2 3 JAN 2006 METHOD AND APPARATUS FOR ENHANCED CHAMBER CLEANI NG FI ELD OF THE
| NVENTI ON The present invention relates to an inproved nethod and appar at us
for enhanci ng chanber cleaning rates. Mre specifically, the present X
invention relates to a nethod and apparatus for enhancing the effegﬁLm@ 260
etch rate of a reactive chem cal species which etches accunul ated material s
from processi ng chanber conponents. BACKGROUND OF THE | NVENTI ON The

manufacture of higGyidh Ghstale Q%R Ihdtaneanelyigphays palihie f11m
transi stors and S ity of
chanbers, each of which is designed to performa specific process on the
substrate. Nhng of these processes can result in an accunul ation of

mat eri al (&&= d on the substrate in |ayers, such as by
chemi cal vapor deposit}.0R,c sBAYSIiCn¥aRer 4RO 11Qh. o d NERIBL £yapor ati on,
material etched fromsubstrate surfaces, and the |1ke) on chanber

surfaces. eichodcaendubapedataterfical ecduarcrimblahamsnr tdieeachagbentsar f aces
and contam nate the, ens&&ive evi ces bein prqcesseq#therein. Accordingly,

process cH¥vbRr SPREAE 1681 LYl e&hEd PEESEEEu M At Ed St et 3 &S freieheFiCRe. g
every 1-6 aéalbéb;é&s%s FrCLean nehapbenh S WHALES, vaNed & Stdte dby gl eani ng
process is preferred. In an in-situ dry cleaning process one or nore gases
are di ssocaredediwet hhamthelpepeessisnghichamterhda forumoneteod materigdstive
gas specigg(%gég., fluoring %&ns, radi cal s). The reactive species clean
chanber surf TByEPBr RPN FOPATI FETEGHSOInTds with the material

accunul ated on those surfaces. Such an in-situ cleaning process reduces

both particle counts and the system
BACKGROUND OF THE INVENTION

The manufacture of liquid crystal displays, flat
panel displays, thin film transistors and other
semiconductor devices occurs within a plurality of chambers,
each of which is designed to perform a specific process on
the substrate. Many of these processes can result in an
accumulation of material (e.g., material deposited on the
gsubstrate in layers, such as by chemical vapor depcsition,
physical vapor deposition, thermal evaporation, material
etched from substrate surfaces, and the like) on chamber
surfaces. Such accumulated material can crumble from the
chamber surfaces and contaminate the sensitive devices being
processed therein. Accordingly, process chambers must be
cleaned of accumulated materiale frequently (e.g., every 1-6
substrates) .

To clean chamber surfaces, an in-situ dry cleaning
process is preferred. In an in-situ dry cleaning process
one or more gases are dissociated within the processing
chamber to form cne or more reactive gas species (e.g.,
fluorine ions, radicals). The reactive species clean
chamber surfaces by forming vclatile compounds with the
material accumulated on those surfaces. Such an in-situ

cleaning process reduces both particle counts and the system
EXPRESS MAIL LABEL NO. EJ8961869207US



EXPRESS MAI L LABEL NO EJ896166907US 1 2 3 JA N 2606 down tinme required for
nore interruptive cleaning processes which require the chanber to be

opened. Renote Plasma Source Cleaning (RPSC) is a further inproven@idtjitqgi;
the in-situ plasma clean. In a RPSC, cleaning gas(es) are dissociated in a
separate chanber, and the dissociated reactive species are then flowed
downstream into the processing chanber where they clean/etch material from

chanber s .. RPSC f L ssoci.at i - ovi des
si gni f i caﬁg@éﬁf %“éé; %%?%Hn%%egg?i %*@aﬁﬂt%?3%@%%%33|ﬁa3%1€ﬂ%§#ﬁ%eﬁé RPSC
reduces chanbst regosteabheschymetintoabengpeheddetri nmental i on-bonbardent

associated with in-situ plasma cl eaning processes. Unfortunately, as
described further beRBHPLBHOFhaSTASFPUTEReQAPAGIEAd (RémStle 1t dsnBiSoifte

cl eani ng pr onvent i onal reguiLe-copsideralle fi nd consune
consi der ab g anﬁ%ﬁ %€o€gc?%%n?ﬁggégseg, ana tEus dndegﬁfﬁb y(%increase t he
cost per stibsinai® paocessedral §hsgocaiapedcesskngephhanyer .cianddwer , and
Renote Plasnma Source, Cleaning (RPSC) |large cleaning rate variations often

are obser®¥d betsReh prOcessrhyvenaRBeEr§Screaned Py Hid¥RT W e ng
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apparatus for et g accunufate mat eri al from chanber surfaces. SUWMARY
OF THE | NVENT Chhahiee presehacesvenRBES havéydidsseveried etshathe hadmning
cl eaning rates increase when_chanber ?urfaﬁes ex 05625%31 reactive cleaning

gas speci 258 Wi TPOF oY SAe. S pRef &FaBly SeNeERa JIRTEEES B e
untreat ed,ar AN iPstonRE St £1 8Pl Y BrezHpt teahedrakumiimce s Msgebderein, an

consumables by eliminating the detrimental ion-bombardment
associated with in-gitu plasma cleaning processes.
Unfortunately, as described further below, both
insitu c¢leaning and remote plasma source cleaning procegses
conventionally require considerable time and consume
considerable amounts of c¢leaning gases, and thus undegirably
increase the cost per substrate processed within a
processing chamber. Further, in Remote Plasma Source
Cleaning (RPSC) large cleaning rate variations often are
observed between processing chambers cleaned by identical
cleaning processes. Accordingly, there is a need for an
improved method and apparatus for etching accumulated

material from chamber surfaces.

