SEPARATE INJECTION OF REACTIVE SPECIES EN SELECTIVE FORMATION OF FILMS
BACKGROUND OF THE INVENTION Field of the Invention [0001]This application relates generally to
semiconductd? pPeYBsEiTlg. More particularly, this application relates to the €TE&H2808@pHMIoNn of films
and equipment configured for the same. Description of the Related Art [0002]As is well known,
semiconductor processing is most commonly employed for the fabrication of integrated circuits, which
entails particularly stringent quality demands, but such processing is also employed in a variety of
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of flat panel displays using a wide variety of technologies and in the fabrication of
microelectromechanical systems$ELEHEMEE FORMATION OF FILMS

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This application relates generally to semiconductor processing. More

particularly, this application relates to the selective deposition of films and equipment

configured for the same.

Description of the Related Art

[0002] As is well known, semiconductor processing is most commonly
employed for the fabrication of integrated circuits, which entails particularly stringent
quality demands, but such processing is also employed in a variety of other fields. For
example, semiconductor processing techniques are often employed in the fabrication of
flat panel displays using a wide variety of technologies and in the fabrication of
microelectromechanical systems (MEMS).

[0003] A variety of methods are used in the semiconductor manufacturing
industry to deposit materials onto surfaces. For example, one of the most widely used
methods is chemical vapor deposition (“CVD”), in which atoms or molecules contained
in a vapor deposit on a surface and build up to form a film. In some contexts, it is
desirable to deposit selectively within semiconductor windows exposed among fields of
different materials, such as field isolation oxide. For example, heterojunction bipolar
transistors are often fabricated using selective deposition techniques that deposit epitaxial
(single-crystal) semiconductor films only on active areas. Other transistor designs benefit
from elevated source/drain structures, which provide additional silicon that can be
consumed by the source/drain contact process without altering shallow junction device
performance. Selective epitaxy on source/drain regions advantageously reduces the need
for subsequent patterning and etch steps.

[0004] Generally speaking, selectivity takes advantage of differential
nucleation and/or formation of different crystal morphology during deposition on

disparate materials. Selective deposition can generally be explained by simultaneous



[0003JA variety of methods are used in the semiconductor manufacturing industry to deposit materials
onto surfaces. For example, one of the most widely used methods is chemical vapor deposition
("CVD"), in WIRR¥HE or molecules contained in a vapor deposit on a sult&deUaA$ B to form a
film. In some contexts, it is desirable to deposit selectively within semiconductor windows exposed
among fieldsidiidgfarentiepatétiaispfubh astiald isalagialemsided. Farhexpraplesonesédjuretianlbipolar
transistors are often fabricated using selectjve deposition techniqueg that deposit epitaxial
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maintaining their efficacy for selective depasition. . . .
9 (Eheles processes t?lal[ emp?oy?gsﬁane as a silicon source and chlorine gas as an etchant,

These selective deposition processes show improved uniformity, purity, deposition speed
and repeatability. However, strong exothermic reactions have been observed, potentially
leading to premature reactant breakdown, damage to the gas intermixing tank,
combustion, and substrate contamination. Other selective deposition chemistries are also
subject to excessive reactivity. Accordingly, reaction apparatuses and selective deposition
processes are desired that avoid such adverse effects while maintaining their efficacy for

selective deposition.



SUMMARY OF TILE IN [0006]Processes and equipment for selectively forming layers have now been
discovered that minimize risk of violent reaction between precursors and etchant source chemicals.
The describ®@pBR88E88ES and equipment supply the reactive species to theReBAHR3ASHEM DY
separately rather than along common flow paths upstream of the reaction chamber. These processes
and equipment avoid undesired heUMMEARY D PHIMEYYENEDONtion, and reduce the risk of

damage to expensj s papel units. Separate flow paths ta the chambey can avoid premature and
harmful reactions fgérﬁé%iulta é%‘i?&SSFe%ftﬁgaﬂ&‘Eﬁghf%fﬁ ef)‘?tgfl’le}gr%g X??L%ﬁ'l?/ %gvﬁ Etsors and
etchants.  di§000xEOtaremibodimensipuivideismn resttion fetwalagivelydarming addanticontdctor layer
ona substrat}%in.a eaction ac%, where the substrate includes a firg{FsurfaQe and a second surface.
The methoc IS el A DAL SRR SABP RS LSRN R (5P oSGl S 5 apor
etchant througbtseparatafiovsgaifseintadiner st dHpaesmiivhSHbsirpiats expesad tethRedrecursor
and to the vapor, etchant. The method further includes selectively forming the semiconductor layer on
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space and a second inlet set of one or more inlets is in fluid communication with the reaction space. A

first gas source is ¢8A#Gured B SupPRPEIBIRELREVIBES BRIt ST cjsbitivplYo fAETRE idlet set. A
second gas gacR RGP Tigeshe siRRvan sirhrabiosHigssanad dnelsellh s diriaslsand

sources define separate flow paths for the precursor and the etchant to a mixing space within the

reaction spateiqeony] Arsaad stbsgimein mabndenelndsp sapateisinabediraghariealsenbor
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reaction space. A first inlet set of one or more inlets is in fluid communication with the reaction space,
wherein the estipilesizee cohhprisstiain ntkpgassdrifighirepreovspre atdatp ibeuvapntioichamicdhductor

deposition agaes Al aliadeaston sRARSHIRARIUAINSHINIEIS:P8RANd Hletastel ape or

more inlets is in fluid communication with the reaction space. A first gas source is configured to supply
the precurscr gttt firean rate than on the second surface.

[0008] Another embodiment provides an apparatus for selectively forming a
semiconductor film on a substrate. The apparatus includes a chemical vapor deposition
(CVD) reactor that includes a reaction space. A substrate support is positioned within the
reaction space and the substrate support is sized and shaped to receive a silicon wafer. A
first inlet set of one or more inlets is in fluid communication with the reaction space and a
second inlet set of one or more inlets is in fluid communication with the reaction space.
A first gas source is configured to supply a precursor for semiconductor deposition to the
first inlet set. A second gas source is configured to supply an etchant to the second inlet
set. The inlet sets and sources define separate flow paths for the precursor and the etchant
to a mixing space within the reaction space.

[0009] Another embodiment providés an apparatus including a chemical vapor
deposition (CVD) reactor that includes a reaction space. A substrate support is positioned
within the reaction space. A first inlet set of one or more inlets is in fluid communication
with the reaction space, wherein the first inlet set comprises a manifold configured to
spread a precursor for semiconductor deposition across a width of the reaction space via a

plurality of inlets. A second inlet set of one or more inlets is in fluid communication with

the reaction space. A first gas source is configured to supply the precursor to the first
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inlet set and a second gas source is configured to supply an etchant to the second inlet set. The inlet
sets and sources define separate flow paths for the precursor and the etchant to a mixing space within
the reactionV¥P2082/9§i83e and other embodiments are described in greaterR{KAIPHIBISOBIRIEF
DESCRIPTION OF THE DRAWINGS [0010]These and other aspects of the invention will be readily

apparent franidhefaldwisg cesgrptomend arfighe dppangdd o awtags ihdicteeseatelletieh are
meant to illystrate and not to limit the invention, and in which; jJOO11]FIG. 1 shows a known apparatus
for chemica 568?5@%8&%%}?\0&@55 8 L 9‘1@1?%1?39* O REETARL e Fisdrahidta cvD

system in aggafdangadyittidinetpedicientspace. These and other embodiments are described in

greater detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] These and other aspects of the invention will be readily apparent from
the following description and from the appended drawings (not to scale), which arec meant
to illustrate and not to limit the invention, and in which:

[0011] FIG. 1 shows a known apparatus for chemical vapor deposition (CVD)
on a substrate.

[0012] FIG. 2 is a schematic diagram of a CVD system in accordance with an
embodiment.

[6013] FIG. 3 is a cross-sectional side view of a CVD system in accordance
with an embodiment.

[0014] FIG. 4 1s a detailed view of the CVD system shown in FIG. 3.

