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. This invention relates to a focus ring useful for focusing plasm I n
a plasma processing apparat us. I n sem conduct or
fabrication, process gases are used to deposit 5 mat eri al upon, etch, or
cl ean sem conduct or substrates. These processes are typically carried
out in an encl osed process chanber having 'gas distributors _ for

di stributing process gas there e é Q# nventi onal process
chanbers is the inability to a @VQLﬁR&ﬁ\' &ﬁﬁ ﬁ'ﬁgbution or
concentration of reactive process gas species across the substrate
surface, particularly at the 10 perineter of the substrate. The

non-uni form di stribution of reactive process gas speci es resul ts in
non- uni form and vari abI I‘OCESSI n

surface. A more uniformpP BY?'W?”S%«!: tFﬁS"@Iaé’FPF 6\5‘@ lt'ﬁ’?f‘él fPE)g%CL{W  Blama
substrate is Qb&@lgm HEddedsiRg Apparatdas fl ow contai nnent structures to

di rect the flow of process gas onto the substrate. For exanple in
plasma 1 5 processing, it is known to use a plasma focus ring around the
substrate to i NiRLANRARLERLEAM Bioddi'daas 8 bl SRGhINE
process gas species across e SUbat Al &)

Conventi oBal plaaenal upeth, pter as clgassémicoaductdog Subyypateal IThedd procassps iate a
wal | surroundin substrate for directing the flow of process, g
or plasna on f‘ﬂg %‘[]Yr?aJEQS(S‘PthE"?GSWF tpé°cﬁ§§é"]ﬁmré}ﬂvwgtp9ﬁss§'§ﬁ'mﬁ€[?s

rings arises teaiitlinHgRAsbd R OeraR; ABIIAR!WHR bivafibrl BRicdsocess

byproduct deposits on t s of the focus rings I n particular the
i nner wehambats isghe limakility stor acthieveTa anifomb aistributiorpar t:ond:&rstrailqmof

Chanber . The resctive A5APGR Ga HPRRIAR A0 PSS oy AER SEFaNTL R CALEEHLPEI on

and/ or chem cakrimeter of theubsttatd. OThe noRllEHFA disfRRiLOR dfneam@b%@§§ gas
pl asma, for exanpl e, polynmeric materials conprising carbon, nitrogen,
and hydrogen $pe@&pegies results in non-uniform and variable processing rates across the
substrate surface. A more uniform reactive species distribution across the
substrate is obtained using process gas flow containment structures to direct
the flow of process gas onto the substrate. For example in plasma
15 processing, it is known to use a plasma focus ring around the substrate to
maintain a more uniform distribution of the reactive process gas species

across the substrate.

Conventional plasma and process gas focus rings typically

20 comprise a wall surrounding the substrate for directing the flow of process
gas or plasma on the surface of the substrate. One problem with such focus
rings arises from the deposition of contaminant polymeric and other process
byproduct deposits on the walls of the focus rings, and in particular the inner
wall facing the substrate. The contaminant particles also deposit on the

25 interior walls and other process components of the chamber. The
contaminant deposits are formed from the decomposition and/pr chemical
recombination of chemical species in the process gas plasmd, for example,
polymeric materials comprising carbon, nitrogen, and hydrogen species.

These deposits flake off and produce particulates that contaminate the



These deposits flake off and produce particul ates that contam nate the

-2 substrate during processing or mani pul ation of the substrate. It
is difficult to non-destructively detect contam nation of the
substrates during processing, and it is only in the final processing
stages that the contam nants are di scovered, and the entire substrate
Is rejected. Thus, the focus ring, interiof 5 of the chanber, and other
processi ng conponents nust be regularly cleaned thereby_redqcin
overal | processuhstiete duriag pragessingrefpanipulatioscofthesybaljate. [tis ﬂrfﬁéelég@s

are performed sl BdsEQLHAN M%&?ES@taln‘iﬁ%Q{?or?Ef Hﬁ g%ﬂ%;&{eﬁﬁﬂﬁﬁ% 8\(;‘63‘&% g o

erode the processing conponents an e e pr S C

10 and it is lonlyainotheefinat pradessingf stagdsothat ithg cpatdnminahtat e

cont am nati on i nvol ves a final processi n? dStig of r%i sing the focus
% us.the

ri ng above thedi§ﬁ‘l?>‘é%'?%'t gnd the e“"éfﬁd’”PF fifeni§ reissted-g HecthiRgetnteder
flush out she GOHAEAIMMYr, and oth@Hrobeddid) BsmpohEris AliSTbé Fbg{tﬁ%}rgy tledhéd. as