SUMMARY OF THE INVENTION

The present inventors have discovered that chamber
cleaning rates increase when chamber surfaces exposged to
reactive cleaning gas species are mirror polished.
Preferably the chamber surfaces are untreated, and most
preferably are untreated aluminum. As used herein, an
untreated chamber surface is cone that has not been
previously treated to enhance cleaning (e.g., by anodization

or by applying a cecating such as that disclosed in U.S.



untreated chanber surface is one that has not been previously treated to
enhance cleaning (e.g., by anodization or by applying a coating suqm_aﬂzmr
that disclosed in U S. 2 13 JAN 2003 Patent Application Serial No. ’
09/ 322,893, filed May 29, 1999). Such treated chanber surfaces already
exhibit good cleaning rates. Mrror polishing is a process that reduces
the surface roughness of a part, and therefore reduces surface area. The

present inyentors_believe.that m.rro pal_i shin chi gves t goals, (i)

r educi ng agﬁg?{ltsmﬁﬁh?gegmar é&ré_ﬁ‘lagot'o%ﬁe@%@e%@%e t%’[]aﬁ’d_ y"f%eé)gof_ sites at
which the igbeani nguradi gaktdgachwdlrOR URIRCRSS NGHH S dihibienpybag
surface contam nants which may ot herw se bond with and ~ reduce the nunber of

cl eani ng ratieenlisg Theeef or Blrmorr pol igoliinshiimg a Pisetdsvethado pedgeeve

cl eani ng ragicals and render RPS& nor e EffeCE#¥§ﬁiTq§:€reSQ€t i nvention
conpri ses B SySHERFFEr TOPPOLESSI 7§ SuBSErat G Wi 2 ThaBar aRd f or
cleaning agepgubagedamat enhkabrbemCchaner semenentve dife: systenr incl udes
a processing chanber and a reactive species generator adapted to generate a

reactive gaslispbéhngsatbieveRetitoabloplét cHilng rastyivlicatad amt b8 alrfaom

charber  coppongnts, pad gh |.east, ope.mur Lorpol ished surf aee, pr ., copponent
which is exposed to the reactirve speci es durlng € Cl eanl ng process.

Pref erabl ycl@zhang theigpeatiesttivapach e chaercqal ani ngi ef féebensy, the
at least one mrror polished conmponent(s) is a,largf conmponent such as a
gas di stri®utfamepraneaninanbackha§iplEle Ctakdoicen PPtdrattRyand smal | er

conmponent Sré?u@e’th%"%?%@?%k%i@%‘l‘ﬂ LR Rl | el s, é,“srﬁff%?ﬁ gas
conductance I'ine, "efc. SO0 aS to constitute a large perceﬁ?age 0 e
surface arpalishing is believed to preserve cleaning radicals and

render RPSC more effective.

The present invention comprises a system for
processing substrates within a chamber and for cleaning
accumulated material from chamber components. The system
includes a processing chamber and a reactive species
generator adapted to generate a reactive gas species for
chemically etching accumulated material from chamber
components, and at least one mirror polished surface or
component which is exposed to the reactive speciesg during
the cleaning process. Preferably to have the greatest
impact on chamber cleaning efficiency, the at least one
mirror polished component{s) is a large component such as a
gas distribution plate or a backing plate, and/or a
plurality of smaller components (e.g., the chamber's shadow
frame, wall liners, susceptor, gas conductance line, etc.)
so as to constitute a large percentage of the surface area
exposed to the reactive Species.

By mirror polishing surfaces exposed to the
reactive species, not only have cleaning rate enhancements
been cbserved, cleaning rate variations between processing
chambers can be significantly reduced, process chamber

throughput significantly increased and the amount of



exposed to the reactive species. By mrror polishing surfaces exposed to the
reactive species, not only have cl eaning rate enhancenents been observed,
cleaning rate variations between processing chanbers can be signifﬁdthHM%
reduced, process chanber throughput significantly increased and the anount
of 32 3 JA N ?00,,i precursor gas required for cleaning reduced. Because of
the high costs associated with precursor gases such as NF,, both

nonetarily_and environnentall. Q. | ohal_warm n a reducti.op.in
precur sor Bﬁ?ngﬁgﬁnﬁﬁfoﬁeﬁgiﬁé%géﬁgia ?afﬁﬁﬁk&ﬁéﬂfg%$rrggeﬁ%PF§h85 gﬂ?faces
do not intreducecany akenelah smtaidalpddtiaddie guoacessiag s¥skenm @t do
not present the adhesion problenms experienced by nost conventional surface
t r eat nent sToGeReridbj eatls envdatourmes: tadd Yadveart agesl @Pat hearpiegent aikivent i on

wi |l becone re.fully apparent fromthe foll.own etailed.description of

t he prefer?%@ggﬁﬁ8ﬂiﬁénpggcufﬁguaﬁﬁghég’%ﬁ@ﬁ%ﬁ?%ﬂ% ?%en%%%gﬁ%ghying

drawi ng. BRbEECRESCRIETLON Go1THRIRANNGS I Go hdats ansideuekewati onal view
of a processing systemconfigured in accordance with the present invention.