[0015] FIG. 5 is a cross-sectional front view of a CVD system in accordance

with an embodiment.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0016] In many selective deposition processes, Si-containing layers are
selectively formed over single crystal semiconductor materials while minimizing and
more preferably avoiding deposition over adjacent dielectrics. Examples of dielectric
materials include silicon dioxide (including low dielectric constant forms such as carbon-
doped or fluorine-doped), silicon nitride, metal oxide and metal silicate. More generally,
patterned or mixed substrates have two or more different types of surfaces. There are
various ways that the surfaces of a mixed substrate can be different from each other. For
example, the surfaces can have different material compositions, different crystal
morphologies and/or different electrical properties.

[0017] Even if the materials are made from the same composition, surfaces
can be different if the morphologies, i.e., the crystallinity of the surfaces, are different.
The processes described herein are useful for depositing Si-containing films on a variety

of substrates, but are particularly useful for mixed substrates having mixed surface
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[0013]FIG. 3 is a cross-sectional side view of a CVD system in accordance with an embodiment.
[00141FIG. 4 is a detailed view of the CVD system shown in FIG-. 3. [0015]FIG. 5 is a cross-sectional
front view oMNOCUYE3fém in accordance with an embodiment DETAILED BSHESRBPORONOF THE
EMBODIMENTS [0016]b many selective deposition processes, Si-containing layers are selectively
formed ovemypnpielogissal demizoddubsbrataatatialswiritd mirfavizingpindagprie prefbstibly dwsiding

deposition %’Efuﬁgéage Itsgigllj?ﬁat(':’ic%a%)ﬁaagr%pk?r togudr- alcz%cgicsmﬁfs

rials include silicon . digxide (including
low dielectric constant forms such as carbon-doped or fluorine Zlbuﬁégf %ﬂl%oansr?ﬁ%d : gﬁ)%(jet%?%{:(ide and

metal silicateurfdorecgetr retiys tpatte rumdphonixqeibbubsirdtes hadestugleorrpstreatifieranpiypes of
surfaces. ka%ee are v%ri Us ways that the su_rfaces of a m@xed substr_a_te can _be different from each
other. For example, %er%uf\ta%eg' can have different material compositions, different crystal
morphologies andifitdi$ferenEpientiataldetapaites. (a7 kvethd tidepvstaiialare masgefiing the
same Comp(s)estiﬁiigghgﬁﬁgf Fraterial onto a crystalline substrate in such a way that the deposited layer
adopts or follows the lattice constant of the substrate. Epitaxial deposition may be
homoepitaxial or heteroepitaxial. Homoepitaxial deposition occurs when the deposited
layer is formed of the same material as that of the substrate, such as epitaxially depositing
a layer of silicon on a single-crystal silicon substrate. Heteroepitaxial deposition occurs
when the composition of the deposited layer differs from that of the substrate, such as
when epitaxially depositing germanium or silicon germanium on a single-crystal silicon
subsirate.
[0019] Epitaxial films are characterized by a crystal structure and orientation
that 1s identical to the substrate upon which they are grown. Typically, the substrate is a
single crystal, such that the epitaxial film is also a single crystal. The atoms in these
materials are arranged in a consistent lattice-like structure that persists over relatively long
distances on an atomic scale. By contrast, amorphous morphology is a non-crystalline
structure having a low degree of order because the atoms lack a definite repetitive
arrangement. Other morphologies include microcrystalline and mixtures of amorphous
and crystalline material. As used herein, a “single-crystal” structure is implied by
epitaxial deposition and is used to describe a predominantly large crystal structure that
may have a tolerable number of faults therein, as is commonly employed for transistor
fabrication. The skilled artisan will appreciate that crystallinity of a layer generally falls
along a continuum from amorphous to polycrystalline to single-crystal; the skilled artisan
can readily determine when a crystal structure can be considered single-crystal or
epitaxial, despite low density faults. The skilled artisan will understand that methods
described herein for depositing Si-containing films onto mixed or patterned substrates
having two types of surfaces may also be applied to mixed substrates having three or more
different types of surfaces.
[0020] FIG. 1 illustrates a conventional system for chemical vapor deposition

(CVD) on a substrate 80. “Substrate,” as that term is used herein, refers either to the

workpiece upon which deposition is desired, or the surface exposed to reactant gases. For
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can be different if the morphologies, i.e., the crystallinity of the surfaces, are different. The processes
described herein are usefid for depositing Si-containing films on a variety of substrates, but are
particularly WAMMAAIKed substrates having mixed surface morphologie L AHHREBHEHMFate with a
mixed surface morphology is a substrate that includes a first surface having a first surface crystal
structure angkangslepniie ditdrenitsushcaorysial strtighlse cARQIrpditiven pekyierystallingpnsksingle

crystal are examples of different morp ieg. [0018]Epitaxial deposition. refers to the deposition of a
crystalline sEANCSRABRSr FRaTsH E}t%tgoé?ggrﬁgs?ﬁ &S Me%’ﬁw @%&Rgﬂ\}ﬁ gﬂaléﬂ%o‘gp ited layer
adopts or folinwesiihepaitiendonssantof theisubsihateafepitaxial deposiigadnaybahgmoepitaxial or
heteroepitaxi%l. Homoepitaxia) deposition gccurs when the depasited layer js formed_of the same

material as THAT 61 fije UGBAFAAOE HRN18E dgmetrany b b Sithg 29458k 8rdifteBriegh Subiiialetystal

silicon substiat@oHeketee piaxdddepasiianinekides e NiRs e BINASIitR-pkiingIHRP egiigd /@yer differs
from that of the substrate, such as when epitaxially depositing %ermanium or silicon germanium on a

single-cryst4 SARHOHHLHRPEOTOR IR E Saskralntiid ecvanar fiem 88| rsackyatarutscllrandnd
orientation tﬁl@é&%ﬂ@%@é&ﬁﬁhﬁ%ﬂﬁ:@Eb?&&%@;ﬂ?@éﬂ%‘ chlagrﬁ%@rmromﬂga@&aﬂm% shplate is a
S

single crystal, such that the epitaxial film is also a single crystal. The atoms in these materials are

arranged in W48t tattredliirb e added e maiptrediersival YapsveROBHEIAPEesAtes on an atomic
scale. By contrast, gjqiPhous URRAAMNE F"ARCHSIAURESHEW S hayn g ARl degrag.of order

because the atoms lack a definite repetitive arrangement. Other morphologies include microcrystalline

and _mixture@ﬁtm@ﬁmﬁd@ A8 eeystatinevielbmeitad AvussdtiosremixaursinglEahasaPbwikiare is
implied by epiigxial ggﬁ&?ﬂ&g@oﬁﬁﬁ?eb!&ﬁgtéocgﬁﬁ&%?a Qﬁ%@%%;%%ﬂ%éﬂ%lf HEtalSHUGuEg that may

have a tolerable number of fau erein, as Is commonly em or transistor fabrication. The
skilled artisameilhapiordciate3th atactystdlikniepaion ety opefetI N Talis Bioagingboptiss)damfrom

amorphous 19 Zo(l}{%yﬁtalline t? single-cr §tal'.the skille .arti??n.c n rea%ill%/r%et%rmine when a crystal

W sihgle water reaCior, It LS conyention ANLCTINIX. C ases 1o .
structure can be conS|dOered ngle-crysta or’ep|§aX|aY, (I}esp?te ow Cfg}]SIty au S.Yﬁ% Sek" ed[%rtlsan

will understahne ttmtant toodsd ey D@ chithire pusgyaiep d80ing Sonmnéannidorfil rdspositonmixe dhar
pattermed syosates g o MRS Gl SHIRSRH MK AR AP IS TS R 3 g
have been intermixed in the gas panel 100, the feed gas 30 is delivered to an inlet
distribution manifold 200. The manifold 200 serves to distribute the flow of the feed gas
30 across the width of the reaction chamber 300. The manifold 200 may be configured to
distribute flow in such a way to enhance uniformity of the semiconductor deposition on
the substrate 80 in the reaction chamber 300. Typically, the delivery of the feed gas 30
from the gas panel 100 to the inlet distribution manifold 200 is accomplished through
pipes or tubes with cross-sectional areas that are substantially smaller than that of the gas
panel 100. Such pipes or tubes may include valves to regulate the flow of the feed gas 30.
Further, within the manifold 200, the feed gas 30 may pass through other piping that
restricts the flow of the feed gas 30 into the reaction chamber 300. Thus, the feed gas 30
will typically pass through one or several bottlenecks or flow restrictions within and
downstream of the gas panel 100, after the gases from the reactant sources 10, 20 have
been intermixed.
[0022] Selective formation processes using a precursor for semiconductor
deposition from the first reactant source 10 and an etchant from the second reactant
source 20 show excellent selectivity and deposition speed. Generally, selective deposition

processes result in net deposition rates over semiconductor areas being greater than 5



100201FIG. 1 illustrates a conventional system for chemical vapor deposition (CVD) on a substrate 80.

