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| N\VENTION This invention generally relates to an apparatus and neth g of "
cl eaning a processing chanber to renove previously deposited chanber

resi dues, which have accunulated on interior surfaces of the apparatus. In
particular, the invention relates to a high pressure wafer-|less plasm
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mai ntain the uniformty and accuracy of critical dinensions. Moreover, it
has becone increasingly inportant, that Sth% envi ronnment inside the
processi ng chanmber be cl ean andé§?ﬁ§f?té%ﬁ to ensure acceptable wafer to
wafer variability of the criti ¢ &ilRu$8FSEHs. As is known in the art, many
of the processes carried out wi ®#rabh hd/liéni conduct or processing chanbers
| eave deposits on the inner surfaces of the processing chanber. As these
deposits accunul ate over tine, they can becone a source of particul ate
contam nation that is harnful to the substrates being processed should the
particul ate contam nati on fRIEE®D OFF THEINVENTHONo t he surface of the
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increases with each processing operation. Thus, each successive processing
. oper at i orcetegated tonj infetripnswiases bi theeppanatnsc ha phsiculas dhelinvenen relgdesor di ngl vy,
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BACKGROUND OF THE INVENTION

The continuing trend for smaller geometries for semiconductor devices makes

it more difficult to maintain the uniformity and accuracy of critical dimensions.
Moreover, it has become increasingly important that the environment inside the
processing chamber be clean and consistent to ensure acceptable wafer to wafer
variability of the critical dimensions. As is known in the art, many of the processes
carried out within the semiconductor processing chambers leave deposits on the inner
surfaces of the processing chamber. As these deposits accumulate over time, they can
become a source of particulate contamination that is harmful to the substrates being
processed should the particulate contamination flake off and fall onto the surface of
the substrate.

In addition, the build up of deposits on the inner surfaces of the chamber
causes an inconsistent environment which impacts the processing operation being
performed. That is, the build up of deposits increases with each processing operation.
Thus, each successive processing operation does not initiate with the same chamber
conditions. Accordingly, the changed starting conditions for each successive
processing operation causes a variance that eventually exceeds acceptable limits,

which results in etch rate drift, critical dimension drift, profile drift, etc.
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L9' V 2065 One attenpt to sol ve these issues has been to run in-sité Noy 2005
cl eani ng processes in between processing operations. However, these

cl eani ng processes tend to | eave residues of their own behind. Thus, as a

result of attenpting to clean the processing chanber of one contam nant,

t he cl eani ng process | eaves behind another residue that may build up over

time and eventually flake off onto a sem conductor substrate. In addition,

failure to conpheiiing: & &k Eh@é‘e1@§L&9h5§1§é€9%nfr‘xf&%?th%léaﬂﬁtggﬁ&ﬂe@s%?h{‘g of the
next sem conductor substrate. That Is, the reproducibil d
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h ||
per T or m FPORGS RO VR PR Bt SIopHAPE SIS 1 ClepE HEyBo@H Phr oughput

is adver sc%mbbmte%dnﬂa&@mﬁ Qh@éleéﬂ?ﬁ‘g ﬁl%‘éMs'lé"dv@QbéIﬁ’xﬁﬁaﬂdtﬁ@ resi@ieWRAN wet
cleans. Figure 1A is a sinplified cross-sectional view of an etch chanber.
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‘processi tw‘??ﬂe‘?’%{ $AS- such as an etch operation, becones nore severe
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met hod and apparatus for providing a wafer- |ess auto clean process that is
subst ant ilass| ute eddad U@V AL @rodess siobe detfermagsbireoidat éol mihimize buildup of

residues on the inner surface of etch chamber 100. However, it has been observed
that the WAC process itself leaves a thin ring of dust, i.e., particulates or residues, on
the bottom surface 104a of window 104. Figure 1B is a bottom view of window 104
of Figure 1A. Here, the ring of dust is defined along the circumference of window
104. As more residue accumulates on window 104, the impact on the processing
operation, such as an etch operation, becomes more severe because of the residue
buildup on the window. Additionally, the residue on window 104 increases the
variability of the etch operation from wafer to wafer to an unacceptably high level.

In view of the foregoing, what is needed is a method and apparatus for in-situ
cleaning of a process chamber that does not leave any residue, thereby extending the

mean time between wet cleans.

SUMMARY OF THE INVENTION

The present invention provides a method and apparatus for providing a wafer-

less auto clean process that is substantially residue free. It should be appreciated that
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2 v /_U4' NOV -005 the present invention can be inplenmented in mugeﬁgvsme
ways, including as an apparatus, a system a device, or a nethod. Severa

i nventive enbodi nents of the present invention are described below. In one
enbodi ment, a nethod for cleaning a processing chanber is provided. The
method initiates with introducing a fluorine containing gaseous m xture

into a processing chanber. Then, a plasnma is created fromthe fluorine

cont ai ni Nge GRERAM Invativh R bl ihﬁﬂelﬁéri%&?%ﬁi An&DaRRls, DRXidind o8 hanber
pressure Is established that corresponds to a threshold ion energy in
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a net hod FEFsUBSt RS ff%‘;n Féq Yat i ng residual al um num fl uoride

particl es depqsidng&mbodafertNa ﬁietﬂbdcfo?@]éhﬂﬂ% alPr&GeBsifg tRAmBers e picsagrduct or
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initiation of the in-situ cleaning process includes flowing a fluorine

cont ai ni rigugeRonds ida thiesheldiersaengy in whichtans of the plasma gleas dnmep syrfaces

est abl i Sh{ﬁ‘%héé‘%r%?és(@)in {Eﬁgﬂ?%ﬁﬁdu@%&ﬂ?’m@&dwere the pressure allows a

pl asma creat r uorine containing gas to clean silicon
byproduct s defdasdrodttr @mbadimemet thelpiaest wvedtiva, prmethodifog subiseantielly wi t hout

;sputtering. any. alum pu ontai ning. parts of the processing.chanber. Next, a
‘fluorine cliogttinen gl ARRIES RgidcoRuFinics HI@?B%I%é‘e'%% RGN cl ean
the sili gﬁr}ﬂces?yf@f _Oddg@r}lﬁondi&tésiﬁxro@é@f Eh2hie dofREd, atald%taiﬁ‘ﬂ?aﬂ,r PSS! NY

system f executing an I n- u cleaning process is provideéd. The pl asna
processi rjumiminens proidede SThemethddi mitiates Witk edrfprmoiog sigirneessihg wpenatieionf i gur ed
to operate at an el evat eU[dbﬁ Eritgfﬁure an. in-situ cl eanin ﬁerati on to
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in-situ CclRANIAJinPHACEREning NRodREP GE ISitiRGd ClRRDE&I mpletion of the processing

operation and removal of the semiconductor substrate. The initiation of the in-situ
cleaning process includes flowing a fluorine containing gas into the processing
chamber. Then, a pressure is established within the processing chamber where the
pressure allows a plasma created from the fluorine containing gas to clean silicon
byproducts deposited on an inner surface of the processing chamber without
sputtering any aluminum-containing parts of the processing chamber. Next, a fluorine
containing plasma is created in the processing chamber to clean the silicon
byproducts.

In yet another embodiment, a plasma processing system for executing an in-
situ cleaning process is provided. The plasma processing system includes an
aluminum based processing chamber configured to operate at an elevated pressure
during an in-situ cleaning operation to substantially eliminate the formation of
aluminum fluoride during the in-situ cleaning process. The processing chamber
includes a gas inlet for introducing a fluorine containing cleaning gas, the fluorine
containing cleaning gas optimized to remove silicon based byproducts deposited on
inner surfaces of the processing chamber, and a top electrode for creating a plasma
from the fluorine containing cleaning gas to perform an in-situ cleaning process. A
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includes a gas inlet for introducing a fluorine containing cIeaang gg$,
the fluorine containing cleaning gas optim zed to renove silicon ba d 2005
byproducts deposited on inner surfaces of the processing chanber, and a
top electrode for creating a plasma fromthe fluorine containing cleaning
gas to performan in-situ cleaning process. A3 4 N OV 2005 variable
conductance neter configured to control a pressure inside the processing
chanber indepenedmatdtindf mtet lcoMfigabE t9TcoRhOICE Pred@B Eifisie thd Prdtdeghg The

vari abl e conductance neter is positioned on an outlet of the processing
chamber . chambpr inggpendenily of enfleyaieter ohprosess( BES) i tclufled e cThengarigbleendpoi nt
for each the in-si | eanin roocess performed in th rpcessi ng
chanber 1 0Res e fpllos € oF IR QUeEHORE Fo BRI PR L (G 1o
chanber . emipdioipispausiRtee OB o detb@inggh thdoififof @5 figp o amd ai-sinet ween
each step_ of the in-situ cleaning process is also included. Other aspects
and advarfieging process Perfeaed i Hhevpropesping gihambpir iastuded. o hhe HAES inin owi ng
detail ed i P - I N.:CaNnj i 0 i1 I awi ngs,
1 ast r acoagelionh Bt ol ahiblr R il WRAF AFRARKRE i 22
DESCRI PTIpobteskin B hdsSetiiven padseei ofl thy anitiodleaning proeess évalsd includeér st ood by
t he follomﬁngﬁg%tailed description_in conjunction wth the acconﬁanying
drawi ngs, wit HPPPKasPEEs @ adwaniagahat tednyertionutl hegoms gaPEERINENRLRE Fi gure
lAis a si ified: B [ (FSRVA 3 : - [ e 1Bis a
bot t om visﬂgwmo%‘ngvg% gaé%\qu%%ﬁ g? ﬁ’é?%%rlg\qoﬁﬂn%?%ﬁ?gﬁ%%&gﬁg?%%g glf%%’ ener gy

di sper si viustratiag by BiaX)of spauple tim winciples ofthe triventiat. e mat eri al show ng t he
jparticulate matter's el enental conposition to be primarily AIF.. Figure 3
is a sinplified cross-sectional schematic diagram of a plasma etching
system configured to execute a dual step cl eani ng process in accordance
with one enbodi nent of BREBFDESCGRIPHIONON DRA B fl owchart di agram of

t he net hod operations perforned for a dual step byproduct renoval

waf er-1 ess auto clean (WAC) technique in accordance with one enbodi nent of

the i nveht | ON.The present invention will be readily understood by the following detailed

description in conjunction with the accompanying drawings, with like reference
numerals designating like elements.

