltabby doast beween the transfer
t nrospheric contam nants and reduces, purging ti.nes

chariqFGRE {15 TP G APE ORGP SR ER Gand PRtoP s paghe
suschok SSuch iy RikchZal BEFrotiHd éxpob @R of Bic raa¢t iIRREBH® Xyben, moisture or

reduces unproductive tinme by 15 all ow ng handling of
othehafmonpliesicsconfantivants aeusiveys porgizgiimes preor.to loag.and unload of wafers.
o AT AP RO SA RE e R FBlparffauc ime by
allowhilz|HahdlinPedi Hoo WafedSwithSuticamaid editarhidbtisleposi ti ng hi gh

quality N layers. This flow includes the 20

follow ng preferred characteristics for the process
o @BEPARAFEIGIECTION gal | i um containing gas, e.g.,

GaCl3, dth i t ) t ai. ni . Q. H3,

or Ry ot etk R i Bl Bt dRpdighel attow 31 to outet
manfBRIF R nipdttehtSor ddRYitiHp %@hdﬂﬁﬁiy GeNmyperd 1044 bW endlies the

reacti on chanber becausée suc m Xi ng can lead to

follayring piefertidechpesgisrisdessor diegrocepogasndiisorpt galbsmepntaining gas,

ecul es, that erf Wi

3 and NH3 nol ' re t .

o2, 44T TR Ft T 2 S5 ML DSl bidp e pagtion chamber

thro@gH deyparatdialctsa dhdy 3heu1NnGt Bd @red dusiderthé AastidnyclanbanB&duse such
. so that the gas has a uniform conposition in space

mixige §an o toyrdeSirale Egsiast o8- farminmeompRiexesiad (i1 ang NH:
rnoléctﬁ?es, %%Joiél‘}é(fei’"et With m%lgegi/%% cf%}ﬂ&{iti&he face of the

susce and suppor er or wafers) at any
paiTheie ulftar sdparme @it eredldGl; yd NHS slotvieare @pferaty amiley so that the
5% or_nore preferably b ess tha approxinptely 3%

gas s agpifgrm Lompaiien i1 ypacq %/I}J/ ¢ QYSTINS HBHTOTh é{@%ﬁae%?wd that the

T11/\B H4i8 LM 1 RhyoRP ML EQS Thd SustéiBr @NESupdblte®@Rhatdr 8PFaREs) at any
the face of "the susceptor. Accordingly, the GaCl3 and

partisiar tiek pedferpblyrtof le$sebars ipguddmptedy § e ot mate frofetabiabekess than

orp BRI D A e ARer | 2 ARG P EY Arp PURIGOE bl substantiat

unif&ias FERhO bv R Hod@iR Df RRVacSoMAA suscbitby! &éﬂordiﬁ%@y\th% lRIC1; and
is uniformacross the width of the reaction chanber

NH:aistpoy ereltlepshpulst prpwids thas bpibssgsestheth shireaddatsrallyracease the width of
the r%y&f:o%%h%lber_s%]that upon arriving at the susceptor both gases have a non -turbulent
flow that is uniform across the width of the reaction chamber and preferably at least across the

diameter of the susceptor.
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WD 2007/ 143743 PCT/ US2007/ 070721 Finally, the flow
shoul d not have recircul ati on zones or regions of
wWarerasowsly | ow flow rates, where one or norePCF/US1987/070721
process gases can accunul ate with an anomal ously high
concentration. Localized regions of |ow gas flow, or
evehaflf;, fasloft ASHRALIP Ravcatsird@fiondatdfdegiony &f SohRbusly low
process gas flow is achieved by careful esL%n or '
flowrratge.sivigic enc ehmorerifdhe Bropes ighsss gappccanydale vitharjageinplgusly high
[ 6] [ r rem | . .
conde BT JoIEaRbeiot ot RE el RS, bSO BT Rs iiflionrags st avoided
an@refati¢d @oc@agasilontivachisvedodl icarfid asipe br wdedifresf the inlet

these structures are unitary or whether they conprise
manifghd Qi e @ IRYISR Eeactign ehamehcar &s uipd kere fheiterm kst mepiold” refers
to th? SRLanRd tlﬁa@ daihft %%c%?% £ %Prié? \éfeﬁﬁllﬁg afrgééugﬂ"cﬂ &R @er these

eatures have been found to~achieve preferred process

struggarss hicawmstaryHowehothicr tHayrcompsise embodimmethysically separh@ units.

adyant age for the s.floqw |nto, a | ected reaction

RS feld destence g olisptsd darh e tae folleariv Bimgral dy® have
beer! BuRtIRARNE ﬁiréféﬂr&tg%rfgbéék Jda INHRE QoWPHS! foh tho3Ofh¥k¥iBents, it is

packages known in art. The proposed design can '
advantrgeelpyfobtheigae flawi ivwl asclarmdovantion sharobéreveducnd by apeeposed inlet

menifgor g os BRI R St ARG bR A ickhss KSwn in the
art. TR pfapasdd RigaanBRicbylR ikeatflich ! impe¥Rido AEKiOSSinSRE®d uniformity

~nost or all of the wdth of the chanber. For exanple,
priofg| actygl Eabgjeationi nl et ports or one or nmore slots through

whi ' ' e I -

e B H s EOGh PR B b A B e G renction chamber
be dasribuitdd PR some Mokt g el of thid width aftthochugedr.t Bor exasipkd, multiple gas

in directing the (G3C13 and t he NH3 gﬁ‘gses t hr ou

. , rough the
inletnoxis 105 PNG oF MRS LR!S Freeghshich gavrcan hicscrphe distipatadaterally across
t her,, ... - i i ] i
the PURPERRE Charibll ) Aarry P RACR i U oP 50 QEBESI bedBirbdlced to
assist ar dir¢veing ¢licu@ACli ahe thepdi § gastsothtoagh placedctor tolthe deyped teaction
.o the heated susceptor so that they are.not heated
locatipn, 3hove thr BRFTRER e Ry thefo IRIEYEnt APYrqUs JeRpsfion IR dhg Yipipgty of the
inletRfRAds Sit GHAVRRa &AL 85 tRE 2 G@ iR6t RPRGE Be SRAEA WA rEdhBct to the heated
process gases do not mix in their vicinity. Next it '
suschpter fsetdat thoyiang nohheategbaboivk epprpriopesly #@-509Edusbdnhtglyathe inlet

articul ar, configuration of, the GaCl3 and NH3 inlets. . .
po“g%ﬁﬁl ti?e@%ﬂr%&%‘&?’g%‘%ace tRELe tB%R%?ﬁF%SaﬁaF%?.dgéboé BHG & {peir vicinity.
PUNZRt §88s bedh fhhrhat R fIdGI REp&HcPproBiidedibyat pai@eul @rconfiguration
exanpl e form under the susceptor and mxing with the
of the Giater yndRd1 Blcta gen pg-BRETPYRAL OF HHNGsE dugearawﬁgy-aﬁswndary purge gas
: ows. tQ inc ' ' f i tion :
Ao 13l Wfor Pist BERERI AL TR e SRURAS oot he
primagy Ge®BgildayHi flowe ookl weed s aldrehse o s GabbacasathilNidhity of

flows enter the reaction chanber fromdifferent .
compeyjitggrsand yelogiy OF RERYRNY (SRA AR 0 FRAGI98 6X8PeRSEY Jipr g8anaple, in

embg&ﬁﬁﬁe\?\l}]sgﬁl'f‘eré bR /A %fid lgglé?g?&@ aeh ?‘f\ll{l_elser@%lttiioﬁ RSB RS dferent inlets,

sonewhat upstream ows to confine
it has hecrpfiooné sdvagtgesusab pueriddvepurgt eadéalv cotepog irttd dre reanien chamber

and to shield.the si Ils of tthe reactor fro )
som i BT Heptay e FTYS trresBn (eggeess efses plove the intended
depRHANLAI 8RR dheeld MelREUCAID IR EREAHr AFRURINtG{dc8 AEpdsition. For
gas laterally near the chanber walls and a | esser

thesqpwpasescié it adahhtpeenioe t intrhduqei adgitacdmaeung of prartbiegas latgrally near

the chamber walls and a lesser amount centrally about the middle of the chamber.
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WO 2007/ 143743 PCT/ US2007/ 070721 Al so, preferred
inlet mani fol ds provide for dynam c adjustnent of, at
WO emw3ti437eahe of the process gas flows so that PCT/US2007/070721
non-uni formties observed during operation can be
anel i orated. For exanple, inlets for a process gas
Can1Re peifvtcdeidict HaQifbM® pRIvidioL dianda adjusiiént 8l bvliciiadne of the
flow control valves can be provided to independently
procgsj 438 flopvk o thap wowtinderantiet ebsaryed priag ppesateqry eag bemmeliorated. For
od] 3. Fe arran ' fiv TR
exar TR ¢ RSt RS P TR BPP S ™ Brahi®Gin yjauet row
contfolvhles castienbsided tainpeheentBohdiust te frmnobf @lchl siréumh.uthea preferred
tenperature control. Ther ebfy, inlet manifold
embpdimsal 413t eiglergare afrapgeddpiorFvs) sisemp tith in¢eppndspdlicontprllable
relathglgnsation of precursors, e.g., GaCl3, and to
prevent damage to tenperature-sensitive materials,
e. Gurthgaspgets dfh prefe@ed indgt matifold alctude Asnplirstotessadol. t Alereby,

.. GaCl3 inlet ports, should be at a tenperature np | ess

mle&m%m%#@m%%ﬁ%_% T3 @_ﬁ%ﬁ? Gedge PR&A SEFVeR' 1R Eondspgagion of

precBHBR! ¥.gl, a1, W ﬁ{brbv%n@ ihsrabliympAELEARRsitil £ BIMARAUE o, gasket
approximately 130C to about approxi mately 150C.

or Ogorgveniciialsl Ysalissubsat)] tbe Gakl:onlehpontseshiostddretat agerapdratgre no less

changB Bl om0 R 2R Bn R o M b e ey ncrease

fronl dboRAFPréxihRtely P30°88labo@ dppoxiamtlyolsdet 0 Cohndéialy &vailable
reaction 15 chanber, begin to deteriorate at . .
chlofigerprsistantrsalingimatgrels ssueh aggasliet mpprds ppdOdling mgaals, available
L opine- [.5t i i il -
for WP P ITELRNRIETh R RlleP Rl i BufHR s fRHE raction
charglegt, IedgaotonRtativede ai tdmpbtatteCias®céshef hsduetppraginiaodld 160°C.
upper tenperature limt can be raised. Accordingly, )
Chiqrificaresisanti seoling Pirper AtdrBlicrsc onatasaisphic kuhehg) tpapcrpyres, if
i ERRL A et Ar Bt (R nARE QbR Eerars i cen be
raisddr om anbi ent or renoving transferred fromthe hot

regcti on chanber and.very hot susceptor. | referred
e G AR e tBtedt] MR e opahuf agma n the
range 8P 2R aﬁ?l‘@xﬁﬁlﬁé’l?qg§ td Pf?OTt@%E@%dgb%?ﬁ@a'f R ra esb WhIRmperature

For exanple, tenperatures o ' Ccan b

fromprhbientet ropoviog trendfetr¢chgom thehgiaeztion shaberraot ivery hot susceptor.
GALDENTM fluid. O her kn fluids can be used for . 25

In {0 SRR IR S R TR RS drcninels for

tempr@fiRrablryl flwds.i ForRk@nplE teynpefutird€of EYABINBDUT €an be achieved by
sensitive portions of the inlet manifold, e.

., the
circutafanesa {epipetatgercstrelind @ARPENY ™ dluid. ngher kegvam aélds can be used for

n 0 L.sely, .l ' f
ot T A T S RAeR LB brd I T pppporatu
sensitivie. pofBiual 3f el irleumasifold et fethel GuQlh G Pbitel and sdaling Odrings.
vapor phase are known to exist 30 mainly in the ,
Cha@?@ e eNEMFRt cadicrRhoTaghotedyealsedy Wtiemof vlevewngf%g gsing
Soft\ygreg)gclg%%q{nwﬂﬁrtgp%nam' c calcul ations corroborated
by gas '

ase raman spectroscopy have confirned that
at Ga00CGnolerEes Wheth@O#ctlod sofider digsidpitars pori hascoarp dseen of exist

.the diner .ecule and at 700C nore than 99% gf the
mainjy h‘b&‘e@s?ycgoéjlé‘aﬁ‘p%%d Tg?f‘t TP ApaEHCY S ei%ﬁgﬂﬁ fp tQ géO Ch
Thermodynamic calculations corroborated by gas phase raman spectroscopy have confirmed
that at 300°C more than 90% of the gas phase is composed of the dimer molecule and at

700°C more than 99% of the dimer has decomposed into the GaCl; monomer.