for exanple, disclosed in commonly assigned U S. paten )
5,423, 918. Hovithegehy reslticingi @drall brocess efficiency. edido, inmany obthesaictdamingind

| owering the focus ring can dislodge the . cont amn eposits fornmed
on the Tocus rPRISEEHS P HERAIEHaifdTe Coffosive gRpdiaan o drs PR APeMNAT ( he
chanber. Al so, efdde thé PPScedsingdesrhpanatits and limit kisy\ifel G0thestobessishdrhbér.

i ncrease process tinme and further reduce efficiency. 20

Thus, there is a need for a processing apparatus capabl e of provi di ng

a subst amibal l'y unifor maﬁ‘gé}fﬁn%{ﬁ'm& %r Jeg?&%’h\ﬁﬁ&%&s&'qgﬁﬂ?‘ﬁ‘g" across

the substrate surface, Icul ar, eri net er
substrate. Theineolvesa fimal procesdirigosteprofapisiigathesfogns rimgt dbmvetthatsubstiates

formation or de ition, of copntam nant partjcul ate deposits on the chanber
25 walls andafgﬁie%%s H&'ES%%%@?amb‘g to flush out the °%“ta-m'“?ﬁ& present

| nvent ion pr ovpaiRuie REAIRITed RthRY RYIdH, 3 fBr example? WRRIGUEIiA! | v uni form
concentration of reactive process gas aCross the
commonly assigned U.S. patent no. 5,423,918. However, mechanical
15 stresses resulting from raising and lowering the focus ring can dislodge the
contaminant deposits formed on the focus ring to form additional
contaminant particulates in the chamber. Also, the steps of raising and

lowering the focus ring increase process time and further reduce efficiency.

20 Thus, there is a need for a processing apparatus capable of
providing a substantially uniform concentration of reactive process gas
across the substrate surface, and in particular, at the perimeter of the
substrate. There is also a need for an apparatus and method that reduces
formation or deposition, of contaminant particulate deposits on the chamber

25 walls and processing components.

The present invention provides an apparatus for providing a
substantially uniform concentration of reactive process gas across the
substrate surface, and that reduces deposition of contaminants and residue

30 on the surfaces adjacent to the substrate. In one embodiment, the present
invention comprises a process chamber for processing a substrate in a

plasma. A support is provided for supporting the substrate, a gas distributor



substrate surface, and that reduces deposition of contam nants and residue
30 on the surfaces adjacent to the substrate. In one enbodi ment, the

pr esent i nvention conprises a process chanber for processing a
substrate in a pl asma. A support is provided for supporting the
substrate, a gas distributor

3 for distributing process gas in th8 chanber, and a plasm
generator for formng a plasma fromthe process gas. A self-cleaning
conposi t e focus for digtributing processdgdshia thebshianmidies, and aplases ganeliatdreforr i c
barrier having g f Qcusi r‘g sur.face for diéechirll t he 8I asrrg %oward t he
substrate, and 3MUPEERIAYDR FIURADR PEPcess dasy 2 seffclyaning, cOmPEpR fo¢ys ring
barrier that isapdifd tHeCiltsYratd)aidastided Phieledtric BhdRhaving a fERRMdEsSuriaar d
the focusing surface of the dielectric barrier. The energetic pl asma

speci es i npi nge fapdireating thediasma tewardithe substiage.dand ar efecErigad conpductos

of “the substr ot St AE R ots Bgietine R p iRV bRGGeH b il  BR5TR, o°
an 10 el ectri epktigs eoWdLLtHe D CRSING surfaRk dflthe HidlpStric prighaTh@energetic

el ectrical charge applied to the support is conducted to the
conduct or el enemiasma species impinge upon the fogusingswdaceabtha diglectrig harrisr dgent

i nvention provi dgs,@ne formaﬂ&ﬁ%ﬁ%ﬁ@éiﬁ'g@%@ Y%de?,-ﬂ}gs?xhrffééé E@Hﬂ%d‘grgéégb’iﬁg;i ng

for processing a substrate rn a oCUS ri1ng conprises
di el ectric barrioéthéaubstgata. fRrefesably, the condurtdraelement efedinicplly monitagts el y
of the substrate to t he