Figure 1A is a simplified cross-sectional view of an etch chamber.

Figure 1B is a bottom view of window 104 of Figure 1A.

Figure 2 is a graph of the energy dispersive x-ray (EDX) spectrum of the
particulate material showing the particulate maiter’s elemental composition to be
primarily AlF;.

Figure 3 is a simplified cross-sectional schematic diagram of a plasma etching
system configured to execute a dual step cleaning process in accordance with one
embodiment of the invention.

Figure 4 is a flowchart diagram of the method opérations performed for a dual
step byproduct removal wafer-less auto clean (WAC) technique in accordance with
one embodiment of the invention.

Figure 5 is a more detailed flowchart diagram of the method operation of
removal of silicon byproduct of Figure 4.

Figure 6 is a more detailed flowchart diagram of the method operation of

removal of carbon byproducts of Figure 4.



Figure 5 is a nore detailed flowchart diagramof the nethod operation of . ...
renmoval of silicon byproduct of Figure 4. Figure 6 is a nore det ai ['ed NOV 200
fl omchart diagram of the nmethod operation of renoval of carbon byproducts

of Figure 4. 4 4 NOV 201 Figure 7 is a graph depicting the effect of the

WAC process on the etch rate performance in accordance with one enbodi nent
of the invention. Figure 8 is a graph of etch rate repeatability using a
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time in accordance wth one enbodi nrent of the invention. Figure 11 is a

graph of theomyentiong silicon based byproducts and carbon based byproducts
before and after a.two step high pressure C process | rformed in
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optim zed wafer-1ess auto clean (WAC) process that is substantially
resi due facerdancegvith engcanbpsiment Hf ghednFediolue rel ated to the cl eaning

nmechani sm or : i . i) i . skilled
in the art, tﬁﬂ% Fﬁgqspggéagﬁtdlmﬁv%én 1%n§%?%1§?¥-62b‘%}<£%‘é§5&s%E%rgc@%gone or all
of thesefsheligh presslet & AE. tinhdindicb@dandestidneesemivlithetnd Wit ipvat@as
~operations have not _been described in_ detail_in order not to obscure the

‘present i nventkigwe Likigwgeeh ohcompanngsiligon basadhypratictspod garbogRasedr ound of

the | nventi,a fd % an?@?%@ﬁ@c RHOsEsSEEdGHr rently
bei ng runrH %fﬁ%%rdéggé%%%%tghgﬁe%@& rely o ff:uolr ne- cont ai ni ng
pl asmas farodhmanwitigonehmnboummentsidithicaicesntoh. t he resi dues from processi ng

operations performed in the processing chanber. The WAC processes are r.un
at low pressure, i.e., below 50 m|liTorr (nml). After repeated

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An invention is described for providing an optimized wafer-less auto clean
(WAC) process that is substantially residue free, i.e., does not leave a residue related
to the cleaning mechanism or cleaning gases. It will be obvious, however, to one
skilled in the art, that the present invention may be practiced without some or all of
these specific details. In other instances, well known process operations have not
been described in detail in order not to obscure the present invention. Figures 1A and
1B are described in the “Background of the Invention™ section.

- Wafer-less auto clean (WAC) processes currently being run within processing
chambers can rely on fluorine-containing plasmas for cleaning the inner surfaces of
the residues from processing operations performed in the processing chamber. The
WAC processes are run at low pressure, i.e., below 50 milliTorr (mT). After repeated
WAC processes being run in a processing chamber, a particulate film has been
observed on the window isolating the chamber from the radio frequency (RF) coils
located on the top of the chamber. The particulate film is also observed on other

chamber parts.




WAC processes being run in a processing chanber, a particulate film yaﬁ -
been observed on the wi ndow isolating the chanber fromthe radio fréqug;"{cffWJ
(RF) coils located on the top of the chanber. The particulate filmis al so
observed on other chanber parts. 5 -bNOV2005 An anal ysis of the

particul ate material, which tends to appear as a brown or white dust on

the w ndow, by energy dispersive x-ray (EDX) analysis reveals that the

particul ate med@bhfilsié of Ble paiddldte FhEhNUIhichUehdsd® dppddids a bi 6 2 1S a
graph of the EDX spectrumof the particulate material show ng the
parti cul avhitendust en the windawnbyknergyn dispersivi array dEBX) gnalpsis ravpalaltivg the
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chanber, BWXGRedtRmnlof @k patiédIfe pdemdl isaowRie thé ?artﬂ@ﬁfatei RuitétLelbinkital The WAC
cycles included a fluorine containing plasma. Thus, the only source of
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al um RN % CRERAE WAC T &&?rggh#%rn' Wi @%ﬁ@&\%ﬂhﬁ&g'ﬁi@s of

t he WAC op on w th sifultanéous 10n ardrent. e expl ai ned
in  nore adyf aiytlebdhothe processingr ghantder,t hichorsukah ibehd duangibnbef ae a
threshold so that _the_ 1ons sufficiently clean the chanber but do not |eave

al umi nummartiEsiate 8lme siguWa\C yles inpludedyp flyorige ceptpiping plawasul8ut diel, a
t hr eshol q)n'l)PE‘ouﬁE@%ﬁ)ﬁld nh e%%ﬁ&a&%& &aﬁé%oﬁfzed Eiﬁ%ﬂh&ﬁscﬂaﬁlblaﬁss .
e S, en the (0]

aggressive on t chanber. [n other wor t hres d energy is
crossed tpaes faod mhimimnmedonMdifing i ceranib gtaanthiyahé Wvetinencoasbimihg plasmseof he i ons

.at. the | nergy.state do not attack the_ anodi zed .al.um num or.
2l urm num B AT PRt QR M SRS [ R n ST RAESE Hanber ar
formed frpage dERENESw, th@@ne@}l' bt &E MorRYeah B YSH Sedbblbwsd ihkdshbiR seltRanNgd even

though the alum numand ceranmc is not effected, i.e., the alum num and
cerani ¢ iisnnoufficipuitst deandthb ghambes biuk do noff leavesalfihinem fleorideadsidedss Tibati dent on

the chamber walls i.s sufficiently hj .enough to clean,etc bypr oduct s,
Such: ae SHATEDA RRAB ATy wr SEL e hrohdd T R sdubes i Restedhe RrBLSE o1 ot as
a singl e (h¢ Riks S RECHEr&MkIve onlThé EhAh IR S IESthBY WERIS SwheltBic ShiBgHodd Sieggy WAC i S
directed toward silicon based byproducts deposited on the chanber

sur f aces.is crrseetbthenfosaptianm el AdF.igrsubgiptially eliminated because the ions at the
lower energy state do not attack the anodized aluminum or aluminum-containing

ceramic parts from which components of the chamber are formed from. However, the
silicon byproducts will still be cleaned even though the aluminum and ceramic is not
effected, i.e., the aluminum and ceramic is not sputtered but the flux of the fluorine
radicals incident on the chamber walls is sufficiently high enough to clean etch
byproducts, such as silicon based byproducts.

The high pressure WAC can be performed as a single step process or a
multiple step process. The single step WAC is directed toward silicon based
byproducts deposited on the chamber surfaces. In one embodiment, a variable
amount of oxygen can be added for increasing the effectiveness of the cleaning of
carbon based byproducts. In another embodiment a two step high pressure WAC
process can be performed where the first step is directed toward removing silicon
based byproducts and the second step is directed towards removing carbon based
byproducts. Described below are exemplary single step and dual step high pressure
WAC processes where the pressure induces the crossing of a threshold ion energy and

flux at the chamber walls such that a sufficient amount of radical flux is incident on
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anmount of oxygen can be added for increasing the effectiveness of thé NIV 2085
cl eaning of carbon based byproducts. In another enbodinent a two step high
pressure WAC process can be perfornmed where the first step is directed
toward renoving silicon based byproducts and the second step is directed
towards renoving carbon based byproducts. Described bel ow are exenplary
single step and dual step high pressure WAC processes where the pressure

i nduces tiie cha@b&l RallPto dlchR RS Bepbitk® %yﬁ%ﬁﬁ&y %![tFlvevfei' Uke 8bn eh&gghanber
wal | s such that a sufficient anount of radical flux is incident on 6 - 4 NO
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ionization cross-sections (e.g., Ar, Kr, Xe), can be used al so. Know edge
about t hebqgisedalspal distribution in plasm etching systens is useful
because the e ce
deponds ont naiatielk thbbE ol b BRIl LG, SHAHRCIHELP T

det er m néegchine tbmerteggy Wlth whith pditicleonspigge ok the@tdhed ssmo‘eaiepmdsmntthe
chanber, and hlgg ener gy _bonbhardnent of these surfaces can cause
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Sl 1 con- bageduli@ShfltoSurfices & LD ch lSE%daﬁH‘ néﬂ bl LbardHich@6L Rl 2
processi ng operation, suc as In ep05|t|o |ng oper ati ons

i nvol vi ngsm'ﬁabéscm ceabesmitteling aadlatnnseqnentcraddpomnba@édﬂw guitctreglsmetanalal so be
formed on b r| ar, surfac etc n waf er V\AL{.} ghotorem st, or
when- usi i S bed catutpisg oG Rk 8h dipdedor St dok AOSHERE el g
CH4, CHZFgherfdiAsudhasial ®potifss aﬁ&'%&hﬁigeé}ﬁrzftl\ﬂﬁg)nv%iwﬁ@§1l]@6§%»%@érs' yention
efficiently cleans these deposits and al a consi stent baseline

envi r onneadditfasy, cathen b@géch m¢ar@ie@fcan edgth betfmtm&dpem alna oneriomsustacesewhorli nent, a

