ETCHANT TREATMENT PROCESSES FOR SUBSTRATE SURFACES AND
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generally relate to the field of electronic

manuf acturi ng processes and devices, nore particul ar,
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performance and reliability. [0003] Etching processes
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[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 materials.
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 thermal quartz liners. Chlorine (Cly) 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



silicon-containing materials during etch processes at

| ower tenperatures than processes that utilize
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veryqui ckly with silicon-containing materials and thus

the etch rate is not easily controllable. Therefore,

silicon-containing materials are usually over etched

by processes using chlorine gas. [0004] Al so,
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[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 need to be able to treat the substrate surface within a process chamber which
could subsequently be used during the next process step, such as to deposit an
epitaxy layer. Furthermore, there is a need to maintain the process 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



epitaxy layer. Furthernore, there is a need to
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for substrates that have endured long Qtines {e.qg.,

about 10 hours). Also, there is aneed to reduce

particul ate accunul ation on the interior surfaces of a
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transformed into a much smoother surface with a surface roughness of less than
about 0.1 nm RMS. '

[0008] 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
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within a range from about 500 OC to about 8000C. While

the substrate is heated, the siliconcontaining surface

is exposed to an etching gas containing an etchant and

a carrier gas. Chlorine gas may be sel ected as an
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substrate surface i s provided which i ncl udes

cleaR Pteanssng a substrate containing a silicon nateri al
within a process chanber, and exposing the substrate
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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 material 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.



chanber clean gas containing the chlorine gas and the

silane during a chanber clean process. In one exanple,
woheoesisbdoson material is renoved during the etedrmg2006/002841

process at a rate of about 100 A/mn or |ess,

preferably, at the rate of about 10 A/mn or |ess, and

nore preferably, at the rate of about 2 Almn or |ess.

I n another exanple, the silicon material is renoved
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about 500C to about 700C and pressurized at a pressure
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ra\ﬁB? AR }Z‘Qﬁeﬂ@%’ﬁ{‘é % éﬁ%ﬁb qeod(?ﬁorzfgldn%ut% o’téfﬂ)ﬁn a recess

hin a range fr ef " mnufe to a
folm@fHon Avithin ansswrte/drainfarem an thec egissifaie melhe sowrdeldmirmarea may

sour ge/ drai n n the s ate. The source/drain. .
b8 fine GULSoWBIRAIA BNNBS, & a iiar s, 6y Spitaxial layer
usﬂ_d?ié/' onfBNd Cilicdhe ARichagdlari@ner sitsdbhd mONERESS-germanium-

stIfcon, silicon-germani um silicon-carbon,

carbbih cadeygeativeninenexiy boa combimationdherantt her eof , or a
conmbi nation thereof. [0012] In another enbodi nent, a

offFanc b RE BReBATbAE . RN P g o giomeontaining
mhbelystaliicl desteAAP o8I BYs@bostrate is provided which includes exposing a
substrate to a HF-last wet clean process, positioning the substrate within a process
chamber, exposing the substrate to an etching gas comprising chlorine 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.



substrate to a HF-last wet clean process, positioning

the substrate within a process chanber, exposing the
weubstosae to an et ching gas conprising chl ori RETAES006/002841

and a carrier gas, and renoving a predetermn ned

t hi ckness of the silicon-containing nonocrystalline

material to form an exposed nonocrystalline surface.

The nethod may further provide depositing an epitaxy

line surface in the
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drawirigseiflusteatewrndy typicalnembadisrantewf dhis ineentinnensd ¢sel therefore not

tofk Bhosigfre iRl ot i sBhp o BT 18 TRhiBh b admit fo otner equally

effeefics erfdideptdodi nents, sone of which are
illustrated in the appended drawings. It is to be
not ed, however, that the appended draw nlgs illustrate
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[0l y t igusant ispoliel sbattdepicting; & Pragesadeolhealing a sdicon-containing

m?%?i%fé@%ﬁe'&?ﬁbé&in%%t889@’&51% §&eld;m ting of its scope,

Invention may admt to other equally effective
enbodi nents. [0014] Figure 1 is a flow chart depicting
[o@s5pr oc Eigrénr2AL€ashny ackérmatiorifusirationai ofg anavlkstiaie at different
by one.embodi nent ,descriled herein; [0015] Figures
stéie_sz%@%a,pggﬁ%%gg%crﬁep "P8tions of a substrate at
different stages during a process described herein;
04189 16] Figugereis 3 fiéw ahhHawpidtinig a geiicskifogtreatingps efigon-containing
for treating a silicon-containing material by another
matesighPyrenethes serbesticnent Aaseribadotaein; Fi gur es 4A- 4C show
schematic illustrations of another substrate at
[08¥7 ferg[%% rééaﬂﬁméjuélﬁm Iflarrﬁ SIG&RRNSe St NEA&hBr substrate at
and [0 Lﬁ igure 5is a flow chart depicting a
difie e stagesrdurimigra peddesg desbslbedhereimmhd hereaf t er
cl eaning the process chanber by anot her enbodi nent

[0(91% cri E?gdurg & & 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, the 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



DETAI LED DESCRI PTI ON [ 0019] Enbodi nents of the

i nvention provide processes for etching and depositing
weizbietesrogont ai ni ng materials on substrate surPacas2006/002841

one enbodi nent, a slow etch process (e.g., <100 A/ mn)

and fast etch process {e.g., >100 A/lmn) utilizes an

etchant and a silicon source within the etching gas.

I n anot her enbodi nent, the process chanber is exposed

to an etchin as. dur i :
orb o O 8 S A SINGE P BT pn otening gas
to $&Hhbaé partidulatas @hbethentwdamaiints.a process chanber is

cl eaned during a chanber cleanprocess by exposing the

interior surfaces qof the proces%t chanber to an etching
SlgwsEtch Progass (Paerclean angsSmAgt: her cont ani nant s.
Sl ow Etch Process (pre-clean and snooth) [0020] A sl ow
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ve contam nahts and surface irregularities, such
coatamivagtinessl, surfane airagudaritiese suehf ase roughnese, depace, substrate

the suhstrate surface m e.etched to _expas
SUAdEr | A3 cPre rRPRst LUbeLRRTRIS 19/ Be5) BanEliiegakg xpose an
un'dérlégé’lt 186 orsRBStantiEM; Aebalf Whtdrimadt)si ahsthskHabpse, material of
may be redistributed to m nimze or renove peaks and

the subginatetsuatacetnay batredistritylied i eininizg ar spmeveeaks and troughs
AU AR Bl TR " Buhl Br S HER] Bl oo Sya Sostrate e

exposed o amndicAihgogad eoalaitiag rdrestcpant, alrsiicavsoaide, and an optional

reaction may be controlled in part by manipulating the .
carggragpge 1nevpvesalbseastiomgay Eﬁaﬁéﬁmaﬁ@dt Wegért?blédﬂa”'w'a““g the

reBRYE Sfow qgfe%soggjﬁaéfdﬁén? @tdcﬁ%n%ilié&v rs%%r@e"]gt@ﬂgié ls688ific etchant

source an sting the tenperature an
soures and e sifiddddurdbansd iysadjastngring tbmpexalose dnddhe pressure.
pre-treatnent process to prepare the substrate surface

for the, subseguent etchin rocess.. A pre- t nent
0%bces MR BN e PG Et erable prsedullight FRRE to prepare the
sudstrafS suAQCRY She 8uBs t Ghéting pdterel A pestrepirmestSsrocess may
or conbinations thereof. In one_exanple, the substrate

inclyde ra ated Cledn Rrecass, isHsh aged HFdast ppeess < plasma clean, an acid
P70, F GHSHETAL Rl B U LRl O bspito s woatec
wisih eUHR2|a8t mstedeah G32ésdbguspdbing fthistsuaoes to &lloprofluoric acid
so?l?t?ornt (qu.l? iagf)htn .5pv(/tg/g il%sinlvggtefr)o or f’:tecmrgtiigrg 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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contam nants 212 and rough areas 218 from substrate
200 that is graphically illustrated by Figure 2A
weubstosze 200 contai ns silicon-containing | ayecT282006/002841
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 predeternined thickness 220 of materi al
ol A™ TEhGOATRAR a0 B fbn A3 RSl ¥E%etcn and depost
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oRaihbEe s ‘Hhstelh Stk o b Pae' Esdia ey 50 begrmed include
nﬁ%}laﬂé‘gubl@h@s‘-‘th% sﬁi@@n%teﬁﬁi‘n@%ﬁ@r%& %ﬂic@ﬂ%ﬂdﬁ eairied silicon,

"substrate" or SU bstrate surface"” as used ereln

siliedrepp insulaipy (S} tiiumriseddopest silicate glags HoeGj,ararean @i@ped silicon

ofge¥liod] BrEE ke o BRAC SRR, FiEsheidfagiom caroon

gémyariémp ediliconmedrong | giiRinTedreehidles glald) Sfpphiire] @PNether materials
silicon-containing materials, silicon oxide, strained

depandieg, orsithe capliEatioms uPasebsiate) surtage, Gah alspopeelude dielectric
mzo\'t%riaqgts%cﬂlﬁ llﬁcgﬁ%lo ! té‘ﬂl%oﬂoﬁl es' |f|§09pogrzr‘n{jrﬁ)% and/or carbon

Icon n|tr| ope st con, I'con ger
dopéd siticorgexides LBnbsamb&mmagefavemamussﬂﬂneaemnsaswnas 200 mm or
I'lium arseni de, glas or ot her terials

hi
3P i Aigmstet HOUR p¥y %‘isro g Vl(e uBSt raFl@ngyiar a ok PRIjAre panes.
Eﬁib%%ld&é‘ﬁt%u@ Helop %éés%s”ﬁé%ﬁtﬂalos HYER, @S dndf /pgrsit on many

di oxi icon nitri I con oxynltrlde an
sigztiztes dap@dssrfacemn espedadly, Sullonr arebs mhqomamaining materials.

var.i qus di suc or_ 300
SIS LB, M b es ¥ S dnITH e RV<oE ksl ndlde, but are
néinadeaant §erﬁfcohb@ctbf QP AL SSLRBSAE ldP%iaiﬂﬁé es.rbcmt @@ ganQn<1 00> or
deposit on many substrates and surfaces, especially,

Sisililepnsiiaen s@qui@oﬁtr@mﬂaﬁwfsﬁ@ gHicen | gersarmums tderask or undoped
oPRE SGEROEL TRR5eA i AN e aEbame or non-
patterhedwafessstal | ine silicon {e.g., Si<100> or Si<1
11>), silicon oxide, strained silicon, silicon

[0g§4r] mani rou&%’u‘?dthe ap&ca?on the terms “silicon-containing” materials,
compounds, films or layers should be construed to include a composition containing
at least silicon and 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 million (ppm). Compounds or alioys of
silicon-containing materials may be represented by an abbreviation, such as Si for
silicon, SiGe, for silicon germanium, SiC for silicon carbon and SiGeC for silicon
germanium carbon. The abbreviations do not represent chemical equations with

stoichiometrical relationships, nor represent any particular reduction/oxidation state
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pol ysilicon, doped or undoped silicon wafers silicon

nitride, and patterned or nonpatterned wafers. [0024]
wOohowwgbsit t he application, the terns PCT/US2006/002841

