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I nvention. The present invention relates to nethods

for renmoving surface dEATQE OF INVENTION an acti vat ed

as creat by r t el ctivyajl a m xture

gorrpri Si n?wxaéﬁgwgsﬁ&fﬁh% {5’6%\%56?1‘9"%@309 Deposits
specifically, this invention involves a fluorocarbon

rich plasma pretreatnment of interior 10 surface of the
pat hway from the MM@@FtTd-IEﬂNVENWbe

%ep01s| tsdﬂ?@ %*l?ﬁéﬁ 1 on of Related Art. Renote
e

pl asia s Broductl on of atom c fluorine

are W defhe prsent Piveptiebsiatcs!t6 aemBds Ifortrﬁﬁmvmg surface
sem conduct or processing industry, particularly in

t he 48ROSHS By using AR estivated gag q‘re)ate@rWﬁemtelvaqmlwanag a gas

eparrurBorirEa B o A BIER ol Hatp g i

avoi |dmerﬁmmnotb[veha fRIopS¢ATboN Gith tpesrha bedtretitmRInd 6P Riterior
ter| urs Wltgln situ chanber cleans in

1 ﬁbv&lvsff%rt 8 remgtechamber orthe susiags eposits.

di S@arQQ)é’&drfgthUFRelﬁ [} chanber. Wiile

capacitively |nduct|ve coupled RF as well 20 as
m cr onav Rereatet rdasmarmcésafw tieeeprodietioh op atbrﬁlorﬂ uchineere
t he i.ndustr S ra novi ng

¢ ol ushBiigt RBAMBEE ieainal MR srisapebfannsiosssing
Souligdisstiyl puftictiariyiA thé %%"‘Ibaéf ¢h ér@'x%?ﬁ for Chemical Vapor

conf i guration and "acts as the secon ary

18 aepesition (Cie) ardtPlgsma Eﬂbantﬁedaﬁ‘-ben‘agalmma)\Mposmon

naeECY e i (e BEIRMOMe g ol s SR8 S the Brosion

couplf tmmtendrmhahsbalrh@wna@ thBEodBUre wethfih Gitethamber cleans in
transfer of energy to the plasma w thout excessive
i on \@W?Fb aringits earfoimed By crrating @ plasmadischarge within the

o oD EhanetC VUfife CIMENRN Bh dilevdVEoupled BF a5 well
20f asmnrbromm:mnbmtessomtés leavedteserf gevelbpad fir tﬁé@@@bﬂﬁ of

whi ch
' %pplll tlons }h¥e |\rl1\§ustry {; rapidly moving toward transformer coupled

inductively coupled sources in which the plasma has a torroidal
configuration and acts as the secondary of the transformer. The use of
lower frequency RF power allows the use of magnetic cores which
25 enhance the inductive coupling with respect to capacitive coupling;
thereby allowing the more efficient transfer of energy to the plasma without
excessive ion bombardment which limits the lifetime of the remote plasma
source chamber interior.
The semiconductor industry has shifted away from mixtures of
30  fluorocarbons with oxygen for chamber cleaning, which initially were the
dominant gases used for in situ chamber cleaning for a number of
reasons. First, the emissions of global warming gases from such
processes was commonly much higher than that of nitrogen trifluoride
(NF3) processes. NF; dissociates more easily in a discharge and is not
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dom nant gases used for in situ chanber cleaning for a

WBJEH[B%%Q;O reasons. First, the en ssions of gl 5280310106'9}1' L
fmng gases fromsuch processes was commonl
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difficult to break down t han ot uor ocar bons.
Sec opgidpced ' polpgies odepnsitiorisdbatiraduire rhongofreguariovet cleans to

reau o neSh REHGET: tREPUIN bp AR SRS Hans. The

depqsnobénhhabf forbearbbnaddis lb&i@ldsﬁtl“ﬁéle/ﬁ@‘s’%cﬁﬁ% fo a greater

ensity of fluorocarbon cleans fo deposit

10| etentin raate Sleass ih M 8¢ lambesmbardment oasws during the
cl ea&léah:ﬂg"‘ﬁh%@e ‘Bsb%tlpl g 315888 g@%@b&?ﬁﬁﬁ@d&ﬁg{epgﬁpmg

