WD 2006/ 083693 PCT/ US20061002841 ETCHANT TREATMENT PROCESSES FOR SUBSTRATE
SURFACES AND CHAMBER SURFACES BACKGROUND OF THE | NVENTI ON Field of the

| nvention [0001] Enbodi ments of the invention generally relate to the field
of electronic manufacturing processes and devices, nore particular, to

met hods of etching and depositing silicon-containing materials while form ng

el ectroni c lgYeoemeeosPescri ption of the Rel ated Art [Ooganﬂ(ﬁﬁﬁoﬁﬁ'?i c devices
such as sem conduct or devices are fabricated by an assortnent of steps

i ncluding the deposition and renoval of silicon-containing materials. The
deposition and. renpoval steps as well as other process steps may cause the
substrate surface containing a silicon-containing material to beconme rough

and/ or bare cont am nant ' cont am nant s
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accunul ate on the interior sur Harrber during the
deposition and remSUBSTRAPE. SURFASES!IANDICHAMBER/SUREACES |y furt her
contam nate the substrate surface. Rough or contam nated substrate surfaces
generally lead to poor quality interfaces which provide poor device

per f or manc g A GROUNTP OF THE iNVENTHORL Chi ng processes have been devel oped to
conmbat con substrate surfaces. However, the
t radi t i onaFietd obthewinveatieases have sone draw backs. Usually, etchants, such

as hydrogen chloride (HCl), require a high activation tenperature in order
to renove @obi]conEobodimertspf the dnvexition genealigfrelate tethdifiell pf oleckonis ar e

often cond . r .1. 000 r.. hi.gher. .  Such high. ratures
are not de*sh %ﬁ%@'&é%@gg zfg‘r%i @%‘??Jéghgbof%%ggg:n%'ét% ‘gmgf?}oﬁg r%n}sﬁgﬁ

consi der at depssitingcslicohtcontaitiog matérigisiwhild forminig edsctromicdévives, or over - et chi ng
to the substrate surface and | oss of economically efficiencies. Etching

Phe - chambPsttiBlien of e BPRISP AL, (2" v s Chi'orine (O'2) has been used to
[ gggreat 3Ir 066 © ﬁEie%trBhi&gdéWée%réLﬁ:'hsaéj WBRBNBLGHr BEAESS 3RS 1abhichtBYHy an
assortment of steps including the deposition and removal of silicon-containing
‘materials. The deposition and.removal steps as well as other process steps may
cause the substrate surface containing a silicon-containing material to become
rough and/or bare contaminants. Also, particulates and other contaminants
accumulate on the interior surfaces within a process chamber during the deposition
and removal steps. The particulates may eventually further contaminate the
substrate surface. Rough or contaminated substrate surfaces generally lead to poor

quality interfaces which previde poor device performance and reliability.

[0003] Etching processes have been developed to combat contaminants and
roughness on substrate surfaces. However, the traditional etching processes have
some draw backs. Usually, etchants, such as hydrogen chloride (HCI), require a
high activation temperature in order to remove silicon-containing materiais.
Therefore, etching processes are often conducted at temperatures of 1,000°C or
higher. Such high temperatures are not desirable during a fabrication process due
to thermal budget considerations, possible uncontrolled nitridation reactions or over-
etching to the substrate surface and loss of economically efficiencies. Etching
processes with such extreme conditions may damage interior surfaces within the
chamber, such as themal quariz liners. Chlorine {Cl;) has been used to remove
silicon-containing materials during etch processes at lower temperatures than
processes that utilize hydrogen chloride etchants. However, chlorine reacts very



processes that utilize hydrogen chloride etchants. However, chlorine reacts
very WO 2006/ 083693 PCTI US2006/ 002941 qui ckly with silicon-contai ning
materials and thus the etch rate is not easily «controllable. Therefore,
silicon-containing materials are usually over etched by processes using

chl orine gas. [0004] Also, traditional etching processes generally are
conduct ed waneeéesdésdhi ng chanber or a thermal processpguslissiess Once the
etching of the silicon- containing material is conplete, the substrate is
transferred into a secondary chanber-for a subsequent deposition process.
O'ten, the substrate is exposed to the anbient environment between the

et ching process and the deposition process. The anbient environnent nay
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| ayer. [ooosl Prior to the etching process or the deposition process, a
subst r at e gostroliahle| | Theraiens esllican-containing rrpalerialst arer usually oves| etghedy by wet
clean pro . sl,.ast process), a plasma clean or an acid wash
process. 2?@§?£§FB?SQEPQ§$%5?€ process and prior to starting an etching
process, the. substrate may have to reside outside the process chanber or
cont r ol | edotsdli r dMsmitaditipnabeisbingqurocssses generally ate conductpdeinean otebingQ-t i ne) .
During th i S N d L eQps I pon I
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t enper at urcentairtimg andbedal isexpomplete, ther sabstrate)is dearsforesd dntot Hesexohddnyat e

ayere aRioRer it bOpago, fonasioBunroRy. O dg subERe ILeRRdPou a1
hi gher  t ai®afrbisht @AvitstimeHit AW IS tHcOetbiihg piddess A 4B Rikposilidi) placeddier ef or e,

there is need to have an etching process for treating a sillig¢con-containing
mat eri al %eaa@m%'f (ERVEORIMBAt; Yt %"Pﬁ'l‘!'?ﬁ/&’aéﬁfya%?'f Qwegbéﬁlt“&‘?ri%’gﬁtﬁ‘econt ai ned

thereon angfaée foPmmitRi oxidd'Rysubstrate surface. There is also a need to be
able to treat the substrate Surface within a process chanber which could

subsequent |y be Lqu_ed during the next process Stﬁ%@i such as to deposit an
epi taxy | 49781 FinoRdP PR LIChIRG rRIOpass,0r, thed deRPstHan, PICASS. n Sybslsaledis

tenper at ungyally éxposed to a pre-treatment process including a wet clean process (e.g., a

HF-last process), a plasma clean or an acid wash process. Aftera pre-treatment
process and prior to starting an etching process, the substrate may have to reside
outside the process chamber or controlled environment for a period of time called
the queue time (Q-time). During the Q-time, the substrate is exposed to ambient
eqvironmental conditions that include oxygen and wafer at atmospheric pressure
and room temperature. The ambient exposure forms an oxide layer on the substrate
surface, such as silicon oxide. Generally, longer Q-times form thicker oxide layers
and therefore more extreme etching processes must be conducted at higher
temperatures and pressures to maintain throughput.

" [0006) .Therefore, there is a need to have an etching process for treating a
silicon-containing material on a substrate surface to remove any surface
- contaminants contained thereon and/or to smooth the substrate surface. There is
also a needto be able to treat the substrate surface within a process chamber which
could subsequently be used during the next process step, such as to depbsit an
| epitaxy layer. Furthermore, there is a need to maintain the procéss temperature at a.
low temperature, such as below 1,000°C, and preferably below 800°C, even for
substrates that have endured long Q-times (e.g., about 10 hours). Also, there is a



tow tenperature, such as below 1, Q0C, and preferably bel ow 800C, even for
substrates that have endured long Qtines (e.g., about 10 hours). Also, then-
is a 2 W 20061083693 PCTI US2006/ 002841 need to reduce particul ate

accurul ation on the interior surfaces of a process chanber, while not
damagi ng these interior surfaces. SUVWARY OF THE | NVENTI ON [ 0007] In one
enbodi nment for finishing or treating a silicqp- surface
S providedwaﬁﬁﬁﬁﬁﬁﬂzludes snoot hing the surface and rggﬁégﬂﬁah%%ntan1nants
contained on the surface,. In one exanple, a substrate is placed into a
process chanber and heated to a tenperature within a range from about 500C to
about 700C. The substrate is exposed to an etching gas containing an etchant,
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process. A chambenmwhilemot damagingshedeligtefoosurfheds.si nul t aneously with the
etchant in order to counter act any over-etching caused by the etchant. That
is, the silicon source is used to deposit silicon on a substrate surface

vvh| |l e the eiiNARY OFOMAS I rgm_é_(!ﬂd“con The rates at which the etchant and
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the silico the substrate are adjusted so that the

overal | reagdoron fieeaeeniidimest, ameamya fordimibhitg M%a&ﬁmgldomnwncontaﬂiﬁ?efore,
in one exanple, the etch ratec&/ﬁy be finely controlled (e.g severa

angst r ons ripea; sisp darovided, ¢ whichhiingludes imepthing s the cﬁ!ﬁ%nta&‘ﬂmrﬁ@%’ﬂger i al
during an Qu@hihdnts B8Mhind-on'the %Uﬁé&@rln%@mhﬁpleg gl éuﬁgﬁa@%‘?@ Wﬁd Mo gRt eri al

is rembved from higher portions of thHe surface ., peaks 1e added to
the | ower [oeasssebambet pad heateddoa (qmmeratutq Ulilgfhsa) rangeifregn abeeGAPEitbut | on
process. A r ahout 6 nm
oot mean Seoul B RMELMARAS I 6aBEea b b ofbhid o2 S SHAGIET SR
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in order source is usually provided simuitaneously with the etchant in order to counter act

any over-etching caused by the etchant. That is, the silicon source is used to
deposit silicon on a substrate surface while the etchant removes the silicon. The
rates at which the etchant and the silicon source are exposed to the substrate are
adjusted so that the overall reaction favors material removal and/or redistribution.
Therefore, in one example, the etch rate may be finely controlled (e.g., several
angstroms or less per minute) while removing a silicon-containing material during an
overall reaction. In another example, silicon-containing matenal is removed from
higher portions of the suiface (i.e., peaks) while added to the lower portions of the
surface (i.e., troughs) during a redistribution process. A silicon-containing surface
with a surface roughness of about 6 nm root mean square (RMS) or more may be
transformed into a much smoother surface with a surface roughness of less than
about 0.1 nm RMS. '

{o008] In another embodiment, a method for etching a silicon-containing surface
is provided which includes removing silicon-containing material at a fast rate in order
to form a recess in a source/drain (S/D) area on a substrate. In another example, a
substrate is placed into a process chamber and heated to a temperature within a
range from about 500°C to about 800°C. While the substrate is heated, the silicon-
containing surface is exposed to an etching gas containing an etchant and a carrier
gas. Chlorine gas may be selected as an etchant used during a fast etch rate
3



to forma recess in a source/drain (S/D) area on a substrate. In another
exanple, a substrate is placed into a process chanber and heated to a
tenperature within a range from about 500C to about 800C. While the
substrate is heated, the silicon- containing surface is exposed to an etching
gas containing an etchant and a carrier gas. Chlorine gas may be sel ected as
an et chantygisfgogdiysi Ng a fast etch rate 3 WO 2006/0 sTobsldoiszr 006/ 002841
process that usually contains no silicon sources or a [ow concentration of a
silicon source. The silicon source nay be added to the etching gas to have
additional <control of the renpoval rate. f0009] In another enbodinent, a
process chanber is cleaned during a chanber clean process by exposing the

I nterior f ' r e
parti cul ats@zs)éé;srgl"aﬁ% lﬁsetgamggﬁf'{aaﬁnﬁﬁgonggﬁmﬁgeu#% @Ir]? (')(r% Ss;"ng1 aé%ggn tﬁgt?a IFE&Y] contain
a silicon-sounteai Mhagilicont soured mafebey addeplito the) etching gasy td bava mdditidnaldur i ng an

et chant cl e Therefore, besides an etchant and a carrier gas, the
rfiafPr s tatnevel e

et chi ng gas ain a silicon source to counter act any
over-etching caused by the etchant. In one exanple, a chanber clean gas
cont ai ns qobdooy i ndn gasthenecthbodinemt, a Aracass chambersis cleanledaduring tar dganbermay be

conbi ned wi,th the etchant, the, silicon source r bot-h. neral |y, the
process ci%?ﬂf'eprchsﬂg’gt SXPasing, they [fteaor st"'é%ﬁ%? ﬂdﬁ% R{H??sf?gg%rﬂﬁﬁrn%ta"cl ean
process tfm&hi@kﬁgh@go eébed particliawsedrih oepesamirints?  Thstintetiehsifaueess. | n

one exanpl e, e process, chanber may be heated to a  tenperature within a
range’ fr 0rHSélB'ﬁi]@’%BWCPt%"c&Btﬁ?Ptai’!“@)@@tﬂ'ﬂﬁ"i(ﬁ(f-iaq%@?t' mayebg, -démsgs [ 00101

I n anot hergupRg el dtBint cﬁeamsrgeéést OfhdrS1bF, Bésifes ahl ok @R BirAgr g&L.er i al  on

a substrate surface is provided which I nc¢ludes positioning a substrate

cont ai ni nghe gtohing; gasrman furthiea conipinta ailicorsaiessto eautareact aay @verglohingg t he
ctoni ng. prgasadby febctcAsh s ohe Bkhblond ol dferdas BitaRe ARARE b0 1
deposi t i orangasilanenAxiamierggast kechcas pitiogen,guay be dombinedi witnthedatchand, tha
epi taxi al s‘ﬂl%gr? Ssiotuirc%r,] oqu?o S SGeFleergﬁv,itrr]ng [grggess chamber is heated to a higher
temperature during a chamber clean process than during either a slow etch process
or a fast etch process. In one example, the process chamber may be heated to a
~ temperature within a range from about 700°C to about 1,000°C during a chamber

clean process.

