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2 6 NOV 2003 METHOD AND APPARATUS FOR ENHANCED CHAMBER CLEANI NG FI ELDOOY 2003
THE | NVENTI ON The present invention relates to an inproved 5 nethod and
apparatus for enhanci ng chanber cleaning rates. Mre specifically, the
present invention relates to a nethod and apparatus for enhancing the
effective etch rate of a reactive chem cal species which etches

accunul ated materials from process chanber conponents. 10 BACKGROUND OF
THE | NVENTI ON Tiig Hoen efvac tupre T US| wird eiesicalp disgpisays cifdairndganel

di splays, thin filmtransistors and o6ther Semi conddctor devi CeES occurs
within a plurality of chanbers, 15 each of which is designed to performa
specific pIQEQS§F0@HEthgvggb§bﬁate Many of these processes can result in
an accunulation of_material (€.9., material deposited on the substrate in
| ayers, such as by EhenbeaFenhpbhvdepbent renatephysi eal imaporvedeposi ti on,

t her mg| t e ra surfaces and t he
Ilke?%bne%%gg%gréggu? %gé%ﬁé g a%gﬁﬁﬁfaﬁgdCﬁgﬁééla cgﬁlgﬁuﬁﬂ &5From t he
chanber sM@t@c%Beehﬂlcehﬁanlnheeptheesénsnvemeldevree5tbelng apme¢esged

therein ocess, chanber cl eaned of accunul at ed

naterlalsﬁﬁ n??%“fefaf e%ngClﬂg6§h§5e%GﬁgFﬁﬁﬁeEfchSaE?eSﬁ éhanber

surfaces,r@mctnv6|tmeﬂiyaﬁlegatmgs ProepsstiBepr ebeumadatbn ARtkeRSikU dry

cl eani ng process _one of npre gases are di ssociated to formone or nore
gmbef|

reactive gag speRTess (& gFPARST bfs, radicals). The 30 reactive
specii@s cl ean chanber surfaces by formng volatile conpounds with the
mat eri al accumul ated on those surfaces. Unfortunately, as described

further R IN g processes conventionally require

fﬁnsiderable time BRd RonsEgBLGPBSHEe] 8l eaapPyYRt §10h;cheaningsgages, and
us

panel displays, thin film transistors and other
semiconductor devices occurs within a plurality of chambers,

15 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
substrate in layers, such as by chemical vapor deposition,
physical vapor deposition, thermal evaporation, material

20 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 materials frequently (e.g., every 1-6

25 substrates).

To clean chamber surfaces, an in-situ dry cleaning
process 1is preferred. 1In an in-situ dry cleaning process
one or more gases are dissociated teo form one or more
reactive gas species (e.g., fluorine ions, radicals). The

30 reactive species clean chamber surfaces by forming veolatile
compounds with the material accumu’ated on those surfaces.
Unfortunately, as described further below, such chamber
cleaning processes conventionally require considerable time
and consume considerable amounts of cleaning gases, and thus

35 undesirably increase the cost per substrate processed within
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35 undesirably increase the cost per substrate processed wwthinl 2 6 ?EMUVZ%}
2003 a processing chanber. Further, large cleaning rate variations of

are observed between processing chanbers cl eaned by identical cleaning
processes. Accordingly, there is a need for an inproved nethod and
apparatus for etching 5 accunmul ated material from chanber surfaces. SUMVARY
OF THE I NVENTI ON The present inventors have discovered that chanber

cl eaning rates may be increased s much as 2Q-100% when 10 chamber

ur T aceoe R BOCEASE B0 ERETIRE ol SaitIE ‘gas St CaEATS Catited it h a

fl uoropobypeEt{end. cfRehy kel afseancet hdene { RifRes A detdradfmnwr oet hyl ene
and hexaf | uoropropyl ene copol ynmer (FEP), a copol yner of

tetraf | uBLBBPRYI BieldRd tisrtl Gareapridisy INNARAS Ssher APEAILraly TH $F®sent

i nvention.the r onpyr i [ rqﬁ§§§; §%g§t ithin a
chanber gﬁdgf§§E§|g§%i%3 la cﬁﬁﬁ%ﬁ?&ﬁﬁ¥%f§¥¥gfifronﬁgﬁa ereﬁgﬁggﬁ%%ts. The
syst ém BAchudestadr saceinia lsgecireshgelmmator: adast-ed to generate a
reactive gas species for chemcally etching accunul ated 20 naterial from
chanber conponents, and a processi ng chanber having at | east one

f | our opoBYHMEAREOAFeHEOMPMEANTIION ch is exposed to the reactive species.
Preferably to have,_t he reatest inpact on chapber cleapi efficiency, the
f | uor opol ymer coat &4 ScEMFSTE (LY SHALT ﬁ%ﬁxﬂ?ﬁﬁﬁﬁﬁﬁﬁé&éﬁ%ﬁi%RRWP%& a gas
di stributieanphat & a@k sa r2dC kg mdrdltse M/ Qfs mudH WRlddy ofs Sseredd er
conmponent s &e.g., the chanber's shadow frame, wall liners, susceptor, gas
conddtt aRBEMPRRe SLIRESS SHFPLS 9D “CorSHiitE £l DiarentReRI®t t he

surface aaeeaog%Rased tho 4 ha JgagidivgesPed &p., Most preferably all 30
surfaces which the reactive species contacts are coated with a

f | uor opoPYA¥L e LRy févatiass hexisased Fdidnbera defpafentasr of tthy JerRE, and

hexafluoropropylene copolymer (FEP), a copolymer of

tetrafluoroethylene and perflucrcopropylvinyl ether (PFA)).
15 The present invention therefore comprises a system for
processing substrates within a chamber and for cleaning
accumulated material from chamber components. The system
includes a reactive species generator adapted to generate a
reactive gas species for chemically etching accumulated
20 material from chamber components, &and a processing chamber
having at least one flouropolymer coated component which is
exposed to the reactive species. Preferably to have the
greatest impact on chamber cleaninc efficiency, the
fluoropolymer coated component (s) include large components
25 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. Most preferably all
30 surfaces which the reactive species contacts are coated with
a flucropelymer.
By coating exposed chamber components with PTFE,
FEP or PFA, not only have cleaning rate enhancements been
observed, cleaning rate variations between processing

