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CONDI TI ONI NG, . PLASMA REACTI ON CHAMBER Background of the Iny '0% 31 ring
processiW&W‘ﬁé@m conductor wafers it is conventional to W ¢
periodic in-situ cleaning of plasma etch and CVD reactors. U. S. Patent No.
5,129, 958 discloses a nethod for cleaning a CVD deposition chanber in a
sem conduct or waf er processing apparatus wherein fluorine residues in the
chanber, left froma prior fluorine plasma cleaning step, are contacted
with one or 10 nore reduci ng gases such as silane (SiH4), anmonia,

hydr ogen, phosphine (PH3), diborine (BZH5), and arsine (AsH3). Another
techni que for cleaning and conditioning interior surfaces of plasma CVD
reactors is disclosed in comonly owned U. S. Patent No. 5,647,953, the
subject matter of which is hereby incorporated by reference. In the past
t hese cl eans were done with a wafer in the 15 chanber to cover the

- electrode, but it has becone nore common to do waferless cleans. O her

techni ques for cleanin ' y mﬂ@@:@éed in

commonly owned U. S. Pat%%?@ @@%&ﬁh‘?ﬁwg at’en S. 4,657,616;
4,786, 352; 4,816, 113-, 4, 842, GH3ASVBO REOTIONORAMBERD, 129, 958; 5, 158, 644
20 and 5, 207,836 and Japanese Lai d- Open Patent Publication Nos. 57-201016;
61 250185, 62-214175, 63-267430 and 3-62520. For instance, in order to
remove Si O deposits, a fluorige-containing gas energized into a plasm
has been used to clean interi of4stulf¥ AHCMRENEOR] nvber . Fl uorine

. d . . . . = > . .
Feduci ng Sgas such RUTHE GrdssSing BEERAEAERE wfe Rl LoVERTBNS o PlerhBas! N0 @
phosphi ne ( PHsriodi fesitundednB-60 plasmaetsh asd CAD-Roactorir QUSHP4the Neact or. 2
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5,129,958 discloses a method for cleaning a CVD deposition chamber in a

semiconductor wafer processing apparatus wherein fluorine residues in the
chamber, left from a prior fluorine plasma cleaning step, are contacted with one or
10 more reducing gases such as silane (SiH,), ammonia, hydrogen, phosphine (PH,),
diborine (B,H,), and arsine (AsH,). Another technique for cleaning and
conditioning interior surfaces of plasma CVD reactors is discldsed in commonly
owned U.S. Patent No. 5,647,953, the subject matter of which is hereby
incorporated by reference. In the past these cleans were done with a wafer in the
15 chamber to cover the electrode, but it has become more common to do waferless
j cleans.
Other techniques for cleaning plasma reaction chambers are disclosed in
commonly owned U.S. Patent No. 5,356,478; in U.S. Patent Nos. 4,657,616;
4,786,352; 4,816,113; 4,842,683, 4,857,139; 5,006,192; 5,129,958; 5,158,644
20 and 5,207,836 and Japanese Laid-Open Patent Publication Nos. 57-201016; 61-
250185, 62-214175, 63-267430 and 3-62520. For instance, in order to remove
Si0O, deposits, a fluorine-containing g:is energized into a plasma has been used to
clean interior surfaces of the chamber. Fluorine residues remaining after the
reactor cleaning can be removed by passing a reducing gas such as hydrogen (Hy),
25 silane (SiH,), ammonia (NH,), phosphine (PH,), biborine (B,H,) or arsine (AsH;)

through the reactor.



Chanber conditioning processes are also conmonly used where a waf e lPEN 2004
pl aced in the chanber to protect the electrode during conditioning. ese
condi ti oG4 esses are very common for deposition reacP@FASHSZHEW ng
pl asma cleans, and are al so common for etch reactors follow ng wet
cleans. Sonetines 5 the wafer has a deposited filmon it which aids in the
condi tioning process. As an exanple, resist coated wafers have commonly
been used to accelerate conditioning. Such conditioning steps may use
process conditions wi thout bottom electrode power to season the chanber
wal I's. A problemwith using conditioning-@afers to season the plasm
chanber to 10 obtain reproduci ble process conditions when processing
production wafers is that such conditioning wafers add cost and cause

sl owdown in producthsifiber cﬁﬁﬂﬁf hcessds 20 4lsd B} Lekd @Pél‘éra Wafer i

condi tioning treatnent which 1s re econom cal In Lerns of cost and
production efplacedeinalye cldmtsdr tDpsaedtthe elecwbdet eing dondiMonitp. 1PhdskG. | shows
703 nm em ssion data during a waferless autoclean process in accordance
with the i nvesondiioning processeepieiesy eorpmenderdepositigpireactorsfodowme plasmsf i | e
test wafers; FIG 3 is a.conparisqn of profile waf.er endpoint_traces

ol | o ng. chaIEAs BishrerpErFOrGman for ek Fafiops Fulb sk er Sffisn SRmGtiees

waf er | esg autgghedsy QACRDe i GCORhi A ; Tpmrgeﬂrn' . A LS.
‘d4a-d ar egphottggn' cr og]%rgphs o?ﬁéeat% egﬁstrulgl?t%@gslwgﬁ%énh\ﬁg e ests:&@'adftsoc ean
process and vexastplesssistaapatedr wafstsdpve icomammiy beenoseditd hicdeleeate nventi on  and
FIG 4e is a phatom crograph of an etched structure processed in_a chanber
condi ti oned vifanditionings + Sygly canditioningryteRs mELUSE RIOELSS KORGHPRT Wihays hottem

et ched struct ft g u process and waferl ess
recovery st e%ﬁﬁﬁoﬂ%ggﬂeﬁ@%@asbﬁﬁ? ﬁhﬁgltbigﬁbgﬁ{]l on WD 01/46490 PCT/ US001324~
, JUN 1004 -3 and Kldrobiesh with @sind Loadiohing wilers b sedioff i \R19sia Elimiber o
processed in a chanber conditioned wth resist wafers; and FIGS. 6a-c are

phot oni difogr agthsinaepredutiblt process conditions when pratessinggaroduction wafers is that

such conditioning wafers add cost and cause slowdown in production.