"Substrate," as that term is used herein, refers either to the workpiece upon which deposition is

desired, or (W@ S0P ¥%posed to reactant gases. For example, the substREd/882HHP¥BR single

crystal silicon wafer, or may be a semiconductor-on-insulator (SOT) substrate, or may be an epitaxial

Si, SiGe or titnesatetiglrpfevidyshydaremebaupdd suods Wafiess ofVédpesitivaiudecsuibstantiadlyaflat

substrates, such as thﬁgﬁ haying diameters of 200 mm, 300 mm,.and 450 mm Substrates are not
el /

limited to wartreCBEit A120%AE VEIRECSISE A ghg}doﬂ% SRBLHRLERR AIEYLEHT SEMEBductor
processing. Xeasishisicdinges agrer sdiamataditstcegrtiantiso yrerckd, antkthseehndl terotany spurce 20,
are supplied to a gas, panel 100. Inert gases from an inert gas source 40 are typically also added to aid
i the ChermiEak G ABROHBE BRECERD S SHIATT o O Er RIS LDETA A SRt Ees 10, 20
upstream ofstevieseting ehahebaicRAdieesusken elbraiuagd: Tomegaasm s aspRitieed@as 30 with
a uniform concentration of reactants can facilitate uniform deposition on the substrate 80 once the feed

gas 30 reachHELAN eSO arh BRHE0Es T91us hr &f SFgisopdustoass st PerssiodriafmehEfhgle

wafer react@oiips 6pnvRasionALIAKIRMikthaeactiecanses Ham dhdsaaptanisoncesiliogo at the
gas panel 100 to promote uniform depasition on the substrate 80 in the reaction chamber 300. Once

the gases frRTFFIRECED URAYs T51usls, ApsHave hesHahiehviaasianre daaidnel 05 the ddldeas 30 is
delivered to(gnHgtodistailp tRRmaridols 200, Thenmamiald <0Rsemues & distdute e dlpmof the

feed vas 30 across the width of the reaction chamber 300. The manifold 200 may be configured to
distribute fICVFTHSBERRREY Ry BnRSHES @amBas:y diseraaas A KR Ye poaish BFFEHE Tstrate

80 in the reagionhamiaer,300- SixRicallVimiSif ABHHRSH Ao e Rt YaRAR MR HgBASRANEIFLO0 to the

inlet distribution manifold 200 is accomplished through pipes or tubes with cross-sectional areas that

are substantfTRFidrhaRdrana RRdAor indsyarch aHeh BIOTSRIRgShYE ke BV hy ard dinsetlaitles to
revulate thedigy:of {hedeed Sasdin EHENE LI G ARNURIdA0Q e ieed,das 3¢ May pass

through other piping that restricts the flow of the feed gas 30 into the reaction chanmbér 300 Thus, the
feed gas 30dllaypieegly passtrGighord drdehieratisotiiorsekesbr fldiichestristbressyithtiudad
downstrean‘bgfoglﬂge%qg R&7 21 100, after the gases from the reactant sources 10, 20 have been
intermixed. [00221Selective formation processes using a precursor for semiconductor deposition from
the first reactant sdf28110 andkangetisizanciand thivsecqad reartanasplecé 29 stizwedxitelent

selectivity aﬂ?gﬂ%383&919&?[‘?5%%&1?1%&@’%%%@%lffﬁ §ilet%0pSI%i&pce silicon tetrachloride (SiCly) in
an exothermic reaction. The highly exothermic hypergolic reaction of Cl, with Si;Hz can
lead to combustion of the silicon precursor. The reaction can occur upstream the reaction
chamber 300 and therefore lead to premature silicon deposition, which can also lead to
subsequent spalling or acrosol particle formation and contamination. In addition, the
powerful exothermic reactions can damage the equipment at the point of interaction, such
as expensive gas panel units 100. Similar issues can arise with other combinations of
semiconductor precursors and etchant gases. Without being limited by theory, it is
believed that interaction among the reactant gases in a limited volume and/or passing the
reactant gases along commeon or shared flow paths through flow restrictions prior to entry
info the reaction chamber 300 may contribute to these problems. Interaction between
highly reactive precursors and ectchants under the high pressures caused by these
restrictions in a very confined flow path might cause the highly energetic and even
explosive reactions that have been observed. Damage is greater in confined passages, and
may exacerbate reactivity by inhibiting heat dissipation, relative to wider, more
voluminous spaces. Note that such interaction can occur within these tight confines

whether the reactants are supplied simultaneously or sequentially. In sequential supply,
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processes result in net deposition rates over semiconductor areas being greater than 5 times, and
preferably greater than 10 times, rates of deposition over insulators and windows. Fully selective

processes re4YRIMPMABSAEL deposition over insulators or metals. Net depositRfATVER28MS/e801&ulated
over the entire process, urhether simultaneously or sequentially providing precursors and etchants.
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[0025]

While much of the description herein focuses on the exemplary

combination of trisilane + Cl,, the skilled artisan will readily appreciate from the

disclosure herein that the described equipment will also benefit process recipes employing

other highly reactive combinations, particularly those more exothermic than DCS + Clj, at

the reaction temperature (e.g., more exothermic than -270 kcal/mol at 0°C or -250

kcal/mol at 550°C).



Silicon Precursor Enthalpy at OC (kcal/mol) Enthalpy at 550C (kcal/mol) Trisilane -450 -550 Silane
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[0026] Without limiting the invention by theory, it is believed that
embodiments of the present invention minimize the risk of premature reactant breakdown,
combustion, damage to equipment and substrate contamination by providing separate
flow paths for precursors and etchants, thereby avoiding their interaction under high
pressure in a limited volume at the gas panel 100 or between the gas panel 100 and the
reaction chamber 300. Moreover, the reactivity of the gases can be further rinimized by
supplying an increased amount of carrier gas and thereby reducing the partial pressure of
the reactants, shortening the residence time of the gases, increasing the velocity of the
gases and/or improving the heat capacity of the gases. Because the gases avoid
mteraction in high pressure regions that could trigger or exacerbate upstream reactions,
intermediate reactive species (e.g., SIHCI, SiH, and Si;H, for SisHg + Cl; reactants) can
reach the substrate 80 rather than having the reaction completed prematurely.
Additionally, the risk of damaging the expensive equipment is reduced.

[0027] A schematic diagram of a selective deposition system in accordance
with an embodiment of the present invention is shown in FIG. 2. In an embodiment, the
CVD reaction chamber 300 can be a single wafer reactor, particularly a horizontal gas
flow CVD chamber. In some embodiments, the reaction chamber 300 is a cold wall,
radiantly heated, single-wafer, single pass, laminar horizontal gas flow reactor. Suitable
reactors of this type are commercially available, including the Epsilon™ series of single-
wafer reactors commercially available from ASM America, Inc. of Phoenix, Arizona.
The reaction chamber 300 of the illustrated embodiment (see FIG. 3) includes a rotating
substrate, and permits low process gas residence times. CVD may be conducted by
introducing plasma products to the chamber, either in situ or downstream of a remote
plasma generator. Alternatively, thermal CVD can be used.