cl eani ng. “These serva I'ssu
fr onndasrtetabmongssemhb&d mmﬂuordwame&eldég“@@so in fact, the «

fl b feed . In f h PECV
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unsuccesstul beca ol ymer depositionn
16r oedgmendetbesition iHothe\process chamabéerso dr awbacks as

descri bed aboye can b resol,ved, fluor car S
‘are desirable Hopé\arol ihe B diwbagks 4 @ﬁaagwe can be
Wi lresIvEQ! fibarBah ga8es A48 wRshable for their low cost and low-
per fl uorocar bon/ oxygén 20 di scharges wth nitrogen

additexiely-t o enhance the etching of silicon nitride.

Th h th
format | oy VEIE ReiphGoli¢Y fen ARnbdn aeiotonStbaniCrasn: <

20i t lidéhargddwith inittegem Additidl e éﬁﬁél%‘eethe ét@rhuh@\@ﬁ%ui%n nitride.
the _effective fluorination of Si atons to fofm

vol ditvel enfncament is regardedons éhe FasUfthefarmation of NO by the
- oaidpard SRR RPImTEAARRRN 88 fhe silicon nitride surface,

followed by the effective fluorination of Si atoms to form volatile products.
C.H. Oh et al. Surface and Coatings Technology 171 (2003) 267.
25 . |
BRIEF SUMMARY OF THE INVENTION

In one aspect, there is provided a method for removing surface

- deposits, said method comprising: (a) activating in a remote chamber a
- pretreatment gas mixture comprising fluorocarbon and optionally oxygen .
i 30 wherein the molar ratio of oxygen and fluorocarbon is less than 1:1; and
thereafter (b) contacting said activated pretreatment gas mixture with at
feast a portion of interior surface of a pathway from the remote chamber to
the surface deposits; (c) activating in the remote chamber a cleaning gas
mixture comprising oxygen and fluorocarbon wherein the molar ratio of
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25 BRI EF SUMVARY OF THE I NVENTION I n one aspect,
there is provided a nethod for renoving surface
WESHHEIHET0 sai d nmet hod conprising: (a) activat PEE/USA005/010691

reno r. n 1S, m.xture c rising. .

1 uor SIS Bydos BB A sk g S Ar Ot R E T e saia

nol aacthvatedclebningyges mmerelthrsighcstid pathiveay; ¢ pcditabting said

1:1; and thereafter (b) contacting said activated

pr tet relyptrchelegamngrgas mpdurs with the swm??;f?gtagfgzgr;by

in :

to er{érr{rgﬁvsz ?g%égtdg%-gglo?gh (c; é;c[??clfg\#aét%ﬁﬁ'g in the renote

&hanber a cleaning gas mixture conprising oxygen and

f1 uorocarbon wher ej JRY rat Lo, of -2 WO )
- 24 o+05 Al —etR e BRI aIC ar bon

is at |east gigare &angchdrpaecli PR '

activated cl elgnireng g%'g m xturagi'?rﬁ(rggu_gh szﬁ? u%g{ \}‘\lg)}'c;)r

(e) cAsmingouhiequesentquorest.ed cl eani ng gas m xture

with the sur i a hereby. renmovin t

| east sone o’%@gg‘? gelg@’?f’g@g %‘geﬁ%gﬂrg_nglgngwn ua{ off to
1DESRYIrEO@B 1IN HE,FRRAMIAIHSS emiésion EndasFel DR TIR, (b)
di agram of an apparatus useful for carrying out the
pretphingrateess. Figure 2. Plot of the effect of
transi ent oxygen shut off to 10 Zyron(r) C318N
(C4AF8) on (a) gas em ssion, neasured by FTIR, (b)

et chi ng r at e. DEFANLEBDESCERP PID N T HEINVENFIONON

Surface deposits renoved in this invention conprj|se
t hose ﬁaﬁ'ér&%% @em%ﬁwvaémmlﬁ diyenliop GOmIRTISE those