-23 -



10

15

20

25

30

WO 2007/ 143743 PCT/ US2007/ 070721 As the dinmer nol ecul e
is injected through a netallic injection port kept at

W@ 20pesxsires at or bel ow 150C, the deconposiR¢DESWN7/070721
the dimer will occur only in contact wth the hot
susceptor which is at tenperature above 1000C.
Depgngk fighc hdldtflevie igedttd thddughhem@@dBicaRev®on pdi€kept at temperatures
susceptor or its residence tine the portion of the

at orchichasy 19074t thwi decomposieeroafibes dungrivgHtoche dly mocostast With ghe hot

suseBpbRhithant s PaedaSr o fa L HRBGRNS hb (EaSeg o5 eans above
he s??&%?br%? QF kés?deili:’ﬁr fihe 'Eheﬁgféﬁ(gp&sﬂhé R tRat GRS dMbddpdsed might be

ori ne een renpved to obtalin an
too suigloolsestaiatadnglo gro@ah rdte on shet waefee flbe €3adfeddposition process proceeds

oper at from nonpne ormof GaCl3 referre .
thro G e RegrO 1T UG 1o Pt B gy €5 it
chlotiRé RMIEeR réHeVddZo bbag MNARELEN8toheSLER Tt BRRGBRNe desired to operate
situated upstream of the susceptor 10 region. This

fronqﬁha monomeb éorooefreatls 4 preferecdraselndoner ol theenvartion defrodaices the
dlrnefrl%ﬂ %ﬁ!%h \é\ﬁqhg]ﬂzatmgg (Iier %he? ﬁ‘:égctglb Cﬁl%}éib%? 1tu&ge§g t(g%aern Bﬁ&l\élsgsec%ptor
regiéh. Mais duartl igbe dvRREIEI0.thArdactof it eiFbat MRMbelugi@sar &al cross-

radiation fromIR |l anps | ocated and shaped in such a

sectighy Epprgy 1y provigied i therdimer whide i fhe Binnglde giegemppsgijthdimer to the
|

monb g G AR AY 4 LOL s R TP G R e

sudwa@aﬁﬂmoﬁmmpm&zum&an@ﬁnmsheng®ab@ﬁﬁgmkﬁﬂRthmhsoﬂmﬂmg

ermbygen ﬁh%&@ﬂ@rrtegel Loy IR psorseot meizeirs ﬂilﬁiﬁage%/i@a power
adjukt@d Hf‘r %ﬁéflﬁ ak&lrﬁéﬁt ‘Pf{ate&fﬂlﬁj &%&ﬁgﬁra‘c&]@ LPHaeeC m‘ﬁgr%tpreferably

unne di mer econposed to
700ehiBler ang theelimby ehed Gadl; ik gedtedit the Quﬁthalﬁﬁeforjaﬂ@passes
upstream of the susceptor. Preferabl e region
throw thedat tunacl zops.dbe dister poll ke d@«fommée%@@me mjoppek #ul be injected in

e ST6H 0SS, HSBPRIE ST IARRL T gy b o

inj e@fontpbfnt of terGa@; pitefherrtatbrent oldd swsedptards maingsiecdat aSbﬁperature
pl ate between the funnel and the susce%tor which is

abow&&@e‘a tppreverd thererfaamatiny ofdhpdines. Anpipiertaf smiodiment is to use a

sic RERER sl SR BT e BB B AR BB o

mair@iid al t&ﬁmemé Wiy e Ga0° Mendprefraing absle®OSCr uct i on as
generally known in the art. For exanple, it can

conprise graphite coated with silicon carbide or
. 'EiSUSCEBT(DRBNDGMLTWAPEIRtS@SOEE]TOIEl y, a refractory netal

1o The tor is bl unted for
P ol pienr SRR s s o ORGSR T wbgraliy known in
the aﬁrfa NRRTREMPRSIt T ERRprR Rt 6birBd Qlith sHROA chi®idclok@Ofeon nitride, or

(or higher) and are nmintained by the quartz IR | anps
alter@@tmetlso lal reﬁiammmraﬁoy eiifb@mt:@m@r ig pretfereblyaneunggd foy rotation on
a sh fﬁ Uah alQI(fn 0%% LGP iy sl'll4t he 2 W5 ﬁmagel 1000 to

Phe u%@ept o] tSPSnép |8r efné’ ab‘ﬂf/‘ pr 6V ¥ g mately
1100°0] @€ higher) @hd prerfgin@ased bYhhs qhdtzaRt1b@Ps Esnt@llIs@ by known

advantageous because it can limt or mnimze unwanted

empeEHBei Al Grfuithe Tl forming a dend zopg benoathghy susgentars the

susc c@l{ rg{ﬁérgt%g @%&f&kgﬂ&%ﬁ&e? %gsﬁﬁ%& cfhecg‘“ p&lgéle a%{ l'[‘ﬂfjs;l ifeERdn is also

advann@lemm:tdcyl)se it can limit or minimize unwanted deposition on the underside of the
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The susceptor can be configured to hold one or nore
substrates. 8. HEATED EXHAUST 5 Reacti on chanber
wo@eioza437adni fol d 35 provides for the free and PCT/US2007/070721
unobstructed flow of exhaust gases fromthe reaction
chanber through the exhaust lines 41 and to waste
heat@@éﬂs@ﬁﬁ&t andf %Hﬁﬂ%nr? corhPen@XHRbiShae¥1§é BEMERAN @lirS&ly or indirectly).
i nclude a punp (42) and associ ated pressure contro
The gysseptat Qq@r@g@uﬁéur@ém helf opapymofpstrgeessur e gauge
(46) and associ ated control equipnment to permt
égﬁratlon at reduced pressure). The outlet manifold
EERP FYHEETand pressure control 10 equi prent (i f
us R@ﬁaﬁﬁ%@%%@ﬁeﬁuﬁkm 8k 00 §EIBF Ak YFR 268 ﬂh&&kﬂua@d flow of
to limt condensation of reaction products. Exhaust
exhayaisgssesfiien tecarsté tom qhambglctﬁlmugiaphla:@dhlayst dioap# i sl tohyeaste abatement

sy, PG sSERER T e ARLREWRE SRR PR il ure contro

systd¥Tsradshifs corlédl Vﬁﬁ@(dﬁ% préSudentsd ey adbaesiated control equipment to
t enper at ures above about approximately 130C are

pernyipgRArated at ésedme@i/@i@ﬁsue@n dés @atletdﬁarbfol@éﬁsst Inges end pressure control

equlg gqutg()'i}:‘:‘trﬁrg?) 9{35 91\%18%% ch %lﬁgg F?JU%I% ggﬁt?(#lp\g C}g }?ﬂﬂ{ condensation of

reac&mpmﬂtlcts yEkl&nfnsngsed ﬁldhﬁad(ﬁﬁtprocﬁh@\t?plbﬂi}scdrﬂﬁme tied daihger gases;
On the ot her hand revent d%Werlorathglof seal in

un-regetediragess 2ase Gally Prét Rarfeacsiog byarpdesta e &patmdriho HaCl,
NH. %€ e bW AP Q5L iRElYvd @éelg% rét%‘?é%fa%%lé%ut %%)trél)xﬁfnately 130°C

rmmfodtmmmaUMeT6|spr mal nt ai n
are Ibdplﬁra’dam pecveht Cwﬂmtlmpﬂf Gxﬁilﬁaﬂ‘&hﬁl ]:515ddnses]161©@1 fmpvdery material

vlo SRS At S L SR S A S S v ke

abosteh[ﬁfs'f@rh SRR, | 08 ihe IMRFHARINE YRV detdriofRidh&TREAI R hderials, the
T7 |sI|rnted by the nmaxi mum al | owabl e tenperature for

outletmeangiod tgmppra@fre slabilg nofi qxccdqieabpahfg@gwma@butwjﬁ@s to
16QC,
anaresiie Lol RO R e TR BT AR R L e ranee of

abou @Pprodfsdtelly 158 1@ CEUTOIHCammpeRalratdifvl cahhniilay &thbQused for
by recovery of waste gal I 1 um conpounds exhausted from

inletignifodditemnsrrtek ganier]. (sl miwrél%ﬁlﬁls@rﬂwé podgking)h Maximum exhaust
line tégﬂlsp%%ﬁr%nﬁcl@qnﬁféﬁ% fl ﬁlg%lgyn §w§’oq pe?a{tufgqf) g%dflp %referably

sum ng appr oxl mat e duri'ng a rmn
in ths uatggiof@abloutHisgho ved°a@re manuf acturing. At current Ga
prices, it is economcal to recover this 30 waste Ga
and recycle it into GaCl3 precursor, thereby achieving
. %fv@@TEV@ﬁvGQMWN@xinately 90 to 100% Ga efficiency

%0851d9r11? On ?Qv% tat)é:tgm?lbft sulb%yslseélb b s gi)treefeg%c? n(i:"ent system can

enbo enen

assig ﬁrowo@leﬁudaobp@aﬁdﬂ oflth¢ Bﬁf@Mﬁl’an}aﬂ&doxtdﬁy’tlbf wadlc @ahﬁmaﬁnipy)unds
adapted from conmercially avail abl e products. The

exhagipieh MR derstion ChATOhArr detingle AMERGISEF ObBe prrsgiéan capgexhaust 30
e YRR R4 ECTLLRRREOATAAZE s S0, A e oo

sustanet hrgklatdllﬁne nfan&ﬁahtauﬁg Apcmdmﬂ:(ﬁ preecg.it is Iemﬂdnﬁcerlacmmover this
was of a%%rl:ﬁe x tgn(%o 2;%8? precu sro?rat ereby aclﬁgxs]l;l/ge Q feecr‘gltvely ap%romrnately 90
to 100% Ga efficiency.

Fig. 1 also schematically illustrates a preferred embodiment of waste abatement

subsystem 5 that provides for gallium recovery and that can be readily adapted from

commercially available products. The stream exhausted from reaction chamber 25 passes
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burner unit 43. The burner unit oxidizes the exhaust
gases by passing it through high tenperature
W@ i9$17#dN zone 45 conprising, e.g., H2/ 02 cop@UEs100T1070721

The oxi di zed exhaust 5 streamthen passes through tube
47 into countercurrent water scrubber unit 49 where it

throfEV&Gaudt Minds FOBPRFAGE B8R0l fRASNTIRo Whilittoh8&REGSn bexhaust
wat er stream 51. The water streamrenoves

prodygisse-gntn the rapgaof abeat 475 &ol I Ceor grentyas corvgnigng and then into

n r e [ X
burn%fg IFIP g%g dhzex ‘{)] arﬁ&}& tox%(lzgs tﬁg thed Fkgéﬁsda éaggnﬂ% H tflrtt&%%l% hll%h

tempefaturthembaktton Sink era PCthphhmgh@g sHL/ahlcembdastigpa Fﬂlﬂewi(ﬁlieel exhaust
material s Passes to separator 59 10 where particul ate

strea@p HisB wartes throyghrubg 47/ ingaequnégieyreat gvarer PerHPlstiuge 49 where it moves
ina LSy yru R iont o SERSLAR G RS g e

subsBapaliytll enatet avluble anb q)alrtmetdtdagonhqjmmmts tﬁernhrhe @uekszedsubdust stream.
fllterrgg centrifu at| , floccul ation

as cr e :

The §5uB & S e gasis hopgrleaesdtn e S6F Yhe i nvention can
Pr qfHGRtBUEam VithURe Ecqubré %Qéfgameﬁraﬁ%amai prg«aésttb%%aatar 59
Ga203 during each nonth of operation. The particul ate

whergapariiqniate ¢Empxicdtss pglalatlbftrastlcaldfée gdlibmgixedts 40d., GaeO(aare

eou overed and rec cl.ed t . 0.y,
sepadled 8l BOIAE MNP E R By qbE RGOS e
Sepat&tibh cadel obthimclirdyCiotmi t@ﬁmlqrtﬁ?(h&llugﬂ_ Is Z9&Bing Bited®y, cBntrifugation,
2440- 244 1. The water-sol ubl e conponents are passed

ﬂOC@H@tﬂﬂt #ied sosfpeth e iy single embpREFRERREDC PARTI@UEARProduce 60kg, or up to
0 SR R AN DR FTFIL 8 e o

ox1dbﬁ§albr&$mre qﬂl&efeabh& S isi ddeshtadrovdy rddolvsree abd eicyreladl into, e.g.,

i s based on the nodification and adaptation of _an
GaClpy) oy ghegesd’ eshnigherg Pec e arepit f@@ﬁ aPaliggcTachletidsn
YI\?L I @@(53‘ 6819 EC2446%rld' lvyater% 1@do éﬁﬂb‘zﬁeﬁtg o} sg&l from the

eatures are ecific to IS pre rre partlc
systanbodi ment. However, 25 these features are not

limting. Oher particular enbodi ments can be based on

nodi fication and adaptation of other avail able
* éﬁRE&EB@D RARIEC AR ERBORIVEENA QIHTHE RNYENSHBpe of the

F t
dof L AeRbadh Dyg pnL plcl e SRR ABRTP bR lortBlrtil hag boen

gendflﬂl}dddi@rﬂﬁdnl abov& gThlfs eﬁbﬁdﬁhe&ﬂd basgl d’ﬂaﬂhl hajdliﬁdatloﬁlhn(asda@tatlon of

an Elg'ggf g at gq ;&%S\% %r 1151%1 er at 5{9& 0 ;H%:J : ﬁccordlngly
rnang lé?ﬁle)@ollg’xgml e Yr\%' ﬁﬁ@ th?s(’ﬂ%fe?rleﬁ ;Qéula%ﬁlﬁgdlment However,
rovide a c ntro Fe SS oW 0

to the reactor
thesc fratives aravinodt lemitingi Ctingy p@rtiqutae‘embt)dmg:nfsaz(a‘,mibe based on modification
nsa th . ne reser.v i ncludes ..
and r%&gaﬁlﬁaro il &b shilGria e A0S pier Y She et By cnton.
2AfC Akt ﬁﬁﬂe@ﬁﬁ of @H@Qﬂdélﬁ@lty sy%t}éﬁlsﬁ) 1l dislerelervoir 103,
bub apparatus as known in the art; in alternative

whldlzcan\h@ldz /E@Mﬁ@&?ﬂm@mowmm@m ﬂt asemfbpidd peneantrolled

d
tem%a%iﬁq ug l}c:ag 01# aﬁpr%?%ﬁ‘ﬁax%o? ?(? | C]UI dglp]p tells(s)ePr{lb SY%% Sélpply

Sprayi
lineg]valRes &al controlsn®s] whidh @rov‘idmja Sehtiotled has$fl@w 02GaCl; to the reactor
illustrates an exenplary arrangenent of delivery )
charglgﬁgtv@}ﬂe 1mitipng of BISVerEINE 13 condensation within the lines.” The reservoir

includes internal means for enhancing evaporation of the liquid GaCls. In a preferred

embodiment, these include a bubbler apparatus as known in the art; in alternative
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whi ch is positioned adjacent to conventional process

gas control cabinet 137. To limt the 5 length of the
W@R0134¥wpply |ine, cabinet 135 is al so positiPeEUS2007/070721

adj acent to the reaction chanber, which here is hidden

by cabi net 137. Process gas control cabinet 137

embbdigdcieiethesd @ in€¥ARhs fH YAt §@tatiBRBEIhe L 18RGLId, for spraying
sep ar at e portions 141 - for additional process

the lga@b@rdrltrasqnqm&@rsaé atthe élguui adbigpforth] net al or gani ¢
0 1

i IEE% lilﬁﬁg}lst% a%r& ﬁlﬁlagf Qﬁan%tét%@ht fl deﬂsergl%}qstg O\rf %ﬁ Igahbénet 135

whi@ﬂ@‘pSMtlﬂ@dtddﬁicéﬁrtb |ceﬂivega5naalpebob§nega@rcontpolb@blhbﬂ 137. To limit the
recursor_and an encI05|n coaxi al I|ne(PrOV|d|ng an
lengdyefihafiaGhaurply dge gabingt | Enielabsinegitionerbadignsnt @b egetion
S