[0028] As illustrated in FIG. 2, a first reactant source 10 and a second reactant
source 20 are in fluid communication with a gas panel 100. The first and second reactant
sources 10, 20 are chosen to promote selective formation of semiconductor films on the
substrate. As explained above, selective deposition means that a film, such as silicon, is
deposited on a first portion of the surface of the substrate at a greater mean rate than on a
second portion of the same surface. In some selective deposition embodiments, the rate
of semiconductor deposition on the second portion may be approximately the same rate at
which silicon is etched away, resulting in an effective deposition rate of zero on the

second portion. Cyclical deposition and etching can have the same effect.

9.



-500 -500 Disi lane -460 -460 Mono chlorodisilane -400 -380 Dichlorodisilane
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[0029] In an embodiment, the first reactant source 10 contains a silicon
precursor, such as a precursor selected from the group consisting of pentasilane,
tetrasilane, trisilane, DCS, disilane, partially chlorinated disilane, methyl silane and
silane. In other embodiments, the first reactant source 10 contains a carbon precursor. In
other embodiments, the first reactant source 10 contains a germanium precursor. The first
reactant source 10 can represent multiple reactant vessels, such as for deposition of SiGe,
S1:C or SiGe:C. The second reactant source 20 can contain a halogen-containing etchant
to provide selectivity to the deposition process. Embodiments can employ a chiorine-
containing species, such as diatomic chlorine gas (Cly), in the second reactant source 20.
Employmg diatomic chlorine as an etchant can provide superior etch capability even at
low temperatures in the range of 400°C and 600°C, but can be highly reactive in
combination with precursors for semiconductor deposition. As noted above, processes
tanght herein provide particular advantages when the combination of the first reactant
source 10 and the second reactant source 20 is a highly reactive combination that
produces exothermic reactions.

[0030] An mert gas source 40 may also communicate with a gas panel 100 as a
purge gas and/or carrier gas for either the first reactant source 10 or the second reactant
source 20. Among other roles, the inert gas source 40 can provide backpressure for the
reactants at their inlets to the chamber 300, thus preventing gas from the first reactant
source 10 from diffusing into a second inlet manifold 220 and vice versa, whether for
simultaneous or sequential supply of precursors and etchants. The inert gas source 40 can
also remove heat due to its heat capacity, thereby lowering the temperature of the
reactants. Further, the inert gas source 40 can dilute gas from the first and second reactant
sources 10, 20 (i.e., reduce the concentration of the reactants), thereby slowing the
reaction and aiding stable, slow decomposition of the precursors where desired. This, in
turn, yields favorable precursor utilization and high growth rates for the film, as well as a
lower temperature in the reaction chamber 300. In order to minimize exothermic
reactions, in some embodiments the inert gas source 40 includes helium (He), argon (Ar),
nitrogen (N3), xenon (Xe), krypton (Kr), neon (Ne), hydrogen chloride (HCI) or other
gases that are nonreactive under deposition conditions. The carrier gas may further
include inhibitors such as those disclosed in co-owned and co-pending U.S. Patent
Application No. 11/925,518, entitled “INHIBITORS FOR SELECTIVE DEPOSITION
OF SILICON CONTAINING FILMS,” which is hereby incorporated by reference for its

-10-



-340 -320 Trichlorodisilane -270 -250 Dichlorosilane -270 -250 Tetrachlorodisilane
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description of suitable inhibitor agents for decelerating reactions between silicon

precursors and chlorine-containing ethcants. Examples include propylene, butadiene,

benzene, naphthalene, phenanthrene, anthracene, cycloheptatrienecation, cyclohelptatrien,

furan, pyridine, pyrrole and thiophene. Because of the ability of the inert gas source 40 to

dilute and lower the temperature of the first and second reactant sources 10, 20 and thus

inhibit the reaction, relatively higher flow rates of gas from the inert gas source 40 may be

supplied for relatively more reactive combinations of the first and second reactant sources

10, 20. For example, in embodiments employing trisilane and chlorine gas, which is a

very highly reactive combination, the gas from inert gas source 40 may have a flow rate

between about 10 and 40 slm.

[0031] The gas panel 100 may include valves, mass flow controllers (MFCs),

and other control elements that allow the operator to balance various parameters to

optimize deposition in the reaction chamber 300. Such parameters include, but are not

limited to, flow rates, temperatures, and total pressures for vapors from the inert gas

source 40, first reactant source 10, and second reactant source 20, as well as molar ratio

between the precursor for semiconductor deposition of the first reactant source 10 and the

chlorine-containing species of the second reactant source 20. In embodiments in which

trisilane is employed as the first reactant source 10 simultanecusly with the second

reactant source 20, the molar ratio between the trisilane and the chlorine-containing

species may be between about 1:3 and 1:12, particularly between about 1:5 and 1:10. To

moderate reactivity, flow rates for trisilane can be less than about 100 milligrams per

minute, particularly less than about 50 milligrams per minute, more particularly less than

about 25 milligrams per minute.

[0032] Significantly, while the inert gas source 40 may be combined with

either the first reactant source 10 or the second reactant source 20 or both, embodiments

prevent interaction of the vapor phase reactants from the first reactant source 10 and the

second reactant source 20 in the gas panel 100. Tnstead, the flow paths of gas from the

first reactant source 10 and gas from the second reactant source 20 intersect for the first

time only at a mixing point or space within the reaction chamber 300. Suitable gas panels

are commercially available, such as the E2000™, E2500™, E3000™, E3200™ and

E3220™ from ASM America, Inc. of Phoenix, Arizona.

-11-



-220 -200 Pentachlorodisilane -150 -130 [0025]While much of the description herein focuses on the
exemplary combination of trisilane + C12, the skilled artisan will readily appreciate from the disclosure
herein that W& deetpiédequipment will also benefit process recipes emplRETFUSEIEB/ PRI reactive
combinations, particularly those more exothermic than DCS + Cb, at the reaction temperature (e.g.,
more exothermic tfigdsx270 kRatkningat®ICtorFR502keaidmnal edfm®Ehm the reactant sources 10,

20 communicate with the reaction chamber by way of an inlet flange 205. In particular,
vapor from the gas panel 100, from the first reactant source 10 flows to a first inlet
manifold 210 of the inlet flange 205, while vapor from the second reactant source 20
flows separately to a second inlet manifold 220 of the inlet flange 205. The inlet
manifolds 210, 220 are configured to distribute gas across the width of a reaction space
340 defined in part by the reaction chamber 300. An exhaust flange 360 on a downstream
end of the reaction chamber 300 comprises an exhaust outlet 361, which is configured to
evacuate excess reactant vapors and reaction by-product from the reaction space 340.
This process may be effectuated by means of a pump 362 communicating with the
exhaust outlet 361.

[0034] FIG. 3 is a schematic cross-section illustrating the reaction space 340.
The reaction space 340, as described herein, includes the space defined by the quartz
walls of the reaction chamber 300 in addition to an upstream wafer insertion opening of
the inlet flange 205, though which wafers are loaded and unloaded. The precursor and
etchant flow paths are kept separate through the first and second inlet manifolds 210, 220
and intersect for the first time at a mixing space 342 within the wafer insertion opening
341. From the mixing point 342, the precursor and etchant follow a shared or common
flow path over a substrate support 350, which is sized and shaped to support the substrate
80. Excess reactants and by-products continue along the laminar, horizontal, common
flow path to the exhaust flange 360.

[0035] As shown in FIGS. 3-5, the first or upper inlet manifold 210 may
include several injectors 212 that control relative flow into a reaction space 340 within the
reaction chamber 300.