Accordingly, it would be desirable for a conditioning treatment which is more
economical in terms of cost and production efficiency.
rief ipti e wi
15 FIG. 1 shows 703 nm emission data during a waferless autoclean process in
accordance with the invention;

FIG. 2 depicts a pre-etch structure of 0.25 um profile test wafers;

FIG. 3 is a comparison of profile wafer endpoint traces following chamber
conditioning with resist wafers and followiné the waferless autoclean process In

20 accordance with the invention;

FIGS. 4a-d are photomicrographs of etched structures after waferless
autoclean process and waferless recovery steps in accordance with the invention
and FIG. 4e is a photomicrograph of an etched structure processed in a chamber
conditioned with resist wafers;

25 FIGS. 5a-d are photomicrographs of etched structures afier waferless

autoclean process and waferless recovery steps in accordance with the invention



aut ocl ean process and waferless recovery steps in accordance with th% 2
i nventio | GS. 6d-f are photom crographs of etched JUN 2004
processe@véﬂﬁg&g anber conditioned with resist wafers. Smgﬁogégﬁ

I nvention This invention provides a nethod of cleaning and conditioning a
pl asma reaction chanber in which substrates are processed, conprising the
steps of 10 cleaning the plasma reaction chanber so as to renove deposits
built up on surfaces wthin the chanber, introducing a conditioning gas
conprising a fluorine- containing gas and3a carbon-containing gas into the
chanber, energizing the conditioning gas’into a plasnma state, depositing
a polyner coating on interior surfaces of the chanber, and processing a
substrate in the chanber after the 15 depositing step. The term "pol yner"
coating is i randndiédl Jeoisdephotpibisrogrgpimpfan piched stuangie pregessedrin ai chambeh or
deposition by- s..,Accor di a preferred enbodi ment of the

r.,oducts., to
i nvention, tH@PH : Wweélﬁﬁ'ﬁag?% a8, ried out by exposing the

conditioning gas t ' t | . ' radi o
frequency current ?%@%nda%gh&%rﬂhéﬁ)r?gjhgéﬁp%p ﬁg&hﬁgﬁ%ﬁﬁgagﬁhgge@ei ng

di sposed ext efutedlednoprobess QAd Wakirlesd Ferovergisteps dn accbr @R WiihCths ihv@hlomhi ch
forms a part of an encl osure of the chanber. Further, the cl eaning step

can be @&arriand HGS. $g-logre phagmicregraphsrobetchadistpusnires piacgssed iwea chamber or
the cl eaning _ste n%_'im .tl}le carritgd out by introducing a cleaning gas into
t he chanber, ‘iﬂﬁ’g}t& fgth TeRist ¥pEShi ng gas into a plasnma state, and
contacting the interior surfaces%%p#ﬂﬂ%ép to renove the
deposits. In the preferred nethod, e condl aoé&ﬁ%g step is carried out
whil e the chanber Thigdnvention prévides aamethbd of elegninf @hé condinoling aphema
substrate conprises a production wafer and the processing step is carried
out W t hout Ispefiuschambet hwhichsubsitptesare peocessed heomprisiagthestapsof t o

i th 01/46490 '-4.2 JUN 2004 PCT/ USOQ 3244 d i
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containing gas and a carbon-containing gas into the chamber, energizing the

conditioning gas into a plasma state, depositing a polymer coating on interior
surfaces of the chamber, and processing a substrate in the chamber after the
15 depositing step. The term “polymer” coating is intended to describe organic films
which may contain etch or deposition by-products.
According to a preferred embodiment of the invention, the energizing step
) is carried ot by exposing the conditioning gas to an inductive field generated by
resonating a radio frequency current in an RF antenna coil, the RF antenna coil
20 being disposed external to the chamber, proximate to a dielectric shield which
forms a part of an enclosure of the chamber. Further, the cleaning step can be
carried out by opening the chamber and performing a wet clean or the cleaning
step can be carried out bj introducing a cleaning gas into the chamber, energizing
the cleaning gas into a plasma state, and contacting the interior surfaces with the
25 plasma to remove the deposits. In the preferred method, the conditioning step is
carried out while the chamber does not contain a substrate therein and/or the
substrate comprises a production wafer and the processing step is carried out

without processing conditioning wafers in the chamber prior to processing the



supported during the processing step. In cleaning an al um num etch
reactor, the conditioning gas can further 5 conprise a chlori ne- confdi MN‘@M
gas so t N4 0V#d9 0| yner deposited in the depositing step RETUSH{RMIde
chlorine therein and the processing step conprises etching an al um num

| ayer on the production wafer. In such a case, the conditioning gas can
include d,., BCl3, CCl41 Si Cl4 or m xture thereof. For exanple, the
conditioning step can be carried out in one or nore steps using CHF3,
BC13 and/or Cl2 as the 10 conditioning gas. The chanber pressure during
the conditioning step can be in the ranee of fromabout 5 to 80 nilorr
and/or a plasnma generating antenna can be supplied 200 to 1000 Watts
during the conditioning step. J!'pjailed Descripflon of the fr This

i nvention prgyiddefion W& OAlls6 atheBahiidnRl stdpAni bedasiél S\Sir\ﬁ'itﬁdl@'ﬁp}ﬁlgin 15 a
pl asma reaction chanber in which substrates are processed. The netho

i ncl udes cl epowerta ik Rb bissisg eleatrodeost « hubstrate seppars ob evhicintire subsipatsist s
built up on surfafcje Wi tE{en t he chanber, introducing a conditioning gas
conpri si ng aSYRRYELE rfi“'“"@o RIREHENG S€Pand a car bon-contai ning gas into the

‘chanber, energizinRg. . L tionl |_n , I 1400 a
pol ymer coati ng fglfg ﬁ%%ﬁﬁ@‘%"g‘gﬁg'}g@%h&r h@é&f‘gbﬁgﬂﬁf%@ggﬁﬂﬂe
chanber, 5 and c&hﬁﬁ%ﬁicﬂﬁ)rﬁnefcbhﬁﬁlﬁﬂ% %asi $b thaeihe Paraeer depbdiRd ih iite AidSRing i N9
step. In a preferred enbodi nent, e invention provides a waterless plasma
cl ean recovetep witlaoelde thiorine thtireinamd ibe pioaedsingsstersemnprises pichegeanet chi ng
an alum num filmstack. The proce,ss&‘?ﬁzér pl asma etching of , Al  produces a

t

by- product wANEHIYE layern the progustign H8 sughacaye, heeondisgning ga5 can

by- product r h C SSq: re. | ' : tor
wal | and par ?]?; ﬁhg":cgr ig@s’hg‘gﬂ W?lsl 1§W3@rﬁ%h&ng§dj e}%ﬁ%ﬁf f%%ﬁém}an

PCTI US0013244ikp caberianioitft onklbs icit srepeiisifiy GHICHCI iRttt 4, 95 igppens,
the reactor nmust be opened and cleaned wmth a wet cl ean process. The

processl®f peepditionigggas.c Tbe chamber pressund duyingathe gnditioning stepaeanibglin gheean

range of from about 5 to 80 mTorr and/or a plasma generating antenna can be

supplied 200 to 1000 Watts during the conditioning step.

This invention provides an economical method of cleaning and conditioning
15 a plasma reaction chamber in which substrates are processed. The method
includes cleaning the plasma reaction chamber so as to remove deposits built up on
surfaces within the chamber, introducing a conditioning gas comprising a fluorine-
containing gas and a carbon-containing gas into the chamber, energizing the
conditioning gas into a plasma, depositing a polymer coating formed by the plasma
20 on interior surfaces of the chamber, and processing a substrate in the chamber
after the depositing step.

