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AUTO CLEAN METHOD by inventors Brett Richardson Vincent Vbng'ﬁiétb “THE

| NVENTI ON Thi s invention generally relates to an apparatus and net hod 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 wafer-less plasma cl eani ng net hods
for elimnation of residues on interior walls, or other conponents using a

two step cleaning process. BACKGROUND OF THE I NVENTION I n a conventi onal

pl asma process, plasma is activated by reactive gaseous species so that a

desired fj b _ bstrate or renmoved fromthe

subst r at eﬁ%smemgﬁﬁéaé& bgﬁ)sé&'iré@rﬂ CHAMBER RESHMIES at ons,

and nol ec ' h .a | asna _etching, is

Mvol ved. - rUSING IO SHER WARRE T RRS AU Cal AN RAERTIOW 1, e
material to be etched. The chem Cl<;i|]¥ reactive species are chosen carefully
so that the species are specific A" surface of the substrate that it
is going to interact with. In general, the plasma is controlled by one or
nore process paraneters, such a§ﬁﬂﬁ¥4¥ﬂ$@hperature, chanber surface
tenperature, pressure, reactant y#wehiWangate, reactant gas mx, reactant
gas concentration, gas injection distribution, plasma ion density, and bias
voltage. Oten such process paraneters are optim zed for the reactant
species on dummy wafers. FIRLDOF THRINVENIIQNEe process paraneters and
the choice of 1 P 4 NOV 2005 chemcally reactive species are done for the
specific process in the formof design of experinments (nore often called a
DCE). Al thoug [ 8.1 AV [ itoring of a
chem cal pro?gggﬁgﬁg?g %%%%ﬁ9pﬁgﬁﬁdgtaléﬁ%%%#égggﬁ%%ﬁﬁggg(%?@"@g%osited on
t he i nneprosessingc@mmber td nengreopreswusihalehedied Whamdet FeiduegcebisRhags e t aki ng

| ace. The undesjred residuyes,
P accumu?a?e &t interior sarfaces of the apparatus. In particular, the invention relates

to wafer-less plasma cleaning methods for elimination of residues on interior walls, or

other components using a two step cleaning process.

BACKGROUND OF THE INVENTION

In a conventional plasma process, plasma is activated by reactive gaseous
species so that a desired film can be produced on the substrate or removed from the
substrate. The chemically reactive species includes ions, neutral atoms, and
molecules. When a chemical process, such as plasma etching, is involved, reactive
species interact chemically or physically with the materjal to be etched.

The chemically reactive species are chosen carefully so that the species are
specific to the surface of the substrate that it is going to interact with. In general, the
plasma is controlled by one or more process parameters, such as: wafer temperature,
chamber surface temperature, pressure, reactant gas flow rate, reactant gas mix,
reactant gas concentratioﬁ, gas injection distribution, plasma ion density, and bias
voltage. Often such process parameters are optimized for the reactant species on

dummy wafers. The optimization of the process parameters and the choice of




unfortunately, get deposited in and around the walls of the prBQ@ﬂgV“ﬁMﬁ
chanber. The build up of residues inside the processing chanber, _over
time, not only nmake the processes unreliable and shifted from baseline,

but also result in degraded, defective substrates in the form of defects.
W thout frequent cleaning procedures, inpurities fromthe residue build up
can-mgrate onto the substrate. In addition, process etch rates or
deposition rates can vary over time due to the changing chanber conditions

from r esicenidally Irehetive sgBidk tate@oriefoPtHe sPbcifio Pidcels MIAE 85t SeddspnreEnce.
Thus, the maintenance of the processing equipnent is inportant not only
for hi gh&¥PSrmBenis (Taprg oftseceliad aJPQBkct perfor mance of current products but

also in the d - . r.at i r cts. An Jnportant
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cl eaning a process chanber are dry etch cleaning and wet cleaning. In the

former dMBROCRR Gambessi where HreoRrasassesepse sakdngplataclibe sadwiredrasificpr ocessing
chanber  aAf8RGIR el WBsillCHSH agénﬁa%g%aﬂeﬁ?&cﬁ;rs%esghg%ﬂﬁﬁﬁeg- THaergy is
t e he gases "and an

applied to pronoté®a reaction ween residues, which
may have baiddwpubhtasiluesn ishde ther moessing ghainbeh @ves tiirdl abi onlyStaleahes .

Resi dues on the processing. ¢ er's .interior react with the cleaning
process §E&GEsses ugpeliahly @Qﬁf@@wﬂ&aﬁa&t butiglsociesyt i degradededefatieed from
the procgssdiesGha ity q;?ﬁgllql : ] -eani ng
process gases. sTheH%?%%nnigﬂgg%?tgﬂcgggH% ?%mﬁ%%@?%ggéuéés%%{)%ﬁof nor mal

processi fipm Are westdae hatldwe ¢an migyatetontu thg subsrate.t e addition,t procdseawhng

i procedure,, in i cq. t he, processi ng chapber [ie ins sealed, is_a wet

cl eani ng "PFH R deROSIHORJRteR SaB FARRYRE ity duefo ‘i’(gﬁ%l‘gfl}gec BENdioNShanber ' s
vacuum sggim a8ddpsal-ly MdulidpOinde¥Nof Béntrdt { perfbiEL OFTRMY frRCeS. A
wet cl eaning procedure is normally performed to fpem)ve resi dues that are
not ent i MeAicpaned wé theoprocessingrequipment iiscianpiongnipre oaks for dighep yilds adv 2005
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processi pgnératidiepiat®ds. Unfortunately, such cleaning operations affect a

substrate processing systenis _ _ - )
_ An important technique to improve the overall quality and efficiency in the

processing of devices is to clean the chamber of any deposits, Two methods of
cleaning a process chamber are dry etch cleaning and wet cleaning. In the former
cleaning operation, process gases are evacuated from the processing chamber and one
or more process cleaning gases are introduced. Energy is applied to promote a
reaction between the gases and any residues, which may have accumulated on the
processing chamber’s interior surfaces. Residues on the processing chamber’s
interior react with the cleaning process gases, forming gaseous by-products which are
then exhausted from the processing chamber, along with unreacted portions of the
cleaning process gases. The cleaning prdcess is followed by the resumption of normal
processing.

An alternative to dry etching i.e., the in-situ cleaning procedure, in which the
processing chamber remains sealed, is a wet cleaning procedure that is performed by
breaking the processing chamber’s vacuum seal and manually wiping down the
chamber’s interjor surfaces. A wet cleaning procedure is normally performed to

remove residues that are not entirely removed by the in-situ cleaning process, and




utilization in a variety of ways. For exanple, systen1uti|izaﬁl8q%&§ 2005
reduced by the tine involved in perform ng cleaning operations. en a wet
clean is performed, opening the processing chanber and physically w ping
the chanber's interior surfaces results in even nore downti me because the
processi ng environnent nust subsequently be re-stabilized. The
re-stabilization of the chanber condition requires processing nmany wafers
to condition the chanber back to the pre-wet clean operating chanber state

wi t hout eoncias sitaignulas ioderetithel Worolent fsisPhieBmes iisedao Uiseuiod dicke fhsigéam of t he
met hod operatjons for a conposite one  step cleaning process for the
renoval &SMcgrlearsh tsdrocesyipg rhangher inssaled and sormph procassingda reshmeflat es wi t h
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reduced or no it fails t sure ¢ | et enoval of different
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limit, tRethssilicenpasehdyarodpet: enpaebied eshaw hassd hymoduct removal are

combined to run a single step cleaning operation. If there are more wafers to be
processed, the production wafers are rerun through operations 12 and 14. The method
operations of Figure 1 can also be performed in wafer-less conditions, in which case it
is considered a one-step (composite) wafer-less auto clean (WAC) process. Although
in some instances, there may be multiple steps, all these steps are still repeating

composite (both silicon based byproduct removal and carbon based byproduct
removal together) one-step wafer-less auto clean (WAC) processes.

Although such a recipe has the advantage that the number of process steps can
be reduced or not, it fails to ensure complete removal of different byproducts, such as
carbon based organic residues and semiconductor based silicon residues. In fact, the
removal rates for silicon and carbon deposition are in opposition to each other. The
process trends for silicon removal are based primarily on fluorine-based chemistry
while carbon removal are based primarily on oxygen-based chemistry. As both
fluorine-based and oxygen-based chemistries are mixed together, the removal rates of

both silicon and carbon are not at optimal levels. As the O, concentration increases in




reduces substantially. Rather both silicon and carbon rates areagonwomused
in a one step conposite approach with an i nmedi ate renoval rate. Thus, the
one step approach can not yield optimzed renoval rates for silicon and
carbon deposition. In the past, plasma cleans were used for cleaning etch
reactors and deposition reactors wth the wafer in the chanber to cover
the el ectrode, but it has becone nore common to do wafer-Iless plasma
cleans. This has led to the use of a wafer-less auto clean (WAC). Wen a
conposi t ¢heVWiiixtneec alpovef 0 cedtedh Hirsit,| the asilicndreavhiorntd ppsoasksclanireod\aal i s used
i nvol vin specifi¢c mxture of separate etchant gases for silicon renoval
and for 9%‘3%“8@?@%& ﬁ#t@efsh&’ﬂ? gheon andheasbon BEsiaR c@aPIoBed iR@MB%al rat es
of both gfebi = d:.depnasit i du at.. | t he one
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of the g@}f’r g %Smao&e?lﬁew%ﬁ%?%‘ﬂ]f@ eaning etgh repgtogs and, geposHion sadeipassi ng
WAC chemigiti te whitdSn tHelthamBBPR%VE M GeckGf! B it RIDLESmP Hidte é{rﬁfnggUCt
materials at a md-range renoval rate tﬁat Ry renpve {00 nuch of one
bypr oducto dndvafetlesnplagha eleaanofThés hisyled adubé useCofn s epferlchbsy autd lideanchanber
will be l(%e(?-cleaned which results in a build up of material, or the
chanber 1) be over-cleaned which results in the degradati on of chanber
parts and a  siunt LinithsRE WACIEcibd foR bbiEsilidr 78 \68fbon Mpfodliltenbig

contai ning cleaning gases are used with the conposite C recl pe, non
vol at i | elsatsggitanalying aopediic conpounlissparate ettlombgasesdivroilidani tethoud and t he

i nner su s.of th hapber.. The bui.l d of thes CO unds. causes
var s abi | o ar ko, § AR ot Bnablimizet fotis st BETH SrER AT P crison |
processi agd chshdaseddepdsiinl YyprbdRtPUITHIt 4 |dbnk! ke compodnd wigposi t ont
a wafer Dbei n%t,processed. Anot her shortcom ng of frgé)uent cl eanin