[00306] Specifically, gas from the first reactant source 10 enters a channel 211
(see FIG. S)in communication with each of the injectors 212. Each of the injectors 212
controls a flow path from the channel 211 through an associated entrance tube 213. Each
entrance tube 213 leads into a horizontal channel 214, which fraverses a portion of the
width of a reaction space 340. From the channel 214, gases flow into the reaction space
340 via slits 216. The slit 216 has a smaller cross-sectional area, transverse to the gas
flow path, than the channel 214 and is therefore a bottleneck or flow constriction on gases

from the first reactant source 10, aiding in spreading the gases across the portion of the

-12-



WO 2009/085376PCT/US2008/080803 [00261Without limiting the invention by theory, it is believed
that embodiments of the present invention minimize the risk of premature reactant breakdown,
combustionWf22988/88f3 ®quipment and substrate contamination by providirRfIepR& M paths for
precursors and etchants, thereby avoiding their interaction under high pressure in a limited volume at

the gas paneidiiOcsrthetyéaetiothegas Banehinandithel aciienahamrbes 385 Mritaverrige
reactivity of the gases can be further minimized bi/ su%flying an increased amount of carrier gas and

thereby redGETRGRE LA AP rEEt kb AR id AL R U finplHe FheRT RSB ElE Bases,
increasing theyyR{GYOHIENAS E2PREHA ITABRIINY ShenbaaharRRenMdh 8@ SES: BesapRe the

gases avoid interaction in high pressure regions that could trigger or exacerbate upstream reactions,

intermediat&te & dhs Brseecretant saprea ISmay dlo sty thsrraastion sraqo 34 dissaldy domréach the
substrate 8QifaReliRARINGVIRSHINETRRRIGN ARMRIRIESRrAMAtIalsARTionak, theisk Rfdamaging

the expensive equipment is reduced. [0027]A schematic diagram of a selective deposition system in

accordancg%itheﬁ?mmﬁéﬁsthﬁfmfe%ﬂtﬁ%nﬁ@hiﬂesﬂéwﬁliﬁ FGhowm aFhembeiingnt, the
CVD reactiqn,chambes 30 630 P SinglG t@fﬂ@%ﬁ{srt%&%ﬂlsﬂ@w@%n@ aﬁoﬁ»ﬂp VD

chamber. In some embodiments, the reaction chamber 300 is a cold wall, radiantly heatéd,
single-waferis@gialpass, laminar horizontal gas flow reactor. Suitable reactors of this type are

commercially avalil 'nclu%n'-@t sjlonTM series. of, single-ywafer r ommerci available
from ASM America@ngcﬂof Pholeni%ﬁxlérgto{ﬁa%l\r%gc?é{agcﬁ%%g%%r%%ge%@%ﬁo%f Ctﬁhoieii(ﬁu%%rsa eoén :%miy%odiment
(see FIG. 3yavotiesactantatng s Xssmtel] @h typterhitppoylimo 222 Sigas reside hoedirheszGWd may be
conducted by intradugi lasma products to the ggamb either,in sifu or downstream.of.a. remote
e gener At A R e B D & R SE S GBS A It AT Pres 220 Hiat
reactant souncerlt andra seadpdiisaibiant seurdedco dre iovwhtidicomshapiagsaswibwaigas fhanel 100.

The first and second reactant sources 10, 20.are chosen to promqte selective formation of
cemiconau B TS B i DAL S SRS IR R ot SHHn B Gt & im, such

as silicon, isiiepesied eniaisstrakies nbiiesedaeniduasuhsiaiaasaipigaigcdnrassdae than on
a second portion of the same surface._.In some selective depasition embodiments, the rate of

semiconductdftepb it drasHAR SRasEI pdvibi HIuS B SBTRos RS thed QR Lt SR thfth silicon
is etched avgay, fespiinsoidd e HRGHR ARPASIIR (L RiAeiRI MR ihe:AaseRUB OB kAl

deposition aind etchmg can have the same effect. WO 2009/085376PCT/US2008/080803

nlet manifold 210 in order to facilitate uniform mixing of the gases upon entry into the
reaction space 340 for operation of simultancous supply modes of operation. Even for
sequential supply modes, the illustrated arrangement of alternation of the upper and lower
inlets, represented by the slits 216 and lower entrance tubes, respectively, can aid
spreading the reactants supplied therethrough by mixing insert gas from one of the inlets
sets when reactant flows from the other of the inlet sets. In an alternative embodiment not
shown in the figures, vapor from the second reactant source can enter the reaction space
340 via a single slit or a plurality of slits with a width that traverses all or a substantial
portion of the width of the reaction space 340 such that the inlet(s) of the second inlet
manifold 220 can resemble the inlets or slits 216 of the first inlet manifold 210. Gas from
the supply line 222 is provided with sufficient backpressure to prevent gas from the first
reactani source 10 from diffusing into the inlets 226 in either simultaneous or sequential
supply modes of operation.

[0038] As such, gas from the first reactant source 10 has the potential to

interact with gas from the second reactant source 20 at a mixing space 342 in the reaction

-13-



100291In an embodiment, the first reactant source 10 contains a silicon precursor, such as a
precursor selected from the group consisting of pentasilane, tetrasilane, trisilane, DCS, disilane,
partially chld¥af88/essiene, methyl silane and silane. In other embodimenBCTHESAPEBHBEBANt source
10 contains a carbon precursor. In other embodiments, the first reactant source 10 contains a

germanium gpeeusdor. The fifsingagtRet Ul HebearirriRsa Mipleiabtantyeseelgosuch as for
deposition of SiGe, Si:C or SiGe:C. The second reactant source 20 can contain a halo%en-containing

etchant to pPBUIE SsRskaRit remBeiishisaeAT sees 1 & anddhmserradractrmbroyse 2
chlorine-containinggpsgies, SUehas HRITIE SupHRG I8 (kR Hd the sexRd LBartaniosawce 20.

Employing diatomic chlorine as an etchant can provide superior etch capability even at low
temperature$ipid thn§ecordIRCIEHFBUOT2 b At oduprggasatally intedhniraaiion whase

precursors Ry ERmICOREHRIEALRASHAR: AS AaterARRYE.PIACEFIES 1BLIRLRREID RiQvidR Rarticular

advantages when the combination of the first reactant source 10 and the second reactant source 20 is
a highly reafResdEbindtieniihiotedikeparaseotiermpatiesctidhsefoosolila iriskt ghscyplagises0 may
also commypieae;ith,:8asPa0Rk IR0 35 aRUI9sgasARdIALEALTSF gs- el Rithesdhe JUseactant
source 10 or the second reactant source 20. Among other roles, the inert gas source 40 can provide
backpres sutiisgrtee relsttlangat2eikeapsisho fhencipathbdoB0; treastprtsveenmatgamtiothepe first
reactant soypee 49, from diffisinadinie.a seqpnd et manifold 220.apdvies yersa, whether for
simultaneous or sequentia supgfS of precursors &nd etchrants. The inert gas source A0°HA Flso
remove heawdlieterist veith caphsitynthe pelye lofidid nghitrerteonpe revithen ahtheondmetanfshEgrther, the
inert gas source lute, gas from.the first.and onq. reactant.sources 10, 20 (i.e., reduce the
concentratidn 0 tdgcgﬁrz@g%'n ), fhtehr%l%)ryl/l%tlcl)l\}va}%%foat@g ?ggd?c?r?r' an giéfﬁé%?é{)eleq 5?8\7\? eg(ci)rfai%%Jsition of
the precursorpevideng eSirBateihispplitationyritidauaraite preTizT2AT) zatdizladdgndrawth rates
for the film, s a lower temperaturg.i ction chamber 300. In order to minimi

exothermic 1o Cu s R e SN A AT BT MRS REITELEY, Do (an.
nitrogen (Npuxsnen (X&),dswpibing KxaeplatNejrdiyedsegemchidricle (k{dotiveothghpaisas that are
nonreactive under deposition conditions. Tfﬁgg rrier af may.further include inhibitors sych as those
disclosed in*CBUSHHBE QR d EBS EhARSG TP S hsG 8N S %B?Eﬁ%o‘???\?&t&"ﬂd&%?%i%’,r% cHRBITORS