15
1 gap Qﬁat@ﬁ@%SédrhﬂBnR/déBo%ﬁEnggﬁe@ﬁﬁgﬁlc\ﬁJb?‘ﬂdgﬁbgiﬁgﬂ Yr plasma-

eposition or sim’lar proc
i nclanhansed cbemjcad yppor depasition ossimileo prodessese Such materials

il dj axi de, .. silic [tride, .
o1 1 Mol sTibpcdehed St suicshinEaR. Eibister. sikhn sinnide,
ref &ilictfl dxgnitedéd, BMddn&irBided it varitild sifcdn¥kygen compounds

(fluorosilicate gl ass) and
referred to as low K materials, such as FSG (fluorosilicate glass) and

20  SiCOH or PECVD OSG including Black Diamond (Applied Materials),
~ Coral (Novellus Systems) and Aurora (ASM International).

One embodiment of this invention is removing surface deposits
from the interior of a process chamber that is used in fabricating electronic
devices. Such process chamber could be a Chemical Vapor Deposition

25  (CVD) chamber or a Plasma Enhanced Chemical Vapor Deposition
(PECVD) chamber.

The process of the presént invention involves an activating step
using sufficient power to form an activated gas mixture. Activation may be
accomplished by any means allowing for the achievement of digsociation

30 of alarge fraction of the feed gas, such as: RF energy, DC energy, laser
ilumination and microwave energy. The neutral temperature of the
resulting plasma depends on the power and the residence time of the gas
mixture in the remote chamber. Under certain power input and conditions,
neutral temperature will be higher with longer residence time. Here,
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20 Si COH or PECVD OSG i ncl udi ng Bl ack Di anond (Applied
Mat erials), Coral (Novellus Systens) and Aurora (ASM
WOR0BY43¢7%0nal ). One enbodi nent of this i nvent PER/US005/010691
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or octiebtiad holfi, REbE T ot A pleBhia gPe Fottraniaver
devi alesut 35000 Kpron@sisapproptidte conditidnBgcansiBemd pbwer, gas
Vapor Depaosition 25 (CvD) chanber or a Pl asma Enhanced
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roc t i ' ] I :
et oo st R BOBR may e Bch@lel HP kSO it
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i ssoti at [ 250ValFd 986 i [Merin @ SMlF chREbes eptggutside of
suchth@probEsLatdmler, Bat #G6 prd)@ﬁﬁ)? to tHd HFB{:B@% tRAmBBH The
ni crowave energy. The neutral " tenpefature of the
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residence tinme. Here, -3 WD 2005/095670

PCT/"egIie shempes withthemseeess chambern areqigmstruciedeofgnaterials

o RAEn Rk o BB alhB e ool taififGl 4ol ag Mitlufes. For
conpinstahtenalugisurprarisstainlasdtgeiare edONIRB6E tdeaEbr the

neutral tenperatures _of at |east about 6000K may be
ac hi SARPerrmMRenants-c Sometimes AlePais crrted\ah @su@én@r surface

15he BGbuNed Bt SffadeebOAiBithtian. @ renote chamber that

I's outside o process cLanber, but in close
proxi mty toAphetrgatoesd gas maintuee thathe activatet ¢o tieatrther interior

71 Shigeia the Palivahgriah R BREN At LepR B gapasses to
remghg pﬁ;a@&&eéhd.%éH&n%&iéysqaﬁ?écﬁbamﬁg&?@%gug ggﬁeqen. A

chanber and nmeans for connecting the
wi t Iprefesrask pretreatrobnindgas minteredasoxygeneereés fraormcadion molar

2470185 By b 1, A b 5 eRFR o RrsSOF St e containe
st aify) @§pent eel are commonly used for the

A cleaning gas mixture that is activated to remove the surface
deposition comprises oxygen and fluorocarbon. A preferred cleaning gas
mixture has oxygen verses fluorocarbon molar ratio of at least 1:3. A

25 more preferred cleaning gas mixture has oxygen verses fluorocarbon "
molar ratio of at least from about 2:1 to about 20:1.

The fluorocarboen of the invention is herein referred to as a
compound comprising of C and F. Preferred fluorocarbon in this invention
is perfluorocarbon compound. A perfluorocarbon compound in this

30 invention is herein referred to as a compound consisting of C, F and
optionally oxygen. Such perfluorocarbon compounds include, but are not
limited to tetrafluoromethane, hexafluoroethane, octaflucropropane,
hexafluorocyclopropane decafluorobutane, octafluorocyclobutane,
carbonyl fluoride and octafluorotetrahydrofuran.