Ina prefefred embodiment, the invention provides a waferless plasma clean
recovery process for conditioning chambers used for plasma etching an aluminum
film stack. The process for plasma etching of Al produces a by-product which

25 deposits throughout the reactor. Eventually this by-product reaches a thickness

where it no longer sticks to the reactor wall and particles are shed which



procéss and the steps required to condition the chanber follow ng an open
5 chanber @Iﬁﬁ%ﬁ&an require a substantial amount of tine. To_naximniize JUN 2004

productiv"lM a wafer fab, it is desirable to extend t hECTUSEB een

opening the chanber to do such open chanber cleans. One nethod for doing
this has been to run plasma cleans, which are capable of reducing the

et ch by-product deposited in the chanber resulting in a extended tine
bet ween open chanber cl eans. However, since 10 plasna cleans alter the
chanber condition by renoving the reactor _deposits, there is typically a
process shift follow ng the plasm cl ean.”As a result, the alum num etch
rate, etch profiles and feature CDs (critical dinension) can shift outside
of the acceptable range for the device being manufactured. If a plasna
cl ean i s usediontamiheteshe subsaytd dng étcledy Whbr tib hafyens | the reerdintst ®8 t he
wal s prior to etching 15 product wafers. In processes wherein a wafer is
needed in t heoREREHBBY Cleanedcwithiatwesiflaag precesspeci al wafer type may al so be

ded. Thi limts,th | bilit f i . cl Al
etohing 1 a produtPt BiPCER IRRIE Tisadab it e alse Wil G stiel Seeth
production flgasednlaiesibps #éﬁﬁﬂe&&efdrﬁhio @Eﬁmﬁéqgﬂgggg{@rﬂﬁgg and 20

run a conditi‘oni ng process arter a plasm cl ean.

producti én, pihastber clehe ans roquirech subitatital usRdneoftirhé.e Toaastifiise Tpmu:hcﬂivn?ed
to be opened nore frequently for |long wet clean procedures. Thus, the
reactor avai |8 Wafey fakiitistdegisable to exsendythg timmbetweemapening e chagberie wet

I ti ' ted by t d f di t.i oni. t.h hanb i th
pecial vt crod S4B opes chymber et Qimebpide doins B voeafo Sl oy iy
beL for P .
W thout a wa &éraﬁig[‘wth'ﬂﬁla ¢ of &dﬁﬁﬁgﬂﬁ:'é:él?ﬂy- P&&E%@ﬁ%&s Hn'bﬁlé’

pl asma cl ean. by- produc deposition from etc een shown to

contain a | angsulanpmt erfended) time betwath@pem chanilvee clkpes iHowsver, Sigeesent
t hroughout the etch process and participates in 2 2 JUN 2004 WO 01/ 46490
-6 PCT/ U800 asma elsangaliss ke chambsr 60ndition by refaeiving ther reagtgedenosits, there

passivation. @sShly £rdBS ok RldRe R TaR0PGERE K2 aTebit dOhhERR) 2"
etch rate, etch profiles and feature CDs (critical dimension) can shift outside of the
acceptable range for the device being manufactured. If a plasma clean is used,
wafers are cycled through the chamber to recondition the walls prior to etching

15 product wafers.
In processes wherein a wafer is needed in the chamber for conditioning, a
special wafer type may also be needed. This limits the applicability of plasma

) clean processes for Al etching in a production environment because it would be
-disruptive to production flows to have to load special wafers into the chamber and

20 run a conditioning process after a plasma clean. As a result, in production, plasma
cleans would not be used and the reactors would need to be opened more
frequently for long wet clean procedures. Thus, the reactor availability advantage
of using plasma cleans to extend the wet clean time is negated by the burden of
reconditioning the chamber with a spebial wafer type.

25 The invention provides a process that can be run without a wafer in the
chamber to recondition the chamber following a plasma clean. The by-product
deposition from Al etching has been shown to contain a large amount of organic

material. The deposition is present throughout the etch process and participates in



pl asma contai ning 2. However this | eaves sone residual 02 in the c@p?ggﬂ?m4
Further, the addition of 02 to Al etching gases is known to increase the
Al etch WOM@E0,0d can have an effect on etch profile resREEESN0N344]
recondition the chanber following a plasna clean, it is desirable to
renove or bind the residual 02 so that the etch process is not affected.

It is also desirable to provide organic deposits that participate in the
process the sane way that by-product deposition does. In a waferless
conditioning process, this nust be 10 done wi thout attack of the wafer
chuck which is not covered or protected dénHing the process. The preferred
nmet hod for doing this is to run a plasma processing using BCl13 and CHF3.
In an inductively coupled plasnma etcher such as the TCP 9600' etcher

avail able freye 43 i . Ta ' 4ng 15
hi gh RF power t%%eq?g%fogfuéc ég‘g&e@%?g%%ﬁﬂ&g%ggsﬁggﬁ’rgw%? S \t/)vlé/ct0 outaYInger

applied to tlaedladsdrption sitesdbr ozhetanhspetiesr AhedizposifionRbars b slefiddebyba as
during wafer processing. This results in |ow plasnma potential and
prevents att Rsmgrcontanipg by Hewener thisdaayes somefesiduel 6% in twvahayiber

i dual 02 { ) i.le CHE3 | . f d it f
or gani ¢ ot ef et e SABHRR b Ko Al eihing:gase's Jgmacioners=e e Al 41
whi ch 15 pr esgel shdiciiGavetaleilr B QGRofiRARSII 0. Typical process

conditions and ranges for a T etch reactor are shown in Table 1.

25 Tabl e 1 ProcessIdaeoondition shef chanibee folidwing e plasiacsdey, ¥t Fdesiestse to
PressureTCP71 Power Bi as Power BC13CHF3 Typi cal 50 nt 700 wattsO wattsl15
sccmB7 sccm REAges or bindhe 1esishiel 64 so tmt thestich\pragesssis aovaffertal. 21tisnls@004

a
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etch process ﬂﬁ?@-ﬁ%&ﬁbt%ﬁposiﬁon does. In a waferless conditioning process, this must be
10 done without attack of the wafer chuck which is not covered or protected during

the process.

The preferred method for doing this is to run a plasma processing using
BCl, and CHF,. In an inductively coupled plasma etcher such as the TCP 9600™
etcher available from LAM Research Corporation, the process is run by applying
15 high RF power to the top electrode (TCP™ power) source but without power
applied to the bottom electrode which provides an RF substrate bias during wafer
processing. This results in low plasma potential and prevents attack of the wafer
chuck. BCl, is capable of scavenging residual O, from the chamber while CHF, is
a source of deposition of organic materials en the chamber walls. BCl, is also a
20 source of C1 which is presént in the etch by-product deposition. Typical process

conditions and ranges for a TCP 9600™ etch reactor are shown in Table 1.

