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TITLE OF I NVENTION Met hod of Using NF3 for Renoving
Surface Deposits BACKGROUND OF THE | NVENTION 1. Field

wohod7esdsnvent i on. The present invention rel at B6TUS2006/030099

met hods for renoving surface deposits by using an
activated gas m xture created by renotely activating a

gas m xture conpri si MLE OFINVENTROKCE anthSS. f Mor e
speci fica S|nv ntionreaesto met hods for
r enovi ng &"@?’M%@ Helhg ‘f@fwﬁﬁmweg iSuriaceddenssits
chem cal vapor deposition chanber by using an

activated gas HACKGROURY Of PHEIRVRNPHONCt I Vating a
Mprising an OXygem source arrd

gas m xture cofprising NF3. 2.
Dﬂascrlﬁlﬁicbﬂffbﬁ Imegntiond Art. The Chenical Vapor

d PI Enh d Ch |
Vanor 8 BBt in ARG B Biiyme oS foheTasnng SHEAES or
NMSIWQJSIW HA ta"clﬂvétéﬂtgarsemw@r‘é' ﬁéa@d@ﬂﬂ{éﬂﬂote rfé’étlv%img

cl eani ng nmet hods, i nclude in-situ plasnma “cl eani

r2R8e é“'&i\'é@rﬁ@mp;ﬁlﬁmw EK¥a seurce mndhiNF . nMore spgd:nﬁmiw
t
AFPOLORSH RATES to WCInGo R Ry B Gonsbtedrom the

cihtarioe of arulheahealn&pbhdeﬂeﬂﬁsh ichaimies bl Wsiddlas aktivated gas
rreth d suffers from severa

|
B IR Ser B EVpreRiashicadhvatio ggasmirecsarapsiog an

e@g%@ﬁdschpcégﬁdm sma can not be cl eaned. Second, the.
cl eani ng process |ncludes i on borbar dnent i nduced

rdact |B¢®rmﬁdnm&alanedm chem cal reactions. Because
chanbep GReaTcH Vaast HRpCR o N oS A she sma
rEpRRRUEerhRal VEPbF Bdpo&inshi '(IZE m))%a%l&é}g\{ﬁmé‘g es
of in-situ plasma cleaning, the re
semiconductor processing industry require regular cleaning. Popular
cleaning methods include in-situ plasma cleaning and remote chamber
plasma cleaning.

In the in-situ plasma cleaning process, the cleaning'gas mixture is
activated to plasma within the CVD/PECVD process chamber and cleans
the deposits in-situ. In-situ plasma cleaning method suffers from several
deficiencies. First, chamber parts not directly exposed to the plasma can
not be cleaned. Second, the cleaning process includes ion bombardment-
induced reactions and spontaneous chemical reactions. Because the ion
bombardment sputtering erodes the surfaces of chamber parts, expensive
and time-consuming parts replacement is required.

Realizing the disadvantages of in-situ plasma cleaning, the remote
chamber plasma cleaning methods are becoming more popular. In
remote chamber plasma cleaning process, the cleaning gas mixture is
activated by a plasma in a separate chamber other than the CVD/PECVD
process chamber. The plasma neutral products then pass from the source
chamber to the interior of the CVD/PECVD process chamber. The

transport passage may, for example, consists of a short connecting tube
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chanber plasma cl eani ng nmet hods are becom ng nore
popul ar. In renote chanber plasma cl eani ng process,

woheo7mhieani ng gas mixture is activated by a pl BemaS206/830099

separate chanber other than the CVD/ PECVD process
Wsho%h@é@%%@@W/PEmBk&&e%stéﬂﬁﬁwﬂéﬁ‘s$n Ebﬁm\st to
t he source chanber to the interior of the CVD P

dhedviagnarmikaning methods spaote phambgeplasya q‘:leamng

BRIy RBR i s e O AL B nb e s dVRias
Erosiodsirobmdlcaudad 1) RIBorab@meTd |Wé19ﬂﬁ>es§ ehBider.
chanber plasma cl eani ng process involves an