[0010] In another embodiment, a method for forming a silicon-containing material
on a substrate surface is provided which includes positioning a substrate containing
a silicon material within a process chamber, and exposing the substrate to an
etching gas containing chlorine gas and silane during an etching process. The
method may further provide exposing the substrate to a deposition gas containing
the chlorine gas and the silane during an epitaxial deposition process, removing the
substrate from the process chamber, and exposing the process chamber to a
chamber clean gas containing the chlorine gas and the silane during a chamber
clean process. In one example, the silicon material is removed during the etching
process at a rate of about 100 A/min or less, preferably, at the rate of about 10
A/min or less, and more preferably, at the rate of about 2 A/min or less. In another
example, the silicon matenial is removed during the etching process at a rate greater
than 100 A/min, preferably, at a rate within a range from about 200 A/min to about
1,000 A/min.



substrate fromthe process chanber, and exposing the process chanber to a
chanber clean gas containing the chlorine gas and the silane during a chanber
cl ean process. In one exanple, the silicon material is renoved during the
etching process at a rate of about 100 Am n or less, preferably, at the rate
of about 10 Amin or |less, and nore preferably, at the rate of about 2 Amn

or |ess. &%}a 3 exanple, the silicon material is ?%éﬁqw&%‘ilng t he
y, a

et chi ng process a a rate greater than 100 Al mn, prefér a rate
within a range fromabout 200 Amin to about 1,000 Amin. 4 WD 2006/ 083693
PCT/ US2006/ 002841 [0011] In another enbodi ment, a nethod for etching a
silicon-cont ai ni ng nmonocrystalline material on a substrate having at |east a

second material (e. 8’ mtpﬂ&e nmat eri al 3 oxi material, or
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containing chlorine gas and_a carrier gas, renpvi ng m?)r edet erm ned
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nmonocr yst al diliced nedupdd, al sudhy 43 siRieY edisidned rdidhiorebildhie fetrachi@ssiththem about
200 A per 'nutetosﬁbout OOQA per mnute to forma recess fqrmatlon

within a s ghigroglisilang Waf%tr’@[ﬂ%tqfé’c@mbﬂ‘@'%‘dﬂﬁf%’f ardthe cardergasy be
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usual ly contalns silicon | con- germani um si | i con-carbon,
si |'i con- gerpragessnehambasds heatagoat aé@mp@atunewetbm agenge dombiahaet $90°Chier eof .

about 700°C and pressurized at a pressure within a range from about 10 Torr to
about 750 Torr. The monocrystalline material may be removed at a rate within a
range from about 200 A per minute to about 1,000 A per minute to form a recess
formation within a source/drain area on the substrate. The source/drain area may
be used within a CMOS, Bipolar, BICMOS, or a similar device. The epitaxial layer
usually contains silicon, silicon-germanium, silicon-carbon, silicon-germanium-

carhon, a derivative thereof, or a combination thereof.

[0012] In another embodiment, a method for forming a silicon-containing
monocrystalline material on a substrate is provided which includes exposing a
substrate to @ HF-last wet clean process, positioning the substrate within a process
chamber, exposing the substrate to an etching gas comprising chiorine gas and a
carrier gas, and removing a predetermined thickness of the silicon-containing
monocrystalline material to form an exposed monocrystalline surface. The method
may further provide depositing an epitaxy layer on the exposed monocrystalline
surface in the process chamber, and cleaning the process chamber with the chlorine
gas to remove silicon-containing contaminant adhered thereon. The epitaxy layer
may be deposited by a deposition gas containing chlorine gas and the carrier gas
may be nitrogen. In one example, nitrogen and chlorine-gas are co-flowed during

the process chamber clean step.



[00127 In another enbodiment, a nethod for formng a silicon-containing
nonocrystalline material on a substrate is provided which includes exposing a
substrate td a HF-last wet clean process, positioning the substrate within a
process chanber, exposing the substrate to an etching gas conpri sing
chlorine gas and a carrier gas, and renoving. a predeterm ned thickness of

t he silicow@eons/esssesng nonocrystalline material to fop@rasrosedRaaed
nonocrystal line surface. The nethod may further provide depositing an
epitaxy layer on the exposed nonocrystalline surface in the process chanber,
and cl eaning the process chanber with the chlorine gas to renove
silicon-containing contam nant adhered thereon. The epitaxy |ayer nay be

deposited tgmgpqﬁ@@mpm"g@pm AWIRGschl orine gas and the carrier gas

may be nitroge and chl orine-gas are co-fl owed
during th moce& AR emanhecm whiely théSaM&%Iﬁé&&&@t&ﬁesY&TmﬂiiBG&ﬁbﬁle
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had by reference to enbodi ments, sone of which are illustrated in the

appended dﬂh’ﬂ'ﬁ@g in the appanged drawings;, “H‘-é)@%b%m‘qdhbf)w@v&f’ Hisb theapprendedwi ngs
illustrateq %Ié }ﬂ%ﬁeﬁb Wﬁ/ﬂlcﬁ?&ﬁﬁo@iﬁneﬁ@o rﬁ%ﬁt% Sl afy ﬁleaég@r%q{d? re not

to be consi Imting of"Its scope, elnventlon may mt to other
equal |y efd betqouelderasblumhnmpé fts [sommlfonr@memlohsnay fadowl tohether eiquallgt i ng a

process for é&%té“{'%?ﬁté con-containing material by one enbodi nent

descri bed herein i gures 2A-2C show schenmatic illustrations of a
substrate at different stages during a process described herein; [0016]
Fi gure 3 i $oaalf | oWigtine i tis délpWGIhiartg:leaicﬁngaeprecefssriorttrmhgragsiﬁcon-containing

silicon-con enbodi nent described herein; [0017]
Fi gures 4An}ﬂ§f®\§g/ogg%bﬁgﬂe$ﬁe§§ﬁggﬁ]e5ﬂg of another substrate at
[0015] Figures 2A-2C show schematic illustrations of .a substrate at different

stages during a process described herein;

[0016] Figure 3 is a flow chart depicting a process for treating a silicon-containing
material by another embodiment described herein;

[0017] Figures 4A-4C show schematic illustrations of another substrate at
different stages during a process described herein; and -

[0018) Figure 5 is a flow chart depicting a process for fabricating substrates and
thereafter cleaning the process chamber by another embodiment described herein.

DETAILED DESCRIPTION

[0019} Embodiments of the invention provide processes for etching and
depositing silicon-containing materials on substrate surfaces. In one embodiment, a
slow etch process (e.g., <100 A/min) and fast etch process (e.g., >100 A/min)
utilizes an etchant and a silicon source within the etching gas. In another
embodiment, thé process chamber'is exposed to an etching gas during a chamber
clean step for removing deposits or contaminants from the interior surfaces. In
another embodiment, a process chamber is cleaned during a chamber clean



different stages during a process described herein; and [0018] Figure 5is a
fl ow chart depicting a process for fabricating substrates and thereafter

cl eani ng the process chanber by anot her enbodi nent descri bed herein.

DETAI LED DESCRI PTI ON [ 0019] Enbodi nents of the invention provide processes
for etching and depositing silicon-containing materials on substrate
surfaces. m&ﬂﬁpdlnent a slowetch process (e.g., <100 An1n) and f ast
etch process ?&S >100 Amin) utilizes an etchant anJC§"§Wpﬁ@Bﬁ‘source
within the etchlng gas. In another enbodi ment, the process chanber is
exposed to an etching gas during a chanber clean step for renoving deposits
or contamnants fromthe interior surfaces. In another enbodi nent, a process
chanmber is cleaned during a chapber clean 6 WO 20061083693 PCT| US2006/ 002841
process by %m.ba@mﬂ@ng theinterjor syraers-af the proresp chamber ionamBichinggagn
etching ga %E?H‘ contam nants. Slow Etch Process
(pre- cleanngJHOJ ﬁ?g%%%gg%hﬁhg?gaﬁg?aﬁgprocess (e.g., <100 Amin) may be
conducted to renove contam nants and surface |rregular|t|es such as
roughness, lpwiteh Pipeessfpge-clean andsmogthne aspect, the. substrate surface
may be etched to expose an underlayer free or substantially free of

cont am nantgoza)l N A QIAE btchS PRbss f(BTgeréﬂio lenz IAgays BE SddndiuBted o RifovaRY be
redi stributed to mnimze or renove peaks and troughs that attribute to

surface ircog@minanty cand surface) iragulatiing, aush Bs Jeugknesshdramis tsubskiates
exposed 10 RRasd, Ch!nnanaaisg%wt%%‘%% %hﬁaéé‘tm%,g b 'ei&féa &Plé&ﬁgse %ﬂd a“

optional ° Carrier gas eral [~ reaction controll ed 1rh part
mani pul at i ngdetiayer freg or |substantmﬂyrfeaee@f cmintamgam:c Haahotied aslbﬂnt,smateuahofsour ce,

{amer at ur & RS ee 7Y B4 FsSimedlo iiRipCifsSioé Besls AL HRIR0, "

pr e-treat nitidt amibmesle sudage regularitiese Dadmmeeslewsmﬂ'f proeess) thé bmstmtésrsquent
et ching process re-fseatnent process ude a wet ¢l ean process,
Such ns 5 AEBPes 0t Bichld Ge neHlaG Aopichan, 2 3iigon sodres, and an Sptena

carrier gas. The overall reaction may be controlled in part by manipulating the

relative flow rates of the etchant and the silicon source, using a specific etchant
source and a silicon source and by adjusting the temperature and the pressure.

[0021] The substrate may be exposed to a pre-treatment process to prepare the
substrate surface for the subsequent etching process. A pre-treatment process may
include a wet ciean process, such as a HF-last process, a plasma clean, an acid
wash process, or combinations thereof. In one example, the substrate is treated
with a HF-last wet clean process by exposing the surface to a hydrofluoric acid
solution (e.g., about 0.5 wi% HF in water) for a duration of about 2 minutes.

[0022} Figure 1 illustrates a flow chart depicting process 100 for removing
contaminants 212 and rough areas 218 from substrate 200 that is graphically
illustrated by Figure 2A. Substrate 200 contains silicon-containing layer 205 and
surface 210. Contaminants 212 and rough areas 218 are contained on and in
surface 210. Rough areas 218 may be formed by peaks 216 and troughs 214 within
surface 210. A predetermined thickness 220 of material from silicon-containing
layer 205 may be removed during the slow etch process to reveal exposed surface
230 (Figure 2B). Subsequently, layer 240 may be formed on exposed surface 230
during an optional deposition process (Figure 2C). In one example, layer 240

contains a silicon-containing material deposited by an epitaxy deposition process.
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wash process, or conbinations thereof. In one exanple, the substrate is
treated with a HF-last wet clean process by exposing the surface to a
hydrof luoric acid solution (e.g., about 0.5 W% HF in water) for a duration

of about 2 minutes. [00221 Figure 1 illustrates a flow chart depicting
process 100 for renoving contam nants 212 and rough areas 218 from substrate
200 that iwopoemBiessl |y illustrated by Figure 2A. Subsirngitusdfidacont ai ns

silicon-containing |ayer 205 and surface 210. Contam nants 212 and rough
areas 218 are contained on and in surface 210. Rough areas 218 may be forned
by peaks 216 and troughs 214 within surface 210. A predeterm ned thickness
220 of materi al fromsilicon-containing |ayer 205 may be renoved during the

sl ow etch ess S f 1 2 u jrent ly,
| ayer 240 %&Jﬁgﬁge‘?gg%e@qgﬁ% @&%ﬁoﬁgﬁé%%g{fw?@t | olr:&?iﬁ eposi tion
process (Fsljjumrecd]@lnlngwmatwatsxmmamusla:petratéa@urfmstmmsutwmlés sach asnt ai ni ng
mat eri al d o] ess. 69
PCT/ uszooegﬁ'g'%?i% 2%6‘%‘] 2@78@@%’8‘%? ?ﬁg a’lﬂ%‘% TogHes %"é\go %q%‘g‘g)c Ases to
etch and dé&pdsirate” or Fsmnat@cmirhce‘l agused kereinl refars to any substrild oF hedtealsur f aces
and substratl%ée ﬁf':n substrates 200 and 400 and J ayers 205 d 405

2 Eﬂ 2@:)

(Fi gures 2AY a gubstals upany which, film, progessing” i, perdered, 5 Fpge g

herei n ref gkgmple, AN ¥ubstRRE I lrficB! oBWIER Qiroce%'slhbaﬁﬁ?{f@é erdwhea rﬁurhaérate
upon which film processing is_perfornmed. For  exa substrate surface on

whi ch_pr ocEWisnals sugh awsiieon, sillearrcppiaining-malegalsy ﬁ'émn %ﬁ@ﬂ- a@l@ﬁd piliean,

silicon-co on on
*sul ator A bR dlBSH (YT it E6PeP iERe UAERES, Supfi Wped Sieblr O
oxi des, si bxides siiconinitsideddepati sili¢an silicors genmwrgemhmn gelwnannwmmbcyer rram um

gﬂ]g?nmat egjl';"g;?ésu Mﬁ]’e @&ﬁ{)ﬁ %%H)(?n t‘-ffgﬂé“p%g"k‘g réﬁz{s%e@aﬁﬁly raﬁg@ﬁfﬁ‘gce'#my al so

i ncl ude di depariding onnmeeapplicatlaucm subshatei swofacdi may dalso Shtlude rdislettric de,
silicon oxynitride, .and/qr carbon d can- oxi de Substrates may have
vari ous. o HelelalnSut 3 HeohSaR e, SPERRda ARAR AR AT SEO% o e |
as, rectangopad siidonsexidese Ptisbates may have various dlmensmns such as 200 mm or

300 mm diameter round wafers, as well as, rectangular or square panes.