Tabile 1

Process Conditions for the Waferless Recovery Process

25

Pressure

TCP™ Power

Bias Power

BCl,

CHF,

Typical

50 mt

700 watts

0 watts

15 sccm

37 sccm

Range

10-99

400-1200

0-5

10-30

10-60




step that does not contain CHF3 a final step of the recovery proceszsz tORYT004
elim nat ?}jﬁg wi Il inprove process recovery. An exanple of a 2 step

waf er | ess Pe toy 5 process is shown in Table 2.,. Tabl ePET’FWB“@t‘éb

Waf erl ess Recovery Process PressureTCP' Power Bi as Povver BC13C12CHF3 Step
150 nt 700 wattsO wattsl5 sccnB7 sccm Step 215 nt 450 wattsO waits30 sccnB0
sccm 10 Wil e BC1l3 was selected for it's 02 scavengi ng capability, other
gases such as CO 4 and Si Cl4 would be suitable alternatives. The chlorine
concentration could be raised by adding 2_ Likew se, many chorocarbon,
fl uorocarbon and CFC gases could easily “be substituted for CHF3 as a

pol ymer source. Diluent gases such as He and Ar coul d be added whil e

mai nt ai ni ng an effective process. 15 The waferl ess recovery process can be
run without speci aDepexidéng o1y fhesAl ath stackaandprotéss requirkriants, apsecaidostep of

I nterventi on. ?d(ijltlonal benefit to not _ needing wafers for the
recovery pr oc’@ﬁ é” qlerless JeCOVRBT RFOPESs MiaYi beateqnised; 1foheAd wiadx propess endewith

there is no o ) f into the cha or the

cl ean or cond¥ ?IF Hﬁ?ﬁﬁé sﬁﬁgng}?eéﬂf ﬂ"‘ﬁéﬁl ‘ﬁ ﬂB‘T‘ rqcﬁvgrylpgogpsgﬁ@t'g{:mmates
availability chj t he
waf erl ess rec%%/lgé ;I’ﬂ lsltl%grq\g%gﬁs%g&gvﬁacélgrgxﬁéle%?ez?ng as lengP&Svarﬁ age
of reducisSng waocessasshovarinvBabje 2i.ne as wel | . For |nstance, conpared to a
condi tioning process wherein it takes around 90 m nutes to run 50 resi st
wafers through the wet-cl eaned chanber, accordi ng to the invention the
condi ti oni ng 25 process—can be \..Ullpl etetd—+r—arotne—S—ratt-es—or—tess-
Thus, the conditioning ' 2 2 JUN 2004 V\Dﬂﬂé246490 PCT/ US40/ 32441 _8_
process accor{dmg To The TMventomr—cam cut—the Tecovery—time—fottowng a
chamber cledn by over 500, amwd StepWaersssRenoyreProgesst her, the chanfjer

can be condiffToned[in TE53[TTME W T ROUT USTAG[or M N i Zing Use ot
condi ti oni ng |waf er s ] PressureepBERT" Bawar || Bias Pawero BGle r ep€ior f rfCBFodudt ,

and reduced noﬁé]? i—mﬁgﬁtnllton %e\gvatts 0 watts 15 scem 37 scem

Step2 | 15mt 450 watts | O watts 30 sccm | 30 scem

10 While BCl, was selected for it's O, scavenging capability, other gases such
as CCl, and SiCl, would be suitable alternatives. The chlorine concentration could
be raised by adding Cl, Likewise, many chlorocarbon, fluorocarbon and CFC
gases could easily be substituted for CHF3 as a polymer source. Diluent gases
such as He and Ar could be added while maintaining an effective process.

) 15 The waferless recovery process can be run without special wafer types,
eliminating the need 'for operator interventi&_;. An additonal benefit to not
needing wafers for the recovery process is that there is minimal loss to production
time as there is no overhead time used to load a wafer into the chamber for the
clean or conditioning step. The direct result of this is a higher availability of the

20 reactor for etching valuable product. ‘

Use of the waferless recovery step following a reactor wet clean has the
| advantage of reducing wet clean recovery time as well. For instance, compared to
a conditioning process wherein it takes around 90 minutes to run 50 resist wafers
through the wet-cleaned chamber, according to the invention the conditioning

25 process can be completed in around 5 minutes or less. Thus, the conditioning



5 requirenments are both advantageous for increased customer prof i't?abiJUNﬂfiﬂﬁ
Test Data and Results. TCP 9600SE1 SvstenfSystem Basel i ne This study was
started WQAW/4¥4asel i ne of the 9600 SE system The chanRET/US/3%ét

cl eaned, and bl anket photoresist (PR) wafers were run to condition the
chanmber. Alum numetch rate wafers were run on the conditioned 10 chanber
to establish the etch rate target for the waferless recovery process
devel opnment work. The process etch rate shift due to execution of a |ong
02 waferless autoclean (WAC) was established. Etch rate results fromthe
baseline tests are shown in Table 3. 15-8able 3 Al uminum Etch Rate
Baseline Data Before and After an 8 mn. @2 WAC % Change Due-to Pressure
Control Wafer | DAverage St ep Hei ght Cl eanVal ve Angl e (% open) Pre cl ean
#1460236. 8 Py o&k@ﬁébo?&ﬂg fkvé%ﬁi‘bh c%%é%@co@c@'sl ime ?Qll%gtéedﬂaﬁfb@f:ess
Recovery Con derations Several nechani snms have beéen proposed to account
for the etchcleandy dver 56%s an @vém 80 %gort lighédAFurthee, the ehaabér damrbeet ch rate
recovery was to use Cl2 flow control rather than pressure control valve
position to rcepdifigned bylessstime usthﬁereuszneoummgmng Wis ofigondirppungwafers.
PCTNSO0/ 32441 Al etch rate s flow ., The interaction

i th ol ean anBeIeRBH Ve Ty R fraloh dy Redner S reiece bk Prouiien pefeb
reconbi ngti o f tration it
S pos&gl e ? ‘fi‘e?x?ﬁnés %S’IO}F %e re F&.&féﬁh{%ﬁea&&ﬁ ﬁﬁmgﬁpﬁ%}gs ure for a
fixed pressure control valve position.

Test Data and Results, TCP™ 9600SE™ SystemSystem Baseline
This study was started with a baseline of the 9600 SE™ system. The
chamber was wet cleaned, and blanket photoresist (PR) wafers were run to
condition the chamber. Aluminum etch rate wafers were run on the conditioned
10 chamber to establish the etch rate target for the waferless recovery process
development work. The process etch rate shift due to execution of a long O,
waferless autoclean (WAC) was established. Etch rate results from the baseline

tests are shown in Table 3.