Chafﬁeadvfﬁlgﬁ%%' SFadES By B RS S PRERCRS RN UIng 137 includes. for
exarasls.erabcyntidl panel 130 raed degtasite poMahSI &4l 1047 fandddifi@nal process gases or

control |ines onduct carri as Hg}q%reser 0|r

t
liquifloguch pish Gativoighe HrEiHiE spmapusipSThEpns Y. therpaibbly fine (or delivery
lineY iRSIGHMCI éoaxﬁngoﬂnhﬁ Ra@HE ah §HQ iREcdRSGinY %Jca@ﬂlé%rgas Whd the Group
evapor at ed 13 vapor. They can 15 isdél ate
111 pr@gspr/@ndr arf grclasmignioeniahlees m’ndldm a‘ncmmhlar Moy ensndbohe enclosing line
but C|I#}ateslthe ur@ﬁ@g of th % bove .t he
ut YT RN {RF e SB#cc Cﬁ’% QoA eél n%??fi%élﬁ% I'n
pamg QB' 1ﬂﬁstra$és|’1ﬁ@ferr§d)ﬁﬁ%@sérﬁﬁlyQ@B iPafsé Btyil OVENEs 107 and 109
t he %@tal| el enent s 1, 112, valve 110 is useful in

contgl dil@ras ocqpdngfeatrivs gas miemservas i3 dherthraugh thomtesnaldubbler in
r C
e BLESTY BB SHTHIRRL RO U P EGH s vppg Theycan
1solatéifhl’elr6§er\gﬂ18fof agidtedadtesnd sopoeeWaR@ 1detfesitiiaratthopurging of the
precursor flow rate. The addition of valve 110 all ows

syst¢ @besiipe et gad irx}%trvlu% 95 therfPpgINsESYA el RifrE gylar, since

cond%ﬁghtfbg L ?b% f@wu'r & thg %?émeéqerﬂ%s i, 999 Malpvenﬂ%% useful in order
thereby teduci ng exposure of e systemto

to purge thest sreae rﬁ/cbrrtxnxh oEthe camtelim:op&eqm@nt domunnpomwnthghe controlled

equi t ol e asse y also i udes vaIv
el O She bR 19 Hoh i G DB b e it LR TG
deteﬁﬂﬁlgﬂﬂ&hoftﬂ}@cﬁ!}&m&v takd)€Fhe a!dﬂltﬁ‘)'n%? vhRE 140 8BoWE BRTBABlete delivery

controller and transducer 25 129 to maintain a
systao hsbapureed with mee-coveanvc h@n@@ﬁ@vlmmalwpwmgée thereby

d rovi ded isgg i contro E% p
re “EW&@F‘B%SUF? SR PY AP F? ae?mboa“évct G&V{rﬂ‘émﬁ% 08% ﬂ‘é?“r’i & rlmpl“0V1ng
equlg @6tifdGinct The RYsembHeald @ORHEPVAIRM 1and 1calfddyoatrelingBasous
| ow of GaCl3 into the reaction chanber. It al so
aspepiiof flgusthypueb dhp wippldineat Braksonpgudgsprassyre cpp@oldqigpil jransducer
| i
120 {4 BEBE FSBisland bREWHELDG G CHRBMK k) ARYprd Ak mass flow
conthd et ﬂBlgtok{brOelﬁs alp:ﬁeoﬁ:de&ltﬁi’lg{ darﬁé& gals fomht Q}aé]hﬁédiﬁa&n@adlhese act to
conponent.  The al um num bl oc a so cont ai ni ng
provllfiwp@nérph%a@ewé@%ed A% flevg H? S MERT ;Slll%/refl?tf?é‘ chamber. It also
inchf(f% QRERE 1dRIRGS 30 5LEF 18P Fihal, {3@/311{6%%%{ Yh&uding the supply
|nc eases (or at |east does ng ecrease) fromt %
lineputlyed, and corimllices eronolosedujp rudtiplealuminetn lwhtmg]blocks in clamshell
reactjon c er. A as, heater i rovided.to
forn] Rant RS A0mPB et THe sV gy pidsks BRe FuMERing e ature sensors
that ESHTRES ﬁn@&om nehﬁ@ﬁipeﬂa&ggé so thdt tﬂpte%%ﬂt&ﬁqz&gases (or at least
PCT/ US /07072 Optionally, a purifier capabl
doesnmdwrn@ehﬁo@ttbqt eutpnfmﬁ thveeseapir jup to msnigoohthe oeanbomdra@lber A
gas here]1 er 1 I%ﬁlr eg tcﬁlgeaf it t lg9 ggagl t§ glfer(? ced 5'931%0? plr%%ra'bley to %%ernperature of

at least 1 10°C
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I's downstream of the carrier gas purifier. The carrier
gas can be optionally configured with sinusoida
whewda437¢3 g., pigtail 112, for providi ng i ncr eBGEUSINOA070721
exchange surface proximate to 5 the carrier gas
heater. Figs. 3A and 3B illustrate top views of a
pPr efptibhas;, @ﬁmﬁﬂb ngﬁbl@%f toviRambisane ﬁ@ﬁﬁtﬂ@@ﬁm@péas down to no
This reacti on chanber has quartz walls and
morgythaa Saterty pehkifiod iaplagerd il aotgaereds ideldingnapg farth@@@amer gas filter
is doWls ngr&lmH ! ?‘ch‘%’I caﬁ%e? g% ]gl%f?err gEQm%P g%s GRDE %Pag+agll§tconf‘%ured with
numrbér of quartz =ridges span“transversely-across
sinu§digal boadd) el wadthis 1 Bl dorspippidinlg ihdreassalhbst casip@ge slilfyce proximate to
when the 10 chanber is operated under vacuum The
ﬂw‘?@ﬁ%ﬁ?@haﬁﬁanber is enclosed in a shroud that directs
co @ ?A %h& 3Br111195rt1q@er toib I'\]f?etwstd’feal QI%HQ& El'ﬂ?{}?élhl%flp@fnthp & actlon
cont to a tenperature s stantla ower
chanhea200f Thisecation epdrober hah qlsar&lwaimchngemg&‘mtdlly shalp;edals an elongated

sui se-like arran enent hat . can be opgened, as
recté}ngufaﬁ Phagustyre @uﬁh@s regigr ‘@35{5%%@ et PG o RUEhSI auartz ridges
203 éﬂaw tpinﬁvé%%lf a@b§ thOEharhRR9811s 8Hhd aﬁ)pagﬁh@wgust &?eé_lswy R the
he shroud. Susceptor 215 (not visib hi's
chamﬂveam ongyatid undsr pawiuni. GHexrcedtioni cdhamher is emdomd in %ﬂsbroud that directs

coolS I Sagre E\Hg{iegltﬁa&g]g a%}%grg)gf g%ﬁsi%eﬁfbg&gg ro\j%; ar Sra Lg;%gmtlally

lowé%Q@anl thatfghddiBcdplort MR MRoaf gdnbBRIIlS MEoOW gulto@se hlaé’\&fangernent that
array is hidden below the reaction chanber. Portions

can b opdined.iasitdis imthese beures tecxioss thegeactipy chaubar| Migbledeessare the
longgl; iel?%%()tggﬂpglgéc 0 r26§ ¥ ﬁn%ﬁ%fo%rdg ?5%6 ﬁ)li] %?r? t(Iﬁ.dlt ﬁlgslﬂﬁ% jn this drawing) is

posibriedngitiie Ithd‘l@ad’td)rb ST RQ3scebtdr istidagdday qiarte leanm; \i/l(ilbh are arranged
quartz wall 303, 20 bottom quartz wal.l

into &‘M% rirgysqf paraligl lempe.7 Upogrdpmp appnAge 183@@%%5 lﬂae tpa @f the shroud; a
lowérréh_%% ﬁelﬁgdéﬂc bdi\e tl{ee@%‘d Rh&RBOP ?fortq&hs o@grbe' iflce anlfolﬁi are visible.
mani f ol d structures, quartz flange 309 seals the
ouff igBC ingdraods atlbﬁglﬁﬁial&lﬂ cons-st¢rainh ¢irotgh pahracuiutpreﬁerred reaction

d struct res. Port 3 royj des f entr
charh hE BB HUEIE SEinata gtV G e Jersite uigaovatl 303,
bottcth HuRiAWh 885 b X qufart®kiR¥NAURT7. ARRSE. flandd8 lﬁé}é%%eiﬁé et end of
is generally positioned in sem -circul ar opening
the rsectiohahamber to dip islet ruodoidsstrastueas paraguartaifiehge HY &e@b tbff outlet

helf 17. Ther st ant i al
end § e Kt cigmdelig B LSRRl T ERLLE ok SITRS Pidpy fr eniry of
prock§i@s badles toaiFRin ich ek ChnBtsb U6tk raQ8 psaA 3 NtoidBTEr CasEexBaRt gases.
pass across the top of the susceptor. wi t hout becom n
The suscppfpeistecaeralie posglienoddn saai-arrgéar oppreng a2 epthay its top surface is
i Vi f C

copl?[u% g\gg{ thé %la{)f &ﬁ@lﬁ}téﬁﬁeﬁ’iﬁﬁtﬁ élghsegegb & psglgéa%t%rl]ly%m%ldﬁ} sggfa% is presented
to prodsta pheag eatesiny froaathe iiglet @asifadpiriguich pethhethetdya0erdan pass across

thig tube to purge the vol une 30 under the susceptor

the tpp ofthe\PBIREP 198 it Qgt,{ggo%tgrb&l@é @g@eu@& wertedypnder the susceptor.

: [
CHTEEAL L 9P e B g A BT o con
rotatst mﬂsfnmmg@uplyowrda s (oalebe; m_yazt@sthtdmngh tig k tubetté ppige tthGSY'kBurne

and slit- es reach port 329 firs
und%rﬁ%%%jﬁce@a%f 1§ proofiidess éon%ﬁﬁgﬂr‘f PDECHANS R AGF U ULs. oheprticular

build P BEGaBR AN 6 h@dté@%c@ﬁ&Q§ lilregPread transversely

(transverse to process gas flowin the -28 WO
2001 idgm@ifelistugsroeypOY Bz ProCesegasts troughdeteport 3 t il slit-like

pOﬁggg ﬁla%e%r%ganc popttﬁ9t 1rst tEoug q%farttz I"f]u%e 3%§Cthllsotﬂbé: gpaerrrlts) §ilto flattened

funnel 325 which allows gases to spread transversely (transverse to process gas flow in the
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transversely-arranged slot in shelf 317. Wth
reference to Fig. 6, the funnel is conpactly filled
wowan1gssatls of silicon carbide 607 and a siliRORUS2007/070721

carbide insert 327 in the top of the flattened funne

provides slit-like port 5 329 for entry of GCl3 from
reaclitD IRIMbR2P tHiFAnEINSHchERES thebashFRe Foactl¥PcHalbePrough a

| anps 601 and their reflector optics are | ocated on
tran%/arﬁnlySar@Pélgﬂ slphia shelidéf.. A quartz sheath 603

I, her 0 . .
bo { lgimlréo%gl%% totF P?gl%?ﬁ Ile? é@zc%%ld)a&tl ﬁﬁgouﬁﬁ tb%gc{s rﬂlfgléhcég Qarbide

607 oiid 4 bigicdniodrBide ﬁlfsleg 1307 Ilr[ltHeh@p afmd Ifﬁttafedtfhﬁneﬂspfbdmdﬁt like port
grder tq enable close | oop control of the spot

a
329 Bm@%rypé Gafilarftamn Aungb3 4 intpibg depcten ah%r%b%e‘f\a@ R ép%flamps 601 and
{
theif SRS of FrreSH dhen SRic SR uhiTor R B Gy AU Rining o
therrbt@ipitat(svie inserted3aELFhaanbon of the dluemnltuﬂob B23Igh tpardut the middle

315 and NH3 can be _ introduced through pori, 329,
of thﬁh%rreﬂ E@QE@WE tﬁ*sgtﬁ Er%‘ﬂ?i b%orégé%?tpe@aﬁlaﬁ%ﬁm Gogtrol of the
spot}{l{}ﬁlép @5&161' td rﬁalhtgiﬂecﬁe Béan aP] te (e‘xgk?atg’r% %90utt869‘tc U PR ferably,

be actlvate e creation o I ons
GaCﬂgasI ﬂrﬂajdacedﬁdhtc&ngh @bﬂ\BéQymd NHng mtro&ihtedcthrough @oftlEB 5caiternatively,

| h | t ted b
GaCfysanie iaied Wayel Post WscnVIGh I o Bradbs S dringpaREa2”.
Alteﬁf%ﬁl‘()ﬁ?naﬁ RE f§ld ﬁlaﬁgé Ered a@ﬁﬁjovrnhﬁl B8R 1191:1 10 gortlon of tube 323 so

susceptor. This SIC extension plate is heate he
that thei hﬁHhmbemgtwamb by the @emionef idnator ravecady. rmkterdmlm eome or all of

the X it Enlerap o Mg By A up ool o R Hela. %€ Sic

exteRAbEPREcOTB 5Ab aisPoseh Btvebeh @h@@@}é@r‘c@@@@n@ﬂﬂ dAebemakhdteptor. This
above 800C. Fig. 4 illustrates a di agonal léﬁCUt away

SiC gxtensieyt platep&h@alt@dﬂpsa?he pRadR Beating laréa‘m caAvre it dlfcegimep cboes not

refoﬁl@ﬁ%lgy?ﬁgat%ggg%egg R 1‘?'1@(@ Wﬁf% aMi %szug e]p?oli1 ggg [ie e%‘ature of

to reac 1 on er asse
the ﬁr&%mbﬁ@laA@smm&/ﬁad@e GO0 &M RYfably Qt«welg‘ooe(d in
Figs. 2 and 3 are identified in this figure with the
safe. daflestivtrsa dingebells cutmn‘mlw 9f # patistlar prskarpdapacion/transfer

b ar ans,. .
chan?b t%s‘sern[% L r%érlsélign"‘gvatB ?{ rrgsnesrfcélflﬁr’\lﬁ%ﬁrfo lsa&g rf?lglg?n en(’lfetro gréﬁlctlon
charhbte a@uthiil 00T Sthlveursy shRMhiad Bedhhgevieaty 1d@ﬂt1ﬁéna1ﬁtregs 2 and 3 are

and fromthe reaction 25 chanber back to the outsi
identrfighuy tBis frgvasrytth shormstipirenge 8rghersc xemalaps Bansiey chhﬁnber 401

houde8% $8¥dt Afn a{tﬁoﬁlﬁ %&T'dozﬂldc& Wléan g’fﬁlsilrafgafﬁ)g g‘.aﬁsfemng

reaction ch rount e rou
substrates sﬁttonaiﬁle (duts&iemf diesyptent inanthe méacbom tlombwakhd 40 thaccaction
ud serves t

roud.. The .
Charﬁlbqﬁ&m@i todt 6P}1tﬁ1&e t'LFané & eharplers %%@{3 Sigha fere ysd in this

invelBdtain a controlled wall 30 tenperature. Certain
reacti on chanber structures have al ready been o
dedbe rdaetion olimixi a@embbfomlademhcttloa@ﬁambew lwadunt@Owithin shroud