DETAI LEn DESCRFB¥| DREEF 17IHE IPREFERRED TEVEOS VENEY H e, 1394 @osna@é
el evat | Onra]}%r¥58WtOfth@ 8&%%33%”%5&%1%%%“ GOl au ed, 1 pogecor dance with

t he prese Irnvention. Sul e processing system may be nodified as
descri bed deneentsvehlasuaigmael: AKEkGAE PECVD System manufactured by
Appl i ed Kamat su Technol ogy and described in U S. Patent No. S, 788,778,
which is hereby i ncoPpbfat 88I5Ft reffErEEE e PIYPTE39eft PRetPe the

G GAFILL T1l-pracessiRge i ShSLAMMptRct Wad by, APpl Asds Maher kalg, chac. and

descri bed
following detailed description of the preferred embodiments,

the appended claimg and the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevational view of a processing

system configured in accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is a side elevational view of a processing
system 10 configured in accordance with the present
invention. Any suitable processing system may be modified
as described herein such as a model AKT-1600 PECVD System
manufactured by Applied Kamatsu Technology and described in
U.S. Patent No. 5,788,778, which is hereby incorporated by
reference herein in its entirety, the GIGAFILL™ processing
gystem manufactured by Applied Materials, Inc. and described
in U.S8. Patent No. 5,812,403, which is hereby incorporated
by reference herein in its entirety, thermal deposition
chambers and the like. For convenience an AKT-1600 PECVD
processing system 10 configured in accordance with the
present invention is shown in FIG. 1. The AKT-1600 PECVD
processing system 10 is designed for fabricating active-

matrix ligquid crystal displays and may be used to deposit
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in US. Patent No. 5,812,403, which is hereby incorporated by reference
herein in its entirety, thermal deposition chanbers and the |ike. For
conveni ence an AKT-1600 PECVD processing system 10 configured in aggopngapge
with the present inventionis showm in FIG 1. The AKT-1600 PECVD
processing system 10 is designed for fabricating active- matrix liquid
crystal displays and may be used to deposit 4 2 3 JAN 2003 anor phous
silicon, silicon_ dioxide siliggn oxggitriges a silicon. nitride as,is

i

known i n EHETE W Y& er efickt 187 Jé?xi,ethﬁggF88BS§’?‘H&l§§§ o

conpri ses sa 1deResidian dhafbers Minhayi ng angasrdistribution plate 12 with
apertures 12a-u and a backing plate 13 adapted to deliver processing gases

and cl eani ng gases iittd tref eleposs tionf thanber thie, papdesssugeceptsdrem 4 § or
supportin%C@ I%yspstratE316 to.gg g%o Qggeglmﬁtgin t he g%p ﬁg%io% %Qanber

11. The sUSEERLS o4 i FEUMES & Hedt ere el et~ 189( 8. §° &sistiveé!
heater) ceouplted 1t0 o thealdreerd ol 220. f @rd ek evatknggt he atenper atasme «f the
substrate 16 to a processing tenperature and for maintaining the substrate
16 at t hEopEEeedsimPraames Jidre #es i aigd pf beeBsnggJaaski fntomsdi®ani sm 22 is

coupl ed tg_the .susceptor .14 tpo al)o h a t Lif.ted fromthe
susceptor%fgfgéglc’eégF% ed be bw%n%%%c$¥?§§$?§% %gpﬁggagﬁgéogFlﬁﬁ?flpins 26

(fixedly belbgthata lid tcpie hotsless28) petiei natRet Hepostsaept ehaldbdit hr ough
a plurality of lift pin apertures 30) so as to contact and lift the
substrat el16 f & e CeReptdrinal vies #heedtsteptsPers L8 |(Gwsred Sy the

i | TP AP ek LU hernoe e o cherter

and whi chedawvabd memiwed emperature of the substrate 16 to a
processing temperature and for maintaining the substrate 16
at the processing temperature during processing. A 1lift
mechanism 22 is coupled to the susceptor 14 to allow the
substrate 16 to be lifted from the susceptor 14, as
degcribed below. Specifically, a plurality of 1lift pins 26
(fixedly held by a lift pin holder 28) penetrate the
sugsceptor 14 (through a plurality of lift pin apertures 30)
g0 as to contact and lift the substrate 16 from the
susceptor 14 when the susceptor 14 is lowered by the 1ift
mechanism 22. The deposition chamber 11 further comprises a
chamber wall liner 2% which blocks material from
accumulating on the chamber wall and which can be removed
and cleaned, and a shadow frame 31 which coverhangs the
substrate’s edge and thereby prevents material from
depositing or accumulating on the substrate's edge.

In addition to their above described functions,
the gas distribution plate 12 and the susceptor 14 also
serve ag parallel plate upper and lower electrodes,
respectively, for generating a plasma within the depositiocon
chamber 11. For example, the susceptor 14 may be grcocunded

and the gas distribution plate 12 coupled to an RF generator

32 via a matching network 34. An RF plasma thereby may be



and cl eaned, and a shadow frame 31 which overhangs the substrate's edge and
t hereby prevents material from depositing or accunul ating on the 73 JAN 7005
substrate's edge. In addition to their above described functions, the gas
distribution plate 12 and the susceptor 14 also serve as parallel plate
upper and | ower el ectrodes, respectively, for generating a plasma within
the deposition chanber 11. For exanple, the susceptor 14 may be grounded

and the gagedistfloubleNerhalfeldGOoWled i an, Ry ganer & okng 3gnyi a a
mat chi ng network 34. An RF plasnma thereby nay be 2 3 JAN MOOS gener at ed
bet ween t heugaspddst tébohironghl apelizagndn by Fusssptorsidei hedugh