Table 3
15 Aluminum Etch Rate Baseline Data Before and After an 8 min. O, WAC
Wafer ID Average Step Height | % Change Due'to | Pressure Control
Clean Valve Angle (%
open)
Pre clean #1 | 4602 36.8
Pre clean #2 | 4659 36.1
Post WAC 5254 13.5% 35.5
20 Chamber/Pr Recove iderati

Several mechanisms have been proposed to account for the etch rate
increase following the WAC. One proposal for etch rate recovery was to use Cl,

flow control rather than pressure control valve position to regulate pressure since



5 Thé addition of small ampunts of 02 to some -al umi num etch process ZWNS?UM
al so beeRyd gfudgd to increase Al etch rate. Residual 02 IW@R@‘&XZ r

was proposed as a possible cause of etch rate increase af

conditioning process that scavenges residual 02 could address this issue.
Cycling resist wafers is a very effective nethod for chanber conditioning
10 and is the recovery procedure recomended after wet clean. This points
to the role of carbon in etch by-product as a significant factor in
chanmber conditioning. Al so, the effectivepess of an 02 WAC for chanber
cleaning indicated that the chanber wallsare conditioned with organic
deposits. Use of an organic depositing chem stry for chanber conditioning

coul d address this issue. 15 The proposed nmechani sms were considered and a
series of expédiaighrate smew%&uﬁaﬁdmgmemnmnéclzmnscgm fmdant

ffects. F the . C12 f| trol .apti t K, .th t.b
measur abl e dicPPAFEchamet vl ull e diigent adhoriiion, recopypiBatioercol and ve

posi tion bef or l.e : ' d
pect 1o soo | e feckd B thh L HELEREy £ IF Boksit L BAL WbHla'he BB IE,
pressure aft enhd tieanVd¥e présstreXof adixed pogtbure/cos@sll vhveepitfgct i ve. The
pressure control valve position before (2 wafers) and after WAC was

measur ed. SThe changehe addiing of smmall ameunts of Qnie, sonfe duminiuin ctghprocesses hae
di ti f Cl2 fl . t tQ b fecti N t t
Fecovery. - Basdlboden rBoredit sl i bl - Residiah U dp S Shofber Pesover y
to | ook f il MRS) .
was to |00 S%%:;seém Iﬂgﬁ gﬁ@ﬁbl@'cﬁh&%fﬁé&h@?@?&&%&sﬁt& Wﬂterx.c%hﬁﬁﬁ{nl(u}?gt )e a

Wth the prop Isns- 1N m emstries Were i nves

namel y C12/ BChaodeS? thabscavengssregidusl OL 2b@idRddfees ganissugleposi ti ng) ,
BC13/ CHF3 (conbi ned_scavengi ng and depositing). 2 2 .ff1N 2004 WO
01/ 46490 PCT/ US00f 32vrding resstwaforsiig gy, efecir Crethoddoy alkdmber sonditioning) |

0131 CrF 0l oy B e AP R SRR e Th SRR S S
the baseline pble&ifartiniatech ¥Y-brodubtas\Wigrificant 848158 chamber conditioning.
Also, the effectiveness of an O, WAC for chamber cleaning indicated that the
chamber walls are conditioned with organic deposits. Use of an organic depositing
chemistry for chamber conditioning could address this issue. |
15 The proposed mechanisms were considered and a series of experiments
were conducted to determine the significant effects.
For the Cl, flow control option to work, there must be a measurable
) difference in the pressure for a fixed pressure control valve position before and
. after the waferless clean. Alternatively, we would expect to see the pressure
20 control valve open wider to maintain a set pressure after the WAC if Cl, flow
control could be effective. The pressure control valve position before (2 wafers)
and after WAC was measured. The change in position is small and, if significant,
in the wrong direction for Cl, flow control to be effective for etch rate recovery.
Based on this, the approach iﬁvestigated for chamber recovery was to look
25 at the feasibility of a waferless recovery step (WRS). With the proposed
mechanisms in mind, 3 chemistries were investigated, namely CL/BCl, (O,
Scavenging), C1,/CHF,; (organic depositing), BCl,/CHF, (combined scavenging
and depositing).



5 and WRS process run between each wafer. The 3 WRS steps tested are 7shdwi?iis
in Table 4. For each test, 30-40 bl anket resist wafers were cycled prior
to runni MPOUIM etch rate test. Table 5 shows the etch rBEEUS®SIMIs. For
a conditioned chanber, the Al etch depth is about 4630 A. The BC13I CHF3
process shows that it 1is possible to recover the desired Al etch rate
follow ng the WAC using a WRS. 10 Assunming etch rate to be a primary

i ndi cator of process shift, the feasibility of wusing a WRS to recover the
desired process stability follow ng WAC | ooks very good. 15 20 Table 4
WRS Process Conditions Tested Paraneter CtH#-BC 3C 12/ CHF3BA 3/ CHF3
Pressure20 nt20 nt50 nt TCPT"700 WWOO W00 W C12162 sr-cm 30 sccm BC1l354
sccnl5 scem CHF337 sccenB7 scecm Step Tine8 secl5 sec20 sec 2 2 JUN 2004 WO
01/ 46490 - 11 ScaRéelgibiSOq1 néc deplobiting DB ORES ULdrfibied séVengiMRS
Process Tests V\z?gPr ocessAl Ift(gf\ﬁDept r%hanée Fr tc},m Cotl(ditioned Chggnb“gr

C12/ BC335445 angdaleposidng). CHF35300 Al4. 5% BC 3/ CHF34671 A0. 9% Wf 1

To test the possible WRS processes, the system was set up to cycle the
blanket resist wafer using the baseline Al etch process with the WAC (12 seconds)
5 and WRS process run between each wafer. The 3 WRS steps tested are shown in
Table 4. For each test, 30-40 blanket resist wafers were cycled prior to running
an Al etch rate test. Table 5 shows the etch rate results. For a conditioned
chamber, the Al etch depth is about 4630 A. The BCl,/CHF, process shows that it
is possible to recover the desired Al etch rate following the WAC using a WRS.
10 Assuming etch rate to be a primary indicator of process shift, the feasibility of
using a WRS to recover the desired process stability following WAC looks very

good.
Table 4
WRS Process Conditions Tested

15 Parameter CL/BCl, C1,/CHF, BCl,/CHF,

Pressure 20 mt 20 mt 50 mt

TCP™ 700 W 700 W 700 W |

Cl, | 162 sccm ;0 scem —

BCl, 54 sccm 15 scem
20 CHF, 37 sccm 37 sccm

Step Time 8 sec 15 sec 20 sec




An inportant part of WAC i nplenentation wll be selecting a WAC freq%uq[]gygg(,
that m nwgm‘?“%dﬁroughput I npact while maxim zing effectiveness at
mai ntai ning a cl ean chamber. The optical enission at 703 MENENYEHE! ni ned
to be a suitable WAC endpoint indicator. The signal degrades throughout
the WAC process and flattens when the chanber has been adequately
cleaned. A series of tests were run to determ ne how the required WAC tine
scales wth nunber of wafers ("N') between WACs. The chanber was cl eaned
with an 15 extended 02 plasma to reachWZ]f basel i ne condition. This was
foll owed by a test where the nunber of wg lsrs between runni ng the WAC was
varied and the 703 nm em ssion was nonitored during the WAC step to
determne thetine required to clean the chanber. Fiqure-1 shows the
endpoint traces fromthis test. The en.flgﬁgrn)t signal increases rapidly
when RF conesl-o4 As "N' increases the ength of time it takes for| the
- endpoi nt signal to degrad & ' | show ng the cl dan
ti n‘[p3 is a fg et——an—oaf g" l\‘l"%'#'@‘u u‘nﬁ%ﬁﬁé\i&&ug%ﬁ%ﬁﬁsﬂe fn? the WAQ vs.
"N' as wel | aswRSPfcean t|ABELRD er. i J dgoi nt
si gnal to degratde—teo—basetpe—eas %ﬁ]‘f] a5 gjg]gﬁ din T8 Md‘%e
basel i ne. For| €8], process| s45dAti ons the12%gnit clean tine di mnishes
as "N' incregdsesfrom =5 —~fromever—at—t=—ut—t-he—urt—etear-hrg—t+Hqe i S
i ncreasi ¥g. T /GHiBgest s t h5300eA opti mal |d4Ssh frequency might be
somewher e betWeen 5-20 wal 6] 5. VWO UL/ 46490—
PCF/ US00/ 3244 BGWiIRFs WAC E#fdofnt and Up0t9%I ean Time (seconds) vs. [WAC
Frequency WAC Ti nel0 wafersb5 wafers3 wafersl waferl warer Farl
WAC26571563738 Emi ssi on 1=10014345402324 Unit C ean Tinme