| th i ] f t |
Sunedr are B | MRty idndlioting oriar oL tupnort se thsical ectieal Phirde! e o
conduct or el em?@lb{)li@?o ﬂ@ﬁﬁd&@ls SsHlided Pto ﬂ*@@@"ﬂucit& @!E_ﬁﬁhf.i cally

charged to attract plasma ions toward the dielectric barrier, whereby the
20 energetic plasma ions inpinge upon the focusing surface of the
dielectric barrier tlo reduce the.form%éio i1ts th%t are

n ano t ]

e d P o de\po% ovides an
formed during processing 5t frH’é’ DB F3¢ BeseE i eﬂl YR
A met hod accor digh@tiicallyhRtivatardii-tiRERing f0Bus ¢inGTbr pAscesbifgibsubstiatpsn af

pl acing a substrate on_a support in a plasma zone, Introducing )

15 plasma. The focus ring comprises a dielectric barrier having a focusing
surface extending contiguously along the perimeter of the substrate to focus
the plasma onto the substrate surface, and an internal surface that abuts an
electrical conductor element. The electrical conductor element is electrically
charged to attragt plasma ions toward the dielectric barrier, whereby the

20 energetic plasma ions impinge upon the focusing surface of the dielectric
barrier to reduce the formation of deposits that are formed during processing

of the substrate in the plasma.

A method according to the present invention, comprises the
25 steps of placing a substrate on a support in a plasma zone, introducing
process gas into the plasma zone, and generating a plasma from the process
gas. The plasma is directed on the substrate by a focusing surface of the
dielectric focus ring. A conductor element abutting the dielectric focus ring
and electrically isolated from the plasma, is electrically charged so that the
30 plasma is attracted toward and impinges upon the focusing $urface of the

dielectric focus ring to remove the deposits formed thereon.



process gas into the plasma zone, and generating a plasma fromthe process
.gas. The plasma is directed on the substrate by a focusing surface of the
dielectric focus ring. A conductor elenent abutting the dielectric focus

ring and electrically isolated fromthe plasma, is electrically
charged so that the 30 plasma is attracted toward and i npinges upon the
focusi ng surface of the dielectric fokus ring to renove the deposits
fornmed thereon. 4

These and ot her f eat ur es,Thespeantdsythenteatuhesnasppess,cdnd inda/antages off theent
invention will becone better derstopd with regard to the fol ] .
descri ption, a&ﬁﬁ?ﬁfgemé?rﬁl%w QB%F%%B%%W‘?@S@PMH& eqRidcte QWWGBSY‘%%
exanpl es of t heidsBMgtidh, dppenBed @laim3, and accompanylng drawings GVRigh Sildstrate

partial sectional schematic view of an enbodi nent of an apparatus
according to trexapiierat thenipyaptiom, where: Figure 2 is a
secti onal hematic view of an enbodi ment of the 10 conposite focus ring
of the present invention; and Figure 3 is a parti al
cross-sectional schemati Figurevl ifa aaﬁttalneécuonal sclRrhatic VRIW ofanadim Badidient Us
according to the present invention. The present

i nvention provﬂfeaé" W%ﬁ%r%@'ﬁ&dom ﬁfﬁfeﬂbane“t'onf uni formy processing a
substrate in process gas and reducing formation of cont am nant
deposits on a focus ring surroundi ng the substrate. The apparatus can

be used to deposit nateriFgurer? ishe sectiwial atleematic Riexs oban embodimieatot she
vapor depqsition or s terin rocesses ant terial in the 20
substrate, ucﬁoﬂpﬁf%iuft(?ﬁu?Hﬁsa‘ﬁttgﬁ%ﬁs‘ﬁ‘rtd%@g@@: 33Ad etch the substrate,
such as by plasma et chi ng or reactive ion etching processes. A schematic of

an exenpl ary processing apparatus 20 of the present invention, suitable for
processi ng a semn conduct diigerais isr apertizh crassstestinniinsdhiematis Vi viewTdfeanother

embodiment of an apparatus according to the present invention.

15 The present invention provides an épparatus and method for
uniformly processing a substrate in process gas and reducing formation of
contaminant deposits on a focus ring surrounding the substrate. The
apparatus can be used to deposit material on the substrate, such as by
chemical vapor deposition or sputtering processes; implant material in the

20 substrgte, such as by ion implantation processes; and etch the substrate,
such as by plasma etchihg or reactive ion etching processes. A 'schematic of
an exemplary processing apparatus 20 of the present invention, suitable for
processing a semiconductor substrate 25 is shown in Figure 1. The
particular embodiment of the apparatus 20 shown herein is provided only to

25 illustrate operation of the invention and should not be used to limit the scope
of the invention. For example, the apparatus 20 can be used for non-plasma
processes as described above and can also be used for manufacturing

processes other than semiconductor fabrication.