"silicon-containing” materials, conpounds, filns or

| ayers shoul d be construed to include a conposition

containing at least silicon and may contain germani um

carbon, boron, arsenic, phosphorous gallium and/or
ofaﬂh%"éiﬁ%ﬂ-c&tggﬁnqe'rﬁd@ﬁ&& §fcljﬁgn-%§nf5¢r‘iiﬁb%afé?i'a@%ﬁw&funds, films,

hydrogen may be T ncorporated within a
‘ordayesanay nmdludensutgstras¢ = or alibsteadearades.fi | m or | ayer,

usually with concentrations of about part per mllion

m . Conpound al | oys of sjilicon-containi.n .

offfor | COTAYABES 17 Geracsy2 i) BELEE. PR Tosisups. carbon,
0Xd@esy nifrles S hhlided (.8, Biorities ol dHIGILYEbMBBbRatidnS thereof. For

for silicon carbon and Si GeC for silicon germani um
exsanplensuriare abhmay eantainsa tiyenof siliepn exisiet aftdrdidirgexposed to the

AL sl ) et IR ol eiRer Rl Bde i dReiag Juga with a HF-

lathRetlbas pRocuyat Eurfdue 2HY fidyadiSo cOhldie redutditRisiirmiegional areas
mat eri al s, conpounds, filnms, or layers may include

ofgayahnegsesush asiiiongt?d 4said peals 2{ Qustbjn eoghareAaR §-

212 on surface 210 include organic residues, carbon,

[06%&? de.sguﬁlsfréfedf(?@ ngcﬁ) Eéjﬁﬁsi{iSnﬁd 'Wi{h!jrﬂjgr 'rgéec‘ssoéh?mber and heated to
chfori des), or conbi'nations thereof. For exanple,
a puedaieeniptd tempecaintai(siep 10)erTid ssbbiratenard thie paddess chamber

AR ARG, FarERtal qb B Blered geinsaeie ifin 4 range from

atiddtasgooweto abean spbas epreferaibly, AFE6M2AN0RIOGIC %0 EHRLRI7D0°C, and
irregularities or regional areas of roughness, such as

mpreopiHerably feond gheak $502°G go wilbohit B5PUghl e peasegs &hamber may be

0 Sybstrate 200.nay b si tion i t hicn
mBPBSEed Hnd rhEruRd TR 2 d3pBR S rCRERr 1Ll o about 760 Tor,
prefiraBiatrofreafGiten1 TH) to dibsutBOVST 68! andAtbré eefer s SiBom about 1
chanber rra be heated conpletely or a portion thereof

Terpte ahpel HQUF@MWi t hin a range from about 3000C to
about 800 OC, preferably, from about 5000C to about

[ogﬁgugcé%g@.g éﬁﬁﬂi@diﬁfe‘ﬁft,eé %Bt%w%ﬁ rORBP RUGsetPYs AprioBess ogamber for

e process c er may be mal ntained at
prpocessag eondudied at lawegre tédmpearadbiest 1A mibdd rwalb rabctot may provide

a0 RS SR 3B 5 o FodSEi R0 %e roactor
wal) r&8&for 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
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, 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.



[0027] In one enbodinent, a cold wall reactor is used
as a process chanber for processes conducted at | ower
woenp®sasres. A cold wall reactor may provi dePCT/US2006/002841
tenperature control of each independent portion wthin
the reactor, such as reactor walls, reactor done and
substrate susceptor. Usually, the reactor done may be
formed fromquartz. In one exanple, the cold wall
0BSAACt O HEPNARY S dsCREPIUNRY e B Etah PRSLs @tep 120) contai
[ t%qn'perat'gre I eggg t han abOI)l{J@ 400 0OC, prg’?erablg/,epl esg comtains an
etchant, asilicorpen0c: aaddmoptonad et kiclgag, Thesetchhal thbsilicon source
C..a.reactor dome nmi.ntai ned at a tenperatur .
arfy thie el e Mo R B TIkes P oto Ud cPBRBaRELY flowed into the
piocesechlber.f IPBhakepbcd @k BleHadt aRaW cA9i8r s 228 @ither co-flowed
more preferably, fromabout 500 OC to about "6000C, and
orzcembitadatageiricepteo gaseniiwen die silicant sotee sangt @ carrier gas are

S R3S ARNUL RIS R ABRYE FBO0a o ore micures
mayree po-dibercabiogettar priorho winterity He procdsewhamber. For example, a

»6500C.£00 8] - The etching gas used during the slowetch - -
9%+ Jrsiyee (Oit ri@o?”@dﬁi”é@% may beckufewed iglq theoprocess chamber

witi9 'éfr?n&t@‘édofaé?laﬂete{n%nﬁ{rog@ﬁ.r S angir e&gﬁgﬁé,‘:& gag ’migpu‘?e of chlorine
silicon source and the Carrier gas nay be prém xed,
amb nitragesdmery handedlavdehinty thé quecessntibamber withicasaixture of silane

’g{r@n@er. In one aspect, the etchant and a carrier gas
ang QYYOBABr co-fl owed or conbined together as a gas

m xture, the silicon source and a carrier gas are

[o6ddf her W@fe?é@%ﬁ%e?étcﬁ@rﬁhb%%rtr@@é@f@lgﬁs IR oB8TxBhPIN iBhas been
and the two gas mi xtures nay be Co-fl owed together

fogpd othat ¢higtiner wedks iexcpplivdly welineeran ptahask dapisdicoa-containing

T ST T W ——
agnitydeggen dhioddt hdheesfany! en stchaprodedsui@lifihg chlorine may be

ch] ori pe and nitrogen may be co-flowed into the o
C%}J&e alc PrRCeSS Iempsatiie. dihessilieoresawgenpay bgeadministered
i Rref b t L §AC i-he d . :
s MERLOSOg SR QOB el Sof DRI Syl Cefhotcnn o
susceptitle aualalcgs wel $ukesdraden 260 ¢ id sificon source is used to deposit silicon

si,jJicon-cont gi hi.ng material s, at nperatures | ower, -
or} i "B Ba MY 18 1o MbTe oo R EPBRARTOVER P Suicon-containing
mBakHaPITheChldl A0RhichNeestehant A B BiliBbR$BBce are exposed to the

utilizing chlorine may be conducted at a | ower process

subsirpta areiegijusiee sei hat dhe syerallereapjiobdfasdrs materalgeémoval and/or
material redistribution. Therefore, the overall reaction is removing or redistributing
silicon-containing material and the etch rate may be finely controlled 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 (sim), preferably, from about 5 sccm to about 150 sccm,
and more preferably, from about 10 sccm to about 30 sccm, for example, about 20
sccm.  While chlorine is the preferred etchant, other etchants that may be used
solely or in combination include chlorine trifluoride (CIF3), tetrachlorosilane (SiCly), or

a derivative thereof.
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simul taneously with the etchant in order to counter

act any over-etching of susceptible surfaces on
weoeubstosze 200. The silicon source is used to HEPAWSRI06/002841

silicon on the silicon-containing | ayer while the

etchant renoves the silicon-containing material. The

rates at which the etchant and the silicon source are

exposed to the substrate are adjusted so that the

[odr%.\éf;a! H‘r\{aeﬁl . hoLh r@%% %sUWPIr@).déc? %e gé s chamber for slow

ri al™>redi St T ion ore
ettlearboeIsdssal antne ngthin o eﬂn@ Ifrrdtmtabmglt 5 sccm to about 500 sccm,

silicon-cont t dth tch t
prelarably. oM AUl B Gy DAt TR SETBn RN SR RIBRaLRDY, from about
od Q@é’rﬁ]togtﬁ)u?ts@h%n | r %&Hﬁwlé’ AHTt 'Hosé@drﬁd Sifddh E&ﬁc?s that may

process nber at ‘a rate hin a range from about
bestmmdarml tmmtchlognhclmieesﬂam@ Inallngel@at(%sleallf)netsc) @rgau@s;lanes or
ref er

d t
degiylifes et o Bar MebdeestAndigir e dplnsighes with the
erﬁﬁlﬂﬁh%%hlalglxﬁg\ﬁ@ %ch@%@%sn%es@ )ftﬁélleﬁ%ﬂ(ﬂ%ﬁg and tetrasilane

about 2 seem lorine is t epreferre
(Setbbams velhas @thﬂﬁant érladmnat@q/ gllangs eiickigiee compeungs with the

erpgl{lpgﬂﬁl @Iagasé( §|>1Hd2g§3)g e ﬁsr In dgégﬁagﬁlyfgglg&ed from F, Cl, Br, or

vati‘ve

|, téwredds [KE)dthlotbdisitdre C(%(}lé)yrtéﬁabﬁlov@silahby (SIGLW dﬁdhlorosﬂane
o the process chanber for sl grocesses

Q‘%”é) vﬁ'@lhlpfpsdaﬂﬁr@ézsﬁl‘@n@%6U'l°r@s'§'€€n(lql |I—;§bo@rgg@gsnanes include
co%‘?eﬁmna%r lﬁ'lr il yemer‘&HL Ialﬁ § {%}2 %Oa\pl‘?é% H0s blndependently

em and nore prefera seemto a
seﬂiébtséefmomf metbylarmhysl p?fbpylt oBOaLﬁyelemuchl hs coethsdsilanes ((CH3)SiH3),

di!t’ﬁ‘glt %‘ Z@%%QHE)Q%% ¥|§| ncI gﬁééh?@ﬁéves methyldisilane

((éh SH:), %nrh@ﬂﬁgnéurhﬂewwzﬁg)%ﬁmf%dd %x@%tmlai‘sﬁéne {(CHo)sSe).

anes Wi t Irical 'fTormula Si xH(2x+2), such
Trm prefemred (sHi@aPrI@)JurCaSrmay lirephiede sﬂan@)dlcmm@sﬂme,amdl%lﬁae
(Si4Hi , as well as others. Hal ogenated sil anes

B S BB 1 TG RO I sy < ow

withiiema Fandd froBr abeut 1 ,slmuofatamt hIe)(HQIh’n QIretbrablyaﬁem about 5 slm to
(Si2C16) , tetrachl orosil ane

atzqut@m %Jfrbmdamere( pYeleiah)y, fiong ﬁb@%é@ |S£m do (aépééf*ﬁ Sﬂ)] for example,
0

A B AREr B Ak o TPy B (o). argon,

heliven,e oR ¢csnlmnelquwdlaeteloj s ea):ru@cerﬁbodlmmftth}aln lramWaJrler gas is

p#(% erPgA and |Rgltu%es nsltlflgg?enasarrgrg% hXe[sdrlnaQ?cg&%'#\a%?oﬁlsqhg?edf. A carrier
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 carrier 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 materials on the substrate during low
temperature processes. Also, a nitrogen carrier gas does not form hydrogen-

terminated surfaces as does a hydrogen carrier gas. The hydrogen-terminated
11



di mrethyl silane ((CH 3)2SiH 2) , ethylsilane ((CH

3CH2)SIiH 3) , nethyldisilane ((CH 3)Si 2H5)
wdi2nmstossdosli si | ane ((CH 3) 2Si 2H4) , and PCT/US2006/002841

hexanet hyl di silane ((CH 3)6Si2) . The preferred

silicon sources may include silane, dichlorosilane, or

di silane. [0032] The carrier gas is usually provided

into the process chanber at a flowrate within a range

sUrfeemsdbated byshe ddsoahid oﬂl%%régéh cared e aPby thé rsgl%’trate surface
apout 5 slmto about 80 slm” and nore preferably,