application of RF power supplied thereto hy the RE nerator 32 via the

mat chi ng h@?ﬁﬁ?%°3§¥ t evﬁ%u@ﬁpﬁﬁﬁ6°§6%ﬁsWﬁﬁuﬁhﬁjW?ﬁ%ﬁ%ﬁ%e%%EV?F%ngﬁhanber
11 for evacyating/ pURpi Rg the Samm Lefher endWddiE OF i & t &hamPEPCESSERY as
requi red. The processing system 10 further conprises a first gas supply
syst em 38 «ouphedino/anmpahegt th& clmehdeidgposidinimahanbeftdd for suppl yi ng
processin ases thereto through the backing plate 13 and the gas

di stributi®oh°pFate 9125 ?ﬁ@“ﬂ??gr gas supply system 38 conprises a val ve

control l er system 427fe. groce@RRuelsverRin ald edirass: fdowrcontrgl kerse flow
neters, etc.) coupled to the inlet 40 of the deposition chanber 11, and a

plurality ®ispreprsys gustesodfceswidgd 44h agpupllet t4° the Vagve control ler
dhsee 1o (HEUEhBErt: CHORETDAT D0 TRBrgal e proetsi P aae seleREfoyed”
depend on #heowsh ethal Babging pdepesiiBedir tdan dde dieposi bhonoehabpbee 11.
in addition to the first gas supply system 38, the
12. The first gas supply System 38 comprises a valve
controller system 42 (e.g., computer controlled mass flow
controllers, flow meters, etc.) coupled to the inlet 40 of
the deposition chamber 11, and a plurality of process gas
sources 44a, 44b coupled to the valve controller system 42.
The valve controller system 42 regulates the flow of
processing gages to the depesition chamber 11. The specific
processing gases employed depend on the materials being
deposited within the deposition chamber 11.
In addition to the first gas supply system 38, the
processing system 10 comprises a second gas supply system 46
coupled to the inlet 40 of the deposition chamber 11 {via a
gas conductance line 48) for supplying cleaning gases
thereto during cleaning of the deposition chamber 11 (e.g.,
to remove accumulated material from the various interior
surfaces cf the chamber 11). The second gas supply system
46 comprises a remote plasma chamber 50 coupled to the gas
conductance line 48 and a precursor dgas source 52 and a
minor carrier gas sgource 54 coupled to the remote plasma
chamber 50 via a valve controller system 56 and a valve
controller system 58, respectively. Typical precursor
cleaning gases include NF,, CF,, SF,, CJF,, CC1,, C,Cl., etc.,

as are well known in the art. The minor carrier gas, if



processi ng system 10 conprises a second gas supply system 46 coupled to the
inlet 40 of the deposition chanber 11 (via a gas conductance |line 48) for
suppl yi ng cl eani ng gases thereto during cleaning of the deposition chdnberl005
11 (e.g., to renove accunulated material fromthe various interior

surfaces of the chanber 11). The second gas supply system 46 conprises a
renote plasma chanber 50 coupled to the gas conductance |ine 48 and a

Precur sor 4as) SoUacena? A0fl8: ol 0RL ABALEEL 039 SAUULR. b LOUP £, 1, the

remote pla anber via a va controller sys a va
control | ertlsystkeab8ncrespeetevekyngTgpbtalepr deussqr argiagnilegl gases

i nclude NF3, _CF,, SF6, C2F6, CCl4, C2d 6, etc. as are well known in the
art. The rﬁlﬁ%lfo%%lﬁri%%tﬁ%g‘?nifoﬁyignjAﬁlt%gOS a5l BFEF LRRF @drfgrww%ny

non-r eact iqvgrﬂféﬂ;gg@ag&%sew £h theng e@ehggé@%oge%%rgq@ggrmcay&de (e.g.,

argon, helium rogen, nitrogen, oxygen, The precursor and m nor
carrier gasf shasresdp2cobdaimyngoapr eperapsiinglee mgas waurade thd desired,
containin&kgn appropriate m xture of the precursor and mnor carrier gases.
A hi gh powr< e YeheFaber 6BYEIHY, 93SAFcrowave or RF generator)

supplies power to thg E?ﬁﬂfﬁo@é?SEEuEBé”theréQoEo6%Q%LEF,aﬂﬂxﬁ%ﬂfﬂﬁﬁ&bfi

plasma within the renote plasma chanber “50 (as descri bed 'bel ow) where the
cl eani ng gas BB gelmssacial eduppl deacpbwerclkeatihrg repedtice g/lreadix atlsami®ef | ow
restrictor. 6 referably i.s placed along the gas_ canductance line 48 to

T ow & prHLs cLaT rerERe BRI ECS0E RaPAEATRed S bRt FETbRe 15
chanber 5Q.1ahbdhes gleposi 8koByishanBel okl whdien@hel eariay Rf Jdre gdeposition

chanber 11, a precursor gas is delivered to the renote plasnma chanber 50
dissociated into active cleaning species/radicals. A flow

restrictor 62 preferably is placed along the gas conductance
line 48 to allow a pressure differential to be maintained
between the remote plasma chamber 50 and the deposition
chamber 11.

During cleaning cf the depcsition chamber 11, a
precursor gasg is delivered tc the remcte plasma chamber 50
from the precursor gas source 52. The flow rate of the
precurser gas is set by the valve controller system 56. The
high power generator 60 delivers power to the remote plasma
chamber 50 and activates the precursor gas to form one or
more reactive specieg (e.g., fluorine radicals) which travel
to the deposition chamber 11 through the gas conductance
line 48. The remote plasma chamber 50 thus serves as a
"reactive species generator" that is coupled to the
depogition chamber 11 and delivers reactive species thereto.
Note that the suscepteor 14 and the gas distribution plate 12
also may serve as a reactive species generator coupled to
the deposition chamber 11 as the RF power applied
therebetween may dissociate the precursor gas.