105 S BNAGRARC ey Ml So Tl X AL ol w2 SE R Bfopa. The

shro@d derO8Y to @B AL udR U6 &l gd@Sovick . reddtidon THHEBR!O nalihiata@®ntrbled wall
a circul ar opening 319 in rounded plate 409 which

tempergyicd driab ispetionshamber stipctugest e slieads heer despgbegoncluding:
o G HAT A3 TR QB0 T2Ru b B OBAAT, Wiber 215,

cylidi2Ral thbe3pl furanidceptodfupport and optional purge gas flow. The susceptor rotates

in a circular opening 319 in rounded plate 409 which provides lateral stability to the susceptor
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t hese conponents ensures a snooth gas flow fromthe
gas inlet to the susceptor. Qutlet manifold
W@ aa#Tses i ncl ude pl enum 407 whi ch conduct s BXITEHSERN7/070721
gases fromthe reaction chanber in the indicated
directions and into exhaust line 419. The outl et
and E%Ffaﬁhrdwfﬂﬂ chelf 379 slée;a@r%ldmpmdae,ss QA8 SliOlk IR, BicSlanarity of
seal ed together with gasket or Oring (not
thesg wrnmneatSee@}urema@omh@m gemfmﬂathﬂ@s aﬂ@lt tehoyuseaptor. Outlet
rnan{fﬁlsdl s%t%u@t%esqﬁéﬁ&é l ﬁurn I4617 %}hléﬁac% \%tg aygs OIl(l A% reaction
ermi rern) are | I'n

charalees e thelindicatdd diredloasnumd dolexhdes dine hegl Wﬁé Olwlet im?amfold and flange
sealed to the front flange of the reaction chanb

309 gp the raact@wiaémbﬁrar@qaﬂ%og%ﬁr With. G<-ragaskpt 0 O-Fing (an Khustrated)
resistant 10
nwdggﬁg}%gﬁﬁh&%htg&gg'Eﬁ% %mge#%%@ﬁgthe transfer chanber
andnlttheanifdd stnorureh Gasives tarotiaues heediockwailbstroddwnthan djshed box

a et ween th nber and . .
411 cBgRbardl ofken %fgiebef%v\mf i s B Taae b astion chamber with a
gask@@&s@gﬁl RRSMEEArANS of WR 1ARaRR Fom e Bahe aylalcmnﬁ@ Resistant
sealed agal nst ‘face plate 415 by neans of, e. a
rnatega@( dfatoval@e ﬂﬂhgetWEhretlprt@ﬁleﬁer eltunntmr end e réation phzanber rotates
oned bove for otq

Cloc%’ PF E@%Wn“far@ t§a°cp8n 6&’??7‘8%@%?8?%@’%@ ShAPRS g Pipigrelockwise

(upvﬂﬁ’ﬂf 8 cidRE aBdSeca® tHelPas@ge BeSEE BRAWSh@WbersNEhS %ﬁt@ GhNE®an be
the | ower gas inlet, as previously descri

seal@dq«rgamb@% pleraLhl St paps @liar ¢ za gasbet @23 ring| The @rﬁ&rred material for
[ 0 H

the OHFHRGR taire FEfha? ishgreafBoREfol ofEF Q- 7l s vy apeforably

also pedviideslpdrts foryas viitep a@d@cmﬂm telovar Thagarseuit of fhetlhﬁer gas inlet, as
reaction_chanber assenbly. . Structures whjch haye be

pI‘eVEﬂ»Uéb" %gp@;dg@ckué%qqmm%catﬁlgﬂu&gz tube 334, Battgngd funnel 325 and slit-

like begRbHfied in this figure with the same reference

leh ngers Considering first the surrounding reaction
ch@nbérillassestletajls oetetpadivuti andferedas e mahifoldG8uctures and their

i ncl udi ng shroud ,405 and r t on chanper 301, is at
arralea?glqnmtge feen ?hﬂ&%gr aperh SRt Ty Vet bR Begh Prgaously

1denahea ﬁlemg& Phdnd 3SHS SRRAEAE glltﬁlsaﬂg&r@waﬁ% QbncSERRIACE AlifGers.

pl at e 9 are inside the reaction chanbe Quart z
Confifenmgefiat he @ﬁrrolneilrr&mcztw@rph@mbmsem@ymeg@tﬂmao@amh@t assembly 403,

inchf B S AL A i B b St IR e B SfeP s

strucki®s 3@Bh@dt B ri2ht.| SEcBREKELS AHuMbtipedt stabilitirid Flh@ 400 arc inside the
cross-section on both sides of port 315. Considering

reactigichaneber nQuertsflangetiip of F@@W@ntw@bgﬁs yrged appiRet piRsUM
strué)fﬁtg t2ggé)y%fég1g’llon GBI §F &80 Yos. P QR OQQ?L%Xer,Q;%!E&e anc(ijplenurn

conprised of a uar

strudtunened seaRA by30-rinhafaskcs SOEngoﬁludeSﬁilé i drdsatseeti@tbbbiith sides of
extended transversely so that it opens across a
portdilgni fi cant fraction of the botton1ma|| of the

r e%hél&?‘l fHe- 1n1§pﬁh{§:t19@ am "thro tt l%l{%ﬁﬁmﬁ%gafﬂy GaCls

form o porous | R absor bent nate
(preferabhg [buB@Bionk g Xt BaZad)i Itss ccmlmlsteti@f a;qpentz e dRRhgindffunnel 325

t he f.unne I ncl udes -I|ke ort 329 that is . .
that Sy et e n R SRt e £ e aetogtrast asignificant
fracﬁ’&%fttﬁébot@&ﬂ Qafl IR RRARR BBhBEES r&ﬁﬂﬁb&% 6ERHAN tuB8Lor any form
the slit-like port. In -30 WO 2007/ 143743
of a p@pPuLBER g‘@sp,rlqpn@mgenal fill the funnel 325. Insert 327 fits into the upper opening of
the funnel and includes slit-like port 329 that is angled towards the susceptor with an

extension plate 335 that covers the space between the susceptor and the slit-like port. In
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operation, GCl3 (and optional carrier gases) noves
upward in the supply tube, spreads transversely in

W b@7fiedtwel , and is directed by the slit towarPRGI/U81007/070721
the reaction chanber and towards the susceptor.
Ther eby, GaCl3 noves from port 329 towards susceptor

operdfiéh, IGh(&; (ahd Biatrﬂ@fal Edrelet SAsbHtaRtel @b‘&vgrdl«iﬁ RSB BGUBS Spreads

the width of the reaction chamnber. Consi dering now

trangvigrsely igtthaiimnoeleand ie dieeted byihsudihtoyerds iptosthe r¢getien chamber and

t [ N n t | at .

on AUl PO, TSNS U BHER R R fCERe A s
lamiapt flon ahbsyantialGatdiformnsi@adic WRIIDOS ths réattiow dhudeistri Nt o

t he plenum structure through supplg line 517 and )

pa&easideragney Blstotmstaes derdinedhtoueb Roe BA pyBesersHpeiyts include

(0] . \/ .

pent S QUBRER Rl 65, s8R AR 2 L FRRL Bl ooy,
GaCtli instead) whpat ip orttosluéad inkoi thé pleacin st@ctver thiaah stpide lins 517 and

pass!%sir ed o a?rfi EO\%%%J glp%aﬁ:gllog fcé%{gﬁ%r?gr?ﬁgﬁ é%;;l’uanmpgn d ge\z%tg(?al tubes 519.
NH;%g&SthEﬂ’&\ﬁfsC{ﬁe LOScAUSSRPS Y ptioRalfy dh?dngﬂ%ﬁsufmm ports in which each
substantially uniform across the wdth of the

verticelgubd isnineh dvb eroup B distrithutasipghtsezrchpasss aigad lipudd of she plenum.

contrqlled by a  separate valve nechani sm 509 all of .
ThefERe a0 Roa P St SpEn T gnRRs ST R Ry S gmiform
acrobd Bk @S df dagadtidh HOMBLIC tHIRG threiEeERh HeRcGPIbE & controlled by a

fluids, e.g., GALDENTM fluid haV|&%(15 t enper at ur es
sepagpiv o msehasigsne AR alf pEwpickaumexdernaldt ubiesiabley 2 blighhewiceym also
' < il ned within the ' - '
ne ISR SoRIG o TR BB VAL 1, SORY Bt v
temRajtare Bdnttadle@so ithg tHxO3eraine stimitirt@ihf@g:hwi ikibh WH; passes are

operational range for the sealing materials wused in

maintpigepithigthe aRoviyeicseribediemprraiues PagesfRepithat preapm faicture
106 01, S 85 Uiy TE LR AL R
usedao the®pondi Agned, thiyerefesred Insaberial $ortlthe Obed oiw thoosaime3ikShat

adj acent to ri 503. In typically operation hi s )
menfighsd W0s [BoThes CETBE dREPERHI RO LE FHREOE ¥ibls (iorresponding
tubeWb h1Bb DisitISbABK PR ?@?hdj heHndRy n%-cf;'ﬁfgeS ogaly ?yp‘ﬂcjaﬁgl operation, this tube

advanti%gously i ncl udes a nunber "of gas ‘inlet ports
servesl® casl thelQ-ring so thef irirengainowithinl istaperdtionglgaede on and

tr fer chambers. 1t is ned and closed to provide
contRor i apsade s dPER Rl 8t PRrRls! Sullds S Svetlas

serving@o oS fiRreshioaed tramdert dhembedC 11 i9Bpefed @RABIRBEd to provide
through port 315. It is illustrated in a closed

contppdlsilpenss far witkere ng subisyatse hetegen Beftepnsfer phagmber andthgyeaction
charglys B0 dors P P ) BL0AR ERACALTRB SrighBEwh Y % i3 REGcto fuce
platesd PebyaOdimpadi g proffviraherhieydémests,dan seet poedrs 15 e wdd e inject
portions of he gate, val ve (ﬁnﬂ reacti on chanber) and.
purgsgarser-satiot facic Ske pad snIsE: WAL BFrerindorsat Boay Hladee apgions of
e R e S e R s QR Y ghe st vlve and
reacpoocleseghsesicagntheyinfprow the nossntityen sampeptior amhtlocity of the
build a pur as curtain along, the side walls. of the .
ProcE N R TRy AP e aegaer FRURHIE) DM R et SR Reer the side
walll BEthe R&BBErAb phQeAVMOAM ; ghEESI IRHnE BRAShdatiPh e Qfisc&pr tdavoid
this |ocation. Gbneralfyh for deposition of high
undegirad denpsisiontodkiad inlthipdecatiome inl et manifol d and port
L AR T0EPAREIEh BB 5 5T Bt HhRidand por
structures cooperate to provide a process gas flow that is substantially laminar (thus non-
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is substantially uniformin velocity and conposition.
wab@784d5g¢3 antially |am nar and uni form fl ow sh@UUS2007/070721

extend longitudinally up to and over the susceptor and

transversely across the reaction chanber (or at | east

turb@AtY88d tHALIsSUPHARRIIQ unifhien SIS compb§fies. abhysubstantially
process gas flows in the reaction chanber are uniform

lamipgy apd|vaeforry flamoshepldradindi lorgimdietp op te red evrathretuseaptartand
tranily%?s?%/ra%/(‘is)s/ He nlgggﬁ@n uci]ll %Sér?&g{ Jt lg ?{]ro;ﬁ/t?? %‘?&r)cgfolf ttﬂe susceptor)

Pref&abll3pivcissroat floys infihi Sedctom elliunﬁﬂjee dreytifokmris Klelocny and comp051ti0n
desi gni ng the process gas inlet ports to provide an

acrogy the aa%m%ﬁsm PR &t PT 0TS BCHRI4UB /ot 1%pr GeEwesifar gaiformity

meaﬁﬁﬁxﬂﬂﬂ&l g'&? HEHY (;‘1 Ragen  NAN R C IR is BhidRg! 'bg” 52,
selective injection of ’carrier gasés to cause

desigippg Gi pmd:eed; yastinief p(lsms tblpmwwldmatbdmd}a approxkeaseln ghyforrn flow of

unlfor q?ntrol ow down ({ amfromt e ton of
ProCEY RS s | ’Poulgg CISRCOR F”?l e an‘ﬁﬁ?ﬁﬁ? N |depighng;s Ctb‘fe Ipjggtion o
camgisl as% R)V%aqymg‘aﬁﬁrogma{ta§ uﬁﬁ*éltnh EH{VQB bRERAEMERDsingly uniform.
odi mrent has determ nhed a preferred process gas
Contrnll cé‘tﬂqmdmwwwfamgfmthemswtqrhakessalrm@bt@nfant ially
é@%gegl]c&léggﬁhg&/o gfegéla(s: Elpg cgJ ! dels ogﬁlz agﬁ%lg?,r(ﬁrﬁfarrf% embodiment
has &dﬁ@mlﬁ@i Ll REPLS|ihleOpore 8ditighii0i08 saficht a@amantlauy uniform
needed for intended sustained, high-throughpu 15
flowgperagupesh. Gdslines it tatah prosessegap flewartes preswt h$f@élap<m§émg to the
seleét@&s élraf\l ﬁéasdﬁ(g[{j?q%d 0n§ %I?d éés nrelégee({]fog %1%1%1%8 guﬁé’m&h %1gh throughput

operﬁlﬂﬂﬁlﬁtNmtj althiv thkt‘sb fo@émléﬂbﬁwgﬁdelh’l&& 1ﬁ®am327mﬁd@ha$ﬂ%l[ave been
Al so dellgg i ntended GaCl3 f] ows has i ndi.cat ed

desigiedrso she wpds! Ga&hél%%? thergacyien charabaids substagtally yiprm across
the Irg 105%ﬁ%b y 5 ﬁ:ﬂ?&f hn%Bf Bitdnld® Cﬁbﬁcﬂ g%adl%?bed that after the

ubstanti a Cross t e reaction
NHgRtapolfmncrgmadmm&i 15091 caro the re}mnbn ohdnglebr i tbisADhvaatsd beroatos

n rn1t|es t hat may urin e i on.
subsRR R pDiTes e AT TR JSTiG Jo BB Sl controlled t
ameké&atd - &ﬁ&)ﬂhﬁleﬂﬁat kayerbeaniadgRetidho i ncrease the

uniformty of the primary-process gases flows. For

ex&nphe, guided enyaendat plodelings sesoadarg garich gl itsht havmbeen added

o m@%ﬁ b %%%ffg%ﬁg’v?%gg pﬁﬁ%&%@%ﬁ plﬁlr g(ﬁﬁ as Sﬁf %}?aéﬁjp n gne particular
prefa%am%oaﬁm@m Rhadib@h fe@nC@nt supplyOTpuite %@&Jtﬁrovlgm gate 28lve 413

bet ween the face of gate valve 413 and
provides lmegliVém@nté?ycm@%@@nBy@lccﬂﬁi@éatmnaiféngm@ancentmt@es Of Ga@agapor
f I
b B I QUSE LSRG, 41 L 0k 8p BORYL AR 015818 g 415

Alsogitchak esesletbupwﬂgeaxgﬁgufg ialytato privdde greber catisogdsiflamoaale edges of
uni form tg conposition, and velocity of flow at the
the retion shHmPRddesstial g antanal thh ecie 430 PIQyss uaKRmaty of

com{s@s@tlﬁyﬂda\%?o o?%@ﬁ%ﬁ@ﬁﬁ%gt%&gggﬁﬁg@ggﬂtamqhe reactive gas above

nvention I's Now conpare
the wwoveof thomaceptPE systemto illustrate the advant ages
and unexpected benefits that are provi ded when
conducti ng HVM of -32
EXAMPLE
The invention is now compared to a standard or conventional HVPE system to

illustrate the advantages and unexpected benefits that are provided when conducting HVM of
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WD 2007/ 143743 PCT/ US2007/ 070721 Goup II11-V materi al
according to the invention. Prior to setting forth