FOR SELEGJ|WntE,@:5hE @NrQimaltdbeN1(: ONE AdhUMEG I Ul Prefetaisly isderalrdoeqrporated by
reference for its description of suitable inhibitor. agents for decelerating reactions between silicon

precursors A NS rieRbARRHAH W ST e Lo Ak Sh SRReSH RS O dnpRiEine B dnsiRsisAe,

naphthalenerphgnantoiesnasaetsaaqnicercdiianirienssabien faysiieiRtadiemyvisahifyddine,
pyrrole and thiophene. Because of the ability of the inert gas source, 40 to dilute and lower the

temperature"SRiFR R EL M sEabnd e Alaait drnesdongs sohg g s sh e sl Hiehite Bively

hither flow rates RaaJigM helNSITEAARI AR ARINRY:ReisRRIins: tRpmiatbrely mpsarreagtive
combinations of the first and second reactant sources 10, 20. For example, in embodiments employing

trisilane andEEHiBFALGEECORTEHSE matsrrhigffen s CsHBH S68HComEUFRr MoRiaTErddiSource 40
may have aflow friedstyeenabauh i sk 40 sir (P03 Ui dakPanel 0, induds valves,

mass flow controllers (MFCs), and other control elements that allow the operator to balance various
parameters WSBl3iRHize AOBERHBNAN (M8 reteahehanbaoB00 SSEHSEIAPH cRHETHY U8 e1BIR are not

limited to, ﬂ‘%\&éé%gméewﬂ%ﬂlﬁ CS N thEORbRIGREW oY FRNS [EOMHEE IBEILHETSAMIREAD, first

reactant source 10, and second reactant source 20, as well as molar ratio between the precursor for
semiconductBitereigbsiatsiia safihs depestinsobitelsyiagativagomnsecBistamingdpeeiesadf the
second reactapt ﬁgéjggﬁt%gidﬂembodiments in which trisilane is employed as the first reactant source
10 simultaneously with the second reactant source 20, the molar ratio between the trisilane and the
chlorine-containinglépélies niayhebeisdeevbbpeatic@.aid Lases peatiotiedhctbiimshaaboutly 5 and

1:10. To mogeral er:%%%%i%ﬁy%%$9X‘.’ﬁ&?ﬂeﬁlﬁ"{&ﬂ%ﬂ i%%%?nl%?a%{'&%[ﬁr%bgéﬁ&ﬁ% '&‘é@&fﬁ‘%@ PgL minute,
particularly less than about 50 milligrams per minute, more particularly less than about 25 milligrams
per minute. {80 3Bignificamdlgiobhils th ingliigdbesmart®d Sparay beleololvingutasdtites and in a

larger volume than the upstream gas panel 100 (FIG. 2) and inlet manifolds 210, 220,

there is less risk of damage to equipment from violent reactions. Preferably conditions

are selected to maintain 100% selectivity, for example, zero net deposition over insulating

surfaces and some net epitaxial deposition over single crystal semiconductor windows.
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either the first reactant source 10 or the second reactant source 20 or both, embodiments prevent
interaction of the vapor phase reactants from the first reactant source 10 and the second reactant
source 20 iTtReYad9¥anel 100. Instead, the flow paths of gas from the firstReAME08HEI82310 and
gas from the second reactant source 20 intersect for the first time only at a mixing point or space
within the reaction If¥dilber BalerSugabtelgas pEHels 2reheombmeralatiyridedilabltelenehas dhé
E2000TM, EZSOOB . E3 OO'IC'EJ\/I E§§§0Tm nd E ZOT%df om AfSM America, Inc. of Phoepix,
Arizona. WS BSBIAB R TR 0b S0 R R L B E P S0 Shors from
the reactantcentiodis 23020 Thenmmnichée B50) tvhivkactioriiads bergayandypaiposdntat dssgs 205. In

particular, vapor from the gas panel 100, from the first reactant source 10 flows to a first inlet manifold
510 of the HIBTHARGEBR RE VUG e CaCReETo LR S00FLe U RS ST o o

second inletwaginiiolel 22hroilkhe, indel HANGEMRD cdiitnintiRY Toanifiotlse? 18c 2 Arerepafighige, to
distribute gas across thgfﬁ/\/&?th of a reaction space 340 defined in part by the reaction chamber 300.

An exhaust FHGEB8E S DastEtein ZherBAHE QoL v SR NS RESt Eoin SAZMRUNCAYAR Ust outlet

361, which ixigenfiguteeielfyragsale eResoRGaNRNDIAPALS AWLLLAGIRE bYapIQdUatI08p e reaction
space 340. This process may be effectuated by means of a pump 362 communicating with the exhaust

outlet 361. [BOSATERS, PRIAMCE Rethehia SRRt ARTSIPASNG e YaUeH oM WpAECaes Mlteaction
space 340, agreRpihesereilsinehidesdiie s pRsRIRIIRRELRY HBa Qv iz wals L iRe b eASHAN

chamber 300 in addition to an upstream wafer insertion opening of the inlet flange 205, though which

wafers are |83@ & JReUgRIGaIER 39he The comsonliend W dp AmsRrresrmisesr o lanl engal arewidugh the
first and seqapgldglelmanioldsigl%agdf o dUSERREhiRl RISLUME, oL AN ARREE.36E Within

the wafer insertion opening 341. From the mixing point 342, the precursor and etcharit follow a shared
or common figskiPethabe&Ea substrate support 350, which is sized and shaped to support the substrate

80. Excess reactag@o%@sgyﬁg%%ﬁm%ﬁm tﬁfd@r_néggr g%%nﬁ%%@d%%ggg)%l@wh to the

exhaust flange 360. As shown in FIGS. 3-5, the first or upper in may Include
several injecvarsiolds (hEd, ol esliniy gdtow firvm aberctiod bphve 8B40 thithivacherepetiod4hamber
300. Reactants from the reactant sources 10, 20 thus flow from opposite walls or opposite
directions into the reaction space 340. The skilled artisan will appreciate that some of the
advantages of the equipment and processes taught herein will be obtained with other
geometric configurations.

[0043] As illustrated in FIG. 3, the substrate 80 is located within the reaction
space 340, and the reactant gases may flow freely without being subjected to any flow
restrictions from the mixing space 342 to the substrate 80. The width of the portion of the
reaction space 340 containing the mixing space 342 can be at least as wide as the
substrate 80, and in the illustrated embodiment the mixing space 342 is within the wafer
insertion opening 341, which is sized and shaped to pass a substrate 80 through it for
loading and unloading. The lack of flow restrictions means that the reactant gases are not
subjected to increased pressure at the mixing point, where interaction is possible.
Accordingly, premature semiconductor deposition or other unwanted c.g., explosive,
reactions can be avoided. The pressure differential may be substantially zero between the
mixing space 342 and the substrate 80. In some embodiments, however, the pressure

differential may be negative, which is to say the pressure may decrease between the

mixing space 342 and the substrate 80. In some embodiments, temperature in the reaction
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[0036]Specifically, gas from the first reactant source 10 enters a channel 211 (see FIG. 5)in
communication with each of the injectors 212. Each of the injectors 212 controls a flow path from the
channel 21 MArA99M%A7associated entrance tube 213. Each entrance tubePXIBUSAWE/M§0803 horizontal
channel 214, which traverses a portion of the width of a reaction space 340. From the channel 214,
gases flow ispacth®dteachielnwe phoet 3450ia slipatEuldnly bt Rda hdswa Sotalenctabsigestiingal area,
transverse tq the gas flow path, than the chappel 214 and is therefore a leneck or flow constriction
on gases ORI TEPEHLIGR SBIRE PSP 1Y 25 PHHE hd G284 01 e portion of the
width of the reaction space 340 that the slit 216 traverses. FIGS. 3-5 illustrate one embodiment of the
first inlet manifold 210, nfi% lrations can alternatively be employed to distribute gas across
the width of the reaetioR~chartet 3P0 FoF exttnpte—gads from the first reactant source 10 may flow

into the reaction s[jaea4340 direstly Hiemrs In@riEhamehdoiemrssifgle shthailiavessekall or a
substantial portion of the width of the reaction space 340, rather than from muIti%I slits 216 as shown,

Thus, the firSIOREFATHNAb AFPAD L BRI A Rinaddsi e ralpan i U JretBios e 8in, or a
single inlet. 844 Withde sRRCHIR BRIsECANd Aoler imﬁfsnﬁa&ésﬂdv%ocmdr%thﬁi Gped react=

source 20 supplied by the supply line 222 flows into a lower horizontal channel 224, which traverses all

or a portion SRS fe 4005 sPdte SatrAletddtE miBie dhenkrasdibiiRgfhs. Pr%o the
lower ChanW@%ﬁtﬁ@ﬁﬁtﬂ@%&@f&ﬁ&%fi@@@ﬂﬂﬁ GRPAPIIR @RIupplitk Rl dQues spiransg fibes 226.
oW

