Vapor Phase Epitaxy System [0001] The section headi ngs used herein are for
organi zati onal purposes only and should not to be construed as limting the
subj ect meORero/desceri bed in the present application in &oy/Usag09/0Rsbhat ed
Application Section [0002] This application clains priority to U S

Provi sional Patent Application Serial Nunmber 61/195,6093 filed Cctober 3,
2008, entitled "Chem cal Vapor Deposition with Energy Input,” the entire
application of which is incorporated herein by reference. Introduction

[ 0003] Vapor phase epitaxy (VPE) is a type of chem cal vapor deposition

(CvD) which involves directing one or nDre gases cont ai ni ng chem cal
species onto a surface of a S SlelRe reactive species react
and forma filmon the surface of the substrate. For exanple, VPE can be

used to grow conmpound sem conductor material on a substrate. The substrate
is typically a crystalline material in the formof a disc, which is
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Number 61/195,093 filed October 3, 2008, entitled “Chemical Vapor Deposition with Energy

Input,” the entire application of which is incorporated herein by reference.
Introduction

[0003] Vapor phase epitaxy (VPE) is a type of chemical vapor deposition (CVD) which
involves directing one or more gases containing chemical species onto a surface of a substrate so
that the reactive species react and form a film on the surface of the substrate. For example, VPE
can be used to grow compound semiconductor material on a substrate. The substrate is typically
a crystalline material in the form of a disc, which is commonly referred to as a “wafer.”
Materials are typically grown by injecting at least a first and a second precursor gas into a

process chamber containing the crystalline substrate.

[0004] Compound semiconductors, such as III-V semiconductors, can be formed by
growing various layers of semiconductor materials on a substrate using a hydride precursor gas
and an organometalic precursor gas. Metalorganic vapor phase epitaxy (MOVPE) is a vapor

deposition method that is commonly used to grow compound semiconductors using a surface



trinmethylindi um and phosphine. Alternative nanes for MOVPE used in the art
i ncl ude organonetal | i c vapor phase epitaxy (OWPE), netal organic chem cal
vapor depw©i20ioa@o(IMOCVD), and organonetal | ic chem cal vaporUsAd@posI3di on
(OMCVD). In these processes, the gases are reacted with one another at the
surface of a substrate, such as a sapphire, Si, GAs, InP, InAs or GaP
substrate, to forma I11-V conpound of the general formula

| nxGaYAl zNAAsbPcSbD, where X+Y+Z equal s approxi mately one, and A+B+C+D

equal s @RREP rH@tﬁl%l@ﬁnQE‘ 8nd AR BRRRIeOortiniNg t}%reﬁnre&ch&mc@l@etﬁ%rﬁﬁ Fdpe
bet ween zero and one. In sone instances, bisnu be used in place of
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One feature of HYPE is that it can have a very high growh rate, up to 100
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that it can be used to deposit relatively high quality filnms because filns
are gr onvis omGaP whstone té feem aelbl/Vrcompemid ek pmealifemitlie hot HC gas provi des
a self-cleaning effect. [0006] In these processes, the substrate is

mai Nt ailmnesh,al, N sgP b3l ®hkert SrYRZadquile approkintataly bRaehd arBeOaDhguals The
precursor gases are typically mxed with inert carrier gases and are then
approximately one, and each of X, Y, Z, A, B, C, and D can be between zero and one. In some

instances, bismuth may be used in place of some or all of the other Group Il metals.

[0005] Compound semiconductors, such as III-V semiconductors, can also be formed by
growing various layers of semiconductor materials on a substrate using a hydride or a halide
precursor gas process. In one halide vapor phase epitaxy (HVPE) process, Group III nitrides
(e.g., GaN, AIN) are formed by reacting hot gascous metal chlorides (e.g., GaCl or AICI) with
ammonia gas (NH3). The metal chlorides are generated by passing hot HCI gas over the hot
Group Il metals. All reactions are done in a temperature controlled quartz furnace. One feature
of HVPE is that it can have a very high growth rate, up to 100 um per hour for some state-of-the-
art processes. Another feature of HVPE is that it can be used to deposit relatively high quality
films because films are grown in a carbon free environment and because the hot HCI gas

provides a self-cleaning cffect.

[00006] In these processes, the substrate is maintained at an elevated temperature within a
reaction chamber. The precursor gases are typically mixed with inert carrier gases and are then

directed into the reaction chamber. Typically, the gases are at a relatively low temperature when



directed into the reaction chanber. Typically, the gases are at a
relatively | ow tenperature whenthey are introduced into the reaction
chanber. W 20tve4p0mses reach the hot substrate, their temrpeEnstemass3and hence
their available energy for reaction, increases. Formation of the epitaxial

| ayer occurs by final pyrolysis of the constituent chem cals at the
substrate surface. Crystals are forned by a chem cal reaction and not by
physi cal deposition processes. Gowth occurs in the gas phase at noderate
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conjunction. with the acconpanyi rawi ngs. .The skille erson in the art
will udefér tbé{ﬁ(fm‘?‘ﬁ%?ﬁl &eﬂféloaraamﬁag/, pqﬂaélgéﬁ%a%@&%qrawﬁsear gr&# PRSP i on
pur poses only. The drawi ngs are not necessarily to scale, enphasis instead
gener al2pyPhees sgnesicadeprcsyins. Consestenikyi W prai desirpllegropth fepniqusdeni ng. The
drawings are not intended to limt the scope of the Applicant's teaching in
any wayherhod8millgmetasiablamioyat ©grreantingiih ispononhasd fepnemacteyst em used
to form conpound sem conductors. [0009] FIG 2 illustrates a vapor phase
epi t axyassydibés) stz @eldth, agd EBDs.he present teachings that includes at |east
one el ectrode positioned in a flow of a first precursor gas and being
substantially isolated froma flow of a second precursor gas.

Brief Description of the Drawings

[0007] The present teaching, in accordance with preferred and exemplary embodiments,
together with further advantages thereof, is more particularly described in the following detailed
description, taken in conjunction with the accompanying drawings. The skilled person in the art
will understand that the drawings, described below, are for illustration purposes only. The
drawings are not necessarily to scale, emphasis instead generally being placed upon illustrating
principles of the teaching. The drawings are not intended to limit the scope of the Applicant’s

teaching in any way.

[0008] FIG. 1 illustrates a known vapor phase epitaxy system used to form compound
semiconductors.
[0009] FIG. 2 illustrates a vapor phase epitaxy system according to the present teachings

that includes at least one electrode positioned in a flow of a first precursor gas and being

substantially isolated from a flow of a second precursor gas.

[0010] FIG. 3 illustrates a top-view of one embodiment of a disk-shaped gas injector



[0010] FIG 3 illustrates a top-view of one enbodi mrent of a di sk-shaped gas
i njectoraccording to the present teaching that includes a first region that
i s positiwoediwodoguadrants of the gas injector and a se®CmAISE@Yi069301
extending radially through the quadrants. [0011]] FIG 4Aillustrates a
cross-section of one enbodi nent of a disk-shaped gas injector according to
the present teaching that includes a plurality of first and second regions
which alternates across the gas injector. [0012] FIG 4B illustrates an
expandggoydig¥idthe bR8aA k@kKniaHaRethcAAs: 4 fserlRh thdtiVsdsiRhbdS JRERARIEA. O
chem cal barriers that isolate the el ectrodes fromthe second precursor
gas. | ; i t . i CAVY! of a vapor phase
epitaxggiéf?gﬁgg%g%#%#%g%gﬁfgﬁgaggZ%gﬁgﬁ%gégﬁpﬁggx@ﬁg%'includes a
horizontal flow gas injector. [0014] FIG 6 illustrates a foil-shaped
el ectr ?@(ﬁlPOS' ti ?ﬂje.qlAclill(a&FatésQa &Qs%-s%&fofna(ﬁ%ng I:mB m@ﬂtaotf%’h‘s@s'i%ﬁé&gag’a' ly

gas in a vapor pha stem acc

activating a precursor sé epitaxy sy ding to the
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particul ar feature, structure, or characteristic described in connection
with t RIASEmams Acropsth 889101869 i n at | east one enbodi ment of the teaching.

The appearances of the phrase "in one enbodinment” in various places in the
specification are not necessarily all referring to the sane enbodi nent.
[0016] [$H126houl dFBe 4B iEtsas ckpraded Hiewiah éirfwlgu%ﬁap%% P dnigttot HEsTREPRods of
the present teachings may be perfornmed in any order and/or sinmultaneously
as | ongnegBani¢ad or ehgatigah arriersdhal sofpde Aislclectrees ot e second preswsen ghsbe
understood that the apparatus and nethods of the present

[0013] FIG. 5 illustrates a perspective top-view of a vapor phase epitaxy system

according to the present teachings that includes a horizontal flow gas injector.

[0014] FIG. 6 illustrates a foil-shaped electrode positioned close to the surface of the
platen for thermally activating a precursor gas in a vapor phase epitaxy system according to the

present teaching.

Description of Various Embodiments

[0015] Reference in the specification to “one embodiment” or “an embodiment” means
that a particular feature, structure, or characteristic described in connection with the embodiment
is included in at least one embodiment of the teaching. The appearances of the phrase “in one
embodiment” in various places in the specification are not necessarily all referring to the same

embodiment.

[0016] It should be understood that the individual steps of the methods of the present

teachings may be performed in any order and/or simultancously as long as the teaching remains



teachi ngs can include any nunber or all of the described enbodi nents as

|l ong as the teaching remains operable. [0017] The present teaching will now
be descriwoaoioninne detail with reference to exenpl aryPerhsAowssg1 t her eof
as shown in the acconpanyi ng drawi ngs. Wiile the present teachings are
described in conjunction with various enbodi nents and exanples, it is not
intended that the present teachings be limted to such enbodi nents. On the
contrary, the present teachings enconpass various alternatives,

modi fi ¢athors FackrRe M3hANd Be uRRribdd thRehaRPhRRIsahE thebdl BEBE pREesKi |1 i n
the art. Those of ordinary skill in the art having access to tﬁe t eachi ng
herein . wil. e ) . . ' hb . g

erboct eakhine! SR G AL AN AR R bR A R B e of
the present dis Hosure as described herein. [0018] The term "avail abl e

ener gy 3" UYEF T h the present disclosure refers to the chenical potenti al
of a reactant species that is used in a chem cal reaction. The chem cal

pot ent i is atgrmco nl.y us i n. ther npdynam csg,. .physi and chem stry
o Gesdflgh®: ne' ThEPSTERRHa SHERY phATPIRE M Al BN G e fhar o

el ectronic states, reaction_equilibrium etc.). However re specific
subst | CHETRIAY PRI BEROTAISAP WA M Be AesmPANY IRg Jrapdngss Q@qﬁ?ﬁh%@ﬁ%‘hs
academ c disciplines, including G bbs free energy (thernodynam cs) and

Fer mi [teaglaingy aedpsgrigedineopipeiongyith wrious crypo dmenty prdbexgrpdessipediof | ed,
references to the avail abl e energy shoul d be understood as referring to the
cheni caiterplstl &t thel prestntttbeehmge bé tiingdd tretueh embodifn@@s 9PnEhaG ontratyl, thagpresantes a
known VPE system 100 used to form conpound sem conductors. This system 100
i ncl udesichingeacbinpass vhaodseu terb@vds ambp dii ctiomp himbléqivkDts, as will be appreciated

by those of skill in the art. Those of ordinary skill in the art having access to the teaching herein
will recognize additional implementations, modifications, and embodiments, as well as other

fields of use, which are within the scope of the present disclosure as described herein.