Cb f
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react w tlb}ot;clgggmglsiepq@g bﬁﬁegﬂrzpzsm;a to formgases that may be renoved
fromthe chanber's interior. Follow ng the first plasma process, a second

plasma i s for nbepr Metsmlgss sk slean EWAHE) olatepresent sarien FricEnielgsmscessi ng
chanber .

these deposits and allows for a consistent baseline environment for the beginning of
each etch operation. In one embodiment, a two step WAC begins by forming a first
plasma from process etchant gases introduced into the processing chamber. The first
plasma is optimized to react with the silicon-based residues to form gases that may be
removed from the chamber’s interior. Following the first plasma process, a second
plasma is formed from process etchant gases introduced into the processing chamber.
The second plasma is optimized to react with the carbon-based residues to form gases
that may be removed from the chamber’s interior.

Because silicon residues are more prevalent in the chamber, the two step
method can be configured to spend more time to ensure removal of the silicon based
byproducts and less time so that the carbon based byproducts are removed without
over-cleaning. Thus, the two step process will not have a significant impact on the
throughput of the system as compared to a composite one step process. Additionally,
the optimized two step process provides for a more uniform environment inside the
processing chamber between each operation. Consequently, the repeatability of the

etch operation from watfer to wafer is enhanced because of the consistent environment
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The second plasnma is optimzed to react with the carbon-based residyegnt opifh
formgases that nay be renpved fromthe chanber's interior. Because

silicon residues are nore prevalent in the chanber, the two step nethod

can be configured to spend nore tine to ensure renoval of the silicon based
byproducts and less tinme so that the carbon based byproducts are renoved

w t hout over-cleaning. Thus, the two step process wll not have a

si gni fi capbvilePARIdeQRe AR esst &uaib@w}rﬁ&gﬂ e ﬁw%ww GRARRued Ther a

conposite one step process. Additionally, the optimzed two step process
provi des if,c¢he fuildup alihiypmducte roni tho dmen tsuifasss @ thaprocgasingesheinhgr. @Neber

bet ween each .oper at i.ofn. ns tl, t he repeatabpil it f the tch

oper at  onps iy R it R ERGRAEBl e ooiOR

envi r onnepiyaferRng ¢k@aded Meiriemt bevReReREShpaVTBaber through the two step
WAC technique.. That is, the build-up of byproducts on the_inner surfaces

of the procesdt shputhbmanpreciaedihat thepecsentsinkgnion £ plap by eaIPlayed $@ER al | owi ng
f t abl tahl t t
e bor wiiglt BEBARRCS PR e i TofiSh Sused Mot ELs AP oPs) FRER 1200

i nvent i onsinpddstep VA0 ae elroly efidasitlidhigh pedsbBgk @egifrefio Wilstankially emirzke, where
carbon based byproducts are not an issue, a single step WAC.can be run
under t heMFk gesidnceledtubye thee N A Rrecesyib Sligarativelyy aciingle sipeW AF PTOGe8S| due

| eft by the: : : p: ; i havi ng a
conposi t eﬂggl% d)%@ ?)g%%vigta ﬁlrﬁslg{élg?ys}ﬁg %geé:(lzet% e%k%%vquz%g% tb\rﬁ}ﬁgisp{cgg ﬁjsdE%ds ed

by pr oduc ttypanidcts anb @arbiva Sasedlyypratiett cinderogeeatapeyr the diehi presshee tegghe pr essur e

regime to |lower the ion ener to cro a fhreshold._ | evel where the

‘al o num BrIOVE i 107 SR TS HONTeREIG d4deh Wheg e IRITgm, OF BB | e

Cr oss- secdh,RRal is$enaiRkif di agram of a plasma etching systemconfigured to
execute a dual step cleaning process in accordance wth one enbodi nent of
t he i nvent i on.Figxerfpis arsymplifiaherosstsshtionad selrematin cliagian ohe phBo@ etaBRSYSTM

Silicon Wafer-less Auto O ean st.e al so referred to as Pol yYWAC. and the
TOP(r oA Ry 4 Hirlotkn Bleatnk SRS e agog Ut o0

consi sts Ghbcuaretadf GRMIBRMNS, Exedplady phiselal &igh Ghasierindlids e R8MPI ng
system 104 for _evacuating the etching chanmber in between B,r 0cess

oper at i on¥ERBY8s stiticomyWagardessivgoJesrohysiesn. Pecrefared tbas POy WALwBRY . a

variable tﬁg an(IZJEC’:Cb aQrA%%P'rI‘r?(t, ebrothl%%mggti\),y\e%?e assignee. Plasma etching system 100
consists of several components, such as etching chamber 102, a pumping system 104
for evacuating the etching chamber in between process operations, pressure gauges
106 to monitor pressure in the chamber, a variable conductance meter 108 between
pumping system 104 and etching chamber 102 so that the pressure and flow rate in
the etching chamber can be controlled independently. A radio frequency (RF) power
supply 110 creates plasma 105 through RF coils 103. Gas handler 112 meters and
controls the flow of reactant gases. Optical emission spectroscopy (OES) monitor 116
monitors wavelengths specific to etching chamber 102 deposition removal products
and chamber deposition removal reactants. It should be appreciated that in the past
plasma cleans were used for cleaning reactors with the wafer in the reactor chamber to
cover the electrode, but it has become more common to do wafer-less plasma cleans.
This has led to the use of a wafer-less auto clean (WAC). In one embodiment, the
operations are computer controlled to automatically start the wafer-less plasma cleans
at set wafer processing intervals. For example, the WAC process can be run after

each wafer, after a lot of wafers or after some other suitable interval. In another
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i nvol vin
bypr oduc

e WAC process has conventionally used a conposite one-st

tstan a n base yproauc wever, a conp r

ep
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eci pe

for both &thbi denornders af b stepyWrAIT pedceseRDviakhishl fifuekige foassd dtolvk iy enoval
{ both silicon and carbon-based deposition byproducts. As nentioned
‘above, al4sfshritithadVerssly aPRS RISEINGARPCTAEPRS ONFT i8IS her the one step or two step

rat es of

WAC proc
i npact e

operatio
waf ers.

during p
bypr oduc
based b
bypr oduc

esses, Al i LAl he!Qh! ﬁl’?‘fdr?rlem%ds Felts{;cmgﬁ hrel o¥ten Lftéﬁlged i e iﬁﬁéﬁglr

tchi ng operations over nown I N art, si
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sely

I con- based
resi dues sarfecesf vfen procaseidgosperdioni star iaorin deposiace sndf etehipg apessiong

silicon
anber

QGRS BGHiRP BF RIS opdriti 8N A onetall &hP Pek@htad Bf Qhlicdh! das@n based
1 ratio

ts to carbon based "byproducts is not a I: si nce si
yiypodiucts stoacerbbo ubased rbyprafuetst sr naimauht]l ratEn sngeh silichm seded
tl:;syprcldtuctvs\/i a!rflz f(?u%d in a greater amount than carbon based byproducts. It will be
apparent to one skilled in the art that silicon based byproducts are the predominant
chamber deposition species in Polysilicon Etch equipment.

The present invention provides a method to clean the inner surfaces of
semiconductor processing chamber by forming a plasma from process etchant gases
specific and optimized to the byproduct to be removed wherein the cleaning method
does not leave a deposit or residue. That is, the cleaning process for the silicon based
byproducts is optimized to efficiently remove silicon based byproducts, while the
cleaning process for the carbon based byproducts is optimized to efficiently remove
carbon based byproducts. Furthermore, the cleaning process for the silicon based
byproduct, which uses a fluorine based etchant, is executed at an elevated pressure in
ofder to substantially eliminate any AlFy deposits. In one embodiment, the targeted
byproduct removal process is a two step process where the first step uses SFg

chemistry, or other fluorine based chemistry, such as NF; or CF4, to remove silicon-

based byproducts. The second step uses oxygen (O;) based chemistry to remove
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apparent to one skilled in the art that silicon based byproducts are the
predom nant chanber deposition species in Polysilicon Etch equipﬁ%gtNﬁTh@
present invention provides a nethod to clean the inner surfaces of

sem conduct or processing chanmber by formng a plasma from process etchant
gases specific and optim zed to the byproduct to be renoved wherein the

cl eaning net hod does not | eave a deposit or residue. That is, the cleaning

process f@rbonRiséd byproducRasesl thd YRk Giadls] TheRldafling§Hodeds ﬁfﬂrb&fa@m Iy
renmove silicon based byproducts, while the cleaning process for the carbon
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byproducts. Ftﬁlgﬁgh”@%mvfcﬁgﬁahag?ﬁggg (ﬁ%&g&ﬁ%& B&auéﬁl e%obh%?fbr%%gp

byproduct, which uses a ise ecu at an el evated
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chem stryem3yah RShdMId be Fg%gégteh% t Mo 1hh EANpe ﬁ%%&%eﬁ%ﬁﬂ%@%%&ﬁek The

second step uses oxygen ase enlstr tore
car bon bgsemsiiyprafducvafer bnnnultlpleCWafmerHamJ b sfluckine bdsedimtcignplgmess | S

preferabl qrmeq after each er, .however sult eani ng
frequency %‘5‘ élﬁ@e ¢ ¢Hagihee aBd 4 PRSP dSSHAFK dTl};?gﬁ‘é ﬁ%ﬁ
oper at i ongmpBesd afenﬁﬂc&prba&dsiq@bmdﬁ&@pfr&xpehe%ﬁér §Lﬁ'f£‘é¥sa|of Qe ue in