4.



chanber conponents. Sonetinmes A1203 is coated on the
interior surface 15 to reduce the surface
WOLOBHESH Rt i on. A pretreatment gas ni xture thatPCTAIS2005/010691

tivat ' . f f.h
pat huay ¢ 119 g8k ki hat % BbbOited I REGIHRY thd Bretuetment
t ot _ gasaﬂixtumeelsttehaimﬁng g?mikgeé nﬁatwmﬂ;b@abtbmpri@@@arrier
opti ona xygen. referred pretreatment gas
mpxtg.ﬁsésté??bgﬁ%'@ﬁ’\@‘ﬁ'é%“w-uor olgar bon nol ar go ratio
of less tAPetbirbd embBdimert of ﬁfs{: ;Fr%s@ﬁﬁh(r@ﬁﬁd?@tat ﬁ';%zhod for

mi xture contains no oxygen. ani ng gas m X
thatremopviing sudaceidepositsrfoore thé interiof afceproteps shaimber that is

' d fl bon.. A f d, .
ol e ARG JaEMCa g Tlperons dgPasy e radhos commsisings 47
ol adctivating irPé réfnoteaiidmbesa pletéeatiding gBS PhiRfuré Comprising

cl eani ng gas m xture has oxygen verses fluorocarbon
nol Rerfldgiosagiongompagitd andmoapygen2(b) coptagtingtsaibaativated

{0 delSARA R PeauaetT HEeBRO Lo Riet bl shrp6e of o
10! ugrathwab o the fensoterchaniberto the sofadd JOPESIR: Bractivating in

compound. A perfl uorocarbon conpound in this 30

i nveRFiremote chambena claastinggas Fiigiire comppsingrxygen and
con |

per ?q %ﬂ?@g’grgﬁbc? ﬁ’ %dcjmn%oundd gﬂjli éﬁ%ﬁﬁhé%@ﬁ Peg[beo nor 9en and

| i miperfludrocaricnaédmpowrtistatieaste3 aiding sofficient power for a

oct af Luor opr opane exaf | uor Qcycl opr opane
e SR 36k that Sht o BYRL 6o, (HAcDBS 3 ReytEal igmperature of
| ugyti I r . : .
B o] (it FRRuPS ROKRS Rt 48 eiod cRmindodPmixture: and
act ithereadter (d)feontactingtsaid abtivated clesmingegéas gistuné withrtbe

or the .cl eani. as.m xture may further conpris

car ingpior S8 YRRy Chgthet 2 etk Fer Vi ALleAstsome of
enbedidBifadd dépesier esent invention is a method for 5
renmovi ng surface deposits fromthe interior of a

process dhwasdoundthat adluoreearbon rich iplasraa iprefreatment of interior
28, SSERBR A RSP R 55 DAL e Fhtage aoposts
m Xicahdncreape itise efching rate. By “fluorocarbon rich plasma”, it is meant
that the gas mixture comprising fluorocarbon and optionally oxygen
wherein the molar ratio of oxygen and fluorocarbon is less than about 1:1
is activated to form a plasma. In one embodiment of this invention, as
25 described in Example 1, when the cleaning gas mixture is composed of
0., Zyron® C318N4 (C4Fs) and Ar, a rapid closing and opening of the
oxygen valve for a period of a few seconds can increase the etching rate.
In another embodiment of this invention, as described in Examples 2 and
3, a pretreatment gas mixture consisting of fluorocarbon and Ar is
30 activated and passes through the heat exchanger, a portion of pathway
from the remote chamber to the surface deposits. This treatment can also
increase the etching rate.
It was also found that at the similar conditions of this invention,
the drawbacks of the perfluorocarbon compound, i.e. global warming
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per fluorocarbon conpound and no oxygen; (b) contacting
said activated pretreatnment gas mxture with at | east
W8 PBYEPOM of interior surface of a 10 pat hway PCEAISR2005810691

oS ARl dhd B8y it REBAER. Sar BBty e

corrpcleamng prayesyofahid inpentidn) aoasigrieint polReNdepositions on
wherein the nolar ratio of ox“_%en and perfluorocarbon