W@ kio3/1€0wpar i son and by way of introduction, PCT/US2007/070721
conventional HVPE systens are first briefly described
in relevant part. A conventional HVPE system consists

Gro® TR VhahteMl decdrdR th tdiacenties URkiby tof RRIHgCBEE ¢hi®Eomparison and by
quartz. The Goup |1l precursor is forned in-situ in

way toff entroglgetiasy, convehtiongl gy BICIy stowesrarg ﬁl‘ﬁé driclly Heicaiberhintrhlevant part.
a %UPOHVEILUO%I ﬁjVPfrh & L#c%lﬂklgts Iilpot a %e%&aye usually fabricated of
pr ecur sor 17Yed al’ %orage, €. g.7 a
quarhzi drhepG®ap LIIH @r@)ﬁfdoﬂ d;efbrm@m\@ﬂiltm ﬂﬂﬂ{ead’tMP@ fi@singe80l over a boat
used for the growth of arsenlde phosphi de and
holding the Gaowel metdii iawd fersy HheeCipupw Presirseinsupmigd from external

0]
sor{ge VR, s ITRER olila BTl oI VPR MR b ReBHR e growih of
arseﬁde,lmlosplﬁdmamiemtrﬁieLssmadohgiucamn Boathg@sowth®f IGaNyiieeGroup 111 source
det t he quartz tube can be ori ed eit
is ey Elaitf“%/ Gt g hes (Y 1 whira the BRA Bt 30%9?1% and the
GroPVUsHRL iyuhilRahfRhRidye type with at least two
tenperature zones: one for maintaining the Goup 111
medmmost degait, éparaaizivte @b deericnisd wiheriviegiceby ot horamitally The

th er for i ai n|n the s te/mafer
surrgitimeiogioes B il Cfistarr S pit R skt o dR it fones: one for
mainthiging@h® Gio gﬂll- efapit sSOmbERtUBE HbRRERIMIAES pethNend@tHRQder for
for liquid 11l metal, the 15 substrate/ wafer

manrt@)mu@rthe @uhatrgta@vafw aétassuﬁ“rceenﬂlyéamemaraam fngedaxipl gawth. The
Gro{fﬂ‘ﬂl %eﬁatl E‘&%r?%%{&rlégc ind <§§g‘6 fo{ P&lugﬁ%&%%ﬁf‘%éa? &S

subsagi¢iparentiold@r aral gds @@lsts ard Iblactedvdmd@haﬁgﬁdan@nt: bed bLithe qamz furnace
t ube) nust be fabricated of quartz; stalnless ste

tubeg g r%lter 5B ERfieh for RUSESEAER 08 OyrRsRdEs. ol fhiy ﬁ@m@@@r(or at least

that @zthlc"ﬁ %&?tl@tmﬁﬁﬁﬁewhﬁ bR rf@o?lsc'd{eﬁ of HHAIH @{aﬁﬂ&@ fs{“ae%fscann?t be used.
e arranged 1n a reactor so t he surfaces

Mosafdacusm‘ @mosesapelydine emfdzryat B inkd at@trodsphéréc prassufd. qultiple Rofers must

order, .to achi ev for deposi ti.on. fers ded .
be agiiRT 8 iR AsriCEc s LD arsisgar it o R e flow in
ordePYo RAKvVELATHAY deﬂd@ﬁlo%UbSt rate support into a

hi gh-tenperature zone in the quartz furnace tube. o

WaiVéafersareloadesd luaﬁi@dplbymg éhmvom g subﬁéra@wppm arfd them by gositioning

ce an of f Qr
the SRR SHRT b Pyttt g e Bt AR RRE yators are
unlo@ddl by Rniou &R tRé klppoadronitifet fuidas®ambthe® liftalpr th€ dard offfthe support.
quarts since they are al so exposed to full growh
The megpratisn (Rrawsitignpgdhe wibstrgiapenport, ege aqupprlhred, must also be
fubr RIS oYk M PRT b REDRS IPRATAOSIR PHBlrllFes, Sypiged
waf@grtke $1I’ﬂ)s@ditd eﬁpﬁoﬁt piicethe positibain patecHatimg euseb@positioned in the usually
cracking of the wafers and/or substrate support.
hot rgpctgr tupg withseat Gpre iy Brler tosgpyent Hisrpal ‘gﬂ?@%é‘dg 1 eraglipg of the
wafd¥hh DG su\B@t{r s H\P%%ﬂ' 'Ms@% HRdeRELHE Qselispab R posed to air during
conventi ona E reactors are not capa hI'e of the
wmﬁsd@ﬂhﬂgﬁﬂddﬂk@hn%plune nanufacturlng that is possible

h t he and systens nve
o Seh e eoreHytere it WG Apatle Sk staRinetbiieh spGie
manefaciuhhg tha? YERYsLiBIR &ﬁlﬂﬂier}@v}\/ﬁﬁ&hblﬂ!@&rfﬂdéﬂr‘s?ﬁehl\é of 11 AtvbAbn for a
and cooling tine than do conventi onal "HVPE reactors

numbeiefusasonhenereasdray ghat gherrsaadens abihys 1n¢yvmront1hemmalless unproductive
heatlnl% g 6P%lln{]g ttll’Ihlg thanad%tcgrrléen 1ona1%§P rfélaec ors gec’ausenthgy canehave

considerably lower thermal masses. In the reactors of this invention, only the susceptor
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-33 WD 2007/ 143743 PCT/ US2007/ 070721 (substrate/ waf er
support) needs to be heated, and it is heated by
WO aprdi3z4acting | R anps. Heating and cool i ngPCHES100U670721

be rapid. However, in conventional HVPE reactors, the
resistive furnace can require prolonged heating and

(subét@ai@/%&alshpﬁorg @0dsn8 bk hBRSed, ada itti® héﬁ&@ﬁ}afapl(ﬂYia@tﬂﬁg 1% lamps.

hours. During such prol onged heati ng and co
Heatingngl cooling canythughe rapid. dilewewndnwaneantigng Able fﬁaé‘iﬁ?fs the resistive

fumgce%%h %qu? yeg&dﬁﬁ%ﬁ%%ﬁ;@ eﬂgc%@gg %oldthn% rt]?% hl?p {‘o siéseral to tens of

houttsh Buﬂilig stlanmobngvdheitiag ane c@@iﬂ@tinyespih@@@tehﬂs adid, and wafer
renmoved fromthe reactor, when it is near &gr ati
produgtigb Fepctor @keafuaga%teal mamméﬁcqné%& thedike menst @qlwd Furthermore,
I
s o e, N e R P B T Rl PP U reactor
when @ny aea:rloqmlatmg-l’kéﬁﬁwesqtmtee msavoid)ﬁmtlet heating ead covlinigrdetayngFor these

the throu of conventi onal HVPE syste is that
reasdipig e Sy SOREL rtherls B By ey ioasH) G I gk tpusibuts than can
Con@hgéml@gfpﬁg}tst% the reactors of this invention.

Because al | “internal conponents of conventional HVPE
r edapthes rasen lmeatngdhebshrcmt@pemf@onwntlondsﬂ‘ﬁ’E wegstems is that such

systa R8s eyt Rt e SRR b SR B ort PR Son

Becdusc bB ifteShr @thponbfik o B&ﬁ&htﬁ@[ﬁll temesich&of¥lisé h&¥ed by the external
frequently cleaned fromthe 15 reactor or else they

resistizp frapan Hirdt matseiak qaalesew Wprghous Hicansidrelde waptor.gind not only on

the snggﬁ?agér g/ga%tq&tlﬂ 'éie&zﬁd tgu@ﬁ HQ&@Q@ dXHbF %thﬁ‘tgoue[ S%r%l%{ Li8ancd from the

reactonef tlis¢ thentchy formedlist amislakics w@ﬁ:{h&&htaﬂdnﬂes Wherd. rtledding requires
of .the reactor; a small fraction is deposited on the

timeglygiag pdtich e reactonds HEISFOREIVand ittle or none

ap e o

i e%;ﬁ{ %hé: (?ro'ﬁB ?Ié g@c?& 1sq gﬁ%&h \}?ﬂ?ééié Sirogto 1r§1dI Sétg& g? g})e interior of
the remeéif acsnmhtftaytlmsscﬂ,epmudd ex ctlmsmbstaarte maéotas deditedumds@de or none

o formchl ori NH4.C. that c epo
3PS BT AT BTG 585 R EHEHOTHS TLE oghe- s TR precursor i
also GRUTRELAIS, ﬁ’s%ﬁofﬁidte%cé'gd $hn r@LEWIP B8 @I@% ForRMHINRdes (c.g., NH4CL)
reactor.” In contrast, the reactors of this invention

that hm@eppelhp@ celdurans donnstibare of thel tbaction zomat Suchichtarige deposits must
h of Goup Ill-V material occurs.

alsorégglge%?{ﬁ q]il%]fegc Phvention can be 25 nore productive

Si I EoriARY, EHRUSAJtHE o tHEARN BittioAHAY B Binii LN RN WK alGAd that
be shorter, or need not be as frequent, or both. For

little qfélgémﬁ@%@g,ggo%qhﬁ Grpu Ilg%mé‘@ga]a@p@uwet%ggrsdff thigjirvention can be
mor D6 AL ST A HARYES 1 8 8 o

not Befﬁsd}:@lhmtt oﬂjotE.OEM&héSeCiBﬁbné-MRE By st aaldendtlﬂcais dfligis invention
nvent i onaLtlI internal Ga sources require recharging
can fe Q8 highgtithgowspts thiticap capsaponal H\dt aisiems3o

ConglhARY ?&k&h{@{tﬁ%&gﬁt . &S%thg%{t JBRvdRiohaT e¥E ?&ﬁ%}%&}% that their

sources of t this 1 nvention are
conveetbizal gedmal G sdurecs@aqpreaedrasging Gaidi B)luld'[}veoreothearr(}mhp I1T metal)
e of this veniion delivers a of G. )
conSRBHTY mire frrttenty M etodBne S e LGh Rorfptt S frg SR of this
inveAOSPAMIEH &R rec’hta (géax)infﬂlﬂﬁb S radun e Ga@llSS TUP ck@rnal source of this

appr oxi mat el y hr or greater. Since the capacity
invepfion delivers a flow of Ga precursor that can be controlled in both rate and composition

at maximum sustained rates up to approximately 200 gm/hr or greater. Since the capacity of

the external source is not limited by reactor geometry, it can be sufficient for many days or
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the external source is not limted by reactor

geonetry, it can be sufficient for many days or -34 WO
WQ®7n148¥43 PCT/ US2007/ 070721 weeks of sust ap€EUS2007/070721

production. For exanple, an external source can store

up to many tens of kilograns of Ga, e.g.,

weeRPH sQXth iRl plodubfork FordRemplel 4d Hlt@nBINSLERTak 83rdE) to many tens of
operated in series for essentlallé unlimted
&

kilograms af Riede-ps spiueximsicly b& keomdenliiplsapuiqupensiesansiased in series for
esseﬁ%&ﬁly%h%ﬁ%ﬁ%ﬁst?%?d I‘O%}létl tly limted capacity. Since 5
source mus | I'nside the reactor and can be no

| afgesnvichigdhal He/ PIE%@Gteﬁfs iht <& Jourdethak @ stietly eivdetd chﬁk&ity Since
an upper limt to a conventional source is less th 5
the sr@grcgfm@ﬁt pjé],deéb@aq%cpt@r afdoga nj)eklg Eer t@an the rg%‘éqr 1‘@plf 1t is believed
[ |y,
o SRR RB AL S0, A LG4 5Ll o o
Ga, hbsat mxﬁhpﬂmaxmtabély 7&7 e fitled o ithdiquieGp# icor daptis requlred

. Further the, rate.and co Slt on of he source can
Dlscg%ﬂuwe? Sughyi g {ia Goatiag gpiserstA r@ee&r ﬁ nf%tsther the
rate hifd é&ﬁ}?ﬂ%ﬁldnrbfsthé Sbuboe dﬁﬁﬁ&'ﬂé%ﬁgonﬁﬁﬂe@%@éw‘é@ﬁlelGQ}S{‘egursor (GaCl)

he Ga source boat inside the reactor.
is foeﬁtd ] seuudy ressinhHE'l pediovdr die lignid Gpean derba spoee lv@autsmie the

and exact pr.oces
reacfi B bRy R fireButiaR onshBOt i B rof adorhsthy Hidgagt process
condBOHEES. gf FRReRBMatiRe iOME koR0ediRY endeeidut eARIdned values from 60% to
FurthernDre as the | evel of the Ga decreases and as

overt 3980 myve begy rqp@rtg@e}gurtheﬁ@orq, gs(thgfle\@é@_thp &adesreases and as the Ga
sour?%&’%ei' h& Pl P ERCT KA S%osﬁ}églgkgﬁ’é%% i ﬁ%@%t@ﬁﬁs RO rocess

condiBbi30 @r €ifesd Fasonis A Nthe ANstaN artt ik thv s oﬂ‘lihg;hﬁ‘Ventlon can achieve
t hr oughputs that can c¢onventi onal HVPE systens.

highgg,brotighpyts figb fan sapventingiat H PEhweisBput of conventi onal
HV/I I | I
ot "SAniar ) Doy dh PR, B MR GRTPE UG PE
heretaficiievthaluednsyructesii ig netdstamldr dizeids a'mhmefaictfsoch gpeaisfarcoften