‘oper at i oABPIPEC ROt fRed tq ashdevesomplrie Bxrpeodnetremsnak ofeoqsh diweslisongmdhanber
conponengg, \@gﬁ;&n0\5§j rGhEAN NE %?1%9{ Sthe oRé! | & ngc&n?pogﬁg r daI 'rge%h' me of
t he conponents. In tpurn, t he cost of Consunabil eS 1 NCFeases. us, inproved

met hods amdpmpgisssahe sfftciveaésatithg raeaviat Oﬂthé(ﬁ}?fod%té(mﬁ the dhashieics are

needed. 'IP particul ar, the cleani I’l% nmet hods and_apparatus should be 4
of using a smgle all-encompassing WAC chemistry. Thus, the composite WAC

recipe removes both byproduct materials at 2 mid-range removal rate that may remove
too much of one byproduct and not enough of another byproduct. Consequently, the
chamber will be under-cleaned which results in a build up of material, or the chamber
will be over-cleaned which results in the degradation of chamber parts and a
shortening of their lifetime. Moreover, when fluorine containing cleaning gases are
used with the composite WAC recipe, non volatile aluminum fluoride compounds are
formed which build up on the inner surfaces of the chamber. The build up of these
compounds causes variability of the plasma processing operations performed in the
processing chamber. Eventually, the build up can flake off and deposit onto a wafer
being processed. '

Another shortcoming of frequent cleaning operations is that they tend to
increase wear on the processing chamber components when over-cleaning occurs
resulting in decreased lifetime of the components. In turn, the cost of consumables
increases. Thus, improved methods and apparatus for cleaning semiconductor process

chambers are needed. In particular, the cleaning methods and apparatus should be




~Q 4 N O V 2005 capabl e of renmoving the residues created durin Egﬁf@rﬁhg
processi ng operations, while reducing or elimnating the subsgh

formati on of cleaning residues. In view of the foregoing, what is needed is
a sem conduct or processing chanber configured to optim ze chanber
byproduct renoval of silicon and carbon based byproducts, such that the
renoval of the silicon based byproducts and the carbon based byproducts is
achieved in an efficient manner to provide a consistent environment inside

t he chambgpableobf eaﬁbvaCtﬁ@&ésla&ss@eat@@ iR Ofub Sl tﬂr@dc@mﬁgldiﬁrau@ﬁé)c essed.
"SUNBI ARY OF THE | NVENTI ON The present invention Er ovi des net hod and

appar at udvhélaeduging< eh@nnatmsﬁlmuhwmnf@mamwf@ gr@m@@a deposi tion

byproducts us t t cl eanjn progess_ where eag h. step of. t he

cl eani ng pr ocggg,%’s (ﬁpgénﬁ%%“%rwqagrﬁﬁﬁeﬁé ‘i‘%ﬁeﬁﬁ’?ﬁc%“ %ﬁﬁ???lngThe first
step of bmnmmﬁgmealtswlﬁﬁzepemm byprodRét bR el Bpgmbma Rerbon
silicon-based cha byproducts while the second step of the two-step

cl eani ngbagsdospseducts, speh whas dbe F@rlo‘fﬂie(lfrfémﬂﬁéﬂmob%@@mwdﬁ%eftlldd@lpos| tion
bypr Oducic%{goﬁ fased I‘(del}%ﬁ‘: f?pa%flﬁ%@ gn ﬁgf‘?c exﬁ gﬁr ren]%m% Venénsg %lﬁ]an be

i mpl emen I'n nu ways, |nc

devi ce, enviaonmhdnmaesememmwmfmrﬁawwccew Bdiﬁ'biﬁu@fortsﬁlﬁstfme%alﬂg

i nvention are gescri bed bel ow. In one enbodi ment, the nethod for wafer-Iess
aut o cl eBPHE6€ess (WAQ invol ves cl eaning the processing chanber by
flowng a first gaseous conposition into a processing chanber including at

| east about 75% of a fluarine-containing conpound of the formula XyF,..
Then, a plasna is forned§EEﬂﬂﬂﬁ&xélﬁﬂlﬂgﬂﬁxggﬂﬂgﬂﬁonposition to provide a
first etchant plasma which renoves silicon and silicon based conpounds
fromthe interjor surfaces of the processing chanber. The next step

i nvol ves fl owlh§ Prgsegd cigentigas eeides opasthed omd apparitie erafiguisdofdssi ng
hamber , h |
chamber 3421{10@%%1;99& ahtt Akboh BildiudMsfibn Ogﬁ@hua?%&ﬁgaot@o%&x HeafifnoChem ca

formul a a plasma i1's e seco aseo S conposition
to provi dmcasss*eb@adacét seanf thel chaaning mhiesh iy epriniesd fta:rrbmnvﬁagch getifien based

Cor’rpound%ypm uct. D[t'he I’tjlrst stespu(gtI %g ?\?/o %’Ecptcrfm%nin%rlg'ggessg asngpt::&%gglj %r regovmg

silicon-based chamber byproducts while the second step of the two-step cleaning

- process is optimized for the removal of carbon-based deposition byproducts. It

should be appreciated that the present invention can be implemented in numerous

ways, including as an apparatus, a system, a device, or a method. Several inventive

embodiments of the present invention are described below.

In one embodiment, the method for wafer-less auto clean process (WAC)

involves cleaning the processing chamber by flowing a first gaseous composition into

a processing chamber including at least about 75% of a fluorine-containing compound

of the formula X,F,. Then, a plasma is formed from this first gaseous composition to

provide a first etchant plasma which removes silicon and silicon based compounds

from the interior surfaces of the processing chamber. The next step involves flowing

a second gaseous composition into the same processing chamber, of a composition

including at least about 50% oxygen of chemical formula O,. Then, a plasma is

formed from the second gaseous composition to provide a second etchant plasma

which removes carbon and carbon based compounds from interior surfaces of the

processing chamber.




0 4 140V 2005 In anot her enbodi ment of the present invention, TP 3 ;% w5
are processed by first cleaning interior surfaces of a process chanber
with a fluoride plasma including at |east about 75% of a

fl uorine-containing conpound of the formula XyF,, with the plasma being
optim zed to renove silicon and silicon conpounds and secondly, cleaning
the interior surfaces of the process chanber with an oxygen plasma
including at |east about 50% 02, such that the oxygen plasma is optim zed
to renmove car hoancihel erstud@sntCIhe prdent ilaitivaf @e vwadérs e proesRsssy in the
process chanber after the first and second c| eaning processes. |In yet
anot her EESGiRappgtintelopsustasesof dpraspssshrmben wish a flueride plasmaringudingf ~ a

rocessi { r.OM| ) . t f.or ¢l i ng.t.he interior
Purt sces PIFRABREL 748 JHCHUAR cobfibE SSRART' IR (Pla RoRe B bE
i ncl udes plasmasheips opfimizetisto rdnoei silicanakd chizbh ddMGLARE GAG s8tdddlR

fluorine-containing conpound of the fornula XyFz optim zed to renove

sili con Sikan&E thedgikrion pystasaniel the prosessehpmberwith an pxysen @lasmednslugiag et chant
process gafaMahiut I | Aer | i Tl [ .5hin the
processi ng g a‘il ér%?%bﬁéﬁ‘%ﬂt@?tn%ggﬁegpg#@%% raﬁ(gigbgeé‘fo\%géfa\%g \C%Al} 2-100
mrorr. Thabpn ocmpsurids. Thaimtaferedn bepreeised dnthapocesd tlaeibet angatio Gt on
interior {iurfa es qQf the processing chanber so that a predeterm ned | evel
can be afRdiecqndelganingBrogesseess steps for renoving carbon based conpounds
i ncludes firsfy vid QWkng QlRdaNs : 'Qg&%mgﬁx and an
optional fluori r){e- cont aie%}fbr?g co’mgﬁﬁg&gﬁtc%gﬁwgﬁ%?g yF,, 1 %Setgfr £z;ce
anount s puachssitgathantber id providad - Thetpadcassgiepscorrpleamidyg itlse mpdriomisagabes o renove

silicon apd silicon conpounds.fromthe previous, progess step in the

Lvio- st op Op GRESTIEFIRmIER Lok Tiesin i s HcseooBtdsrrdsy e db gh st

contai ni ﬂ@w@@ﬂﬁ&cb@trﬁbé&ﬁ%&e@ﬁﬁta AudrRSrfathifi 2 0GRpSinLHOWe thingla 100 miTorr
inside the processing chanber. The process for reHBV|ng car bon- based

conpoundXsFsoptiiaed br eanaye silivoerand silison campeursk. (Thenps phewgiinprokdnber so

that a p et.er m level is.reached .In stil.l yet another enbodi nent of
the i nveﬁrt%ﬁ]otrt]& éz;@c%ﬁlg r?%ceafggsezxg{hngleﬁ%c{rlé]ﬁicop%*mg&éewpp 'a%t \%esgqrgp in-situ
cl eani Ng wthde &% procesti O Vhaahetbs isTRAINRIRRIR aGHEsRN rahgtChatdlesh shoRf 2066Si Ng

chanber having a gas inlet for introducing a first cleaning gas ~and a
second cPEEHT- nglhgaBrocessels fpritored daim pigonya8d giliqoni guapauads @mpierior| i con

based surfaces of the processing chamber so that a predetermined level can be ascertained.

-

The process  steps for removing carbon based compounds includes first
flowing an etchant process gas containing oxygen, and an optional fluorine-containing
compound of the formula X,F;, in trace amounts such that the fluorine-containing
compound is optimized to remove silicon and silicon compounds from the previous
process step in the two-step process. The plasma formed Vfrorrll the etchant process gas
containing oxygen is maintained at a pressure range of about 10 - 100 mTorr inside
the processing chamber. The process for removing carbon-based compounds is
monitored on interior surfaces of the processing chamber so that a predetermined
level is reached.