spont aW@dJQ §a€ﬁ6'HV%|Mlanﬂéﬁ@Wtb/ﬁ§/ caiHed ragio éﬂ@g.uegcy (RF) as

S&%ﬁéﬁ“g'ﬁg‘ﬁi n@@gﬁsg%@éaﬁm ti vei y and nduc P\%elry
cxmmtesjfdraue oerhr;’&sqmlmmlyer(yﬂ!ﬁ?smaa:lmahhg psocassy theawmdustry is
renpl e sources en devel ped as,. power rces
TP M v SrpsTories S RaanficHy e rules SPH@SS in
I\DRTER R !a%rﬁélﬁégbwoﬁBM'a!‘goﬁﬁ@’iﬁéﬁ'oﬁ éﬁﬂ%@&f ﬁ@fhec
|nduct|vely cou sources in which the plasna
tqfrtheutr@msfarmefn 8’ heatsieorf lawer fiegdengy Rﬁepogw(mldms;thefuse
etra sformer. .The use o r.fre F
B e SHIE vivh gt edPeEC G BREE o
i dﬁb&ttlv\éﬁzcﬁ@uﬁé 1 thgramyt dllongsg €8 micve @mﬂtrar%fer of energy
cougl i ng; thereb%/ allowi ng the nore efficient transfer

de tha@lagma withpat excassiveipn ombasdment which limits the lifetime "
B‘ﬁa &ré %EE trﬁéqré) r%%ﬁ HB%r Mt&ﬁh&_ﬂsﬁe of the renpte

sna sour er or fl uor ocar bons,

SF6, eNFngluoh@cafbbﬁarSEgsetiaa&avé@@enm;eQMeamng@ses in
I OCeSS. t

ptg?tﬂ %ﬁﬁlﬁerq ’Hﬁ?g BWﬁ%@ AR ng’qsgg RI%@ |'%P?@'§P&af%@$i£act've
dd RER rélét‘l{férly RRaRPReb Gﬁ"; “RuSHRSOSAR IS, &l@é&éléﬁ%sﬁagdl ly

oes not generate gree use gas emm ssi on
aamkeddes noUgmeNEtia gfeeadiousel gasasmmissiean] mgregas. nasi ©F
SUM\/ﬁEg tTH N\/ENFI ON_The present invention rel ates
t'® BaINRY ap &IYAME9 935t ace

BRIEF SUMMARY OF THE INVENTION

. The present invention relates to a method for removing surface

deposits, said method comprising: (a) activating in a remote chamber a
gas mixture comprising an oxygen source and NF3 using sufficient power
for a sufficient time such that said gas mixture reaches a neutral
temperature of at least about 3,000 K to form an activated gas mixture,
and thereafter (b) cohtacting said activated gas mixture With the surface

deposits and thereby removing at least some of said surface deposits.

BRIEF DESCRIPTION OF THE DRAWING(S)

Figure 1. Schematic diagram of an apparatus useful for

carrying out the present process.
Figure 2. Plot of the effect to etching rates on silicon nitride
with 02 addition to NF3 + Ar feeding gas mixture.

.
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deposits, said nethod conprising: (a) activating in a
renote chanber a gas m xture conprising an oxygen

weawmas@and NF3 usi ng sufficient power for a sBETIUS2@®AN30099

time such that said gas m xture reaches a neutral

tenper at uegupd 3ap|ot BReHe SN0 3tdii%y Fat%g oﬁqognmo?afuuoxude

activated gas mxture, and thereafter contacti ng
swithl Ca axdditirele lﬁﬁsﬂﬁﬁr)feadleg\gashﬂtxhﬁesurface deposits
and thereby renoving at |east sone of said surface
deposi ts. [ pgure 1.
deposits. BRI SR oF 6 Sy e
out the pgesecd depesiesemdvedurith this Mvehtioh cbhfprséftﬁéée
to etchlngrates on silicon nitride with addi ti on

rBaarBIS CoPMABBa SR eS! Y SaIPRHy AR laposiopoasa-
oﬁ icel Q:h%"rﬁlg%l%pk%g oSflors bt bm%rg{rQ&&%BEﬁA{E[\ aterials

|on |ng gas m Xt ure.
DES e BTCON, deéI’d—lEihcwEN‘ldoﬁmifBidef dwgstemadlicon diexideed

e el

RicRspR GRS E eSS A KABRIHaleRASh talsqrs@r(f@dmaslsh.eéte
processes. Such materials incl ude silicon,