[0018] The term “available energy” as used in the present disclosure refers to the
chemical potential of a reactant species that is used in a chemical reaction. The chemical
potential is a term commonly used in thermodynamics, physics, and chemistry to describe the
energy of a system (particle, molecule, vibrational or electronic states, reaction equilibrium, ctc.).
However, more specific substitutions for the term chemical potential may be used in various
academic disciplines, including Gibbs free energy (thermodynamics) and Fermi level (solid state
physics), etc.. Unless otherwise specified, references to the available energy should be

understood as referring to the chemical potential of the specified material.

[0019] FIG. 1 illustrates a known VPE system 100 used to form compound
semiconductors. This system 100 includes a reaction chamber 101 having a spindle 102

mounted therein. The spindle 102 is rotatable about an axis 104 by a rotary drive mechanism



nounted therein. The spindle 102 is rotatable about an axis 104 by a rotary
drive nmechani snl06. The axis 104 extends in an upstreamdirection U and a
downst r eawpadoroggbilon D as shown in FIG 1. A platen 108pPCHmhiSetpiom3nany
systens is a disc-like substrate carrier, is nmounted on the spindle 102 for
rotation therewith. Typically, the platen 108 and spindle 102 rotate at
rotation rates that are in the range of about 100-2,000 revol utions per

m nute. The platen 108 is adapted to hold a plurality of disc-like

subst r apesTdkis P4 Balnds Hf £ Seahd dirQtioh MLardiURRIWREESn didQ Bk ® dsRhdwRifne
perpendi cular to axis 104 and face in the upstreamdirection U [0020] A
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substrate carri.er 1o the desired. processin ratur as i.njector
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mount ed upstream of the platen 1 and spindle 102. The gas_ injector 116 is
connect et B 3 Brbs Engael LRt Qo&s-£§9%{ev IBBon iy %liﬁéﬂ%% i gt 116
directs streans of various process gases into the reaction chanber 101 . A
fluid cobpldariuiprfdisatiks substiipl B sodhatisyiiicgs &borf the swhntatpel 9 arninhe 1 ow
injector 116 to circulate the cooling fluid in order to control the
t enper atane peppndipidarga gxis hP4endiacd mghe pi@oRan diractigpds.at i on, streans of
process gases fromthe process gas sources 118, 120, and 122 flow generally
downstreamtoward the platen 108 and substrates 110 in a region of the
react i ¢#020hanber AlRatchétdyeech ashecgasice hpamgatenich6 iapwitioned piithinghe 108, t hat
is referred to herein as the "flow region 124." In known systens, this
downwar¢hctibrovhaghe s 1 floproxiasud to thaplstabh $0anThahcater X1 hicabethyvmdntrae patiat ©
streans of downwardly flowing gas. It is typically desirable to design and
oper at ¢nd dtir&d sbesidd@ngRrdriial Atd¥eigedts 118MWhIRA isfdo@dtimBs kitByi inQM¢ 4regH ON
124. In nornal

flow inlet element, is mounted upstream of the platen 108 and spindle 102. The gas injector 116

is connected to process gas sources 118, 120, and 122. The gas injector 116 directs streams of

various process gases into the reaction chamber 101. A fluid coolant supply 117 is coupled to

liquid cooling channels in the flow injector 116 to circulate the cooling fluid in order to control

the temperature of the gas injector 116.

[0021] In operation, streams of process gases from the process gas sources 118, 120, and
122 flow generally downstream toward the platen 108 and substrates 110 in a region of the
reaction chamber 101 between the gas injector 116 and the platen 108, that is referred to herein
as the “flow region 124.” In known systems, this downward flow does not result in substantial
mixing between separate streams of downwardly flowing gas. It is typically desirable to design
and operate the system 100 so that there is laminar flow in the flow region 124. In normal
operation, the platen 108 is rotated rapidly about the axis 104 with the rotary drive 106 so that
the surface of the platen 108 and the surfaces of the substrates 110 are moving rapidly. The

rapid motion of the platen 108 and substrates 110 entrains the gases into rotational motion about



operation, the platen 108 is rotated rapidly about the axis 104 with the
rotary drive 106 so that the surface of the platen 108 and the surfaces of
t he substweaterw/i@1iare noving rapidly. The rapid noti onPofi/ush@9psspen 108
and substrates 110 entrains the gases into rotational notion aboutaxis 104.
Consequently, the process gases flowradially away from axis 104, thereby
causing the process gases in the various streans to mx with one anot her
within a boundary layer that is schematically indicated in boundary |ayer

regi on 41204 [ @Qgs%]]uénﬂypch@?fo'cgs@ gl RS hdiafly QLA akisan8] thi@ry, %EME% the

general |y downstream gas flow indicated by arrows 128 in the flow region

124 a”% cfc% a@e%'n‘i't}{g:%ﬁ ﬁs%%lf;mg iﬁgﬂ’h BKdndhet Hﬂea B%%H{l}fﬂgiagell @yag 126.

Never t t he boundary [ayer genera y regar aregionin

whi ch t . bst rallel to the surfaces of the
substr595¥%%TBY‘P¥%%3%%l % LYS%%% HZ%ion, the thickness of the boundary

| ayer 126 is on order of about 1 cnland the distance fromthe downstream
face of injector 116.to.the surface 12 of the substrates 110 i s about
5.5 cmi¥tils. 1 hid PGl g Sl et s Py by %?neba@ef 8GR R space
bet ween t he gas. i njector d the platen 108. The tional notion of
the pl &dn@e@e%mow%%aé%ﬁ%ﬁf%mwaa Maplfiﬁ%% ﬁﬂ\éj@a MLHgeY of t he
pl aten 108, and hence the gaseshgass downstream to an exhaust system 130.
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an absol ute pressure'fron1about 25-1,000 Torr. Many processes operate at an
absol utewpichslsgas flofv iabdhstanbdly7iB8@alEbrorthe 1628y of Thesupasaten| Idc tiosomd 6 i s
mai ntained at a relatively |low tenperature, which is typically about 600C
or | essyetlalds bboghativingthe thitlenperfabdib@sday dayeo i iswardes ©flabolun1 kdal and eheVPE
systens, the Goup IIl halide is nmaintained at an elevated tenperature to
pr eventdisemee aomahd @hwnstream face of gas injector 116 to the surfaces 112 of the substrates 110 is

about 5-8 cm. Thus, the flow region 124 occupies the major portion of the space between the gas

injector 116 and the platen 108. The rotational motion of the platen 108 pumps the gases

outwardly around the peripheral edges of the platen 108, and hence the gases pass downstream to

an cxhaust system 130. In many methods of operation, the reaction chamber 101 is maintained

under an absolute pressure from about 25-1,000 Torr. Many processes operate at an absolute

pressure of about 50-760 Torr.

[0023] The gas injector 116 is maintained at a relatively low temperature, which is
typically about 60°C or less, although higher temperatures are sometimes used. In Halide VPE
systems, the Group IIT halide is maintained at an elevated temperature to prevent condensation.
This clevated temperature is below the temperature of the substrates 110 where deposition
occurs. The relatively low temperature is chosen to inhibit decomposition of reactants and/or to
inhibit the formation of undesired reactions of the reactants in the gas injector 116 and in the
flow region 124. Also, in many processes, the walls 101’ of reaction chamber 101 are cooled to

about 25°C in order to minimize the rate of any reactions of the process gases in the flow region



This el evated tenperature is below the tenperature of the substrates 110
wher e deposition occurs. The relatively low tenperature is chosen to

i nhi bit o®oaapidilion of reactants and/or to inhibit theCTarsaewiosssonf
undesired reactions of the reactants in the gas injector 116 and in the
flow region 124. Also, in many processes, the walls 101 ' of reaction
chanber 101 are cooled to about 25C in order to mnimze the rate of any
reactions of the process gases in the flow regionl24 renote fromthe platen

108. [ Q024inmdit fibs tHESIafcallhg t O pronote rapid reactions between the gases in
t he boundary l[ayer 126 at the surfaces of the substrates 110 because the

residence tine of the gases in the boundary layer 126 is relatively brief.
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sem conductors. For exanple, increasing the tenperature of the platen 108
and s u@gmaafye%v llefbf[r@aﬁher Hatgn ¢ 0% ﬁndaswiagagesolflgnfm ﬁagwﬁ% HbipmeHSoga s dBhduct or
especi ally when growi ng Indiumrich compounds such as I nGN and I nN. [0025]
| n one reaspecencady is Hie ey aequincd A dissogitc a/Ppuphshuliiic sweh aiHarie fam nor e
electrically active electrodes that are used to add additional energy to a
pr ocesscaghge intermedietes, tsuch ayc¥ldame Nihe Howavdri mprecpsangthe tenperatortioff yhetthaen
reaction chemstry. One skilled in the art will appreciate that any type of
el ect r i16@hhd/substiritesel 10| absotteral o tarcabmdissoedtiosoftthe dgpovitddengodnd | | anents i n
any shape, which are exposed to a process gas in the process chanber 101 .

semiconductors. For example, increasing the temperature of the platen 108 and substrates 110

can result in a loss of nitrogen from the semiconductor especially when growing Indium-rich

compounds such as InGaN and InN.

[0025] In one aspect of the present teachings, VPE systems include one or more
clectrically active electrodes that are used to add additional energy to a process gas in order to
increase the reaction rate or to modify the reaction chemistry. One skilled in the art will
appreciate that any type of electrically active electrode can be used, such as wires and filaments

in any shape, which are exposed to a process gas in the process chamber 101.