In still yet another embodiment of the invention, a plasma processing system
for executing a two step in-situ cleaning process is provided. The plasma system
includes a processing chamber having a gas inlet for introducing a first cleaning gas
and a second cleaning gas, the first cleaning gas optimized to remove silicon based

byproducts deposited on inner surfaces of the processing chamber, the second




byproducts deposited on inner surfaces of the processing channg Ji@@ 2005
second 6 0 4 N O V 2005 cleaning gas optim zed to renpbve carbo B
byproducts on the inner surfaces of the processing chanber. The processing
chanber also includes a top electrode for <creating a first plasma fromthe
first cleaning gas to performa first step of the in-situ cleaning process
and then a second plasnma fromthe second cl eani ng gas upon conpletion of
the first step. A variable conductance neter for controlling a pressure
i nsi de t lekeapingcges siptigixdaslhremove depem dasdl hypedduatsfdnote rimice saffaddiefpr ocess
gases is  included. Thﬁ vahiable conductance neter is posifioned on an
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The CES is in.co nigation with the processing chanber. A punping system
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wi || beconme apparent from detaile escriptiorf;, en in
conj unct iiwruded: Thehariabic copdusienogmetean prsitioned bh us bnddtiofghdoprovesyingf exanpl e

the princjples t he invention. BR DE, PTI, ON DRAW NGS The present
i nvent | or‘ih%!“ﬁ?r‘ g_@w}"ee’écﬁnl e%’%?&%ﬁ%?%ﬁg’g/“@%%m CHRFRIYTR 8Os cri pti on
i N conj UREtheWatert M HRicAL SRR KpEGotchW (0FS) i ddlediink Gl BliBSRAESR NuMer al s
designating like elenents. Figure | is a flowhart diagram of the nethod

oper at i 0B8CIf gtepacic e t tepomesites tckyaninigepiocesy porfiemed ihothet proceseimgval  of
all cha ROSI § i I ct.s. Fiqure.2 is sinplified cross;sectional
achenmt| SraPETIETeRE. THELHY Gel prmitaiGut i dnt PRGPeUE GaBREL e o dual
step cl epninpingNyeRastorichac@GRY thePEeceddihd) ciitther BBRQEH BRM st8f of the ckventi on.
Figure 3 is a flowhart diagramof the nethod operations performed for a

dual st ESPIEsRBEgRERceifdtEldedAC t echni que in accordance with one
embodi ment of g ash&bY€ Md Q(ilvantages of the invention will become apparent from the

following detailed description, taken in conjunction with the accompanying drawings
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iltustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF DRAWINGS

The present invention will be readily understood by the following detailed
descriptioﬁ in conjunction with the accompanying drawings, with like reference
numerals designating like elements.

- Figure 1 is a flowchart diagram of the method operations for a composite one
~ step cleaning process for the removal of all chamber deposition byproducts.

Figure 2 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 3 is a flowchart diagram of the method operations performed for a dual
step byproduct removal WAC technique in accordance with one embodiment of the
invention,

Figure 4 is a more detailed flowchart diagram of the method operation of

removal of silicon byproduct of Figure 3.




Figure 4 is a nore detailed flowchart di agramof the method ogeralifipnmh
renmoval of silicon byproduct of Figure 3. 7 0 4 NOV 2005 Figure 5is a
nore detailed flowhart diagramof the method operation of renoval of
carbon byproducts of Figure 3. Figure 6 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 7 is a graph of etch rate repeatability
using a Polygate Release recipe where a WAC is perfornmed after each wafer
i n accor dance Figurd5 Mmermdﬁikmmmhmtﬂh@rdnmuﬂhé inthodl¥peAitiokldf DESCRI PTI ON

OF THE PREFE VE |nv ntion is described for providing an
opti nmi ze&HY E?BE%/B%%?‘HE@ - clean nmethod optimized for renoving
mul tiple bypr é§ WA, Cslﬁﬁb cessi ng
chamber. It wl 153%@@@ &qﬁ%v%r &Jtt?fgir?ews e&?@ﬂkﬂﬁ]&éh %?e? t hat the
present 'pnl:f@manotnmm:yoﬂdenq:mrwm prmcmbadimenttof sionfevartioal | of t hese specific

details. In other jnstances | | kno rocess er at ons have not been
described in ?quﬁap)}? Bg?twﬁﬁe ’E"’Befﬁ {Yr‘b‘?"tgf?elg)cg)’%"éf‘e EleAssVEsHPS on. Figure

1 is des @v‘lieﬁeéiWAC I RrlorBaE KU w for Iﬁ&cbﬂ\éﬁ&t\hﬂ{‘ éﬁﬁdcﬁfﬁentme basi c

concept of plasma etching is rather direct. arge is utilized
to produthe ioventional | y reactive species (neut raI atom; radi cal s and ions)
from a relatively inert nolecular gas. The etching gas is selected so as

to generate species that react cherri cally with the material to be etched,
and whose rd¥elAd ! OF I PREFERRED EMBADVMENTS e so that it

can be renove frothe ces nber. An. i dry efc rocess based
solely on che%n IEVCI}?@BH%ﬁ HE ‘ft?ﬁ'%ﬁ‘ﬁ’tl Pg&T‘OP’iH@Jr?Sg is(t’eé%wgtf%ga g%“ﬁroken
down i nt elegh etHiRPSptindized ERGLINGOInERBEIK ?& Wpﬁ‘o&%@%{e%ﬁ%d' dhtd wall 8898, 2)

t hese species diffuse to the surface o he material being etched, 3) the

speci es S¥mBicapdisidsaoasasing ehasuhet adievilhe ebvidusniasdver,daone skilloduthe wi t h t he

sur f ace, ot heReshl iR A Bk pllec b OB SPHEon M SEOFR Froihe gas. 11

any of t Hewaits.sInegiberfiakthndes, WEIE kiiown pﬂ@e@\@é@hbnﬂﬁ@é IﬁJYﬁé&l &Rase. inHowever ,

when the byproduct is rel eased fromth e
detail in order not to obscure the present invention. Figure 1 is descnbed in the

“Background of the Invention™ section.

The basic concept of plasma etching is rather direct. A glow discharge is
utilized to produce chemically reactive species (neutral atoms, radicals and ions) from
a relatively inert molecular gas. The etching gas is selected so as to generate species
that react chemically with the material to be etched, and whose reaction product with
the etched material is volatile so that it can be removed from the processing chamber.

An ideal dry etch process based solely on chemical mechanisms for material
removal, can thus be broken down into six steps: 1) reactive species are generated in a
plasma, 2) these species diffuse to the surface of the material being etched, 3) the
species are adsorbed on the surface, 4) a chemical reaction occurs with the formation

~of a volatile byproduct 5} the byproduct is released from the surface, and 6) the
released species diffuses into the bulk of the gas. If any of these steps fail to occur,
the overall etch cycle ceases. However, when the byproduct is released from the
surface it is possible that they are deposited on the inner surface of the chamber.
Thus, over time the inner surfaces of the chamber can build up a layer of byproducts

that may contaminate a wafer being processed.




surface it is possible that they are deposited on the inner sugf;scp&wofzg@?e
chanber. Thus, over tine the inner surfaces of the chanber can build up a
| ayer of byproducts that nmay contaninate a wafer being processed. 8 0 4 N
0 V 2005 In plasma etching processes an RF diode configuration is nornmally
used to establish the glow discharge. The gl ow discharge is used prinmarily
as a source of energetic ions, which are used to bonbard target surfaces
and cause sputtering. That is, the glow di scharge produces reactive

speci es for chermplasmial gicting iprovgsseh ansRIF fdamtesconfiguiativeie sibrmdlly medson et chi ng

systens high.frequency,13. 6 RE di od configurations are primarily
ced 1t R BRERRS dﬁ%ﬁﬁﬁﬁ&&%ﬁi govsdichorse SHS BHMAEY ee2 sOBEro! ¢ hi s
f r equencynéSetid [ L Y, sto
traverse. ?hlgeda%&?glgglgarﬁcz% &EEUEI‘B?%E%BIJ%%&J@%%S irﬁlg;(%}g%r #355% %ﬁer
regi on. Kndhd gdagealistherge provuceoteecttvieaspedesstor chanically étohipg dersurfateshifng

systens i.s _usefu cause fhe ener w th which p I cles jnpinge on the
et ched sb‘?StF‘é?éte d_ilbe’fb’llgﬁm%net?#’l‘é‘g Weéﬁ%lllggﬁ dfrg‘_ﬂ‘}qn%t ﬁ)g %*ﬁzagg]ijtdff%ﬁ, pl asma
pot ent i abofiRiRATINEafe SrilRafyekay Watﬂs.efmmreq[ug@ 8 Ukddpr ﬁ{e*;a%@liédlkﬁac es in

the chanmber, and hi gh-ener gy bonbardnent of e surfaces Can cause
sputt er i RgWahdhis drswermnts righl eposght scothab thet ines sptiteesererahRFecyclds. to

Silicon- sidues are often.fornmed on the interior surfaces of a
processi %%%?Jﬁgg Sr?flceg]ﬂe e%{’st%lem : L34 Tegion 2nd ‘@i‘fgﬁ’ﬁ’_g’c?ﬂ}er ati ons

i nvol ving si | iKzomv1MREebsut théipotafite disdibutioa i pRsha s RUidLSh@HRSs GaM]al so be
formed on the interior surfaces when bonbardi ng photorésists used as masks

for patt 8eeAusRythefenengy with/whish parfistestimpinge op thradtehed wefacadensndd emthe( WAQ of

the pres L v.ent:i efd i gi.ent | ns.these depgsits_ and.allo for a
consi st eﬁtg{eg{égslecﬁ%}}ndé&gb i \'/i1£10a ?\hlrirlgl%%‘ gléa)srrﬁ% ﬁ%e&bai QF%—WSP@F QN “&E%Wh%‘ﬁir ation.
The two sdrspstiREotirgisngfady ihothel dhgmde, iahd thighbag R bohdatdaiede &F Sh&kchant
gases intrqoduced into the processing chanber. The first plasm is

opt i m zed"HHCF EAL WP IRUIHR LN cmscprBlerrderasitiniedf he spuitared Bidiwidle gases
that ~maygRenlReRY edidue? é%?teﬁ%%@# on i t@'iér%&'su?@!:ésow 39 IIOQ?SS ! St

pl asma process, a second plasnma I's forne rom process et chan ggses

I nt r oducegeriantm subie apirodessitivg andhmacieg opeitomsdaosiding] stisovn wafesptinm zed to
react with.the carbon-based residues to .form %aties_ that may be renoved
fromthed ?lll %e?a%éoq Eflﬁgailaﬁl_dues can also be formed of the interior surfices when

bombarding photoresists used as masks for patterning of the devices.