30 The apparatus 20 generally comprises an enclosed process
chamber 30 having sidewalls 35, a top ceiling wall 40, and a bottom wall

45. Process gas is introduced into the chamber 30 through a gas distributor



particul ar enbodi nent of the apparatus 20 shown herein is provided only to

25 illustrate operation of the invention and should not be used to limt
t he scope of the invention. For exanple, the apparatus 20 can be used
for non-plasna processes as descri bed above and can al so be used for
manuf act uri ng processes ot her than sem conductor fabrication. 30
The apparatus 20 generally conprises an enclfsed process chanber 30
having sidewalls 35, a top ceiling wall 40, and a bottom wal | 45,

Process gas i s B&thaving ederforatedhshoinverivaad " Imst diffusemtondigtributie she praess

1 . n n - ] . . h
process  oRER T ENERnGRP. J0% FheeH nedllh BhahdRive elaind G C

coupl ed to forma plasma asPlge&iihddetdroNN60 MebiRdCaroand thé ehu@bed3ey ornd t he
chanber 30, or . capacitively coupled by praocess electrodes 65a, 65b in
the chamber. I ncepecitively couplad by prRsess elastiogdes 6a. HBBJR b shambepdda thisa

is | ted I : d
630 15 formed by ATER oy HhE bf M provead et BRes OB is RpRET Beh Pt 07

chanmber 30. Consubstriater2Bicand/ theaotther process @isrticdeVebix isufprmed byagleedricallype

used to forma nore yniformor difected pl gsima i n t he chanber 30. An
exhaust mani f ol @"RYYIRG HP%\‘Naﬁé(?qftB? pI‘EPess\ﬁh?mﬂeé%%gCQB‘@meddP peuve 6’&8 and

process gas byp&:ﬁ?b@%ﬁe%@ﬂﬁﬁd‘@an also beEBRIWORY fophh a thorl UplifoRhCorSdiRReEd 75 1S
provi ded to hold the substrate 25 whi ch has a surface 80 and a

peri meter 85. plasma in the chamber 30.AAnceniwsist manifolsc79iis arevideg farvat ed,

sel f-cl eani focus,ring 90 15 is positioned around th ubstrate 25. The
focus ring 13% CQHH?%FW:"% fpeé'it_process % 3’?‘:_ PH’gfea? éF%@’tVPF%"e%ﬁ? UM rest | ng
on the SUbet r at ghamdep30. 7R.suBktrate supporti78li€ptdvidedtd HEldUhe siibsiafedst o
and extending fromthe sidewall 35 of the process chanber 30.

Referring to Fi gvhigk hasansurface 8@ apdarerimeigr 8. conpri ses a
dielectric barrier 92 shaped and sized to be positioned around 20 the
perimeter 80 of the substrate 25 for containing and directing the flow of
process gas or plasma to tAeospbsite adlectriballyl activatad salf-cleahiay fotus riag 90

15 is positioned around the substrate 25. The focus ring 90 can form a free-
standing dielectric structure resting on the substrate support 75, or a
dielectric structure attached to and extending from the sidewall 35 of the
process chamber 30. Referring to Figures 1 and 2, the focus ring 90
comprises a dielectric barrier 92 shaped and sized. to be positioned around

20 the berimeter 80 of the substrate 25 for containing and directing the flow of
process gas or plasma to the substrate 25. The inner diameter of the
-dielectric barrier 92 is sized sufficiently large to encircle the perimeter of the
substrate 25. For example, for substrates having a diameter of 200 mm
(about 8-inch}, a suitable inner diameter is from about 201 mm to about

25 210 mm, and more preferably from about 201 mm to about 2056 mm. The
height of the dielectric barrier 92 for a 6-t0-12 inch diameter substrate is

preferably from about 15 mm to about 25 mm.