[0026] In many embodiments of the present teachings, it is desirable to supply energy to
one of the process gases without supplying significant energy to other process gases. For
example, in many Group III-V deposition processes, it is desirable to apply additional energy to
the Group V hydride precursor gases, which for example, can be ammonia (NH3) without
supplying significant energy to the Group III metal precursor gases. One skilled in the art will

appreciate that selective application of energy to one or more of process gases can be



[0026] In many enbodi nents of the present teachings, it is desirable to
supply energy to one of the process gases w thout supplying significant
ener gy t ovothavo4priocess gases. For exanple, in nmany G oRETIUSRe0Y/08BspDSI ti on
processes, it is desirable to apply additional energy to the Goup V

hydri de precursor gases, which for exanple, can be ammonia (NH3) w t hout
supplying significant energy to the Goup IIl netal precursor gases. One
skilled in the art will appreciate that selective application of energy to
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exanple, the one or nore electrically active el ectrodes can be physically

501 20 S h 0@ IREFGHERL 95, bPaL it LaRE dOElRcPEEREpREyQl the

el evat ed tenpe cal Tsolation can I ev roduci ng

the gases separately jn di.fferent r.egiqns of the reactor and b in
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teachings is that gaseg,can be introduced separately. t at the sane
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surfaces of the substrates 110. [0027] FIG 2 illustrates a vapor phase
epi t axy! By Prespttemhinge sritatggses 621 heingpdussa senaaeii tvg at thesams detprrgdtonat
| east one el ectrode positioned in a flow of a first precursor gas and being
subst arthd sabstiatéssld D an exder toamaintain| lawinef flaw segchesysfaeesnfdlor sustgatesTHE. VPE
system 200 is simlar to the VPE system described in connection with FIG
1. The VPE system 200 includes a process chanber 201 for containing process
gasses [0027] addi t Fin,2 itlheravPR vepet a2 itaingisieded)0acpdrdingrio #@2Dreseiti ch i s a
di sk-shaped substrate carrier that supports substrates 204 for vapor phase
epi t axyecachio@2@ht ihkledddRElcaytohe nic2B@icipositivakekina fipasofi anfieciirocur0 Gacanpr i si ng
nmul tiple regions that are separated by physical barriers and/or chen cal
bar ri embsing kostxapisElatetl MO MVIPEow WS b 888088 Brecursor gas. The VPE system 200 is

similar to the VPE system described in connection with FIG. 1. The VPE system 200 includes a

process chamber 201 for containing process gasses. In addition, the VPE system 200 includes a

platen 202, which is a disk-shaped substrate carrier that supports substrates 204 for vapor phase

epitaxy.

[0028] The VPE system 200 includes a gas injector 206 comprising multiple regions that
are separated by physical barriers and/or chemical barriers. For example, the VPE system 200
can include a first region 208 that is coupled to a first precursor gas source 210 and a second
region 212 that is coupled to a second precursor gas source 214. Any type of precursor gas can
be used in the VPE system according to the present teachings. In various other embodiments, the
gas injector 206 can include additional regions that are separated by physical barriers and/or

chemical barriers that may or may not be coupled to additional precursor and/or inert gas sources

211.

[0029] As described herein, there are many possible gas injector designs that inject



can include a first region 208 that is coupled to a first precursor gas
source 210 and a second region 212 that is coupled to a second precursor
gas sour cE02am/04801y type of precursor gas can be used i RCTRS20PA5BYEt em
according to the present teachings. In various other enbodinents, the gas
i njector 206 can include additional regions that are separated by physi cal
barriers and/or chem cal barriers that may or nay not be coupled to

addi tional precursor and/or inert gas sources 2 11. [0029] As described

her ei ngifh&l HrRRoMBRYs RRSHEIBCA: 9&8nd cﬂitﬁ@f)@fzesg eRAANS 20 hakol e&hﬁgﬂedﬂnfoﬁa@r ent
precursor gases into different reglons of the process chanber . F

exanpl g, b&‘in%%@?rt{ﬁ%’ﬁﬁﬁﬁéﬁm teBecliSh n b gggd}bse%e'ﬁ}sﬁ%%ﬁ éﬂﬂh aF b 3. the

first region I'njec oSl ti ts of a

di sk a ond re n 21 ends radia ro the a

anot he?gzm RERAEHS ﬁae@lé% AREE SR eﬁﬁ%@il? Renfad Hl%if“ B 11 st
and secon ns_ 208, 212 in the i.njector. 206 i a plurality of
first &H gﬂ?&nP@@f %%0 o Rt S Fusrion e 43 oBEESANDE ¢ he
gas |njector 206. In ¥ practlcal enbodi nents, the gas |njector 206
conpr i $e&9nfl Fegigny 28%0%2@ hetsan Hecsor 296 arshidesi plyrabitypd Srsend eecond regiony that
injector 206. A fluid coolant supply 216 is coupled to liquid cooling
channelafierinpfe apress 4t degst anpareroef the gastinjcetor 2Qfl. dnenanigrastodlicnpodiments, tha goy der
to control the tenperature of the gas injector 206. [0030] In various
enbodi mgedter, 206lvempasesiliqueiodoolin@dGinhds themngoledtetnpeftuonof the gds ingttoad@b. second
precursor gases over the platen 202 that supports the substrates 204 with

ei t her Aaflhidrbsladt shipsIw206 isacotplad tealiquidiEodin® ehanbls @n thieMlowaihjcotes 2@didodi nent s,
the gas injector 206 flows the first and second precursor gases in various

di r ect icQBfatk Moo NRidtiANErde} ALBArSQRe lehRpkbraftPBPIhE $ad MR cRWDOS.r at es 204. For
exanpl e, in sone VPE systens according to the present 1nvention, the gas

[0030] In various embodiments, the gas injector 206 is designed to flow the first and
second precursor gases over the platen 202 that supports the substrates 204 with cither a laminar
flow or a non-laminar flow. Also, in various embodiments, the gas injector 206 flows the first
and second precursor gases in various directions relative to the platen 202 that supports the
substrates 204. For example, in some VPE systems according to the present invention, the gas
injector 206 flows at least one of the first and second precursor gases in a direction that is
perpendicular to the surface of platen 202 that supports the substrates 204. Also, in some VPE
systems, the gas injector 206 flows at least one of the first and second precursor gases in a
direction that is parallel to the platen 202 that supports the substrates 204. In one particular, VPE
system, the gas injector 206 flows one of the first and second precursor gases in a direction that
is substantially parallel to the platen 202 that supports the substrates 204 and the other of the first
and second precursor gases through the gas injector 206 in a direction that is substantially

perpendicular to the platen 202 that supports the substrates 204.
[0031] Electrodes 218, 219 are positioned in the first region 212 so that first precursor
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injector 206 flows at |east one of the first and second precursor gases in
a direction that is perpendicular to the surface of platen 202 that
supports wheonuigsiinat es 204. Al so, in sonme VPE systens, PCRAISQ&S/0593DECE OF
206 flows at | east one of the first and second precursor gases in a
direction that is parallel to the platen 202 that supports the substrates
204. In one particular, VPE system the gas injector 206 fl ows one of the
first and second precursor gases in a direction that is substantially

paral | ghs fiGwd A& oRadd $ith S08 clR@proxHRBPlRe &1@&roﬁ9@§f8r aiesmalditdndnt he ot her
of the first and second precursor gases through thé gas injector 206 in a

di rect it a9 YRS ARLRAL %ovtggfqiza%agm A2 %Q@g%ﬂfﬁ@ 3@ et

supports the su strat ectro are pOSItIOI’]ed |n

the first region 212 t fi rsor flows in_con

close of 8%%?1 %}“%gafhiﬁ% BRtodshalt 2P8Es ﬂe‘ﬁ? %laaw%ﬁs "He ' bxfilee:

218, 2 dh% o that they are ubstantl Iated fromthe

1 ow ofi sl % @08 SFoyag B TdRE B dREc#6 5 EoleclipdBa 1 B | ent ad

i N nuner ous For exanple, the electrodes 218, 219 can be oriented in a
pl ane Jﬁleﬁﬁétrg& 215248 con 2lspbe prenied nemsadicalgptothgplanerpithe pasdpiesiaed0o 18, 219
can al so be oriented perpendicular to the plane of the gas injector 206
(e.g. éectoctrdde 2199) In additzadtheictpatrodds@ 1 &) 22 Qtcrv deposticgied anovheanbdiween
posi ti oned anywhere between the gas injector 206 and the platen 202 that
suppor tls gakénjsadrsiOo ané shedBaten D@ theli sopparts thd abetrpesidnmmdlydihgit dlesegas

injector 206 and in close proximty to the platen 202 that supports the

subst r atesmiPb thE Q3R]ecton 20@uiHdod sleepes inienioshe plarn bR eiat gpsrt2th8, 219 can
be fornmed of any type of electrode material. However, the el ectrodes 218,
219 arguiyipic¢ahdy formed of a material that is resistant to corrosion so
that they do not introduce any contam nation into the VPE system 200.

[0032] In various embodiments, the electrodes 218, 219 can be formed of any type of
clectrode material. However, the electrodes 218, 219 are typically formed of a material that is
resistant to corrosion so that they do not introduce any contamination into the VPE system 200.
Also, in various embodiments, any type of electrode configuration can be used including any
number of electrodes, which can include only one ¢lectrode. In addition, in various
embodiments, the clectrodes 218, 219 can be formed in any shape. For example, the VPE
system 200 shows two different types of electrodes, a linear (straight) clectrode 218 and a non-
linear electrode 219, such as a coiled electrode or other structure that increases or maximizes the
surface arca of the electrode that is exposed to the first precursor gas. In many systems, the same

type of electrode is used, but in some systems two or more different types of electrodes are used.

[0033] The electrodes 218, 219 are electrically active. In the embodiment shown in FIG.
2, the clectrodes 218, 219 are at a floating potential when not powered. An output of a power
supply 220 is electrically connected to the electrodes 218, 219. The power supply 220 generates

a current that heats the electrodes 218, 219 so as to thermally activate at least some of the first
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Al so, in various enbodi nents, any type of electrode configuration can be
used including any nunber of el ectrodes, which can include only one

el ect r odewol2ar0adaiitti on, in various enbodi nents, the el eeCTae®IAIBI1 219 can
be fornmed in any shape. For exanple, the VPE system 200 shows two different
types of electrodes, a linear (straight) electrode 218 and a non |inear

el ectrode 219, such as a coiled electrode or other structure that increases
or maxim zes the surface area of the electrode that is exposed to the first

Precur $QcuRlBSgas nfb1EERNY f%%ﬁ%%onﬂa%l Ao b YRBab 18l @ctiade igsawsed, but in
some systens two or nore different types of electrodes are used. [0033] The

el ectrodes 218, 219 are electrically active. In the enbodi mrent shown in

FIG 2 éodshf el ecphodgfehBhe %%ltﬁtﬁr@ctat@thfat Pafel RINRRLEMN W R)s B ARL the

power e An output of a power supply 220 is electrically connected to the

I j
The ol ShETakae 1%%33 o 14 ERP I B4A Jaﬁ%ﬁﬁ%?y ak @*5?2“29&?*%%%?5%%@%5 “The

firstprecursor s .mol ecu (o] th or 0 the
ol ot | dtoe 3 Fhdi gh o Ehe d?%ﬁ%t et nbrefoR DRt e B PR o
there are nunerpo ys of isol t|n t he el ectrodes. 218 19 so that they
are s uBElFéWPF%t?ﬁlﬁ’y% ISHPedrertha phytigs VISBW%FS R 3@&?&“&%&%%@?00@3 For
exanpl e, in one enbodi ment, the gas injector 206 includes one or nore
baf f | e&c@PD2 Grsogs ﬁ%tsotawté%eléttm&ﬁg/%l & 319 fembe flow of HgtscemdPrecarsoygasepar at es
the first region 208 fromthe second region 212 so as to isolate the
el ect r ooy cb8din2h®, the one othworfclbeifles 222 e femawimd npn-¢lumsldy cgalgctiven nmany
enbodi ments, the one or nore baffles 222 are formed of non-thermally
conductmaveiabedoahdtahcsthermal paffild ihehd precasmbhauitat R0 edéas nbhedgpficnds shatganber 201
does not significantly change fromthermal radiation emtted by the baffles
222. | FroaNc i) el 1A emittdiebyie barfleDI2e 1hahé bi@boddentathe oshap@bretariyseser ve
| am nar flow of at | east one of the first and second precursor gases

222 are shaped to preserve laminar flow of at least one of the first and second precursor gases

across the platen 202 that supports the substrates 204.