35 chambers can be virtually eliminated, process chamber

2



FEP or PFA, not only have cleaning rate enhancenments been observed, 9§ NOV 2003
cleaning rate variations between processing 35 chanbers can be virtually
el'i m nat ed, process chanber 2 2 6 Nov 2003 t hroughput increased
significantly and the anount of precursor gas required for cleaning
reduced. Because of the high costs associated with precursor gases such as
NF3, both nonetarily and environnentally (e.g., global warmng), any 5

reduction,i necursor gas_consunption is,beneficial. Oher_objects,
featuresqgﬁgngﬁvgh §d&§%ﬁ5? eflr%%é%ﬁﬁ“?%%e%??oﬂhﬁj?Toﬁﬁgoﬂé nore fully
appar ent gire@addwer dad | ovdungr et 8ot esl) desthid pie @Ncofl . t heepagier fedthe
enbodi nents, the appended cl ai ns and the acconpanyi ng draw ngs. 10 BRI EF
DESCRI PTG Of S DR NeS $9 /1 4h | Rrecurder efevati ohah aFellfof koth
processi eSS [ i apce, Wt p At L NV ion. 15
DETAI LEDI?(%IIE)SCRI _F}%@q% %{{HI‘;EP%ORIHE%E%ER&E%I %Ng%a? h/El\#lsé%s}lG &%?1:32535 Si §g£/

el eva?i orgldudteerofim preocessdnglasyseesmmot tonfigupedefhcastor dance with
the present inventd . SI 1 ab Ssi ng y_be dified as
descri bed herein sd% 5§A§¥H%g%i’A$§é€%%%§ﬁ%%€5“§¥§%§%$g% ﬁgnﬁ actured by
Appl i ed Kearestesit Tiecrarol ogy vandl descomdeadoia Wl 5y HapenénNof r&Sm78Be778,
which is r-eby. i ncorporated, b referenc erein [nits entirety, the

G GAFI LL ﬁﬁﬁfﬁ%@?&fﬁ% a%@%fe %éﬁﬁﬁ%&?%r%g %9@A$5?f%ar tﬁwpﬁﬁéwgpﬁﬁf and
descri bedhd mppehdeRAt €I iidD. arfd 81 403combi 6Pihg Beaeb¥ghncorporated 25 by
refeignce herein in its entirety, thermal deposition chanbers and the

| i kev¥For conveni ence an AKT- 1600 PECVD System configured in accordance
with the grreseniedavernti®n of stishowrwinEd G 1. The AKT-1600 PECVD System
is designed for fabricating active-matrix |iqu-d crystal displays and 30
may be used to depdsi%- ahotphouside |¢kovetkenskonlev orf de, processing

system configured in accordance with the present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG. 1 is a side elevaticnal 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

20 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
system manufactured by Applied Materials, Inc. and described
in U.S. Patent No. 5,812,403, which is hereby incorporated

25 by reference herein in its entirety, thermal deposition
chambers and the like. For convenience an AKT-1600 PECVD
System configured in accordance with the present invention
is shown in FIG. 1. The AKT-1600 PECVD System is designed
for fabricating active-matrix liqu-d crystal displays and

30 may be used to deposit amorphous s-licon, silicon dioxide,
silicon oxynitrides and silicon nitride as is known in the
art.

With reference to FIG. 1, the processing system 10
comprises a deposition chamber 11 having a gas distribution

35 plate 12 having apertures 12a-u and a backing plate 13
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silicon oxynitrides and silicon nitride as is known in the art. Wth 25NOV2m3
reference to FIG 1, the processing system 10 conprises a deposition

chanber 11 having a gas distribution 35 plate 12 having apertures 12a-u

and a backing plate 13 3 2 6 N OV 2003 adapted to deliver process gases

and cl eaning gases into the deposition chanber 11, and a susceptor 14 for
supporting a substrate 16 to be processed within the deposition chanber

11. The syg uagtf"tpé f&%é&deé é;‘% % efpat 18, (f gggt% afed [FEbSIAYE

heater) co eater con el evatin e tenperature of
t he substdeﬁesﬂihem)ehamb@mebbrngutemp@msaeptpzutnfﬁmrrnump@unlmg & he

bstrat t ot t
mechant s I E KUl L (0 UHERUCTRh o AR Vi B AR S0 heheioSh 1o
al | ow thElBUbSIH@tsﬁlél(ﬁe;ﬁtblbeld ifietidéon theat Stiscpptioit 198 Spegifigal ly, a

plurality of lift pins 26 (fixedly held by a lift pin hoI er 28) penetrate
the Suscepibitiwe (}Waat%tr)pl‘iﬁ’%ﬁjiet@ %9 El‘rltfta‘b‘?]h Gt e<¥ 389 so as to

contact amteddding %@%g@;&@&fcsprrtrt@es@w@eﬁ@rlé&é%when t he

susceptor 14 is |owered by the Iift nmechanism 22. The deposition chanber
11 furtha?reeﬁﬁﬁtrs%st%m%mere aed | £9F rieaipoa i et m%c%sbﬁﬁte‘lﬁ?aMfrom

o ehadow | ST O Over Tange Tha SHbety v & St and-20' t her aby

prevents m&ﬂk&mzﬁmf22nn$k§muplemgt@rt@@cumﬂ¢emtmg bh Vimeamhiét s edge. In
addi Lhon daublei s above, fscrl bed, functionss «Lh5. opsedlatELbHt LoD plate 12

and the susce 14° 50" " serve’ 4% para and
eIectrodesuséépr@spbctrv@¢gc1frwagmmeratph@ra&ptpsmﬁ.yifhrplnhezdeposrtron

Cparer bk ARk Gy 1 PHOSP oYy oo B eId (00 the ges
susceptor 14 (via a plurality of lift pin apertures 30) so
as to contact and lift the substrate 1¢ from the susceptor

15 14 when the susceptor 14 is lowered by the 1lift mechanism
22. The deposition chamber 11 further comprises a chamber
wall liner 29 which blocks material from accumulating on the
chamber wall and which can be removed and cleaned, and a
shadow frame 31 which overhangs the substrate’s edge and

20  thereby prevents material from depositing or accumulating on
the wafer'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 lower electrodes,

25 respectively, for generating a plasma within the depositicn
chamber 11. For example, the susceptocr 14 may be grounded
and the gas distribution plate 12 ccoupled to an RF generator
32 via a matching network 34. An RF plasma thereby may be
generated between the gas distribution plate 12 and the

30 susceptor 14 through application of RF power supplied
thereto by the RF generator 32 via the matching network 34.
A vacuum pump 36 is coupled to the deposition chamber 11 for
evacuating/pumping the same before, during or after

processing as reguired.