. .users. Lack, of andardi zati.on |l eads to fo 0 ..
indi 13 SR P L BGOSR e ar etk OBt Riting eads o, fo
exarfffIB, MW 8Ad baRplEL enGRERIneX BAGubE RSy k@n o%ﬁh&lﬁde cornplex and fragile

conponents that are difficult to work h, such
quartzecpmpemnsnts that pienditiulde mongwith, sugh sw@mmme ¢immepnsuming to

o EAZBE le. | articular, .t Goyp 11 sourc ne .
aisaf FRPREPAaSisalr BT I bftedi e Grob St Rarrst BBHE SRS it contains
a sepa@ite edrtz A1l $RIHC], BQahrtPBSH: hbanestdadjRe@N1b tﬁeq{Chfhlde separate

inlet, a separate quartz inlet for the Goup V

quargsy ialot Faydhe GipcY PrassEsobevikelbmusidhedreat seppraghiremahcbswp 111

2 |
s Bl SRR AL rp s A § B T coHRE R s
meth’ﬁelts ot ppEschhiav@rtiaand tol dyrestexant Ma@tatt@nﬁoﬂfe@tﬁd a@d(ﬁteﬂittardlzed

ptati ons of tested standardi zed . desi gns known
desig %S‘Wﬂpf%%le&rg?%mgmhleh ﬂﬁ‘éf‘vl%e%ééﬂmgﬁfiu fos offigicpiggperation and

maitftb{dn€é & whRE rn"f’ctlucf%rl‘b ‘l'i‘tﬂ‘ﬁiercﬂﬁﬂl RUENANCE AR N FGr é}étlﬁé)ll’é:,' he

comerclally-aval Corrponents For exanpl e
partipalat pretirexd quteilenene dhodurdssdiGrenp 1l selrodesicavir ogge Mhlve and Group

source zone Wt a val ve and oup 3 I )
11 DR R ) i etk aptiay S Racgdioth ey Fhpene aplaqroauires
onlyfd QHTERASo- opféﬂ andalose, \éﬁ&l ‘th% GRAPILI ?%ecu%@lr yleﬁuﬁfaﬁatim&ﬂ PBRts are
to open and cl ose, and the Group I'll precursor plenum

consgdediatily less fipgite. Faartkese comeistdsoatiopybiers and mgttods ofthis invention
can ach?esvre? HigHar rl]rgug pu’% tha%trg:gng Svtegggna"ililld\/ﬂ?sys egnss of this
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wab@7qesaki t ati ve design choi ces that differentPEr/ES2007/070721

systens of this invention fromconventional HVPE

systens | eads to surprising quantitative benefits in

epirhayhaltatircaiiin cBblcbLih@NEGiFBRnti A8 3¢it&hs b this iAAdntidA From
and waf er lgr oduction rates, and precursor utilization

convshfipral ENGRTe sy steTidsadsdp swiprising guentiafiverbeneite imepitaxial growth
efﬁc"f‘erngleée}[éve\a%% ﬁtlﬁ?&tl{a}llvs iilﬁc'da %fg%@%d?l?téoﬁla F{%lil\?!gl-é gtleglfrsgr uti%lzatlon

efficit@siogn Edege@uﬁﬂﬂdige]wﬁ@taﬁ(a@beﬂ&mschraf@i@vedmhsﬁ nﬁhgthartﬁta in

i ncl udi ng a reactor tube of about 20 cmin diapete
Tablgn . Zaste. hish cemppts 4 nyeHionek i VREsysteasissigarhig handic one 100
i S EBEsh Byd PUFLA-ERR S B 10 5240 Euvous 20
cm 1déesng|tlsvvrthtae:otrhmonﬂimg skt sliie myenfiort hi s i nvent ion can

be consi der mor eff|C|ent h 1Q c nti
HvSeNY e 4)&515@ cpitgyialiery afﬁ?lsvﬁlﬁs a&%%ﬁ%ﬂ%l
demERitla@Xth& thd Mﬂyﬁgrﬁlb 6f ﬁ%h@&ltféﬁrb‘éﬁ Bt 'c@ﬁk?derm FoFVMricient than
Reactor Informati on Wafer di aneter cm 15 15 eact or

conveghgndh OB QBteResact or di ameter cm 20 Hot zone | ength
cm 40 # wafers processed sinmultaneously 1 1 Reactor

production ti er. |.oad/unl o nme  Pul | / push
Pare o mn 2 ToraHEr Friaab gyt et 160”0
TRfiakiabn dfcieRitsh time mn 80 2 Mv@mmhmﬂ/mnl oafym
tk&gmmn@orgméo 2 Total load/unload tine mn 89.5 3

erari on over head % 10% 10% Tot al Ioad/ynl oad ti ”E15

N EOM ™ bperation min 52.0 2.9 - epitaxial growth
t]i{‘??ét"r'll?% to growtenplate min™ 0 G owml rate
(Resttpridime®00 (3.3) 200 (3.3) dyer thickhess um 300
300 zorfilgrgtht 0 heat and cool minmd 6 40

# wafers processed simultancously 1 1

Reactor production times
- wafer load/unload time

Pull/push rate cm/min 2

Total pull and push length cm 160 0
Total pull and push time min 80 2
Wafer load/unload time min 9.5 2
Total load/unload time min 89.5 3
Operation overhead % 10% 10%
Total load/unload time in cont. operation min 52.0 2.2
- epitaxial growth time

Time to grow template min 0 0
Growth rate (ulirrlr/l/rrliirn) 200 (3.3) 200 (3.3)
Layer thickness um 300 300
Time to heat and cool min 0 6
Time to grow layer min 90 90
Operation overhead % 10% 10%
Total growth time min 99 106
Total wafer-in-reactor time min 151.0 107.8
Reactor utilization (R.U.)

R. U. - growth time/wafer-in-reactor time % 66% 98%
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Time to grow layer min 90 90 Operation overhead % 10%
10% Total growmth tinme mn 99 106 Tot al

wowdoen43i7d reactor tinme mn 151.0 107.8 React oPCT/US2007/070721
utilization (RU) R U - growth
time/wafer-in-reactor tinme % 66% 98% -36 WO

2 0@5&5—)&31@%3%5@3&@57&@7&71’3%65@%@& B¥thakatly Shdlactual epitaxial

efficiencies can be represented by the ratio of the
grovetb times tegictsai ofl thgrasual lepitavielssrewtht tacssansh thg reapler kpadiyaload times.
It caﬁ% sgél tﬁlilt tg% g[\y]%e%st%g?] r?(ﬂglteﬁ]t%ﬁ Sﬁ@iﬁtl \rlenltn%ﬁ%éryﬂé Po%ged/unloaded

mgni’ffbhﬂlﬂ)}dﬁtstéf tHahicen tewientiorh HOZE @steln@aai&ﬂmmm&ve higher
nlflcantly faster than can conventi onal HVPE
cpiteg jd weegvth ehfeiCraigss Teignlsacrpesied irgReactusl isration tie external Ga

sourgésod’fttﬁ s fivehGAERA gl W Eﬁstdlﬁ’e ﬁ%&gﬁ%céo%gldgﬁ@b l’oﬂ%er periods than

actual operati on, e extern sources o0
pomMMwammunnvmmthabMammsusta|ned operation for

si derabl y | onger 'ods th ossi bl.e wit
G aR A pUp Vi SR, 1S Frallg FbaRt gt ot poe deposition
temli‘)‘a?tﬁl%met\;f&% rﬁﬁsa%eosrubht%atéfﬁiu@tt@ nedd %nﬂ@@ﬁusﬁ&?ﬁi%d thle %hctor ata
tenperature between runs, the substrate nust be pulled

slowf enomglo ratgsute eolidithermat Hemagsa dtssnmang that digarsk @\ﬁ/ﬂ@rﬂub@trate holder
voi d t

fron i Fehste i At R AL e B et ST bt e ' 8%id thermat

dam@agQ dbo A0 G 2416 réquidit ko padt the@libdttd e ahBalsoZo pildhthe substrate
to avoid thermal damage, about 40 mn. are required

into the rgedter .+ Rerthanbce ghoesubstents anrbivalcs arctngsipigaed mpbe reactor, up to 10
min é%ﬁ%% {egtn?ed fo%l?e#lglestgbqﬁ‘?atngﬁ reaé: 8'%%1[}?5 ’an Qgteuéaac s rocess %asses

€r are positi

(Withdoddlockd the pﬁﬂge hﬁd gmwulﬁﬁlg‘ho fequire Smainukt akhl, Iwztabutdﬁad locks,
reactor purge, process gasses. W

Wth

Setup ¥ayld lmagclx lﬁégfﬁdr E@Saﬂw t@%b@%@abaﬁﬁmw RRYG PP éms, or 52 min in
con{ Ol OB il LA AT B8 phar S R B LB T Ressive
nnmh]h or 52 mn in continuous production (where some

s woul d red equally. bet ween ccessive

e ot e FACH S5 RE A Gy iy ciegapialy
loadbd[}’ﬁﬁlﬁﬁdl&lrbt INREreERpGafardavifiRrt ALy oiztgetln%‘a%%g’éﬂhﬁﬁgl%ﬁmﬁhng

| ower tenperatures wi thout risk of thermal damage thus

exterdddrivafan pasgfionang enele dBegahssrof| pihmr lomothiemmep! maseand Bebanskeating,
f thei.r J ow .t.h | mass | a eat'n .-
roncfBs b nd P8 TPEIRG SR b T WA B RoREIoRsY in hg HVM systems
and WRfeds bhthiuahctRathRbs tapidly thecddd ey highsr dsﬁbﬁﬁtlon temperatures
nmet hods of this invention can be rapidly cyc

and [oavofappatytes nloaééwmlwd@rg CEppEEEY r%refamthedi%M systems and

/
e O RS R SRR e o
possibly &nédn®entimal HV@E&emmder ably shorter
Ioadin?/unloadlng tines than are possible in

ORI A SE g et BeGITSE BT E bR dn SPRYCRURIATRG E systems
arc 46 B HEAHERPI RRYLAS alSBGw ritc 6P PAERHO Al YREiSYSbRMBtimes of

conventional systems and of the systems of this invention are of approximately the same
magnitude. However, it is expected that the Ga precursor source used in the HVM systems
and methods of this invention has significant advantages over Ga precursor source used in
convention HVPE systems, so that in actual operation the systems and methods of this
invention will achieve relative epitaxial growth efficiencies even greater than the efficiencies

presented in Table 1.
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are able to maintain an adequate mass flow rate of
precursor, actual epitaxial growth tines of
w@owvarebnal systens and of the systens of thPGI/US2007/070721

invention are of approximately the sane 30 magnitude.
However, it is expected that the Ga precursor source
usedr é)[hrﬂﬂ'ﬂ@ MM FEUBARNSS aRGGhtEBIaOMSw Bbr dnfthBial PURIA [t@Nunlikely
has significant advantages over Ga_precursor source

that geragniieon Ge spee dapusipRAsqustermgss fiv faigrtendedpeariods.

[ n
Cong\ﬁ?{o%}élci%?gﬁ srtgr?@ %gr{\}c'gatg gﬁt g%tugﬁ%g ¥n- 9 E ﬁ,?hth?c' ¥eact%¥8¥: Eﬂe Sﬂ&ssmg HCI
gas &g megtlBaghiuihan lighrl fofrh] Bieenst && efﬁmeﬁ@rttfems |prbcE§ekxle@ends

1. -37 WD 2007/143743 PCT/ USZOO?/ 070721 For exanp
strongjpAn rﬁfact@a papNnbIndRiacRa RN drBY (£2oWonbrboyk 6@%|t9 parr “about 90%
depdgiggﬂ SHR Gé%: d:%gétﬁgle ‘ﬁ?é & ah?r{afs%fr?mgs()?gﬁgﬂ dc%sg??gg@ﬁ%wﬁ%&o vary.
Furtiionasetht lavebof thiy B dw&hm@; drediatoréseagps, ehzeuﬂsroof Ga precursor can

in-situ to the reactor passi n
vary,Ryen Wi @ GenptaRt RIPG oS aorrf %qn Qegofﬂﬁwt@g@%&%&tﬁr@n input HCI flux).
Furt®&:d &&i@mapba%&@emrﬁﬁﬁmmg mlgﬁld%assaa@ﬁﬁhgf HRRwithin the reactor,
reactor geonetry and process conditions .g., from
and ﬁbuw{apzﬁﬂl%staoe tbwle porgsbrgmned bP9Isacthe rgeqmiﬁmjg Ehﬁ @est boat believed to be

er at ct u s, f ur s.or
reas GRS thitd b RS s e P LRt KBy RYERE TS in o
conGatiGIRg HBASE Sysamdl cdihe h@a BaHEeeha08But ifpeodindielyps tdRke and would
pr ecur sor can vary even with a const ant rocess

be ammmmawm d X(@Ogcm ircwrstnalrie filladreeradaerewdhdakidger: HCO
?’lr?%%nlﬁ a's:tu [l%e M %% #%%grd%qqucﬁ?\%f ?I?ygggﬁtrér{#rnnpl{)% an external Ga

soureeazﬁtoﬁrcan bibvadeccohbant; uvapgiag floesofatLprcbutSorcons ¢ aa)mg@l of Ga/hr
react or I%eomet ry. The |l argest boat believed to

and g@a% (raBfigre 6o synpeE g{%‘ﬁ@l TASE Th&I BV 0P nplr) dhag eiﬂbé%wstalned

for éx[kntdg'@ é(r fu hﬂ1 t Iir‘?rsp 'ﬂh? gou?%é éan oﬁde @}9@}/3 Fbrorﬂaal m&%ﬂp Eso that
syste cou no nore t out approx tely

the Gombaskituxach bmuéadurebeanépmtmlled&ved yur?ng%pﬂﬁxmhgriomlsi Se&ond, this

ang be fil led n]adeep ﬂ% g ..In contr
extepi GW@?&%‘H’% S RbSrEL dEmB’F Ricd opRpnR ey FBSFCWSOT is
suppdidd Eoheh F@Erv@& hoﬂe@ngm Sk ARs &ﬁﬁecﬁfr%' %%dﬁ%ﬁﬂy?\ Rhultiple
unvarying fl ow of precursor at up t
reseiGairhcan bepagatediineerics tof feffedtersly tudmsmdpmetat@novw h rates
i n.excess of ta ne

ex{%ﬁ%@alﬁ’efd%gg eg]rﬂqlfllr%m%% erfglfrengﬁ% cand &ﬂlg]énaélgﬁ&) {)y reactor

utiligtiovi(R e Sa&ine d\b3RRE frhdtich JTARNE@Mme St b Ralfer i§ BEth&ReadRS Yuring which
flux can be nmeasured and controlled even during

actuglgrowily i OCRHTHng-hlt i 1&?@@ et theril ¥ M sssteapsriad r@h@ftslﬂf ¢lds inyention
achi AR € 100, SHILRL AR or WD\ GHTUBh e BRATPY DT, BGRAUS Cuchicve
precursor | s supp leéd Troma reservoir h
suchlaORfU off nk inkodg tlAMBLOIt (3PRCANG @tris cxpddict itiom alid HVMT'Wstdnﬁli and
reservoirs can b erated in serjies for effectively . .
methyys thl%@vera&nawa?wﬁlem CYPEFEHG, el e EPIAIA BTV gfﬁcwncws in
r fficiencies can be sunmarized by reactor
acm%lt({b}é%a?latﬁl on (R U) defined by the fraction of the tine
t halextacomafdering §rst acttitrableemadtor utdizaiiowny andiveifer pmdlu,cabn rates, the

data B O o B RS W el N R om0 A U Ay U6 Tho g efficient than

Con@hl@{mg\/@g%%snore whi | e conventional HVPE systens
can achieve ™ such a R U of no nore than about 65%

And it is expected that the HVM systens and
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met hods of this invention will achieve even greater

relative epitaxial growh efficiencies in actual
wop@rasizen. Next considering first achi evabl e PERUS2907/070721

utilizations and wafer production rates, the 30 data

of Table 2 denonstrate that the HVM systens of this

I NTABIRR -Qactt uizAtiGhd Arfd S¢Hieviabidwafe? PreiidtRMAates

HVPE systens. -38 WD 2007/ 143743 PCT/ US2007/ 070721

TRABcEr paintemgetimes apd viferzat i ons and aghigxahereal eravm

pProNFEen BHSr at es React or nmai ntenance times and wafer

Convigntepgyorgleaingiin¢\/M production rates - in-situ

r €acd totweal ieainichogniig me # runs between in-situ cl eani ng

5Tibne toldpc1dsOre@@en/ cl ose reactafinm n 26. 6262 Tot al 2

t8 fﬁtﬁlﬂﬁbﬁﬁe?s_tgge é@&e@tl ggeg l{gﬂ éSOQm?»OOt_ Et Chl_Sﬁ(ﬁtS 8 l{gf mT9008

ime mn : : hake time m [

tgzhﬁcﬁd Ga with in-situ etch rpmn§45 0.0 it eration IST:

overtfjead % 18% 15% Total in-situ cleaning time nmin .