Embodiments of the processes described herein etch and deposit on many
substrates and surfaces, especially, silicoﬁ and silicon-containing materials.
Shbstrates on which embodiments of the invention may be useful include, but are
not limited to semi‘con.ductor wafers, such as crystalline silicon {e.g., Si<100> or
Si<111>), silicon oxide, strained silicon, silicon germanium, doped or undoped
polysilicon, doped or undoped silicon wafers silicon nitride, and pattemed or ron-
pattemed wafers:

[o024] Throughout the application, the terms “silicon-containing” materials,
compounds, films or layers should be construed to include a composition containing
at least silicon énd may contain germanium, carbon, boron, arsenic, phosphorous
gallium and/or aluminum. Other elements, such-as metals, halogens or hydrogen
‘'may be incorporated within a silicon-containing material, compound, film or layer,
 usually with concentrations of about part per milfion (ppm). Compounds or alloys of
silicon-containing materials may be represented by an abbreviation, sﬁch as Si for
silicon, SiGe, for silicon germanium, SiC for silicon carbon and SiGeC for silicon
genhanium carbon. The abbreviations do not represent chemical equations with
stoichiometrical relationships, nor represent any particular reduction/oxidation state
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Enbodi nents of the processes described herein etch and deposit on many
substrates and surfaces, especially, silicon and silicon-contai ning
materials. Substrates on which enbodi mrents of the invention nmay be useful

i nclude, but are not limted to sem conductor wafers, such as crystalline
silicon (e.g., Si<100> or Si<til>), silicon oxide, strained silicon, silicon

ger mani um ‘gag(g,gmﬂg,gundoped pol ysilicon, doped or und;}gq.ﬁjgg,%%ﬁgﬁr waf ers

silicon nitri and patterned or non- patterned wafer oughout
the application, the ternms "silicon-containing" materials, conmpounds, filns
or layers should be construed to include a conposition containing at |east
silicon and may contai n germani um carbon, boron, arsenic, phosphorous

gl 11 UM andlo Bleh 0 A et e ibon SRRy IRiGNdLs, DRRNBNE Myl 00"

may be incorpora con-"cont al ni and, 111 m or
| ayer, usualthyerswidy inclode sabsiatesror substedte surfpasst per million (ppm.
Compounds or alloys of silicon-containing materials may be represented by an

abbrevi at i uc LI i Lj.C i . i lican [ i C for
silicon ca?@%zﬁfanzb %ﬁ@@a‘r\g{ 2s1|§I %)}&O%J}'a&gr %ﬁ%.lﬁﬁ@%ﬂir%@ﬁ%%gdﬁ%% g&”&i ons do
not repr esendideshaittides, halides (s flubddes ot chlordes)yairrdomibinatioha tthereshi per nor
represent an rticular,reduction/oxidation stat. WD .2006/ 08369

PCTI US2006 X958, Syftacs 210 Fay Gontain & Jayes ioh §ilicRn %%'&%PE‘?’ keing 86995833? g!eni ng
materials, AAKBAVAIEST nidyl dBhtain @ laya 6l SlidoRYuorigs Bfter BERGFCAtARF with aSHBStrat e
surfaces. [00251 Contam nants 212 on surface 210 i ncl ude organi c residues,

car bon, ~~oxagleretdpanpraeass. rrtage210anqy alse cempindeagyariias orpaiens! aregs
combi nati ong rbiHrRaL, subRlas tREBPL T4 ahd pbaksz Al MitlifYoldhdrekd o3s] aver of

. : u .
silicon oxide arter belng expdsed to t ent alt or nmay contain a |ayer
of silicon fluoride after being treated wwth a HF |ast wet-clean process.

Surface 2109%8Y al Substiain 20thmayhequasitioned athifya pragess shamberand kgatedigyhness,
200 may be Hhner iRt bl 1107, TR Blbef and i e ot e
t enper at ur engy beheates) completely be arparioratheredido feroperature twithire A range from
about 300°C to about B0Q°C, preferably, from about 500°C to about 700°C, and
more preferably, from about 550°C to about 650°C. The process chamber may be
maintained at a pressure within a range from about 1 mTorr to about 760 Torr,
preferably, from about 0.1 Torr to-about 500 Torr, and more preferably, from about 1

Torr to about 100 Torr.

[0027] In one embodiment, a cold wall reactor is used as a process chamber for
processes conducted at lower temperatures. A cold wall reactor may provide
temperature control of each independent portion within the reactor, such as reactor
walls, reactor dome and substrate susceptor. Usually, the reactor dome may be
formed from quartz. In one example, the cold wall reactor may have reactor walls
maintained at a temperature less than about 400°C, preferably, less than about
200°C, and more preferably, less than about 150°C, a reactor dome maintained at a
teniperature within a range from about 300°C to about 800°C, preferably, from about
400°C to about 700°C, and more preferably, from about 500°C to about 600°C, and
a substrate susceptor maintained at a temperature within a range from about 300°C
to about 800°C, preferably, from about 500°C to about 700°C, and more preferably,
from about 550°C to about 650°C.



may be heated conpletely or a portion thereof to tenperature within a range
from about 300C to about 800C, preferably, from about 500C to about 700C,
and nore preferably, from about 550C to about 650C. The process chanber may
be nmuaintained at -a pressure within a range fromabout | niforr to about 760
Torr, preferably, fromabout 0.1 Torr to about 500 Torr, and nore
preferably (g qut 1 Torr to about 100 Torr. [00%%%n} ﬁwﬁnbodinent a
cold wall reac or i's used as a process chanber for processes conduct ed at

| ower tenperatures. A cold wall reactor may provide tenperature control of
each independent portion within the reactor, such as reactor walls, reactor
done and substrate susceptor. Usually, the reactor done may be fornmed from

quartz. ex I C 1 0 v 0

mai nt ai ned[(a%lﬁa tznrrgg’?c ntéfiaﬁ Ae(a ({@hh “é‘%g@?‘ eﬁﬁﬂ@éc%?sefsé g?é) ('Iq"ess ?rﬁan about
200C, and etu:hantpaesiheoalsqueIaaslsantd]mmalmamerbﬁ@CTha etchant,ahe diicen swurog ai ned at
a tenperatu wthin ara rom ahout 300 bout 0 eferably, from
Sbout 200810 resater 55 AR ArSPIke: Br HPURT o ndepandaak Tewt TS B0

600C, and ﬁ)c&b@ehdrﬁlbér Ih 9A6 Rispéct"Neldtehdit dndla carig R’ AbWithertd-owed I ange

f rom about 300C 8tabOUt 800C, Spreferably, from about 500C to about 700C,

and nore pPefeMkined togetherhas shaes gwdlre, dha silicen sgutce and\a caitien a3 663
PCTI USZOO%M%lﬂovL&O%éoJﬁﬁe@wd&ﬁw #28 rgagﬁﬁixm hﬁg tgsewélgaw Ribdpedr OCESS

(step 120) contains an | chant, "a silico ource an n thonal carrier
gas. The etr@udmcc»ﬂme%tqgeﬂm psiot fc enteringl thenprocass thambers yeanie.ean xed,

co-Ttoned ghs WRMEROB 8Ll Bhe YRibaeh fab 8 cPfiBASP MG AT Bilcock rlRibeRSPoct

t he et chan a carrier gas are owed her as a
gas m xt ur wjth almeixtiré lotsltarmcandau'cregai\ ancanotiies exgaplea agyasanixtue o(:ohlbhumed or

conbi ned together a a xture and the t m.xt ures e co-fl owed
Coget her phngpiigeliod PR Gofiaied Biedlte brbastheide WA A fBtrd ™ SIEd st ure
of chl ori nandihgdragén.ogen may be co-flowed into the process chanber with a
m xture of silane and nitrogen. I n another exanple, a gas m xture of chlorine

[oo29} Preferably, the etchant is chlorine gas (Cly). In one example, it has been
found that chlorine works exceptionally well as an etchant for silicon-containing
materials at temperatures lower than processes using more common etchants, such
as hydrogen chloride. Therefore, an etch process utilizing chlorine may be
conducted at a lower process temperature. The silicon source may be administered
simultaneously with the etchant in order to counter act any over-etching of
susceptible surfaces on substrate 200. The silicon source is used to deposit silicon
on the silicon-containing layer while the etchant removes the silicon-containing
material. The rates at which the etchant and the silicon source are exposed to the
substrate are adjusted so that the overall reaction favors material removal and/or
material redistribution. Therefore, the overall reaction is removing or redistributing
silicon-containing material and the etch rate may be finely controlied to several
angstroms per minute.

[0030] The etchant is usually administered into the process chamber at a rate
within a range from about 1 standard cubic centimeters per minute (sccm) to about 1
standard liters per minute (slm), preferably, from about 5 scem to about 150 sccm,
and more preferably, from about 10 sccm to about 30 sccm, for example, about 20
sccmn. While chlorine is the preferred etchant, other etchants that may be used
solely or in combination include chlorine triflueride (CIFs), tetrachlorosilane (SiCls), or

a derivative thereof.
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and nitrogen nmay be co-flowed into the process chanber with a m xture of
silane and hydrogen. [00291 Preferably, the etchant is chlorine gas (Cl2).
In one exanple, it has been found that chlorine works exceptionally well as
an etchant for silicon-containing materials at tenperatures |ower than
processes using nore comon etchants, such as hydrogen chloride. Therefore,

an etch prog ?ﬁ“ 5_4"6;{' zing chlorine my be conducted a 11{50 rocess
terrperature.8 e'ld5| 'J‘lcon source may be adm ni stered s%ﬁ% é‘i\i\?@{’ﬂgﬁ‘y with the
etchant in order to counter act any over-etching of susceptible surfaces on
substrate 200. The silicon source is used to deposit silicon on the

silicon-containing |ayer while the etchant renoves the silicon-containing

terial. The rates at.which the etchant and the sili d
[0 the  sutliBPh o AL Selute B Tl Py RS prodery SR dPE S, or) o

removal anddtel proteisss al ar efé Withirbdtrafge froRfaBO@T § scEMetoOuBoR| 300 8ddh,i On i S
r emovi ng or %{ee?l ?tl’l butb&g silicon-containing material and the etch rate may

be finely JUft R réf?"_? abah A sgem Yo about 108 seam, andimere pmt%slziy,_fm abp¥thant i s
usual Iy admgigingiedboutted éd&ﬁ;,%pm;&,%m%o%cﬁ..r@i,pé'on %Mr@éé"tr%t e from

about 1 standard cubic centineters per mnute (sccm to about 1 standard
liters per bha nged ipsthe) eichingfipelude \silapes nhalpganatesl silanes, corg@msilangn eccm

and ore PELEERNEY ndhea™ Sighbs TIFEC T T8PH 70 SERD) et 200U

20 sccm lorine is re er e ants that may be
used sol elgmpirical fioroatd Bibljzi.gnsuchchs disilaniel (Si:Hg)e trisilameé (Riglils) caridleokagilane

tetrachlorggilane (SiGl4), or adericvatiyve.thereof. 10 WO 20061083693
PCT/ USZOOG%%U%@Q’l ag[ﬁ%ffs ol Nﬁ%gq%%ﬁ'g&%%s ﬂl‘;ﬁ}%ﬂel gompgun ea\"lﬁnﬁ'& t he
process c haegbﬁricél wnmjla)wysamgngﬁ,rmese?s intlependently véledted foni BNQE By erm about
5 sccmto out , 500 scan .ef erabl.y rom gbout, 10 seem.tq . ghout 100 secm
and nore pﬁgf%b??, ﬁ?);agh{og%ﬂ{anezglgfé@mtgga%eglag@ Z§{§E)- ftﬁé‘qgfﬁ'me, about
50 seem . 3CISHYN dRBIOrESANS IBLSTARY and @hlefdiland (CIBHS! ThrigaBodiaabs fRIRie! anes,
hal ogenat ed si | anes, _org?an03| | anes, or
compounds 'with the empirical formula R,SiHpx2y, Where R is independently
selected from methyl, ethyl, propyl or butyl, such as methylsilane ((CH3)SiH3),
dimethylsilane  ((CHa3)2SiHz), ethylsilane  ((CH3CHy)SiH;),  methyidisilane
((CH3)Si;Hs), dimethyldisilane ((CHs).Si>H4), and hexamethyldisilane ((CH3)sSis).
The preferred silicon sources may include silane, dichlorosilane, or disilane.

[60321 The carrier gas is usually provided into the process chamber at a flow rate
within a range from about 1 sim to about 100 sim, preferably, from about 5 sim to
about 80 sim, and more preferably, from about 10 sim to about 40 sim, for example,
about 20 sim. Carrier gases may include nitrogen (N}, hydrogen (Hz), argon,
helium, or combinations thereof. In one embodiment, an inert carmier gas is
preferred and includes nitrogen, argon, helium, or combinations thereof. A carier
gas- may be selected based on the precursor(s) used and/or the process
temperature of the slow etch process of step 120.