The cne or more reactive species generated by the
remote plasma chamber 50 travel through the inlet 40,
through the backing plate 13, through the gas distribution



fromthe precursor gas source 52. The flow rate of the precursor gas is set
by the valve controller system56. The high power generator 60 delivers
power to the renpte plasma chanber 50 and activates the precursor gas 2005
formone or nore reactive species (e.g., fluorine radicals) which travel

to the deposition chanber 11 through the gas conductance 1|ine 48. The
renote plasma chanber 50 thus serves as a "reactive species generator" that

is coupled._to the d%ﬁositio chanber 11 andhdggivers reacti.ve species
thereto. PNG%E tHatr®he B cept o CRASHhdCPhE GRS dtri bt oW ate 12 al so

Ny Serve Rs1a d1eafdd WP Pesi Sgpgenesat ar tEeURLRE O p 1kRe-depRsidd o chanber
11 as the RF power™ appli‘ed therebetween nmay di ssociate the precursor gas.

The one orf nwor & hreeacitrive cpeci es genesatedeb§4t he adndnote tpleassprcharfber 50
travel through the inlet 40 t hrough the backi ate 13, .through the gas
St 1 but FOPES S A6 S i VS SORRE FAt ot FE S BETE ot T HRERE £F &

mnor capidflstgas, Myaesupnbigdngocthgiremet e pl asma chanber 50 fromthe
m nor carrier gas source 54 to aid in transport of the one or nore reactive

speci es t énitife adhianrbert i hived bionowi bk siist hendebasbed ol edmindgrorl Iplidsma
initiation/séﬁpilization mjtth t%eddgggsithg%bcha er %1 if an RF plasm
i's enploygﬁ' rﬁﬁﬁﬂgﬁ%ﬁﬁ%re%ﬁ ANt g.u eﬁpFary clred |ﬁ§ 8ﬁdcess paraneters
for the deposition ghamheirllcVbgniag ProcpEeCPEsametleanifig gas i S

enpl oyed include a precursor gas flow rate of about 2 liters per mnute and

a deposi t CePosHdritsEr Pravgesi el bf whapbuenONE: DRFUT IO € onaleIpdaer 16f 3- 12

P LR S B 8 gh B EBER, PLORTR SR 20 e
per minute and a depositicn chamber pressure of about 0.5
Torr. A microwave powexy of 3-12 kW, preferably 5 kW, is
supplied to the remote plasma chamber 50 by the high power
microwave generator 60 to activate the NF, precursor gas.
Preferably the remote plasma chamber 50 is held at a
pressure of at least 4.5 Torr and preferably about 6 Torr.
Other cleaning process parameter ranges/chemistries are
described in previously incorporated U.S. patent No.
5,788,778.

As previocusly described, common problems with
conventional cleaning processes include low cleaning rates
and large variations in cleaning rates between process
chambers. The present inventors have discovered that
cleaning rates and cleaning rate variations between chambers
are dependent on the internal chamber surface ccndition, and
that all internal surfaces between a remote plasma source
(e.g., remote plasma chamber 50) and a chamber (e.g.,
deposition chamber 11) (“downstream surfaces”) affect
cleaning rates. Specifically, a surface controlled
deactivation process is believed to cause reactive species
employed during cileaning (e.g., active etchant species such
as F radicals) to combine to form non-reactive sgpecies

(e.g., F, in the case of F radicals) which dc not assist in



Preferably the renote plasma chanber 50 is held at a pressure of at |east
4.5 Torr and preferably about 6 Torr. O her cleaning process paranzber v
ranges/ chem stries are described in previously incorporated U.S. p QANZN@.
S, 788, 778. As previously described, comon problens with conventional

cl eani ng processes include |ow cleaning rates and large variations in

cl eaning rates between process chanbers. The present inventors have

di scover ed { hat . cl "at 63, ,and, Gl 001310 VA1 | L1 ons, bet ygen

chanbers are epenggﬁbggﬁ‘the i nt ernal er surface condition, and that
al | internaltosdstasppebetweencacienmate splyasni :soile® miteegizl reapfeacpl asm
chanber 50) and_a chanber (e.g., . deposition chanber 11) (,'downstream

surf aces") 1afteeingchebii hgreapds agpedizEicca Wi §raEacedntrol | ed

deactivation processThgeggkgﬁﬁgdi%qe%%%¥%rﬁgygiﬁ@ﬁﬁ@ggﬁfg)bfmpigﬁgg during

cleaning (e.g., active speci és such as adi ca o conbine to
form non-reacishéngpencesr (erg. unkreanechelmase ofak cadpecaés)swhi ch do not

assist in 8 23 JAN 26 chanber cleaning. This suzgace control |l ed deactivation
process appeaPsertslBeehPJat2a&Ry At Satdd ViRt 1AICSTFREER, T2 ficl udi ng bot h

bare and a@QP}é@ oAL UL DYELSULHAGES r sTRE PISEN | NVEALOLS haye found that

by mrror polishing one or nore untreated downstream conponents, higher
cl eani ng ratessheé aohpevedtandedlieamicng o atiggn Marcatt bpnsabeeéween chanbers

are greatly reduced. Mrror polished conpgnents believed to significantly
af f ect cIé%%?ﬁbn%eP?BFﬁﬁW€8cﬁn&PG &% éh & fas@ U s ??Bﬁ%#gﬁloﬁlate and

backi ng plgigrel AnQr 48Rk 0cabhatl .an iR RSB & f fe&haghel ns16aBBAL T at es,
a certain percentage of thé

in chamber cleaning rates, a certain percentage of the
chamber components should be mirror polished. Although this
percentage may vary, higher percentages are preferred to
achieve faster cleaning rates, with 100% mirror polishing of
untreated exposed surfaces being most preferred. HNote that
an increase in cleaning rate (e.g., up to 15%) also can be
achieved by using an RF plasma within a processing chamber
in conjunction with a remote plasma source, i.e., by
powering electrode 12 to form the radicalized gases entering
from the remote plasma scurce, or by secondarily introducing
cleaning gases into a plasma. However, applied RF power
should be limited to avoid damage to processing chamber
components due to ion bombardment.