'naﬁadhemow%r@f@ @fb@tmsemeatlmdep@s'taémpe COatmmnngayers Finally,
|
th%ylgwog%hb%@yr%aﬁgoﬁcgegg& %l 3%?6 géréogg)ﬁcgf:n%cﬁ\lz %ﬁi\ge of nitrogen as a

cartier gad,.simce nitegentis thmess exp@nslﬂ@mawwdﬂﬂo@bngaﬁgdrﬁ or helium. In
eferr%d ﬁnd |&Fludes ni trogen, g% heli um

ffeo%‘?’ﬂa ghanetehiagrgasachloripeds’ tba @W’fbéll% é?c'th@dSl“COH source

arRPsifegen |§ﬁﬁe&{rﬁ%%§ r(s) used and/or the process

tenperature of the“sl'ow etch process of step 120.
[0033] Preferably, nitrogen is utilized as a carrier
[0s4% i nSuhbisalien20 ﬁﬂcbaurtﬁamm@1ootwaydmm@o<pbae@ to ea glaw etch-gas to

30088 ADBORTIRRY BB SRR ST e s 293 curng stop
12tdwe(Fe;mbsngAp:_v|):esssm&de“oggm1 KETEEIE | 8Gitg G W%nidvéa of the

erature_ etching processes. Therefore, nltrogen
prﬂ@@terrﬁmqow%qnéaa 0o Tihe slow ptabngamist exprsey h@aﬂstdasrtlalt@ 200 for a

tlﬂ%‘g&ﬁ@d Wﬁ 5%6}9%?%?%?&8 %gsﬁége{bf%g? Hifitte: es preferably, from

roge
ablmdeO@eandmmabe@t Buiihalees e &*ﬁ@&nﬂoﬂlﬁfﬁéwaaju%ﬁéd tetive to the

as.. The hydro rm nat edsurfaces forned by t
et‘gh Lateptpem vra %’95 nPOSeeEser TR Lt raweowbgkomatet;:h process is

usBHNY F&R {HAN Fbéutt 6o /AW Np e"l’t% g{, é’% %'%w 0] A/gv\',n In one

deposited silicon-contalnin Iy,
ennl@mlmeat uhe qiowo@sberatmwymﬁtbkxeaeangem@maa:bmmta@anof to about 20

0) carrier si.nc |tro nlsfar Ies
A B8R A 2 0y S R, P e, about 10
A/exanh enethéembeinidht 98 ofdh Rfié ne a'b%uE QeAﬁﬁlﬁh&nfess preferably
silang is the silicon source and nitrogen is ’

abeyt fjA/mig . Ie{?@(ﬂmj meui® $referablp.odppriodches faaneehszmﬁlmmyof material

on P KRe et P IS VB A TR e e to o

thitlayess @Dthedlayieng As éie b8h pFic@eEas stdwdBlo a%ci@@.@uﬁé@ reaction,
I.,s .etched duri ngwt he rempval of the predetermnm ned
matgfighdiedlicoppepntaingng layer 202 mgabeiremoysdseaminsaks 216 and added

to HBFhE 218 WRYNT QhfRe 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,
12



time period within a range from about 5 seconds to

about 5 mnutes, preferably, fromabout 30 seconds to
wahostosdosi nut es. The anount of tine is adjust edT/US2006/002841

relative to the etch rate used in a particular

process. The etch rate of a slow etch process is

usual ly |l ess than about 100 A/m n, preferably, |ess

t han about 50 A/mn. In one enbodi nent, the slow etch

I . -

it D07 i PG oo MR BT Sy Hrcag 218 7iodSl disposed
orNoriin, sUrtarcee® #nare, reaimved AOrin procedsnianot Beposed surface 230 is

ue ?g#,rg%r%; sé@%ﬁﬁﬁé@&rﬁ%ﬁofé%oﬁ oufwaéﬁﬁ{h%?igglrudleegrsganic residues,

cdtb8h EloxRlcs, RRRIRANRIC3 L&QJ,Sﬂtﬁdrm&si o ShioMBES! i & cBbinations
the substrate such that the’net renoval rate is

thetgofneasurabl e rel ative to the thickness of the |ayer.
As the etch process is slowed to a redistribution

OB, 0 s B S BERPER SR S Hp e ormber
durighétapsias @gurd10. tThd puirgeaxposssihsisiraamvad@sidual etch gas from

Troughs 214 may be filled by the material derived from .
s 208, whighdp tm gnhangaseineagropdh fyripe dhe celseguemedeposition

1 H f . ’ . h
PISBEAE BB P2 PRI 00 ol nOUe, 28R hocoss chamber
meagyhdve am iihteread gressweueithinhe rangd foen rabogh et snDorr to about 100

substrate 200. In ope e l e, rf 210 wth a
TS piets o pladiaire 808l Tab B IO b hABPWoL it vt indS pegfiyebly, from
alut MRY.¢ mTEY tdAbBUPPIRAL. t Phé pthqVpRb&dbsIRdy e E6HIRIGEed for a time

material fromsilicon-containing [ayer 205 b

periasbiwitbinng manige ook abest 32 Getonds t@abouk HOsriiutas;, fruelerably, from

230., Exposed surface 230 may have a surface, roughness .
atiih 1 R b S i, R aR R Br g SraBirod RS minutes to
alie Pinihers. Gedermiye aprdtftne adtlsy ealkeivy BelgroaasRi¥hamber may be

Cont am nants 212 and rough areas 218 previously

tugesh8§edHomwewer.iin auritgreativecagnact angiea @rF May be administered

w505 8 s SOEE P UAL 9 R, b A 5 B, ycroen

corit a in
argogahelium gdinaingsgas; ar combinatiatetheravft r i des, hal i des
(e.g., fluorides or chlorides), or conbinations

o S0haub SRR A P Bl S SRS TR IF i st 120
Pl((eef%rﬁlﬁggslé%?ro%ﬁlg iU @RicBhQoReANning! RatdRATOMEt o5} Beabelectively 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), organometallic 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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substrate 200, which in turn enhances the growh

during the subsequent deposition process (step 130).
wOunierg3@3| ow pressure purge process, the procees/US2006/002841

chanber may have an internal pressure within a range

fromabout 0.1 niforr to about 100 Torr, preferably,

fromabout 1.0 nforr to about 10 Torr, and nore

preferably, from about 10.0 mflorr to about 1 Torr. The

oo BRSO MASHREL G B8 A Ypmanium sourcs
and/stub esarbphedcirdd! yThé rgummabium ébm@uhay the alddedl tb the process
m nutes, and nore preferably, from about 2 tm nut e

chaphar withihe silieon @\ﬁr@paptoyangapd @ﬁrrfq{ega@a@ QDR §a@ct>r? containing
con UL CPRErFORTREE sﬂﬂﬁn%n&é‘ﬁi’?@%&ﬁ%e loslis Eont‘alﬁ &flcon, SiGe,

ernative aspect, purge gas may i stered
SI@D)S!GE@ diupenlgvaﬁmts)uhgmonr@tceembln/atlpnsghem n@prmamum and/or

I
ca'gﬁé:n Tesy Bisnarian tonta ficom-contuang el 26 germanium
SRRORS b GeARaRXNQST Htldibbh 368rca. U idyisichie) Wifing the deposition

by, Tayér -240 I's a silicon-containi-ng naterial
prbmns nélye lsdlcse’rcemltaumalgycmmdomm mayial$e gogiadwdopants by including a

deposi t ed f 230 h
DSR2 oo S e B8R0 Rl 2 HsiRY, KFE phosphorous
SORUIES 65 §E HhoBphies aur.h?@rm@etﬁb dépéditisle prabdss. The dopant may be
t echni ques, such as atomc Iﬁz%er epi taxy (ALE), atomc

inclugled Withips the owliqomL Bpurgs, asighank einsk @érr@yogemtocxf,@)ﬂ a silicon-

oS EPRNAE N R PBE R, PLE o s S, e sion

cdaningleXidrial by gxposiatahé isabstraterd ain-ion gaplantaiidp process.
(MOCVD or OMCVD), | aser-assisted CVD (LA-CVD),
ultraviol et CVD UV-CVD) ot-wire

(0938 c et APEYSH X B)Ocess Pé'%wﬁgm&'na HaSBPPlY (AGS)
méﬁer e&%@) to % fthxial al\)’?‘p?&NtJP‘%Iegﬂ; Sit @élh@@ﬁjébﬂﬁélhlﬁﬁscompound as layer

ne e ferred process utilizes
24awenna>kpmrd sorfegs 2801 alllhe Q%Ndepoalapoﬁmcass includes a cycle of

oSSR SRS b el % Y B8 surece.

AGBYdebssfpricesalis Faasdr cﬂ@@omﬁnd@wncﬁﬂmes‘gabd and co-pending
source, sucC as a dger mani um source and/or a carb

Unitad SdateshSegelr Nﬁn|1dﬁ9%bﬁ?%ef”ﬁﬂyDB@e@§§éd t?prAhéantltled “Selective
E;?éa&&eﬁo&éé%n%h Wltéﬁatnngl B! %8@@;”%% o qn@cﬂhaﬁeﬁgd herein by

as toforma's i ni ng compou

reTehler]eé nies ehhn@t)‘sfdrlthelpuqmﬁemfrﬂem;gnbmgpnuAGESTpl;ooeest ain
silicon, SiCe,

[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 etchant and the same carrier gas. For example, an etch
gas for a slow etch process may contain silane, chlorine, and nitrogen, 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
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SiC, SiGeC, doped variants thereof, or conbinations
t hereof. Gerrmani um and/ or carbon may be added to the
weizbietesrogont ai ni ng material by includi ng ger nRATAWISR006/002841
source {e.g., germane), or a carbon source {e.g.,
nmet hyl sil ane) during the deposition process. The
silicon-containing conpound nmay al so contain dopants
by including a boron source {e.g., diborane), an
redustant maydses agjubBddurird] fie'®eralP prétdR898 féﬂ%ﬁl_‘é?eséjldéﬁﬁular step.
{e.g., phosphine) during or after the deposition
In RNt 83aMpigy dha isieentratiom satio off dbe dilisionhsourcaearsl thec ceductant is

. \ i f . .
nSBHEES o AR A BE0o BN 5500 A aAubl bEh e e gepspnvaton et
of iteey sitieomdderbetand the redutEOnEONsEHEaLED BB arP¥tch step.

exposing the substrate to an ion inplantation process.