[0033] Preferably, nitrogen is utilized as a carier gas in embodiments featuring
low temperature (e.g., <800°C) processes. Low temperature processes are
accessible due in part to the use of chlorine gas in the etching process. Nitrogen
remains inert during low temperature etching processes. Therefore, nitrogen is not
incorporated into the silicon-containing matenials on the substrate during low
temperature processes. Also, a nitrogen carrier gas does not form hydrogen-

temminated surfaces as does a hydrogen carmier gas. The hydrogen-terminated
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derivatives thereof. Silanes include silane (SiH4) and higher silanes with
the enpirical formula SixH(2,+2), such as disilane (Si2H6), trisilane
(Si3Hs), and tetrasilane (S4Hlo), as well as others. Hal ogenated sil anes

i ncl ude conmpounds with the enpirical formula X ySigH 2,,22,y), where X is
I ndependent | y sel ected fromF, A, Br, or 1, such as hexachl orodisil ane

(Si 2Ch), t‘gb +353°S' | ane (SI d 4) trichlorosilane p&1BSlobbeo2ékCchl or osil ane
(Cl2Si H2) orosilane (CISIH3). O ganosilanes include conpounds with

the enpiri cal for mul a RySi xH(2x+2-y), where R is independently selected from
met hyl , ethyl, propyl or butyl, such as nethylsilane ((CH3)Si H3),
di net hyl sil ane ((CH3)2Si H2), ethylsilane ((CH3CH2)SIi H3), nethyldisil ane

((CH3) Si 2Hgrfacds Fatiravl tﬂf‘ tﬁblaaaﬁPflsﬁbBWcﬁbaé#&amanea%ﬁ w&buénpdté shifate

((CHa)6Si 2). The preferred silicon sources may include silane,
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ni t rogen, mmnogérelblﬂhmbamérgwbl natlons thereof. A carrier gas may be
sel ected based on the precursor(s) used and/or the process tenperature of
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carrier gas on t substrate sur
etch rate used in a particular process. The etch rate of a slow etch process is

usually less than about 100 A/min, preferably, less than about 50 A/min. In one
embodiment, the slow etch rate is within a range from about 2 A/min to about 20
A/min, preferably, from about 5 A/min to about 15 A/min, for example, about 10
A/min. In another embodiment, the etch rate is about 2 A/min or less, preferably,
about 1 A/min or less, and more preferably, approaches a redistribution of material
on the substrate such that the net removal rate is non-measurable relative to the
thickness of the layer. As the etch process is slowed to a redistribution reaction,
material of sificon-containing layer 205 may be removed from peaks 216 and added
to troughs 214 within surface 210 to form exposed surface 230. Troughs 214 may
be filled by the material derived from peaks 216 and/or virgin material being
produced by the introduction of precursors (e.g., silicon source) within the slow etch

gas.

[0035] A slow etch process may be utilized to reduce the surface roughness on
* substrate 200. In one example, surface 210 with a surface roughness of about 6 nm
root mean square (RMS) or more, may be exposed to a slow etch gas to remove
material from silicon-containing layer 205 by predetermined thickness 220 to reveal
exposed surface 230. Exposed surface 230 may have a surface roughness of about

1 nm RMS or less, preferably, about 0.1 nm RMS or less, and more preferably,
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inhibit the growh rate of subsequently deposited silicon-containing |ayers.
Finally, the |Iow tenperature processes may take econom c advant age of
nitrogen as a carrier gas, since nitrogen is far | ess expensive than
hydrogen, argon, or helium In one exanple of an etching gas, chlorine Is
the etchant, silane is the silicon source and nitrogen is the carrier gas.

10034] . - SyBshisRbRex 00 and surface -210. may be exposerhR.@eod84y €t ch- gas
to renove a predeterm ned thickness 220 of silicon-contalning [ayer 205

during step 120 (Figures 2A-2B). Surface 210 is etched during the renoval of
the predeterm ned thickness 220. The slow etch gas is exposed to substrate
200 for a tine period within a range from about 5 seconds to about 5

m nut es, pr f ‘ ' " unt of
e s ad) Gtk SR oy RO, Ehftminiis 22 MY b RefARUL AcBrBlbay abBGedl0 " 00
etch rate oénardh surface R1fraregemoved dusinglprgcdse st h &ixpasaslisudd® 230 ig

preferably, a l N, | ne _enbodi nen the.slow etch rate
P i oG e By RBant et R comeifontS SRAEETRIe, plehBjel BB o
about 5 A/ ntarbbm, exides, nfrid¥sy lalidéor(egyaflipdritiesabo whictidesyV ¢f Bombinhatities her
enbodi nent, ,the .etch rate is about 2 Amn or less, preferably, about 1 A/mn

or |ess, \an@'efﬁﬂf'e preferably, approaches a redistribution of nmaterial on the
substrate such that the net renoval rate is non-neasurable relative to the
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Troughs 214giByatebZod, wHid@Hinir BthaiBbE tHeagroW@ ity fedibsaiksht %éﬁoéﬁébﬂ or

virgin material being Br oduced the i niroduction of precursors (e.dg.,
silicon souPfeegss\fsien i3Phe Dyring, alovhpregadre purgerogess; e prasespchbamber nay be
utilized to h f | t€1 2o npl e,
surface 210'"\%7?%9?1 égufl%gZigéel %ﬁsg rﬁéﬁ@@ﬂﬁ?%g u{rag‘bﬁﬁnélﬂr(g?)t négl#l@ggg@r?b?RNB) or
nmore, may bEomxpetesably,dram sibout 00hTemdo aboutettbVer, amd endra lpréferably, from
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about period within a range from about 30 seconds to about 10 minutes, preferably, from
about 1 minute to about 5 minutes, and more preferably, from about 2 minutes to
about 4 minutes. Generally, all of the gas entering the process chamber may be
tumed off. However, in an altemative aspect, a purge gas may be administered
anytime during the purge process. A purge gas may include nitrogen, hydrogen,
argon, helium, forming gas, or combination thereof.

[0037] Layer 240 may be deposited on exposed surface 230 during step 130.
Preferably, layer 240 is a silicon-containing material that may be selectively and
epitaxially grown or deposited on exposed surface 230 by a chemical vapor
deposition (CVD) process. Chemical vapor deposition processes, as described
herein, include many techniques, such as atomic layer epitaxy (ALE), atomic layer
deposition (ALD), plasma-assisted CVD (PA-CVD) or plasma-enhanced CVD (PE-
CVD), plasma-assisted ALD (PA-ALD) or plasma-enhanced ALD (PE-ALD), atomic
layer CVD (ALCVD), organometaliic or metal-organic CVD (MOCVD or OMCVD),
laser-assisted CVD (LA-CVD), ultraviolet CVD {UV-CVD), hot-wire (HWCVD),
reduced-pressure CVD (RP-CVD), ultra-high vacuum CVD (UHV-CVD), derivatives
thereof, or combinations thereof. In one example, a preferred process utilizes
thermal CVD to epitaxially grow or deposit a silicon-containing compound as layer

240 on exposed surface 230. The deposition gas used during step 130 may also
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1 nmRM or less, preferably, about 0.1 nm RVS or | ess, and nore preferably,
12 WD 2006/ 083693 PCT/ 11S2006/ 002841 about 0.07 nm RMS. Contam nants 212 and
rough areas 218 previously disposed on or in surface 210 are renoved during
process 100. Exposed surface 230 is wusually free or substantially free of
contam nants that include organic residues, carbon, oxides, nitrides,

hal i des (e wip 200é/b836931 des or chl.orides), or conbinati OnfClegﬁﬁﬁ?(ﬁ%MI 10036] An
optional purge process nay be perforned within the process chanmber during

step 125 (Figure 1).-The purge process hel ps renpove- residual etch gas from
substrate 200, which in turn enhances the growth during the subsequent
deposition process (step 130). During a | ow pressure purge process, the
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However , i SiarcikieCe rqeped\angBisctherect, o ¢eqabinationsdhersel. o armasiugt @ad/obnyt i ne
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many techni

ues, such as.atomc |ayer I faxy..(ALE) . atam ¢ | ayer deposition
(A | ol as oS sed PhadRuie didne ey ) debiinom riskeedl' 2 Sopdtl Foay e
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containing material by exposing the substrate to an ion implantation process.

[oo38] - In another example, a CVD process called altemating gas supply (AGS)
may be used to epitaxially grow or deposit a silicon-containing compound as layer
240 on exposed surface 230. The AGS depoéition process includes a cycle of
aIterhating exposures of silicon-sources and etchants to the substrate surface. An
AGS deposition process is further disclosed in commonly -assigned and co-pending
United States Serial No. -11/001,774, filed December 1, 2004, entitled “Selective
Epitaxy Process with Altemnating Gas Supply,” which is incorporated herein by
reference in its entirety for the purpose of deséribing an AGS process.

[0039) Process 100 may be used to etch and deposit silicon-containing materials -
within the same process chamber. Preferably, the slow etch process (step 120) and
the subsequent deposition process (step- 130) are performed within the same
process chamber to improve throughput, be more efficient, decrease probability of
contamination and benefit process synergies, such as common chemical precursors.

~ In one aspect, a slow etch process and a deposition process each utilize the same
silicon source, the same elchant and the same carmier gas. For example, an efch
gas for a slow etch process may contain silane, chlorine, and nitrogén, while a
deposition gas for a selective, epitaxial deposition process may also contain silane,

chlorine, and nitrogen. The concentration ratio of the silicon source and the
' 14



| aser-assisted CVD (LA-CVD), ultraviolet CvD {UV-CVD), hot-wire (HACVD),
reduced- pressure CVD (RP-CVD), ultra-high vacuum CVD (UHV-CVD); derivatives

t hereof, or conbi nations thereof. In one exanple, a preferred process
utilizes thermal CV/D to epitaxially grow or deposit a silicon-containing
conpound as | ayer 240 on exposed surface 230. The deposition gas used during
step 130 may al so. 13 WD 2006/ 083693 PCT/ US2006/ 00294]?6!9@3%}0&8?1'[ | east one
secondary HEABI%3 sour ce, such as a ger mani um source and/or a carbon
source. The germani um source nmay be added to the process chanber with the
silicon source, etchant and carrier gas to forma silicon-containing
conpound. Therefore, the silicon-containing conpound may contain silicon,

SiG, SIC_.S ed.. | A \ ' ' Ger mani um
andi or carsSeEREmaY R a0Y Bl INaRR pribecs I shARinaGl  pELED ter " i g
ger nani uhm Irzoue eaampley the g:encmﬂm}ljﬂn aat_iclapf:thebsiﬁcmm @nad dhe redhichayrit 43 : ane)
uring the, deposition rocess. ..The siljcon-containjng conpound. may..al so
cont atn dolrEgelyb PG dmstpR . o HRire? axgnbleq e IR o HiE o
source (e. gttheallizbnepurcerand thé estueking issdeckaised @o pnibte apleehdieple) during or
after the deposition process. The dopant may be included within the silicon
source, etgh carrier gas to forma silicon- containing conpound.
Al ternati nggtfgﬁcﬁgﬂrggﬁgﬁt may be added to the silicon- containing material by
exposing the substrate to an ion inplantation process. [00381 .In another
exanpl e, afocadp pr bt asstheelelnbddimhérd) adhastnatcly psocaspdbyg.,(AIEH) A/m‘a_ynm bsed to

epi t-axi al | y-grow or deposit ~a sil.lcon-cont.aining., ound ,as ] ayer 240 on

exposed sulfelli> s8lotVaRE orhale B it contatios Sl drim csubsbple ditsee:

al t er nat i Nghe XASS BichS pficess lid GO BBt @fchaF@ceé@ hanbmol® dilkBnwdhtdidinge

surface. An AGS deposition process is further disclosed in commnla/ assi gned
a

and_co- peniatRial Wiiteclgaving hasrietematariakynscathesh | Bamer malegalsopag ifdida, 2004,
entitled " SRbSrhntR, st BXide TEOGRDM diﬁéergih'id@ <N dpdefE Bappiny | e'r's,yﬂi chis

i ncorporated herein by reference in entirety for the purpose o
descri bi ngmask Aeteiai®cess. fo00391 Process 100 may be used to etch and deposit
silicon-containing nmaterials

foo41) Figure 3 illustrates a flow chart depicting process 300 is initiated by
positioning the substrate into a process chamber and adjusting the process
parameters during step 310. The substrate and the process chamber may be
heated completely or a portion thereof to a temperature within a range from about
400°C to about 800°C, preferably, from about 500°C to about 700°C, and more
preferably, from about 550°C to about 650°C. The process chamber is maintained
at a pressure within a range from about 1 Tosr to about 760 Torr, preferably, from
about 0.1 Torr to about 500 Torr, and more preferably, from about 1 Torr to about
100 Torr.

[0042] The etching gas used during the fast etch process contains an etchant, a
carrier gas and an optional silicon source (step 320). In one example, the etching
gas contains chlorine, nitrogen, and silane. The etchant may be provided into the
process chamber gas at a rate within a range from about 1 sccm to about 100 sccm,
preferably from about 5 sccm to about 50 sccm, and more preferably, from about 10
sccm to about 30 sccm, for example, about 20 scem. While chlorine is the preferred
etchant during a fast etch process, other etchants that may be used solely or in

combination include chlorine trifluoride, tetrachlorosilane, or a derivative thereof.

15



wi thin the sane process chanber. Preferably, the slow etch process (step 120)
and the subsequent deposition process (step 130) are perfornmed within the
same process chanber to inprove throughput, be nore efficient, decrease
probability of contam nation and benefit. process synergies, such, as conmnon
chem cal precursors. |In one aspect, a slow etch process and a deposition
process eag pfelobdss£ the same silicon source, the sagprRissdigithsdnd the sane
carrier gas. For exanple, an etch gas for a slow etch process may contain
silane, chlorine, and nitrogen, while a deposition gas for a selective,

epi taxi al deposition process may al so contain silane, chlorine, and
nitrogen. The concentration ratio of the silicon source and the 14 WD

2006/ 08369(3oRfrT! UPRORGREPBALL uoh A p0Rba FRY IEpRELUSI Bl oh Bl IBrOver 2|

process to encourage a pa n one" exanp S EIRUR ati on
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deposi tion atlo of t g silicon
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Process [ Oa¥dlt ﬂmsmot(f:m'neleghseil nﬂytmclﬂdé &hﬁto@hp hy@bgelesarg()ﬁ, gelnurﬁ’l«QO Am n)

may be wused to sel ect renove_ a  Silicon-containing nater fro
Cobstrat o Slpbiatons oo in' G1a FrppdRiRct St ert Ghier 008 (oY

renove sil in@[ﬁﬂe§@nﬁi’=o’§jeﬁ' a onWefirh 2br %mbmah&%vmaed@awc%h B! indl Hénscat hed.
Barrier materials nma ude silicon nitride, silicon oxide, or silicon

oxyni t ri des¢jeded has aea?%pre@urﬁpr(ﬁ)guaegmdéor the progesk teraperatuse gunrpmtm] Fi gure
30l
! Ust"a&l%ﬁmp rﬁrbeé/gscck?agté %ﬁ@' %?a%?ﬁﬁ%q%rﬁ@ouée% #‘ht egré duf | tioning

the substrate t0o a process cha usting the proc neters
duri ng st epmbadimemisdegiwing low terapatature (g9.0€866°C Ipsordessestaln dre exampled

COmB! el YR bbb 50 KRR bl oh R B iR oo .o 2ot

preferably, from about 550C to about 650C. The process chanber |s naintained
at a pressippd] wi tini soree emipdinienisy alsiioon Solermay bebaptionag0added to theef er abl y,
from etching gas for providing additional control of the etch rate during a fast etch
process. The silicon source may be delivered into the process chamber at a rate
within a range from about 5 sccm to about 500 sccm, preferably, from about 10
sccm to about 100 sccm, and more preferably, from about 20 sccm to about 80
sccm, for example, about 50 scem. The etching gas may contain a silicon source,
such as silanes, halogenated silanes, organosilanes, or derivatives thereof, as

described herein.