EalassSonlicen FREwETRRY SO orog HEGVDDBLbaldna B ask

el GRHEN eraBh SRl “Z@f%'&ngJS%'ﬁF%%‘*ﬁAW“a%M

nateehatidrsal). SPedfersd 66fFaéd Heposisin thiiheegligs)silicon nitide.
carbi des and Si CxOxHx or PECVD OSG, i ncl udi ng Bl ack
D anond (Qﬁﬁlqn@épq\lﬁ‘leéf Pfaihs&% 'nV@BF%ﬂ‘ 'S(rﬁm@{"l‘%@% 6%93“5

AHE MtBrib A4 PFHc%%Q %bﬂﬂ)@r)th?tpé &6&l rlr??iab?fééfngglectromc

eposit 1nthis I'nvention 1s silicon nitrid
eddvicisne®tclof processi chaentbeérasould be enBhiemdicad Mabac Beposition

d its fromthe inte r of ch that
e%rﬂbwawraE’éﬁﬁ%ﬁaﬁ@emﬁhg MR Nl
RsapBer could be a Chem cal Vapor Dep05|t| on
(:CVD§ c?wanber or a Plasma Enhanced Chem cal Vapor
Deposi t i o@ther embodiments of this invention include, but are not limited

to, removing surface deposits from metals, the cleaning of plasma etching
chambers and the stripping of photoresists.

. The process of the present invention involves an activating step
wherein a cleaning gas mixture will be activated in a remote chamber. |
Activation may be accomplished by any means allowing for the
achievement of dissociation of a large fraction of the feed gas, such as:
radio frequency (RF) energy, direct current (DC) energy, laser illumination
and microwave energy. One embodiment of this invention is using
transformer coupled inductively coupled lower frequency RF power
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 that 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. Typical RF
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wdepogiésifrom netal s,

(PECVD) chanber. O her enbodi nents of this invention
i nclude, but are not limted to, renoving surface

the cleaning of plasm eCThISW6/030099
chanbers and the stripping of photoresists. The

RpIG Aselin 1S INVGTRER ndd MUl 1M1 800 Kz

I'ng step erena ean gas mXture will be
Friothat @dbodmaerrte:ﬁblh@ poirvarrbem rceAa lthus invemtiomdy abremote
means,.al | ow he achi evenent

I f
e ey Bt on Chanavaly SaUMEH AR SoREE, v

such as: A&Waﬂoﬁﬁ@%@?@éehﬂﬁ)/eﬁﬂﬂ{ O¥es Siffieht poiveefir a
(DC) energy, laser illum nation and m crowave energy.

cauéﬂmatﬁdmnmmrm am [ictivatad gasirainture haginggneute dewpatature

R AR ROUED ORBuR. TR ReRftah Blforel OAF Y rodunfY Flsma

CRepeindid ot theh st At headsideacs aamnefthy ga‘s rixgure in the
transforner. The use of | ower frequency ower
demaig chagmbgse Usrdemragain RoveasriBRU it C@?mfaw@e neyral