3 n anot her exanple, a CVD process call ed
F%Q%gfhftrpﬁﬁsaas supply (AGS) may be used to
epitaxially grow or deposit a silicon-containing

[o0a0POURdaAstheR ERRbEHAMPR §>f9938f§3h|3|9fofc ggl(égg,- >166 f@ﬁﬂq) may be

deposition process includes a cycle o ternatin
usgdfestrlestively semovers sdigpowontaitingt wiatertas ftam thaubstrate surface.

f . d It i . o
e, AebBEde, 4 vl Bk oGl domeh penlieycontaining
materialedhiit deaginGetvarabr Neatehidl ORdcathéd, - Bahed l%j?ﬁ?’?rmay include

.1, 2004, entitled "Sel ective Epitaxy Process w
siligpp &ytHde; sljcemexidappr piliconenyhitiide Laed es@paced, vapping layers, or
mdd heffifnce in its entirety for the purpose of

descri bing an AGS process. [0039] Process 100 may be

used to etch and deposit silicon-containing materials
[00441 hi rFighte SaiflisprtEsess flovachart . déiefirey Prbyesst BOOSIsOMitiated by
0) and the subsequent deposjition

PofHEALEE e SIS B oaPRECIRTTRP AN SelBIng he process

papimsess duingbsiept 810 MPTA%EsKYRHE Y
efficient, ecrgase pr obab?l Ity of coﬁrtlg‘:ﬁrgg%"%or?hgwger may be

hegleesernpisielr e poriongiheseofsioch tampetatmenwithiend aahge from about

r . t, a slow p| ocess -
10BEY! S8R 00T ARG, vy S FBCLILERSE, 208-C, ano more
prederabbe frartheabeatre50tC hartboan 850P€. SEHER pFstichs Shaliiber i§ Phaintained

I an etch gas for a slow etch process may

exanpl e, _
at ed?{gg?weswnt Re? r¥MIPRR abard ! niart éyehoutie0 d aar, preferably, from
ab&@&PO3i Tdon | i ' 2k deppsi fi
rocess mg%gﬁ%gggggﬁ{%?’ngﬁc? Iﬁﬁg,&%ﬁ%ﬁyni@%% 8t 1 %fbrr to about
10QTorfegen. The concentration ratio of the silicon
source and thereductant may be adjusted during the

[oodb{ €' al’flhepét%ﬁﬁlsgsgésougg %‘d?iﬁ‘& G{‘hg fgsﬁretticﬁ lf)lrgcgessét c?opritains 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 scem to about 100 scem,
preferably from about 5 sccm to about 50 sccm, and more preferably, from about 10
scem to about 30 scem, for example, about 20 sccm. 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.
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In one exanple, the concentration ratio of the silicon
source and the reductant is increased to pronote a
wdepwdssdvn step. I n another exanpl e, the concearmarioemo2s4l
ratio of the silicon source and the reductant is
decreased to pronote an etch step. Fast Etch Process
[ 0040] In another enbodi nent, a fast etch process
{e.g., >100 A/mn) nmay be used to selectively renove a
[0843; Coﬁ‘h%cﬁgrﬁéﬂ“?é@is@stﬁl ?row 8(5”ir?:0§H5’?k?1@és§ HIAIRGt a flow rate
Thé fast etch process 1Is ectlve e process to
witlinow earsgd froonalGout &ishinnig atmmricm siwhi prefdrablyi frym about 5 sim to
bar.rj.er, mat eri al rier terials y
A RIS A BRre, PRTF LIV dior aBRUGP 3k Th,aBept fB:5H, for example,
aloutma relre %@ﬁe@éa%%;ﬁmﬁ@tﬂ@'%éﬁeﬁyﬁjm%n ”Ql’ﬂ[i)n helium, or
materials. [0041] "Figure 3 illustrates aflo
cqfabingtiong) thereobs In300e iembediment.ean byeﬂo@rtleb gaa gst preferred and

BB o 8. Br BT BB AL 9 bl g e

sél@@teﬁrba%@&%mhﬁ@@tu%(sbﬁjsbaéﬁrﬁﬂoﬁm@%r@bééé’ téMipdrature during the
portion thereof to-a tenperature wi-thin a range from -

| etﬁB'@thr@Géﬁﬁ 10h sigr 3L0gob e enbly, aritingen ig |U§ﬁd d@soatcaoer gas during
ool as S B ELOL AEDNof DAL AR 13 exame

arattchiny gassiore fivst bich ;ﬁob@eﬁg}@oﬁtammcﬂiﬂmiﬂe dnd altifogen.

about 760 Torr, preferably, fromabout 0.1 Torr to
bout 500 Torr, ,and nore r.ﬁferabl from about

0T abollt S20% BIRIEREsF Hheor eoHIeMsPaRIonaNy Agded to the
etbhifgf §§§ ik Cﬂ?oﬁﬂﬁf@eﬁﬁdﬁi%ﬂhﬁ'cﬁﬁtrép oflthBadich ?%téa(ﬁuﬂ lﬁ a fast etch

gas and an optional silicon source (step
preges| d het $ibCCe”t @hWI@Q r@as o delivarsd oh’doothenprocass chgetper at a rate

e nr ded into, th
Wil 2ea T e BB Rt 2ol R0 oo, Ry i, from about 10
soehotd abosieemot Scaxhodihd Jrﬁ@reSQ%rdblﬁfﬁé@bé%dtrmns@bﬁiﬁo about 80
5 seemto about 50 seem and nore preferably, from

SO&Hbu‘Pf %a@@éem&b@ual@&ﬁccgm Jéemgiching @samslyecordaipua siligon source,
Fedl W%We% CH@z!l o? SsifaiBs P éﬁ{{ﬁﬁgp&"%ﬁ'”&erﬂ}e{hbé‘s@ tereof, as

ast et oce er cetchan
desolibbg herelnn conbi nation include chlorine trifluori de,
tetrachl orosilane, or a derivative thereof.[0043] The

ol SSuliiater atli Soptdi®” 8185 oR6 Tl SIS re 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/SiO2/SisN4). Gate layer 412 may optionally have a

protective capping layer 418 adhered thereon.
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within a range fromabout 1 simto about 100 sl m
preferably, fromabout 5 simto about 80 sIm and nore
wonefomsadoBy, from about 10 sImto about 40 sl nPCT@IS2006/002841

exanpl e, about 20 sIm Carrier gases may include

ni trogen, hydrogen, argon, helium or conbinations
thereof. In one enbodi nent, an inert carrier gas is
preferred and includes nitrogen, argon, helium or

[06467DI NFLirPRSstep RO SubSraRr 40 Ts seMolh eRhify §8s to remove a

based on the precursor(sz used and/ or the process
predefrsmined thicknassgtathef sitieon-agnigining tayesf405t apd BIO a recess 430,

oCYBRIALNY e BT oA, 5 B BRI P8I0 o o me

perice aBRSa raRgeTrorR Xt 80 sscdridehiongb@@ss heihutes! lpf@‘brably, from
etch process contains chlorine and nitrogen

akQifiel BHPES ieertat hminytesonl ke amesintsy tipe @p@@l@ﬁ'@d% @latlve to the
etggg?fe \lﬁéeo% H%@E@i&g%g P??%e%ﬂﬁ%@fghﬂégo@%&'e%}@ rogess is usually
faStee thahiaboot 900r Aeninpyrdierathi), lfaeteedwamabouhzow)mdnmﬁseuch as at a
im0 Go s opt Eberbang ARFBrioapeRkt ha08cRkiTG Preferably, from
alRR Yoo iR es 'é‘tbo@mj 0eB’ rrﬁrr\ Q‘B?éﬁ?rlnﬁle fhem g@@%’mgp

seemto about 80 seem or exanpl e about seem The
et chi ngn gas may contain a silicon source, such as
[0847] ane$) ohalexgere chesstthingprocesfameyi beaherst ataa fast rate to remove

VB 0 2528 RS BB f 8088h, g rocess 1o

srd&h( fiedrebirining biigade. cqweardumedlmmhg% Ry Be édntrolled by a
doped or undoped, bare silicon substrate or include a

S'§W|qt%ﬁ9@éﬁ@%ﬁsrﬁ€?$g>f'ba9é>ry RIPS@es €0t her eon. Fi | m st ack
feature 410 i ncl udes gate |layer 412 on gate oxide

[o{):zt%ze.r &Hﬁaﬁ?@?ﬁégﬁﬁ%ﬁg% e Be@e@ﬁo@ﬁ%d%ﬁﬁ%é ¥Focess chamber

appi ng | ayer gat'e layer
during)sieecBZﬁ ahe pluyge brmsd@b@mmow r@lsedlhaslye&ch gms ficn substrate
i con dj oxi de, itride

4Gt %Eﬁnqag{lﬁién%mq%s ey TR G g 3 dhPegHpat tiiesition process

(stedy 330)41ﬂ)u'n§? SREsHES puhe ?ode%suﬂ#@bwce%g chamber may have
i solation naferi al contalnln? SI|ICOﬂ oxi de, silicon
rd

amiintenaal, pedssue Wity n trieinge, iraey iabatt Vb mHeredsd ,abmut 100 Torr,
oL el B3hTal o G IR B, 0B B SRy rom abou
10.0y8Tor 12 aayit OPLdranThkpurgd @récess 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 turned off.
However, in an alternative 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. [n one example, the CVD process

includes an AGS deposition technique. Alternatively, recess 430 may be exposed to
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protective capping |ayer 418 adhered thereon.[0046]
During step 320, substrate 400 is exposed to an
wenalsiosspgas to renove a predeterm ned thi ckneBeTAR2006/002841
silicon-containing |layer 405 and forma recess 430, as
depicted in Figure 4B. The etching gas is exposed to
substrate 400 for a tinme period within a range from
about 10 seconds to about 5 mnutes, preferably, from
n f
anlag%g aﬁn%fﬂtgbtht E c}é:;éiss?rlbg ttéhtgbeétjg |t5c%FQSL 2&5%‘1‘%400 such™ a doping
proassi C(Dnaremmplessf aTdupirg Ehhocerseinofudesf iaatingtamtation, in which a

roc ss is usuglly faster than .apout 10
doBREF B G lorof diesPhERSHs. s AlEeHEL RN B intg he surface of
thd AW n a range from about 200 A/min to about

1,500 AAmn, preferably, fromabout 200 AAmn to about

1,000 A/Vmn, for exanple, about 600 A/m n. [0047] In
[005Ak exBrasess 300emay &S urethicoeieh Andhgennsitalizonmeontaining materials

o [ e, P B BSR4 e suosecuen

- depesEibAi i p&forfrRRein ﬂFh;Es&ﬁ@pﬁi&e@&&fhdﬂ@)émoem‘rpmvbethroughput be

controlled by a slow etching process describe

mcmao@:fé@@ntl@@crqm@qobﬂhlhap@f eARMHARLRN ﬁ?‘é@@é‘@? haf;/&ms&s synergies,
su[’}ﬁraf OL SR éﬁgrﬂchEETéyu?%és IR GHEPE rﬂ‘ﬂf Hﬁ e‘;%‘;[:o%;rc]:h process

pur ge process renove resi étc
ansiuhetse&tcﬁlvéQ@pltammodepdsslttau‘r proenbs ot assilidoa- cg:rrdammg compound use
%Url ng the ubse ent deposi ti on rocess (step 330).
ch ane théOQﬁfrﬁ%arft%'a s$2S-t he process
chanber may have an internal pressure within a range

[od‘sr,]om abi@ﬂ?e%llllﬂﬂ_@étést anaBREinali0f dembdirRé® ©f albley invention that
fromabdout 1.0 nmlorr to about 10 Torr, and nore

ingludése clalaning meomoalseatchamhwrﬁﬁﬂrrflrmshlra@é@hncgtwartechmﬁ@es during

oS B 518, R BBl d RS process

indludeE @sweplodat phdoassf raOH‘hFaIfaeutprdcdﬁsnlai pladstanlemsn, Ban acid wash
m nut es, and rmreérefera ly, fromabout 2 mnutes to

PragRas: o CAMBINAtioNs AapGOA(FiPP 510). Bfter RPrgEalmest PrRpess and prior
to tﬁtﬂfrgﬁg%ﬁ?étcch g@féesgad/esk&ﬁbéwme‘?gmoqme s Wat%rmayrhda%)% to remain

lve a a purge gas nmy be adm niste
outsitie thbecqmmles{senhmrtmentanfytth\ermrdmsmghaﬁm@epdoga period of time

oo 5628 ek o i BB S5 AR BAYFRRSR: AL st about 2
ho‘iﬁggf '”Z‘ﬁg %{lalﬁg 1Ré ERtidOlaeh hﬁ}ﬁheloﬂgér Juichf & aldr¥determined 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.