[0045] Substrate 400 contains at least one film stack feature 410 (Fig 4A).
Silicon-containing layer 405 may be a doped or undoped, bare silicon substrate or
include a silicon-containing layer disposed thereon. Film stack feature 410 includes
gate layer 412 on gate oxide layer 414 surrounded by spacers 416 and protective
capping layer 418. Generally, gate layer 412 is composed of a polysilicon and gate
oxide layer 414 is composed of silicon dioxide, silicon oxynitride, or hafnium oxide.
Partially encompassing the gate oxide layer 414 is a spacer 416, which is usually an
isolation material containing silicon oxide, silicon nitride, silicon oxynitride;
derivatives thereof, or combinations thereof. In one example, spacer 416 is a
nitride/oxide stack (e.g., SisN4/SiO./SisNs). Gate layer 412 may optionally have a
protective capping layer 418 adhered thereon.
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about 0.1 Torr to about 500 Torr, and nore preferably, fromabout 1 Torr to
about 100 Torr. [0042] The etching gas used during the fast etch process
contains an etchant, a carrier gas and an optional silicon source (step
320). In one exanple, the etching gas contains chlorine, nitrogen, and
silane. The etchant may be provided into the process chanber gas at a rate

within a rwﬁ,g%‘;sg&about 1 scan to about 100 sccm pﬁ%ﬁﬁ@m\hsﬁf om about 5

sccmto about sccm and nore preferably, from about sccmto. about 30
sccm for exanple, about 20 sccm Wiile chlorine is the preferred etchant
during a fast etch process, other etchants that nmay be used solely or in
conbi nation include chlorine trifluoride, tetrachlorosilane, or a derivative

t hereof. 1 20 §g.g% sétﬂ? ) S

usual l'y pri‘\)/i?;ed ﬁﬁ{?%ﬂ-ﬁ?g?@cée% &gr@rg%géoﬁaf ﬁv#?tgggg%stth?%mg@gnge from
about 1 sl rpredeteintine nebsi2H ok silicerbeontaininglayerd0b éhdsfonm taorecedsn4®0,80 sl m
and nore prgf c o] . S r | about
20 slm Cara(rg"i %’[rp ?Cg%%‘ens H%’g'f/é ?ﬁc Ft”fégtﬁﬁif‘glo‘%‘gr{?%ﬁ%%%‘é’ n%dpaspégen‘,ﬁ%gqq}g%ﬁ?eor

conbi nat i orperiot evithdf a range fremeatbmd | 10esdconds to abodt X avinutes, preferalsly, pkaher r ed

and includes pitr.oge r ,heliu or conbi.nations .t hereqf carrier gas
Ty be seitbopbh mAETe PR E mRdies; e amo e i Pl el the

t enper at ur extchiratagsddia a PAHCINDBESRE SThedtcts ke o2 fast BichlbcdysYis usidliyogen is
used as a carrier gas duri .enbodi nents featuring | ow,tenperature (e.g.,
<800C) pr odadecthan aboyt, é%%ﬂ- preferahlys fasterifan, &5’“%0?%”’“‘% guctt @habRocess
cont’ai-ns’ chhgry ‘3N eh el fire H 44810 1S QRBHE! | XYRTH. Sprefarabiy, | | source
may be opt ih%%a‘lwzg/ﬁnad(;gae tfg&tﬁﬁéeb°"£§§ﬁf%34"g£g?§?tegj?g€i d rlldstggﬁiriﬁ?l%ng?ﬁcontrol

of the et clbeut indp abgut 3:008: Ahmin,Jeexample, Bbeut§0Q Aminsour ce nay be
delivered into the process chanber at a rate -within a range from about 5

seem t 0 abqylsz500 1§ %ﬁmexﬁﬁlﬁfe?i@%%hiné&f&é?g%ﬁgutg@g%ﬁ%"arl‘aétorra?é)ﬁ%n%g seem

and nore preferably, from about sccmto seem ftor exanple, about

50 sccm Thke qwedatergnined thisknessnt2b, rand $an rasticed Upce, slowuete pEocsss daes,
hal ogenat egiouf e rer4ifAG ¥hfaBl.e STheOfedlbdd ¥ithinkCratd Rely°BE cofitfolled by a

slow etching process described by process 100.

fo048] An optional purge process may be performed within the process chamber
during step 325. The purge process helps remove residual etch gas from substrate
400, which in turn enhances the grdwth during the subsequent deposition process
(step 330). During a low pressure purge process, the procéss chamber may have
an intemal pressure within a range from about 0.1 mTomr to about 100 Tbrr,
preferably, from about 1.0 mTorr to about 10 Torr, and more preferably, from about
10.0 mTorr to about 1 Torr. The purge-process may be conducted for a time period
within a range from about 30 seconds to about 10 minutes, preferably, from about 1
minute to about 5 minutes, and more preferably, from.about 2 minutes to about 4
minutes. Generally, all of the gas entering the process chamber may be tumed off.
However, in an altemative aspect, a purge gas may be administered into the

process chamber anytime during the purge process.

- {0049} Once the predetermined thickness 425 of substrate 400 is removed, layer
440 may be deposited during step 330 (Figure 4C). Preferably, layer 440°is a
silicon-containing material that may be selectively and epitaxially deposited on the
exposed surface of recess 430 a CVD process. In one example, the CVD process
includes an AGS deposition technigue. Altematively, recess 430 may be exposed to
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descri bed herein. [00461 Substrate 400 contains at |east one film stack
feature 410 (Fig 4A). Silicon-containing |layer 405 may be a doped or
undoped, bare silicon substrate or include a silicon-containing |ayer

di sposed thereon. Filmstack feature 410 includes gate |ayer 412 on gate
oxi de |l ayer 414 surrounded by spacers 416 and protective capping |ayer 418.

General ly, b & 412 is conposed of a polysilicon xi de | ayer
e @“@‘s or S‘%"ﬁ’”‘dﬁn [

414 i s conpose i 1icon dioxide, silicon oxynltrlde oxi de.
Partially enconpassing the gate oxide layer 414 is a spacer 416, which is
usually an isolation material containing silicon oxide, silicon nitride,
silicon oxynitride- derivatives thereof or conbinations thereof. In one

exal e, R0k A frafor erlbld b5, BScbRtn S ler NS e
t her eon. lﬁrdd@sQOQIﬂé)BﬂéiﬁﬂeRﬂ%{ Hﬁﬂﬂ@@r&%&%lud&%ﬁﬁnﬂmmﬂ)rﬁﬁmmm%

Chi cknese A9BSR REon. RBROERYH P Ayar. 408y bR P BpiRcLblE Resirass

depi cted |fhe|?ﬂegégse434)13. The etching gas is exposed to substrate 400 for a

time period within a range from about 10 seconds to about 5 m nutes,
preferably, from about m nut e to, about nutes, The anopunt of tinme is
bo g

3
adj ust ed r B3 veProFesRS g used to-Righ F‘ﬂdg‘efﬂ%{?"ter“wpﬁnfﬁ@ﬂgﬁteﬂﬂ% etch
rate of a fapb seﬁefbraé%%amb%r UPI#PérhMIy, e FaetdH 518 cafOahd tHeGubBbduent

preferably, faster than about A/ m(n, such as at a rate within a range
f r ofi-about deRAsitignmisrpartoraedyn: tl1e e@memmﬁesmﬁiéa@b%rbnwlmﬁrp\(ﬁnthraﬁdmutrzbe Al min

to about 1,00 ofidieht, J&Leéé%a%l@@?&ﬁntﬁ%amm bLQ&ﬂ@ro&d%s 'e the

et chi ng process nmay 'be at a rate to renove e pre m ned
t hi ckness m aenommmercheeﬂtaai eweatmscas slirpene awnplueobethsthedastmtdmproceae

ctoni ng r S LB uecliE ARG forkioioe Mol s TS BBy el und ooess
may be perélﬂoli&day\anbtohahmmm$@cﬁbergasiur| ng step 325. The purge
process hel ps renove residual etch gas from substrate

[oo51] Figure 5 illustrates an altemative embodiment of the invention that
includes cleaning the process chamber after finishing fabrication techniques during
process 500. The substrate may be exposed to a pre-treatment process that
includes a wet clean process, a HF-last process, a plasma clean, an acid wash
process, or combinations thereof (step 510). After a pre-treatment process and prior
to starting an etching process described herein, the substrate may have to remain
outside the oontrolled environment of the process chamber for a period of time
called queue time (Q-time). The Q-time in.an ambient environment may last about 2
hours or more, usually, the Q-time last much longer, such as a predetermined time
with a range from about 6 hours to about 24 hours or longer, such as about 36
hours. A silicon oxide layer usually forms on the substrate surface during the Q-time

due to the substrate being exposed to ambient water and oxygen.

[oos2]  During step 520, the substrate is positioned into a process chamber and
exposed to an etching process as described herein. The etching process may be a
slow etch process as described in step 120, a fast etch process as described in step
320 or both. The etching process removes a pre-determined thickness of silicon-
containing layer from the substrate to form an exposed silicon-containing layer.
Subsequently, an optional purge process may be performed within the process
chamber (step 525). Thereafter, a secondary material is deposited on the exposed
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400, which in turn enhances the growth during the subsequent deposition
process (step 330). During a | ow pressure purge process, the process chanber
may have an internal pressure within a range fromabout 0.1 mlorr to about
100 Torr, preferably, fromabout 1.0 mTorr to about 10 Torr, and nore
preferably, fromabout 10.0 niforr to about 1 Torr. The purge process may be
conducted for a tine period wthin a range from about 30 seconds to about 10

m nutes, preP2P8H83P3 {rom about 1 ninute to about 5 niPRHUSTRLpr e

preferably, from about 2 mnutes to about 4 minutes. Generally, all of the
gas entering the process chanber may be turned off. However, in an
alternative aspect, a purge gas nmay be adm nistered into the process chanber

anytinme duripg the pur roces 49 ce the predeterm ned thickness 425
o Subet  at eishocereind fuRh Fipasan) Vsiisy s secanilspt Meskr ) i aysAouRenss
(Fi gure 4C) epifdiRile 'dpb¥ited 8¥i66n-6ditainglcorfipduirldN-TheNtahdYititth &4 hay hat may

be sel eCtiVi?wl@é and epitaxiall de_gom ted on the exposed surface of recess
430 a CVD pislbdaedhe Plﬁcﬁﬁ%sé@agﬁﬁcﬁ,eq dering\stepy 3@ and 33Ac I @es embodingent,

deposition ' | exposed to 17 WO
2086?6856936@%%%%?88%@8%9 g%g%{%de(?%ﬁ?%wdp%eég ;S)ri or to the

deposition of |ayer 440, such as a doping process. One exanple of a doping
process i nclomdds i drehamben slean pocess, isyperducted insisienthe( progess ishamhber to

phosphor ous ' [ n kWO I £ L£Cess
430. [0050] regﬁﬂé)ig 3@"3‘695 gabrr}@“%%ﬂﬁ g@%b@otsgeﬂjc ﬁﬂé?h dkgzg'pgs F{ngseleﬁ iQ,f(,:% r(lj E@g%.{.gf ni ng

mat eri al-s processes smay - form cdspsit$ aarbeontarRinantsr abl syrfacke Willsin thecpropesscess and
t he subsequ e |t | S- r LN t he sane -process . chanpber, to

| nprove t hr%@'moegt ﬁ?sglgﬁy,ﬁfﬁ? ﬁ@?ﬁﬁ:‘?@ﬁ@%8%’3@%‘8‘“&%0‘5‘5@?’1‘% ?d'b%}eﬁ%hﬁﬁ nation
and benef i t wallscarebsstherinnegsuefaces sfihle pscesshambeh eThereforpy ® chambarscledm one
exanpl e, both the fa%tﬁ et afg process .angd the s,@lnectd' ve, ,eé)l axi al [deposition
process of BIOSPSs 8y, De 4isedita oy Apmiapiswhile il damagiag interiar SiEAces, ng

ni trogen aSonhéEfdcb@écmﬁber[ 0051] Figure 5 illustrates an alternative

enbodi mrent of the invention that

[oes4} In an example of process 500, the substrate is first exposed to a HF-last
process. The substrate is placed into a process chamber and exposed to an eich
process that contains chlorine and nitrogen at about 600°C. Thereatter, the process
chamber is exposed to a purge process. Subsequently, a silicon-containing layer is
epitaxially deposited on the substrate by a deposition process utilizing chlorine and
nitrogen at about 625°C within the same process chamber. Thereafter, the
substrate is removed and the process chamber is heated to about 675°C and
exposed to-a cleaning gas containing chlorine and nitrogen. Preferably, the etchant
and the carrier gas are the same gases used during steps 520 and 540.