t@%‘éﬁé%?e ?\fﬂplﬁ)é b!;tﬁw W\A‘il{h Ibﬁﬁ%’lﬁ%%%e?igggﬁéﬁmd #fs invention,

ent transfer
cthe @refemedt reeutiat tqahpsraiunm dframht/aheﬂ(mmbeuneaa over about
bongﬁggn@nt \Nthh|I{g he | fetlrre of the reno
ph4 sHndeaRprRRpate ¢ QNS COWB?E%’ PRW&&«/%‘?S used
'&rﬁ s?tld)r{‘ pbr%@sﬁ\%sar{d §58) FSidter] @ ihe, 'ﬂnéﬂtrél fé%)pé?b%res
er e i'ment of the power source in th
|wf\aimbasjrab|oslt ﬁOO@ﬂﬁ)myrheca@um i nducti vel y, or

oreqont 1 T0%AERAelceR SHEMY A Sondlele. FEnoE chimbBFtnat

sidfdutgiie ot tHe ?%cb@s caamban metin vivise prgdmity tstthe @rocess
havi ng neutra tenperature of at | east about 3, 000 K

Tehamieen rlaithisdnyentianuremete ehambeisiefars g e shamber
AGRERM 1 oI RPL WPy By bR7ledE RAEmIHeRFefefs Idifhe0as

e re er certain power
| sinrhbenghe@ihiltie gmtﬁacm@&pcrsaﬂs dre ihquated .uiTbe weirotdsehamber

{REBEPEednABLEFasS HERBE ALY Beaas Aol e Jensrer of

Mt i atedt §¥EfroRPRE remote chamber to the process chamber. For
example, the transport passage may consist of a short connecting tube
and a showerhead of the CVD/PECVD process chamber. The remote
chamber and means for connecting the remote chamber with the process
chamber are constructed of materials known in this field to be capable of
containing activated gas mixtures. For instance, aluminum and anodized
aluminum are commonly used for the chamber components. Sometimes
Al,O3 is coated on the interior surface to reduce the surface
recombination.

The gas mixture that is activated to form the activated gas
comprises an oxygen source and NF3. An “oxygen source” of the
invention is herein referred to as a gas which can generate atomic oxygen
in the activating step in this invention. Examples of an oxygen source here
include, but are not limited to O, and nitrogen oxides. Nitrogen oxides of
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3,000 K. Under appropriate conditions (considering
power, gas conposition, gas pressure and gas residence

woizn@)oleaseut ral tenperatures of at | east about PEDAS2046/030099

may be achi eved. The activated gas is fornmed in a

Bﬁgiri\%i’t?gﬂgﬁﬁgﬁe?n g\?%artota@%ol'eﬁul%tc%'ng%tl% <{1: 'Pﬁ’trogen and

I'n cl'ose proximit
geer Examgléd of nntmgehlmdesnaolude lmhtaarbe'rotrheﬂmdstotND
t he chamber wherein the plasma i s generated, and
N8B NQ2.c REefsEedRYers spgrqehlg Oé(MQﬁ’EQ?S\Aher ein the

surface dﬂ%@ﬁ%\%?mﬁtru?e kg ﬁé’hvaﬂé}?td ﬁﬁ‘ﬁ\ttﬁeoéﬁﬁﬁ@d 4 may

connect ed e process chanber any means al |l owi ng
ffarthér corapese afcartier gas swat aslagan, hrtmgetnr@nd bekira.

hanb
N e i —
téi@& nilth@ hEReNET Bsast @ Tdheakd/BLGERQMTprOCESS

chanber. The renote chanber and means for connecting
t he renptléwsasdaned imthis inveation Hiad 88 PHIFPSOWFR Can

gﬁ%ﬁ@%@f% gg%qégﬁ%rétéh in ‘?Qfé%% 61'? %‘n‘lc{)h ?\'Itggégo lfr?one

Prg - ace |vate
l éhib@@lﬁ%nt@lf tHTs Muentiod, as ehiowe dh Elxampﬂm hbelewcsmat amount

d f th hanb
cfasD BoetRAd T MESEASEDE N R BB AS (AU,
FEAFE T bPRycPlgia8 By iR hat is activated to

he activated onpri ses an oxygen source and
NF3. An Bhg@:ﬁmvmngqu(emptés ateemenntio illgsirats the iryemtion

ref rred to as i ch can generate atom c oxygen
Cfﬁ@ et neant tt‘?g&sﬁ'@%gn this invention. Exanples of

an oxygen source here include, but are not limted to

G2 and nitrogen oxides. BEXAMRBIEGRSOXi des ofthe
invention is herein referred to as nmol ecul e

consi st i nGigefl Hiawsogeahematio diageam aih %@@gﬁ%plasma
%r%%&gﬁ%} i%ilp\pggbé' d50cB88 o HHECANd bRhAGS élﬁlsH@ﬁ