3% WY1, 1 - ex-situ reactor ®leaning tithe # runs

bEmGedppd &ig v ingpite ptehani ng 15 180time to éPose react &

aPremtionmvedadi ng min 13.3 1.0 % ne to codls react or H'm

180l 2itu tleawdg time t ake reactor apart mn B298 120 ti mel.l

to put reactor back together mn 180 120 tine to |eak

ch&Glfu A9doQidifihe D 45 45 Tine to load Ga with

ex: sid tch. 10 O time to heat reactor mn 75
V\%?lﬁgbewve&&mﬂl&m&gm n 60 60 Preventive 1%ai nt enancél%

er testing.tinmer
M tiﬁlﬁseffﬁmgd&fé]?lg%cﬁmén over hedd" % 25% 20%" Tot al
XS £ E1¥ANni ng time min 9597571, 2 RE¥ctor

uttd 1P olg feasier RLU. ) and waf er pribducti on Fdte 120
time to put reactor back together min 180 120
time to leak check and other min 45 45
Time to load Ga with ex-situ etch min 10 0
time to heat reactor min 75 20
Wafer testing time min 60 60
Preventive maintenance min 120 120
Operation overhead % 25% 20%
Total ex-situ cleaning time min 959.2 571.2

Reactor utilization (R.U.) and wafer
production rate

R. U. - wafer-in-reactor time/total use time % 59% 76%
R. U. - growth time/total use time % 39% 75%
# runs (wafers) 15 15

total use time for #runs (wafers) min 3734 1996
# wafers/hour 0.24 0.45
# hours/wafer 4.15 2.22
# wafers/24 hours 5.8 10.8

Reactors must be periodically taken out of production for cleaning and preventive
maintenance. Since the HVM systems and methods of this invention can be rapidly cleaned
and maintained, they can achieve higher will be the reactor utilizations and wafer production
rates than can conventional HVPE systems.

During operation, materials grow on undesired locations in the reactor, e.g., on the
reactor walls and on other internal reactor components, and excessive growth of these

materials can cause problems, e.g., wafer contamination. Cleaning is required to remove these
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R U - wafer-in-reactor tine/total use tine % 59% 76%
R U - growth tinme/total use tinme % 39% 75% # runs

WO Ma43533 15 15 total use tine for #runs (waf RCBEYS90TI070721
3734 1996 # wafers/hour 0.24 0.45 # hours/wafer 4.15
2.22 # wafers/24 hours 5.8 10.8 Reactors nust be

unddRBEd afdtGRls ¥nd alese Ruforéd SFREUC D at & wRhRR aisa@eﬁmﬁng the
preventive nai ntenance. Since the HVM systens_ and

reacipit g sitof aftaiidesapsendling die reagtotodnrsip |Cmalymg lieeftgaoperiyrmed by
chi

etch%gqm{a@l&hi?lleﬁ(?sgtg tv&@ﬁ%fcgnlgft@r ﬂuql\{‘t?err '{}5%{; é%ﬂlll%%)or ctl{éﬁmlgs more
thorG@h axasitaesiéanaiak adhditagsysst ens. Durl ng operation,

mat er ials grow on undesired locations in the reactor,

Misteine of thésiey et iORPqTeansigprablyress inwite cleaning time than

conJeﬁﬁ&'iafP RENYL Sp hquéjcbﬁ GERS ?ﬁ@etﬁfo‘ﬁ%abe Qatll B&Rontrolled lower

mat eri al s can cause problens, e.
tempma?tuaﬂsm dtat btile nitedalidaposits theee:pml Mgt\mferemoma:tlbhe $econtrast,

/143743 PCT/ US2007/ 070721 undesi
convrRbe 5@’057 EERBOFRP oS éﬁlzfeﬁrﬁislaosgmnﬁsmpﬁrﬁwg?w thyt{hg same
arnohﬁ't Wb O oflheassRARLE RIS HR infeBRE tQktor 951"[?&‘5 &b¥s on the wafers
after di sassenbl ing the reactor. In-situ cleaning is
and pftseatepetide Erxpcbsblyts agtaiaiin gvhicldessimesdthadepospteshan t.h mm of

g O G SR Bt Firodl el ke h e R S ER Rra i

Sy $beeshvehtidnal BVIPEERich@Ninl LW da8ingds ﬁéqldﬁé@méty l5@868s, during
in-situ cleaning tine than convention HVPE sy st ens.

whichhle5 i of Brganied CAN3Ohyamer o gy wikhhaveszromn ien Yhe reactor interior.
In coﬁ&%{ Al %ﬂﬁ citifrihe Eﬁ{éﬁ%c%r ro?ﬁll.?lgla’%lgt 1L hltsﬁS h@rf&'{%ie%re'v?xly 5 runs,

onlymmrmnhll amaint MR 0% acte@g sf thpamauft taht xhﬂllgfaeé grown in conventional
OSI tion tenperatures so that the sane _anpount

of
HVPrFaqunasD o PaNSViHay e SEAEY OME IreRCE dnteripte r(Hhfach éeifpleaning of
the B75] RN oA RS RS B oo e
Theﬂ:fcﬁe nmscf cleami\lvgmitnmd OGaNn@anomaé PHI’HFomctotsmrd eflogit 5 tmmes (and up to

ct or aII and. i nt er.nal rea rts.

15 o, BRETGREN CRUPES) SHERB TR DIV B B4RP R & invention.

r equid, et Bvel é/ysgbrﬁs%ﬁsthls Airchign regﬁiré: Boﬁlsuf%rdfm@l R&s ex-situ cleaning
' unwant ed GaN ('300 um per run an have grown on
tlrnetth@l gapaentémal HNé?ﬁ systems] i 1retomesQaHN M sfst¢rns kivewignificantly shorter
coo AT RERE: ISR RT LBl BRI iRl ine. Ao
then(cﬁsa@semtaw&e@ﬁmr@@%s@ﬁbly lien o8 AR bt th s HorteP 81@s BR&@W for Si

i n_conventiona HVPE systens) of GaN wil| have grown
procgsingheysicarcbaspuseribe HiVoY sygtems angbmethpds af this igyeasian ggmefise

[

comi OSSR L, S NER! W46 R FEAS AR Pornc
des@ﬂseaaudlcnglpbnerrﬁﬁmoérpomﬂecbﬁﬂém® alocthéiiy sys@atsancudy: mlﬂdly -acting

|east 5 tinmes (and uyp to, . 15 tjimes) |longer than t

reacfop, gates, fuldy élgﬁmﬁtfdtw% hendiingewHRyIRSSBliR oo TasSeie lmuég, fhe ability to
perfbtw ﬁ&tlb&f)unload, separate cooling stages, in-situ growth rate monitoring and load

locks to prevent exposure of the reactor to atmosphere.

And, as already discussed, the Ga precursor sources, i.¢., the Ga boat, used in
conventional HVPE systems must be periodically recharged in order both to maintain constant
precursor flow and also because of their limited capacity. This precursor recharging, which

can be performed during cleaning, further lengthens cleaning times of these conventional
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20 Also, the HVM systens of this invention require

considerably |l ess ex-situ cleaning tine than
weowwasrebnal HVPE systens. First, these HVM spGL/Es®07/070721

have significantly shorter cooling/heating tines

whi ch nust precede and follow, respectively, ex-situ
systéth€ Al RBftrad thO extefnBBGE sSlir8&SSTERPHYNE k RRth&H I RSB N tiis

times are simlar to the shorter tines known for Si
inveptioeeansingtpte yith ditths ornaciatesiptione fonomesgest rapdaaitime.

me ti ri rCi

av tgp ?gﬁﬁngjy }egct%lrr] éﬁéﬁ%angy tnglggg n S ur%g%g%gg% G fﬁ‘#ﬂ& 1%U and a
waf@peeRBHoM Ehte. T'hlﬁs setesd RS. @p&smmﬁ newy of tho Gigrephatatvedter is in the

fromSi processing systens i nclude: rapidly-acting

reacfog i ths surgafdlac timey tht mwetsris is dhasrepr plan e q%ﬂgmwg{rﬁamtenance
tlmeg.aﬁscgﬁ He Pée‘ﬁ] tﬁé‘ciﬁ@ﬁw ls?sqéj[h 8d F{e%d@%f hlid ﬁﬁv&ﬂlonpa%ﬁle% TR .U. of
ot 1 oad/ unl oad, separate cooling stages, in-sit
aboug 176 %t ¢r mareewhibn cdrnyentignab HY AFogydtends@ak schiovepuelv e rN.U. of no more
%BOS LE of the reactor to atnosphere. 30 And, as
than abpWANdi scussed, the Ga precursor sources, i.e., the
GaRQRl%tve S)?"éé?lq efﬁhen%fé@ &b %?ésellﬂy&’ U EIUTHSH r8&, which can
periodically recharged in order both to maintain
be dc@vfsittafrd1Vldprgsacmmlmr of helerapda¢sidyitbe snialdinyd reghie¢d to produce
urso Caecharm

thesg. e SIBRT D Fore Rk o e et PG A T PR and ex-sit

cleaﬁlhg RitBPcdrhprass 0F riles@ oy Rtht @@@hlpuéﬁ)s WMrables 1 and 2), these
7/ 143743 PCT/ US2007/ 070721 systens. In contrast,

rates 4ve detgrrainad by dividingd & &y tat totah amavr prpdueing | anafarefinduding

loadﬁfntlc%llralrtﬁn 11{%%?%1?9121)1(%: ﬁ&géﬁeﬁtgttrc?eoa Snght%nlle% tlﬁa!ll%eﬁ?incg Bme a%/d source

rechii@acing). hedanber l&h&ﬁatttheﬂ’&ﬁal@ﬂﬁb the FBuvIngsteme dndyheehods of this

further, R U and a wafer production rate. This second
inveptiQn reuise BsIAtcet eV #gls; (amé} iscRsidsraly shejter shapehe fotgldime
requ!n@d Bg %o%\%nflgﬁﬁt\ﬁfE %@te‘hﬂe T%Bf@f&fe fhD §y§tétﬂ?a°‘ncf Hathod é!ﬁflfs invention
e reactor plus the cleahing/maintenance tine
achld:‘te a::mpptmimetety 2 fodd thrbeshiphiMngy steamnandertied procksarofAg dhscmssed
|nvent|o ieve a R U of abo&t 75% or nore, while

abovSofh GEHITT JHANE PERIGYTBTHE I SRedeh FRee i) ORCRliQ). of
no Lﬁﬁ[ye cofs@Ringd Q@h’fpaﬁgv@ Fl%@ﬁl@@)ﬂ MECRUSEE STV h}%&%sea?ld methods
can be repr esent ed pro uction rat es,

of thimimvert®npeilide pre@emmtsye&pﬁwlébr f¥g pecontaetye mood eﬁﬁaf@@ﬂs than

con (R fad PG wishSnd, ) ik TRpliFt bl B B RTRERSS i on°

runs, in-situ cleanlngs and ex-situ cl eanings, rates
conprises 15 runs (according to the assunptions of
Tables 1 and 2), these rates are determ ned by
dividing 15 by the total tinme for producing 15 wafers
(including load/unload tinme, in-situ cleaning tine,
in-situ cleaning time, maintenance tine, and source 15
recharge tine). It can be seen that the total tinme the
HVM systens and nethods of this invention require to
produce 15 wafers (runs) is considerably shorter than
the total time required by convention HVPE systens.
Therefore, the systens and nethods of this invention
achi eve an approximately 2 fold throughput inprovenent
over the prior art. As discussed above, a greater

t hroughput inprovenment is expected during actua

oper ati on.
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20 Lastly, considering conparative precursor
efficiencies, the H/M systens and nethods of this

WO paoensi7ah utilize precursors, especially Ga PCT/US2007/070721
precursors, nore efficiently than conventional HVPE
systens. This is exenplified by the data in Table 3.
-41 WO 2007/ 143743 B 8 UP#OEuts Sk @TiZzhtioné\BLE 3 -
Precursor utilizations Precursor utilization
Coiscrasor mdlirationHYPE HVM - anmoni a ( betrvenieet HY8Es) HVM
Anawominga (Bdthprosésgan 14 10 Total ammonia flow tine mn
132mbhidFow Total ammonia forsiP mn. ruminole 82.510
43618 ammoddow(te@nvent i on HYPE) \pl es of Hkdo/ m n duré¢mng

F 0 PRh&id Yo% Liters HOy used in ryn liter 51z
- galltum (convention HYPE) Input VIII ratio 30

Mol es/ mi n of amponia during run nole/mn 0.6250
Srom g ) equi red by anmonia f1ow nol e/ mi n
oMoloy8 HCEgRBFRd 8h of GaCl x POEEN % 959"2%ct ual
meleesd]Gliygd ofrurGa used in run noiee/ min 0. O2EL9
Additional noles of Ga % 10% nples of Ga/mn for run
MDdaBiufi (onCen@2AHVIEI ght of Gamin for run gmmn 1.76 gm
Gﬁ;tmimligo gm Ga/ hr Wi ght of Ga per rym gm 151.4 -
IRk Tk VMo LRV T Tt g 30 ol egenf
ANt LM AL 09 n, ARl e/ i b 0, 4464 o ppjes/min of
]fo,rree VT Y ot el B 0.16(105(51 Conversjon of Gd x
t DOEIRPOR 989K oftiNes of GaCl3 di‘mer/min reduired to
mbgtal MRFErRPO0sgos2n v/ 11| Belei onal HAles of GacCl3
digrigion®oR9%f Giot al nol es GaCl3%di mer f orl0taun nol e 0. 82
Aihales of GueingbitrufGaCl3 di nmer gmhoiwiég 352. 2 0.024
1.76 gm Ga/min; 100

Weight of Ga/min for run gm/min om Ga/hr

Weight of Ga per run em 151.4

- gallium (HVM)

Input V/III ratio 30
moles of ammonia/min during run mole/min 0.4464
moles/min of Ga to meet V/III mole/min 0.0149
Conversion of GaClx to GaN % 95%
$;)Illels of GaCl3 dimer/min required to meet mole/min 0.0082
Additional moles of GaCl3 dimer % 10%
Total moles GaCl3 dimer for run mole 0.82
Atomic weight GaCl3 dimer gm/mole 3522
Total weight of GaCl3 dimer for run em 2874
Percent of GaCl3 dimer that is Ga % 40%
Weight of Ga for run em 114
Weight of Ga/hour for run em 75 gm Ga/hr
Ga utilization % 21% 25%
Utilization with Ga recycling (est.) % 27% 80%