}
accordance with one enbodi nent of i nvention. The nethog |n|t|ates W th
oper at i orchampemhEreemsihbod ¢lwan byyasdd wcperahen 14émtherech cdrborsbased dbypeoduopr eci at ed

t hat oper.ation 142 can be erf IIovvln t he roce of , a waf er
or i £ pF aeRRyef SHERE ol oREep BBt D dendt el s (SRSt uSdbed | nt o
the chamh@emdadarl »lpasid ik §tr§ékr ug khoulB®eldppRicingl Mashd Rtagimg FFeppves the
silicon based) byproducts fromthe inner Surfaces of the OCGSSI ng

chanber . tWR@reessheaps dvsifoyesshipsosspreiodie aptimized ﬁﬁméxeepaal tb@nmlda@ed

T ey o B EB8e, e sitRidn AR Hl g R ihpa 0epPsi g AR les3he !

appr eci attﬁde tforatachhgrodes e tagbefoptifitzedt WMd¢ @pesScalye e Bieoflys thor each
process to be optimzed for the particul ar byproduct. As mentioned above,

when si | isdlienicicaning sapesbedenathcopd widle ﬂéf‘etﬁ@%if‘?rtbﬁc%fb%iﬂé%m?&étepﬁl% f or
each proGRss,siefiba. CafnRe 1P LldThmS dimMPids SREGubsGAdy idchGsd i#8m ftRE the

cleaning time for the composite WAC process. It should be appreciated that the
operations can be performed for a specified amount of time or the cleaning operations
can be controlled through software detection of an endpoint.

The method then advances to operation 146 where the production wafers are
processed in the chamber. As mentioned above, multiple wafers may be processed in
between cleaning operations or a single wafer may be processed in between cleaning
operations. The processing performed on the production wafers could be any etch or
deposition process, such as Polygate, shallow trench isolation (STI) applications and
other suitable semiconductor processing operations that can deposit material on the
inner surfaces of the processing chamber. The method then proceeds to decision

~ operation 148 where it is determined if the processing for the wafer is completed. If
the processing is not complete, then the method returns to operation 142. The process
is repeated until all the wafers have been completed. If it is determined that the

processing is complete then the method terminates.
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silicon cleaning step can be | engthened while the tinme for the carbon

cl eaning step can be shortened. Thus, the cleaning time does not =~ 4 Ny 2055
substantially increase fromthe cleaning tinme for the conposite WAC

process. It should be appreciated that the operations can be performed for

a specified anmount of tinme or the cleaning operations can be controlled

t hrough software detection of an endpoint. The nethod then advances to
operation 146 Kipaees iha morddatilanfloatiers dagam pf abe sstitbd bpdrhgorcbimber . As
menti oned above Itigle waf ers may be processed in between cl eaning

operat i orfEmgyalofegihieane VAPt Rhy IS fr oLl ethor inivigtepsth epeatinh o2
oper at i ongpherd *aﬁl@ﬁae%éﬁamlsgpgaé%@ﬁ@gt 0id Mol 'aggi%o%giﬁ%%hﬁlﬁ d be any

etch or deposition process, ygate, shall tren I'solation

(STI) apphisonthlopsocasming clidmabver Saiitteatiaenbee descdbetlodthrreferace ss iBigiroper at i ons
t hat can deposit ma(aerial n tqu i nner urf%ces of the rogesz{i1 n]gqchanber.
The met hod PHERSHI6E 8838 FPBetar o FEmeRL of siligan bassdygommoungs.i I g8t er ni ned

i f the pra@@usheg, hefluoRfe BRhI: it § :6RERY S4Rghsitldn thiNRC1IBAQCR ISk hof NOt
conplete, then the nethod returns tgo operation 142. The process 1is

r epeat ed @ iof adluoringreontainingsciiepaant of tha tompinkat ¥¢F, ahd i§ intioduckdtiatond ned t hat
the processing,is,compl.ete then the nmethad term.nnates. 10 -4 NOV 2005
Fourb 5 agndpanGErRnElGand Shhmell s MHreig il o P AL CRAGI ISR on of
renoval ofs thé pioceRindaRBHCST MEuki WUTR eipd AR rBRLRAY thditiédH Bfpraduch

operation 162 where a fluorine containing gaseous mxture is introduced
into a prwicdie dlyosRe aiehant i optimized| forpproesss staramestrantyeh ass préssurchanber
idescri be i f n t i Rl i.he is_used,as an etchant for
the rennsfg%%rﬁ éal%l ?égn&g%s{e% Sclfzcgﬂn{p?gu%agl.edl 55119%1{1”% poé”r%o%%rrglﬁf v ritﬁi%ef Lori ne

et chant imadmgassous/at ofrpitisod hedsilibed based|cedpsuids hreashieabosiirfacBPY6 of a
fluori ne-contai ning conpound of the fornmula XyF, and is introduced into a

react i on ‘BREMSETSIRESRAMPET e fakl® | belooPiovidenarasess| e Rting (4126 EHPPRAD
pr ocess, p%&'aﬁ-ﬁ'e h%n]? I . : r
renovi ng the é?‘??ggﬁgﬁ%?%ﬁﬁé?@ vvlgt ﬁ%mf%tﬁgérr?}rfléﬁ%gsgéggnl{ g&lggcﬁfl%z ed for
process pwitlampt exrsbcsliloentast ther mventicq,. Huehertaoné, dasrahpawof dable 1 raansf or mer

i1 con (RCEH SEMSDUNAE HRBIh St SrLGh. SEPrcES TUIb DUHL Py RoEieBSIHEMC hanber
Table 1 bGhOWKREPH B8 SarPHAF BSsteARE At (HY rARBIRSY R scRe@GBSstding to the
size of the chamber for different etch systems. As shown below, the flow rate of the
fluorine containing gaseous mixture, i.e., SFg, of operation 162 can range from about
50 standard cubic centimeters per minute (sccm) to about 1000 sccm in one
embodiment of the invention. A preferred range for the flow rate of SFg is between

about 100 sccm and about 500 sccm.

TABLE 1
Parameter Optimal Range Mid Range Wide Range
Pressure 85 mT >50 mT >40 mT
TCP Power 800 W 500-1000 W 500-1500 W
SF; Flow 100-500 sccm 100-700 sccm 50-1000 sccm
Chamber Temperature 60°C 40°C -80°C 20°C-100°C

The method then advances to operation 164 where a plasma is created from

the fluorine containing gaseous mixture. The processing parameters are provided
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paranmeters configured for the TCP 9400 pl asma etcher of the assignef in
accordance with one enbodi ment of the invention. Furthernore, theé éﬂbﬁsﬁﬁﬁ
of Table 1 are optimal ranges for a plasma etch system such as the TCP
9400 PTX etch system One skilled in the art will appreciate that the
ranges may be scal ed according to the size of the chanber for different
etch systens. As shown below, the flow rate of the fluorine containing
gaseous nwith efeende. 0. Tab%F6, Tiopartpeltan theopredsart: emrber gager thiud A0 abludith 50
standard cubic centi neter mnute (sccn) to about 1000 sccmin one

enbodi nerft PEfeTiefdangs & o§h§§ kl%r@f%lpﬁlé‘obermg@iﬁ%ﬁ thah therpravidedifadgeY SF6 i s

 Rangem dranpow do hecaared St BEP e inRabs Ber ol ibo- 1000

W500- 150(prete8ES presowd (FOr 822366 MHRRDY TD &y stmo ismbolOSmT odue tCitandifferent
Tenper at ur e600C400¢C - 800C2 -1 QOOC. Th t hod then advances to operation
164 whor RTBIEFRTIEUOPR 4Y SBF PREEMEHDARIPELR SRGOFH 1 e 08 d9u0ls
m xture. Jige Mo 6FEHANBreBR B RUBCiAL Shd i QY bikesy sé%hd‘dq{@n};ﬂghfnﬂhsﬁ&é ence to

v
Table 1. In particular, the pressure can be greater than 4 I, wmth a
pr ef er r ecrommeyedsofreaiydstangglynatiminated o bduth®S aphr ddiearadfarmat coupdedr ovi ded

ranges va ith the different configuration f pr I ng, chanber.
For exangqﬁ %s,ma[ F?elcﬂpp%\?%rr lrse%etBFcégglfﬁlg @@r‘”%ﬁe?‘%@ﬁa\ﬁ%ﬁé{%@‘?ﬁiyﬁ&ﬁ i s about
65 nl' duepréferrtiailic! b aBAIL 8M@MEWE DK sKitlBd iifUhé tarOwilPfaphReiaRy G NY
chanber as conpared to the 9400 system where the optiml pressure for

reduci ng BIAESHBS dwuebgy mey tbeatordiguridnas # Icapacitiiely conplodneiembers an