_ ed OXygen source i s oxygen gas.
gagpavatisiised inahis invastion aT leel ramoteqrlasmaescarce isa ed

gggmmesll’mal toroidal-type MKS ASTRON®ex reactive gas generator unit
made by MKS Instruments, Andover, MA, USA. The feed gases (e.g.
oxygen, NF3, Argon) were infroduced into the remote plasma source from
the left, and passed through the toroidal discharge where they were
discharged by the 400 KHz radio-frequency power to form an activated
gas mixture. The oxygen is manufactured by Airgas with 99.999% purity.
The NF; gas is manufactured by DuPont with 99.999% purity. Argon is
manufactured by Airgas with grade of 5.0. The activated gas mixture then
passed through an aluminum water-cooled heat exchanger to reduce the
thermal loading of 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 rovibrational transition bands of
diatomic species like C, and N, are theoretically fitted to yield neutral
temperature. See also B. Bai and H. Sawin, Journal of Vacuum Science &
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further conprise a carrier gas such as argon, nitrogen
and helium The total pressure in the renote chanber

wduaoirgedshe activating step may be bet ween aboBCTMS1006/030099
Torr and about 20 Torr. It was found in this invention

EEShndier B I RUF By, AP hESRI e A
H?%%mﬁ@?atefofm §ur*fz§b{=?6é[bc§81ts IBsthehastivated ga@rspheaaured

ow, shall amount of ygen gas, addition
by inteteronetey ARTPRENE Nt RTgCESS Chanebar- eNéséﬁﬂ%adS’%fﬂ at

n silicon f f

. Snrathihhafifuion PitheiRil o ffeifie s tog
PRIperR@nteftpatitm for FTIR mgea@@mnESnmt@ reduceHbadhang-up of
scherratl c di agram of the renpte %‘B ngHsou ce

praghisibin BeiRiing. ub&IR prasused tory & capgenigation of
gﬁéaggw ?tey(ﬁ H§ted in this invention. The renote

asma source I's a comrercial toroidal-type MKS
ASTR(]\I(r)ex reacti ve gas generator unit made by MKS
I nstruments, Andover, MAxample frhe feed gases (e.g.

Slxiﬁﬁﬁ*hgso“ﬁwg’*{e?%ﬂ%ﬁ%sh hé BHRECCH duiiyeniddfrde &l fon on
H‘Pé @ine@ﬁ nii&s BEHERy whe o NFRE swtemsu 'Ehlehmsglﬁd amg afgte

radi o-frequency power to m an acti vat

lsmwurla Figure Zxkpgbis ¢>§oq&mﬁma@1€ﬁ@a{nsy9% ?@HQOWCF Rt NPS,
Aattees BBy O I@%ré}ﬁr vt PtBRMY 8331568 DX ANRoste

gon 1's manufactured by Ai rgas
Wdsap Adecrnf CBdenbeThHeasurewwasaa topais Thiexeediagtgasnivas

d th
Dotvaadiy DRAGTRHZ4 S KELRF P GehER Al aRE R
‘iﬁé‘ﬁ%bo K Meh& YEfiRfed ?;%QQﬁéﬁ SnfQue sl prsiees chamber aned

a“tenpérature cont mounting i n the pr 0Cess
(Ehdliédéthe Sieomeitrideasurfanepderasits on herpagnfinewil the