[0052] 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

18



silicon-containing material that may be sel ectively

and epitaxially deposited on the exposed surface of
woeowds3x®30 a CVD process. I n one exanple, thePCVDS2006/002841

process includes an AGS deposition technique.

Al ternatively, recess 430 may be exposed toanot her

fabrication process prior to the deposition of |ayer

440, such as a dopi ng process. One exanple of a doping

. o ! | . . : _
S'%@@%%n%ﬁéﬂ%ﬁgr oUs, or “%’?sﬂ gnéiégfmn%%gt&mwh a selective,
epitepialiyt deposited sitieos-wohtadringf carhpourdesthadepdsitgBoprocess may
. Process 300 may be used to,etch and posj .
inGlRRIBR sEtherrt Aot er e BRE 1887 pReda one embodiment,
proBas®sy 100°aRd 808lhily bEhRetatlringtstBpPs20ese 581 t he

subsequent deposition is perfornmed in the same process

chanber to inprove throughput; be nore efficient,
[08%3 r eade CRRBEHIAGAY PEPCAESNISaRPRHAGIeh iRgide HBRePiOcess chamber to

, ' i.cal _ "
O BN g TIPS 6 A LA ceposiion
preebssdd neay dpin adé@dsiide pp idntaminande egs soffages within the process

oIS DR SOP NG S Shlor e an ELNRL 1 1
whild H84 bﬁfeﬁﬁré@é\’cﬂﬁa%{e@%fiﬂ*{@ PP R &H TH@?f'td?“?‘,eé‘Ehgﬁber clean

that 1 nc eani ng the process chamber afte
procass aygbé abed datremove axmtaminesitsl while gop dacesging @derior surfaces
fTF:e substrate rr%y be exposed to a pre-treatnent
Opt 5 PELLHH ni*ﬁ fudes a wet clean process, a HF-I|ast

process, a plasma clean, an acid wash process, or

[063AYDiI N&i banskadmsleestfproeéep588 0the Midstiatd iPfirst loxpate® b a HF-last
process and prior to starting an etching process

PI9eses-i Hbg sihsiiale ig placeddsta atrsosess AARBbED andraesed to an etch
' > . ' f
p@%%ﬁ%gfat %:gﬁtagr?@pé}ﬁl%hg %n%ﬂ?ﬁhé&%ﬂﬁpég&t SO PEXSfter, the process

queue tine
cibemis))expdbed €@ ti prerge praceserbBabsequantiyparsilitonrentaining layer is
l.ast about 2 hours or nore, wusually,..the time, | ast .
eRitgegally fed i SubShiabh bV er RpREsTten rpéf%@%%um%@félorme and
nifro§8h aR0dhofit P8 LAHAPOYE 2AnOWrSc&s |cPREfer. SUBtbreafter, the
as about 36 hours. A silicon oxide layer usually forns
subistiaie is ubstavedeasdrthacpratess ngharhieeQig ineatetlido t abatie675°C and

subst,r.ate being exposed. to anpi.ent t.er and px .
YRS O AL BRYS G Sy COHEE AR TRoRls P fiegy, the etohant
and'ihe GarfEP§ES aresthandifhe adesXBOSG %I@rihﬁ_s@ébs%@@ aARg 540.

process as described herein. The etching process may

be a
Chamber Clean Process

[0055] 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 material (e.g., quartz) that may be
damaged during a traditional 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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sl ow etch process as described in step 120, a fast

etch process as described in step 320 or both. The
wenalsiosspIpr ocess renoves a pre-deternm ned thi cROBIS26/002841

siliconcontaining |layer fromthe substrate to form an

exposed silicon-containing |ayer. Subsequently, an

opti onal purge process may be performed within the

process chanber (step 525). Thereafter, a secondary

eri n e S idp

o8 1 Fhe LRI BHER? BESIERTNSGRALIGH dimponents
having aseUEEad:e \eat spchemicllyyvuep@bia éd an etchant. Also, the interior

o g S EB R eSRTON oo Ee RSO bR, BALTERR o proectve
coh%ﬁgemgt %%lnérﬁb%nﬁ‘) m%dmntGer@rQIgﬁﬁﬁSQ WQH@WQJ&Q% within the
be used during steps 520 and 53 [ 0053] A chanbe

proCm chambes mays ceniadiu at Flicameorfaining spriseessu@h aﬁtfmartz silicon

oﬁechsﬁove V éé’,gﬁug On:g%gnl}ngg %oa&%cggckgé@gé n%@?&h?r@‘éo)51110|de coatings,

deiRBAGEd thebof @R lcambiaatichsohefattl daeshar &xarpleBethe interior surface
process chanber . Usuamafl t he deposits-include
I"a

is ¢ med@rcatAnEIchsWERGR fhe RERsess Fhamhate SHah a8 siggl. stainless
st Igﬁé?,grﬁﬁgﬁelaéfﬂomngﬁsa mfhﬁﬁw %IB@?%rEB@@%me inations thereof. The
) chanber

n process my be use
infegiop garfacss amayrianba th&anﬂ\terlnnbf tﬂmnm@llsngijlor)ntarrd koat of the chamber as

surfaces of the process chamber 054] In an exa )
wejf agripiesaal CRDORIS ATRIHERS th%fe% %fo@sékhs%(e& % linear, an

rgyper'(?&hep OISW%? -do Fﬂ@ élﬁs}%h élt ﬁn Sapé hbBHO afdispersion plate, a

rocess chamber expose n etch process that
probef ai the likkl ori ne and nltrogen at about 6000C.
Thereafter, the process chanber is exposed to a purge

ces uent | a.silicon-c a' i | r
[O%ﬁt aXﬁ‘QP e&@ iH'8¢% n"?%éd%%ﬂ?ta?ﬁb %%glba@égeystu?%%ptor toa
teRipReERIFe lwlth zi Pehdd Frem R®oan$oorCregaivowt 1 aboem pRs€rably, from
within the sane process chanber. Thereafter,

akauy A58 Eeta @bp@hﬂ\ﬁm &n AnchBgse duetarablya fiosr abeuw&)pe@ to about
QQ:(ﬁFgBBPtexgﬁg) QoﬁxgeégS' t?h@&ﬁb?@%ﬁ QHafb2r %Qgﬁiﬂeﬂgn internal

rne a rogen ‘efera e et chant
pneesmn'eew:tgmsaa:raengbhfeosaaboglaSes\Tosetb dbouh @66t Eps, pRIerably, from

and 540. _Chanber n Proces 0055] ,In t her
atg%ommorr 50 Ghvaith 80T WhnaBahagnDLatakl. dr i gbayth 100 Torr to
RAU7RD TEY. e é*%.%ga oeTaHe VE6hOBRamPY, ATEHAWA FRAMBr is used
|nS| € a process duri ng
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 carrier 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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a chanber cl ean process, such as step 540. The

interior surfaces of the process chanber usually
woamicaissr9a Sil i con-containing material {e.g., |AAUS2006/002841

that may be damaged during a traditional etchant clean

process. Therefore, besides an etchant and a carrier

gas, the chanber clean gas may further contain a

silicon source to counter act any over-etching caused

ol Py RSk TERSIES IS0 AP o prces
chhhler idsiriaf @it Gilamber Wiee phdaestaatan ratechidnn.a Ay fromeabout 10

interior surface or conponential part within the
SC@Po@eQEOlﬂthﬂ)éF”n’QSﬁfﬂ%ﬁ%/vafrcﬁf‘oéﬁ&%ﬁi EGRIDi tRPRGH S sim- In one

exét”lpﬂ?rtﬁgle??lﬁ]%g%s:&gfb@\f‘hte@%ﬁglt I5Ysird, Bpeferam ?é'>6’tﬁt 10 slm, and

dace w rocess chanber may cont al a.
mael prefereblgnaboui 2Q sirar flacanotseic bxamplgydine sichsintinesra flow rate of

e W05 S (SLLESD 05 SO, out 1,00 s
7 Et{:ﬁ‘ﬁﬁ@olfhat Ghaf OB®| fedd ithin NBEefeaniy Yaleincid IS Ine, chlorine

he Int-erior- su.rface ‘is a metal -containing surface -
trifidridien tatteshprosites s, tleaatidprodisieneasr deratives thagngokss
steel, iron, nickel, chromum alum num alloys

her e Qr. conbi ' . i ' | .
odsHf  acche RlpERERRER KBV e B0 3H0g iMBinbRePpac pramber during the
chaRfhdrided prdtesehardeste whhined Irasge frohembalit ¢Orgoenetd about 100

or portions thereof, such as a suscegltor a linear, a

simppeafe@bhe, from| ahet 190hecen, 19 ahosh o nhg:ln one example, the silicon
. . | o , ¥

sof 81644 53 T PHED 510800 Rrp By PASHS. 105 M e profrsby

absub20r€e Husnefiterrexampgle} tepsiliednseuwiet has aaflowirrgte of about 50

scfg%lgagfgo t ? %t?qoigofﬁ% ggcg%%ar%;t?noogﬁcdor%?%ﬁgf gﬁa@ta{,bgﬂ“ sccm.  Silicon

so%?&ég APRUEa(O0Be OGsd P iRhpLt eRBRCindIGde eNaABs ehareHhted silanes,
000C. The process chanber ma ave an internal

orgamasianes wrt idenivativesnfeereobm Bbaies inchirde rsilpeabibis) and higher

760 Tarr, pref.erahl fr abou 0 . about i _
sitggs Hirthe BrEifieAdotpub TB08. Sudhas BEfRRG (S8R0 Wisiiane (SisHe),
ardPRUhasTAE [IEH,),f4 wek arndtRers6 0Qalbgenatednsikines éxelope eompounds -

acold wall reactor is used as a process charrbe[y arId
withathenameiricahéaratulal ySiminnaVABE Xt IsanfeRpiaiitly setected from F,

l e an t 400 iaRLY t ARRYI SiCl
CIZOg’?Oé? é’n%r eé%rggg‘?% {)'s)fﬁ"gg% t(ﬁ’ﬁfn 6bo{ljbt{ﬁ%fSOOC |§1rr]109| ( I_ 4,
triehlgrusiibze r @44SHA), dadiehinedsitbae neg@l:8iHg), t emger alblorasilane (CISiH3).
Oygatnglsirl]anaesr i%g%%e compounds with the empirical formula RySixHx:2.y), Wwhere R
is independently selected from methyl, ethyl, propyl or butyl, such as methylsilane
((CHa)SiHa), dimethylsilane ((CHs).SiHz), ethylsilane ((CHsCH2)SiHz), methyldisilane
((CH3)SizHs), dimethyldisilane ((CHs)2SiHs), and hexamethyldisilane ((CHs)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 sccm to about 100
slm. In one example, the carrier 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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from about 3000C to about 800C, preferably, from about