conpgrBterior gurface, of process ghammges wesifovedht Tb@mbal ayarging
suf f§ h aches a

meut Va1 EfisedEwSIE b VRl RV fs SASW I FIBelRE R

form an act i Vb milommagaEixampgmam meantto ilustrate the invention

t her ea ter d said activated cl eaning gas
mi xt e ét%'ﬁ tr]tloﬂ)(ee ’T'@P 9of sai d deposition chamber
and thereby renmovi ng at | east sonme of said surface

deposits. It was found that a fluorocarbon rich plasm
pretreatnent of interior JEXAMRLES of the pathvvay

fromthe re e rface osi t

nor ease ( hel B SRS setferilic FRGEATE M o piS8ha source
10l asared appdratus rsRNto mehsdretthe Mﬁn@rétbbi@a@.ﬁiﬂetﬁrdlg

fl uorocarbon and optionally oxygen wherein the nol ar

rat i EMperaiirfe mndrxhaugbemissigisa Tfse resgete:agmaissurce is a

t
ot " (rmBfialtBldialifc RO A0 Moax Balfe F4 GERGRRDY unit
E:gigrln\adaberKsassmmEurseAnﬁovenml adsaf L@feeﬁ}game][()e.g.

closin an openi n

t he O ge@%aperg%h rﬁéﬁ@f@dnspgwgdewféﬁ@gmt@ﬁasma
BhT SRR o SeSch dnd Phised todiioebrSagRtRIge Bhere they
pr etweratdischarged bgnthe 406 Kidz]mdsmfnegueﬁcv poweo tafdyoman
e B e S, The DS e AR R it
chargeeaod s ﬁd?ﬁy S‘Fhé@l%r&%‘i’l@éﬂl 15ZyrbhBsC S @ﬁ& ‘V\ﬁm mfrifhum 99.99

also increase the etching rate.” It was al so found
t hatvohf% phectefluprogyclobutiine; and Zyfon® 8920 mithnmirimum £a& vol

2§ 43 Bt G RR A SR E R RO Rek OBl SR
tem Sipplic@iiticyliplderer NERRRH d0r6e irtiie Hanaves hAkrogeh gas
manufactured by Airgas with grade of 4.8 and Argon is manufactured by
Airgas with grade of 6.0. The activated gas then passed through an
aluminum water-cooled heat exchanger to reduce the thermal loading of
25 the aluminum process chamber. The surface deposits covered wafer was
placed on a temperature controlled mounting in the process chamber.
The neutral temperature is measured by Optical Emission Spectroscopy
(OES), in which rovibrationa! transition bands of diatomic species like C;
and N; are theoretically fitted to yield neutral temperature. See also B. Bai
30 and H. Sawin, Journai of Vacuum Science & Technology A 22 (5), 2014
{2004), herein incorporated as a reference. The etching rate of the surface
deposits by the activated gas is measured by interferometry equipment in
the process chamber. N; gas is added at the entrance of the pump both
to dilute the products to a proper concentration for FTIR measurement and
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cl eani ng process of this invention, no significant
pol yner depositions on the interior surface of
W9r269,5é2§’§67@harrber was found. The gl obal war nmi ngPCHAS2005/010691

ms ns_were also very |low as,shown in, Fiqure
The PPy s ik e ST bipaulths BnR SR iitie, e tpaEwet pump
I nvegtused. FMR waiscussd towaBsurehBRohtahfratith of SRR the
Fig. 1 shows a schematic diagram of the renote plasm

sourkNp eshaust- appar atus used to measure the etching
rates, plasma neutral tenperatures, and exhaust

em ssi ons. The renote plasm source is a conmerci al
Bor oi dal -type MKS ASTRO\l(r)Exam |ve gas generator
unit ma r ume

by MKS |
feed gas §We§ d@cove féﬁt a %@ﬁ"&ﬂf%npﬁﬂﬂdsﬂf 55%)thm§t@1mg rate
t t
| of 1O S OY N4l 8PS BbRXFately BALHER drifplciious rate.
t hey’\t the isamdi Srokar opeidh Hgargehanmmt sHZOFadn thé etfiyeabggses was
ponab Ao a5 R A B ST bgen
0' UQIa‘Ilfeﬂfob @rbérﬁ)dzdfr anésw éem%wﬂ Iredgy t'ﬁ'é@t@ﬂin?%t@tback to