N

pr ef er r edlucaing eonfairdd gis &ROinYudOaembdnirk |EGH, nintl INF;arn vlel dmpmesti at e t hat
t he procgssLng chanber may be configured as a capacitively coupled

chanber, BHTIXHEFLEE VFérgtieBlibreedscnd iurgasesr Alteragibety dhe BHs. s ard chanber .
Qgg it i gng%gggécﬁgggqlﬁégngeréﬁg.e fOM AR bRt thel S6 HAGuR My EHi&in®f SF6 and
. small percentage of ,02_ Here, the O, flow rate would be between about 0 and about
40 sccm.
The method of Figure 5 then proceeds to operation 166 where the WAC step
for removal of silicon based byproducts is performed. Here, the silicon clean step, as
explained above, is executed with the process parameters set as described above with
- reference to Table 1. Due to the elevated pressure the fluorine based plasma does not
attack the aluminum based surfaces of the processing chamber. Therefore, an AlF
residue is not left behind by the silicon clean step. The method then advances to
decision operation 168 where it is determined if the silicon byproduct has been
removed. In one embodiment, the endpoint is determined by optical emission
spectroscopy (OES), such as through OES monitor 116 with reference to Figure 3.
Figure 6 is a more detailed flowchart diagram of the method operation of
removal of carbon byproducts of Figure 4. The method initiates with operation 172
where an oxygen (O) containing gaseous mixture is introduced to a semiconductor
processing chamber. It should be appreciated that the O, flow may or may not
contain a small percentage of a fluorine containing gas, such as the fluorine
containing gas etchants mentioned above with reference to Figure 5. The recipe for

removing the carbon byproduct with the oxygen etchant is optimized for process
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the mxture is a 1:1 ratio of the SF6 and NF3 gases. Alternatively %Qi 2005
NF3, CF4, and C2F6 can replace the SF6. |In another enbodi nent, thé

m xture may contain a snall percentage of 02. Here, the 02 flow rate would
be between about 0 and about 40 sccm The nethod of Figure 5 then proceeds
to operation 166 where the WAC step for renoval of silicon based
byproducts is perfornmed. Here, the silicon clean step, as explained above,
s execul i shliPaR RGERT, RACHIELR Tovd Bte, ACHIBSRE! RRCHEOOMB I
reference to Table 1. BJE to the elevated pressure the quorlng based

pl asma daesximeoin reatavacéf ¢dareorabnihtarbon basse dospriimisdsonnfintetier prcessl ng
chanber. Therefore, an AlF’ﬁa rggi ]gue is. not left behind t% Irhe silicon
clean st &p° PFPRESSHS HATRPEH elPbhy ¢ RRIOSSPTOEIdey BROCESS GRCIHRE LANSEH I @8°bere it i s
det er m neflrdnferdfosh Ich®OR LRI WRE T @I BRIt JTAMNGshe dntBMA %@@ﬁ' nent ,
the endpoint is determined by optical em ssion spectroscopy % S), such as
t hr ough GpSonanin eecordogi withr efie rearodiment Fofg thee iBventipyur & chowd abeor e
detail ed fl owchar fagram of the nethod o at.i.on _of renoval aof carbon
bypr oduct@PBringhph SRRt S o 1Ry AR MRerl cpnf SRS T S 0 a
oxygen (Gdcegifg hBinbg SRIRCUSedab,. € FusthbiMdrodiheefngd af Tablechredict or
processing chanber. It should be appreciated that the 02 fl ow may or may
not contQpiifmah rangss forpepleding glsd syptem, pualiorsi the 9¢BA sxtem Apengigaed aRAYE- as t he

fl uorine i0 nent.l : it . Fi gure
5. The r e%%c%lg%o&l&?’etgng\%oﬁé&%ha@t@%P‘%"?hggggggﬁggﬁ%gqsh xﬁgrfa %i;slgéeiﬁnéel?c hant is
opt i m zed 7Rajanpam@efomlabodt 5O Qawda0@hbigaseatiBbRrsSpes iniinuRs(scqneRsaboat
-reactant gas flow rate, TCP power_and bias voltage for maxi numrenoval of
‘car bon an®VB&syB WiARElCEGHPSYEALINY Bits Piabort A} €Y f aces of the processing
chanber. Table 2 bel ow provi des process operating ranges for process
paraneters for a carbon clean where a small amount of a fluorine containing
gas is optional in accordance w tg, qﬁg%%nbodi ment of the invention. It
shoul d be appreciated that the pr \‘}I ranges may vary with the different

confi QUVMWM@—MWWV e,
t he ranges_ of Pamile&r? ar &ptimd Rargeges | MidReigesn et cWideRenge <siich as
the 9400 syst @msswnt i oned abov8) mAs shawn b&0-3@mThe fll ow Ol t he
oxygen clont aiTChBogaiseous| m xt 80@ Wf oper at 56H-1000 W 500-1500 W
O, Flow 50 scem 50-500 sccm 50-1000 sccm
SF¢ Flow (10% of O, 5 sccm 5-50 sccm 0-100 sccm
Flow Max.)
Chamber Temperature 60°C 40°C -80°C 20°C-100°C

The method of Figure 6 then advances to operation 174 where a plasma is
created from the oxygen containing gaseous mixture. The processing parameters are
provided with reference to Table 2. In particular, the pressure can be between 0 mT
and 40 mT, with an optimal range of about 20 mT. It should be appreciated that the
provided ranges may vary with the different geometric configurations of the
processing chamber. The transformer coupled plasma (TCP) power is between about
500 watts (W) and about 1500 W. One skilled in the art will appreciate that the
processing chamber may be configured as a capacitively coupled chamber,
inductively coupled chamber, or a wave-exited plasma chamber. The fluorine
containing gas can be introduced at a flow rate of between about 0% and about 10%
of the maximum flow rate of the oxygen containing gas. It will be apparent to one

skilled in the art that while SFq is listed as the fluorine containing gas, other fluorine
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172 can range from about 50 standard cubic centineters per mnute” (sté) 266
about 1000 sccmwith a preferred oxygen flow rate of about 50 sccm TABLE
2 ParaneterOpti mal RangeM d RangeW de Range Pressure20 nif10-30 mr0-40 mr
TCP Power 800 Ws00- 1000 W500- 1500 W 02 Fl ows0 sccnb0-500 sccnb0-1000 sccm
SF6 Fl ow (10% of 02 5 sccnb-50 sccnD-100 sccm Fl ow Max.) Chanber
Tenper at ur e60C40C - 80C20C- 100C The method of Figure 6 then advances to

operati on, f{l%ﬂuﬁ% h&s 8shaRRE] San 66 SabRthEd OFh g@ ethbblfmt %E%x'}%é}g gaseous

m xture. ESSI ng paraneters are provided wth reference’to Table 2.
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may vary W]Flﬁ & X QFYRER CORAINRS#S $an e gﬁ‘ﬂbﬂ%&gn FEER ehe Plo&Essi ng
chanber . hgist éARSEHREAE the MR 84 RO@SHR s TEIVeROUSIut | Io‘% %H\@%‘ ofiigut 500
watts (W and about 1500 W né skilled in the art will appreciate that the

processi ngamnpanbﬂpww bé theonkyggor @uitaging gaspabiet clwalﬂgtr doupdretire hamber |

i nductively cou anbe o ve-exited plasma chanber. The fl uori ne
cont ai ni H§"&F yg’bﬁreﬁ’é’pw??flrag’fﬂ?}%d&e@ E?‘fe[é\?/b (g”[e of between about 0% and
about 10% Of THeemBIRsH failﬂmédr@\ﬁ/tﬁéﬁ prodéeds e op&Eet IW%@terlhBQNﬁ@Ssteﬂt Wl
be apparent to one skilled in the art that while SF6 is |listed as the

f 1 uori ne feofhearemayg! ghsarbor Hapedt bypspdusés issperfoqmyd 20deec it @irimelcthses,
such as '\A't:e} %@Q:nganﬁ:ﬂbﬁ) LUl e&tecdted %ﬁ} @9&4@%&&&& %érhgse escﬁB{‘;j& ai ni ng
ntroduce a

gas is i w th an ne cessin

exanpl e, willerafdygentockblead o Tgblgds Ie dacikien IﬂipéﬁﬁﬂorWlTS'lltns tetegeined Hrtgon,
‘helium etc. In this enbodinment, the inert gas flowrate is between about

‘0% and 2095Ren RypEodusbhasisan remBavedatla one embadigapydhe ensipomtis Agegriaed The
chamber tenperal WG spd-ABSRpRNOMS! SudhehyBEBuAPotls AP d 18004 100C

reference to Figure 3.

As the addition of a fluorine containing gas is optional during the carbon clean
step, Table 3 lists the process parameters for a carbon clean step in which only an
oxygen containing gas is used to create a plasma, in accordance with one embodiment
of the invention. It should be appreciated that the ranges provided in Table 3 are
substantially similar to the ranges provided in Table 2 above, except that Table 3
eliminates the fluorine containing gas. One skilled in the art will appreciate that the
carbon clean step is run at a low pressure as fluorine is either not used in the carbon

clean step or only a negligible amount of fluorine is used.