The two step wafer-less auto clean (WAC) of the present invention efficiently
cleans these deposits and allows for a consistent baseline environment for the
beginning of each etch operation. The two step WAC begins by forming a first
plasma from p'rocess etchant gases introduced into the processing chamber. The first
plasma is optimized to react with the silicon-based residues to form volatile 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

wafer processing throughput of the system as compared to the composite one step




Because silicon residues are nore prevalent in the chanber, theﬁxyoﬁggeﬂ]%
nmet hod can be configured to spend nore tine to ensure renoval of” th

silicon based byproducts and less tinme so that the carbon based byproducts
are renoved w thout over-cleaning. Thus, the two step process wll not
have a significant inpact on the wafer processing throughput of the system
as conpared to the conposite one step 9 0 4 N O V 2005 process.
Additionally, the optim zed two step process provides for a nore uniform

chamber @ooudsd. i Adiditignaliy it opinized 0wo dezpt fitcdss PeRsddsTor &haseamifoghween each
operation CEnsequentLy, the repeatability of the etch operation from wafer
to waf er chpmber ferKliticning cavisenrent  Reide Jhe | eesssing rahapberbtwesRotced i nsi de
t he proc i . . i .S, the
bui 10 up B R S SR ety Bl B Wikl WOk B St
oveér tines enbancecbbtamse af lthe edbnshstanatepdiro@hémvprogdéd insdatieepoegsiagabl e et ch

rates froFln nge to Vﬁifel’ and_extended nean tinme between cleaning (MIBC).
Fi gure 2°¢am ers'-ﬁ‘f?ﬁg]ilf e OB W AL eterhnigug. That tseihe; huildruppfhypepdugts shasma

et chi ng L g xec .St e i in
accor danélzélvﬁ\}tnt% ﬂk%ﬁz{e&& gﬁbﬂgegpltr?g%sgfﬁgféﬁt ggﬁ %ﬁn?ﬁ%h& %@garrgﬁlggyagﬁ%g%g etch
syst ens iaHowingefot ktabl236fatableyetchVEERS Yi\ifadar-tb egferAnt extchdahmBystimey  al so
referred.to as Pol V\ﬁ%ﬂ{@}d the TCP 9400PTX both owned by the assignee.

Pl asma elbﬁmq?ﬂcg'ﬁg‘%ﬁg consists of several conponents, such as etching

chamber 102 t hadurd 9 €Y af Ifﬁe@l_c&&s%@&ﬂﬁ%ﬂscﬂé@%&&&i% aﬁlofp&’?‘iﬁiﬂget%}{ﬁl em 104

for establishing and maintaining the reduced pressure, pressure auges 106
t 0 noni t eystpmespatigereil totexecuth andimt step oleanighpwcesniductamdaacenwitbront08

bet ween I, em 104. and, et chi ng, cha r 102 so.t re re and
Prow 1 bRl 6E T AR D s EiP oh Ps e R sattpe Mobisrbn adih 5" f adio
frequenc WEREYS Warseless UBR] Fledd QyREMAKISS rdfBi@edio0 FHIPERAIT, Gad t&gchandl er
112 nmeters and controls the flow of reactant gases.” El ectrodes 114 can be

used to SHPPREXZoth ering byabe pesignee e Riasmiz sichingetystens KdsongigBSY sesmlt or 116
s < ARSI JRSEe gt 04 PRl B2 B O b TR

products and chanber depositi on renmoval T
for tenpeuabitigesyerent 104 fangiabhdteng eddmaintgning (A sQlubaThiaskge, préssusghoul d be

appr eci atggggés hl t6 tionmE)Qﬁorp&%gsulpe! ia}lsthrr% (?hlalen%grs, amsgr?ablljes gcginc‘lfu(cgtrangeI ?naeir:gr nl 8r eactors
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 (RE)
power supply 110 creates the glow discharge. Gas handler 112 meters and controls
the flow of reactant gases. Electrodes 114 can be used to strike a plasma. Optical
emission spectroscopy (OES) monitor 116 monitors wavelengths specific to etching
chamber 102 deposition removal products and chamber deposition removal reactants.
An electrostatic chuck for temperature control and wafer clamping is also included. 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 embodiment, the process parameters

discussed below are input as a recipe and the process parameters are controlled by a
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with the wafer in the reactor chamber to cover the electrode, gt &Y h2}h
becone nore comon to do wafer-less plasma cleans. This has |led to the use
of a wafer-less auto <clean (WAC). I n one enbodi nent, the operations are
conputer controlled to automatically start the wafer-1less plasm cl eans at
set wafer processing intervals. For exanple, the WAC process can be run
after each wafer, after a lot of wafers or after sone other suitable
interval. In another enbodi nent, the process paraneters discussed bel ow

are i nputomfolasys®ei, RRcRNA 4 @%%ﬁxﬁﬁﬁﬁk‘e RcAERIRIEr R iARALEQ! Wil |y a 10 0 4
N O V 2005 control system Such as a programmable |ogic controller that

i nt er f ac&gciipn phampher. r eacti on chanber. The WAC process has conventional |y
used a conposi <step recipe focused on the renmpval of all chanber
deposi ti on bygpgd%e% Hrﬂ%gf aaﬁgcogv‘?ﬂ%@?ﬁye uSpd 3o PURBNHIC (HESSP JECiPRe renoval
of both géduseDon BrsRthRNINEEUHambRN HefeRitRAbyBAEEs iVONIRL UChikwERpever, a

conposite WAC recipe for both silicon and carbon Dbyproduct renoval suffers
from | owetchpringasey Torathe srempvaloefhbeth| silicon basad dwptedneth wd dearbtepbased i on

one. ot ep TRlEoqbEN e % Wl RE, SR RC SOS si€oh ih ot e ar

'si | i con- bapedudtesmdvdd Suffére fR Biwvdr @B Ehl edted HEbdtN EifiEdPhnd SMbéRBASIOf a
processing operation, such as in deposition and etchi ng}é{)perati ons

i nvol vi ngSRastticadivpaRtiustss In eddiion, dluminmme Sperda ¢ampqwndellrét behindinahe o f or med
on the gﬂ@g@gb?g%gmggaaggﬁﬁ%%g&ﬁ§§%gpgégons due to carbon based

phot or esi st n use patterni ng devices. |In general,

t he per cent agésdf kadwn dothebas ellicohppseddbgdisestade stsbmmbasa dhdinpiduct s is
not a 1:1 ratio, since silicon based byproducts are found in a greater
amount  t REHEPCES 1 oh PERSSEING PRFatierbr Wich 38”1y depasitionagsish plehingt epes#ionski | | ed in

the art halvigd ke wased nogalé%& aﬁ@sﬁi&ngﬁg&w%g Almorm%pme .
deposition species in Polysilicon Etch equi nt. e present 1 nvéntion
provi des clamipgr udng pradessimg ofeeations elue so crhor basell pdetiresindoftdronsedragcessi ng

charber R g ok P BB G-er RSG5 HE et atRerSs SRESh bl eos

for the siproaeits RasefbodHRELQUYGBdIcs APt Za01 38T Einkd eidoy baBVe

silicon based byproducts, while the
byproducts are found 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 Polysificon 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. 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. 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 NFj, to remove silicon based (inorganic) byproducts. The
second step uses oxygen (O,) based chemistry to remove carbon based (organic)
byproducts from the chamber walls. The cleaning process is preferably performed

after each wafer, however, any suitable cleaning frequency may be used.

Additionally, the Oy chemistry of the second step assists in the purging of any

i1




cl eani ng process for the carbon based byproducts is optim zed fd NOY 2005
efficiently renove carbon based byproducts. In one enbodi nent, the
targeted byproduct renoval process is a two step process where the first
step uses SF6 chemi stry, or other fluorine based chem stry, such as NF3,
to renove silicon based (inorganic) byproducts. The second step uses
oxygen (02) based chem stry to renove carbon based (organic) byproducts
fromthe chanber walls. The cleaning process is preferably perforned after

each waf €luoriheviav erder a0y sshistdnabile préwanithg for@aRNeY AMMidien Uhedide
Additionally, the 02 chem stry of the second step assists in the purging of
any 11 0°¢amRenndsdntheralypinupepiopessingshambergubst antial |y prevent the

formati on of &k I i da. n i | unl pUM [pr-0cessing
chanber s, Fi goriity Sk HoblRhltHisRAIREWR A dedfucol RyBBREF AR

per f or nedtepdsypeoditiatemshe WV AY pechaitpic ih oEstdAnc¥WEt 66damBodEmeht aCher dance
wi th one enbqodi rent of the .invention. The nethod initiates wth operation

142 wher &En[PRon T, mheshret dnifigtes vEth peeration 148 owherepsiliegn baprodeddist hat

oper at i Oparl4dedcap owd t I ' fr1.8: r or
mul tiple wafers o?lﬁ)gl\llcgﬁé %@:{r o%‘f‘%g{agﬁ&%‘%?‘?‘. g@ (baga{sb%ﬁg%hﬂ?q g"ﬂc’g’b@{é‘ ion.
Here, a Pplecessimeobasesfeebe mavitiplgasaies érmdvenduliewingnimiditid ghamdglityand a
plasma ts struck. The fluori neﬁ(gascﬁd pl asma renoves the silicon based

€

(i nor ganPB§atieR p HsEy & Queringbas Pl r2ag (it fiEadacesk inty thepehapibes ppdyachanber .
Th th i - i
e met haghshhen strﬁa%éeTE% FPRRE Bhi %Sﬁl%b%c}%f g]}@): 91%1@9:9 g%ﬁe@o@g& ni c)

byproduct is renoved. re, an ox ase ased etchant gas is
i nt r oduc épipioduds tfiven cheaminer sarfacea qf| the maocessing ichamker. | The moathall Hen

appreci ated that the decouplin f the roce te al | for each
prpgces!s V6 D PRS %ﬁﬁ# ‘%ﬁer}f’ ﬁ%a‘%’éﬁ“ﬂa&ﬂt é’?gag‘%ﬁ’éiﬁ%’é{s“?t 1&26:%%?1%@ above,
when si | b @Rybd bied mg%@émeﬁan@@gmqmr&ﬁﬁeéi&tb%&faﬁmeﬁﬁnd Reldshie for

each process step can be optim zed. Mre specifically, the tine for the
si|icon & #Helskndt shoeld keappiesiai¢ceihgt the dechuphing ef thikdwoipmecesostepshadlogar bon

cl eani ng e. shorfened, -Thus, the | eaning tine does not

subet ant 13 §bn RSSO0 botERa o i paivs i BFROROT AY FRRESER Boepnc
process. whenshighd he ppaphesiaicRimbéatepbdiorPRRERE HRNSME &t dagh pricERr med f or
a specified appunt of tine or the cleaning operations can be controlled

t hr ough slegcanie eramizedt il\écpfe@pecéﬁ,c@ﬁdﬁb@ itige for the silicon cleaning step can be

lengthened while the time for the carbon cleaning step can be shortened. Thus, the
cleaning time does not substantially increase from the cleaning time for the composite
WAC process. Tt 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

i2




The nmethod then advances to operation 146 where the production \gf ey agms
processed in the chanber. As nentioned above, nultiple wafers may be
processed in between cleaning operations or a single wafer nmay be
processed in between cleaning operations. The processing perfornmed on the
production wafers could be any etch or deposition process, such as