[0035] In one embodiment, the electrodes 218, 219 are formed of a catalytic material. A
heater can be positioned in thermal communication with the catalytic material so as to increase a
reaction rate of the catalytic material. One skilled in the art will appreciate that numerous types
of catalytic materials can be used. For example, in some embodiments, the electrodes 218, 219
are formed of a catalytic material including at least one of rhenium, tungsten, niobium, tantalum,
and molybdenum. In various embodiments, the clectrodes 218, 219 can be formed of refractory

and/or transition metals.

[0036] A method of operating a vapor phase epitaxy system according to the present
teachings includes injecting a first precursor gas for vapor phase epitaxy in the first region 208
proximate to a platen 202 supporting substrates 204 and injecting a second precursor gas for

vapor phase epitaxy in a second region 212 proximate to the platen 202 supporting substrates. In
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across the platen 202 that supports the substrates 204. [0035] In one
enbodi nent, the el ectrodes 218, 219 are fornmed of a catalytic material. A
heat er cawolze10038i01ti oned in thermal comruni cati on w th PE&/USa00i05430L
material so as to increase a reaction rate of the catalytic material. One
skilled in the art will appreciate that numerous types of catalytic
materials can be used. For exanple, in sone enbodi nents, the el ectrodes
218, 219 are forned of a catalytic material including at | east one of

rheni ughe LB @R fird bAPIBAd fraQ-&r %%es aRdniapky RACHAUMIiY SF NebBMS
embodi nents, the el ectrodes 218, 2I9 can be formed of Trefractory and/ or

transitj et . b of» phase epitaxy
systen%gggggﬁﬁﬁgﬁ?gkgﬁéﬁ%%ﬁggﬁ%Ggggg(}%ggﬁﬁ%%ﬁ%ggg%?ﬁf%%ting a first
prefuiso;%ggs for vapor phase epita§§4inq§?¢ first region 208 proximate to
a pla sup SRS nj egt.i S r sor gas
for vaE@} Bhase g%?bﬁ%%fin éﬁég%ﬁﬁg r%ﬁ%bnl%T% %ég%%ﬁﬁegﬁgﬁﬁ?ﬁgwgﬁg en 202
supportin ubstrates. |1 none netho th irst and second pr.ecursor gases
o PP et TR et Sy Lo oI EerE B G s Sl second
regions as desgribed in connection wth Fl 4A. [,0037] Any type of. VPE

pr ecur SEFANGRSEUC RISHIRY 23S SHC @dﬁmésbah%fﬂ%?mﬁh@ 1§ pyedito gwévcﬁ?lﬁ (]9?’)(}3353 8% be a
hydri de precursor gas, such as NH3 and the second precursor gas can be an
or gano i st e we gpsen bgadydgdepreasargpsudhyds NJad 4ndithg sacprd preeursps €ds t o
grow GaN by VPE. Also, the first precursor gas can be a hydride precursor
gas, suehbasmikdBhanld prdverssegongichregallivorchipade.dbat ibeecd tapoal Gaaby ¥EE.
precursor gas, such as galliumchloride, that is used to grow GaN by VPE.

| N sonén peehdmmdthpdd, drreeppaesueaes agased Borexwapld.in Fese @xtog, éheifirstt hese

nmet hods, the first precursor gas can be a hydride precursor gas, such as

NH3, ampechiRer SR8canbe PhedilcSPEcudads g&asuch@s NHs, and the second precursor gas can be

an organometalic precursor gas, such as trimethyl gallium. The third precursor gas can be a
halide precursor gas, such as HCI. With these three precursor gases, the halide precursor gas and
the organometallic precursor gas react to form a metal halide. In methods using three precursor
gases, the gas injector 206 can include a third region for injecting the third precursor gas.
Alternatively, the third precursor gas can be injected in the either the first or the second regions

208, 212.

[0038] The first and second precursor gases can be injected at any angle including
perpendicular and parallel to the platen 202 supporting substrates 204. The angle of injection for
the second precursor gas can be the same as or different from the angle of injection of the first
precursor gas. First precursor gas molecules flow in contact with or in close proximity to the
clectrodes 218, 219. However, the clectrodes 218, 219 are at least partially isolated from the
flow of the injected second precursor gas. The electrodes 218, 219 are then electrically
activated. In some methods, the electrodes 218, 219 are isolated from a flow of the injected

second precursor gas with physical baffles 222. The baffles 222 can be performed so as to
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an organonetalic precursor gas, such as trinethyl gallium The third
precursor gas can be a halide precursor gas, such as HO. Wth these three
pr ecur sorwgasm@4odihe hal i de precursor gas and the or gan®GEftskeOsEPECUr SOr
gas react to forma nmetal halide. In nethods using three precursor gases,
the gas injector 206 can include a third region for injecting the third
precursor gas. Alternatively, the third precursor gas can be injected in
the either the first or the second regi ons 208, 212. [0038] The first and

second pRIEGH! BRinPASEDVEARC g%ténrﬂog%ﬁﬁgzrﬁ’ﬁg KBYrAND08 o QScHBE BEdeaHdi cul ar
and parallel to the platen 202 supporting substrates 204. The angl e of

i njecti &Jﬁgr6the second precursor gas can be the sane as or different from
the angle of Injection of the first precursor gas. First precursor gas
nol ecules flowin contact with or in close proximty to the el ectrodes 218,

2109. r, th r S . r t I i d from
the 11 SUSF ¢ he ThieDPul REE e ity hefiisbnd RRRA BRI I NSRLANET T 08
then electric y. tivated. .I.n so nmet hods e.electrodes 218,.219 are
ool at PPy ST st T PR of Mt B0 rEBUBRASE. I8 Shr Rt ehhERp &Ry
baffl es 222. The baffles 222 can pe performed so as topreserves | am nar

f1 ow oVeFsiha ep Whigh dogsnol shs@rtial ity Bithseron wactipas clnepeass gre
connection with FIG 6. [0039] In nethods using gas curtains, inert gases
ar e i njofen sxddrivithel§i presurspragasess olugh ecttigascs [aeccickeaigd s0 mitke a3 s a | ow of
the second precursor gas. The term"inert gas" as used herein refers to a
gas whigedes dolés emanplsiiplsnagro wanlg| 111- Y sgrhicoiduatoe miateriahegayesowdh aséN2c ti2oHs . | nert
gases are often m xed with the precursor gases. Such inert gases are

r ef er r edntixauten theh® f.ar¢ casmodansddess cgake gases foo preexanpgases. when growing [11-V
sem conductor materials, gases, such as N2, H2, He

[0040] The power supply 220 generates a current that flows through the clectrodes 218,
219 so that the electrodes 218, 219 generates heat that thermally activates the first precursor gas
molecules without activating a substantial amount of second precursor gas molecules. The
heated electrodes 218, 219 transfer energy to the first precursor gas molecules by various
mechanisms including thermionic emission of clectrons and interaction of the clectrons with the
reactant species. In some methods according to the present teachings, the electrons do not have
sufficient energy to ionize the reactant species. One example where the clectrons do not have
sufficient energy to ionize the reactant species is ionizing NH;. In methods that ionize NHj3, the

clectrons interact with the reactant species so as to promote the species to a higher energy state.

[0041] In some VPE systems according to the present teachings, the electrodes 218, 219
are catalytic clectrodes, which are formed of a catalytic material capable of catalyzing the first
precursor gas if conditions are favorable. The catalytic electrode can be heated with a separate
heater to enhance the catalytic reaction. In some methods, such a catalytic electrode is useful to

decompose NHj close to the gas injector 206 surface because it is far from the platen 202
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or mxtures thereof, are commonly used as carrier gases for precursor
gases. [0040] The power supply 220 generates a current that flows through

t he el ectwodew/@4@1 219 so that the el ectrodes 218, 219prgersSe@vmspeat t hat
thermally activates the first precursor gas nol ecules without activating a
substanti al anmount of second precursor gas nol ecul es. The heated el ectrodes
218, 219 transfer energy to the first precursor gas nol ecul es by various
mechani snms i ncluding therm onic em ssion of electrons and interaction of

the el gglfoRity Mé Libstri8 20885 ARtcrSREGLE Rot Halke é&bﬁﬁgh mRihadscasqar ding to the
present teachings, the electrons do not have sufficient energy to ionize

th nec : : t
er e%lgéo%ﬁ}osi%lgﬁ.; U?ﬁig.aggﬁligfé t%ﬁglrgde‘%%l% thd RS hEH Jn@&? Ofﬁlfc%al@%p@goﬁl gnd.

suf ficient ‘energ o~ioni reactant species 1Is

met hods, t hat ioni ze NH3 he. e rons interact with the reactant species
2o ae. TrPisnsEReR el B RE PSR PRARG Hriatel ol aR T tnaB e Lo
syste cording to the present teachi.ngs, the el ectrode 18, 219 are
cat al yoLier ber %%E}YUw@wparﬂ@r?s&-ﬁéagle,% closede dieyes T 20 AN B¥ol e of
catalyzing the first precursor gas if conditions are favorable. The

cat al ythecsubstedd)r dae cxalitipelegfeosde atows the repciepypipesch ahtithe f@cidmAice t he
catalytic reaction. In sonme nethods, such a catalytic electrode is useful
t o decdmbosktoNidcwt tesotegd nivee yaslly by boaicong dgackyatioacecrbe obihs ecaction er f ar
fromthe platen 202supporting the substrate 204 and, therefore, may not
have emheougf thicheactah pererdpiirough a ddtoe osictioropathwisi. g oac ¥REalytemacalréing r ode
| oners the activation energy for deconposition and, therefore, increases

t he pr ebabipkdstnt t&dching €l €eodripogict dl@fro@y Bipokifioficigiroximatfto thtebopn@a¢ e hanber
201 that have relatively |low tenperatures (i.e. regions close to the gas

i nj ect QEgiGBAMRY. )0 M R RUbStduAbeYas iTRSs ¢ Ak ﬁlle}éEé(ﬁld‘%‘)lr&ﬁFs'bPQa% sBbligus t he

reaction to proceed or, if the reaction was inclined to occur, to proceed
mor e 1 aRkaAhY fiRY plcRWRSH A9 idtbGct@Ghich Vit daBilyRNELAB40f the reaction or
[0042] Other VPE systems according to the present teachings include a catalytic
clectrode that is not energized. This is a catalytic electrode that is not powered by a power
supply and that uses only the catalytic material and ambient heat to enhance the catalytic
reaction. In various VPE systems according to the present teachings, a catalytic electrode can be
positioned anywhere in the process chamber 201. In some of these VPE systems, the catalytic
clectrode is positioned proximate to the platen 202. Catalytic electrodes positioned proximate to

the platen 202 can reach effective catalytic activity through secondary heating from the platen

202 alone.