Waferless Clean Frequency

An important part of WAC implementation will be selecting a WAC

A=

frequency that minimizes throughput impact while maximizing effectiveness at

10 maintaining a clean chamber. The optical emission at 703 nm was determined to
be a suitable WAC endpoint indicator. The signal degrades throughout the WAC
process and flattens when the chamber has been adequately cleaned.

A series of tests were run to determine how the required WAC time scales
with number of wafers ("N") between WACs. The chamber was cleaned with an

15 extended O, plasma to reach a baseline condition. This was followed by a test
where the number of wafers between running the WAC was varied and the 703 nm
emission was monitored during the WAC step to determine the time required to
clean the chamber. Figure.l shows the end;xoint traces from this test. The
endpoint signal increases rapidly when RF comes on. As "N" increases, the

20  length of time it takes for the endpoint signal to degrade to the baseline increases,
showing the clean time is a function of "N".

Table 6 shows the endpoint time for the WAC vs. "N" as well as the clean
time for wafer. Times are shown for the endpoint signal to degrade to baseline as
well as degrading to 100 counts above baseline. For these process conditions the

25 unit clean time diminishes as "N” increases from 1-5, however at "N" = 10, the
unit cleaning time is increasing. This suggests that an optimal clean frequency

might be somewhere between 5-20 wafers.



Ful I WAC26. 514. 218. 666673738 Em ssion 1=10014. 311. 413. 333332324 WRS Etih
Rat e Recover¥ 10 The BC13/CHF3 WRS was tested on the 9600PTX syste%ﬂ1UNﬁW4
the proc¥Q8Vdehliti ons for the Al etch, WAC, and WRS st epBCENSB2441 Tabl e
7. The systemwas initially conditioned by cycling 57 bl anket resi st
wafers with the Al etch process conditions. The Al etch rate for the
condi tioned chanber  was neasured. Followi ng this the chanber was over

cl eaned using the WAC process 15 conditions with a 7 mnute clean tine.
The 703 nm endpoi nt signal was used to verify the clean tinme was
sufficient. Next, 29 additional blanket rElist wafers were cycled through
the systemusing the Al etch process, but the WAC and WRS steps were used
bet ween each wafer. The Al etch rate was then checked again following a
WAC and WRS step. The etch depth results are shown in Table 8. The etch 20
rate foll ow ng_the WAC and WRS was not significantly different than the
etch rate of|] the seasoned chanber (1'6f)|0%§é)' 1 WO 01/46490 -13 Tabje 7
5 Process | Hressure Cycle 1 12 mt Al _F 24 pth WAC Al Etch, WAC,__and

VRS Process Gondi t 406 Ffibolt: ahdUnt Gl Pimid seconds) vs. WAC Frequency

WAC Time 10 wafers | 5 wafers 3 wafers 1 wafer 1 wafer
Fuil WAC 265 71 56 37 38
5 Emission 1=100 | 143 45 40 23 24

Unit Clean Time

Full WAC 26.5 14.2 18.66667 | 37 38
Emission 1=100 | 14.3 11.4 13.33333 |23 24

WR cov
10 The BClL,/CHF, WRS was tested on the 9600PTX™ system using the

process conditions for the Al etch, WAC, and WRS steps shown in Table 7. The
system was initially conditioned by cycling 57 blanket resist wafers with the Al
etch process conditions. The Al etch rate for the conditioned chamber was
measured. Following this the chamber was over cleaned using the WAC process

15 conditions with a 7 minute clean time. The 703 nm endpoint signal was used to
verify the clean time was sufficient. Next,*29 additional blanket resist wafers were
cycled through the system using the Al etch process, but the WAC and WRS steps
were used between each wafer. The Al etch rate was then checked again following
a WAC and WRS step. The etch depth results are shown in Table 8. The etch

20 rate following the WAC and WRS was not significantly different than the etch rate

of the seasoned chamber (1.6% lower).



Bi as‘ '(V\) '78 78 0 WVRS 1 50 nt 1 700 10 Table 8 10 Test Condition 15 ?PJ%N]ZDM
37 CHF3 A'w&bﬁflu pth of the Conditioned Chanber and Foll ow ng the
WAC+WRS Process ndi ti oned Chanber Al Etch Depth 3835 PostPUWUS32RS

13773 15"

Profile Etch Tests Flows (sccn) 74 Cl12 30 BCl3 30 BCl3 5

CHF3 5 CHF3 74 d, 500 02 rt -1.6%2 2 JUN 2004 PCTIUSOO 32441 He | Tine

10

15

20
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Table 7
Al Etch, WAC, and WRS Process Conditions
Process | Pressure | TCp™ | Bias Flows He Time
W) (W) (scem) Cooling | (S)
Cycle |12mt 350 |78 |74cl, |30oBcy, |scur, |10T |65
AlEwch | 12 mt 350 |78 74Cl, |30BC,, |SCHF, |10T |35
Depth
WAC 32 mt 700 0 5000, : 12
WRS 50 mt 700 0 15 BCl, | 37 CHF, 20
Table 8
Al Etch Depth of the Conditioned Chamber
and Following the WAC+WRS Process
Test Condition Al Etch Depth Delta
Conditioned Chamber 3835
Post WAC+WRS 3773 -1.6%
" Profile Etch Tests - R

Etch tests were performed to determine the effect of the WAC and WRS on
cich profile. FIG. 2 illustrates the profile test wafer structure before etching.