Chamber Clean Process

J0055] In another embodiment, a chamber clean gas containing a silicon source
may be used to remove various contaminants from inside a process chamber during
a chamber clean process, such as step 540. The interior surfaces of the process
chamber usually contain a silicon-containing materiai (e.g.. quartz) that may be
damaged during a traditionial etchant clean process. Therefore, besides an etchant
and a carrier gas, the chamber clean gas may further contain a silicon source to

counter act any over-etching caused by the etchant.
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I ncl udes cl eaning the process chanber after finishing fabrication techniques
during process 500. The substrate may be exposed to a pre-treatnent process
that includes a wet clean process, a HF-|last process, a plasna clean, an
acid wash process, or conbinations thereof (step 510). After a pre-treatnent
process and prior to starting an etching process described herein t he
substrate RRY2006068s950 remain  outside the controlled epy, f t he
process chanber for a period of tinme called queue tlne The Qtime
i n an anbi ent environnment nmay | ast about 2 hours or nore, usually, t he
Qtime |ast nmuch | onger, such as a predetermined tine wth a range from
about 6 hours to about 24 hours or |onger, such as about 36 hours. A silicon

oxi de Iaye ual f 0 durd due to
t he substrgte bei ?l-g %%%esd&%%rhgen'f)#'esﬁ 6‘%@2?‘%% o><ry§gwe¢ld.2>g %ngr}?p%“ ng step
520, the shb\ﬂngateunfa;:eptmttls sheuthically ovulngrable dosarc letohiast. aAlso, thepinteridrt o an

hi Th h be a sl h
or ocess. s S, PoelpaterEhPeB il i Préiein DRSS naR & POBET st op
320 or bot boat'ﬁlgahattas Ivulmgrarmmceaa ewmmueseaerpnﬁﬁﬁeeihtémeduﬂé&etwﬁah@f

silicon- contain er fro t he substrate to form an, expose .
s: I : con- COHP&PTL‘F! hggrl’égf/may g auﬁlfﬁ%lnf""g’r'f"%tsf’gﬁ%ﬁ Sgb'ﬁpﬁ)fp‘ﬂ)‘%?e&'c%y be
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[0057] The cleaning process includes heating the substrate susceptor to a
temperature within a range from about 600°C to about 1,200°C, preferably, from
about 650°C to about 1,000°C, and more preferably, from ebout 700°C to about
900°C, for example, about 800°C. The process chamber may have an intemal
pressure within a range from about 1 mTorr to about 760 Torr, preferably, from
about 100 mTorr to about 750 Torr, and more preferably, from about 100 Torr to
about 700 Torr, for example, 600 Tomr. In one example, a cold wall reactor is used
as a process chamber and may have reactor walls maintained at a temperature less
than about 400°C, preferably, less than about 200°C, and more preferably, less than
about 150°C and a quartz reactor dome maintained at a temperature within a range
from about 300°C to about 800°C, preferably, from about 400°C to about 700°C, and
more preferably, from about 500°C to about 600°C.

[0058] The cleaning process is conducted for a time period within a range from
about 30 seconds to about 10 minutes, preferably, from about 1 minute to. about 5
“minutes, and more preferably, from about 2 minutes to about 4 minutes. A chamber
cleaning gas may contain an etchant, a silicon source and a camier gas. Preferably,
the etchant, the silicon source and the carrier gas used during the chamber cleaning

process are the same gases used during a previous fabrication step, such as a slow
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process may be used to renove contam nants whil e not damaging interior
surfaces of the process chanber. [0054] In an exanple of process 500, the
substrate is first exposed to a HF1last process. The substrate is placed
into a process chanber and exposed to an etch process that contains chlorine
and nitrogen at about 600C. Thereafter, the process chanber is exposed to a
purge process. Subsequently, a silicon-containing layer is epitaxially
deposi t ed oWO®PfE 083§t rate by a deposition process uti [FCITUSQo06Me2841i ne and
nitrogen at about 625C within the same process chanber. Thereafter, the
substrate is renoved and the process chanber is heated to about 675C and
exposed to a cleaning gas containing chlorine and nitrogen. Preferably, the
etchant and the carrier gas are the sanme gases used during steps 520 and
540. ChanbetchGQbreasssRoror st eltb(Bbtedsn Ereoétobantandgobe providedhintththelprocessean gas

cont ai ni ng stligon source nmay .be used tg remnove,various gcontani ts from
nsi de a peoaabe’ i diamiRs clash iR 4 R Wibitasenoe fiew a1, 540
T_hle_ i nt eri @ecrubfaoas 1ob_s1n’|ﬁ.e?mf@mag§ froghabdg ansso%hi tbb abdéljtaé alng. én one
silicon-containjng materi e.g., quartz) that nay be damaged during a
traditi onale"@‘P‘E‘?aﬂle E‘PB%W%%%@S&’. 'a%@‘r %‘?‘%‘H‘ e, S'Weﬁf%%’ébﬂnaE?‘ﬂh%§lm- & a
carrier gasmoréHfefe R @bobt 20 3I823n BERYthBH BkdifpleC el dtiard haks!d AW aeUsce to
counter act any over-etching caused by the etchant. 19 WD 2006/ 083693 PC
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Al so;-the-interior. surface or conponentia I'n the prbcess. chanber
may have a tiflustide;itetrachlarosilaneg hexachlaredisitanecoraddrivativesaherept hant . General | y,
these interior surface within the process chanber nmay contain a

L ' - i . UL \ L bi de.
i1 con cantee¥e canpiicBhouiit e berhiBied i the ffbcefd pfifmod airfne™ U c°
t her eof , orhamber claan pneceash et eofate withist 4 eangex ol about iBescont ter about 900f ace i s

2t g?;?la'sgoré}rﬁi ppriepegab ,rf];'c?r%eabvc\)'iu{ %8 stcgr% 8'about 5 s rp‘a R ‘one gxua%]plg,sthsets%l%loh
source has a fiow rate of about 5 sim, preferably, about 10 sim, and more preferably,
about 20 sim. In another example, the silicon source has a flow rate of about 50
sccm, preferably, about 130 scem, and more preferably, about 1,000 sccm. Silicon
sources that may be used in the etching include silanes, halogenated silanes,
organosilanes or derivatives thereof. Silanes include silane (SiHs) and higher
silanes with the empirical formula SixH(ax.2), such as disilane (SizHg), trisilane (SigHg), -
and tetrasilane (SisH1o), as well as others. Halogenated silanes include compounds:
with the empirical formula X'ySixH(z,Hé.y), where X' is independently selected from F,
Cl, Br or I, such as hexachlorodisitane (Si-Cls), tetrachlorosilane (SiCly),
tn'chlorosilane (Cl3SiH), dichlorosilane (Cl;SiHp), and chlorosilane (CISiHs).
Organosilanes include compounds with the empirical formula RySiHex.2.y), where R
is independently selected from methyl, ethyl, propyl or butyl, such as methyisilane
((CHg)SiH3), dimethylsilane ((CHs).SiHy), ethyisilane ((CH3CH2)SiH3), methyldisilane
((CHa)SizHs), dimethyldisilane ((CHa)2Si:Hs), and hexamethyldisilane ((CHg)eSiz).

Preferred silicon sources may include silane, dichlorosilane, or disilane.

[0060] The carrier gas may be provided into the process chamber during the
chamber clean process at a rate within a range from about 100 scem to about 100
sim. In one example, the camier gas has a flow rate of about 20 sim, preferably,
about 50 slm, and more preferably, about 100 sim. In another example, the carrier

gas has a flow rate of about 100 sccm, preferably, about 1 slm, and more preferably,
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steel, iron, nickel, chromum alum num alloys thereof, or conbinations
thereof. The interior surfaces nay be on the interior of the walls, floor,
and rid of the chanber, as well as internal conponents or portions thereof,
such as a susceptor, a linear, an upper done, a |ower donme, a preheat ring,
a showerhead, a dispersion plate, a probe, or the Iike. [005i] The cl eaning
process i ting the substrate susceptor to a_tenperature within a
range fro%ﬁabou?’déggc to about 1, 200C, preferably, fr SR HBEPI%B0oC t o about
1, O00C, and nore preferably, from about 700C to about 900C, for exanple,
about 800C. The process chanber may have an internal pressure within a range
fromabout 1 mlorr to about 760 Torr, preferably, from about 100 mTorr to

about 750 Torr,,  a referably, from about, 100 Torr to about 700 Torr,
For exanp| G068 ST, 1 Carial GRRSLI IS TG Oa OGP EHIng SoReRgoNns o

process chiglRAl oRt@niHRatiBAY thérBact i é"@l’éférréﬂi'eﬂéﬁgléech hambbeERANAGaY € | ess
t han about 400C, &referabl , less. than about nore preferably, |ess

than abougontainEcaindne gasilane apd @ eamelJas. ﬁwm@%FW@GGE{ Aacharpbrirel@an e wi t hi n
a range f 0 about
200, and PR R e ts Lot cpilitimdis of W phentdredenpl s

cl eani ng pﬁudb@sdnacbsedmnugommmwr agsignerk Uh&r iRatemti Noi 6,842, aﬁg.evmmms about 30
seconds to, I Q4

Seconds " Qo ndil o pye S it iAo ol s L

chanber cdepeaﬁedgaﬁgapmmysmgmah individwe] chbsttate ar aftbr multipde substrates] car rier

Pref bi th t th I dth rrier:- d
during t e e e R e T

previous fglpstraRt] om ﬁhémer enampRs tile thamiber c%anvi@oé’@&wmed after
PCT/ US2006/ 002841 etch process or a fast etch ﬁrocess The et chant _may be

provi ded iRPERISHY Pt SsuibstRlgandh anathen gxamelec AParpPIcess sat a rate
within a r%ﬂﬁd@&%ﬁbﬁﬁﬂé&s&ﬁb evéry m%uﬁgﬁaﬂ S. 1%1&@1 S‘Jn%'ié‘h{ refnafm @bout

100 scan to about 5 s one " exa the et w rate of
about 5 siimthepmcessiehamberisiunng the gipambeg@pan process, preferably, he substrate -

is removed and the process is perffoomed oh an empty chamber.

[0061] Embodiments, as described herein, provide processes that may be
utilized during fabrication processes for Metal Oxide Semiconductor Field Effect
Transistor (MOSFET) and bipolar transistors, such as Bipolar device fabrication
(e.g., base, emitter, collector, and emitter contact), BICMOS device fabrication (e.g.,
base, emitter, collector, emitter contact), and CMOS device fabrication (e.g.,
channel, source/drain, source/drain extension, elevated source/drain, substrate,
strained silicon, silicon on insulator, and contact plug). Other embodiments provide
processes that may be utilized during gate fabrication processes, base contact
fabrication processes, collector contact fabrication processes, emitter contact

fabrication processes, or elevated source/drain fabrication processes.

[0062) The processes of the invention may be conducted on fabrication
equipment used for ALE, CVD, and ALD processes. A system that may be used to
etch or deposit the silicon-containing films as described herein include the Epi
Centura® system or the Poly Gen® system, both available from Applied Materials,
Inc., located in Santa Clara, Califomia. A process chamber useful to etch and
deposit as described herein is further disclosed in commonly assigned U.S. Patent
No. 6,562,720, which is incorporated herein by reference in its entirety for the
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nore preferably, about 20 sim In another exanple, the etchant has a flow
rate of about 50 scan, preferably, about 130 sccm and nore preferably,
about 1,000 scorn. Etchants that nay be used within the cl eaning gas include
chlaorine, chlorine trifluoride, tetrachlorosilane, hexachiorodisilane, or
derivatives thereof. 100ss] The silicon source may be provided into the
process chanber during the chanber clean process at a rate wthin a range
from about WO 28088360 about 100 sim preferably, fromprsIaisee0s0@s4accm t 0
about 5 sIm In one exanple, the silicon source has a flow rate of about 5
slm preferably, about 10 sIm and nore preferably, about 20 sIm In another
exanpl e, the silicon source has a flow rate of about 50 scan, preferably,
about 130 scorn, and nore preferably, about 1,000 sccm Silicon sources that
may be useobxjrpnstehef demm thecappiratus) aOther ehablinge appadtusek dnelade baich

or ganosi | anes _or yﬁt vesﬁa& hereof . Silanes include silane (SiH4) and

hi gher sil gwggew:a? © ée'gﬂﬁ li"gé'l'mf'%‘?ﬁ‘rul a Si.H(2x+21, such as disilane
(Si2H6), trisilane (%), - and tetrasilane (Si4Hlo), as well as others.

Hal ogenat ecEXAMBLES i ncl ude conpounds- with the enpirical for mul a

X ySi"H 2+2- Y) where X is independently selected fromF, , Br or I, such

as hexachi sil e ) si |l ane
(CI3Si H) ﬂ‘ or oSl ef%@hﬁ&%tpé@an %!"ahg yﬂ% é’&‘gh%ﬁ q—%idhﬁ%'gégﬁom | anes
i ncl ude corvpafellsdmthm ah BphGerturd® system favailblafrenAppiied Maesdls, wbeloeafed i s

[ ndependent I 1Y% teq@nr om net hyl, ethyl, propyl or butyl, such as

net hyl.sl and %—@? TYnet. hyl si| ane ((CHS) 2SI H2) ,. et hyI si |l ane.