[0043] Slab-like streams of thermally activated first precursor gas molecules flow
generally downstream toward the platen 202 and substrates 204 in a flow region 224 of the
reaction chamber 201 between the gas injector 206 and the platen 202. In many methods
according to the present teachings, the downward flow does not result in substantial mixing

between separate streams of downwardly flowing gas. It is sometimes desirable to design and
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havi ng the reaction proceed through a different reaction pathway. In one
VPE system according to the present teachings, the catalytic electrode is
posi ti onesoppmi4nEtie to the boundary | ayer region 126 ( PFCEUS2)0988930hat t he
first precursor gas mxes with the second precursor gas shortly after the
first precursor gas interacts with the catalytic electrode. [0042] O her
VPE systens according to the present teachings include a catalytic

el ectrode that is not energized. This is a catalytic electrode that is not

pover ed,B¥cahPQURM F0RB! tat dRgk khghindSESy AhY ﬂbaeregaﬁ by T 1{;&%@20@& and
anbi ent heat to enhance the catalytic reaction. In various VPE systens

accor di fgy .l 0 apid] S 16 PSR R Uil 1‘?)‘21%{1{‘% iotéry‘%ﬁ’l%@'l o L& fhﬁﬂ tﬁ&&dr@\/ggﬁzl@ gpa?en%é' tioned

anywhere i n process chanbe I'n sonme o ese tens, the
catalytic el e trod sit rOX|nat t he ten 02 lytic
of cot 1 SHLEsHTGT 8hgS l?gaéeﬁ%@[’ 5 PR BRUB s Bt ERE A0 Bl iR, 2
catalytl CtIVI t hr ou secandary .heating fromt.h ten 20 one.

[ 0043] & 8iPsiiiRe %“t%raﬁ‘é ga’?fﬁé‘i‘tﬁﬁ?‘%ﬁ}"’&imo\} 7 glopud F’F%? ‘B F%Pgbgé

nol ecul es fl ow generally downstream toward the platen 202 and substrates
204 i n PEOCRISEASES iy 58 frAE el AT SHBEE DOMOBBY FRsEhin the Vs
injector 206 and the platen 202. |In many nethods according to the present
t eachi ngeams thenig oxakhoae dndthowithoe s bowtdaryelsydrithat is ssheysatieally aidioatediimg bet ween
separate streans of downwardly flowing gas. It is sonetines desirable to
desi gn bandbpelgatrecgitie 1 2y sSTlemci®lcdDrst praturtdrgaemokclilasramiathe fdcomd precirbe f | ow
region 224. The platen 202 is rotated rapidly about the axis 104 with the

rotary gaf mgRcdlobinghe midadre twithisthe hagladf lay idlopt @tee the2Qefacnd thdibsittitdsaces of
the substrates 204 are noving rapidly. The rapid notion of the platen 202

and subgi ripd:esy R04ingns rhnNsvbhegases into rotational nmotion about axis
104. Consequently, the

[0044] In conventional VPE systems, precursor gasses are introduced into the process
chamber 201 at a relatively low temperature, and hence have low available energy, typically well
below the energy required to induce rapid reaction of the reactants on the surface of the substrate
204. In conventional methods of VPE, there may be some heating of the reactants by radiant
heat transfer as the reactants pass downstream from the inlet towards the boundary layer region
126. However, most of the heating, and hence most of the increase in available energy of the
reactants, occurs within the boundary layer region 126. In these conventional VPE systems,

substantially all of the heating depends upon the temperature of the substrate 204 and platen 202.

[0045] In VPE systems according to the present teachings, substantial energy is supplied
to at least one precursor gas other than energy applied by heat transfer from the substrate, platen,
and chamber walls. The location where the energy is applied can be controlled. For example, by
applying the energy to the first precursor gas near the transition between the flow region 124
(FIG. 1) and the boundary layer region 126, the time between the moment when a given portion

of a first precursor gas reaches a high available energy and the time when that portion encounters
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process gases flow radially away from axis 104, thereby causing the process
gases in the various streans to mix with one another within a boundary

| ayer thawoieiab@Emati cally indicated in boundary | ayer PC&giSotnon2601 The
activated first precursor gas nol ecul es and the second precursor gas

nol ecules in the mxture within the boundary | ayer flow over the surface of
the substrates 204, thereby reacting to forma VPE film [0044] In
conventional VPE systens, precursor gasses are introduced into the process

Cha”be"the%%st@atte ﬁui!‘a@é @Jn'ﬁé%i)ﬁldn%ﬂ LRIRRLAEHE hdPD AERESRAYKQib@W avai | abl e
energy, typically well below the ener gy required to induce rapid reaction

f th
et Loﬁgé%ﬁ%pE‘f%%%i@%%y SRS R RURE L AR reé%otna%fé&%@é@é@?am heat
t f th t f
boundary” PR SPLGR ol A8 %%%@?“ﬁ%%gﬁe%“f? st Aol R st of
t he increase |n avallabeene y.of the reactants, %actgurs W t.hin

boundar*9e&5et I?Ibb‘i%FFPi % fors Neh S ogeg Ay exETBHY P8 ?/E‘Fé‘?f’ﬁtlo%‘(){t‘}gtaanu ally
all of the heatin Pends upon the tenperature of the substrate 204 and

pl at en "RYD orgapi4 81y apRIvrEhS gacrente e eBPENgUY §CiOReOTIRY SR HIC AMERET FIYYS
substantial energy is supplied to at | east one precursor gas other than
ener gy tppiundaty ay ch dt desireghisfasions whivhtdaposgibsiomeadugipmatdle suafaek, sidwraser

wal I's. The | ocation where the energy is applied can be controlled. For
exanpl egachyn afftht yxaigd NiE vathethgynetad otgagicfor remttigor @O s@rNld apecns avitht the
transition between the flow region 124 (FIG 1) and the boundary | ayer

r egi on nmk2f ordalR dt tH¥sub@taveRIfatd@nrbe ERincY¥d) @efeagthé @INd@aable @il @dactor tdnst
precursor gas reaches a high avail able energy and the tinme when that

porti ome gERMREELr st he substrate surface can be m nimzed. Such control can
help to mnimze undesired side reactions. For exanple, anmmonia having high
avai |l abl e energy may spont aneously deconpose

[0046] Thus, one feature of the present teachings is that by using the clectrodes according
to the present invention, the operator has the ability to control the available energy of at least one
precursor gas independently of the temperature of the substrates 204. Thus, the available energy
of at least one precursor gas in the boundary layer region 126 (FIG. 1) can be increased without
increasing the temperature of the substrates 204 and the platen 202. Conversely, the substrates

204 and the platen 202 can be maintained at a lower temperature while still maintaining an

acceptable level of available energy.

[0047] FIG. 3 illustrates a top-view of one embodiment of a disk-shaped gas injector 300
according to the present teaching which includes a first region 302 that is positioned in quadrants
of the gas injector 300 and a second region 304 extending radially through the quadrants. The
top-view shown in FIG. 3 is presented looking upstream toward the precursor gas inlets in the
gas injector 300. The disk-shaped gas injector 300 includes mechanical or chemical barriers 305
that isolate the first and second regions 302, 304. As described herein, the mechanical or

chemical barriers 305 can be physical structures, such as baffles and/or gas curtains that inject
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into species such as NH and NH, and then these species in turn may
deconpose to nonatom c nitrogen, which very rapidly forns N. Ntrogen is
essent i alwQ 20rpeseiiiabl e for reaction with a nmetal organPCT/UBgoofd39i ng t he
energy to the ammonia just before or just as the ammnia enters the
boundary | ayer, the desired reactions which deposit the sem conductor at
the surface, such as reaction of the excited NH3 with the netal organic or
reaction of NH or NH species with the nmetal organic at the substrate

surface, s@80 BRNANGEE First WRELRBSd tBRnYBEEShE abl e side reaction can be
suppressed. [0046] Thus, one feature of the present teachings is that by

using the electrodes according to the present invention, the operator has

the abi[d»d4ts¥ to cpf Aok ielcaydich 308,808 REMBYqRlirafls @Sty ONEmBLEPPESOr gas
i ndependently of the tenperature of the substrates 204." Thus, ‘the avail abl e

ener gy (Ol aclcgr%ﬁ{g &8\?\1?6,[;ﬁ%s%@%§81rtiog?e%eétﬂgfigshﬁmbwggg)gsiéi(ﬁ%? ru% %a%gio?glselms (FI'G

1) can be I ncreas i ncreasing the tenperature o € substrates
204 and the plate 5%02" Qagv rsel he subst r.at 04 and (ﬂ | aten 202
can be Hap LG et iorciRy Tt St abaifuSinr ety Porfi 10 oAE an
acceptabl e | evel of avajl abl e enerqgy. [8047] FIG, 3 illustrates, a top-view
of one SEREBEITEH andfw%atmgs%}ap&q%@a%g%@ thef; theelerrogen’ e 48t A siCtisalhe
present teaching which includes a first region 302 that is positioned in
quadr alostingf andieasilyseonpesitesicte dhe IBUCT arpha2 KedEHad)r dyvarpusombedimsndi they
radi ally through the quadrants. The top-view shown in FIG 3 is presented
| ooki ngleapsdas eambe lonvwar Gtraigbt) pleetodes or ngabndanklettsodes stitteasgaged elpgutdes 01300.
The di sk-shaped gas injector 300 includes nmechanical or chem cal barriers
305 t hather stalcaires thixanéreasst oanakiseee fat suggicons GQR; ¢l 8@rbdes R0 6088 thatrad
herein, the nmechanical or

exposed to the first precursor gas.

[0049] In many systems, the same type of electrode is used throughout the first region

302, but in some systems two or more different types of electrodes are used in different positions

in the first region 302. For example, the type of electrode near the second region 304 (at the

edges of the first region 302) can be different from the type of electrode in the middle of the first

region 302. For the purpose of illustrating the positioning of different types of clectrodes, FIG. 3

shows a first type of electrode 306, which can be either linear or non-linear, positioned in the

plane of the first precursor gas flow. In addition, FIG. 3 shows a second type of clectrode 308

positioned in the plane of the gas injector 300. FIG. 3 shows the second type of electrode 308 in

a linear pattern. However, it should be understood that the second type of electrode can also be

formed in a non-linear pattern, such as a coil.

[0050] The electrodes 306, 308 are positioned far enough from the second region 304 so
that the chemical potential of the second precursor is not changed based on its proximity to the

clectrodes 306, 308. In other words, the electrodes 306, 308 have essentially no interaction with
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chem cal barriers 305 can be physical structures, such as baffles and/or
gas curtains that injectinert gases to isolate the first and second regions
302, 304.wWpQowauoHLG. 3 shows el ectrodes 306, 308 in twlCHUBANQMO5S0f Or
clarity. In many VPE systens according to the present invention, electrodes
306, 308 are positioned in each of the quadrants of the first region 302.