% of octafl uorocycl obutane, and Zyron(r)
m nith@Prexoes iewel. 20 % of oct af | uor ocycl obut ane, both

N t ogen '31F sEBefert 18 @iy PR RRreES sk brit 2RSS
manuG3ENY 6T,y anfd kg awherdin O fRAEr0é |§1 Bo@BEcY BpflowTate is
manuf actured b Airgas. wth grade of 0. The

act iAPI0EFCERE a@ﬁwaag%@&ftmmgh Chambgigiressie is 2 torr, The
180 Sfouea} 8ch RATREHANBIREE 1hhebeac b SbBBTBh the

oading o um num pr oCess ch

sur ffeeding gassvdssactivatad tb méatrahbmmahﬂweésbmaaed to be 5000
_?ture control | ed nounti n‘%ﬁ’i n the

charkbel ne aeiatad gaedhon Enissed e Braceshsbatiies asy etched the
Opt '9@@' skfhé a? H@poé&eﬁﬁ ilﬁ@ﬁ\%ﬂlgtm% the'té‘m?@l’é:tnre controlled at

rovi brat I on ansi tion at om C. speci es
| i kl002C. atcthRinge of zdzmmndathew)fylgenexal\te)wgseslhdt off for two

eut r al rature.

28 useBpnds SOS Uik cneDRge A6 3 EcSHic b 0dBen sd Tpgient, the

(20@0F, BRiRich HE6@aBed abAsHRSarR ﬂh@f(%‘g @ﬁﬂssnaﬁ fhereased to

etching rate of the surface “deposits he acti vat ed

gas maintaithe earbop masscbalancer After ﬁwtrpnelﬁnt,|GDFz
concentration slowly increased while CO, concentration slowly decreased.
However, after five minutes, the COF; and CO, concentration of emission

25 leveled and did not appear to be returning to the prior levels before the O;

induced transition. The results are shown in Figure 2a. As demonstrated
in Figure 2b, etching rate jumped up at the transient ciosing off of oxygen.
The etching rate then slowly decreased and leveled off corresponding to
the COF; and CO; concentration change in the emission gases. The RF

30 power was turned off at 450 seconds.

Example 2
This experiment was designed to measure the effect of the

fluorocarbon rich plasma treatment on the interior surface of the
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the process chanber. N2 gas is added at the entrance
of the punp both to dilute the products to a proper
WOAEENEG78t i on for FTIR neasurenment and -6 WOPCT/US2005/010691

0 AR T N e e

us edacdofdiRg e shelsenditionaessibe distow Wetsretthatluefoddrbon rich
species in the EUEB exhaust. 5 Exanple 1 It
fiBe

was
di schjaemadraataen feeding oas sempasedsit Qes Eyrani@ 8020 (C4Fe)
et chi Z ; i |
app%ﬁﬁﬁ%ﬁﬁregﬁgz ﬂgﬂ}é ?)% 'stcﬁé)% géfC g%,&rsﬂgrvgfaet.éc?s APOPsgem. CaFe
Sandflaw reteas 260 Isctmr dearabeupriessiireGeR2tarn Thiedfeeliingugest was

o lBienSCABNKE 86 vWERE Bpier 196 Rt lergpSiglure of
per i aintdted th %\é/hm%d ?h@%é:tiqaﬂepcdarsﬁtﬁt%HFd%\%ssa thvold h the heat

rate back to the previous level. i's experi ,

t he éxobahger gennaentioposrtarast theprozgsoaliambecsnd itched the SiO-
(C4AE8) . and, Ar, .wherein 02 flow,rate is 1750 scc o
{ oW 08 deposip 5 Be Saginnedhit s temnerrCira 36htbied at 100