Pol ygate, shallow trench isolation (STlI) applications and other suitable
sem conduct or processing operations that can deposit material on the inner
sur f aces ipfrepiehied pmtit edlstha gvaftiariiee .bedh eompldiall Thinis pleaeeadd thet teci si on

operation 148 where it is determned if the processing for the wafer is
conpl et ecll’?ociefsulﬁﬁé’oﬁ’rpifé%@@}l#&mgthﬂ‘ifer’@&?fﬂsete, then the method returns to

operal | on 142 pidie 4108 dfse ierdie MerelOBabin! SRR HdaR! derdtioh dine wafers

have been conpleted. etermn processing I's conplete
t hen t he removed ftsdioon tgpesinctofBigered3.i Tha muhed datised edhfdpewtioaric2di agr am
of the nethod eration.of renoval of silicon byproduct of Figure 3. The
met hod i AR glﬁovﬁl% FONLHRING SARHPUY BYXtuifhis dpfroduced, Bye A drecsssing shampehaseous

m xture is ghil e MR j Rk wi i ] ssi ng
chanber isst %‘léé arﬂé‘)ﬁglrdgglgescrieflgfesgfr\lgvi%%a ?eerfcer encé1 vylgf\ |gS¥1€éog).eF1%Hé3%ri ne is
used as dMuasineHarsed oy an keharfow de wosal oitsilicdnabasdd conpounmdss . Inl oneone
enbodi nent , the flyorine etchant is a gaseous,_conposition that |ncludes at
east abdUiooDTEnkche HuowmreteRal is t gase o G BoN 8D PGpetuded of Brrabeiitng F. and
| s i ntrodggeer 4 Aubrife-coRARinkQBnpHBARPSS e TBih AL EH, bR RURRSAIced iltBher - | ess

auto clean (WAC) process, such "as the processi ﬁ’g chanber of Figure 2. The
reci pe f &eacterglarnigprtconfigited tosuppppraodalet-lessvatto ddae (WAG)H prieesst elvhnt i s

tim ) Lot L. .. t t
P 11 outs MEpBLASRE B RREATR rite 31 The Biod SURSEANE fie suRpE o RG] oot 2"
maxi mum matiohel flafringi dithean isostitiztd E6ploase hafRaaY Rdsh h:oRpBlatié,0r

surfaces of the processing chanmber. Table I bel ow provi des process '
oper at i n§rSaHgesactant gas finve safe.Jansfasmer soupledaplesna anwer eud hiapveltagebodi nment

of the i i: . .eCcj t rovi ded ranges may
vary wit lﬁ%klg{lﬁﬁ gﬁﬁa?g%%}l?%u?%flﬂgﬁ@ %‘#SSQ 6%’%@%%%4%6&% grge%%rrstu ﬁ%t her nor e,
t he range$ thé piabising charsbeapt Tabdd 1r Belg®Sprovided pratkess operafing rHlg6d @R such as
t he 2300 Polg/ Wafer-| ess Auto Cl ean Systemor TCP 9400 PTX etch system As
shown bePEESS PREANPIE 1 dpcordance wathrang simbedinegy; ohtheiipgention. It should be

appreciated that the provided ranges may vary with the different configurations of
processing chamber. Furthermore, the ranges of Table 1 are optifnal ranges for a
plasma etch system, such as the 2300 Poly Wafer-less Auto Clean System or TCP
9400 PTX efch system. As shown below, the flow rate of the fluorine containing
gaseous mixture, i.e., SFq, of operation 162 can range from about 50 standard cubic
centimeters per minute (sccm) to about 400 sccm in one embodiment of the invention.

A preferred range for the flow rate is between about 50 scem and about 100 sccm.

TABLE 1
Parameter Optimal Range Mid Range Wide Range
Pressure 3mT 2-5 mT < 100mT
TCP Power 1000 W 800-1000 W 800-1500 W
SF; Flow 50 sccm 50-100 sccm 50-400 scem

The method then advances to operation 164 where a plasma is created from
the fluorine containing gaseous mixture. The processing parameters are provided

with reference to Table 1. In particular, the pressure can range between about 0
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gaseous mixture, i.e., SF6, of operation 162 can range from abquy BOY 2005
standard cubic centineters per mnute (sccn) to about 400 sccmin one
enbodi ment of the invention. A preferred range for the flowrate is

bet ween about 50 scem and about 100 sccm TABLE | ParaneterOpti mal RangeM d
RangeW de Range Pressure3 nif2-5 ml< 100mI TCP Power 1000 WB00- 1000 WB00- 1500
W SF6 Fl ows0 sccrn50-100 sccnb0-400 sccm The net hod then advances to
operation 164 where a plasma is created from the fluorine containing
gaseous miliXore(mThanduboued60mT, pitharmtiersd aange jpf beiwatenl absittmiTeddr ence to
Table 1. ]n particular, the pressure can r e between about. 0 13 O. NOV
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bet ween aboit10800V \WQue dkillad duthe BROQi IMippRTEts thiat the grocesdiieclamibeninaly

appreci ate that the processi ch r be, confi gured a capacitively
coupl ed %’ﬁ;ﬁ%@%m 2 CF‘W%@P’%@"P%FM %MP?HVG&?O@I%%KH}%FFVH y
coupl ed @baqhﬁpacﬁtﬁr@uoe&méa BIOMNHer IRLb SLidRh %B%@{%mld efefibl} e Yet to 0.

, the fluorine containin clude a

Addi ti onal | . te g gas'can in xture of SF6 and
NF3. In wwBpdbedhvoring gentriningugas dag inclidel a mekiuoe of SFhendBE&F:ardd NF3

gases. Alter ively,. the NF3 can replace the SE6. | n anot her  enbodi nent,
the gas r%ﬁgtcﬁl;%é}l%écﬁzé%%?tﬁmals asﬁilrf‘mggfﬁ'&#g@é&ﬁ 308%¢% gﬁ%‘?@‘t‘@}h br eaki ng
up any f kiwoNFpean fdglaee tHeNSE2Inf dnBiMef 8iBodivRHE, ¢hd@ashBixime AP %0 and
about 10% of the SF6 or NF3 flow rate. Preferably, there i's no 02 flow
rate. Th&MaHtsEgnEee pf Qurte agsistta brekingcenieny Huernsr ableontheed; bwretet he WAC
step for L 1] e r | Swpelf or ned. r t he
silicon g‘i({‘alwés/?%tggé%gwdé?g?g‘?‘ﬁ%ﬁ%%@e&qﬁ%§§§<8{: 2HoYi I{szEe Iﬁgﬁﬁmess
par anet etlgers &tnoad, fles estebed above with reference to Table 1. The net hod
t hen advancesgﬁ}g deci si on. operation 168 where it is determined if the
U

sil'icon byproddemsbed pligurcahiiva Proqerdotpeoreriivg laenvhere tee WaMdpstPnt i s

det er m neg RhcQR drGAlcoR BasSst BB RRERSE Bé{‘f&ﬂ}éd.( PRR, thé K¥filoRflek Etgb',gag CES

explained above, is executed with the process parameters set as described above with

reference to Table 1. 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 2.

Figure 5 is a more detailed flowchart diagram of the method operation of
removal of carbon byproducts of Figure 3. 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 4. The recipe for
removing the carbon byproduct with the oxygen etchant is optimized for process
parameters such as: temperature, pressure, reactant gas flow rate, TCP power and bias
voltage for maximum removal of carbon and carbon based compounds from interior
surfaces of the processing chamber. Table 2 below provides process operating ranges
for process parameters for a carbon clean where a smail amount of a fluorine

containing gas is optional in accordance with one embodiment of the invention. It
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monitor 116 with reference to Figure 2. Figure 5 is a nore detaiiédi0Y 2005
fl owchart diagram of the nmethod operation of renoval of carbon byproducts
of Figure 3. The nethod initiates with operation 172 where an oxygen (02)
cont ai ni ng gaseous m xture is introduced to a sem conductor processing
chanber. It should be appreciated that the 02 flow may or may not contain
a smal |l percentage of a fluorine containing gas, such as the fluorine

cont ai ni ng gfas etchants nmentioned above with reference to Figure 4. The
reci pe fekould ebmvapprciakesl ¢hatbthe pyqideducdnges thay herpxyiglenthet dififerdnt i s

optim zed for process, paraneters such as. tenperature, pr ure, reactant
gas fl owc?%ﬁ%l,&% %&%rpr%‘?ﬁfnﬁﬁ ghambeg, tI‘a e‘fr’é?reﬂﬁ’firﬁﬁ%ﬁsr‘%riég? 2¢#€ car bon
and_car bepuifap fghe60 RIOM MRl QB SiMih! Qlch SURERVB Bty WPIRE #RH NI
chanber. Tabl e 2 bel ow provi des process operating ranb’es or process

par armet ef3ednobystent.ardv shavie dalowh dhe flaws rasd lof almo orygeaf comtdihing rdapeus

cont ai nin as s optio I n_accqrdance w th on qdi nent of the

vent | oAxHRE o SptRhidl S b re dot e ﬁ&ﬂ&w&ﬁ&ﬁ%amﬁ%ﬂﬁs&med
ranges mpinidrYeom)t @ d0dat 406 fses With GqREfeRHA Ak QRSO hidCoPiRieI8b NI
chanber . Furtherrrt?re, t he ranges of T?gle 2 argégﬁop%rm??anges or a N
pl asma ef@i.system such as the 2300 Poly Wafer-less Auto Cl ean System As
shown bel ow, the flow rate of the oxygen containing gaseous m xture of

operation 172 can range from about 100 standard cubic centineters per
m nute (sccn) to about 600 sccm WT&BEEFZ eferred oxygen flow rate of about

100 [sccm TARLE,4.Far anet erepL] ip iEﬁ-g,%ng;eivi IR g‘vv‘de AT, €10
T 10-[#0—TT<—TGEm er—Pover 1\?& 2 % 9 véimggdd PR 778 el
ord ff «16% 37; 'ﬁﬁ% Masa)-1 o OmE,, Ao

sccn66-566 E—600—seem-Si- O Vo-HO—5-6-64 Yo-02
Fl ow {01696 05T SUPNex) e i_m_@_séoﬁﬂ thn_acdth9ntiod W
oper ation 174 Qatdew 5 pl as i 400 sccm 100-500 sccm 100-600 sccm
SF¢ Flow (10% O, Flow Max) 10 sccm (0-10% O, Flow (0-10% O, Flow Max)
Max)