I n sonme enbodi nents, each of the electrodes 306, 308 is suspended with an

i nsul ati ng support structure so that the el ectrodes 306, 308 are

el ect 1 igeadebdndf fr&atdoR g2 t6h S 1Yo f GRIVIBIE &%@en; of %QEre@WacﬁHQﬁgYhagaﬁ ekl G
2). In various enbodinents, the el ectrodes can be linear (Straight)

el ect r agps.cfy B NGAL o5 B Qe aRUGH. ARRL hEd (L ﬁl%g@gg& igosher

structures t I NCr Ses or XI m zes t e surtface area o ectrodes
306, 308 that X d to the first ur sor 4% %
yst emt” PRV R bireuPatr ot he BAE ﬁ%%eﬁ%ﬁ%u SV RE TR PRETR Y on
302, but in sone ns . LwWo or re dlf&ﬁrent S ctrod s are used
in dif 28 erke Hesys FEO A0} Repide WVeg; dHodHS boliGfe ﬁ*rfi S\ead ype of
el ectrode near the second region 304 (at the edges of the first regi on 302)
can be PERCEPEF &8s Sr'trﬂ%ffn%afrﬁéwewéh%prOé?Sé@b%%f‘é 2Phistipworiddn wapy VPRe first
region 302. For the purpose of illustrating the E’S|t|on|ng of different
types ofoceisecbacodtgsyciRnGetion ednawbicac kimimr floypecofargsl e ipuatigd SowiFieh can
be either linear or non-linear, positioned in the plane of the first
precur$amega$meQMLLmnﬁmdﬂbwﬁwm$ﬁﬂﬂ£ﬁnaumyéﬂﬁnao&ﬂsﬂmﬂmmmpﬁhn@nehectrode
308 positioned in the plane of the gas injector 300. FIG 3 shows the
second uhifpenief el ectrode 308 in a |inear pattern. However, it should be
understood that the second type of electrode can also be forned in a
non-linear pattern, such as a coil. [0050] The electrodes 306, 308 are
posi ti gousd] f ar enRu@ds bf Gperdtihg VFECHRE s RIMPHsiBO heSAs injector 300 of FIG. 3

include injecting the first precursor gas in the quadrants of the first region 302 so that first

precursor gas molecules contact the electrodes 306, 308. The electrodes 306, 308 are powered

with power supply 220 (FIG. 2) so that they thermally activate the first precursor gas molecules.

For example, the first precursor gas can be a hydride precursor gas precursor gas admixture with

a carrier gas. The second precursor gas is injected in the second region 304 adjacent to the

clectrodes 306, 308. For example, the second precursor gas can be an organometallic admixture

with a carrier gas such as nitrogen. Process conditions are chosen so that the second precursor

gas does not flow close enough to the clectrodes 306, 308 to be thermally activated by heat

generated by the electrodes. The activated first precursor gas molecules and the second

precursor gas molecules then flow over the surface of the substrates 204 (FIG. 2), thereby

reacting to form a VPE film.

[0052] FIG. 4A illustrates a cross-section of one embodiment of a disk-shaped gas
injector 400 according to the present teaching that includes a plurality of first and second regions

402, 404 which alternates across the gas injector 400. The top-view shown in FIG. 4A is

19



that the chem cal potential of the second precursor is not changed based on
its proximty to the el ectrodes 306, 308. In other words, the el ectrodes
306, 308 wewvelodss@mti al |y no interaction w ththe secondPprasarngoso3gas. One
feature of the VPE system of the present teachings is that the first and
second precursor gases can be injected at the sane distance fromthe
substrate 204 (FIG 2). In other words, the second precursor gas does not
have to be injected belowthe first precursor gas in the process chanber

201 t 0 ppolieh REkhY AbltRAim bRhRGH AdoRedfhal hlg%i inrtgéo gRNfickBPIECARGLRERGU SOT

gases at the sane |l evel in the process chamber I's Inportant 1 n many VPE

prOces%?ﬁrsf??e%?o%\?ﬂ%ﬁn%nld%p.aesqlrllieﬁr}orciﬂﬁgl‘jﬁ? | miﬂe W@@ﬁﬁf@@ﬁé&%iﬁ%@ ge areas

in vertica process chanbe nar or many

VPE praocesses cause.it.inmproves uniformty. [0051] .Methods of operating
VPE Sy STEREERors PUTALY bhTBRCUER P RE it el YR B R mBE g e
first precursor gas in the quadrants of the first region 302 so that first
pr ecur $81% §as AB'EE&fes contact the el ectrodes 306, 308. The el ectrodes
306, 308 are powered with power supply 220 (FIG 2) so that they thermally
activate the first precursor gas nol ecul es. For exanple, the _first

precur $W33has caft BamaVRY drstaes yeedineds Fheg%{gseafrté%q&ﬁ%ftﬁ@ asa gfbefirtire with a
carrier gas. The second precursor gas is injected in the second region 304
adj aceri¢2iens 4R és lergse thap fresrgod thawgondrggionxHip| e foyerais 0bHe fpsteddr sor gas
can be an organonetallic adm xture with a carrier gas such as nitrogen.

Pr oces scwod diccipmsgaagseand nd dercager ghras dudre qecoind cpr ecadjstad fgathiedoes not

fl ow cl ose enough to the el ectrodes 306, 308 to be thermally activated by
heat geaeicahedineysidiveo fehelist adiebe scEhed agiony 402d 04 k¢ giat fhe dedircd oplugas

nol ecul es and the second precursor gas nol ecul es then flow over the surface

of t he apdibsice@t£idnLOprédudor gddes fIbRWRERRYthe substrates 204 (FIG. 2) being processed.

[0054] The gas injector 400 includes a plurality of electrodes 406, 408 positioned in the
plurality of first regions 402. In many VPE systems according to the present invention, the
plurality of electrodes 406, 408 arc positioned in the first region 402 or as far from the flow of
the second precursor gas as possible so as to minimize the activation of second precursor gas
molecules with the electrodes 406, 408. FIG. 4A illustrates clectrodes 406, 408 in two different
orientations. Electrodes are only shown in a few sections of the plurality of first regions 402 for
clarity. In many VPE systems according to the present teachings, clectrodes 406, 408 arc
positioned in each of the plurality of the first regions 402. In some embodiments, ecach of the
clectrodes 406, 408 is suspended with an insulating support structure so that the electrodes 406,
408 are electrically floating and casily connected to the power supply 220 (FIG. 2). In various
embodiments, the electrodes 406, 408 can be linear (straight) clectrodes or non-linear electrodes,
such as coiled electrodes or other structures that increases or maximizes the surface arca of the

clectrodes 406, 408 that are exposed to the first precursor gas.
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reacting to forma VPE film [0052] FIG 4A illustrates a cross-section of
one enbodi nent of a di sk-shaped gas injector 400 according to the present

t eachi ng wbaviomeliades a plurality of first and second PEFIUSRIANBI1 404

whi ch alternates across the gas injector 400. The top-view shown in FIG 4A
i spresented | ooking upstreamtoward the precursor gas inlets in the gas
injector 400. The plurality of first regions 402 includes gas inlets for
injecting hydride or halide precursor gases with a carrier gas. The

plural if ﬁOSSFf secandafeghkRRs, tﬂ@éam@@bygﬁée(gl%ﬁe Esrﬂs@cﬁ thrdhohtthe kst Rgion

organonetal lic gases wth a carrier gas [0 In many VPE systens

accor di i's
Iarger4p%§%@%5%ﬁgg &%ﬁ?ﬁyﬁ@ﬂﬁ@%gh ons?§8ﬁﬂx%£gﬁgl%&%ﬂgfggg%?aﬂﬁe first
and seco arrier |on can be

recurs
0 ust UnF SRRSO AR R rpuawor%%ﬂgﬁlgﬁga%&% Uicies ‘OPI&g oAt Bha T egh ons
402, 404 so.t t he desir.ed voI oncentr |o s of ecur sor gases
1 ow ackegais 0, fshesy aErope oFr @f%&%%? SUBer meatpiapn gas
injector 400 includes a plurality of electrodes 406, 408 positioned in the
pl ur al iPe§itigrredsin thetplang pif 8Wsﬁrafaﬁzecur%ﬁ>r ganow/P Wgwén%l%éécﬁha%g s¢cend Aipe
present invention, the plurality of electrodes 406, 408 are positioned in
t he fi o§tleeteqgicdh8 positionedas theaank 106 thetdas infecow 469. FHe dedhond thyrsseendgppe gas as
possible so as to minimze the activation of second precursor gas nol ecul es
wi t h t bécletterkrdOt esa 406 ]inekd 8lectFdde. that Aan hlbwbd caleds Helweedrr ndesldis, 408 in
two different orientations. Electrodes are only shown in a few sections of
the pl whadritbyd Obt the E&bnd 8@t 0NGledbc 408 ca #18d beya liddar sBE0OIYPE syst ens

according to the present teachings, electrodes 406, 408 are positioned in
each of the plurality of the first regions 402. In sonme enbodi nents, each
of the[0056] FIG. 4B illustrates an expanded view of the disk-shaped gas injector 400

illustrating mechanical or chemical barriers 405 that isolate the electrodes 406 (FIG. 4A), 408

from the second precursor gas. The mechanical or chemical barriers 405 isolate the electrodes

406, 408 in first region 402 from the precursor gas flowing in the second region 404. As

described herein, the barriers 405 can be a physical structure, such as baffle. In addition, the

barriers 405 can be a gas curtains that inject inert gases between the first and second regions 402,

404 as described herein.

[0057] Methods of operating VPE systems comprising the gas injector 400 of FIGS. 4A
and 4B include injecting the first precursor gas in the plurality of first regions 402 so that first
precursor gas molecules contact the electrodes 406, 408. The electrodes 406, 408 are powered
with the power supply 220 (FIG. 2) so that they thermally activate the first precursor gas
molecules. For example, the first precursor gas can be a hydride precursor gas admixture with a
carrier gas that is thermally activated when it flows in contact with the electrodes 406, 408. The
second precursor gas is injected in the plurality of second regions 404. For example, the second

precursor gas can be an organometallic admixture with a carrier gas. Process conditions are
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el ectrodes 406, 408 is suspended with an insulating support structure so
that the el ectrodes 406, 408 are electrically floating and easily connected
to the powerzosupmily 220 (FIG 2). In various enbodi nent #CTiUse000l08430T odes
406, 408 can be linear (straight) electrodes or non-linear electrodes, such
as coiled electrodes or other structures that increases or nmaximzes the
surface area of the el ectrodes 406, 408 that are exposed to the first
precursor gas.[0055] In many systens, the sane type of electrode is used

t hr oughpiten t8hatf ihe $Ecoh€ PteRtis 0% dB&ktnot oW UMRe SYSUBNS tHe Wb JLIRI0E, Asfih er ent
types of electrodes are used in different positions in the first region

402. F L i i4hk OfieN N nt types of
ol ot r oG AIPRgRAIRERE B hid: FURRIEY by e BB b e A S D0
either linear or non-linear, positioned in the plane,of the first ecur sor
gas 11 SWCURR STl BT e sRSRNS s duld L P sl
positigned. in t of the gas injector 400. FIG 4A shows the second
type oﬂ“@WB?FW3§§42%@g§§tﬁ“ﬂﬁﬁﬁgﬁﬁgé?‘%@égyg%ggnthat can al so be coil ed.
However, it should be understood that the second type of el ectrode 408 can
al so be a |inear_electrode. [0056] FIG 4B ill ustrates_ an exgande vi ew of

the di $¥08haped §H& JiHPERISR PEBOCIHVE (Y YiAYiohg WhecHAMO aseoreme s Bl
barriers 405 that isolate the el ectrodes 406 (FIG 4A), 408 fromthe second
pr ecur Pererjieachmpethysiapladesadiorigentaféayy gas infseter $ & sTheOSPE sisteat 200 he

el ectrodes 406, 408 in first region 402 fromthe precursor gas flowing in
t he seswombr teti MPEG4emAH)0des ovas destrihed wiconndchen bahifilers KUoGewarthb¥PE
physi cal structure, such as baffle. In addition, the barriers 405 can be a
gas curyatms0od hetudengientar igneinjecpasHel, be, wed 0K thet ihjertsircamadr geecoaat imegi ons
402, 404 as described herein. [0057] Methods of operating VPE systens
conpri ghdtg id e pBas of thic Lt 5 149Q0e. Morikd i flodAinto the process chamber).