Ga utilization is determined in Table 3 by, first, considering that a conventional HVPE
system suitable for a 15 cm wafer can be expected to use approximately 14 slpm (standard
liters per minute) of ammonia. Assuming a V/III ratio of 30 and a 95% conversion of the Ga
precursor into GaN, the conventional system can be expected to use approximately 1.8

gm/min of Ga. A 90 minute run sufficient to grow 300 um of GaN at 200 um/hr therefore
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Total weight of GaCl3 diner for run gm 287.4 Percent

of GaCl3 diner that is Ga % 40% Wi ght of Gaforrun gm
wQ@171¥¥uyht of Ga/ hour for run gm 75 gm Ga/ hr PCT&S2007/070721

utilization % 21% 25% Utilization with Ga recycling

(est.) %27% 80% Ga utilization is determ ned in Table

requite®¥bout i1 5 ﬁ%rn TS 1 SIREd thgretiH@oud 3 € @AV fﬁrhaiOO"ﬁﬁ?ﬁyer onal5cm
system suitable for a 15 cm waf er can be expected't

wafqysﬂae gwmfﬁsdpm@ltbe qanventonal HiVAkogpreiosis [approrsngiely 21% (=3V/151).
n
Slncg'érg' %%:g% t\l}g Fesrﬁ‘ﬂ iing fﬁ{) ﬁ@?%ﬁf@l 91&?% %(é sﬂ&fe‘ c%ﬂ %&ar&ild?’e% of ﬂl% r%actor little
is thaomveatlatd adcy Sitst i reds. H)tas exmtﬁd&datte@em&/&h recycling and reuse of
proximately 1.8 gmimn of Ga, A 90 minute run
Ga Gg(B?.lfS’[QSi' fgom tl%eoregqt@wﬂg:(@a eitcemeaibhs copmytigpgl AFVPE reactor is no more
t WO 2007/ 143743 PCT/ US2007/ 070721
than a@gﬁo%?ggstagbzéﬁ/t 151 gmof Ga. Since there is about 31
g mlméoﬁﬁasu RN\aM39Gems and mgthodocanabeldpeeted wadsera, lotvirearGaonia flow
(e.g. aﬁj@)l CI ﬁﬁ g}%gpft%rl%% lgg/g% ?%%]a%l ag\p!}zgg‘{o??gga rsgllufqﬁiefor a 15 cm wafer
(c.gf ?migrﬁb nﬂhe}gigreg M FVIPLysihls dn%l HEROS! Jrebls A ehfih can achieve Ga
insides of the reactor,” little 1is thus unavailable
efficnaeies loil Ag)od b 1r g3 withput regychinpend suis¢ wat uretogrerivips B0% or greater
cling and reus d fromthe

f
Ga G it RSl R et TR RRORER Bl MO Aqigionaly, since

little STk RinaliFind83 FBY € 1 14BN ia@Pogid I BE nsZR¥of tha reactor, most of this
contrast, M systens and net hods can be expected to

unusgqd @aaagpgz%é in Biewensic ckhawt wheredt is ayglabloygyydding and reuse. Itis
expect&% Eeit 019} I%CJ’C?%@gH@GJSE ?Weﬁﬁ?sta(}a{ wqigﬁ{#féncﬁf the HVM systems

and hi&ﬁhoHNM shissihedriioarndn Rch80% @fgrédsdrs i nvention can
achieve Ga 10 efficiencies of 27% (=, 31/.114) w thout
r ed Ve Prefgredrambasirents Ahthg pryeatipe Aerspledemyve do @Pbgmérthe scope of
[
e e Bt e Ao S Pl R AR € B v
1nven‘e<mil Any gqﬁ@alg’me(mboﬂlﬂ:ﬁﬂe-nm.ﬁ)re utsterdiapicbs b¢ sdthontht keppernditlde smvention.

t he react.or t of this sed appears i
IndeP Ao ERiceioten e ey A6 o sy Bonagnd fgrenibed
here{ne'éﬁc% aslailtel‘nﬁteqié%of E&ﬁbﬁl@%nsv&fttﬁb él@tﬁé‘tﬁk HeGribe Wi %@@0195 apparent
exhaust Ga, the Ga efficiency of HVM syst ens

to thamjsqu]éqdn@dlﬁe ot frp?q the smh,semqnbfhesgapthre aSishgasdifgations are also
inrfs 3% PR SBEEBE R e APRACT RN, b folopyftandh e

applicauéemtd @Whoﬁb meedihfesrl 1epdnad hRRES forlcRurity hukBEdnathioR& only.
of several preferred aspects of the invention.

Any
eqdi wantkaiof exfprsacarBit Gtedheraimttehertie disclosurgy t)fh‘fvhlch e
hi.s
1ncoﬁ%?zﬁ?<li fg%rtefnbinnsthég\éﬁtﬁ%{xo ﬁz %&gﬁee,%ﬁ agf f*p%g%sn FtugchFlh none of the cited
refeighesnregad]destiiow ehr2Qerived @bove, sdiaimiasd ad privrnatie 1nventi0n of the
useful copbipati.ons of the el enents described, wll
subjped st SlapRRdEticing o t hose skilled in the art fromthe
subsequent description. Such nodifications are al so
intended to fall within the scope of the appended
claims. In the following (and in the
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application as a whole), headings and | egends are used
for clarity and conveni ence only. A nunber of
WO 2foenedTees are cited herein, the entire di sclPSUIENITH70721
whi ch are 25 incorporated herein, in their entirety,
by reference for all purposes. Further, none of the
cited references, regarghess.Qiviow characteri zed
above, is admtted as prior to the invention of the
subject matter clained herein. -43 WO 2007/ 143743
/070721 THE CLAIM5S What is clainmed is: 5 1.
\Nh%éaééﬁﬁﬁqgor facilitating a high vol une manufacturing
process for forming a Goup Il - V sem conductor
mat eri al which_caonprises a source of a %aseous G oup
LT pr éctrsissr foatfaoaht%taﬁ % bighawluangypasutp¢tagippprogpss fpr forming a
e t I {
Grogr L7V SRR el mp SRRt LR b R Hsob®h o BTy Bloudn
prechrsghat\aodomtrellmiﬁ ufascilow iof Greupold edsmerdt®f 2t [castes0g y)st lonr ddr a time

€$ %ther n the controllabl% s. fl ow of

ofa %@u%% Pyrs “@T HehsAuirioe daferrprtoRat thohigh xp “8“668 ?Cct%‘}g Process.
rates of the Goup Il1l-V senlconductor mat eri al
equi valent to at |least 100 gm hour on a 200mm
suBst r aflbe dystémgf tlaen fl ivherein dte qoheromlé@massoﬂow of the Group III

rovi ded. 3. . The system of

clerBiE K syt b b b FpGiReD P orp WeherSlepndugtonperia
equit@Sst th hOMaf100 hen/Balrfonel 20@aEm sdbstrAfRlusing tRiQE tiek BePrdcursor is

wherein the precursor source further conprises: a
provedsdt ai ner having a corrosion resistant inner surface

for holding a liquid formof the 20 Goup II

precursor; a dip tube in the container with an outl et

f 0B. bubltht sgstan odclaien fgasericbmptiging a rhdsg fliod dontrolléyefor controlling

contalner a val ve controlled container inlet |eading
the mgssifloay ofi the £¥H&F 8a8nd  a val ve control | ed contai ner

outlet leading to a delivery line; 25 the delivery

line for carrying the carrier gas and a gaseous form

of 4t he Ghouystdrh bf clpined wisetin the @ecuesetsowme fother ﬁmnprises

conversion of. the Goup II] precurs nto a &G o

Oy SSBit bk v anattoieh e meogs, &7 b B TR o of the
GrodpItt pREuSIPri sing a purifier capable of removing 30

moi sture fromthe carrier gas down to no nore than 5

paatdsp fobe ibiheicontnineswitiihie ogtieitfenbdfbliop aicerier guy thhegh a liquid in
the & Pﬁ&gSIng a carrier gas filter downstream of the
CR¥1%r gas purifier. -44 WD 2007/ 143743

PCINMS2 QB 811 dhtainer inlet leading to the dip tube; and

a valve controlled container outlet leading to a delivery line;

the delivery line for carrying the carrier gas and a gaseous form of the Group 11
precursor to a reaction zone for conversion of the Group III precursor into a Group 111 - V

semiconductor material.

5. The system of claim 4 further comprising a purifier capable of removing

moisture from the carrier gas down to no more than 5 parts per billion.

6. The system of claim 4 further comprising a carrier gas filter downstream of the

carrier gas purifier.
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7. The systemof claim4 further conprising a
contai ner heater for heating the container to a
wo eoopesxisire sufficient to nelt a solid form oPCT/K82007/070721
Goup Il precursor. 8. The systemof claim4 further
conprising a source of a carrier gas and a carrier 5
gag. heatrge s{¥m bealkimg fhifiieer¢oft h g%énﬁaﬁleaheater for heating the
temperature of at |east 110C e system of claim8
contpiget e tempengiure pufcignttarmeles S({:laisform 9& thedprouy bH egcontsoh
si nusoi dal bends for providing i ncreased heat exchange
surface proximate to the carrier gas heater, wherein
t h@. car mheky@as of slahy drfegiest com@lisiuma soes of At@eir gas and a carrier
m xtures thereof and is 10 heated to a tenperature of
gas heptre ferchepucthe rorricrgas yatemprigture Phatirast WHekei n t he
contai ner further conprises an insulating outer
portion. 15 11. The system of claim4 wherein the
debi ver {ht systerh of tlaem 8 donipricomprising @axiral gaplnd ctonmﬁlgured with

n.inner .line co veyln the carrier gas an
sinugg ) B Fop PR R MO PPt GBI g RN foBe bder gas
heat®, %bl%'uf‘@le %erﬁp i i@ 'hy&r%@&? h%ﬁﬁmcﬁ’e%tnaé@bﬁ‘ Br AitBRS tBeof and is
medi um 12. The systém of claim 4 wherein contal ner
heatédjtqu@mpcmnpﬁ g &K CttailA0€ss steel, 20 Hastell oy,
Monel , or conbi nations thereof. 13. The system of
claim4 wherein the delivery line further conprises
st aDnl egse spdt@f of clais tevHeayn tHdddataid GeHEBicoMptiQ@R%n insulating
thereof. 25 14. The systemof claim4 wherein the
outeypPrfied. i nl et, the valved outlet and the valves in
such inlet and outlet further conprise stainless
steel, or hastaloy, or nonel, or mxtures thereof.
1 5 11The Tay symfn of clalmimwhbdeinfier &iliRetyeVattiveg Sofmpribdser coaxial
nprise tetrafluoroethylene seats. 16. The
poﬂ@yé%ﬁg i l%r}eé ﬁ)lﬁf? gonysxingithe et gns epd dherGroup IEﬂorw}éﬂor and an

encIGFRE A0 45° BRA) DR B b ShA 4 SRR B Ena ealll

4 wherein at | east one of the contai ner, the val ved

inlet, e val ve outlet t.he inlet Ives the outle
vallges, ?S&f%ﬁf‘énagf AyVherdia C?ﬁﬁwﬁ%@ﬁgwrg@ewamiess steel,

HastdBb rM&Lelscﬁ"cgﬁﬂoﬁﬁtlgﬁsoﬂﬁbltebﬁ group consisting of a
ni ckel - based alloy, tantalum a tantalum based all oy,
silicon carbide, boron nitride, boron carbide,
al ygm nu n|tr|de fus d .sil.i ed . :
a3 bhod e SR S ety SRk i kB SR R SPmpgises staintess
stecll BIRLSHAN MR 6f bcthisinatiods tirggfocess for delivering a
gaseous formof a Goup IlIl precursor to a reaction
zone for synthesizing galliumnitride, conprising;
Prqyi di fg, s?@hrl bF glamg ﬁ%vh%%r? ﬁ{ee\gdl\tedqg%{ ttlt?ei \Qarlxoelﬂpoutlet and the valves
consi sting rogen, rogen, arg
in sughdnlei addwuelst ﬁlhﬁéle@fmlﬁtse ataprl@s steeke oﬁbmaﬂoﬁtolmﬁmbE rot ﬁllxtures

ressure,
therepof

15. The system of claim 14 wherein the valves further comprise

polytetrafluoroethylene seats.

16. The system of claim 4 wherein the inner surface of the container comprises

polytetrafluoroethylene.
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heating the carrier gas to a tenperature of at | east
110C;, injecting the carrier gas into a bath of a

WO p@aigB78drm of the Group Il precursor; and PCRUS200TIEN0721
the carrier gas and any entrained Goup Il precursor
fromthe bath to a reaction zone for synthesizing a

G oup | IThe By dtdrh de cldBh U\ckdif at [bast be offth cBARERS IhdYalved inlet,
claim18 wherein the carrier gas and entrai ned G oup

the valyed oytlefe thedalet valvete thievatleval vest ¢rehe deliernphng imderngongprise a
t t.,.110C. . l.ai
matefém‘?eg%q?[‘%dé firgmq{le ?11;0%*3 %81’?51&&1% fo)q/;ia rl]léc%ekg&%d 91[1(939 %gﬁéf%lgllnb?/ ta%léagll,lm-

conp ng pur carrier
bascatoy alilicoh catbidd, bo®ntnitride, bodsecdrbian, DupBibsnipéde, fused silica layer,
billion; 21, The process of claim 18 wherein the

bongegramasphays silicen kst ianeé athst knpwn giforing wsigfntmategalss
liters per mnute. 25 22. The process of claim18
wherein the Group Il precursor in the bath is heated
tol8a t dnpecas fivrelclimedinpea ganoes fofm d10Growp UIBAECUIRE: to a reaction

The process of .claim 18 wherein the Goup Il
ZOH#&&W%@}Z%%W@&“I S OMPRSI8r i chl or i de. 30 - 46

providing a carrier gas selected from the group consisting of: hydrogen, nitrogen,
helium, argon and mixtures thereof at a pressure above atmospheric pressure;

heating the carrier gas to a temperature of at least 110°C;

injecting the carrier gas into a bath of a liquid form of the Group III precursor; and

conveying the carrier gas and any entrained Group III precursor from the bath to a

reaction zone for synthesizing a Group III nitride delivering.

19. The process of claim 18 wherein the carrier gas and entrained Group 111

precursor is delivered to the reaction zone at a temperature of at least 110°C.

20. The process of claim 18 further comprising purifying the carrier gas by

removal of moisture to no more than 5 parts per billion;

21. The process of claim 18 wherein the carrier gas is provided at a flow rate of 5

to 15 liters per minute.

22. The process of claim 18 wherein the Group III precursor in the bath is heated to

a temperature in the range of 110°C to 130°C.

23.  The process of claim 18 wherein the Group I precursor comprises gallium

trichloride.
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