A small marrix was run to evaluate the importance of step time and
BCl,:Cl, ratio in the recovery step on etch profile. Table 9 shows the 4 processes
run in a % factorial matrix. FIG. 3 shows the endpoint trace for a wafer etched
following the 2 step recoGely process. The endpoint trace closely matches the
trace of a wafer etched in a resist conditioned chamber. Further, the etch rates

through the BARC, Ti and TiN layers match the etch rates of such layers in the



Cooling | (S) IOT 165 T'IOT 1 35 12 20 Etch tests were performed td 2 JUN 2004
determn égf’ %féect of the WAC and WRS on etch profile. FLG 2

i1l ustrat A¥Mrofile test wafer structure before etchi n&.crﬁ'sg?@q‘f“

matrix was run to evaluate the inportance of step time and BCl13.Cl2 ratio
in the recovery step on etch profile. Table 9 shows the 4 processes 20

run in a 'h factorial matrix. FIG 3 shows the endpoint trace for a wafer
etched following the 2 step recovery process. The endpoint trace closely
matches the trace of a wafer etched in a resist conditioned chanber.
Further, the etch rates through the BARC:1,4‘Ti and Ti N | ayers match the

etch rates of such layers in the Delta 2 2 JUN 2004 WD 01/46490 -14 5 10
PCT/ USOQ 32441 resi st conditioned charber. Al wafers etched follow ng the
2 step recovaesisthenhditsoned|chemberacAH walers|etchied Bolbeding ahd2 sepascovetehadl: 50

m /700 WTCPT' /37 sccm CHF3/ 15 sccm BA 3/ "X'seconds Step 2: 15 nt/450. W
TCPI/"Y sccmSHOHAY WBees'Y) sccm Cl2/"Z" seconds Matri xVWafer 16Wafer 17Wafer
18Wafer 19 Strep—t—TFrme—{*xiy36—sec2f——sec20-sec3t——sec—Step—2—Frre—(~% 15

sec7 secl5 sdc7 sec BClI 3/ Cl2 Rows Table 9

Baseline Process:
5 Step 1: 50 mt/700 W TCP™/37 sccm CHF,/15 sccm BCl,/"X"seconds
Step 2: 15 mt/450 W TCP™/"Y" sccm BCl,/(60-"Y) sccm Cl,/"Z" seconds

Matrix Wafer 16 Wafer 17 Wafer 18 Wafer 19
Step 1 Time ("X") | 30 sec 20 sec 20 sec 30 sec
Step 2 Time ("Z") {15 sec 7 sec 15 sec 7 sec

10 BCl1,/Cl, Flows 15 sccm BCl; | 15 sccm BC, 30 sccm BCl, 20 scem BCl,
("Y"{60-"Y") 45scem Cl, | 45 scem Cly 30 scem Cl, 30 secem Cl,

FIGS. 4a-e and 5a-e show the etch profiles from wafers etched as part of
the WAC and WRS matrix compared to the result of etching in a resist conditioned
chamber. The differences in etch profile between the wafers is subtle in most

15 cases showing that the 2 step recovery process has a reasonable process window.
Some notable trends from the matrix include:

- A chlorine base second recovery step improves the etch profile recovery.

~ Use of a higher %Cl, in the second recovery step appears 1o result in

reduced CD growth- in the feature toﬁ compared to the reference wafer.
20 The effect is stronger for a short first recovery step time (see wafer 17).
- Use of the longer first recovery step improves process latitude for
sidewall smoothness.
- ‘Wafers etched with the shorter second step times more closely maiched
the remaining oxide on the reference wafer. _
25 FIGS. 6a-f show additional SEMs comparing the result of wafer 19 to the

conditioned chamber result. Note in these SEMs the profile of isolated features is



15 sccm BC13 15 sccm BCI 3 30 sccm BCI3 20 sccm BCI 3 ("Y")/(60-'Y") 457 SIgNmi
C1245 sccwoq]g‘g&osccm G 230 sccm C12 FIGS. 4a-e and 5a-e show the etch
profiles fromwafers etched as part of the WAC and WRS maPCTUS§0A3Mt ed t o
the result of etching in a resist conditioned chanber. The differences in
etch profile between the wafers is subtle in nost 15 cases show ng t hat
the 2 step recovery process has a reasonabl e process wi ndow. Sone notabl e
trends fromthe matrix include: - A chlorine base second recovery step

i nproves the etch profile recovery. - Use_of a higher %C12 in the second
recovery step appears to result in reducd® CD growh in the feature top
conpared to the reference wafer. 20 The effect is stronger for a short
first recovery step tinme (see wafer 17). - Use of the |longer first

recovery st ep2lsorpensoduced; endthe resist profike dnﬂrsidei&ﬂlﬂi@béitiﬁmm%ﬁéd j théaf ers
etched with the shorter second step tines nore closely matche t%
remai ni ng oxi A&CBICERETY RrSesasavelhf er . 25 FIGS. 6a-f show additi onal SEMs

conparing the resuft 9 tq the | conditiqned chamber result. Note
in these SEMs the %‘ﬁgﬁ?ﬁfﬁ’%ﬁ@mﬂ@f%@sm@g SF?(}Qn&emuﬁhmmnwe@mmmm
- 15 PCT/ USQO &4dit fahbm the BRaAbGE Soll AR ﬁeiﬁnhﬁ@i ; e ad.sideval |

deposition are matched by the 2 step recovery pa?%%éggc@dégm\@fews It’sappears

that runi ng SUABCiENt ietrecasen der prosesspiteote WADIQThé @hlﬂﬁﬂ@&ﬁéxﬁisﬁ?@ﬁ R§ygani
filmin the cha f ol LfOWEd by running a brief chlorine chenis Py iI's 5

er,
suf fi ci ent tonqlgvgapg?ssm Op PERCESSSS hat &¢ly ondiegwCorgiinis depbsitiomend highi st ry
step may noﬁgﬂﬁ?dgﬂﬁgﬁlsﬁeilgiésofo ROREPER S Gdlwarf' Y ON heavy organic

deposition an
Process recovery for etching aluminum after WAC requires that a proper

balance be achieved between organic deposition in the chamber and chiorination of

10 the chamber walls. Process recovery for the CHF, additive etch process where the

| etch profile is more sensitive to chemistry balance has been demonstrated. The

WRS matrix shqws that a 2 step recovery process can be tuned to balance the
organic and chlorinated composition in the chamber to a "conditioned” state
following the WAC.

15 While the invention has been described in detail with reference 1o specific
embodiments thereof, it will be apparent to those skilled in the art that various
changes and modifications can be made, and equivalents employed, without

] | departing from the scope of the appended claims.

-l



bonmbar dnent energies to protect the etch sidewall. Process recoverzy @5?004
et chi ng W/tﬁ% after WAC requires that a proper bal ance be ac 3g2v

bet ween organi ¢ deposition in the chanmber and chl orination PG00 484
chanber walls. Process recovery for the CHF3 additive etch process where
the etch profile is nore sensitive to chem stry bal ance has been
denonstrated. The WRS matrix shows that a 2 step recovery process can be
tuned to balance the organic and chlorinated conposition in the chanber
to a "conditioned" state following the WAC. 15 Wiile the invention has
been described in detail with reference th- specific enbodi nents thereof,
it wll be apparent to those skilled in the art that various changes and
nodi fications can be made, and equival ents enpl oyed, w thout departing
fromthe scofiainis;t he appended clains. WD 01/46490 -16 -Clains: 2 2 JUN
2004 PC IUS(PQ 3244) 1. A nethod of cleaning and conditioning a plasma

reactlon chanber in mhl cessed conprisin e ste
g&seanl ng the?ﬁp snacl{r'leag ?%hfeglhg Eé%glg‘{l QIS Ay W?% &?? Ly lﬁ)ﬂ
fragea S t%ﬂfﬁé‘?ﬂo@rﬁs €PEBhdi ti oni ng the chanber by i nt roduci ng