With reference to the processing system 11 of FIG.
1, to affect increased cleaning rate and reduced cleaning
rate variations between the deposition chamber 11 and other
deposition chambers {not shown), the exposed treated or
untreated surfaces of cne or more downstream components of
the processing system 11 are mirror polished ("mirror
polished surfaces 64"). Mirror pclishing is a process known
to workers of ordinary skill in the art, and is commonly
employed to polish coptical lenses and semiconductor

substrates. Generally, mirror polishing involves the



chanber conponents should be mrror polished. Al though this percentage may
vary, higher percentages are preferred to achieve faster cleaning rates,
with 100% mrror polishing of untreated exposed surfaces being nost? 3 JAN 2083
preferred. Note that an increase in cleaning rate (e.g., up to 15% also
can be achieved by using an RF plasma within a processing chanber in
conjunction with a renote plasma source, i.e., by powering electrode 12 to

form the radiealized, dapes eatering. LAQULLNG 7 Stey RLASIR SOUTEe.c of by

secondari | uci ng aning-gasés into a Wwever,  a ied RF

power shothel berfistted be pvoidhdanagedt Q sprieceassing whafheron conponent s
due to ion bonbardnent. Wth reference to the processing system 11 of FIG
1, to affetteT@etelased cl eaning rate and reduced cleaning rate variations

between the depositipn champer 11.and,other %ﬁ%gygg%(ghf¥ggggﬂgg(%ﬁg

shown), the exposed tTeated of untreated surfaces of one or nore wnst r eam

conponent sd@fosiheopr eeesBERg1SyStam fisane strriart o ishade (' riios
pol i shed surfaces 64"). Mrror polishing is a process knowmn to workers of

ordinary sRiFFing phetart’. Ghe FyscemToRl ¥4 A5 oyt & boliish Bt cal
| enses_and éﬁﬁ%@&%&ti’in ?59?%%‘3%@%@? %‘J]Xu 1%41“255304115? g involves
Al app

the 9 Z 3 J | Tcation’of an abrasive slurry to a pa ich contacts
t he surfacehddobef pahé shedreand rirsxi pol ébakidveurmidare dher edvdr As shown

in FIG 1, the interior surfaces of the depasitjon chanber 11, the gas
di stri but i SHPRERE I oMaY hBe BACKPAgPRLaFESP3 Ah&STisceht oAt He i nl et 40,

the gas ocndugiance:LipeudSnubieushamber cyallcdimprchandd he  shadow

t
frame 3lare mrror polis surfaces 64. Féwer
succegsfully treated with cecatings that increase cleaning

efficiency (due to flaking/peeling), it is envisioned that
the most advantageous application of the mirrcr polished
surface €4 is on bare aluminum surfaces. Mirror polishing
of anodized aluminum (e.g., conventionally the susceptor and
shadow frame are ancodized aluminum) may be inadvisable due
to the posgibility of removing the anodization layer and
thereby interfering with the depositicn process or causing
arcing, etc.

With respect to the PECVD deposition chamber 11 of
FIG. 1, the mirror polished surfaces 64 significantly
increase the cleaning rate and significantly reduce chamber-
to-chamber cleaning rate variations while neither producing
processing drift nor change in the properties of PECVD films
deposited within the deposgsition chamber 11. The mirror
polished surfaces 64 reduce the total surface area to which
the cleaning radicals are exposed and thus reduce the number
of surface adsorption sites at which the surface controlled
deactivation proceseg is believed to occur (e.g., maintaining
a high and a uniform F radical concentration).

When cleaning an approximately 10,000 Angstroms
silicon nitride film, a 15.6% cleaning rate improvement was

observed with an AKT PECVD 3500 chamber which employed an

10



conponents may be mrror polished if desired. However, because bare

al um num surfaces typically cannot be successfully treated wth coatings
that increase cleaning efficiency (due to flaking/peeling), it is Z3JAN 2003
envi sioned that the nost advantageous application of the mrror polished
surface 64 is on bare alum num surfaces. Mrror polishing of anodized

al um num (e.g., conventionally the susceptor and shadow franme are anodi zed

al um num) nmay _be i.nadyi.sable due to the possibility of repoving the
anodizatio%n¥%§€?da a¥ffﬁ8FeBF'ﬁt%F¥%?Fﬁg '%ﬁ?tqﬂgﬁéﬁi§i 57" proocess or
causing ah&tROneBl 6o g\é\&%htr peReet iteHe REQVDRdepasition gbanmbgeglicof
FIG 1, the mrror polished surfaces 64 significantly increase the cleaning

rate and siyhihicant ipcheduesdclrarmerd .t oWisanbereat Bagiag rate vari ations

whi | e neither produci r ssing. drift nar. change in.the. propertigs of
PECVD 11| P ERp08r LEdswiPnD Ot BESHSPOSIR 1o SAnde - a0e Theth rFop - £°