As shown in FIGS. 4-5, the plurality o er enfrance tubes 226 comprise disCrete passages

distributed JUFSEEEHEAieRATOR tatebadfiBnT saciesdon RuFES MaststEesdueaifentcepedoand
entrance tubgs 226.are PestiANesiap AHARRARIG YA TREF oSl erhasit Repus tRcIg:lita 246 of the

first inlet manilbld 210 in order to facilitate unifbnn’mixing of the gases upon entry into the reaction
space 340 fBpippdrktioRlt Blefta eSS Wubharedl g sroperand Preveiforibsqualsnasisionply
modes, the H*Héﬁ%ﬁﬁ%%%}g&gé%%%ﬁ'iﬁ@%@&@@aﬁfb@%ﬂ{&?&%@%ﬂﬂ%&@Fééd 5%@"& f{?}ﬁm Y the slits
216 and lower entrance tubes, respectively, can aid spreading the reactants supplied iherethrough by
mixing inserf\gardfiesnabnecof theimdd daslwhealepesibemifooesstomathebotiperfofniml imeesets. In an
alternative odimeniRahshewn.in the figirss fro S re t sni?ﬁg cap enter the
reaction space 340 via a gfngle slit (gr a pllIureﬂ{l%% @%@%ﬁ@ﬂ%ﬁﬁ?ﬁg %r%z;v?%%gés all or% ﬁ ﬁ%stantial
portion of thielamiith of¢hesreantionpsipace 346nsuchdiraotherintetid) ofsthéeSecond mieleramiteld 220
can resemble fie (el o 3R e sk inle L mAniRd A0 Gasliam e suppbiling2ge is
provided with sufficient backpressure to prevent gas from the first reattant source rom (%‘usmg
into the inlet1226sm Bither inhulanesuistorsseditentiehsuppht rtoblgshefopenation 1GH384 Als=such,
gas from the, fiSLIE3cIANL SoWPe:A0, hge (e potenial o ateract it gRs rom R Seooabrpetant
source 20 at'a nﬁxmg space in'the reaction -’ P

divided by the etch rate of the single-crystal, was found to be greater than 7.

Example 2: Simultaneous Flow of DCS and Cl,

[0045] In another process according embodiments of the invention, the silicon
precursor DCS was introduced simultaneously with the etchant Cl, along with methyl
silane as a carbon source and phosphine as a dopant. This process was carried out using
the equipment described above, with separated inlets into the reaction space. Reaction
space temperature was between about 550°C and about 600°C, and pressure in the
reaction space was atmospheric. The flow rate for DCS was about 500 sccm. The flow
rate for Cl, was between about 3 scem and about 10 sccm. This process was found to

avoid the problem of premature silicon deposition.
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space 340. The mixing space 342 thus represents the first intersection between the flow paths of
reactants from the first reactant source 10 and the second reactant source 20. [0039] In some
modes of opEhNA/ 082 ¢rom the first reactant source 10 and gas from the BEEIHG IS8 source 20
are introduced sequentially into the reaction space 340 such that the reactants from the reactant
sources 10, 20 are not intended to mix during processing. The illustrated separate flow paths still
reduces the risk of explosive interaction between reactants for such sequential modes of operation.
Because th&tratec et flange 20! Fe-Tow paths for the reactants separate until they
intersect at the miyugtepaceld4dother erisces dengaing aintesidhel teaCianifvemionatpiskostl| interact
with a subsequent pulse of the other reactant within the confines of%tue % panel 100 (FIG. 2) or the
inlet manifoRIS T 298U HS iaderet suglipneg sy ‘Hﬁbéeh%i fit E}?g %atih’ls/i)ﬁ?ffﬁsét%ﬁs
Publication eri2DOa02312 e pylilishad RacaBYacitbye2Q0h, aifaraey daekeine thSMENRO3A, is
incorporated by reference herein for the purposes of describing exem;ﬁ;lary rocesses in which

g

selective fofRiifon BFaEHt SRER PRSI @S NISHEREY RPelpaR)i Hubr preCurdds and

etchants segiggtially, fiahesdhan papslianarusbonaenrsnia pabhrsiemrlly oyrigalakasess of

the '463 patent application provides for blanket deposition over insulating and single-crystal silicon

surfaces of 2padsebat orinmdate abahars SOmiBiIngsthentive wiEniss StilsielitISsterial. The

blan k?t d?P@_ﬂtl{?ﬂ i%%ﬂﬂ@@@"_@@cfﬁ Hiel%ﬁﬁﬁﬁﬂlﬁfee%laﬁhlﬁ’ﬂéfﬂl%@dﬁw iﬁﬂ%klﬂ&lﬁ}’@ﬁi@&)‘?&%@@?t asto
result in significant net deposition on all surfaces. Epitaxial semiconductor material is left on single

crystal semiv@hdoerdr WinteWskt ifeemerhsacaiistratdicnidepenpiasisl pslaeiiaisabfhen other
surfaces, sugh 85HRalR ehuinsHaoR Hpaapitaxial (e.g., amorphous or poly) semiconductor material
is more susceptible to etching, and the subsequent etchant pulse is timed to remove all nonepitaxial
material from the deposition while leaving at least some of the epitaxial material from the deposition.
[0040lin other moqp.poperionsas aseabedRiany Gt iU RIS R L i EraGiag space
340 and actually mix and interact during selective deposition. As the precursors and etchants mix
within the regptticipaceyidiee plovssqireksusenigpadictotatepesiodomadrichtns ubstresovides panel
100 (FIG. 2 1 if : d tI& re is: f ipment viplent
reactions. P)Srglfge%é%@}con |t§)lrg§ 1§£g?g§:é%tt1é ?to% r{r%l?r%stg?r% E%O%éf%@é%&%@?ﬁ%%p&%r@%et
deposition ceétingylstngisus ferret emdpsomeatiziretbin xipbtepo sitan foldsr sidgiacpesiels. By
semiconducigc windows. WO, 20981085376RC T 32008030803 (O4NIRGIE G Ak (0 FYE. 2 the
above-described simultansous an sequentral modes of opBra 0 can be |mplepmenatréld %y Instructions
or programmacfiohaspardy ghee@&0lyThacdutrolietigsd avhicthidad imckigh agenenal tekiepplsecor special
purpose compylercommunicates with.devices.on the gaepaeld00,sughAs yalves snd mass flow
controllers, as well'as W COntror devices at other focations. For example, one or ifidre of the sources
10, 20 can hauebeokdpol leatvesasadddseatarsie commuridatiddwittaghe aentbokime?50hcEher ehatroller
250 also adjusts other d vic%eﬁ th[at f\ﬁec {oceaijglgf par meters, suc ate A ‘g}eranire control
system, whi i tomn r%ncei%seflrllﬁu T {§ éﬂb%ré Urd S8R AR ]é%ﬁdg s%%lvl\l/er §radalt Reaters
outside the ebqualgil 36psand the vacuum pump 362. The controller 250 is thus pro gummed to
g‘r"g(';j::e”; BT OCe s AR KRouah i Tvention s b rediceed e Comet oF Cartamn 210"

embodiments and examples, it will be understood by those skilled in the art that the

present invention extends beyond the specifically disclosed embodiments to other
alternative embodiments and/or uses of the invention and obvious modifications thereof.
Thus, it i1s intended that the scope of the present invention herein disclosed should not be
limited by the particular disclosed embodiments described above, but should be