%Enperéture controlled at 50 °C. When there was no oxygen source in the
feeding gas mixture, i.e. the feeding gas mixture was composed of 1333
sccm NF3 and 2667 sccm Ar, the etching rate was only 500 A/min. As
shown in Figure 2, when 100 sccm Oz was added in the feeding gas
mixture, i.e. the feeding gas mixture was composed of 100 sccm 0., 1333
scem NF3 and 2667 sccm Ar, the etching rate of silicon nitride was
increased from 500 to 1650 A/min. If 200 sccm Oz was added in the
feeding gas mixture, i.e. the feeding gas mixture was composed of 200
sccm O,, 1333 scem NF3 and 2667 scem Ar, the etching rate was further
increased to 2000 A/min.

Example 2
This Example showed the silicon dioxide etching rate of

NF3/O2/Ar systems. The NF3 flow rate was controlled at 1333 sccm, the Ar
flow rate was 2667 sccm, the O flow rate was 0, 100, 300, 500, 700, 900
sccm respectively. It was found that oxygen addition had no significant

impact on the silicon dioxide etching rate of NFa/Ar systems. In this
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Em ssi on Spectroscopy (CES), in which rovibrationa
transition bands of diatomc species |like C2 and N2
waneothestetically fitted to yield neutral tenperase030099
See also B. Bai and H Sawi n, Journal of Vacuum
Sci ence &Technol ogy A 22 2014 (2004 | 0t
expsipenta CaMesT Rrasshis %é?toﬁfh gﬂ"é‘? ﬁqﬂdﬁzﬁ 9%%1 WeSAbivated
gt & 4 vaugdl @asperature aseregtah 3000
?%p%$g§90ne ??'@ﬁ&%}h@ﬁ?ain t he process chamger
HasThiessactilceet gas then enteredhihe pocesechambasan ﬁt%\ﬁﬁéhe
both to dilute th roaduct.s t feon
plrortinidrsuiacn ot g e figfuicih (iRaRRb e
REQGYEFat 100 5. MHERtcHY Rateagasiskowh in Feasede t he

concentration of species in the punp exhaust. Exanple
1 This Exanpl e denonstrated the effect of oxygen
source addition on the silicon nitride etching rate of
NF3/ Ar systens. The results are also shown in Figure
2. In this experinment, the feeding gas conposed of

NF3, Ar and optionally O2, wherein NF3 flow rate was
1333 seem Ar flow rate was 2667 seem Chanber
pressure was 2 torr. The feeding gas was activated by
the 400 KHz 4.6 Kw RF power to a neutral tenperature
nore than 3000 K. The activated gas then entered the
process chanber and etched the silicon nitride surface
deposits on the nounting with the tenperature
controlled at 50 OC. Wen there was no oxygen source
in the feeding gas m xture, i.e. the feeding gas

m xture was conposed of 1333 seem NF3 and 2667 seem
Ar, the etching rate was only 500 A/mn. As shown in
Figure 2, when 100 seem Q2 was added in the feeding
gas mxture, i.e. the feeding gas m xture was conposed
of 100 seem 2, 1333 seem NF3 and 2667 seem Ar, the
etching rate of silicon nitride was increased from 500
to 1650 AAmn. If 200 seem @2 was added in the feeding
gas mxture, i.e. the feeding gas m xture was conposed
of 200



seem 2, 1333 seem NF3 and 2667 seem Ar, the etching

rate was further increased to 2000 A/ min. Exanple 2
wohiw/ois@pl e showed the silicon di oxide etchi RGTUS2®6/030099

of NF3/ Q2/ Ar systens. The NF3 flow rate was controll ed

at 1333 seem the Ar flow,r S 2667 seem the 2
flowrate was 0, 100, SOWOO 900 seem

ngeaeetdixmed isit was found that oxygen addition had no
significant inpact on the silicon dioxide etching rate
of NF3/Ar systems. In thisexperinment, c argg ress_ure
vasAzmethod forrrmevigisHEaga deRast Saétai'd/megbo PRESAg0