pol i shed Séﬂé@x@ﬁﬁg6£1af:8d§ﬁt§rbk}%m%%ta|wa%lrd&@ﬁ&dvi@qV\QxﬁCJ‘JKT'[PECC’b?ani ng
radi cal s are exposed and thus reduce the nunber of surface adsorption sites

at whi ch thed@uehaskeronhiohl etrloeast iaratinsd ixawtesief sobefpeted to occur
(e.g., maintainin a.high_and_a uniformFE radical. concentration). Wen
éhg' giﬁ%Fergﬁﬁgéﬁﬁ Rﬁ&te @hat w%fe%lrst maéglé?ﬁn%o

cl eani ng an a1ﬁ§% strons ~ sI 2 con nitri a 15.6%

cl eani ng rétght MpL e¥ENBAELVAS a0Bisehed niirtdban AIs RECVD: 3608 shasber whi ch
enpl oyed an 1C 2 3 JAN 200-0 anodi zed di ffuser and a backing plate that was
first macHitlgIStanéi gheanidr o FlvonePolament s mingorspehi ahedef 401t wo

T 12 "l 30 1 SRR ES clean s R Ll Yy 10000 Mgt o
AKT PECVD 09/322,893 (3622/AKT) the entire disclosure of which is
incorporated herein by this reference. Accordingly, proccess
chamber throughput increases with use of the present
invention, and the amount of precursor gas reguired for
cleaning is reduced.

Becauge of the high costs associated with
precursor gases such as NF,, both monetarily (e.g. NF,
presently costs $100/1b) and envirommentally (e.g., NF, is a
"gloebal warming" gas,) reduction in precursor gas
consumption is extremely beneficial. Moreover, mirror
polished surfaces are inexpengive and easy to produce,
unlike many of the surface coatings (e.g., AlF,} which
conventionally have been applied to prevent corrosion of
chamber surfaces or to prevent accumulated material from
crumbling therefrom. Finally, the present invention also is
expected to reduce cleaning rate variatiocns between
processing chambers.

The foregoing desgcription discloses only the
preferred embodiments of the invention, modifications of the
above discloged apparatus and method which fall within the
scope of the invention will be readily apparent to those of
ordinary skill in the art. For instance, while the present

inventicn has been described with reference to a PECVD

11



3500 chanber which enpl oyed an anodi zed, Teflon-coated diffuser and a
backi ng plate that was first machined to eight mcro inches, and then
mrror polished to two micro inches and cl eaned. Fl uoropol ynmer coatd hgsy 0;
such as Teflon are disclosed in U S. Patent Application Serial No.

09/ 322,893 (3622/ AKT) the entire disclosure of which is incorporated herein
by this reference. Accordingly, process chanber throughput increases with
use of the present invention, and the gnt of precursor gas reqU|red for

cl eani ng iFFERiced t Bttaliske R ERESHPY 8t s thEsdEvErEd it S precur sor
gases suc@ﬁﬁu\&?mp?w E@ngt@{&éyvgﬁgtw&% pPEESER! Ly, Gosts; $100/1b) and

environnmentally (e.g NF, 1s a gl obal " warm ng" gas,) reduction in
precursorxﬁﬁﬂu@nm§mmwrmmﬂ|®epa$19nehychambérelaIAdmeeamallynrror

pol i shed 6§[faces are i nexpensive and easy to produce, q@%lke many of the

surface cdatTHys'q£HTM ) STt QB P8 oh VRt F8RaFPF CH&Fe edh :applied to
prevent cqid0si O ine& néf‘étf;éﬁeﬁyoént QF%@&%‘% QG af gd-dmiLLi al
from crunbling therefrom TFinally, the present invention also’is expected

to reduce Wlaarang eatecvare apl ossa beoween gpnecessing slanbey sspetess
f oregoi ng descri t n discloses only the .preferred_enbodi nents of the
| veuti on S Ao Tr TS DRbbvel Y 4BFoen AIpAra: 46 HRieat hod whi ch
fall Wth'sihrtfhﬁ:_e S&@@@rﬁ%e& heef@yﬁntlpmnmhy bg1teadighy aRPafiENtot 0 those of

ordinary skill in the art. For instance, while the present invention has
been descrideadsiniih prefeemdete oeah@E@DCliaElngﬂ(NezB@mEdhmﬁﬁrin t will be
under st ood, t hat the i nventi on has Ilca ty.to a w.de variet f
process Cﬁ%ﬁ%%rs am surf%ces, mlr r po? h %f %wo mictro 1né%é%(has

been found to significantly enhance cleaning and is
therefore preferred.

Accordingly, while the present invention has been
disclosed in connection with the preferred embodiments
thereof, it should be understood that other embodiments may
fall within the spirit and scope of the invention, as

defined by the following claims.