determined only by a fair reading of the claims that follow.
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[0042]The embodiment shown in FIGS. 3-5 provides first and second inlet manifolds 210, 220 injecting
gases from above and below into the reaction space 340. Reactants from the reactant sources 10, 20
thus flow from opposite walls or opposite directions into the reaction space 340. The skilled artisan will
appreciate that some of the advantages of the equipment and processes taught herein will be obtained
with other geometric configurations. [00431As illustrated in FIG. 3, the substrate 80 is located within the
reaction space ; the reactant gases may flow freely without being subjected to any flow
restrictions from the mixing spaqge 342 ddoiheisubsirafe @t Bhenidinlafithélpostianwistheereldction space
340 containing ;hea@%(inc% 1%Era}ce 342 can be at least as wide as the substrate 80, and in the illustrated
embodiment thepl%lxmgS spa e 3%2 is within the wafer insertion opening 341, which is sized and shaped to
pass a substrate 80 throughatfemioadimy adeperifioading DT hedaeicahfiovinpssteictionspaeans that the
reactant gases are not S“bl%céﬁﬁ'siﬁﬂé“é{’ﬁéﬁ%ﬂ?ﬁ% ¢AL0g véﬁ‘ééé’,‘gvf?&@ﬁ’ PSR! t%)%@tls possible.
Accordingly, premature semiconductor deposition or other unwanted e.g., explosive, reactions can be
avoided. The pressurés difksterdishaped thecetibstauialiigiviero between the mixing space 342 and the
substrate 80. In some embogligRg s, RAWEYEE ShmpessuLediftereatialmayBe NIt MBich is to say
the pressure may decrease between the mixing space 342 and the substrate 80. In some embodiments,
temperature in the re@€fith space 340 is below about 750C, and particularly between about 500C and
about 600C. Total pressure NdQGIEILHORSRACENSA) MY ke detweri ldarhandRROwWidnHsxample 1:
Sequential Flow of Trisilane and C12 [0044]In one process according to embodiments of the invention, a
blanket (non-selectivef §&98sRA5H was carried out using trisilane, along with methy! silane as a carbon
source and phosphine as a dofigntgakhis precessfiyascanedipply usipgiis@quipmentoeietiied above,
with separated inlets into thte reactﬂo? spage. 'I'the Eemperature in the reaction space during the deposition
was approximately 55%?@,0%91?111&% perelgsslﬁ?ee V\s/%saélpproximately 100 Ton. Next, a purge was performed for
five seconds and the pressuesvasirgducad-tocapigocdiatelyppl? ahanchbhetetdle plvase inasstien carried
out using Cb. This pragess s IRndo aveld ihe pighlemL ol pemaniesiicondspagiion, e flow rates
of gases in this process can be optimized to alance speed and uniformity. As noted above, sequential
blanket deposition probestdenidn benperforraetivollon thpateshoadrsbstnsterhavinghingatanadgsand
single-crystal silicon syyfacesiiaupng the hlankat derasitionneeitaxialsarpicandusiy MaigHg! is left on

single-crystal semiconductor windows of the patterned substrate, while nonepitaxial material’is left on

other surfaces, such &R I&18RAVFRCAUBLBARMPEE A PR dsceizingercpdmbos b P8 phaxial

material. Etch rate seleglivifie dfibrdasdlaietahrbatanlanimhansdnaiaral dividsd-iy the etch rate of
the single-crystal, was found to be greater than 7.

2. The apparatus of Claim 1, wherein there are no restrictions to fluid flow

between the mixing space and the substrate support.

3. The apparatus of Claim 1, wherein the mixing space has a width sufficient to

pass the substrate therethrough.

4. The apparatus of Claim 1, wherein the CVD reactor comprises a single

wafer, horizontal flow chamber.

5. The apparatus of Claim 4, wherein the first and second inlet sets are formed
in an inlet flange adjacent the chamber, wherein the reaction space includes the mixing space

defined by the inlet flange and an inner space defined by the chamber.

6. The apparatus of Claim 1, wherein the first and second inlet sets are

disposed on different walls of the mixing space.
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Example 2: Simultaneous Flow of DCS and CU 100451In another process according embodiments of the
invention, the silicon precursor DCS was introduced simultaneously with the etchant C19 along with
methyl silane as a carbon source and phosphine as a dopant. This process was carried out using the
equipment described above, with separated inlets into the reaction space. Reaction space temperature
was between about 530C ardalseeBoEC akthiBredsireeipith& eefistiond preend dsletriis phigric. The flow

rate for DCS wagahedlhrOBpRaEWARS flawiale JQpfed was between about 3 seem and about 10 sccm.
This process was found to avoid the problem of premature silicon deposition. Example 3: Simultaneous

Flow of Trisilane and ClI, [0046]In another process according embadiments of the invention, the silicon
precursor trisilane wa&-introddEefPRARHEARE SR vAth YA SR 881 209 HiECBRIc Y WS @ried out
using the equipangpotaieachibaiahdvs, thstthsepatatedibletsdnigpoe rRaglipnispacebieastinnl space
temperature was bet\/éee abo%t 525C ar%ghgbgut 575C, and pressure in the reaction space was between

about 4 Torr anlal(?;\tbe(r)l 32 *oR. W%i‘fgﬁg Wasclné}rrn(%’gﬁced at a flow rate of about 50 mgimin for about 10

minutes, while about 200 sccm CL) and about 100 sccm of 1% phospbine was simultaneously introduced.
This process was foufid to aVbed ahwproblem@hipre$natbeecsiliden litepesiticac@ddiskliestivityrof the

deposition was J%HQS% &%&%@ﬁgegg%wqhi%ﬁ@g%%ggrl%glgégtgvglgbodiments provide methods and

equipment for separately providing precursors for semiconductor deposition and etchants that provide
selectivity. The first intersection, or mixing space, for these two reactants is within the relatively spacious
reaction space, ratherlthan dpstieparrivaefifotis dntsaeiplis dkscByoaveibidry fHedraetidhtlvlthin the tight

confines of portion flow paths upstream of the reaction space, potentially harmful reactions are avoided or

such reactions take place within ihe.raactigncenace, whered eactiansaraanicontingddeassmall volume,
pressures can be kept lower, and less damage is incurred. Advantages are obtained whether the

precursors and&fehants for selective film formation are supplied simultaneously or in sequential steps.
12. The apparatus of Claim 1, wherein a carrier gas is supplied to the second

inlet set, the carrier gas comprising at least one non-hydrogen containing inert gas.

13. The apparatus of Claim 1, wherein the CVD reactor comprises radiant

heaters configured to heat a substrate positioned on the substrate support.

14. The apparatus of Claim 1, wherein the mixing space is defined within a
substrate insertion opening adjacent to a gate valve that is located at an end of the reaction

space.

15. The apparatus of Claim 1, further comprising a controller programmed to
alternately and sequentially supply the precursor and the etchant to the first and second inlet

sets, respectively.

16. The apparatus of Claim 1, further comprising a controller programmed to
simultaneously supply the precursor and the etchant to the first and second inlet sets,

respectively.

17.  An apparatus comprising:
a chemical vapor deposition (CVD) reactor comprising a reaction space;

a substrate support within the reaction space;
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[0048]Although this invention has been disclosed in the context of certain embodiments and examples, it
will be understood by those skilled in the art that the present invention extends beyond the specifically
disclosed embodiments to other alternative embodiments and/or uses of the invention and obvious
modifications thereof. Thus, it is intended that the scope of the present invention herein disclosed should
not be limited by the particulafiiiselesed ermpoaimemddidssriBed eppvanisateanpiffithererstcrmined only

by a fair reading of thgalaimsHbahfelOWirst inlet set comprises a manifold configured to spread a
precursor for semiconductor deposition across a width of the reaction space via a
plurality of inlets;

a second inlet set of one or more inlets in fluid communication with the
reaction space;

a first gas source configured to supply the precursor to the first inlet set; and

a second gas source configured to supply an etchant to the second inlet set,
wherein the inlet sets and sources define separate flow paths for the precursor and
the etchant to a mixing space within the reaction space, and wherein the flow paths
and reaction space are positioned such that the etchant and precursor are uniformly
mixable and have a common flow path from the mixing space to a substrate on the

substrate support for selectively forming a semiconductor film on the substrate.

18.  The apparatus of Claim 17, wherein the second inlet set comprises a
manifold configured to spread the etchant across a width of the reaction space via a plurality

of slits.
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