((CH3CH2) si H3) met hyl di silane ((CH3)Si 2H5), di et hyl disilane ((CH3)2Si 2H4),
and hexanetfbgshyi SIEmmulé (1 GHPre8iedh . prodése fodmpachtive | withint Sitaries €A, sub}ttrmacl ude
Tht ot he prEEcESRRANBeR HirlaRy PLiEss dRdnpbe tiariepisanetod sulken; AP t hi n a
range fromgubsitite MUY S1868H inaha pRoidest @hambbiiind ReAted 16°aB0TH €00°0 Whifcthei er gas
has a flow rate of about 20 sIm preferably,_ about 50 sIm and nore

pr ef er abl y,Pra$seiR wasomaimainee aérﬂh‘%‘\'éﬂoel‘é'ﬁpl Ehe sHbstiprwas exgasechia ag | ow

rate of abQini Cr%)%a Eérithin 1?9 CAEPhoW rat8 OF hbdut 20BIm AN IR aPricW Pit8'crBbdwt 21 WO
2006/ 083693 PCT/ US2006/ 00

120 sccm. The surface was etched at a rate of about 500 A/min.

[0065] Example 2 — Pre-clean process with silane: A substrate was exposed to

an HF-last process to form a fluoride terminated surface. The substrate was placed
in the process chamber and heated to about 600°C while the pressure was
maintained at about 20 Torr. The substrate was exposed to an etching gas
containing N at a flow rate of about 20 sim, Cl, at flow rate of about 20 sccm and
SiH, at a flow rate of about 50 scem. The surface was etched at a rate of about 10
A/min. Therefore, the addition of a silicon source, such as silane in Example 2,
reduced the -etch rate of the sificon-containing layer by about 50 times as compared
to the etch rate in Example 1.

[0066) Example 3 — Smoothing process comparative without silane: A substrate
surface containing a silicon-containing layer was cleaved fomming a surface with a
roughness of about 5.5 nm root mean square (RMS). The substrate was placed in
the process chamber and heated to about 650°C while the pressure was maintained
at about 200 Torr. The substrate was exposed to an etching gas containing N; at a
flow rate of about 20 sim and Cl, at flow rate of about 20 sccm. The suiface was
etched at a rate of about 200 A/min.

23



about 10 sIm Carrier gases may include nitrogen, hydrogen, form ng gas,
argon, heliumor conbinations thereof. In a preferred exanple, a chanber

cl ean gas contains chlorine gas, silane and a carrier gas, such as nitrogen.
A chamber clean process that nay be used within enbodi nents of the invention
described herein is further disclosed in commonly assigned U S. Patent No.

6, 042, 654, wilobdhsleds | Ncorporated herein by reference P‘d:hﬁstzﬁlﬁ)ﬁ%hr ety. The
chanber cl ean process may be repeated after processing each 1 ndividual
substrate or after nultiple substrates. In one exanple, the chanber clean
process is conducted after processing every 25 substrates. In another
exanpl e, the chanber clean process is conducted after processing every 5

substrates, |n angther, exanpl.e he chamber DI OCESS i conducted after
bl i RS, v o SleBl 0 RESsEA FUTHGE ¢ ne

processingtg ry 065 -Fates A Ho g0 5

process chasrgihindd siligntdmtahingigler 0t abaped fidming » satsdeitly a réughnesg®st rat e
I s renoved fagg thg process isaéf)erforme%i on gn errptéS chanber . |'{§'2061)

Embodi ment € %‘_"d ScPMHEPT fRsat] SIUHPov | B%_Sb' 5'6%133‘@ tﬂ'%ﬁedn’éw Proge$t i zed
during fabghgrathdraihd?h@AB88 36 bl 65 AIhfi e praasiireOnas! pdintalnieal 4t dBouect

Tr ansi stora(gNDSFET and bi polar transistors, such as Bipol ar device

fabri cat i 0A00 ferrg Thesybstrate was:exposedla a elshinggee centainiag No@t edlom) ratesi ovos
devi ce fabggj ' -k ] , I ar Lt , and
S dev oot St 20 s G, ot Adi# Al of ot 3ol anBIA, ot &bk rle GFabfiCSd

ext ensi on, sesimey Fhe dudacer was dichad at a uitetaf abeut 20sAiminndhesiuface ioughnbsson on

I nsul at or, onkact, o 7 r .enbadi mpnt s, arovi.de .. processes fhat may
be utili ze‘é!ggﬂ‘*r‘ﬁ'ﬁg‘t‘ SDa%‘%‘B*tgﬁ P@%’pgh 1&%@%@% , adgﬁg 0(! %n?“éc?&n soﬁg%r ?E%{{]i on
processes, assildneaised i Example 4,abdussal tho rtgh ratesithe silieonicbetairdmmnlaget by
fabricatio r sses, or_ el eyated urce/drain fabrication processes. [00621
The procesglécg‘igﬁ?w 4%1??(5'?&%“3‘%%9%8‘ '@fﬁ]’&fﬁf@gﬂ’l%ﬁ' fabrication equi pnent
used for ALE, CVD, and ALD processes. A systemthat may be used to etch or
deposit thmposs)!| i cExampletHi-rChigrife &eh g Jolloweddhyhsilicomepi deshiben Epi

Centura(r stem or the Pol. ne system. both avajlable fr i ed
Vateri ot & sibbate Sqniained a sorbeghploaH AifEe pg tpatyras that sfe Atoub 8 R icor
useful to ghdit D] nmd MRS bhdasbdi®SIBO Rmdapdt, Shdtings tHeU BiB6R stifa6d.0SHsb | N

comonl y assi ?ned U S, Patent .
subsfrate was placed in the process chamber and heated to about 600°C while the

pressure was maintained at about 40 Torr. The substrate was exposed to an
etching gas containing N at a fiow rate of about 20 sim and Cl, at flow rate of about
80 scem. The surface was etched at a rate of about 750 A/min. After about 30
seconds, about 35 nm of the silicon surface was etched. The silicon nitride features
remain inert to the etching process. The pressure was increased to about 200 Torr
and SiH; was added to the etching gas at a flow rate of about 50 sccm. The etch
rate was reduced to about 18 A/min to smooth the freshly etched silicon surface.
After about 1 minute, the smooth suiface is exposed to a selective epitaxy
deposition process by increasing the flow of SiH, to about 100 scem and maintaining
the flow of N> and Cl, unchanged. A silicon-centaining material was deposited on
the silicon surface at a rate of about 25 A/min.

[0069] Example 6 — Chlorine fast etch process. confaining silane: A silicon

substrate contained a series of silicon nitride line features that are about 90 nm fall,
about 100 nm wide and about 150 nm apart, baring the silicon surface. The
substrate was placed in the process chamber and heated to about 600°C while the
pressure was maintained at about 40 Torr. The substrate was exposed to an

etching gas containing N> at a flow rate of about 20 slm, Cl, at flow rate of about 80
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No. 6,562,720, which is incorporated herein by reference in its entirety for
the 22 WD 2006/ 083693 PCT/ US2006/ 002841 pur pose of describing the
apparatus. O her enabling apparatuses include batch furnaces and

hi gh-tenperature furnaces. EXAMPLES [00631 The foll ow ng hypot heti cal

exanpl es may be conducted on 300 mmsilicon wafers wthin an Epi Centurao
system avajvpaisheiss#m Applied Materials, Inc., |ocat e%cf)dkzcﬁ@)ﬂ{ ,C ara,
California. [0064] Exanple 1 - Pre-clean process conparative wthout silane:
A substrate was exposed to an HF-last process to forma fluoride term nated
surface. The substrate was placed in the process chanber and heated to about
600C while the pressure was maintained at about 20 Tort. The substrate was

exposed to i LAl i m and
a2 5t 11 ovithm S By S FLBAAU e, o st Wfs BlorSliia oo 8 O
about 500 Adbuuh40Q Ad6l] Exanple 2 - Pre-clean process with silane: A
substrate was exposed to an HF-|last process to forma fluoride term nated
surface. T bst j JPL Qcess: cha : at o about
GOOC\AhiIekt?WéPpre% Wa z Z malsie .'.."a". —=HTe Sub ﬂ%'{e‘was
exposed t o asiliedrcépitayiaf depositiont @rocessy the2substratef wasrenaiveddfonaheuchadibes] m  Cl 2

fl f ab 2 i oL f ab 0 . Th
Surface was 8 RRBERS Ehambelgik, fodied o ol o yhileliBe Breksufe Rt adlgil on of
silicon soubGloub8TaR. The piccdss chimbBl Rag expdsedUu6 e dteinghas comtumingf t he

silicon-containing | ayer abouyt times as conpared to the etch rate in
Exanmpl e 1.~ @@%?‘%E@%’rﬁf .ég‘_g“t'-z ' _c')agiaﬁ&owr%@ég§P€B‘n%§'f‘?i@'i‘¢/§'ﬂmactﬁBWt’agq | ane: A
substrate §WhbaceshP M hdiber ciddn fi8BsssWisPidndleteideabolRS nih@ayed form ng
a surface with a roughness of about 5.5 nmroot nmean square (RV5). The

substrate was placed in the process chanber and heated _to about 650C while

the pressurl@ths n‘elmlﬁ therferrgoing lgsacted do embprimentyokhsdivemtien.piierdibsed to
an et chi ng fiageComMbadiMeRt DRt infention may be devised without departing from the

basic scope thereof, and the scope thereof is determined by the claims that follow.
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flowrate of about 20 sImand Cl2 at flow rate of about 20 sccm The surface
was etched at a rate of about 200 A/mn. 23 WO 2006/ 083693 PCTRJS20061002841
[ 00671 Exanple 4 - Snoothing process with silane: A substrate surface
containing a silicon-containing | ayer was cl eaved formng a surface with a
roughness of about 5.5 nmroot nean square. The substrate was placed in the
process chanber and heated to about 650C while the pressure was mai ntai ned
at about 200 Torr. The substrate was exposed to an etching gas containing N2
at a flowrate of about 20 slim C2 at flowrate of about 20 seem and Si H4

at a flow&latms:of about 50 seem The surface was etched at a rate of about
20 Alm n. The surface roughness was reduced to about 0.1 nm RVMS. Therefore,
the addition of a silicon source, such as silane used in Exanple 4, reduced
the etch rlate of methed of ttbkﬁognastbinmabmﬁtaigingagﬂeariabyn a algwtrate 50rfadenegnisingonpar ed

to the etch rate in - Chor etch proces
ol | oved HysUphine gL Rgmotisita e cUiron Smeping BaERH, i h b ¢oPhB TGt
silicon nijhtblafRodebs\éhafndad; ur es that are about 90 nmtall, about 100 nm w de
and about 150 nrn apart, baring the silicon surface. The substrate was
pl aced i n exhesifg be sHisorsoniniamganaielind Ae adl etching|ges EorBPUTNERHIpENG gas. a gilisers ur e

was mai nt% Rﬁg fcf g%ﬁ&;tﬁazslg Tf%”eramee e§%§& il exposed to an etching gas

cont ai ni ng simant Cl2 at flow rate of about

80 sccm Thfowing thrcentaminaat mai@bradet@rﬁmeﬁehnolﬁnea@@ﬁme giliforAtoritaininAftatdriahbout 30
seconds, about 35 nmof the silicon surface was etched. The silicon nitride
features remain inert to the etching process. The pressure was increased to

about 200 oTorr thapghiidréF am la%%lﬁtﬂe ﬂ@oxﬁ&&ﬂénﬂiﬂg‘i&?a‘ferﬁa‘l istefnbf %{'Mit%trﬁe‘ﬂ{ about

50 seem The etch Trate was réduced to about - to snooth the freshly
et ched si la coangsur frame. aboditt €2 abouperl miimate e tot habostrodtth dur fpece mimuexposed
to a selective epitaxy deposition process by increasing the flowof SIH4 to
about 100 scan and maintaining the flow of N2 and Cl 2 unchanged. A

si |i con-cont ai nihendiRidesf @himBSwiieafthd BAcRY chdnieer 3¢ afiRdinéd 4l Peipatande I at e
of about 25 Am n.
in a range from about 500° C. to about 700° C.

4. The method of claim 3, wherein the carrier gas is selected from the group consisting

of nitrogen, argon, helium and combinations thereof.
5. The method of claim 4, wherein the silicon source is selected from the group
consisting of silane, disilane, dichlorosilane, tetrachlorosilane, hexachlorodisilane,

derivatives thereof and combinations thereof,

6. The method of claim 5, wherein the carrier gas is nitrogen and the silicon source is

silane.

7. The method of claim 2, wherein an epitaxy deposition process is conducted in the

process chamber after the removing step.

8. The method of claim 7, wherein the contaminant is selected from the group consisting

of oxides, fluorides, chlorides, nitrides, organic residues, carbon, derivatives thereof and

26



[ 0069] Exanple 6 - Chlorine fast etch process containing silane: A silicon
substrate contained a series of silicon nitride line features that are about
90 nmtall, about 100 nm w de and about 150 nm apart, baring the silicon
surface. The substrate was placed in the process chanber and heated to about
600C while the pressure was naintained at about 40 Torr. The substrate was
exposed to an etching gas containing N2 at a flow rate of about 20 slim Cl2
at flow rate of about 80 24 WD 2006/ 083693 PCTI US2006/ 002941 sccm and Si H4
at flow rate of about 40 sccm The surface was etched at a rate of , about 400
Ami n. [oo?&?m\’_j%étr‘ﬁﬂse 7 - Chanber dean process containing chlorine dhiedi | ane:
After a silicon epitaxial deposition process, the substrate was renoved from
t he chanber. The process chanber was heated to about 800C while the pressure
was adj ust @d t @habetiod@d@laio s, wheten hecobgratecih grprsed (g Wek ploareproeess frior

et chi ng gag, cont ai ni n% N2 at a flot/v rate of about 20-sl Clz at cijgrﬁg\érr ate
of about 2'°s|m andP&HU"H f1ow r'At%e of aboﬁt sl mP'ofRE chanber ean
process was conducted for about 2 m nutes. [oontI While the foregoing is
directed to enbodi nents of the invention, other and further enbodi rrents of

the inventilBn maPe methoshafsiaimg, prhstrin depabsirairyisraxpescd e ambest eonditings fenver eof |
and the scg Z(i)(} EF{H%Q 1n a%’?rg%tf?grﬁnagﬁﬂl§xo&rp?o AO%& E& ht()nl%tafgepg'leowet &én? ?&ace .