32 via a matching network 34. An RF plasna thereby may be generated? 6 NOV 2003
between the gas distribution plate 12 and the 30 susceptor 14 through
application of RF power supplied thereto by the RF generator 32 via the

mat chi ng network 34. A vacuum punp 36 is coupled to the deposition chanber
11 for evacuating/punping the sane before, during or after processing as
required. 4 2 6 NOV 2003 The processing system 10 further conprises a first

gas supply system 3§.coupled £i¢ An it 140 Qi e AdgRAsidd O chanper 11
for supplying process gases thereto through the backing plate 13 and the
gas di st geBusieRlpl svetem 38 Twafliadsttgad supElty Yy stferiB8 conprises a

valve ¢ l.Ler s (e. Q. , ﬁﬁf

controll grggjgfl Iltgv?/nrnxeéé\ﬁ Tg?ns@,e%tlcl. )f%crousp%ﬁ%lg{gt fcﬁjcey}ﬁﬁcgeét q% 0 Sc}{ilgé%doeposi tion
chanmber throagth ahpel bralkiityg gfl gireodes ssnghs hes @ abl sta, buidicrequidtesl to t he
val ve. control |Ler stem 42. 10 The val.ve troller _systemA42 regul ates the
fl ow%of 6%0celsT§e gééfesg 96 % t'?élp(?el oY G ccg;r?boemrprfls.e e Vsaplg‘f:ei fic process
gases enmpbayedldepenrdsarnt e nat.er.alcorgittg deposidlddd widds nf Ide

deposition chanher 11._1n addition to the first gas supply. sysfem 38, the
15 pr oce§§|nﬁ§°g§§tr§m 6 o M55 ey f@edoﬁ@%dsa:ﬁplt}{y“s{]e‘?#zfgoe %“Boupl ed to
the inl et h40debdshe 1depedianiyty chamigig bl (Mim1a £ Wast gonslucd anges | i ne 48)

for supplying cleaning gases thereto during cleaning of the deposition
chamber $PuEEeg. 440 rdkov@urt@iniatidd n'ets fomtiomisre eFidustdnterior

20 sy faegs Qhithe Lhamhan chl)sy kg, SECondy gas SURMY SN et 40-50apg i ses a
renote plasma chanber 50 coupled to the gas conductance |ine 48 and a

precur sogages deutde SEravd taomrigimmbedr rliler g sAcief B2 por@red to the
Lot PSR, IR oy B gt £l S pr e valve
within the deposition chamber 11.
In addition to the first gas supply system 38, the

15 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.qg.,
to remove accumulated material from the various interior

20 surfaces of 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 gas source 52 and a
minor carrier gas source 54 coupled to the remcte plasma
chamber 50 via a valve controller system 56 and a valve

25 contreller system 58, respectively. Typical precursor
cleaning gases include NF;, CFy, SFE, CoFg, CCly, CzClg, etc.,
as are well known in the art. The minor carrier'bas, if
employed, may comprise any non-reactive gas compatible with
the cleaning process being employed (e.g., argon, helium,

30 hydrogen, nitrogen, oxygen, etc.). The precursor and minor
carrier gas sources 52, 54 may comprise a single gas source
if desired.

A high power microwave generator 60 supplies
microwave power to the remote plasma chamber 50 tc activate

35 the precursor gas within the remote activation chamber (as
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cl eani ng gases include NF3, CF4, SF.;, C2F6, CCl4, C2Clér etc., as a#@NOV 2003
well known in the art. The mnor carrier gas, if enployed, nay conprise

any non-reactive gas conpatible with the cleaning process being enpl oyed
(e.g., argon, helium 30 hydrogen, nitrogen, oxygen, etc.). The precursor
and mnor carrier gas sources 52, 54 may conprise a single gas source if
desired. A high power m crowave generator 60 supplies mcrowave power to

t he renoptde gu@smd delbey. SR t Dl act Tvat el c35r t i preteraory gas méded t he

renot e activatiqg chanber éas 5 2 6]NO\/A€F903 d ]gribed below). A flow
restrict 6 BY grit eFabl PIUPTANEY T alony t he a?% CeohdUtTante® 1ine 48 to
alhl (r)%v a pﬁefs&eﬁd eﬁ‘dticﬁdlfftejefé iméirﬁlmn%eemmwémdt}b@tmml é helas?rmae pl asma
chanber 50 and the deposition chamber 11. 5 Dur] cl eaning of the
deposi t i 52’36‘%2?0 1alr?‘§)athepr%%5€f?%b’fl%sc]}?%m%%‘fii/gged to thg remote pl asma
chanbgr 50 from t hey PIesW BOin 08§ SPUKE ddpodheidh ovnimber of 11 he
precursor gas is set by the valve controller system56. The high power

m cr owav @ IFERETHROrIF0 Hel deersemidrionalies povietaPtdsthechenpte pPasm
chamber %‘Cﬁp%%tﬂy@élﬁ.SS&Peg&)g €L r\?ﬂﬁ%c 23S 0. TP I 0P OT o AL R T €aCt i Ve

species te.g., dorine radicals travel to the deposition chanber
11 t hr ougireaus grasgjaconductencey | tine 48l vaheonecblkenpsestemcidve Thpeci es