TABLE 3
Parameter Optimal Range Mid Range Wide Range
Pressure 20 mT 10-30 mT 0-40 mT
TCP Power 1000 W 500-1000 W 500-1500 W
0O, Flow 50 sccm 50-500 sccm 50-1000 sccm
Chamber Temperature 60°C 40°C -80°C 20°C-100°C

It is preferred to perform the two step process with the silicon clean step
performed first and the carbon clean step performed second. However, the order of

the steps can be reversed.
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The nethod of Figure 6 then proceeds to operation 176 where the VWAL shep
for the renoval of carbon based byproducts is performed. Here, the carbo
clean step, as explained above, is executed with the process paraneters
set as described wth reference to Table 2 or Table 3. In decision
operation 178 it is determined if the carbon byproduct has been renoved.
I n one enbodi nent, the endpoint is determ ned by optical em ssion
spectroscopy ( r . i j e e to
Figure 3. As fﬁ%égﬁﬁﬁgfgﬁﬁ%fhg’@#@§¥§§§“§§§€§?E?%%gﬁg%ﬁrg“gg%ﬂ%na during
t he car bateaalsegpncanséaploy bptit# eikdiat spectrescqopp (OES) panmnibewavdlangtless car bon

clean step i.p which only an . oxygen contai ni ng as_1s used . to create a
pl asma, i%RedEEdP shmbeT fensiion erhoseh Frofects gnd iqhambey, 4rRAsBiOn FM¥Rboul d be
appr eci atggffpat Tﬁ@goee'&ﬁf&g\@%e?efr%ﬂizsqﬁgnitd?edTﬁ@fﬁlogin@reﬁlissﬁ:hﬁbﬂearﬁ b8 by Simi | ar

to the ranges provided in Tab above, except that Table 3 elimnates
t he fl uorande’03omnai Mhesg lgees . ar©ueeds kirl dedetniiming lemdpeint of Isilicapppeteinitge t hat

the carbon.clean.step is.run at_.a lo ressur fluorine.is.either not

used i n CRECIC DG ReRTiy G F SpEcfic warsonetho b nalvehios IR ASE BRCHTLEE | ne i s

used. TARqfe. SWHRaH BhSl R IBbr tﬁé@%bﬁdﬂw Ws%oﬁ@as@nar@@@slbg@,@t nr10- 30
mro- 40 mlr TCP Power 1000 Ws00- 1000 00- 1500 02 Fl ows0 sccnb0-500

sccnb0- 109 0ndicatineCha moe pdditonsd rdeanings 0cAgdng sod20c-chaage i the rglp¥erred to

performthe twy.ste rocess wWth the sil.icon clean f first
Bnd the careoieEredn 86 358 melid Beniat prabePrBodost dhe W 1

st eps caren@oihevigleSRE- thd Ailicoft Bhséd VypddudSistieashdd Swhera BRY Recoinfn@stipoi nt s
for the silicon clean step and the carbon clean step can enpl.oy optical

2005

“em ssi on %pElneds d6pY nroesy03 ammarpduse Wieeitisheles chaplesiipiepsiies ahnber

Sepos, g SRRl BERAUh Ry SATRE Ocpos on euel reactants. The
703 nm These Thengseciice waselendtbriot eh@iiwiing e etehpbigndf ehrbehiconmimicont ai ni ng
compounds is 516 nm. Therefore, the WAC endpoint time for the carbon based
compounds will be reached when the 516 nm wavelength produces the initial clean
chamber intensities and intensity curve slope of about zero with time. It should be
appreciated that when fluorine containing compounds are included in the carbon
clean, then all the above listed wavelengths can be monitored to determine an

endpoint.

Table 4 summarizes the two step WAC recipe in accordance with one
embodiment of the invention. As mentioned above, the endpoint times for the silicon
clean times and the carbon clean times can be determined based upon a signal
detected by an OES monitor. The OES monitor is configured to detect the

appropriate wavelengths, as described above, and the signals are then compared to a

baseline signal of a clean chamber state.
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species. The intensity of the specific wavelengths is noted for slopel @ﬁ)-ba; ps
function of tinme. Wien intensity curves for the specific wavel engths s

about a zero slope, it is indicative of no additional cleaning occurring
and no change in the relative concentration of the reactant or product
species. In one enbodi nent, the WAC endpoint tine for the silicon based
byproduct is reached when the reconmended wavel engths (685 nmor 703 nm
produce the initial clean chanber ifRggnRsyties and intensity curve slope of
about zero with tinme. The specific wavelength for rmnitori ng the cleaning
of car bgnr—tq aT' g cofpoURds—+s—536—hm Ther fore—the—AC endpoint tine
for the lecarh @P 5 coppound wil | b when r3hn 5184 nm wavel ength
produced t he Stﬁﬁ’iry%ﬁ clehn Stabilier | §tlé7ﬁ§iql¢@s aﬁélfbpﬂtcé??élrty curve sl ope
of about| zero with tinme.[It should be appkeciatled tha& when fluorine

cont ai nijng colpmsurds are} i ncBudAd i n| t heBxTmfbon | cl e@mTt hen all the above
i sted viavel gaptmsvegan be nonigored [ o dggoewm ne an goarwlpoi nt. Table 4
Slﬁnm_ari 765 Thg Wllasd €p JWCTg1 PE€ TH accqjdance w thgone enbod: ment of

t he | nvgmtT O AS TTENMt T O[Ted ag@gve, e enmgRoT Tt o £ tHe silicon

cl ean tifres ar‘.db*szhe cat 200 eSS %““ d gé.s.([(:cg;ﬁt‘,al ed upon a

si gnal d@t-ecl-eﬂi“gy—an Ed 00200 sgem i, QU;QQ ...... t or hs5"”5510.".*.‘5gured to detect
t he appLoh}EEM%VAF)Pnﬂ hd0 sseMdesicr | Hﬂéc%nvpl aﬂ.@isq;f-m silgnal s are then
conpar eq_t Eomplgimmdiasine ki gnSleblef a k| eadimhanbelr st Time 15 [2605 TABLE 4

Step Nunber 1Z83mSt(ege) Typept abi 130t ySi | | con1@®30an- |Car bdr33 ean- 12 Pressur e85

mMr85 mri0 mr TCP Power 0800 WB00 W BI as Vol t age000 02202050 sccm
B One skilled in the art will appreciate that the stability step conditions the

D g
p
D

environment inside the chamber so the environment is stable and consistent prior to
starting the silicon clean step. As mentioned above the carbon clean step can be
performed with an oxygen containing compound only or with an oxygen containing
compound and a fluorine containing compound. Additionally, an inert gas can be
introduced with an oxygen containing compound in step number 3. Table 4 is shown
for exemplary purposes only and not meant to be limiting. In addition to the process
parameters varying between processing chamber designs, values for the parameters
within the ranges provided in Tables 1-3 can also be substituted.

As shown by Table 4, the time allotted for the silicon clean step and the
carbon clean step can be tailored to the type of process. That is, if the process
deposits more silicon based byproducts on the chamber walls, then the silicon clean
step is configured to remove the deposited byproducts without over-cleaning or
under-cleaning. In turn, a more consistent environment is provided for substantially
eliminating etch rate drift due to varying chamber conditioning. Furthermore, the
high pressure regime substantially eliminates any AlF, residue left by the WAC
process. While Table 4 provides specific times for each step, each of the steps can be
controlled through the detection of an endpoint by an OES monitor configured to
detect certain wavelengths. Here, the OES monitor would detect the endpoint and
output a signal to trigger the completion of the respective cleaning step.

Figure 7 is a graph depicting the effect of the WAC process on the etch rate

performance in accordance with one embodiment of the invention. It is known that
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SF6100- 200 sccnl00-200 sccnD sccminert gas (e. g., Ar)10 sccnmlO se¢ Voonos
sccm Conpl eti on basi sStabl eTi neTi me Tine (sec)3010-305-35 One skilled In
the art will appreciate that the stability step conditions the environment

i nside the chanber so the environnment is stable and consistent prior to
starting the silicon clean step. As nentioned above the carbon clean step
can be perforned with an oxygen containing conpound only or with an oxygen

cont ai ni ngitjaF QAMOwIEs and 1Gwdr Bef Aeclean tRARbAIusPMROMMGCiedFirhb&anat | y, an
inert gas can be introduced with an oxygen cont ai ni n(i; conmpound in step
nunber 3.comdisioning wafers hoswwmployed wxssahnlize the siphpaceshiolh inytuamdlowds difsant to be

limting. |n.addition . to the.process ar.a varyi ng between. processi ng
chaber 28 §RESubs R pit o S En RAP I TN Sl e SRE Y doa™
Tabl es 1-13n€200 aksesche HUBGHE bichade Weers ROWA DY Jafired at GiteerédinBnal | ot t ed
for the silicon clean step and the carbon clean step can be tailored to

t he type Rstiogy.ofekafer-Tepauty slean §s perferpedafter sachwples pp &0 peink2@. | Thedn based

o r omvel RS YhnoFE iy MRichfies SE vio5h vAGBG, Seffflin] Wals £pni Toured

under - cl eshowngtheteris bpFioxindatélp L2 7¢O v tcateint the dxide etulnte ons itexi clede f or
substantially .elimnating etch rate drift due to varying chanber

condi t i onVHgE WElPHHeVRF &S PHE @ Wdfh appeeety &/afesgThat b M waler gichgd
el i mnat %uémﬁfg%ﬂg&bﬁ%sdv%g& ﬂe%hn&)’whﬂ&leta Adore%?ﬁ ces TR id @€ irft

provi des specific tines r ‘each step, ch of e steps can be controlled
t hr ough tdteh deptectli ghowldl tenappnabpaedthabyat aoinDR84)rtei WorC ¢o ndsipad eflet o

.detect certain vel engths. Here, the OES nonitor would detect the endpoint
‘and  out p‘iYFryawgliggnal to trigger the conpletion of the respective cleaning

step. Figure T7giip réfergi'hgﬂb F’i'ELB’éCIt, Wpﬁdﬂ&e%ﬁ &) @bh thE « RERCHP FnON t he
etch rate performance’in accordance with one enbodi nent of the invention.