[0059] In the embodiment shown in FIG. 5, the first circular gas injector 504 is coupled

to a first precursor gas source 512. The second circular gas injector 506 is coupled to an inert

gas source 514. The third circular gas injector 508 is coupled to a second precursor gas source

516. In some VPE systems according to the present teachings, the first and third circular gas

injectors 504, 508 are also coupled to a carrier gas source. The first circular gas injector 504

injects the first precursor gas in a first horizontal region 518. The third circular gas injector 508

injects the second precursor gas in a second horizontal region 520.

[0060] A circular electrode 522 is positioned in the first horizontal region 518 so that first
precursor gas molecules flow in contact with or proximate to the circular electrode 522. A
physical or chemical barrier can be positioned between the first and the second horizontal
regions 518, 520 in order to isolate the circular electrode 522 from the flow of the second
precursor gas molecules. In some systems according to the present teachings, a baffle is

positioned above the circular electrode 522 to substantially prevent the first precursor gas
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and 4B include injecting the first precursor gas in the plurality of first
regions 402 so that first precursor gas nol ecul es contact the el ectrodes
406, 408.wOhelodl4ewtir odes 406, 408 are powered with the pomRaS2&904391 220
(FIG 2) so that they thermally activate the first precursor gas nol ecul es.
For exanple, the first precursor gas can be a hydride precursor gas

adm xture with a carrier gas that is thermally activated when it flows in
contact with the el ectrodes 406, 408. The second precursor gas is injected

in the RIdELRL oy Egln§ﬁ€ﬁ9£hyra@@a@él§bﬁtgé eleFi®ldesanPiRy floigo 9 l?egﬂﬁgn Bfgcursor

gas can be an organonetal |ic adm xture with a carrier gas. Process
condi tions arechosen so that the second precursor gas does not flow close

enough | 6(%1!) he el fClhRASS A0 Goc o, {OQh(p@‘echﬁ?feg@ﬂlh 5, 8634 MRGLE]s Riedhsat

generated by the el ectrodes 406, he activated~first precursor gas

mol ecul I r surface
of 1 ho *aupak theriS HE Ry AT AR ns@ﬁé%% ?%% bR b, T hoss)
FIG 5 illustrat e er.spective accor ng to
the pr SUBHHE RUFTRIE R THARS vt et SPat BF RS afute ot bR s 0R 6b2° The
VPE sys&en1500 is simlar to the VPE systen1200 t hat ma desc i.bed in
connecttrBH wWwiti§rhe supsta PEFVents e sGapdduesEsy smn?ﬁ dE BFipg Ul ar gas

i njectors 504, 506, and 508 t hat i nject precursor gases and inert gases in
the pl asiévagtd byrhe pradasslostrodqi22e. horizontal flow into the process
chanber). [0059] In the enbodi ment shown in FIG 5, the first circular gas
injector 504 is coupled to a first precursor gas source 512. The second

ci rcul 40063hs i nj Bethods sD@crasing sy Bl systcraa00 plelfl. §auecludsunieetingithe fishe t hird
circular gas injector 508 is coupled to a second precursor gas source 516.
| N sompré¢PRosges tvatistha o ridiuly ghoinjdveorph @bentincetagthagsond precrsorgfs amt t hird
circular gas injectors 504, 508 are also coupled to a carrier gas source.
The fi nisdthizd ceedl@rgag edtdty 6GL. 0An D34 gas is injected between the first and the second

horizontal regions 518, 520 with the second circular gas injectors 506 to form a chemical barrier

that prevents the second precursor gas molecules from being activated by the circular electrode

522. When the circular electrode 522 is powered by a power supply 220 (FIG. 2), the circular

clectrode 522 thermally activates first precursor gas molecules injected by the first circular gas

injector 504 that flow in contact with or in close proximity to the circular electrode 522. The

activated first precursor gas molecules and the second precursor gas molecules then flow over

the surface of the substrates 524, thereby reacting to form a VPE film.

[0063] FIG. 6 illustrates a foil-shaped electrode 600 positioned close to the surface of the
platen 602 for thermally activating a precursor gas in a VPE system according to the present
teaching. The electrode 600 is positioned close to the surface of the platen 602 and substrate 604
being processed. The clectrode 600 shown in FIG. 6 is shaped as an airfoil in order to provide a
laminar or near laminar flow of precursor gases across the surface of the substrate 604. In

addition, in embodiments where the clectrode 600 is formed of a catalytic material, the electrode
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injects the first precursor gas in a first horizontal region 518. The third
circular gas injector 508 injects the second precursor gas in a second

hor i zont avorzeg@m1520. [ 0060] A circul ar el ectrode 522 iPETABSMW093et i n t he
first horizontal region 518 so that first precursor gas nolecules flowin
contact with or proximate to the circul ar el ectrode 522. A physical or
chem cal barrier can be positioned between the first and the second

hori zontal regions 518, 520 in order to isolate the circular el ectrode 522
from t heo tAowe @hpddt pR/SEANORESAYTSLL s BB MRh BGUhEStall it RAABNSY St €NB
according to the present teachings, a baffle is positioned above the
circular electrode 522 to substantially prevent the first precursor

gasnol ecul es frombeing thermally activated by the el ectrode 522 as they
f1ow t &aulentst en 510. [0061] In sone systems according to the present
teachings, a gas curtain is used to separate the first and the second

hori zontal regions 518 and 520. In these systens, the second circular gas

i nj ect 69064be i nj Behils therpplicyd’s teseking ars cteﬁrél%ﬁi FSEONFHELPHWIt ¥R hor i zont al
regions 518, 520 in a pattern that substantially prevents the second

pr ecur smbodimenispit sowwlt exerided thabiic applecents/taedengiye lirigedctp seadl embaodireanty. ode 522.
[ 0062] Met hods of operating the VPE system 500 of FIG 5 include injecting
t he fi Btthpraciarys dhic gpabcant’s keatlineg Endostpass vacobaaltegasivesy redifeasors Dehdand
injecting the second precursor gas with the third circular gas injectors
508. Arquingleits,gasvill be bfyjreditedibp toveetskilhia the 4§ twhadhombhhiee medoihereihor i zont a
regions 518, 520 with the second circular gas injectors 506 to forma

chem clithBaf ddp&ftink Adtn 1AE EMENIR HR STRROREHMLCUr sor gas nol ecul es from
being activated by the circular el ectrode 522. Wen the circul ar el ectrode
522 is powered by a power supply 220 (FIG 2), the circular electrode 522
thermal ly activates first precursor gas nolecules injected by the first
circul ar gas
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injector 504 that flowin contact with or in close proximty to the
circular electrode 522. The activated first precursor gas nol ecul es and the
second preounsdrogas nol ecul es then fl ow over the surfa®eTafis20085%0bst r at es
524, thereby reacting to forma VPE film [0063] FIG 6 illustrates a

foil -shaped el ectrode 600 positioned close to the surface of the platen 602
for thermally activating a precursor gas in a VPE system according to the
present teaching. The el ectrode 600 is positioned close to the surface of
the platen 602 and supstrate 604 being processed. The el ectrode 600 shown
in FIG 6 iYhahapkdnesisan airfoil in order to provide a |aninar or near

| am nar fl ow of precursor gases across the surface of the substrate 604. In
addition, in enbodiments where the el ectrode 600 is formed of a catalytic
material, the el®dtRBHLBEEPERY HECHTPOH NS provide a rel atively |arge
surface area for the catalytic reaction. Equivalents [0064] Wile the
applicant's teaching are described in conjunction with various enbodi nents,
it is not intendedat atlatehthabpippeitasbstitesdartipagpisec eritikYed t o such

enbodi mrents. On the contrary, the applicant's teaching enconpass vari ous
alternatives, nodifications, and equivalents, as will be appreciated by
those of skill in Phe & injcaigficompriaye bdirsraemion Watigicounied legUtrsidBp@¥or ng f rom
the spirit and scope of the teaching.Wiat is clainmed is: 1. A vapor phase
epi t axy 8ystem conpr igs rgrceaand agegindtregion that is soyped tos: ssubsltpretuesr gar  vapor
phase epitaxy; b. a gas injector conprising a first region that is coupled
to a first precursor sgasec.3btigaanjactdr djesae®ihd fire @raorsbhgds ints tixofinel egdioho a
second precursor gas source, the gas injector injecting the first precursor
gas into the first regl@®jecting the second precursor gas into the second region;

c. atleast one electrode that is positioned in the first region so that first
precursor gas molecules flow proximate to the at least one electrode and

10 positioned to be substantially isolated from a flow of the second precursor

gas; and

d. apower supply having an output that is electrically connected to the at
least one electrode, the power supply generating a current that heats the at
least one electrode so as to thermally activate at least some of the first

15 precursor gas molecules flowing proximate to the at least one electrode.

2. The system of claim 1 wherein the gas injector comprises liquid cooling channels

to control a temperature of the gas injector.

3. The system of claim 1 wherein the first and second regions in the gas injector
comprise a plurality of first and second regions that alternate across at least a portion of

20 the gas injector.



and injecting the second precursor gas into the second region; ¢ . at |east
one electrode that is positioned in the first region so that first

pr ecur sorwgasiomgb@aeul es fl ow proximate to the at | east ®aE/usk@owssde and
positioned to be substantially isolated froma flow of the second precursor
gas; and d. a power supply having an output that is electrically connected
to the at | east one el ectrode, the power supply generating a current that
heats the at | east one electrode so as to thernally activate at | east sone
of the first precursor gas, nolecules flow ng proximate to the at | east one
el ectrode. 4. ThTélessygtFl@rﬂ? SHRITB | AT g7l pHERbPPE alHae Bt andicernddrespaises
l'iquid cooling channels to control a tenperature of the gas injector. 3.
The syst em dwsthegugh thogse fragatorting dfrwtgmr{gms reEpwdulel Baglaam thife gas
injector conprise a plurality of first and second regions that alternate
across at |sapertsghperbsirges.of the gas injector.4. The systemof claim1
wherein at | east one of the first and second precursor gases flows through
the gas injector in a direction that is perpendicular to the platen that
supports the subBtersgstes.of 5lainThevieyst eneat od cithe firsivrelr secandgireduesas gasone of
the first and second precursor gases flows through the gas injector in a
directi o tihats thsoughrial daglinjédortine dittatodnhdthaparsep potht platdnehaubgioraties. 6.
The system of claim 1 wherein one of the first and second precursor gases

flow substrates.
6. The system of claim 1 wherein one of the first and second precursor gases flow
through the gas injector in a direction that is substantially parallel to the platen that
supports the substrates and the other of the first and second precursor gases flow through
10  the gas injector in a direction that is substantially perpendicular to the platen that supports

the substrates.