t hen travel ih=et 4 t - ckij e t hr ough
t he gas |e'Lsg[h£ %Ogﬁgpo n’“r:f%%wea 152 %%rée%%(?%g{l%egl%le%\g%??i rﬁ%@%%xg%%‘%rpﬁgp\ m nor
carrilér dgas ttey dbmnotsaippl 2 sk t chdrieer ehbt &n gl astnavzhaesbene S5Préconmsdhe m nor
carrier as. source 54 to aid in trans[gort of the one or rrﬁe reactive
species t T he” chabet" 11°an o 19°% %Y%tsﬁ)%cﬁ%sch%h%’e‘r %%‘Flf’ﬁ% or plasna
initiat-aoddicahid) 2dtion wddheh té hehdepossdsiohoe handrebed 111 f tlanokhpl asma
is enpl oyt__ehde duri ngoné:hanber ci eani ng:

gas uctance line The one or more reactive
species then travel through the inlet 40, through the

15 Dbacking plate 13, through the gas distribution plate 12 and
into the deposition chamber 1l1. A minor carrier gas may be
supplied to the remote plasma chamber 50 from the minor
carrier gas scurce 54 to aid in transport of the one or more
reactive species to the chamber 11 and/or to assist in

20 chamber cleaning or plasma initiat-on/stabilization within
the deposition chamber 11 if an RF plasma is employed during
chamber cleaning.

Exemplary cleaning process parameters for the
deposition chamber 11 when an NF; precursor cleaning gés is

25 employed include a precursor gas flow rate of about 2 liters
per minute and a deposition chamber pressure of about 0.5
Torr. A microwave power 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 NF3; precurscr gas.

30 Preferablf 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 previocusly incorporated U.S5. patent No.

5,788,778.



Exenpl ary cl eaning process parameters for the deposition chanber 11 no#0V 2003
an NF3 precursor cleaning gas is 25 enployed include a precursor gas flow
rate of about 2 liters per mnute and a deposition chanber pressure of

about 0.5 Torr. A mcrowave power of 3-12 kW preferably 5 kW is

supplied to the renote plasnma chanber 50 by the high power mcrowave
generator 60 to activate the NF3 precursor gas. 30 Preferably the renote

pl asma chamber 50 h;Fg P?%'vq&%ﬁ elS‘f g]%rs%ﬁlﬂ)re%l,()fco%nc!ne orft: ersT%rtr?‘“d

pref erably about 6 eani ng process paramet

ranges/ chenvshtiesaar eledescw lpedders sprsevinauside iimeorparaatieds U8 .epat ent

No. 5,788 6 2 6.N.OV 2003 As pr.evi qu Ieyﬁ %ee criet}lec%jrocco n probl ens
c

: 778,
W th oﬁggnZ?gﬁglvgfégﬁﬁ 6Spﬁgc§§§€§lfﬁbfﬁ'e OM/éf%aning rates and | arge

vari ati onRaimBegkeanThg ratees et weem tpirecesse aliadwerearedehgr esent

i nventors_have discovered that 5 cleaning rates and ¢l eani ng rat
vari at i oRi$®BBEREeR 2ERENBESs S L1828 188 &ideEnt” 3o AHE St tr’réﬁerbrﬁ.{“rﬁdgt?e%%rface

condi ti ogyreaRdpehBdhtaldn itMeelifdle 1Nl 20RMNEL VREIT A d &IBHE 1 @SB RPUr Ce
(e.g., renote plasma chanber 50) and a chanmber (e.g., deposition chanber
11) (" do®whstreadd sotkgeed" sugfffases 1@ teleddniang 9ites Pigpetd fIRWITY, a

surface qangl ol Ledodeastioal I-0cess Ihdel iquahd,0 caupe react | ve
speci es enpl bye quri g cleaning (€e.g., active etchant speci'es such as F

r adi cal sjeposébrbinnehiaobfear mlnon-"Heactstve agpesidedes’y. ,afH2dth the case of

F radi cal which _do not sist:.in .15 chanb cl eani.ng.,This surface

con?jrjdol I 82198558% \%%ieosn‘ %rsp(?ccelsfslcé—jplpléjdr § t0 ‘oécur @ ntnrgjnlylér:%t erial surfaces .
i ncl udi ngeahatirahae g readiizedbedl ivmearlmes waece scedldiel s egentienvent or s

h f d that b ti d t t ith PTFE
L2 or e oo e 2l TR, R R R e e

as F radicals) to combine to form ron-reactive species
{e.g., F2 in the case of F radicals) which do not assist in

15 chamber cleaning. This surface cortrolled deactivation
process appears to occur at many material surfaces including
both bare and anodized aluminum surfaces.

The present inventors have found that by coating
one or more downstream components with PTFE, FEP or PFA,

20 known generally as fluoropolymers, significantly higher
cleaning rates are achieved and cleaning rate variations
between chambers are virtually eliminated. Components found
to have the most significant affect on cleaning performance
include a chamber's gas distribution piate and bkacking

25 plate. Components found to have a slight affect on cleaning
performance include a chamber’s shadow frame, wall liners,
susceptor and gas conductance line. Components found to
have little effect on cleaning perfcrmance include a
chamber's microwave power supply, magnetron and microwave

30 applicator. In order to affect an improvement in chamber
cleaning rates, a certain percentage of the chamber
components should be coated with a fluoropolymer. Although
this percentage may vary, higher percentages are preferred
to achieve faster cleaning rates, with 100% cocating of