It is knol, ishsimilbelydniuasted 00En| evimpagdd with rand avidwous ¥ AlCopasforied raftar ¢l ean
chanber ekl BrahS bR 3PS AT 07 G SRR, e
nmean ti mesil@nWRemRrsChie dirbagsddVIRE iC¥sir@8matel a, 2B lindkéRa7h M PR etch

rate. Likewise, once the WAC is resumed at point 210 the etch rate stabilizes from

wafer to wafer. Accordingly, performing the WAC after every cycle provides a

constant starting point for each etch operation, thereby enabling minimal variation of

the etch rate from wafer to wafer. It should be appreciated that the WAC allows for

the repeatability of the etch rate, within a narrow range, for each successive etch

operation.

Figure 8 is a graph of etch rate repeatability using a Polygate Release recipe

where a WAC is performed after each wafer in accordance with one embodiment of

the invention. Lines 212, 214, 216 and 218 represent poly main etch, poly over etch,

oxide main etch and photoresist main etch, respectively. The etch rate repeatability

and stability from the first wafer to the 25™ wafer was measured when a WAC was

performed initially and after each wafer was processed. The etch rate repeatability

and stability over the 25 wafers with a WAC performed between each wafer was

within 0.7% for the poly main etch, 2.6% for the poly over etch, 3.1% for the oxide

main etch and 4.6 % for the photoresist main etch. Accordingly, by providing a

consistent environment from wafer to wafer, along with standardizing the starting

conditions through the performance of a WAC that is designed for optimization of
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Line 200 represents an oxide etch rate where a WAC is perforned at , "
different tine periods. A wafer-less auto clean is perforned af t & 4 4Bh 2005
wafer up to point 202. Then, 5 bare silicon wafers are processed after

poi nt 202 without performng a WAC. As shown, there is approximately a 27%
Increase in the oxide etch rate on a pattern oxide wafer w thout a WAC vs.
with a WAC after every wafer. That is, the wafer etched followng the 5
bare vaf @hg REMhOTSMRGn Wrddeitbot bY¥oduSS PREMEN 6T HEVothdCiGARRed I8 etch
depth. It should be appreciated at at pornt 204, the WAC is resuned after
every wafaecom8ished. frefusm,rthegritical Fimemseons, defined givougir deietahigPRpcessesh r at e,
represented b *licﬁ]e‘t 206,t f;)ls simlarly inpacted when conpared with and

wi t hout \?vﬁﬁ‘c?"d%‘r" 8 Wéama%ufé‘ er%r\‘/gg?‘y waf er bei ng processed. That is, between
poi nt 208 and Rdfle 9her£ graghakém ﬁﬁﬂgp@ﬁi&oﬁ\ﬂﬁa@écﬁ WhRIRERCHSSRE o Ry € 1S
approxi mately a 25% i ncrease in Fhe R etch raté. Likew se, once the WAC

i s resunshamberganertsufacestbigbore padaftertachigh apsissurg MEAECmspsesyvistrerforgedidf er .
Accor di ngl er f ' t he C after . ry cygl e NI t ant
starti ng%ﬁ%cfrﬁl{')m o‘g{t%né’glg eggb(%ﬁ@g\%netr%ft t?l nl,gyf’fef‘]liule?‘eb@eeﬁg%‘l?*ﬁg&?ﬁo%i tprg&l;h\%/lari ation
of the el@hinzates fmeiitoref &y hteenoakar otdl tineholl ilétioapPowtdrafr@dfdat t he
WAC allows for the repeatability of the etch rate, within a narrow range,

for each iBiiued SAHRFI{Rhspespascapy-off. with ruarpagent &o angsliled By theiaghthatt o

r epeat abi y?-flﬁ;g t : reci . [ rformed
after eac%Tlgl/\{/a er {éﬁmg%?glriéc/}gﬁc%pgﬁlﬁ?gﬁg Z@%b%&%@ﬁ?z 12%8 C%%gﬂ il(?lc\f%(r?liténgn. Li nes
212, 214,th& &karatred vHliB Tepdgreitionpdltye aeh byptodhcts pppoaroinethe ATIR-FTIBXi de nai n
etch and photoresi st nmain etch,

espectively. The,etch rate re ability
and st abistanal g ahspdence afithe intipied IRY Beann s sbiéqn %ﬁ%@l@%&%&@gbmen a

WAC was  1pep i3 MRevidiinitedd) ¥ sRBEn 36 Fl‘?%ur@%?hLYi’ﬁf £40 WBRsPI0aasReds the etch
an ver t wth

rate repeatability stability o e 25 wafer a WAC perforned

bet ween eSER-FEResignaf thv Clirnmbed ity Swrfadek @ripotoythedW ACepohess2 1ds.for t he

poly over, etch, 3.1%for nd 4.6 %:ﬁfor. t.he phot or esi st
[

i 1 ot cHERCHBR R RGN Pl BAYIRD: g cheoRerd: BIRroR beR ot M e or
to waf er,chamBBgsumdcBs. S taand atahifk MOhicheprédsafct WIC dnofhei dHagiber, tieoRh t he
performance of a WAC that is deSigned for optimzation of 17 4 NOV 2005
illustrates that the silicon based byproduct has been removed from the inner surfaces
of the chamber.
| Figure 10 is a graph of the area under the Si-O peak of Figure 9 as a function
of the high pressure WAC time in accordance with one embodiment of the invention.
A suitable high pressure WAC includes the silicon clean step of the WAC process
discussed above with reference to Tables 1-4. The high pressure WAC cleans the
silicon containing deposits on the wall in less than 15 seconds as detected by the
decrease in the Si-O absorbance signal represented by line 244.

Figure 11 is a graph of comparing silicon based byproducts and carbon based
byproducts before and after a two step high pressure WAC process is performed in
accordance with one embodiment of the invention. Line 250 represents a trace of the
ATIR-FTIR signal of the chamber inner surfaces prior to the WAC process after an
in-situ open mask shallow trench isolation process. Line 252 represents a trace of the
ATIR-FTIR signal of the chamber inner surfaces after a silicon clean step of a two
step WAC was performed. Here, silicon clean step was run at 85 mT with SF¢/O,

cleaning chemistry for 16 seconds. The remaining process parameters can be defined

as detailed with reference to Table 1. The silicon clean step at high pressure removes
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each of the silicon and carbon byproducts, tighter control over the etch
rates is acconplished. In turn, the critical dinensions defined‘Tﬁr%ﬂﬁmﬁﬁb
the etching processes are controlled within suitable ranges. Figure 9 is a
graph conparing silicon based byproducts present on the chanber inner
surfaces before and after a high pressure WAC process is perforned in
accordance wth one enbodi nent of the invention. The effectiveness of the

wal | cl I.d ' 0 [ -nal pon
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t o one skidolkide behirddne Howeviehatarbahl IbisddTbiproducts ack hot deheadd fleposhet i on on a
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of the etBAMBSHWARS shaygpanthe prgarypdetingZps Hhus, e runyng B hce of
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the chamygy .at bONET ke okydeH SO, PERENIhP Rhehl3fy TbF BO QEcdAas edHRBMaRiueE has
been renoved fromthe inner surfaces of the chanber. Figure 10 is a graph
of the arpseccshprrametars @n-bodptingd aﬁrdemilgdwéthgre&ser@etmfﬁ@hlﬁbgambi t he high
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process sdbsigifs UnARAE M dlimiting spieRincocalisdd B¢ tHe WAThelthshgtildpessur e
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‘seconds PPttt Byt wysingle step OF sBBlEPienstenVSC. cambs oipphind dn dhedugh
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processes in the low pressure regime. Accordingly, the system throughput is

increased as a result of increasing the mean time between wet cleans. Moreover, the
yield is likewise improved, especially for 0.18 micrometer technology node and
below, since AlF; can cause severe particle contamination on a semiconductor
- substrate.

In addition, a consistent environment in the processing chamber is maintained
from wafer to wafer. In turn, the starting process and environmental conditions are
substantially the same for each wafer being processed when a high pressure WAC is
performed after each processing operation performed in the processing chamber. The
consistent environment allow for the repeatability and reproducibility of the
processing operations with minimal wafer to wafer variation. Although the foregoing
invention has been described in some detail for purposes of clarity of understanding, it
will be apparent that certain changes and modifications may be practiced within the
scope of the appended claims. Accordingly, the present embodiments are to be

considered as iflustrative and not restrictive, and the invention is not to be limited to
19




as detailed with reference to Table 1. The silicon clean step at™Hi gy 2005
pressure renoves 18 the silicon based byproducts on the chanber walls

wi t hout | eaving any al um num fluoride behind. However, carbon based
byproducts are not renoved fromthe chanber walls as shown by the area
under line 252. Thus, after running a carbon clean step and nonitoring the
chanber through the ATIR-FTIR di scussed above with respect to Figure 9,
the trac ' ol ' ; 2 | s silicon
based by Py o B e B B R A g Bt M PR o e " e

run at 2@Gppdndedchimxygen (Oz) cleaning chemistry for 30 seconds. The

remai ning process paraneters can be defined as detailed with reference to
Tables 2 and 3. In sunmary, the high pressure WAC process described herein
allows for the substantial elimnation of alum num sputtering caused by
the WAC. It should be appreciated that a single step or multiple step WAC
can be applied in the high pressure regine. The high pressure regine
nodul at es t he What ienlefmpd:such that a threshold is crossed. The threshol d
represents an ion energy sufficient for cleaning deposition products from
t he chanber walls, however, the ion energy below the threshold is not
sufficient for sputtering alumnum i.e., causing an AlF, residue from the
WAC. Thus, the nean tinme between wet cleans is increased through the
substantial elimnation of the AIF, particle dust observed when runni ng WAC
processes in the | ow pressure reginme. Accordingly, the systemthroughput is
increased as a result of increasing the nean tinme between wet cleans.
Moreover, the yield is |ikew se inproved, especially for 0.18 mcroneter