a condl ti oni nglegBINSbepIasBA AEACHOR Chanbereso asdaTemayhdengaits built up on surfaces

carb’uh}mthntchambelg gas into the chanber, energizing the conditioning gas

into a plas ﬁ&ondmdnﬁgnm‘scﬁdmr @yﬁﬁﬂl‘ddt&ingca)@éﬂd'lﬁbrﬁ BRCedipridiey #NasARe-0N

| Nt e6itAhinkWakagas &frbéﬂﬂsmﬁm Sfas inth e a?defr' er@ttﬁ'@c f £§ fafh put
o e e Faafitaln L SR B
O alte Pdifjoding Sie h‘f nl?r%b;f Kyn 3 sybsrateigereis and
condi ti oni ng @’é%ceﬁﬂn&ﬁ SP‘ % W@eﬁh@nbergvé%ﬂmwdwm%@mu ng a radio
frequency current in an RF antenna coil, the RF antenna coil being

di sposed 15 external to the chanber, proxi mate to a dielectric shield
~which forms a part of an enclosure of the chanber.

2. The method of Claim I, wherein the energizing step is carried out by
exposing the conditioning gas to an induciive field generated by resonating a radio
frequency current in an RF antenna coil, the RF antenna coil being disposed

15 external 1o the chamber, proximate ¢ a dielectﬁc shield which forms a part of an

enclosure of the chamber.

3. The method of Claim 1, wherein. the conditioning gas further comprises
a chlorine-containing gas and the polymer deposited in the depositing step includes

chlorine therein.

20 4. The method of Claim 1, wherein the cleaning step is carried out by

opening the chamber and performing a wet clean.

5. The method of Claim 1, wherein the cleaning step is carried out by

introducing a cleaning gas into the chamber, energizing the cleaning gas into a



3. The nmethod of Claim 1, wherein the conditioning gas further. congrd J6& 2004
a chl ori mes 6omised ni ng gas and the pol yner deposited in thepgdepRssidipg Step
includes chlorine therein. 20 4. The method of Claim 1, wherein the
cleaning step is carried out by opening the chanber and perform ng a wet
clean. 5. The nethod of Claim1l, wherein the cleaning step is carried out
by introducing a cleaning gas into the chanber, energizing the cleaning
gas into a 'WC 01/46490 -17 22 JUN 2004 PCTIU S0Q' 3244 ] plasna state,
and contacting the interior surfaces with4he plasma to renove the
deposits. 5 6 . The method of Caim1l, wherein the substrate conprises a
production wafer and the processing step is carried out wthout
processi ng coqditionin% ywafers in the chanber prior to processing the
product i on wdl'é¥ma siaterard gantagingdhe anetion wirfagerevish thet plesa torssiveghst ep
conprises et C&EBBQIS an alum numfilmstack on the production wafer. 10 8.
The net hod of M 1, wherein the conditioning step is carried out
wi t hout applying power to an RF biasing el ectrode of a substrate support
on which the substrate is supported during the processing step. 9 The
met hod of Claim1l, wherein the conditioning gas includes C,, BCl131 CCl14,
SiCl4 or mxture thereof. 15 1 0 . The nethod of Caim1, wherein the
conditioning gas includes CHF3 and BC13 and/or C,. 1 . The nethod of
Claim1, wherei.n the chanber pressure during the conditioning step is in
the range of fromabout 5 to 80 niforr. 12. The method of Caim2, wherein
the RF agtenna isgsu i 30 i . C I £laoning
Step. V\DBOU P 6_3.131?113 5éhéd O ERim 30 wHRPn Y &ubs e c&glp}ll;'ces a 81[1)%\1&'1&{1

wafer and the processing step is carried out without processing conditioning wafers

in the chamber prior to processing the production wafer.

7. The method of Claim 6, wherein the processing step comprises etching

FEET 2R hiund

an aluminum film stack on the production wafer.

10 8. The method of Claim 1, wherein the conditioning step is carried out
without applying power to an RF biasing electrode of a substrate support on which

the substrate is supported during the processing step.

9 . The method of Claim 1, wherein the conditioning gas includes Cl,,
BCl,, CCl,, SiCl, or mixture thereof.

15 |O. The method of Claim 1, wherein the conditioning gas includes CHF;
' and BC), and/or C),.

[1. The method of Claim 1, wherein the chamber pressure during the

conditioning step is in the range of from about 5 to 80 mTorr.

|2 . The method of Claim 2, wherein the RF antenna is supplied 200 1o
20 1000 Wats during the conditioning step.



2 2 JUN 2004 PCT/Usa0O/ 32441 13. The nmethod of daimb5, wherein the plasmy

cIeaningEQﬁﬁ verts the deposits on the interior surfac

by- produ ts.Mﬁ%Q The nethod of Claim1, wherein the chanbe?éﬂéﬁﬂggﬁﬁﬁna
etch chanber. 5 15. The nethod of C aim 14, further conprising a step of
etching alum numon one or nore sem conductor substrates in the chanber
prior to the cleaning step; the etching step producing the deposits on
the interior surfaces of the chanber. 16 . The nethod of CaimVl-,
wherein the conditioning step is followed by 10 introducing one or nore
seni conduct or substrates into the chanmberl8&nd etching al uni numon the one
or nore substrates. 1 | The nethod of Claim 11, wherein the conditioning
step is perforned wuntil an endpoint determ ned by optical en ssion or

interferonmetry is |ReathethethiddoMElaiind, Sfhefdiniie plashi eleahingtdde cendistthoni ng
step is carried out in 15 first and second steps, the conditioning gas
further incl ddpositsaoncthe enterior sunfidcas to gas yaprddoctshe first step and the
conditioning gas being fluorine-free in the 'second step. 19. The net hod of
Claim 13, wherein the conditioning gas conprises 1-30 sccm BC 3 and 10-60

sccmCHF3 in the firs e condi ti.oni n s _.conprises,?20-60 sccm
BA 3 and 20- 60 i ‘.dﬁ"yéﬁrﬁﬂioﬁg&séggﬂg,g&g gm?he Chatiber 15'd prasma etch

sca
chamber.

5 |5 . The method of Claim |4}, further comprising a step of etching
aluminum on one or more semiconductor substrates in the chamber prior to the
cleaning step, the etching step producing the deposits on the interior surfaces of

the chamber.

16 . The method of Claim |4, wherein the conditioning step is followed by
10 introducing one or more semiconductor substrates into the chamber and eiching

aluminum on the one or more substrates.

17.. The method of Claim 1, wherein the conditioning step is performed

until an endpoint determined by optical emission or interferometry is reached.

1. The method of Claim 1, wherein the conditioning step is carried out in
15 first and second steps, the E;onditioning gas further including a chlorine-containing

gas in the first step and the conditioning gas being fluorine-free in the second step.

9. The method of Claim }8, wherein the conditioning gas comprises 1-30
sccm BCl, and 10-60 sccm CHF, in the first step and the conditioning gas

comprises 20-60 sccm BCl, and 20-60 scem C), in the second step.