7. The system of claim 1 wherein the gas injector flows the first and second

precursor gases over the platen with a laminar flow.

8. The system of claim 1 wherein the gas injector flows the first and second

15 precursor gas over the platen with a non-laminar flow.

9. The system of claim 1 wherein the gas injector further comprises a baffle that

physically separates the first and the second regions.

10. The system of claim 9 wherein the baffle is shaped to preserve laminar flow of the

first and second precursor gases across the platen that supports the substrates.

20 11. The system of claim 9 wherein the baffle is formed of a non-thermally conductive



t hrough the gas injector in a direction that is substantially parallel to
the platen that supports the substrates and the other of the first and
second preownadogases fl ow through the gas injector inprPaTdiSe@enssnlthat is
substantially perpendicular to the platen that supports the substrates. 7.
The system of claim1 wherein the gas injector flows the first and second
precursor gases over the platen with a lamnar flow 8. The system of claim
1 wherein the gas injector flows the first and second precursor gas over
the platen with a non-lamnar flow. 9. The systemof claim1l wherein the
gas i nj ect oPaFURlt her conprises a baffle that physically separates the first
and the second regions. 10. The systemof claim9 wherein the baffle is
shaped to preserve lam nar flow of the first and secaond precursor gases
across the [A-at elhersistemaod slssp o svherrdn thgisé tepsfrong clegodeth foragd penradtlyds ai m 9
wherein the baffle is formed of a non-thermally conductivematerial. 12. The
system of cihaer#ll wherein the at |east one electrode is formed of a
catalytic material. 13. The systemof claim 12 wherein the catal ytic
material conprises at |east one of tungsten, rhenium and nol ybdenum 14.
The system Bf. clHicsydtetunfchen 18 grhordisihngatalytamalkoyial eoneireses atdetst grogift i oned
proxi mate to the platen. 15. The systemof claim 1l wherein the electrode is
fornmed i i atungaten, ireaim, ahd motybdenum.

14.  The system of claim 1 further comprising a catalytic electrode positioned

proximate to the platen.
15. The system of claim 1 wherein the electrode is formed in a non-linear structure.

16. The system of claim 1 wherein the electrode is oriented in a plane of the gas

10 injector.

17. The system of claim 1 wherein the electrode is oriented in a plane that is

perpendicular to the gas injector.
18. The system of claim 1 wherein the clectrode is positioned proximate to the platen.
19. A method of vapor phase epitaxy, the method comprising:

15 a. injecting a first precursor gas for vapor phase epitaxy in a first region

proximate to a platen supporting substrates;

b. injecting a second precursor gas for vapor phase epitaxy in a second

region proximate to the platen supporting substrates;

c. positioning an clectrode in a flow of the injected first precursor gas;



16. The systemof claim 1l wherein the electrode is oriented in a plane of
the gas injector. 17. The systemof claim1l wherein the electrode is

ori ented Wo2a10p46me that is perpendicular to the gas i npPeEse00908930The
systemof claim1l wherein the electrode is positioned proximte to the

pl aten. 19. A nethod of vapor phase epitaxy, the nethod conprising: a .
injecting a first precursor gas for vapor phase epitaxy in a first region
proxi mate to a platen supporting substrates; b. injecting a second
precursor gas for vapor phase epitaxy in_a second region proxinmate to the
pl aten supporting Sub3tipedhs clgctrodgfiom ¢ fay Q thaﬁmé%fg%qc PICHISP AW of t he
injected first precursor gas;d. isolating the electrode froma flow of the
injected second prec@ndor gas; and e . activating the first precursor gas
with the electrode. 20. The nethod of claim 19 wherein the activating the
first precursor gas generates first precursor gas radicals. 21. The nethod
of claim19 whereif taevaiiegithelifhycetiwr ay with heabagtreds: gas conpri ses

energi zing the electrode to thernmally activate the first precursor gas. 22.
The nethod of claim 19 wherein the activating the first precursor gas
conpri ses catal yFhicondthgd efoddimaltdi wiepreih ¢hefactigatingteciimssprecuyses gaé gdnertasat al yti c
el ectrode material. 23. The nethod of claim 19 wherein the injecting the
first précufisofregasorgaesmadicsiss

21. The method of claim 19 wherein the activating the first precursor gas comprises

energizing the electrode to thermally activate the first precursor gas.

22. The method of claim 19 wherein the activating the first precursor gas comprises

catalytically activating the first precursor gas with a catalytic clectrode material.

10 23, The method of claim 19 wherein the injecting the first precursor gas comprises
injecting a hydride precursor gas and the injecting the second precursor gas comprises

injecting an organometalic precursor gas.
24. The method of claim 23 further comprising injecting a halide precursor gas.

25. The method of claim 19 wherein the injecting the first precursor gas for vapor
15 phase epitaxy comprises injecting a hydride precursor gas and the injecting the second

precursor gas for vapor phase epitaxy comprises injecting an metal halide precursor gas.

26.  The method of claim 19 wherein the injecting the first and second precursor gases
for vapor phase epitaxy comprise injecting the first and second precursor gases parallel to

the platen supporting substrates.



injecting a hydride precursor gas and the injecting the second precursor
gas conprises injecting an organonetalic precursor gas. 24. The nethod of
cl ai m 23 worotvao@onpri sing injecting a halide precursoPCHAS2002H5930The

met hod of claim 19 wherein the injecting the first precursor gas for vapor
phase epitaxy conprises injecting a hydride precursor gas and the injecting
the second precursor gas for vapor phase epitaxy conprises injecting an
netal halide precursor gas. 26. The nmethod of claim 19 wherein the
injecting the first and secand precursor gases fqr vapor phase epitaxy
conprise i nflect i MY MeBOG phreddimal fvheaep M ipiceiats B sy REISoprkh RIFFUETOT €85 he

pl aten supporting substrates.27. The nethod of claim 19 wherein the

i nj ecting tfeevenor phasagpitaxe comaripy ivieatinbihe dias end saspnd/BISEHSPIRASES epi t axy
conprise injecting the first and second precursor gases perpendicular to

t he pl at en supmpdrctianty thebktanatipsorti®BsubJthetesmet hod of cl ai m 19 wherein the
injecting the first and second precursor gases for vapor phase epitaxy
conprise injecting one of the first and second precursor gases

per pendi cul 2. t dl'licheethddtfemisuldpolidréinghesujestingahe Srsamd senpretpreqysar igesest her
of the first and second precursor gases parallel to the platen supporting
substr at &s. fo29apof pRaseepilt@ compseibeinfecti®s wastehafidkshedisd@diprdgrsbhgastd r st and
second precursor gases conprise injecting the first and second precursor
gases in a Ripindlcutay tdthe aiate%rsngéqrﬂﬂg {ubkedtesand isieaMedhd QEEQITShVRET fign t he
first precursor gas is injected in the first regions and the second

precur Sof aago it &F bads pilalilI% BRI L3RRS sthubie Plurality of

alternating first and Second regl ons.

29. The method of claim 19 wherein the injecting the first and second precursor gases

comprise injecting the first and second precursor gases in a plurality of alternating first
10  and second regions wherein the first precursor gas is injected in the first regions and the

second precursor gas is injected in the second regions of the plurality of alternating first

and second regions.

30. The method of claim 19 wherein the isolating the clectrode from a flow of the

injected second precursor gas comprises baffling the electrode.

15 31. The method of claim 30 wherein the baffling preserves laminar flow over the

platen supporting substrates.
32. A vapor phase epitaxy system comprising:

a. ameans for injecting a first precursor gas for vapor phase epitaxy in a first

region proximate to a platen supporting substrates;

20 b. a means for injecting a second precursor gas for vapor phase epitaxy in a



30. The nethod of claim19 wherein the isolating the electrode froma fl ow
of the injected second precursor gas conprises baffling the el ectrode. 31.
The net hosloabioal4eiimn 30 wherein the baffling preserves | agiraseoiosgobver t he
pl aten supporting substrates. 32. A vapor phase epitaxy system conpri sing:
a . aneans for injecting a first precursor gas for vapor phase epitaxy in
a first region proximate to a platen supporting substrates; b. a neans for
injecting a second precursor gas for vapor phase epitaxy in asecond region
proxi mate to the platen supporting substrates; ¢ . an el ectrode positioned
in a flow of the injS6¢Wd re§iPBPropigteiodBs Plgtsa supporting WaHSor i sol ating t he
el ectrode froma flow of the injected second precursor gas; and e . a neans
for activating the first precursor gas with the el ectrode. 33. The system
of claim 32 wherei f taﬁélwgaﬁifqusawn i 3/BaW AGthe irdeqted Bist ESEEBY: gas with
the el ectrode conprises energizing the el ectrode. 34. The system of claim
32 wherein the neans for activating the first precursor gas wth the

el ectrode conpri sed- fagpeAnpPrasadaiinglthe ¢lectrodg doponflow ohthepgcerdracestie. 35.
The system of claim 32 wherein the neans for isolating the el ectrode froma
flow of the injectedmsavmedees exlr sor gas conprises baffling the el ectrode.
36. A nethod of vapor phase epitaxy, the nethod conprising: a . injecting a

first precursor gas conprising Hand N for vapor phase
5 ¢. ameans for activating the first precursor gas with the electrode.

33. The system of claim 32 wherein the means for activating the first precursor gas

with the electrode comprises energizing the electrode.

34. The system of claim 32 wherein the means for activating the first precursor gas

with the clectrode comprises forming a catalytic reaction with the clectrode.

10 35. The system of claim 32 wherein the means for isolating the clectrode from a flow

of the injected second precursor gas comprises baffling the clectrode.
36. A method of vapor phase epitaxy, the method comprising:

a. injecting a first precursor gas comprising H, and N, for vapor phase

epitaxy in a first region proximate to a platen supporting substrates;

15 b. injecting a second precursor gas for vapor phase epitaxy in a second

region proximate to the platen supporting substrates;

c. positioning a catalytic clectrode in a flow of the injected first precursor

gas;

d. isolating the electrode from a flow of the injected second precursor gas;



epitaxy in a first region proximate to a platen supporting substrates; b.

i njecting a second precursor gas for vapor phase epitaxy in a second region
pr oxi mat evbaotamgoqiiat en supporting substrates; c. positiPOmIUSQV/sSBORI yti C
electrode in a flow of the injected first precursor gas; d. isolating the
el ectrode froma flow of the injected second precursor gas;and e .

energi zing the catalytic electrode to activate the first precursor gas to
generate at | east one O'NH and NH. 37. The nethod of claim 36 further
conprising positioning a second catalytic electrode in therma

comuni cation with tﬁ@dplaten supporting substrates that is not energized.

¢. energizing the catalytic clectrode to activate the first precursor gas to

generate at least one of NH; and NH.

37.  The method of claim 36 further comprising positioning a second catalytic
5 clectrode in thermal communication with the platen supporting substrates that

is not energized.