1Ghander pressure is 2 torr. The 15 400 KHz 8.9 KW RF

- power was_turned on at -800 seconds and the feeding

gas was adientedieat @xghargaraannestipne batween betremate plasma

or ocRoe Aat e PRESRE bR ¥R coi88 LM Bl GearbHf sich plasma.
on tTiee feeding gas wittord for thetrpatnéntrconsiéd of 280l satm Zyron®
100C.__At the él nme of zero second, the ox%gen val ve was

shutB@0rand 200Q.5cem Afe dtfitackinatecdnip@ Kvne . KWRE power,
1552 g e BRI SR Bl £ it

I ncr easedifter thewreatraent, tieetchirgpratewas nebsured. agdin ender the
i e EBob Tt A At Fus it a0 i o bo
af t ef3sy MBadidtiniR, 3@%%i§ﬁ&2thanqh%ews@%%ameﬁi

em ssion evel ed and did not appear to be returning
to the prior levels before the 02 1induced transition.
he results are shown in Figure 2a, As denonstrated

n Figure 2b, etching rate p at the transient

closing off offHix¥gEEriment was designed to measure the effect of the

fluorocarbon rich plasma treatment on the interior surface of the

2

apparatus. The etching rate was measured as 850 Angstrom/min
according to the conditions described below before the fluorocarbon rich
25 plasma treatment. The feeding gas composed of O3, CsFg and Ar,
wherein O, flow rate is 1000 sccm, Ar flow rate is 2750 scem, CsFg flow
rate is 250 sccm. Chamber pressure is 2 torr. The feeding gas was
activated by 400 KHz 6.0 KW RF power to a neutral temperature of
estimated to be 4500 K. The activated gas then passed through the heat
30 exchanger connection, entered the process chamber and etched the SiO;
surface deposits on the mounting with the temperature controlled at 100°
C.
Then the heat exchanger connection between the remote plasma
source and the process chamber was treated by fluorocarbon rich plasma.
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The etching rate then slowy decreased and | evel ed of f
corresponding to the COF2 and CO2 concentration
WORRES$ t he enission gases. The RF 30 powePCRAS2005/010691
turned off at 450 seconds. Exanple 2 This experinment

was designed to neasure the effect of the

f | uofloe feadtimg gas miglues fox the dr@treant consisted ioi2BGisoem CaFg and

f f 1 7 \WD.2005/ 09567 /01069
appet A2 8okl & PRtvalg DAL Rz b KY0 R paier, the gas
Angsmmﬁie%éhseé%ﬁﬂféhﬁﬁe%ai Eﬁcﬁéﬁg@r%ﬁ% miRfed bed

bel ow before the fluorocarbon rich plasm treatnent.
The feediAfergas teantpent dhe elaing mte ovas megsaed(agaigynder the

nd ' ' 7 Ar, flo
30t Sme SAGEER st berg Riinb ek TRe 310 Bte et found to be
Chanbti0 Angslsmmﬂniin§ 30% eigher tHae the e sefarstheafeatment.
activated by 400 KHz 8.8 KWRF power to a neutra
tenperature of estimated to be 5000 K. The activated
gas then passed through the heat exchanger
connection, entered the process chanber and etched the
Si 02 surface deposits on the nounting with the
tenperature controlled at 1000 10 C. Then the heat
exchanger connection between the renote plasma source
and the process chanber was treated by fl uorocarbon
rich plasma. The feeding gas mxture for the
treatment consisted of 250 sccm Zyron(r) 8020 and
2000 sccm Ar. After activated by 400 KHz 7.0 KW RF
power, 15 the gas m xture passed through the heat
exchanger for 2 mnutes. After the treatnent, the
etching rate was neasured agai n under the sane
condition as before the treatnent. The etching rate
was found to be 1350 Angstronim n, 30% hi gher than
the one before the treatnent. 20 Exanple 3 This
experiment was designed to neasure the effect of the
fluorocarbon rich plasma treatnent on the interior
surface of the apparatus. The etching rate was
nmeasured as 850 Angstrom m n



according to the conditions described bel ow before the
fI uorocarbon rich 25 plasma treatnent. The feedi ng gas
WO 0of 02, C3F8 and Ar, wherein 02 fl owPEEUS2005/010691
1000 sccm Ar flowrate is 2750 sccm C3F8 flow rate