35 exposed surfaces being most preferred. Note that an
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cleaning rates are achieved and cleaning rate variations between ch&rfol¥s2003
are virtually elimnated. Conponents found to have the nost significant

af fect on cleaning performance include a chanber's gas distribution plate
and backing 25 plate. Conponents found to have a slight affect on cl eaning
performance include a chanber's shadow frame, wall |iners, susceptor and
gas conductance |line. Conponents found to have little effect on cleaning

per formange iACkUde 21 LHAMREIT & M (& QMaY &, PAWer1 SSUPRINso HRGNed on and
m crowave 30 applicator. In‘order to affect an inprovenent in chanber

cl eani ngachtieyeda byersding per céhtrdgemof wité: idhantiaio cassriptherta s oul d be
coated w.th f.l uar, | yner.. t.hi cent age y ry, higher

per cent agl;é)s Cg’,%l ul}pglr%et(f)dﬁegr}ar eg 5 oﬁa% | &\%2 %lags%ngar %2{ eanl’ngL 'rsgt‘:i'esk%@avw th 100%
coati ng gbwariexpeded tswrdeaces dreifugmodte prafisraldde Natasashantaarih® 6 NOV
2003 increase.in cleaning rate (e.qg., up to 159% .al.sqo can be, achieved by
usi ngé an TRET RS SHY %ﬂa?s&aocséjs%q?g c%rfsneecrogqarf@é/njlunnnccxtoldouncwq h a
renote pl-asiiisuitsed iito Y pIRMMS | NHEleadr,0d8 12 dd Horgodde

radi cal i zed gases entering 5 fromthe renote plasna source, qQr secondarily

i nt r oduciSRguld Eanilign £ P plaraie TOWRRSGS S Hgi | SRR hower

shoul d be 080 & Qaval d damagl o pragessi ng chanber  conponents due to
i on bonmbardrrent. Wth reference to the processing system 11 of FIG 10 1,

to affect increasediditeart fryanme Hnd reducete ot Eahisip tematkl vak i Bt ons
bet m@n yhe denasiddon gharhery léléaé?{jirg%[%’%? daterﬁcgsfédx%b&r@f@ﬂ?né not

shown), orle or nore downstream conpon processi ng system 11 are
coat ed wirtAtea vapolaitistrafbetorest mieme{dRE)on achanbref | Woraed hgtlge and 15

hexal | OGRS e ST Ll & S0PV Olgod el ALLD, oot Yl ene
shown i n danf@orkntdherf the processing system 11 are coated with a

polytetrafluoroethylene (PTFE), a tetrafluorcethylene and

15 hexafluoropropylene copolymer (FEP), or a copolymer of
tetrafluoroethylene and perfluoropropylvinyl ether coating
("fluoropolymer coating 64"). As shown in FIG. 1, the
interior surfaces of the depositicn chamber 11, the gas
distribution plate 12 the backing plate 13, the susceptor

20 14, the inlet 40, the gas conductance line 48, the chamber
wall liner 29 and the shadow frame 31 are coated with the
protective coating 64. Fewer components may be coated with
the fluoropolymer coating 64 if desired. ) _

With respect to the PECVD deposition chamber 11 of

25 FIG. 1, the fluoropolymer coating 64 significantly increases
the cleaning rate and significantly reduces chamber-to-
chamber cleaning rate variations while neither producing
process drift nor changes in the properties of PECVD films
deposited within the deposition chamber 11. The

30 fluoropolymer coating €4 is believed to cover surface
adsorption sites at which the surface controlled
deactivation process is believed to occur (e.g., maintaining
a high and a uniform F radical concentration) and is also
believed to reduce the amount of materizl deposited on

35 component surfaces of the deposition chamber 11 during

8



interior surfaces of the deposition chanber 11, the gas dlstrlbutlonzgwgqqm3
12 the backing plate 13, the susceptor 20 14, the inlet 40, the gas

conductance line 48, the chanber wall liner 29 and the shadow franme 31 are
coated with the protective coating 64. Fewer conponents may be coated with
the fl uoropolymer coating 64 if desired. Wth respect to the PECVD

deposi tion chanber 11 of 25 FIG 1, the fluoropolyner coating 64

signifi C?;rttdaégﬂqtge eille £leani ngyratg atme si {4 canthy: & educes

chanber hanmber™ ¢ nlng rate variations nei t her producl ng
process dmsftt met drangesriad tfh'earprctrpqrdzmmt oﬁuzPEm&B farhcrlnstheleporset ed

within the depo Aon c nber The 30 fl uoropol coating 64 is
bel i eved t°& clor\%Jr Cifrfn};?ce Jeﬁj]sorr%??‘f)%l s(?‘f@sn%t t?\%?%l]h "Yhe surface controlled
deactivation processhd sirbadritemesd {uOEsHs] e d. codimg anay Nge appl gbdand a

uniform F radical concentration) and is also believed to reduce_the anount
of materisht Wpdé]'tsetf‘br?%se’to‘snlp%‘hentF%ﬁrt%c%%tlbfaﬁ?%l%bb%?t? nFEhamber 11

during 8 24 N,V 2003 s%a@ dhereld ¢erPmay SUEMA d e apunt  of

material that nust be cleaned rom conponent surfaces and the tine
required Gt MG AR CRIFRIRETET2abt iy e THee ¥ ny Rt FU@WaVR0PEpOl yner

coating mhy e gppliad,r L.elihel 1y SHIA Ofe 6Xr 5Ll as&#@ﬁéﬂnt Yo, a

application of PTFE coatings, a precursor gas suc may be enpl oyed
to coat CptFocesecehramyelga@omp@mem §32usriang feigchéitifa hibctktbgaverotte RF pl asna.

For a n.the 0 e55|n stem 10, a CHF3 [regursor S source
52 n§§ f %ﬁ#@ﬁt efﬁénn hﬁ Sehar thanteieso %ﬁe?%ﬁnvﬁchggave power

appl i ed \mag}t heowd gqummvengﬁmm’eogemercaimo@ﬂadéssbné ateEB; tivet £HF3
into The 2 d HE avel t he dep S|t|on chanmber . 11, and,
en route QFEEtorﬁgF CﬁnuﬁPSpB%yﬁeﬁvgga%PnQQS CPRELGAS c SHETREAnce

i ne 48, Jtlhe afn_d,OWzrl’ edutiet hdLFL Mdrms a fluoropolymer coating on

the gas conductance line 48, the flow restrictor 59, the

15 inlet 40, the backing plate 13, the gas distribution plate
12, the susceptor 14 and the interior surfaces of the
deposition chamber 11. Alternatively, CHFs (and, if desired,
CF, from the remote plasma chamber 50) may be flowed into the
deposition chamber 11 while an RF plasma is generated within

20 the deposition chamber 11 via the RF generator 32. As with
the microwave plasma of the remote plasma chamber 50, the RF
plasma within the deposition chamber 11 will dissociate CHFE;
into CF; which in turn will coat chamber components with a
fluoropolymer coating. Thereafter, the chamber 11 may be

25 heated (e.g., via the heater control 20 and the resistive
heating element 18 or via any conventional heating mechanism
capable of heating the entire chamber to the desired
temperature) so as to melt/reflcw -—he fluoropolymer coating.
Preferably a heater temperature of about 500 - 800°F is

30 employed. In this manner, a uniform fluoropolymer coating,
preferably abeout 0.5-10pum in thickness, is formed on the
chamber components.