The method of Figure 5 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. For example, the pressure can range between
about 0 milliTorr (mT) and about 100mT with a preferred pressure of about 10 mT.
The transformer coupled plasma (TCP) power is between about 800 watts (W) and
about 1500 W, Oné skilled in the art will appreciate that the processing chamber may
be configured as a capacitively coupled chamber or an inductively coupled chamber.
For a capacitively coupled chamber the bottom power is preferably set to 0. 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 SF is listed as the fluorine containing gas,
other fluorine containing gases, such as NH; can be substituted. In one embodiment,
the oxygen containing gas is introduced with an inert gas into the processing chamber.
For example, the oxygen containing gas can be mixed with nitrogen, argon, helium,
etc. In this embodiment, the inert gas flow rate is between about 0% and 20% of the

maximum flow rate of the oxygen contaihing gas.
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created fromthe oxygen containing gaseous m xture. The pr ocessgr]bgﬁ@\j 2005
paraneters are provided with reference to Table 2. For exanple, the
pressure can range between about O mlliTorr (ml) and about 100nT with a
preferred pressure of about 10 nil. The transfornmer coupled plasma (TCP)
power is between about 800 watts (W and about 1500 W One skilled in the
art will appreciate that the processing chanber may be configured as a
capacitively coupl ed chanber or an inductively coupled chanber. For a
capaci tively clhephetiod ofifigare § tieenbmbtads povseratich Préekberalbhy Waet step 0. The

fluorine coa{ ai ni ng]f g{as %an be introduced at_a flow rate of between about
0% and 4BoH® EHRY Rrbem brsednbypredycisais pesformerh  Slejoydhe camoniciag gas. |t

Wi ll be sappag %ﬂblairf&d%%véiﬁislelx@&lft‘%ﬂ‘vﬁ@eth@r octegé"‘haﬁmxic{e?s sits cfesé]ljib%hed as the
fluorine containing gas, other uori ne contal hi ng gases, such as NH3 can
be subst iwitlt rederenae todabkrhadlabdns., In dévdsioxypenionolsat 13 degrgdsdiisthent r oduced
with an inert .gas into the processing cha r. For exanple, the oxygen
cont ai ni ﬁar%ﬁﬁﬁpﬂuﬁgl%%ﬁ%ﬁ?ﬁqvﬁanh8%%’??{;35*”66%?‘%@@ is dsfegmined { hi s

embodi Memy, ot ieﬂﬁffslongﬁcfrb&\ggﬁ %ESB,ss&ﬁtm&?gﬁgs %Wz%@g the

maxi mum fow rate of the oxyg contai ni ng gas e met hod
of Fi gur ecfsrenpety Figorededs to operation 176 where the WAC step for the

renoval of carbpon b d byproducts is perforned. Here, the carbon cl ean

step, as expl f?%tg‘ﬁ aﬁ@ﬁ% P}{F?“B’S%‘éec‘iﬂ“éfﬂm&ﬁtgﬁs rptigng) dugag fher @hset as

descri bedtepMTtbler £1i @AE PrdcBss [pRAReérsNor Ea&k%n:gclezlnnstg[ﬁgﬁ %Jh‘?(ghl Qxﬂgraﬂt ion 178
n

it is determned if the carbon byproduct has been renoved. ne
enmbodi meRKYZEROnENRIPS igA 1siusedt areate aptasmdyingeterdanceonilssieormispinentos copy

(OES), s .QuUgQ nitor .1 't%f} referenc o Figure 2. As the
addi ti onl&’?ntl htg%}‘%eg%(?ryngt (g:%n%% al %iah%reﬁlgéegit Ao AR Pﬁ%?ﬁ?ff;mt E@ﬂga?‘r #8n cl ean
step, TablkstéhtiallgtsmilivetopthecasgesRRHAAERY 6f TabR' 2 Ab&W, Rfek tBANT SR i n which
only an Xxygen containing gas is used to create a plasnga, in accordance

Wi th oneegﬁ%'éﬁﬁ?%ﬁﬂuo%lﬂw%lmﬁﬁéﬁ&-i on. It should be appreciated that the
ranges provided in Table 3 are substantially simlar to the ranges
provided in Table 2 above, except that Table 3 elimnates the fluorine

containing gas. TABLE 3 TABLE 3
Parameter Optimal Range Mid Range Wide Range
Pressure 10 mT 10-40 mT < 100mT
TCP Power 1000 W 800-1000 W 800-1500 W
- O2 Flow 100 sccm 100-500 sccm 100-600 sccm

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. The amount of the fluorine containing gas in the carbon-
clean step is limited so that the oxygen containing gas can effectively prevent
aluminum fluoride compounds from building up on the inner surfaces of the
processing chamber from the carbon clean step. The one step WAC recipe leaves a
deposit of aluminum fluoride on the chamber surface.

As discussed above, the endpoints for the silicon clean step and the carbon
clean step can employ optical emission spectroscopy (OES) to monitor wavelengths
specific to chamber deposition removal products and chamber deposition removal
reactants. The specific wavelengths for fluorine containing compounds are 309 nm
representative of SiF;, species, 390 nm for SiF2, and 680 nm for reactant fluotrine

(chemical symbol F). An initial base line constitutes the wavelengths recorded from a
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Paranet er Opti mal RangeM d RangeW de Range PressurelO niT10-40 nfiq, K@Q@mpoRcP
Power 1000 WB00- 1000 W800- 1500 W 02 FI owl00 sccml00-500 sccml00-600 scum |t
is preferred to performthe two step process with the silicon clean step
performed first and the carbon clean step perforned second. However, the
order of the steps can be reversed. The anmount of the fluorine containing
gas in the carbon- clean step is limted so that the oxygen containing gas
can effectively prevent alum numfluoride conpounds from building up on
t he i nnerclesuchanby stete tid usqir sabsshaid oc hamired viluenfdrIRES atdmeity.clfaan st ep.

Th tep. WA i pe. | d it of alum fl id th

chanber CUFRIET € ek lia Seinadious RorHdoEHAG0 e SO R GIs | FB6R ol ean

step andiﬁt@ﬁi?%ﬁ%@ foﬁih%%?eaﬁéwva%@ﬁ ?tﬁPE}?é@vﬁfErng%ﬂp ;S RSP BE hb 0SCOoPY
[ hs ? c to chanber 8 I

(OES) to nonifor wavel eng speci eposition renova
pr oduct s adgitiont agltemingl eposiing endrenvokaige inethet @hdtive cbnecrsption fafcthe

wavel engths. for fluprjne containin onpound 309 nm representative of
Si FX speE‘?a&aPP_%@r _ C# B?ecﬁsF_Z,ﬁ‘ %g’@g_@gﬁﬁltﬁ Gﬁe %‘g& efpomt (mg g t%Fchem' cal
symbol - Filich bhsel biyaodBASE rdab A& RAShE tbtofitndrded WAVELEARE ABokacapged from a

16 0 4 NOV 2005 cl éan chanb(_er_ state and used as threshold or nom nal val ues
- for CES pAt enetym) mieducd the émitiik sleanf chatnbesintaisities andhinedrsity thaveisbopaot ed f or

sl ope as tion of.tine...\Wen .in sity curves .for the cific

waver engPhab Ul BBie? orve 5l ietehh 08 el o ERIPE SRR el Gani ng
occurri ngs albo endhdRBEOr OO ResTeh@l | MR réroRs e Watld QRdRind fife f&e@et ant or
product species. In one enbodinment, the WAC endpoint tine for the silicon

based by pibanEesedsompagndsiwithba raapied: whemtlre 526 mnnarastlongih psodugeOtham 309

689 ; [ nitial h i ptensjtje. i nt ensit
Coroe ot BARD POMER Bl Al 6EA0, AR Oiae o LB FoSrlfb =
cont ai ni ngsecafnpachondsaséd vempodsls Che b@uanmrmé;;siﬁ ted A dx§%&12@aﬂﬂéﬁlin§her efore,

the WAC endpoint tinme for the carbon based conpounds w Il be reached when
the 520 RAIRANEE SHIGE e elshuiearet gigygen hasedallt domithbe ppprecated thas vdiepi es and

i ntensi t yj,gHpy @orﬁéiﬂﬂlg Qs Wet #AchulilF in i dSon GBSE Rl GRHROHRASEd
conmpounds, the intenSity 'slope Ii's noted Tor oxygen coéntal ning
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 for an

OES monitor. The OES monitor is configured to detect the appropriate wavelengths

and the signals are then compared to a baseline signal of a clean chamber state.
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conpounds since the etchants are oxygen based. It shoul d be appfidciigtiedngs
that when fluorine containing conpounds are included in the carbon clean,
then all the above listed wavel engths can be nonitored to determ ne an
endpoint. Table 4 summarizes the two step WAC reci pe in accordance with one
enbodi nent of the invention. As nentioned above, the endpoint tines for the
silicon clean tinmes and the carbon clean tinmes can be determ ned based
upon a signal for an OES nonitor. The CES nonitor is configured to detect
the appropriate wavel engths and the si gnal s are then conpared to a

basel i ne signal of a clean chanber s ﬁ? 0 4 NOV 2005 TABLE 4 Step
Number 123A3B Silicon Carbon C ean-2 Clean-2 Step

TypeStahilityCl ean-1(02 only) ((P+fluorine conpound) Pressure3d ml3 mlr10 mrio
ml TCP P@@@rﬁmﬂb@ WLO0O V\ILOOO W Bi as Vol tagDOOOO 3eeN AN/ AlOO 8Bcnl00| sccm

SF650 s¢ IID scecntt—see et gasN-AN-AZO—Ss e e A-Corpl-eti-an
basi sSt & \TWSTi meTi me #W@ﬁ’? ef) 3GHHHE onk Caifion Jean % r‘ﬁﬁﬁaﬁﬁwﬁ
appreci at e that the stability step gqndijti ohs (B onI§NVi ron@mﬂubﬂﬁg de the

chanber [so the environnent is stable and copsistent "priqgr startipg the
silicon|clean step. As pentioned| above the tar bon cl ean stepmpalmdbe

per f or mg W| th—anm—oxyger—eontatn ng ""”"‘"GUI"..‘ o WHR—ah—0Xyg en
cont ai ni ?6 rrpound ang a”fuor gﬂﬂflal n égﬁ%l:)und Add?QJF'gﬁal ly, an
i nert gagCraPovag | ntrofduced wth arpo{m(wgen coni(ﬁjorwng gonpqagdwn step
nunber 3A or 3B Tahle 4 is

Bias Voltage 0 0 0 0

0O, _ - NA N/A 100 sccm 100 scem
SFg 50 sccm 50 scem 10 sccm 16 sccm
Inert gas N/A N/A 20 scem N/A
Completion basis Stable Time Time Time
Time (sec) 30 17 6 6

One sgkilled in the art will appreciate that the stability step conditions the
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 3A or 3B. 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 by products 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. Since the silicon
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shown for exenplary purposes only and not neant to be Iiniting.,hnManbﬁ¢on
to the process paraneters varyi ng between processi ng chanber d%§idﬁ§, 3
values for the paraneters within the ranges provided in Tables 1-3 can
al so be substituted. As shown by Table 4, the tine 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 nore silicon based byproducts on
the chanber walls, then the silicon clean step is configured to renove the
deposi t eblaged depnditions byprothedt anw anerel eampletplo remavetk ras ctaaparedy.tola turn, a
nore consjistent envir Fneni i S ,provided for subftantiall el%ngﬁﬁting etch
y ajeE oot

fate dri FORRORIe; fFRgy YRS TSnaRBRE o UG o, 128861 Bapibes 18 NOv
2005 basasboﬂﬂﬁga&stdrmﬂ% %f&é%&s%&ngg&m@@&m&ky dikRNe&ife wempared to

a conposite récipe, there is no |ong a surtface area larger than the
waf er f ofarbamdesedi myyraiesisrtidty beacuamlatspica éssauamant diahthegilioper at i ons.