400 OC to about 700 0OC, and nore preferably, from
wahostos50890C t 0 about 6000C. [ 0058] The cl eani RQT/US2006/002841

process is conducted for a tinme period within a range

from about 30 seconds to about 10 m nutes, preferably,

fromabout 1 mnute to about 5 mnutes, and nore

preferably, fromabout 2 mnutes to about 4 mnutes. A

o i . o> ¢ qesili
ISR TRESINT o TGP ofes B FRILR MR Fldmbent iahing s, argon,
hdﬁh@mm@*r:bhaﬂomdhemmam neprejasedisecintplej mgchémber clean gas

chanber c| eani ng_process are,the sane, gases used
CORINRGIPTCCGA% BIERS FINCa CRTIPTdas, SUSER ME0gSY) Aygpapber clean
prBEQgseg?aé%a bfeqﬁéeoelivﬁhinpérﬂ%%ﬁneﬁ@%f%é'lwgntﬁﬂyd&%ribed herein is

provided Into the process chanber during the chanber
fudheardigclosas snacommathe agsignad dJ.Sangatent odNpalibd2,664, which is
. seem to about 100 .slm preferably, -from about 10 ee
inSEPRRRE Teren Y 1eiSTsee B B BTt nd e e helg Pl ys may be
repBhR Aft&LSceSsifil Bachr iAtRARRI ubathate! ol &ited multiiél substrates. In

nore preferably, about 20 sIm -In-another exanple, the --
o elampld dbeactidraher aleandirogesiis sondeeiad aftesfrpaessing every 25

S oG RIS, DAY D e OB 86t e

pﬂoﬁééélﬁ% &/BhpBi sihstrabdsr irmanbihet laxarriplke, the chamber clean process is
tetrachl orosi | ane, hexachl orodi si | ane, or gerivatives

cansisicast afterpogpssing eyPrY ¢ sybsiatesnd)thoraprbovlRiErte may remain
in'tAE b rbOSssPEREES e HBS & §n% % OSE p%&@?@)l r’nﬂt% substrate -

process at a rate wthin a range fro
isabmolved @i dstheprocefsas geifprmedam abentptyl Oarmbem t o
about 5 sIm In one exanple, the silicon source has a

flowrate of about 5 slm . preferably, about 10 slm

O3 oS BIURGH| 55 ABUUIBoRh et (HOLHE: REPCERaRpINEt may be
uliiRBISHliNP PalSRidtion PRtedsés v MBI TUxidd BEmiBndeadt Field Effect
preferably, about 130 seem and nore preferably, about

Transttors §4RSFET)i sod kipales dansigtorsrestobe ag sBigolas deydce fabrication
et chi ' d i]lan ' . .

(£ HhBE, RBL SRl cHLECRARAES. LIRS devie fabycaton (0.

badd, aamitté, HYlleatud, herphier sorhtaos anid ICNMOS elgvice dabrication (e.g.,
fornmula Si xéwaZ), such as disilane (Si é;gG) , .

channgl| gaErcesysing) Soursa@raig; extansione ¢lgvaigd gpurceidrain, substrate,

S5 HicShnsicon S RAIGHCEhs LaANRT g Rkl oSN provie

picsesset pleatdardyl peselilzededufingrgeate fabric@ioromprocessesh base contact

fa@%ﬁ%ﬁ% o{)r(())%legéésa}n%olqescltgg CGC?ntélCtt ?élgr?c%ttlllogr%?clacleasggs, 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, California. 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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trichlorosilane (C3Si H), dichlorosilane (Cl2Si H2)
and chlorosilane (CISIiH 3) . O ganosilanes include
woanpmssds with the enpirical formula RySi xH( 2RERAI2006/002841
where R is independently selected fromnethyl, ethyl,
propyl or butyl, such as nethylsilane ((CH3)SI H 3) ,
di nmet hyl sil ane ((CHs)2Si H2), ethylsilane ((CH3CH2)Si H
nmet hyl di silane ((CH3)Si 2H5) , di et hyl disil ane
d hyhfliesid
pu&;g %g:r f3 (?%Fﬁ%mgo%%sog %%gfgm d)ﬁ?gl u 'Bﬁn§) (a?'é%\)rg’tﬁbg% include batch
fuﬂhIaCBb@hdﬁlgla{mnperatmeﬁukm~q [0060] The carrier gas
may be provided into the process chanber during the
h clean process at a rate wthin a range from
E)gt?:@nﬁ’?-%rfoo seemto about 100 sIm In one exanple, the
carrier gas has a flow rate of about 20 slm
[od%fsgf er R Y@IIO@\hﬁ?‘hyégﬂw‘é‘h%I SR HTBS endyf 166 ebAdlioted FAHABTO mm silicon
slm In ano e, the carrier as has a
wafemwithinearoEpaGentura ‘%@yaemnavgml@ffr@m Ppphesd Materigls pinc., located
ep |y, about 10 slm Carrier gases may
in %%@Faggiarﬁi PPI@@@Q hydr-ogen, - form ng gas; argen, -helium
or conbinations thereof. In a preferred exanple, a
[oolsh]aﬁbeExahmmﬁga@rewtéa&i proceisk adnmeargtige withbahsilamal # substrate

WanEKPaEeT B A ek ITRCETOGATABRLA TOPTEReTRIE GRtace. The
su%‘éﬁﬁfé R:gg Lé?%ééadpm ih% 6ME%Q§EhQ el %83% delled %THBBthsowc while the

assi 654
presmuepwaat mdtrhmnednabytboeif QOe'lﬁoar i Thiet sutmttawewgts eMposed to an

o1 GER STt Seae ARneragy okapant e prd O BFASH'R of about

12918k aTRS sulrrac@waseétaﬂea &t alrB® @mdmﬁrsogl ﬁ@/arnn process
I's conducted after processing every 25 substrates. In

anot her exanpl e, the chanber clean process is
[OQﬁ(ShducEé(arT@ﬂ& Br— Rrerclean Ripcess withssitanest Agubstraie, was exposed to
r S
EJE%‘{ e%;’é%g? e(f fOprﬁ;g é@?ﬁ%%év@bﬁ?éfio%@é%%ssu 2 Jlg Substrate was placed
|nNHeh<leu@¢e§$ shhaibeat endrelyeatedaion about [6005Cowddle tieamressure was

during the chanmber _cl ean roc referably,  the .
MaRLANRA( @ ABOHG RO J@Mand NS RHRIS SIS PP HBqapnetching gas

(ﬁ‘?alﬁ tMg N ”ﬁd’cﬁ[/ ra{eogﬁ%oﬁ"%?@n’i‘e@&%t Ry FRE T ARt 20 scem and

erel provi processes that nmay be utilized during
SlFbkatlaCMWwatepmfoaiwﬁé'@ sam Mithel subldcgewse etaheddaica sate of about 10

| d.Ef f t ET) and bi
f'rlpgngﬂg?r %re ;{r o IO%{ Bf)@a?'Faoe& 388“3[931' b 235 8Har€ee lrb Example 2,
reQﬂé@d tiedTetdherate %Pmé?ﬁ!l@(ﬁn conthirand 14y Iﬁyoét&cﬂﬁtS)O tanQ@:ompared

device fabrication (e.qg.,
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 forming 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 Nz at a
flow rate of about 20 sim and Cl, at flow rate of about 20 sccm. The surface was

etched at a rate of about 200 A/min.
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base, emtter, collector, emtter contact), and CMOS

device fabrication (e.g., channel, source/drain,
weawessqs ai n ext ensi on, el evated sour ce/ dr ai NnPCT/US2006/002841

substrate, strained silicon, silicon on insulator, and

contact plug). O her enbodi nents provide processes

that nmay be utilized during gate fabrication

processes, base contact fabrication processes,

[O&B%Jt Zg % rrhg Nt AcL éﬁﬁ%‘tf‘ﬁﬁé' ngo%%QCWftﬁe%la%fi U Y€rsubstrate surface

cohdainingy/ a:lsmcon-fcabfalmagllwerma:ﬂ:eleaeed fqrotB@ R stiace with a roughness

processes of the invention onduct ed
off Aprytcat B 4Gt FiRat Sguate: f othe: hexSHBSERIS WasnBlages) in the process
S5 | heététf’ & epbLh 850 YRR Hﬁﬁréé%u?é Wésofnalntamed at about
eposit the I con-containing filns as descri bed
20teTeirn Thecsulkiraté waspexp@@addpaar( eichingsgamcontairtieg Nalay a flow rate

of et 230 EF sttt HeRPUC2 5RO St Bhidaf of about s0

scehnyRe éduﬂ’%é'wé@e@héb aaradra@l@@oabbutago %0, PRE shEfaeé foughness
is further disclosed in conmonly- assigned U S. Patent

7 wmre@og@lztom:@ut ahi o RMS. nEbeisiere: tie addiipn oy silicon source, such
ag § %La gplrs {nulgké%n%eﬁrf Je%hé?& Ne %{L?Piéft%’ %?%eoglllgtfr? g&htl&'lrﬂﬁg layer by

enapri ng” appar at uses

abrat dio tirhesas esnpadedigthd etchentt mrExdropledies. EXAVPLES
[0063] The fol | owing hypothetical exanples may be
conducted on 300 silicon wafer .
Example { A0S, . \ . A silicon
ngié?rat? EBT% é%eﬁ@gto? sﬂc@hghltr@%l aneolfeﬁhﬂes [t%ﬁc/t'rh about 90 nm tall,
re-clean process conparative wt
atmuta'im i swislst eat ealwas é&@mdap@ﬂabaﬁﬁglmet snbc@m@e:face The

fl de t t r f t o
SRl HeB IR b5 BIBESS RAME ArCPPRRda T3 AE00:C whie the
preQ8GreMiaksentditaiMes aH 2oV 4 0THORt ai TR sébsigdteuivadOexposed to an
Torr. The substrate was exposed to an etchin

etebingagasi eantaiping Na at pdlow gte abfabapbal spo %1%8&@ flomprate of about

S(gtscéllno‘g’;réggﬁjrp% aﬁggﬁ&}i&mﬁﬁﬂ%gf@] ask"t_g(ljtaf@ ‘ﬁ@% it AR about 30

sddolrde] glasutBPaRSS! thktdilicdinl aAnficeAwas b&ﬁTealt eTtv@smecxrpnﬁﬂde features
to an HF-1ast process to forma fluoride.termn

reqAin deqrt tortie Stohtd BERSSRAs ThcaRIGFSHIP WAS iNrTERES ¢ Gbout 200 Torr
a%?@f@va@%d@%ﬁfoeﬁw ol StcARRMGaSAPG MU rSie! BealPERSS066cm. The etch

rate was reduced to about 18 A/min to smooth the freshly etched silicon surface.

After about 1 minute, the smooth surface is exposed to a selective epitaxy
deposition process by increasing the flow of SiH4 to about 100 sccm and maintaining
the flow of N, and Cl, unchanged. A silicon-containing material was deposited on

the silicon surface at a rate of about 25 A/min.