12



i ncludi ng thermal deposition chanbers. Additionally, cleaning processes
enpl oyi ng reactive species (e.g., reactive species generated by a JﬁF
plasma within a process chamber, or renote plasm source generated r %éWPve
species etc.) may be inproved by enploying the mrror polished surface
described herein. Finally, although any mrror polish is believed to
enhance cl eani ng when enpl oyed on downstream surfaces, a mrror polish of
two mcro inches has been found to significantly enhance cleaning and is
therefore preferred. Accordingly, while the present invention has been

di sclosed in connectlon mnth the preferred enbodi nents thereof, it should
be under st oed MREEY @ 28: :may fall within the splrlt and scope
of the invention, as deflned by the following clains. 12 2 3 JAN ME' THE
| NVENTI ON CLAI MED | S: 1syst emdyost ¢xhi ofx@s Shig e sSiules ta afeosn v é it 1shanper
and for clegg accunulated material |ayers from conponents of the

chanber , ERgard Aedctqhrasing iasc Wenatabmaidaptald ayexpeiaat e a
reactive spggiesnbok <C | M, Shs n ted material; and a
processi ng cha%%gr %gu% e&%@ e F%%c?i§§&%§g§ i'es generator and having at
| east one conponent havi ngaareddtive spelidisedesiiriaaca wWiizght dcs texposed to

reactive species generated by the reactive species _generator during
cl eaning. HEAREREFsPefifErtéMa MESAMTEr dich FHEMACaddssiatghislganber has a

plurality cgcggmgpggggsmg@bggagrea%éposed to the reactive species, wherein
a percentage of the conponents exposed to the reactive species have a

m rTor polished a processing chamber coupled to the reactive

species generator and having at least one component having a
mirroxr polished surface which is exposed to reactive species

generated by the reactive species generator during cleaning.

2. The system of claim 5 wherein the processing
chamber has a plurality of components which are exposed to
the reactive species, wherein a percentage of the components

'exposed to the reactive species have a mirror polished
surface, and wherein the percentage is sufficient to

increase the cleaning rate of the chamber.

3. The system of claim 6 wherein the mirror

polished surface is aluminum.

4. The system of claim 5 wherein the at least
one component having a mirror polished surface comprises a
gas distribution plate having a plurality of apertures

through which gas enters the deposition chamber.

5. The system of claim 5 wherein the at least
one component having a mirror polished surface comprises a

backing plate.

13



surface, and wherein the percentage is sufficient to increase the cleaning
rate of the chanber. 3. The systemof claim6 wherein the mrror 7polsinshed
surface is alumnum 4. The systemof claimb5 wherein the at | east one
conponent having a mrror polished surface conprises a gas distribution

pl ate having a plurality of apertures through which gas enters the
deposition chanber. 5. The system of claim5 wherein the at | east one

conponent having a mrr.or | i shed surfa onprises a cking -pl.ate. 13 23
jan 2006 6. The system of @ﬁ?ﬁﬁ??qﬁﬁbfgi%§gﬁgn§tw sast o%gféﬁhﬁéﬁgﬁt havi ng
a mrror pobhghedmpdifeate Haritiera nGePE $6S iahbdckiung spRleatfeirfhekhe system
of claim$5 wherein the at | east _one conponent having a mirror polished
surface conpPiNesssas eéhdmekingallatener. 8. The systemof claim5 wherein
the reactive species generator is a renote plasma chanber and the at | east
one conponent having a mrror polished surface conprises a gas conductance
line adapted to conduct. a TheaglkisvemSpPECtESihromvhbeeiamehe phkageasehanber
to the processing chanber. 9- A nethod of cleaning a processing chanber via
a reactive @pRceTPANEBh bA¥ANEaR| jierehesohtehadl avesdacracemParSerr ém
chanber conponents,. .t thod conprising: providing a processing chanber
adapt ed toqgﬁgﬁ?%¥n¥%Tgrg§5§§‘by whi ch material accunul ates on chanber
conponents; supplying the processing chanmber with at

8. The system of claim 5 wherein thé reactive
species generator is a remote plasma chamber and the at
least one component having a mirror pclished surface
comprises a gas conductance line adapted to conduct a
reactive species from the remote plasma chambexr to the

processing chamber.

2. A method of cleaning & processing chamber via

a reactive species which chemically etches accumilated
materials from chamber components, the method comprising:

providing a processing chamber adapted to
perform a process by which material accumulates on chamber
components;

supplying the processing chamber with at
least one component having & mirror polished surxface; and

cleaning the processing chamber with a
reactive species which chemically etches accumulated
material from chamber components;

wherein the mirror polished surface is

exposed to the reactive species.

10. A method of cleaning a processing chamber via
a reactive species which chemically etches accumulated
materials from chamber components, the method comprising:
providing a processing system having a
processing chamber adapted to perform a procesgs by which

material accumulates on chamber components;

14



| east one conponent having a mrror polished surface; and cl eaning the
processi ng chanber with a reactive species which chemcally etche$ Ay 1003
accurmmul ated material from chanber conponents; wherein the mrror polished
surface is exposed to the reactive species. 10. A nmethod of cleaning a
processi ng chanber via a reactive species which chemcally etches

accunul ated materials from chanber conponents, the nmethod conprising:

provi ding a processing system having a processing chanber adapted to
performa process by which material accunul ates on chanber conponents; 14 2
3 JAN 2006 providing a reactive species generator adapted to generate a
reactive species for chem catbyidehghi ngeaccinvel apedi ant gehakztswppl ying a
pat h between the reactive species generator and the processing_chanber with
at | east on@dﬁﬂfrﬁﬁ)n‘éﬁtg%‘ﬁ%@eaan?‘??%?l‘fﬁ)l‘?E‘ﬁ‘éﬁe%u?‘f”éc@}?e‘aﬁﬁagwani ng the

processi ng %QQKH%E‘%& ﬁbléf?ﬁt&g@éfﬂﬁfjes whi ch chem cally etches
accunul ated nmaterta rom chanber conponents; wherein the mrror polished
surface is exposed to the @861y spasdtds.between the reactive species
generator and the processing chamber with at least one
component having a mirror polished surface; and
cleaning the processing chamber with a

reactive species which chemically etches accumulated

matexrial from chamber components;

wherein the mirror polished surface is

exposed to the reactive species.
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