For ex-situ application of protective coatings,
chamber components such as the gas distribution plate 12 and

35 the backing plate 13 preferably are unifermly ccoated with a

9



15 inlet 40, the backing plate 13, the gas distribution plate 12, the & NOV 3
susceptor 14 and the interior surfaces of the deposition chanber 11.
Alternatively, CHF3 (and, if desired, CF2 fromthe renote plasna chanber

50) may be flowed into the deposition chanber 11 while an RF plasma is
generated within 20 the deposition chanber 11 via the RF generator 32. As
with the mcrowave plasma of the renote plasnma chanber 50, the RF plasna

Wi thin thedenasidi of shambesodd yis! .ol s0ciaten HF3e Anpergr2, whish in

turn will coat chanber conponents with a fluoropolynmer coati ng.
Ther eaf t ét, a R Achambleringd nay desQbuhieat edlr (sugpenyiant hbuhéaserh cont r ol

20 and. hes f&3] stidieo Rt g eLeent - 18 or i &, apy, onMentl oga! ,peat i ng

mechani sm cap’ab e atin Tre e desireéd
t enper at Wmw)isp @s afi)temalam r@d’wérmvbél’he eﬁt u@@@p@)ﬂ)@'ﬁﬁrhe@mr ng. Preferably a
heat er re of out, 5 0 is 30 enpl S . manner, a

b
uni form]ﬁi m%egr;a Yrer @b%t? ef)r%?lg?%rb??/t%%ﬁ ?)g rﬁbﬂ?ﬁﬁmﬁ?ckness is

formed orwittrein muefo@@i@m@n@samﬁ@f excsiéd Uslappl d clak | pakeh psotective
coat i ngs, chanber conponents such as_the gas distributjon gl ate 12 and 35

the backifg Bt & UHIPIRg P hbtie o782 Lihi 927 m - 80t @) WihS a8 ¥he ®&% 700. 3

thin layefi {#:ibut AHOUL1 D &@e 190”&&;59I‘§3r\9fe§f§87&:5 a FEP- or a
PFA-contained in a solution or suspension fluid such as water, isopropyl

al cohol, etc. Aft erITa $leop il N esobed afpat d‘l‘clw ngn‘éﬁ?n‘éila’%rpa@t©vbhv@ake at
500- OO: t t he. talled
§90Ck. haat &r %Plgtﬁéé‘ i‘r‘éPe:dﬁi &fﬁ%ﬁ%’ 88”?%5‘1?9&% [fgﬁ( ePE LfL ﬁ alle

wthin the proceSS| n re s en t event c 0ggi ng of
t he smal Iurgiﬂﬁlmkebmwmb@t@fov@e gase o sthamue r opupfatesdas &o

capillary. ef f¢ todf Elélploé%{g%)?ﬁegoégg Eo% he inven ‘Eé%ﬁ}’ﬂﬁ tective 10
coating descri herein ers ouropolyners o undesi rably
accunul atsulsteratte meoowlthambere sficfaedsaasa abyproduct of certain CVD
processes (i.e., are not continuously formed), in that such
15 undesirably accumulated material is characteristically non-
uniform, often exhibiting both areas of thick accumulation
which can crumble from chamber surfaces, and areas where no
material accumulates. Accordingly, such undesirable
byproduct and deposited material accumulation must be
20 cleaned from chamber surfaces. However, these undesirable
fluoropolymer accumulations do not react with reactive
fluorine gas species and therefore must be cleaned by other,
less efficient means.
By coating downstream chamber components with
25 PTFE, FEP or PFA, cleaning rate enhancements of as much as
100% have been cbserved, and cleaning rate variations
between processing chambers have been virtually eliminated.
Accordingly, process chamber throughput increases
significantly with use of the present invention, and the
30 amount of precursor gas required for cleaning is reduced.
Because of the high costs asscciated with precursor gases
such as NFj3, beth monetarily (e.g. NFs; presently costs
$1006/1b) and environmentally (e.g., NF; is a '"global warming"
gas,) reduction in precursor gas consumption is extremely

35 beneficial. Moreover, flouropolymers are non-brittle,

10



result of flouropolynmer deposition on a underlying substrate, or whi chga0¥ 2003
formed as a byproduct of certain CVD processes (i.e., are not continuously
formed), in that such 15 undesirably accurnulated nmaterial is
characteristically non uniform often exhibiting both areas of thick
accunul ati on which can crunble from chanber surfaces, and areas where no

mat eri al accumul ates. Accordingly, such undesirable byproduct and

deposi t eq 4l ACHHM ALY o X?e 2t ckeaned, {1 om ghagber n5p1 f aces.
However, tr[?gspgé undesiTabl e }fl uopg(')?%][ mer a’ccurru?att:lio(%s go ot reagc)t W th
react i ve wifialordarer gyast apekl eshane béwen efpp el edistobepreveanedobyosipar,

| ess effi gl ent ans. coating, do t m cha i 25
PTFE, FE forcr}ﬁil%eerclSeuar%ancges(raa regte%h%rﬂe(s:‘één]gﬁt%c% @g&%@%gg@%gb}%ﬁ%g@e been
observed,cramb lclrepniigr¢ot@nvari ati ons between processi ng chanbers have

been virtually elim.nated. Accordingly, process chanber throughput

et edses s ynif1 CH 1 iR I R BT TRt Drocahte foRRcPBhY BHA The 30
amount  ofp f FRCAH SOl 1fRSI 1Rt £ eslf foe Cl BodhPOoh s hedueedat iBaeausetnt the
hi gh costs associated with precursor gases such as NF3, both nonetarily