Is 250 sccm Chanber pressure is 2 torr. The feeding

gas was activated by 400 K RF power to a

neut r al ng{saé@h‘ estwbe 4500 K. The
activate t eer?ogsed t hrough the heat 30

exchangerA mn@@forcremcﬁmesmhdemewm es&d mﬁ‘@arcoafphsmg
tched the SiQ2 surface deposits on the nounti ng wth

he (BiApWatingIR adsAIGte chambar amretieatmentigns mw@rﬁmmpnsmg
t
nd THoRGtar6f 308 dptnal SRR IRerciTHc pldA TR0, o gAyeh and

ri cHiugresarbon is Bsy\ha003/; D8 GHErcaREl U82005/ 010691 The

R Sl AR AT B

KHz gorffort¥Y ﬁFerRﬁ\é%Hacé R¢a Yokt ﬁmeon%ﬁﬁﬁg chiBhtio the

t he "heat exchanger for t mnu es. After t
10r epui@se deppeitsit chi ng rate was measured again under

et oHiPhaPaRnG Jahe 5Tk st 2igonihg s R cogising
hi g géﬁ@hdtffﬂ@rﬁh@b&ﬂwfeﬁethhﬁe meat F&Btof 0x9?t¥\‘\)and
2005/ 095670 PCT/ US2005/ 010691 CLAIM

cl aiftweepqasbon is ot lpastia; aféfitheéﬁ%ﬁ@fng surface deposi t s,

S S, OB i SR e Sy

161 udepearthctingsaid wW@tedldlefamu%gae niikitre witht the stplage
ratio of, oxygen and fluorocarbon is |ess than 1:1;
and deREF L ARG ferBby compwBgiatdeastsemeof said striace deposits.
pretreatnment gas mxture with at least a portion of
interior surface of a pathway fromthe renote chanber
to 2heThd Mhethod af elathedoshérein said pretreatment gas mixture contains

no oxygen.
20 _
3. The method of claim 1 wherein said surface deposits is removed from
the interior of a deposition chamber that is used in fabricating
electronic devices.

25 4. The method of claim 1 wherein said gas mixture is activated by an RF
power source, a DC power source or a microwave power source.

5. The method of claim 1 wherein neutral temperature of said activated
cleaning gas mixture is at least about 3000 K.
30
6. The method of claim 1 wherein said flucrocarbon is a perfluorocarbon
compound.
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(c) activating in the renote chanber a cl eaning gas
m xture conprising oxygen and fluorocarbon wherein
WOROYPHP rati o of oxygen and fl uorocarbon i 8CEUS2005/010691

o odh R Pl P ERERC ol PSSR AGL {3 Brocs o

cont actamigr gas.d activated cleaning gas m xture wth

the surface deposits and thereby renoving at | east
some of said surface deposits. 2. The nmethod of claim
1 wier phé nidth&d B Sl Al i | |

oxygen. 20 3. The net h(’)gﬁ% e@ﬁﬁ?%%%é?é?ﬁt gsaéléfjflect@@froma
8ur f acgrogpposisisting ©f siticon edbdedosilicam esiliconeanifride, tuingaten,
deposi t.j.on chanber..that is used.in fabricating. -

el oot rHlf GEFRRCSiitaEomrE: fipRa s3gioE Bhtyarious siicon
wher ei giygRntcaddSouRds! refetrdPtoPgd iowrKefatYiaR) RF power
source, ‘a DC power source or a nicrowave power source.
5. The nmethod of claim1l wherein neutral tenperature

of [ ' apj . ] re | I

ohof REGAAGAET g ORI il g o
10| uor osfagdin bleiaping ¢ ixtoreois &t st fropRbONAR: 113 @bYEE 20: 1
2005/.095670 PCT/ US2005/ 010691 7. The nethod of claim
1 wherein said gas m xture further conprises a

carrier gas. 8. The nethod of claim1, wherein the
surface deposit is selected froma 5 group consisting
of silicon, doped silicon, silicon nitride, tungsten,
silicon dioxide, silicon oxynitride, silicon carbide
and various silicon oxygen conpounds referred to as
low K materials. 9. The nmethod of claim1, wherein

nol ar ratio of oxygen and fluorocarbon 10 of said
cleaning gas mxture is at |east fromabout 2:1 to
about 20:1 -11
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