KHz 4.6 %ﬂ%ggtl\@m@tm Ore%cﬁélgh'éﬁ*betrgé% ﬁﬁ)&ﬁ% %Eri&ihé%n

3000 K gas then ent e proce
ahggbarsoanck and Néd ushg siifficienhpavexfoda suffidienttime such

d h th
IBR et e raUage s tmacuteHeRpraliES shat eRstabays
M 986 K & oAl Stivilat gaSnfiktaieethd therdaftef Met hod for

r enovi ng surface deposTts, sai d met hod conprising: (a)
act i vat i ngp)icantactingrsaisl acitvatast gas grxiure withrtke surface

e AR B e e e PR L OB

reaches a neutral tenperature of at |east about 3,000
Kto forman activated gas m xture, and thereafterqlgi_tg%1

cdnilaetmatodaf laiey | wézfeéfan g2l sNrfach deRpsits 18 FeMeve
dep é rﬁeﬁ&%f%fﬁ%ﬁ%% #ﬁﬁmlﬂbpﬁwag'isopé’@cffn 28hE.a \Aﬁ{g &RkHonic

sur ace deposi e met aim1 erein
sai dlevidebace deposits is renoved fromthe interior of
a process chamber that is used in fabricating

el ectroni c devices. 3 . The nmethod of claim1l wherein

S@' ﬁi—he nef dscﬂ’LHeﬁﬁ] | VHRXYIE AP B8Ry dEn SdUrce ¥ Bxyerri§ss or

od of claim3 wherein said oxygen source is
oxyg\ﬁimmomdes

4. The method of claim 3 wherein said oxygen source is oxygen gas.

5. The method of claim 1, wherein the surface deposit is selected from a
group consistihg of silicon, doped silicon, silicon nitride, tungsten,
silicon dioxide, silicon oxynitride, silicon carbide and various silicon

oxygen compounds referred to as low K materials.
6. The method of claim 5, wherein the surface deposit is silicon nitride.

7. The method of claim 1 wherein said power is generated by a RF

source, a DC source or a microwave source.

8. The method of claim 7 wherein said power is generated by a RF

source.



5. The nmethod of claim1l1l, wherein the surface deposit

is selected froma group consisting of silicon, doped
wei2bi7maen3isi | i con nitride, tungsten, silicon dPOXiuseg06/030099

silicon oxynitride, silicon carbide and various

ot CheanSiiel O oEOURRTI SR Ghaldd B85 bPMHIe e
sur feHaBtel@Rabdr fbﬁm§ il torolancbhfigleratidn ahb esaméRqu?bwér is
claim1 wherein said power is generated by a

soutraesfoanaccg@md @dﬁctuem hawpg f r@QUSBCY *ﬂ’{@r than

ggﬂ)roo%Hgl aim7 wherein said power is generated by a
The method of claim8 wherein said

activated gas m xture in the renote chanber forns a
PGP RAOOSS R D MABIAID =) B35t CORATRd Tl arg s used to
2 {Z?ﬁ]ﬁgﬁ%{%ggw‘qﬁdﬁaﬁ@ Cgu?,qg KHz. 10. The nethod of

erein at |east one magnetic core is used to
enhance said i nductive coupling. 11. The nmet hod of

claim1, erein.th ressu in th :
b vibernetod g i oeiaat e Adsb iR h il ol hbefie
1 V\AE)%{\ﬁééh 8 to@andmotere further conprises a carrier

gas. 13. The nmethod of claim 12 wherein said carrier

| gas is at | east one gas selected fromthe group of

Con&g&%éf%ﬁ{m %\t r%%ld gésal t%?éifm?r\érlﬁ?ﬁ‘m&fses a

erei carrier gas
ar g%méregag_Jm or their m xture.

13.The method of claim 12 wherein said carrier gas is at least one gas
selected from the group of gases consisting of nitrogen, argon and

helium.

14. The method of claim 13, wherein said carrier gas is argon, helium or

their mixture.