(e.g. NFRLeschiIGlesrd $PBDDIUD) anhdiered orpbabaf eyl (elghinnEBei s a

ngl obal : " . i . ] e g i i trenel y
32 bonef i a1 Noranver. T o0r ool Fmers. oy noh BrTerr e 16 28ROV 2003

i nexpensioveliarar easlyi o apptlys amti keFevatingsn¢e, gwhipdFBhe pheehnt
convepti o hav e pl i t revent _ Lon._o er surfaces
or tgaprel\r}gln I}/talcg(;[']uﬁqu Sa"takg%&ﬁa(%%%q% g?go‘ﬁ%glgrnng%%g&?hg?e%rg%e(@ The

f or egoi ng-lesns 1 ptionwdl sdbosesdont yootiethpt ef ker ddvenbodnneats of the

i nventi on, rﬁ?dég}:i;cjitti_ ons_of tth? Qbo}ye di Sfl oseg agpg at us and nmet hod whi ch
fall witHPEHE 5tope of ¢ HE TRVERTTOhY WPt 1 PHRCFRAdF '™ &BParent to t hose
of including thermal deposition chambers. Additionally,

cleaning processes employing reactive species (e.qg.,

15 reactive species generated by an RF plasma within a process
chamber, or remote plasma source generated reactive species
etc.) may be improved by employing the fluoropclymer
coatings described herein. Finally, although any
fluoropolymer is believed to enhance cleaning when applied

20 as described herein, the fluoropolymers PTFE, FEP and PFA
have been found to significantly enhance cleaning and are
preferred.

Accordingly, while the present invention has been
disclosed in connection with the preferred embodiments

25 therecf, it should be understood that cther embodiments may
fall within the spirit and scope of the invention, as

defined by the following claims.
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ordinary skill in the art. For instance, while the present 10 invenjg§0Vhetd
been described with reference to a PECYD chanber, it wll be understood
that the invention has applicability to a w de varlety of process chanbers
i ncluding thermal deposition chanbers. Additionally, cleaning processes
enpl oying reactive species (e.g., 15 reactive species generated by an RF
plasma within a process chanber, or renote plasma source generated

reactlvengeqNQ%Nquﬁ]kjg@%ﬁﬁg;hﬁproved by enpl oying the fluoropol ynmer
coati ngs descripbed nerein. Finmatty, although any fluoropolyner is believed

to enhance cl eani ng wherf &y idids R0 st des arli e deaeied the fluoropol ymers
PTFE, FEB.and PE n
err e&B“@ccré%\éae Epﬁe?’&%viﬁgd %lhm?sl‘ add AT eéwl ﬁ 30 NG an

are pre resent  i‘nven een
discIosedheng@@nmaGMHmbuMﬂdntﬁmaqﬁeﬁampmmbfm®odlnents 25 thereof it

shoul d be understood that ,ot her_ enmbodi nents ng | within th it and
scopegof the invention, ad2Hefihed Dy té}]él?%]li%/%% W e 511 rEecL
2003 5 1@hEHeilhNVENE ON CLAIMED |IS: 1. A gas distribution plate adapted to

distribute gas as the gas flows into a cessi ng chamber t he gas
distribution plate conpﬁ:§9ﬂle¥QH§%¥Iggﬁmﬂfei%HQF%RQ%%m%ﬁ FpEF I es

formed t%@%@l@hea@%gé(Hygéfﬂg%5|y formed fluoropol yner coating over the
base material. 2. The apparatus of claim1 wherein the fluoropolyner

coating is apprOX|nater 0.5-10m thick. 3. A backing plate adapted to

distygbute gas as The apparatus of cleim 1 wherein the

fluoropolymer coating is approximately 0.5-10pm thick.

3. A backing plate adapted to distribute gas as
the gas flows into a processing chamber, the backing plate
15 comprising:
interior surfaces that are exposed to gas
entering the chamber; and
a fluoropolymer coating over a portion of the
interior surfaces.
20
4, The apparatus of claim 3 wherein the

fluoropolymer coating is approximately 0.5-10um thick.

5. A system for processing a substrate within a
25 chamber and for cleaning accumulated material layers from
components of the chamber, comprising:

a reactive species generator adapted to
generate a reactive species for chemically etching
accumulated material; and

30 a processing chamber coupled to the reactive
species generator and having at least one component having a
continuously formed flucropolymer coating therecn which is
eXposed to reactive species generated by the reactive
species generator during cleaning.

35
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the gas flows into a processing chamber, the backing plate 15 conpri <igigV 2003
20 interior surfaces that are exposed to gas entering the chanber; and a

fl uoropol yner coating over a portion of the interior surfaces. 4. The
apparatus of claim3 wherein the fluoropolyner coating is approxinmately
0.5-10m thick. 5. A systemfor processing a substrate within a 25 chanber
and for cleaning accunulated material layers from conponents of the

chanber, corrprl Si ng: a %%Ctﬁyisg_‘e%{)éh| nslaqe;lp%r%} arieeh apctq drﬁrgcfcgsggr}l te a

reactive species for chemtca g ‘accunu
pr ocessi ngambamberascaum:llentaﬂattm@fr eamtporﬂemspemm gereerea»tms@mtdnaw ng at

| east on conpone nt_ havin ntinuously for qu ol |ng
t her eon &IHI Ech SPS lé’)‘?p(??é?d%‘te& ré"gket é%/ﬁ thrg%, ‘%ICHTép?ré%R: Tve
speci es @e;@@rs@tjortodttmlenge@&qmen@pe%&e152 e m&&m&@usﬁhe syshem of

claim5 wherein the processing chanber has a plurali ty of conponents which
are expodedorePAHESTe £AFVE Bpeciced h aitfdmei i @ RRTCEHARR bY the

conponentss £ r&XRR$Rd 10 ithe JRaCHINE SReG 6% Naue &, £onid nuousby - formed 5
fl uoropol yner coating, and wherein the percentage I1s sufficient to

increase the cleaninc rate of the chanber. 7. The system of claim6 wherein

the percentage of ;coated, c OCQe t%iﬁﬁ%ﬁ Téf]%rgé’g &P 4 ealsgergpg gl eaning

10 rate of the chanber by “at eas e sys emo a| m 5 wher ei n
the at | edstcoadrel fdargropolbarers cadtfed iconponentncorgye sEse ac asning

10 rate of the chamber by at least 20%.