Simlarl i,bhce the .carbo ased products tend tq be acgunmulated in a
Ceaser alRvpmahcE S Ho Hlsned B B oo e cBP on e FABREIT Sr®Ea o ¢ he
car bon cleaffickndp i thE chddH WRAskd ByRbdREs, ABcAfihil aRt dverfll 8RAnihpe carbon
based byproducts. Accordingly, the overall cleaning tinme as conpared to

the one Hmepaccerpptd & oo orS Step scomposist griickssciamat \sighifisantlyndifferevhi | e Tabl e
4 provi dgsy.: ifig ti for.each step, ch of the_,teps can b

control | %lfeﬁﬁ%lﬁhgtm@ﬁg%t ggetqucn% esaﬁ’ge%%dﬁt% e3eh o &S&%nf’?“oﬁe

confi gur esnttdlleddhtctgh (BedbRttlon\aY ah @nBpdIAt bieh OES hforfled dvafien twoul d
detect the endpoint and out %t a signal to trlqgger t he cgrgf) etion of the

respect i defeey eaiimyavelengthsri Haree ts OESamgritgshverdgidetach ghet erslpeint @gd of t he

WAC proc . . | C ce W th one enbodi nent
of the i ?\?/ H??%E&‘ﬂlt?%ﬁﬁg\?ﬂ%ﬁ%g@ h gﬂ\hl%fr Fgggdg‘{éccﬁéagg{éesgepar e lower froma

cl ean chanber Figuid b iq asgthphi depdctingniheiegfectodf the OWAIQ proéd’ v astchrae e

enpl oyed t& stabilize the etch rate which in turn sI_ovai/,drifts over the
cour se oPCHPRNARES ! pGCREdABEs WaE Prg| cozhodgent of B Invgptiqns  Itjis kaowpdhat

represenidyAne@i! des &€ NobRt Frdi el Siedn %%ﬂbgr 21 Gl Qr g@?‘ghéci%ht HubdoRF &t t1me

periods. A waferless autoclean is perforne ter wafer up to point
202. Thenondititrenge waird ircemplayfedits sabiizp tlecass etk ehichrin punrslov@ 2rifist hout

e Bt o Y e i e BT 12 ket 1 (e
represents an oxide etch rate where a WAC is performed at different time periods. A
waferless autoclean is performed after each wafer up to point 202. Then, 5 bare
silicon wafers are processed after point 202 without performing a WAC. As shown,
there is approximately a 27% increase in the oxide etch rate on a pattern oxide wafers
without a WAC vs. with a WAC after every wafer. That is, the wafer etched
following the 5 bare wafers performed without a WAC, experiences a 27% increase in
etch depth. It should be appreciated that at point 204, the WAC is resumed after
every wafer.

Still referring to Figure 6, the photoresist (PR) etch rate, represented by line
206, is similarly impacted when compared with and without WAC performed after
every wafer being processed. That is, between point 208 and 210, where 5 bare
silicon wafers are processed, there is approximately a 25% increase in the PR etch
rate. Likewise, once the WAC are resumed at point 210 the etch rate stabilizes from
wafer to wafer. Accordingly, performing the WAC after every cycle provides a

constant starling point for each efch operation, thereby enabling minimal variation of
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wi thout a WAC vs. with a WAC after every wafer. That is, the f!teri@%tchﬁd
followng the 5 bare wafers perfornmed w thout a WAC, experiencés g‘ 7%
increase in etch depth. It should be appreciated that at point 204, the
WAC i s resuned after every wafer. Still referring to Figure 6, the
photoresist (PR) etch rate, represented by line 206, is simlarly inpacted:-
when conpared with and wi thout WAC perfornmed after every wafer being

processed. That is, between point 208 and 210, where 5 bare silicon wafers
are procégseigh rate Sjom wales tp wasdrndt Sloyldbogpreainsed tue thenWid@ allpwefoch  rat e.

Li kew se, 0 r esuned.at point 210 the etch rate stabilizes
from wabsf Pﬁ%gat\%giﬁ QX%F ﬂiecgﬁpéirﬁt& yflthﬁ'éPf%wn’éanlgﬁepwléfwcéqessé%?@ﬁcycI e
provi des operagiomst ant starting point for each etch operation, thereby
enabling mninal variation of 19 0 4 NOV 2005 the etch rate fromwafer to
waf er. 1t shodligired iagpsraph af eigh ratatrepaatabilifC using avRolygate Releaser wpigat abi | ity

of the e it s . for each successive.etch

operati ohﬁ{éﬁﬁir gﬁ?ﬁc }pgﬁgngﬁd;%ﬁgr%&%%%??%ﬁ A 'qqet@]ﬁ)?iuﬁaﬁff%l ygat e
Rel ease tiecinpentionh drifese? 1M\C14,S2 1peinti @1 8Repradehe olg@ﬂdﬂn wehepoll Bvacger, dance
wth one enpodinent of the invention. Lines 21 214, 216 and 218

r epr esenPXKEIRaingich sidphotorssist Haareteh, apspectivelyie Thaetsharictrepenbiist or esi st
SR T " e Nt
The 't i+ ofnd SERIRY Holne ooy B ofc 8™ HERE Alodslta IR £RE% babY o) fog

initiall pedomnelf ingtialkyaanid afet eachvevafepvasqesadsed NTheteh mrtepsealayabi l ity
and stabili téi QVer t he 2% wafers with a WAC perforned between_ each wafer
was  wi t Ah SEROHEY roer thee3 ovafersayith at WRC perdormedy betweehsiaR wokss YeSch, 3. 1%
for the Qxifeo 708iedt ®E b1 Lk ISty ;
Accordingly, by provi d%ﬂﬁ%mﬁe&%&%ﬁ@%ﬁ@ﬁ I Bg(tr’\%%?dhf ?blr%%\lgg}ftg%%%?%lewaf er,
al ong wi s tetohdanddit 6i Yigfarhibe gthatarésing maiorediéit i Gwsotdimgbyidhy pluwidieg Bor mance

of a WAC that, i.s designed.for optim zation of . each of_the silicon and
carbon byPPBUER P VIPRYRRE O KaLeR 1O SYALeT Fﬁ’é‘ge‘ﬂf}ﬁ stanfardizing e S3M0LI shed. I n

turn, theokditibhsCakorthhBB PelBAMARE IdPeOW AY: AN s B AICH: NRIiRRRASRS are

controlled within suitable ranges. In summary, the two step cleaning
process fachopf iths 28igon candnearbgrpbpproducts, tighter control over the etch rates is

accomplished. In tumn, the critical dimensions defined through the etching processes
are controlled within suitable ranges.

In summary, the two étep cleaning process is optimized for multiple
byproducts to provide a consistent enviromment for processing operations. 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 illustrative and not restrictive, and the invention is not to be limited to
the details given herein, but may be modified within the scope and equivalents of the

appended claims.

What is claimed:
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byproducts to provide a consistent environnent for processing OquQLEP@ﬁ
The consistent environnent allow for the repeatability and repFodl bilgﬁy
of the processing operations with mniml wafer to wafer variation.

Al t hough the foregoing invention has been described in sonme detail for
purposes of clarity of understanding, it wll be apparent that certain
changes and nodificati ons may be prab?1ced within the scope of the
appended cl ai ns. Accordingly, the present enbodinents are to be considered
as iIIushg@é?v and not restrictive, and the invention is not to be limted
to the gi ven herein, but may be nodified within the scope and
equi val ents of the appended clains. Wiat is clained: 20 0 4 NOvV 2005 -21
CLAIM5 1. A nethod for cleaning a processing chanber conprising: flowing a
first gaseous lconpdsmethod fpheleaning? poeessingghamberivomprising: first gaseous 5

conposi tion ingluding_at bo 7.5% of f.l uor i ne- cont.ai ni ng conpound
of the for nu{}g’“lﬁi%% gi;r &138%6%%%%0%08?%? n%atoaatprggefsic’lpg ?ﬁaéﬂ?f tg? hﬁt g%ss?g'ilse from
t hes fi r stcogaBeitius ibigdesaitleaNabdu® 7 ¥ adRiosiné-corRhinRigtdapourd eSf@ Whi ch

removes sjilicon and silicon based conpounds frominterior surfaces of the
pr ocessi maHaAEE ;s 10 fl ow ng a second gaseous conposition into a

processi ng chapghgioaf r I j tkeon the
second gaseous coO % ?a%?ngna??ﬁi\é Sg?lﬁgerﬁ&ls%ﬂgsfﬁ) i g’%ﬁﬁ@@ﬁ%%%gg&;ﬁb%%? ormng a
pl asma atto preedonfirst ttahde plasme sdtckerefiooes dilhensmd ciiitog dsedusmpommdsosi tion to

rovi de second et chant .nl asma whi ch renmoves carbon and carbon 15 based
: ?r

conmpounds™ PP GHFHFSEHPES of Hiernieeessipg chabehr ocessi ng chanber, the second

chagrber pressRyvilgh 360l §adehs RRbsttMR ihio aSiro SR @R Shan S 34 Bmodal A Nt hod
for cleaning a processing chanber ‘as recited in claiml wherein said

f | uor i ne-adhr Aishgasgouscwpwarition.ghe sscond gabebuscrontpiositign ngludingatiletst ng 20
essenti al Jb%uP§0°)}'6§ ;%{1] SF6.
forming a plasma at a second chamber pressure from the second gaseous
composition to provide a second etchant plasma which removes carbon and carbon
15 based compounds from interior surfaces of the processing chamber, the second

chamber pressure being greater than the first chamber pressure.