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

substrate contained a series of silicon nitride line features that are about 90 nm tall,
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 sim, Cl, at flow rate of about 80
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mai nt ai ned at about 20 Torr. The substrate was exposed

to an etching gas containing N2 at a flow rate of
wahoostos203sl m C at flow rate of about 20 seeRCaMWS2006/002841

SiH4 at a flowrate of about 50 seem The surface was

etched at a rate of about 10 A/m n. Therefore, the

addition of a silicon source, such as silane in

Exanpl e 2, reduced the etch rate of the

I Lni t [

sopty SRRt Potyafe bEUEDUPY0 FR8HY Phle CliTEEe e BEABHA a rate of
abBupa0biAmeimr ocess conmparative without silane: A

substrate surface cont al ning a sili con- cont ai ni ng

| ayer

[0G3P] aboGXAmPH gua ‘ oL

a m&@%ﬁ&?ﬂal' éﬁd%ﬁlow %%§§s %@@l%trﬁféjw%@éﬁ@vé@ f.@b@ tﬁe chamber.
650C e pressure was nmi ntai ned at about 200

Thﬁopwoce%@haum{rrvwa%h&atedet@p@md &Q9°@nwledasmawgr€z§§§re was adjusted

t a flow,rate S
BB rave ok abersSRidien i bedtic oM pghs conaining
N,_aét a@ﬂb@trﬁteocf)f AAH202800h, /&lgranﬂ&mété] ofEtap esivh-and SiHy at flow rate
Snoot hing process with silane: A substrate surface
of ebatihil Mg Thesehanslesi- Qi@aﬁ BI9AGSS W%@@Qn%e%fcgé\b@&t 2 minutes.
formng a surface with a roughness of about 5.5 nm

[067q Eegg\ﬂﬂﬁstﬁg %ﬁgﬁ (?1%}%(%@&(? ghft @b%%@g%'tﬁeﬁmﬁennon other and

fuﬂhesembmdmsn%aohtrm iracnéibn abaytbe @@visedr witfitid departing from the
substrate was expgosed to an etchin ainin
bagc SMeeFaRlcaBt 1ifheRPEesFoh 1S e Tingq B Plafes at follow.

about 20 seemand SiH4 at a flow rate 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
rate of the silicon-containing |ayer by about 10 tines
as conpared to the etch rate in Exanple 3. [0068]
Exanple 5 - Chlorine etch process foll owed by
silicon-epitaxy: 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 pl aced
in the process chanber and heated to about 600C whil e
the pressure was nuaintai ned at about 40 Torr. The
substrate was exposed to an
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etching gas containing N2 at a flow rate of about 20

silmand 2 at flowrate of about 80 seem The surface
woasoceissdeed at a rate of about 750 A/ mi n. AftepPCalusios/002841

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 Torr and SiH4 was added to the etching gas

at a flowrate of about 50 seem The etch rate was
ClaiB8ted to about 18 A/nin to snooth the freshly etched

sili f e t
1'surf tﬁgae@g gg@“boé asqlgbgﬁe |veﬂ<|§)ﬂ?atéﬁadéﬁgé;ts{a pgirate surface,
copfigriziisg by increasing the flow of SiH4 to about 100

seem and mai ntai ning the f|ow of and d 2 changl

A siRasiining f avRstrRje ne@iriniYg Rasilieepsapiesd contaminant

a rate of about 25 Al'm n. [0069]

wn@éﬁ@céﬁé@ﬁgﬁ ne fast etch process contai ning

si | aaxposigsiHe sursteibdbrat etadimg gasecbraaimdrg eblosihe gas, a silicon

silicon nitride line features that are about 90 nm

SOUkeq and BAtiegRh VRGN SRR BIRCeFS0Rth apart, - baring - :
the Bddvir) 1R EcHRgmindi? Skdpsa r@‘e@ei’@ﬁurﬁ’écﬁ&ﬁ@kh@sé h&t the silicon
process chianber and heated to about 600C while the ,

mptesial wrhergits theasilicen matedal isbemoveg gloa rateTheabout 2 A per min or

| substrate was exposed to an etching gas containing N2
i a flowrate of about 20 silm d2 at flowrate of
about 80sccmand SiH4 at flow rate of about 40 seem
The surface was etched at a rate of about .400 A/ m n.

2.[ 0070)e meitsl ef glaim thyhBEin the Eaie iy abaudl] APRTANIUIR 0T less.
chl orine and silane: After a silicon epitaxial
deposition process, the substrate was renoved fromthe

3.chardenethbdefopriomning a heiliduer-covtainirepneatetial aboatsuBdate surface,
whil e the pressure was adjusted to about 600 Torr. The

C%?W(‘ﬁé‘%%' chanber was exposed to an etching gas
cont s'“d?ﬁhé\lza %hb&ritbo%ﬁtéfn?n%fa afreyh %Qteﬂa‘mha@hr?g al contaminant
ro rate about 2 sl mand at flow rate of

wistho @t processrchdmberhanber cl ean process was conduct ed
for abqut m_nut es 71 e the fore '

i v 45RO, G RBUEEREIER" Ehé (SVRERSR WETHoR e from about
5dmottlaedbcﬁm‘qggp@ents of the invention rmy be devi sed
W t hout departing fromthe basic scope thereof, and
t he SPOSIG ther sdistiaie de sy piching 89s chptainiag ehlening gas and silane
thod for formng a
dl]smd %%Vﬁ%goréqgfoﬁ%ﬁ%ﬁéna erial on a substrate surface,
removing the contaminant and a predetermined thickness of the silicon

material, wherein the silicon material is removed at a rate within a range from about

2 A per minute to about 20 A per minute.

4. A method for forming a silicon-containing material on a substrate surface,
comprising:

positioning a substrate containing a silicon material having a contaminant
within a process chamber;

exposing the substrate to an etching gas containing chlorine gas, a silicon

source and a carrier gas during an etching process; and
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conprising: positioning a substrate containing a

silicon material having a contam nant within a process
woheosin83693 exposi ng the substrate to an et chi ngPgaaIS2006/002841

contai ning chlorine gas, a silicon source and a

carrier gas during an etching process; and renoving

the contam nant and a predeterm ned thickness of the

silicon material, wherein the silicon material is

re a . u 1 1. I h -

ot e o bl and, & PRacRhia fiftngés Jhe siicon
materisf.e or less. 3. A nethod for formng a

silicon-containing material on a substrate surface,

conprising: positioning a substrate containing a

sili i i : LN Ltk f
5 hanbor - TReeet 8 CRH 2 B e AL Bocts idnBal iy thgbsed to a
chenpémcleanagge dontainiagotite EbIBGIGet gastamat tHEOBDICON source during a

exposi t he substrate to . an etching gas containing
Cllﬂ{ﬁ%% ricggaréggocgﬁa a&ﬁelr;n%eWDm%Efogﬁs%t ching process; and
renovi ng the contam nant and a predeterm ned thickness
of -the siticon material,;- wherein the silicon material -
6.i s rEmveethad of elaire 4 whereia thargjéicdr omatabauis enoyest at a rate

R T N SN T

surface, conprising: positioning a substrate
containing a silicon material having a contam nant

7-vi t hThe aMpiece£§ eaimber whexpibsiyy RReesushanher i hegted at a
teﬁ%’?ﬁt‘&% OitRirCa PARE B %B&réoﬁeg%saboﬂt ghhdgon source
and a carrier gas during an etching process;
andrenovi ng the contam nant and a predetern ned
t hi ckness P\f tt}e s,il'corhrra_terial. ) )
. e method of claim 7, wherein the carrier gas is selected from the group

8

consisting of nitrogen, argon, helium, and combinations thereof.

9. The method of claim 8, wherein the silicon source is selected from the group
consisting of silane, disilane, dichlorosilane', tetrachlorosilane, hexachlorodisilane,

derivatives thereof, and combinations thereof.

10.  The method of claim 9, wherein the carrier gas is nitrogen and the silicon

source is silane.

11.  The method of claim 6, wherein an epitaxy deposition process is conducted

within the process chamber after the removing step.

12.  The method of claim 11, wherein the contaminant is selected from the group
consisting of oxides, fluorides, chlorides, nitrides, organic residues, carbon,

derivatives thereof, and combinations thereof.

13. The method of claim 12, wherein the substrate is exposed to a wet clean

process prior to positioning within the process chamber.
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5. The nethod of claim4, wherein the process chanber

i s exposed to a chanber clean gas containing the
wohbwrossm3gas and the silicon source during a ebamserne/002841

cl ean process after the etching process. 6. The nethod

of claim4, wherein the silicon material is renoved at

arate wwthin a range fromabout 2 A per mnute to

about 20 A per minute. 7 . The nethod of claim§6,

wherein the process chanber is heated at a tenperature

within a range from about 500C to about 700C. 8. The

14vet bk ahetHoal f 7claiwheT3i whihein ciler isebstgals iss @(pbeediem ambient

th sting of nitr
%@Mr%ap $HiReL Of ﬁ%\ee\e;# ngﬁ raflge RO Epa OSa%OUt 24 hours
af’l.’é‘r%@'\nfettci&rﬁprldc%%‘ aﬁ@ sﬁﬁinm]ﬁ/ﬂhfnrtﬂ grsse&rawnber
SI I ne, dichlo

consi sting of | ane, rosi |
tetrachlorOS|Iane hexachl or odi sii ane, derivatives

her of nations, thereof. O Th od of .
19:1'ai Fr0 MERBRCT CRIE. Lor MPBFoTGdbe; sicin MgeHEL At comprises a
ro\?\lﬁhls@%cé‘?ﬁétqg réﬁ]o%a@uﬂn?me rJrhsvu il of claim 6,

- erein an-epi-taxy deposition process i's conduct-ed

wi thin the process chanber after the renoving step

16 A B yRbofiELE Mooty RS ST Wstrele surtace,

cdrhpiggihges, chlorides, nitrides, organic residues,
carbon, derivatives t her eof , and conbi nati ons t her eof .

13. PORiioRiRgGioa sHbsraiPmeeptainingr ai SR sAlstinhrwthia a process
t
B o HELGEERIERITES B RPRYhPALAD goout 1

RM@emegneaté‘re substrate is exposed to anbi ent conditions
for a rlo of ti

Lo cRReTIMRHRS RNR Bt A iAdcRY SR eaRERSEEAR oiggnt and a sifcon

S(ﬁﬁé@reﬁ‘,chSI tioning within the process chanber. 15. The
met hod of claim 12, wherein the silicon materi al
f ur tredistideuting mer@alrbu@hmsthef aiieon hmateiigl havipgea second surface

i e _renovin ep. A net hod of snoothing a
ro@ﬁﬁ?%ﬁéggﬁ?‘ i ﬁ%glﬁt:ﬁ @'E\ %&%on a substrate surface,
conpri si ng:
17.  The method of claim 16, wherein a predetermined thickness of the silicon
material is removed at a rate within a range from about 2 A per minute to about 20 A

per minute.

18. The method of claim 16, wherein the process chamber is heated at a

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

19.  The method of claim 18, wherein the etching gas further contains a carrier
gas selected from the group consisting of nitrogen, argon, helium, and combinations

thereof.

20.  The method of claim 19, wherein the silicon source is selected from the group
consisting of silane, disilane, dichlorosilane, tetrachlorosilane, hexachlorodisilane,

derivatives thereof, and combinations thereof.
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positioning a substrate containing a silicon materi al

Wi thin a process chanber, wherein the silicon materi al
waasoessdss st surface roughness of about 1 nm RRSTWIS2006/002841

greater; exposing the substrate to an etchi ng gas

contai ning an etchant and a silicon source; and

redistributing material to formthe silicon materi al

havi ng a second surface roughness of |ess than about 1

nm RVS. 17. The nethod of claim 16, wherein a

predeterm ned thickness of the silicon material is

21.enoVied rasthadr 8t elaiint DO wher@noief eimaabdsitseleoteddrom the group
mnute to about 20 A per_ m nhute. 18. The met hod of

csisting1ef, chipenei ehlpree pifbiadide, tetrnrhieropiians Aastyaliyes thereof, and
Cé}ﬁg@%ﬁ%é‘ﬂ%%ﬁ.hi n a range from about 500C to about

net hod of claim 18, wherein the etching
gas further contains a carrier gas selected fromthe

ro consj st i of nitrogen,, argon, helium and .
2€onbi HETTSRST PhEIEBA ] 3CTGRINFERRE G5 & PdI9gefs the silicon source
is\N8hEIaRdthE ct¢Hdrt MIcIfIBHAE §aksS Sel ected from the group
conststing-of -silane, -di-si"l ane,- di chl or-osilane, - - -

tetrachl orosi | ane, hexachl orodi sil ane, derivatives

her eof d.c i.natlons thereof.2 1. The, nethod of.
23"a1 Fo e AL TR PR 2f Spuard deRaSPB R press is conducted
wiRiBURe pPOSISE dRENISEr it e P@no@ihg@téme trifluoride,
tetrachl orosi |l ane, derivatives thereof, and

conbi nations thereof. 22. The nethod of claim?2 1,

20T 0 DR EREL B2, BB B SRl Mt comprises

caritamivedritothadfis Cledmaneli duvihgribienreanownygt sbsp degabit comaminant is
rocess is conducted within the process clrﬁ?%nb,er after i
sqlgetep i hg giop. cowistingeohaxifiss Worides, higsidegn sftddes, organic
I‘etSEfue%l, LA, H@ﬁ@@iv%!s tﬁéfddﬂ,%n&@émbin%ﬁénétﬁé}géﬁm nant
that 1s renove uring the renoving step and the
contam nant is selected fromthe group consisting of

28X WRe et §F Sk B8 Whsin T SuBSFat®isI8RSsed to a wet clean

process prior to positioning within the process chamber.