A met hod of € C|nga5| on-con nlngnaerlal on a substrate s
conpri si ngand posi t befdieng a gobisibniage compitd Si ng thee si | ipeawesscont aichamber.
material containing a contamnant into a process chanber; exposing the
silicon-containing material to an etching gas conprising chlorine gas, a

silicon sqyrceTRAGAnGPHT d15m 92Whakindtht §11R6H a&uslﬁmgqaaeﬁélafnnﬁé}omgpm@sn@
removi ng the contam nant and a pr edet erm ned t hi ckness of

si |'i con- comowghni ngpurfateer i athat 2. iFhe menéred of duriagm 1th€vmerem®thIge step.
silicon-containing material is renoved at a rate in a range fromabout 2 A
per mnute to about 20 A per mnute.

12.  The method of claim 1, wherein the step of removing further comprises:

forming a recess in a source and drain area on the substrate.

13. A method of smoothing a silicon-containing material on a substrate surface,
comprising:

positioning a substrate into a process chamber, wherein the substrate contains a silicon-
containing material comprising a first surface roughness of about | nm RMS or greater;
exposing the silicon-containing material to an etching gas comprising an etchant, a silicon
source and a carrier gas at a temperature less than 800° C.; and

redistributing the silicon-containing material to form a second surface roughness of less than

about 1 nm RMS.

14, The method of claim 13, wherein a predetermined thickness of the silicon-containing

material is removed at a rate in a range from about 2 A per minute to about 20 A per minute.

15. The method of claim 13, wherein the process chamber is maintained at a temperature

in a range from about 500° C. to about 700° C.
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3. The method of claim2, wherein the process chanber is nmaintained at a
tenperature in a range fromabout 5000 C. to about 700 C. 4. The nethod of
claim3, wherein the carrier gas is selected fromthe group consisting of
nitrogen, argon, heliumand conbi nations thereof. 5. The nethod of claim 4,
wherein the silicon source is selected fromthe group consisting of silane,
di silane, dichlorosilane, tetrachl orosilane, hexachl orodisilane, derivatives
t hereof and conbi nations thereof. 6. The nmethod of claimb5, wherein the
carrier g is phitrogen d t ili.cQqn source . s i]lane., 7. The net.hod of
cra m 2, Cifer o ThamOBRTpEaimk L5 Bierdi b e sRHE 66  EoreTi 0T o sralp FrPRhPE Cocs
chanber afdrer thaub@moVvi ng asgodp. Shellite met hd of céamnbhationwher eithertde
contam nant is selected fromthe group consisting of oxides, fluorides,
chlorides, nitrides, organic residues, carbon, derivatives thereof and 26
conbi nati q9s t %Eelﬁfethod 9o'f J&]& gt Qﬂgeﬁf th%I & Ssoumefs.eéemecttf{ae fr%h'lbﬁlg @Bﬁp' S
exposed to a wet clean process priofr to positioning into the process
chanber. cbfsistibige dfet difade,of disilade,m dAchlodositaden telractdorbsitanat ehdxacldupdsdahe] 0
anbient conditions for a period of tine in a range fraom about 6 hgurs to
about 24 HSUY&WVESter the WEHEOEl ean pro¥¥ss and BEMBEBUBRS ti oni ndhf'Atlo t he
process chanber. 11. The nethod of claim8, wherein the silicon-containing
material further conprises a rough surface that is renoved during the
renovi ng stSep. Thi2Znetidteofaaimoly, etherimihmeichanthie seléated fienghegroup comsmmbing 0f
further copprises: form.ng.a recess i.n a source and drain area.on the

subst r at 6 MRS CHRRRGETUTF A g iengs FRP R Bfves SPrart P Jo RRE N oL,
substrate surface, conprising: positioning a substrate into a process
chanber, wherein the substrate contains a silicon- containing material
conpri si ngd% fiFha methofladeclaimubfhrivheseinfthespastier gasnmniregenr thgrselsgoarsourcesiposi ng
;r?iingc%ﬂé%P EQﬁ@&a%mgﬁﬂﬁkﬁﬂgg&Q an etching gas conprising an etchant, a

20.  The method of claim 15, wherein an epitaxy deposition process is conducted in the

process chamber after the redistributing step.

21.  The method of claim 20, wherein the silicon-containing material further comprises a
contaminant that is removed during the redistributing step and the contaminant is selected

from the group consisting of oxides, fluorides, chlorides, nitrides, organic residues, carbon,

derivatives thereof and combinations thereof.
22.  The method of claim 20, wherein the substrate is exposed to a wet clean process prior
to positioning into the process chamber.

23.  The method of claim 22, wherein the substrate is exposed to ambient conditions for a
period of time in a range from about 6 hours to about 24 hours after the wet clean process

and before positioning into the process chamber.
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source and a carrier gas at a tenperature less than 800 C ; and

redi stributing the silicon-containing material to forma second surface
roughness of |ess than about 1 nm RMS. 14. The nethod of claim 13, wherein a
predet erm ned thickness of the silicon-containing naterial is renoved at a
rate in a range fromabout 2 A per mnute to about 20 A per mnute. 15. The
nmet hod of claim 13, wherein the process chanber is nmaintained at a
tenperature in a range fromabout 500 C. to about 700 C. 27 16. The net hod
of claim 15, wherein the carrier gas is selected fromthe group consisting

of nitrogen, argon, heliumand conbinations thereof. 17. The method of claim
16, wherein the silicon source is selected fromthe group consisting of
silane, disilane, dichlorosilane, tetrachlorosilane, hexachl orodisil ane,

deri vat i ved4t heThofmetuod of olaim hatwhensin theestepaff redist8butifgdfuriiedrisoniposesc] ai m 17,
wherein th? etchant is sel ect engi cISr.omthet roggﬁonsi sting of «chlorine,
chlorine t f9FIRRT ISGES " BEPUETHSrOYN PHRE™ "t PVt ves thereof and conbi nati ons
thereof. 19. The nmethod of claim 18, wherein the carrier gas is nitrogen,
the silicon source is silane and the etchant is chlorine gas. 20. The method
of clai m 185. whe* engiheshokpichiagye sidipastantaning mrnesysiallingonatadtleen prsubsieate
process chanber. .aft.er e redistributi . : i.m 20,
wherein thfgmgpli"f"&%%t-qga()sﬁl? g?cr?lgﬁaq a&reé{aie)?ﬁléfpe%f%grr?&eergr C n%%?ggé?épgglérﬁéeaﬁtgﬂéﬁ t hat
i s renoved aflgkida ghatdiial redhinindtions ihe@os ceppagiae:t he contam nant is sel ected
fromthe gr ou_g consi sting of oxides, fluorides, chlorides, nitrides, organic
resi dues, CAyBOHNE a sdsirgladnt) aPreqsey@mbetad conbi nations thereof. 22. The

met hod of {2 ' cwrpgs b S t ..l ess
prior to %@Sﬁgoﬁfns\ggﬁa?%@% tﬁge%r ocegé@%ﬁgﬁé@mggﬁg %ﬁse%nrr(rys\? h((:)aq I%?&é%?‘fn 22,
wher ei n t héemspelognedess thap 89RPOsed t o anbi ent conditions for a period of tine
in a range from about K 6 hours oyt 24 hours after the ;Aﬁgmcl ean process

to ab
and before r%%\{lrgg grﬁrﬁcbetqrﬁ’l[lrgdt WE%B?SS ¢ Stge éﬂg%-épptam% monocr ne materia

form an exposed monocrystalline surface; and

depositing an epitaxy layer on the exposed monocrystalline surface in the process chamber,

26.  The method of claim 25, wherein the etching gas further comprises a silicon source
selected from the group consisting of silane, disilane, dichlorosilane, tetrachlorosilane,

hexachlorodisilane, derivatives thereof and combinations thereof.

27.  The method of claim 25, wherein the process chamber is maintained at a temperature

in a range from about 500° C. to about 700° C.

28.  The method of claim 27, wherein the carrier gas is selected from the group consisting

of nitrogen, argon, helium and combinations thereof.
29.  The method of claim 28, wherein the predetermined thickness of the monocrystalline

material is removed at a rate in a range from about 200 A per minute to about 1,000 A per

minute.
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24. The nethod of claim 13, wherein the step of redistributing further
conprises: formng arecess in a source and drain area on the substrate. 25.
A nmet hod of etching a silicon-containing nonocrystalline material on a
substrate conprising at |east a second material selected fromthe group
consisting of a nitride material, an oxide material or conbinations thereof,
conprising: positioning a substrate into a process chanber; exposing the
substrate to an etching gas conprising chlorine gas and a carrier gas at a

i1 con: conlal mRGIBHLaATA% MR e PreBr S e r P EfesSlee

nonocrystalli nea;sgérfacgomand geposi tilog anT&pi t axy | aysouon t e expaaed
nmonocrystal line surface in the process chanber. 26. The nethod of claim 25,
wherein the etching gas further conprlses a silicon source selected fromthe

group consksting.Qhefild %P%au{?'ﬁ)' Bfein 9&1815 &&m Fs%£ Ak1e&8
5 rrL nat | %ere&? kZ‘L? ‘?h

hexachl or odi'si | ane erlva I'ves’ thereo

met hod of frbmithe @ﬁmpWﬂﬁmﬂlng df Biticpn, (m:lﬁﬁ)ﬁ-gehﬂtﬂilnen mlscolrla]artioa! siBcbmager@anium-

t enperature |n a range from about, 5000 C. to, about 70g . 28. THe t hod

of clai m 292™%her ei n FHEAWRES ri er Hg&ols sel 8fed fr6APPHELISoup cIAEERL i ng

of nitrogen, argon, helium and conbi nati ons thereof. 29. The nethod of claim
28, wherein the predeterm ned thickness of the nonocrystalline naterial is
renmoved at 3& r élfhe inpthad refngleinf 26 mwdiersin r@ooving ey pradagtreined thiskugss bf@bO A per

t 29 . net hod of t h hanb
e R e R e TR e S

31. The neglaed of claim 30, wherein the epitaxitgd |ayer conprisesypstisgt eri al
selected fromthe group consisting of silicon, silicon-germani um
silicon- carbon silicon germani um carbon, derivatives thereof and

conbi nat 05‘? Tthod 30% cletnﬁl BEE%Qrgm he%o%c@d%e?m e}lxx@f Qedr WIFL\{\' L %e{qQ?

pr edet er mi hed t ness I'con-cont ali sta I'né nateri al
forms a recess sémem@tfrm thetgnoup aommmgedfdcmos Blpolar or BlCMOS application.

34, The method of claim 25, wherein the step of removing further comprises:

forming a recess in a source and drain area on the substrate.

35. A method of forming a silicon-containing monocrystalline material on a substrate,
comprising:

exposing a substrate to a HF-last wet clean process;

positioning the substrate into a process chamber;

exposing the substrate to an etching gas comprising chlorine gas and a carrier gas at a
temperature less than 800° C.;

removing a predetermined thickness of the silicon-containing monocrystalline material to
form an exposed monocrystalline surface;

depositing an epitaxy layer on the exposed monocrystalline surface in the process chamber;
and cleaning the process chamber with the chlorine gas to remove silicon-containing

contaminant adhered thereon.
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area on the substrate. 33. The nethod of claim 32, wherein the source/drain
area is used within a device selected fromthe group consisting of CMOS,

Bi pol ar or Bi CMOS application. 34. The nethod of claim 25, wherein the step
of renoving further conprises: formng a recess in a source and drain area on
the substrate. 35. A nethod of formng a silicon-containing nonocrystalline
material on a substrate, conprising: exposing a substrate to a HF-|ast wet

cl ean process; positioning the substrate into a process chanber; exposing
the substrate tg an etchi .gas_caonprising .chlorine gas and a carrjer gas at
a tenperatfire T efhodhofedge 3, WhengiQithfgenitasy éyst brdrpRgiec iy, ¢ AFRoSWoBER: he

silicon-cogﬁﬁgmhgg monocrystal lipg material to fgoyspqn exposed gas.
nonocrystall1ne surface; depositing an epitaxy |ayer on the exposed

nonocrystalline surface in the process chanber; and cleaning the process

chanmber w t chlorine gas to. rempve silicon-containing contani.pant
adhered th 9602&630"%1?0%h§?n991ﬁ% g?’cl AeEeds Dher @Mt h8%pi't ax@)pr?%eg?er i's
deposited by a deposition gas containing the chlorine gas. 37. The nethod

of claim36, wherein the carrier gas is nitrogen. 38. The nethod of claim
37, wher ei #8niThe ogethod fcelaim Gve dvhgraim nitsegeshisord-Aewed wie thedeblogng iimrthgyas
and during the.process. cha rc n step. 39, e th of ai m
wherein thé]e%(fmet%nof rgé?mvi %)aef ur‘ﬁur%]@lg cor?r}%ri S gf(:)ce%[or mn%gm@ lPeceés:llgani n gg% ource
and drain area on the substrate. 40. The nethod of claim 35, wherein the

process chanber is maintained at a tenperature_in_ a range from about 500 C
t o about 708 the mgthod of claim 35, wherein the step of removing further comprises:

forming a recess in a source and drain area on the substrate.

40. The method of claim 35, wherein the process chamber is maintained at a temperature in

a range from about 500° C. to about 700° C.
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