2. A method for cleaning a processing chamber as recited in claim 1
wherein said fluorine-containing compound is selected from the group consisting

20 essentially of NF3 and SFg.

3. A method for cleaning a processing chamber as recited in claim 2

wherein said fluorine-containing compound is SFs.

25 4. A method for cleaning a processing chamber as recited in claim 2
wherein said first gaseous composition is at least about 90% of said fluorine-

containing compound.

5. A method for cleaning a processing chamber as recited in claim 4
30 wherein said first gaseous composition essentially consists of said fluorine-containing

compound.




3. A nethod for cleaning a processing chanber as recited in Clahﬁ%§$ﬂy !
wherein said fluorine-containing conpound is SF6. 25 4. A netho WY 2005
cl eaning a processing chanber as recited in claim?2 wherein said first
gaseous conposition is at |east about 90% of said fluorine- containing
conpound. 5. A nethod for cleaning a processing chanber as recited in claim
4 30 wherein said first gaseous co tion essentially consists of said
fluorine-containing conpound. 0 4 NOV 2005 -22 6. A nethod for cleaning a
processi ng ch er as hgékteq inclaiml. ergin sai.d seﬁpndlgaseous
conposition i < at “eBSHogHBs eankag Hprogessing chapey ap Secited Iuelpimyl 2 processi ng
chanber aﬁhdiﬁﬁls&i@@edoﬂdgh@oﬁ}, SomPosTHA i€ hileSA bbb 1F §6% 0, gaseous conposition is
at | east about 90% 02 A nmet hod for cleaning a processing chanber as
recited in claim6 wherein said second gaseous conposition includes a
fluorine-conta nin Q f. the formul Fz. 10 9. nethod for
cl sant ng a pr dess b iR REs Spind Lol BT Rahirhs a2l in QP27
f1 vori ne-wlenéiais#id Rgcond Fassens c@hptich is ecleid aBas ©0UsOLonNposi tion is
selected fromthe group consisting essentially of NF3 and SF6. 15 10. A
met hod for cleaning a processing chanber as recited in claim8 wherein
said fluorine-gcont a pj ] j sition is
SF6. 11, A method ForieubddarRaHath Pho it Riang HRSGRT GRIERS, |1 0121 M 10
wher ei n selialeis sgid ecopd Paswes conpesitidn iaduils afixaine@0ttaitnacwniddel SE6. 20 12.
A net hod 0£ clgggg%g a processing chanber as recited in claim6 wherein
sai d secdfg onposition essentially consists of 02 13. A nethod for
cl eani ng a processing chanber as recited in claim1, 25 wherein the nethod
operation of formng a plasma fromthe first gaseous conposition to
provide a fir<k et chaethodifaseteaning & brocessmgabambér asaecitzddn slaim 8on based
conpounds . . . . . e .
wherein said fluorine-containing compound of said second gaseous composition is

selected from the group consisting essentially of NF3 and SF.

15 10. A method for cleaning a processing chamber as recited in claim 8

wherein said fluorine-containing compound of said second gaseous composition is SF.

11. A method for cleaning a processing chamber as recited in claim 10
wherein said second gaseous composition is about 90% O, and 10% SFs.
20
12. A method for cleaning a processing chamber as recited in claim 6

wherein said second gaseous composition essentially consists of Os.

13. A method for cleaning a processing chamber as recited in claim 1,

25 wherein the method operation of forming a plasma from the first gaseous composition
to provide a first etchant plasma which removes silicon and silicon based compounds
from interior surfaces of the processing chamber further includes:

maintaining a chamber pressure between about 2 milliTorr and 5 milliTorr;
applying a TCP power to the processing chamber of about 1000 watts;

30 flowing the first gaseous composition into the processing chamber at a flow rate

between about 50 standard cubic centimeters per minute (sccm) and about 40 scem.

i




frominterior surfaces of the processing chanber further includes:

mai nt ai ni ng a chanber pressure between about 2 nmilliTorr and 5 @ &IKGr2005
applying a TCP power to the processing chanber of about 1000 watts; 30
flowng the first gaseous conposition into the processing chanber at a flow
rate between about 50 standard cubic centinmeters per mnute (sccm and
about 40 sccm Q 4 NOV 2605 -23 14. A2%ethod for cleaning a processing
chanber as recited in claiml1l, wherein the nmethod operation of flow ng a

second gaseous, ,conposi t.i into.a rocessi hanber,, .the second gaseous
conposi tion i i udi%ﬁlegl(’%lr}ﬂ.’ég?a“é‘%ﬁBIOSB%T@?%%F‘E?&&H@?“V%‘P ’é%(f 5

Mai Nt ai Niigerén MERSHDE obafidtEofHAFRS 2/sBnd RATERRS cBRFMARNA iARQUt 10 nTorr and
about 100mrorr ; and nonitoring an Tnterior of the process chanber for

car bon- bayeekssiogrpluumins, thersecond gaseous emrfositios indludingatdeast atwait A ochanber for
reachi ng @“ﬁr edelt%:rs_m' ned level. 10 15. A nethod for cleaning a processing
chanber as Telced i n claim 14, wherein the nethod operation of flow ng a

secpnd gaseousn&NARNSE 4 bﬁﬁsdr@ﬁﬂhaprd&é@ﬁ%&ﬁlhﬁﬁeﬁb&mraboﬁm HEERAAd gaseous
conposition including at | east about 50% 0 further includes: flow ng the

second gadedu08dasosadi on i nto the processing chanber at a flow 15 rate

bet ween about . i j i about
000 ot em _and oAt e SORSTRLEG (Bt Gl b RRIhSE TVt ¢ s
16. A pl dsrEsiopswfiessofithe pisesinglchambaefotitcacignga piwdetsimiped fevel. t u cl eani ng

20 process, conprising: a processing chanber having: a gas inlet; and a
top el ectrode, wherein the processing chanber is configured to execute a

twgpstep I siigy Cleafi 18F QERRT o bR HhfBarl & rédifdl if bRARTAY Process 25
including a first cleaning step followed by a second cleaning step, the

first clwekaeinghesmeihof operagn of flowisg apkasrtmaiepus oempabitiinnigtoss i r st ¢l eani ng

gas processing chamber, the second gaseous composition including at least about 50% O,

further includes:
flowing the second gaseous composition into the processing chamber at a flow
15 rate between about 100 standard cubic centimeters per minute (sccm) and about 600
sccm; and

applying a TCP power between about 800 Watts and 1500 Watts.

16. A plasma processing system for executing a two step in-situ cleaning
20 process, comprising:
a processing chambér having:
a gas inlet; and
a top electrode, wherein the processing chamber is configured to execute
a two step in situ cleaning process, the two step in situ cleaning process
25 : including a first cleaning step followed by a second cleaning step, the first
. cleaning step forming a first plasma by introducing a first cleaning gas
through the gas inlet, the first cleaning gas optimized to remove silicon
based byproducts deposited on inner surfaces of the processing chamber, the
second cleaning step forming a second plasma by introducing a second
30 cleaning gas through the gas inlet, the second cleaning gas optimised to

remove carbon based byproducts on the inner surfaces of the processing




through the gas inlet, the first cleaning gas optim zed to renove_sil i co
based byproducts deposited on inner surfaces of the processing ch&ﬁb@ﬁﬁ-&&&
second cl eaning step form ng a second plasnma by introducing a second 30

cl eaning gas through the gas inlet, the second cleaning gas optimsed to
remove carbon based byproducts on the_ inner surfaces of the processing 0 4
NOV 2005 -24 chanber, the second cIea%?ng step avoiding the formation of

al umi num fluoride on walls of the processing chanber; a variable

conductance neter, fqr controlling.a pressure inside the ocessi ng chanber
i ndependent | y ofcguq‘%ﬂﬁ?ﬁani?k%HEgBFBEgggnéggﬁéﬁnWHﬂl é&FQBW@ conduct ance
5 meter positiongfo@de Giwl dfehe floctRMgREAERSSI Ng chamber, the variable
conduct ance neter configured to providé a hi gher chamber pressure for the

second cl eani rigvasiablg canducganep sretet fercoatrolingtaarespnresnsidathe processng i r st

cl eani ng . :an. opt i cal 3 SSi on ectronmeter (COES) .for detecting an
endpoi nt. P BerdRAb TS of S BeR o IPERHRE B ST SRR per for e
in ¢he pragessdsitibned afae butldthe tHFPocekfing BhAEHBLNE ¢aidbhcomdtidtaidae processi ng
chanber; and a punping systemfor evacuating the processing chanber between

each st epgffr configuiefo proxslec higharishapbepaessure for thypreopd slepming pls ek si ng
system ofcofl e d Qi HrllsbddFod b Frot AGARLUy: 15 9as 15 @ fluordne

cont ai ni ng npound and t'he secon eani ng°gas’ i s an oxygen containing
conpound. 18. ahhmptipdlasrissiqar peesanegr @ES)dor diftectingameddpoimifer @ich stepe OES

nonitor i configured to detect wavel engths correspondi ng to sjillcon based
byproduct‘gﬂ%‘i’”oﬁﬁ sty W“&%W%?Pﬁrﬁgﬂi%al%fhﬁﬁf‘&e &&“&Pbéléeséﬁ nd car bon
baged bynhQemGlSidabn #ihEEORDSERR RAhmbihgnd N-Situ cl eaning process. 19.
The pl asma processi ng systemof claim 16, wherein the two step cleaning

process is perdpmupug sfsten farsvicugtiog heprongsimeehanibenbétweetheachstsoefsi ng 25

chanber. the two step cleaning process.

17.  The plasma processing system of claim 16, wherein the first cleaning
15 gas is a fluorine containing compound and the second cleaning gas is an oxygen

containing compound.

18.  The plasma processing system of claim 16, wherein the OES monitor is
configured to detect wavelengths corresponding to silicon based byproducts for the first
20 step of the in-situ cleaning process and carbon based byproducts for a sccond step of

the in-situ cleaning process.

19.  The plasma processing system of claim 16, wherein the two step
cleaning process is performed after each processing operation in the processing

25 chamber.