‘technol ogy node and bel ow, since AW, can cause severe particle

contam nation on a sem conductor substrate. In addition, a consistent
environnent in the processing chanber is maintained fromwafer to wafer.
In turn, the starting process and environnental conditions are
substantially the same for each wafer being processed when a high pressure
WAC is performed after each processing operation perfornmed in the
processi ng chanber. The consistent environnent allow for the repeatability
and reproduci bility of the processing operations with mniml wafer to

waf er variation. Although the foregoing invention has been described in
sone detail for purposes of clarity of understanding, it '
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wi Il be apparent that certain changes and nodifications may be pragtygedans
within the scope of the appended clains. Accordingly, the present

enbodi nents are to be considered as illustrative and not restrictive, and
the invention is not to be limted to 19 " 4 Nov 200;1 the details given
herein, but may be nodified within the scope and equi val ents of the
appended clains. What is clained: 20 - 4 NO'J 2005 CLAIM5S 1. A nethod for
substantially elimnating residual alum numfluoride particles deposited
by an in-situ cleaning process for a sem conductor processing chanber

formed, at least in part, fron1a|ugg&g@@§the met hod conprising: performng
a processing operation on a sem co substrate disposed wthin a
sem conduct or processing chanber; and initiating an in-situ cleaning
process upon conpl etion of the processing operation and renoval of the
sem conductor substrate, the initiating including: flowing a fluorine
cont ai ni ng gasl.i nt oA tihethpd doe sebstapticl g ndieninaténg resibiah blumsinimg fliomdeessur e

within the processin hanber .capabl.e of allaow ng a.plas created fromthe
{1 uor i ne MBS ARRSUELEY R it CErRire dioctsy SronueRicagRaer PIESHEn | nner
surface Ghafber BFHAGES51cRE if PANTRIM WivinfiAbkh, the PAHARS dodghrBfg: al um num
containing parts of the processing chanber. 2. The nmethod of claiml1,

wher ei n t he maeHouinger arpesasing dperatioat g semiconusior (subbtedni higpoprdeess
upon corrpl.ﬁ%#)%neofcto%glt?cé&_][p%ﬁ?ee}s%%?g?%%lﬁgeéaﬁdon and renoval of the

sem condu€t i u ies, fl ow ng an oxygen contai ni ng gas

into the proceggiafigg Chhanbsitu WkARINgE PRY¢ads u?dn tchgphitioh com thy piadssiigs whi | e
mai ntai ning the pressure; and creating a plasma fromthe oxygen contai ning

‘gas to remsiAion apdsnyabelthe sypicondile syt thednBRtpaSGHHEE surface of
the processing chanpgyy, g(‘iﬂu-gnﬁe g@t&ﬁ%gcgas fHeS T p]rocc‘éﬂﬁé ghé}nﬁé??arfdl uorine

containing gas is selec
establishing a pressure within the processing chamber capable of

allowing a plasma created from the fluorine containing gas to clean silicon
byproducts deposited on an inner surface of the processing chamber without

sputtering any aluminum containing parts of the processing chamber.

2. The method of claim 1, wherein the method operation of initiating an
in-situ cleaning process upon completion of the processing operation and removal of
the semiconductor substrate further includes;

flowing an oxygen containing gas into the processing chamber upon removal
of the silicon byproducts while maintaining the pressure; and

creating a plasma from the oxygen containing gas to remove carbon based

byproducts deposited on the inner surface of the processing chamber.

3. The method of claim 1, wherein the fluorine containing gas is selected

from the group consisting of SEg, NF3, CF,, and C,F;.

4. The method of claim 1, wherein the pressure is between about 60
milliTorr (mT) and about 90 mT.
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fromthe group consisting of SF6, NF3, CF4, and CZF6. 4. The methkodl ofiy 2005
claim1, wherein the pressure is between about 60 mlliTorr (nT) and about
90 ml. 21 Nov 2005 5. The nmethod of claim1, wherein the fluorine
cont ai ning gas includes oxygen for renoval of carbon based byproducts. 6.
The nethod of claim1, wherein the processing operation is selected from
the group consisting of a polysilicon etch and a crystaline silicon etch.
7. The method 9f clBieMdmblrdrR@lim NoWHGERAGhe FRbHRE REnRIMALES PRfasPt ers
including a tenperature of the processing chanber, a power applied to a

t r ansf or mygerolop rezdo sl eberab@TigRed byprbductnd a flow rate of the fluorine
contai ning gaseous m xture. 8. The nethod of claim?7, wherein the
tenperature is about 60C, the power is about 800 watts, and the flow rate
is between abaut 10fheamethaBftclfifP1, Fhavahe rodtséing @PtiatlBh & Selggéd M nut e
(sccm. 9. The nethod of claim1 further including: setting the chanber
pressur e fam ghegrapmesnssting of applypifieen eich and Thwsigbirhglicaretelh.ai m 1, wherein
t he chanber pressure is about 85 mlorr. 11. The nethod of claim1 further
i ncluding: determining an endpoint to the cleaning process based upon an
em ssion intensityliwahebbedr Eneiml Tinched irliliggnsi sting of chanber
deposition renpval products and chanber deposition renoval reactants. 12.
The nethod of defiging Pproceghdagametens e inglidingg aoierpgragre f Het PFOREHIDE  an
endpoi nt | LG A i : i j ast one
vavel engthATRHE 2P Rr g8 SRR LG M RLEATE G Bl BN e 203
run, and dlke floorirkZohkainiRE)Based® mixtypkasma processi ng system for executing
~an in-situ cl eaning process,

8. The method of claim 7, wherein the temperature is about 60°C, the
power is about 800 watts, and the flow rate is between about 100 and about 500

standard cubic centimeters per minute (sccm).

9. The method of claim 1 further including:

setting the chamber pressure at a minimum of 50 milliTorr.

10.  The method of claim 1, wherein the chamber pressure is about 85

mTorr.

11.  The method of claim 1 further including:
determining an endpoint to the cleaning process based upon an emission
intensity selected from the group consisting of chamber deposition removal products

and chamber deposition removal reactants.

12.  The method of claim 11, wherein the method operation of determining
an endpoint to the cleaning process further includes:
monitoring at least one wavelength selected from the group consisting of 685

nanometers (nm), 703 nm, and 516 nm.
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conprising: an alum num based processing chanber configured to opzér’\%ﬁ:‘é R
an el evated pressure during an in-situ cleaning operation to substantially
elimnate the formation of alum numfluoride during the in-situ cleaning
process, the processing chanber including: a gas inlet for introducing a
fluorine contai ning cleaning gas, the fluorine containing cleaning gas
optim zed to l2nové Blesieg prochssiegisysienr fefuexesutimegmoisii-dimccleming prcessyr f aces
of the PLY essi ng chanber, and a radio frequency (RF) coil for creating a
pl asma fr(gﬁﬁ’rfsﬁ%g'fl uorine containing cleaning gas to performan in-situ

| H i i t |
cl eani ng pr ocgsSlundnval b ;&eﬁg}%cé}%%r %ﬁﬁ%uﬁggﬁ :ogéfg%d% aﬁ@l%&& a

pressure inside the processing anber 1 ndep low rate of
process Rassuse detigg smin-sitd eleaning dpetados éo selistantinly ielimimeeel thenformadon | et of

t he proc ing ch er; an,optical .em ssion spectronmeter ((OES) for

det ect i n%saﬁnﬂﬁ%%qeo&@éwes%m Geaning nrogcess the recasring €% s
perfornqgcliuaintghe processi ng chanber, the OES in communication with the

- processing chanmber; and a punping system for evacuating the processing
chanmber bet ween eatlgastigjet dor ibheducing at Bpordlecamitaigingy oleasiag gab, thbe pl asma
processi ng systemof cl.aim13,. wherein the fluorine, containjng. cleaning
gas is select WQ‘{%%P?%“%F%@@“&&H%PQ?%S&? Tegpeyve siiepn ,Lﬂﬁd@?i’:& 15.

The plasma pr@gesisddtsh myiet Rfaeds &t 1hé Protes ‘;@t‘?ﬁaﬁib@r g processing chanber is
an al um num ceram c chanber. 16. Theﬁ?pl ass1 pr oceétgpng system of claim 13,

wherein the CES nohiadie fruesgnfRigucell foocuetingt plasmd Erog fise doorias pondi ng
13, " wher ei n (REVEREE s RABRERHE Ipeclcfin g B R PO S0 M1l i Torr. 23
a variable conductance meter configured to control a pressure inside the
processing chamber independently of a flow rate of process gases, the variable
conductance meter positioned on an outlet of the processing chamber; _
an optiéa] emission spectrometer (OES) for detecting an endpoint for each stép
of the in-situ cleaning process performed in the processing chamber, the OES in
communication with the processing chamber; and
| a pumping system for evacua_ting the processing cha:hber between each step of

the two step cleaning process.

14.  The plasma processing system of claim 13, wherein the fluorine containing

£ cleaning gas is selected from the group consisting of SFs, NFs, CF;, and C,F.

15.  The plasma processing system of claim 13, wherein the processing chamber is-

an aluminum ceramic chamber.

16.  The plasma processing system of claim 13, wherein the OES monitor is

configured to detect wavelengths corresponding to the silicon based byproducts.

17.  The plasma processing system of claim 13, wherein the elevated pressure is

greater than about 10 milliTorr.
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