26. The method of claim 25, wherein the substrate is exposed to ambient
conditions for a period of time within a range from about 6 hours to about 24 hours

after the wet clean process and before positioning within the process chamber.

27. A method for forming a silicon-containing material on a substrate surface,
comprising:

positioning a substrate containing a silicon material within a process
chamber;

exposing the substrate to an etching gas containing chlorine gas and a silicon
source during an etching process;

exposing the substrate to a deposition gas during a deposition process; and

exposing the process chamber to a chamber clean gas containing the

chlorine gas and the silicon source during a chamber clean process.
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resi dues, carbon, derivatives thereof, and

conbi nations thereof. 25. The nethod of claim 23,
wohere®mssrs he substrate is exposed to a wet cl eRraT/US2006/002841

process prior to positioning within the process

chanber. 26. The nmethod of claim 25, wherein the

substrate is exposed to anbient conditions for a

period of time within a range from about 6 hours to

about 24 hours after the wet clean process and before

positioning within the process chanber. 27. A nethod

28l or Tier iefttb R ob blaire AT, Getidraiminegsuiiitiend & remowved from the process
substrate surface, conprjsing: positioning a substrate

chagWesipiioRtp stasiing Herchamken AeanPIaessa process
chanber; exposing the substrate to an etchi ng gas
containing chlorine gas and a silicon source during an
20et ¢ hthegmptrazksisclaiex g8 swhgrdih¢hes sitisom aberceds aelected from the group
depositio as durln adep iti.on progcess; and . .
CO@)?ﬁngngo %"%‘P%ceg %ﬂ%n‘o@g otr%sn%n@harfﬁéﬁotqsz%e,gaghchlorosnlane,
tri BFo%'iIQhé‘g'F]é%hFd?b G11M5e, HRTivaiived Ihersdfl AR@RoRDINARNS thereof.
uring a c er c ean proeess. 28. The’ nethod of claim
27, wherein the substrate is renoved fromthe process

L RIS of M 50! Mg B PRIt S8l B5REfor gontains o
ca'rﬁ*e £6b186tdd @Hr‘ntth@ o0 RoR8RERG lof Mtrafers inydRgyen, argon, helium,
di siTane, chlorosilane, dichlorosil ane,

founingl gase ent aesbinatias heeall ane, hexachl or odi si | ane,
derivatives thereof, and conbinations thereof. 30. The
nmet hod of claim 29, wherein the chanber clean gas

31 ur tTey nedinddion £1AmCca0,r wherefiashe elliech edufcenin silemegandithe carrier
consi, stl ng of nitrogen, hydrogen, argon, helium

gaso it fRPYPls, and conbinations thereof. 3 1. The method
of claim 30, wherein the silicon source is silane and
the carrier gas is nitrogen. 32. The nethod of claim

329 Tieemeéthotthef piaioe 29, C\htaateén the pemesd clraraber is heated to a
tenperatu her dur,i ng. the chanber

e_of Q Q0C or
tefrggR Ot aadit QP ard e s e ciadeg) Sl p R e
tenperature is within a range from about
33. The method of claim 32, wherein the temperature is within a range from about
700°C to about 900°C and the process chamber is at a pressure of about 760 Torr

or less.

34. The method of claim 27, wherein the silicon material further contains a

contaminant or a rough surface prior to the etching process.

35. The method of claim 34, wherein the rough surface has a roughness of

greater than 1 nm RMS.

36. The method of claim 35, wherein the rough surface is removed during the
etching process to form a smooth surface having a roughness of about 1 nm RMS or

less.
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700C to about 9000C and the process chanber is at a

pressure of about 760 Torr or less. 34. The nethod of
wobheiernsdp3 wherein the silicon material furthePCT/US2006/002841

contains a contam nant or a rough surface prior to the

etching process. 35. The nethod of claim 34, wherein

the rough surface has a roughness of greater than 1 nm

RMS. 36. The nethod of claim 35, wherein the rough

urface | ri : j . :
373 < e e S OB e HE bR GRS R U iorine gas
andrthkedigod Goufte net hod of claim 28, wherein the

deposition gas contains the chlorine gas and the

silicon source. 38. The nethod of claim37, wherein

he L hQNAPT, i Ifhax ht i i
3, o bl R T, Sy RO B UofpaRTh PreRess fs an epitaxy
deposhiongrgeass.t he deposition gas and the chanber clean

gas contain silane. 40. The nmethod of claim 28,

wherein the etching gas, the deposition gas and the
3o hamy mekiRRN ofaing @8t ihersinl tABestamilg PJalsO e @e@ésitiort gas and the

1. A nmethod for form-ng a silicon-containing materi al
chambkerslgsit gas eorlairt siteane. conpri si ng: positioning a

substrate containing a silicon material within a

process chanber; exposing the substrate to a '
A0lepoRid ineth@nsf Giairh P8, aviiepipsthei eihingaees the dodosition gas and the

exposi ng the process_chanber to a chanber clean gas
cheghesidgaiyden conteiesipne andChIoENei%8Sn source during a

chanber cl ean process. 42. The nethod of claim4 1,

wherein the substrate is renoved fromthe process
41chanbenetpodofor tformingr i silicdrheothanime matedah opr aceibsirate surface,

43. The nethod of claim42, wherein the silicon source
COPE¥@ct ed fromthe group consisting of silane,

di Sm&;ﬂﬁ)niﬁﬁ"&rgﬁb&%’[@' cBhfdMiRgO8l IsBR®n material within a process

di chl orosi I'ane,
chamber;

exposing the substrate to a deposition gas during a deposition process; and
exposing the process chamber to a chamber clean gas containing chlorine

gas and a silicon source during a chamber clean process.

42. The method of claim 41, wherein the substrate is removed from the process

chamber prior to starting the chamber clean process.

43. The method of claim 42, wherein the silicon source is selected from the group

consisting of silane, disilane, chlorosilane, dichlorosilane, dichlorosilane,

trichlorosilane, hexachlorodisilane, derivatives thereof, and combinations thereof.
44, The method of claim 43, wherein the chamber clean gas further contains a

carrier gas selected from the group consisting of nitrogen, hydrogen, argon, helium,

forming gas, and combinations thereof.
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trichl orosil ane, hexachl orodi silane, derivatives
thereof, and conbi nations thereof. 44. The nmethod of
wobheiernsdd3 wherei n the chanber cl ean gas furt hecT/US2006/002841
contains a carrier gas selected fromthe group
consi sting of nitrogen, hydrogen, argon, helium
form ng gas, and conbi nati ons thereof.45. The net hod
of claim44, wherein the silicon source is silane and
5t he 'l&)%gfn'& ocgﬁfs cl ?’82‘!@‘{ \ngﬁ'g rpothe Isu-lr i @Bbg%disoéilaﬂeaéﬁ@ the carrier
gatseﬁ”nﬁf@eufe of about 600C or higher during the chanber
clean process. 47. The nethod of claim46, wherein the
tenperature is within a range from about 700C to about
00 h t
46gb081t¢1@218et[]1§§r81g ‘r?: 121: ;1@ Z\gf?éi%ri $hé w%g@é%scz%gnﬁbm&f is ’heated to a
tefnpetatare coalpoit S00§Cetoghierglutrimg thelahambemﬂmn pifocess.an
etching gas containing an etchant gas and the silicon
source during an etching process prior to the
479epoHd in@thd¥ SC@atn 46whdftsn IR RPhérhtibas Withih a a range fr from about

wherein the etchant gas contains chlorine gas.
7098CHodakiut Q086 arg) thehprasieas chemiiariie eh anpressiig of about 760 Torr
iont ains a snooth surface having a roughness of about
¥ RVB or less after the etchi ng process. 5 1. The
met hod of claim49, wherein the deposition process is
an epi taxy deposition ocess. 52, The nethod of claim
4819, methpd eleclaine |il n&r@@s compélsungo@ﬁqqsl'ragntl*ga@h%emmatenal to an

et%l#\ﬁgﬂ é}f&n‘;&gﬁt rjuﬁ narg%sf %@ aﬁ?en aFIhégn é%d?%é Qﬂﬁ’mgoén etching

n Eontal ni on a substrat
prswsfsapneor toahpﬂepoaig’onmsméssom ng a substrate
containing a silicon material within a process
chanber; exposing the substrate to an etching gas

4 ON B iRt GNP RE 49a®h@n=ﬁ'n ﬁqééidhaﬁf‘%&@ Hbﬁt%w@éhlﬁﬁn@@as

et ching process; exp05| ng the substrate to a deposition
gas contai ning the silicon source during an epitaxial

epoﬁwt Irr?é}hgroc SFélm 49, wherein the silicon material contains a smooth

surface having a roughness of about 1 nm RMS or less after the etching process.

51. The method of claim 49, wherein the deposition process is an epitaxy

deposition process.

52. The method of claim 49, wherein the etching gas, the deposition gas and the

chamber clean gas contain silane.

53. A method for forming a silicon-containing material on a substrate surface,
comprising:

positioning a substrate containing a silicon material within a process
chamber;

exposing the substrate to an etching gas containing chlorine gas and a silicon

source during an etching process;
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renovi ng the substrate fromthe process chanber; and

exposi ng the process chanber to a chanber cl ean gas
woanicassiong an et chant gas and the silicon SOUPCEUS2006/002841

during a chanber clean process. 54. The net hod of

claim53, wherein the silicon source is selected from

the group consisting of silane, disilane,

chl orosil ane, dichlorosilane, dichlorosilane,

:rh'ergell rsﬂ\%gﬁ? #Egﬁ)g(f'ecgéa A %'s|t|§ﬂegg§je n‘f&hlq\éﬁ%de Sflicon source

dmir@anéﬂstaM@lei?d@,mdmepr@bas@er cl ean gas contains
chl orine The met hod of c|aim55, wherein the
regjqwrg_ga’;!q\es@lhsér@tep gong) thgrrocess chamber; and

exposing the process chamber to a chamber clean gas containing an etchant

gas and the silicon source during a chamber clean process.
54. The method of claim 53, wherein the S|I|con source is selected from the group
consisting  of S|Iane, dlsﬂane, chlorosnane dlchlorosnane dlchlorosalane

trichlorosilane, hexachlorodisilane, derivatives thereof, and combinations thereof.

55. The method of claim 54, wherein the chamber clean gas contains chlorine

gas.

56. The method of claim 55, wherein the silicon source is silane.
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