8. The system of claim 5 wherein the at least
one fluoropolymer coated component comprises a gas
distribution plate having a plurality of apertures through

15 which gas enters the deposition chamber.

9. The system of claim 5 wherein the at least

one fluoropolymer ccated component comprises a backing

plate.
20
10. The system of claim B wherein the at least
one fluorcpoclymer coated component further comprises a
backing plate.
25 11. The system of claim 5 wherein the at least
one fluocropolymer ceoated component comprises a shadow frame.
12. The system of claim 5 wherein the at least
one flucropolymer coated component comprises a chamber wall
30 liner.

13. The system of claim 5 wherein the at least

one fluoropolymer ccoated component comprises a susceptcocr.

13



distribution plate having a plurality of apertures through 15 which SQSNUV 2003
enters the deposition chanber. 9. The systemof claimb5 wherein the at
| east one fluoropol ymer coated conponent conprises a backing plate. 20
10. The systemof claim8 wherein the at | east one fluoropolyner coated
conponent further conprises a backing plate. 25 11. The systemof claimb5
wherein the at | east one fluoropol yner coated conponent conprises a shadow
frame. 12. The system of, claim5 wherei.n.the at | east _ aone fl.uarapol yner

ri &8 & V™ 50 o

coat ed conponent c § ZYON&EME SHEAT £8° Fife 'Sislem of

claim5 wher gilnotrbgocatymegashatene ddrperepal YWk ragatsed @ayponent conpri ses
a susceptor. 13 2 6 NOV 2003 14. The systemof claim5 wherein the at | east
one fl uoFEPEPYHBPCE0ALEE EERPGFENL U HANEEs 3a IFAS T e FR&SH e 1555

adapt ed tpecopduet @ LeRGli\Le f%ﬁ’l%(iia&%rf Mt H@ HRAGI 1Ry SRGIRS gener at or
to the processing chanber. 5 I5. A nethod for cleaning a processing chanber
via @& reactive species which chenmically etches accunulated materials from

chanber conponents, <t he QY 1 SidG Vi di R LG8ssIg chanber
adapted to 10 pertlgr'm é&”%&e@%&gg by \%Eﬁuﬁ gdr ipgr:d%c%t} ates on chanber
conponentvsa supplyitiget bpepriecessiing chembera Miyt letathed easturoneated

f 1 uor opol mer .¢ %t q: conpon nt; cand %I e: nsi ngchteht?n rhocdessoimn icsrjiannb:er wth a
15 react Féé 568 |e§ WAl &ﬁ cé}ln\pf e %‘nés accurfegcl ated eria’ from
chanber conponents; providing a processing chamber adapted to
10 perform a process by which material accumulates on chamber
components;
supplying the processing chamber with at
least one fluoropolymer coated component; and
cleaning the processing chamber with a
15 reactive species which chemically etches accumulated
material from chamber ccmponents;

wherein the fluoropolymer coated component 1is

exposed to the reactive species.

20 16. A method of cleaning a processing chamber
using a reactive species, the method comprising:
flowing an amount of fluoropeclymer precursor
gas intce the processing chamber;
generating a plasma within the processing
25 chamber so as to form fluoropolymer on chamber components;
heating the processing chamber s¢ as to melt
the flucropolymer and form a fluoropolymer coating on the
chamber components, wherein the amount of fluorcopolymer
precursor gas is controlled so as to fcrm a uniform
30 fluoropolymer coating of approximately 0.5-10um on the
chamber components;
thereafter processing one or more substrates

within the processing chamber; and

14



wherein the fluoropolymer coated conponent is exposed to the reacti vgﬁ NOY 2003

species. 20 16. A method of cleaning a processing chanber wusing a reactive

speci es, the nmethod conprising: flow ng an anount of fl uoropol yner
precursor gas into the processing chanber; generating a plasma within the
processing 25 chanber so as to formfl uor opol ymer on chanber conponents;
heating the processing chanber so as to rrelt the fluoropolyner and form a

fl uor opol yner coating on t he wher ei n t.he amount of

f1 uor opol ymer  pr ecur sor §as %fq:ecr%oéﬁ” lélo astri “ RSt U f orm 30

f 1 uor opolcpnmibeGoateang iofe agRycddsTeie! e rati0pmeam ithe achanbestednponent s;
thereafter processing one or mpre substrates w thin the processing
chanber ; "&t¢ '£412 1§ ToF P FF A& AYBC™MdWng i nto the processing
chanber reactive species and thereby cleaning accunul ated material from

t he chanber corrponents 5 17. The nethod of claim 16 wherein the
fI uoropol ymer coatilg i §hcomstriwsusily Florifed.6 rderfie nidthod of claim 1

wherein tdye f O#glﬁ&%lryrg%ratgr UrsS Qi qqél}:% 49. The apparatus of

claim 6 wherei fl'uoropal ynmer |s e apparatus of claim®6
wherein the 15 fluoropol yrrer is FEP. 21. The apparatus of claim6 wherein

the fluoroDOlyner ké P%%e method of claim 1 wherein the

fluoropolymer precurscr gas 1is CHFj.
10
19. The apparatus of claim 6 wherein the

filuoropclymer is PTFE.

20. The apparatus of clzim © wherein the

15 fluoropolymer is FEP.

21. The apparatus of clezim & wherein the

flucropolymer is PFA.
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