Preferably, the dielectric barrier 92 has a plasma (or process
30 gas) focusing surface 95 abutting and extending substantially continuously
along the perimeter 85 of the substrate 25 for focusing the plasma onto the

substrate surface 80, and an opposing surface 98 on the other side of the



dicel ectric barrier 92 is sized sufficiently large to encircle the perineter

. of the substrate 25. For exanple, for substrates having a dianmeter of
200 mMm (about 8-inch), a suitable inner dianeter is fromabout 201 nm
to about 25 210 mm and nore preferably from about 201 mmto about 205
mm The hei ght of the dielectric barrier 92 for a 6-to-12 inch
di aneter substrate is preferably fr®m about 15 m"nto about 25 mm
Preferably, the dielectric barrier 92 has a plasna rocess 30 )

f ocusi ng sur fb@creer%Z ltrgferably. éhﬁjpbﬁU@nf@thmgLﬁs'ﬁa&ﬁtQ%Pf &%GHQCWLR)QQVW

al ong the pey, gr?ln rttegecoﬁ%%?g[lﬁhge a?tefnﬂfr@g Yo t E&?o%cﬁﬁgﬁh@nto the

substrate sur ce 0, an opposi ng sur ot her of the

6 bar rsudktrate slf?mieevroaaﬂect ptrbees@I g frecsubsogts asfsa.mstaﬁuam t he
dielectric barrier rnms an inverted conical surfacep&t endi ng

above and surWibhel; 'HEF'f%E‘Q W'th ordlecking the Hawr el the Rrogese.ges- €ss gas to
the substg at ﬁa’%r%?s{@ﬁlh%l focusing guWaEQ‘?lf'Jltmé %trgérﬁéf g\ﬂﬂ ‘Mnté’t}g% oPiPg ki ng

the fl ow of € process gas prefera asm ocusi ng
surface for rrweati@l axes whidhnig panpmtgd:ldaatd theaplane of thelsubs,taatea%,stmhi ch is
per pendi cul ar

sufficiently q”@f sﬁﬁ‘@aﬁj‘&ﬂ?'gnﬁy ?ao{ BSt r H%}gpzagl@r%q BEWB%BEBP‘%E‘& Shelids Ing t he

chamber. Pr ef.ﬁrtablc)sanibee @P&eﬂab@\g'tﬁefafn%l@ ahgford @bBUt 11 O @oabeut 765] and ] .
and nore preferably from about 15[ err] to about 40[err}alsy and nost

pr ef er abl y atmgte g@ferabmféem]about 15° to about 40°, and mosgterefesably ghaw§ 90
conpris lectrical conductor el enent 100 electrically coupled to
t he dieletri Barrier 92 and abutting at |east a portion of the
dielectric barrier. The conductor elenment 100 is electricall y 15 I sol at ed

fromthe plasma and i s capabl e of be| ng electrically cha(&s{
attract plasma ions to ERufqcus-risg 90 coairises apgiestHgalrenducten ?!e'E‘SF'Fl er 92,

Curor OSSO LS UBNLE) bl GitF o2 g Insipipdarys
pl asﬁa int heportlon of the dielectric barrier. The conductor element 100 is electrically
15 isolated from the plasma and is capable of being electrically charged to
attract plasma ions to sputter-off deposits from the dielectric barrier 92,
during proceséing of the substrate 25 to provide a self-cleaning focus ring.
The conductor element 100 is electrically isolated from the plasma in the
process chamber 30 to prevent electric discharge and shorts between the
20 plasma and the conductor element 100. The electrical isolation can be
achieved using any dielectric material or layer covering the conductor
element. Thé resistivity of the dielectric material is also sufficiently high to
electrically isolate the conductor element 100 from the plasma and prevent
discharge or shorting between the plasma and the conductor element 100,
25 and sufficiently low to allow coupling of the electric field from the charged
conductor element 100 through the dielectric barrier 92 to form an electric
field emanating from the dielectric barrier. Thus, the dielectric material can
be an insulator or a partially conducting material that provides these electrical
isolation and electric field penetration criteria. Preferably, the dielectric
30  Dbarrier material covering the conductor element 100 comprises a dielectric
material having a resistivity of from about 1 x 10® Q cm to about 1 x 10%

Q cm. More preferably, the dielectric material comprises a resistivity of from



process chanber 30 to prevent electric discharge and shorts between the 20
plasma and the conductor el ement 100. The electrical isolation can be

achi eved using any dielectric material or |ayer covering the conductor

el ement. The resistivity of the dielectric material is also sufficiently

high to electrically isolate the conductor elenment 100 fromthe
pl asma and prevent di scharge or shor{i ng between the plasma and the
conduct or el enment 100 and suffA ciently lowto allow coupling of the

electric fiel dboubhOr 11@ @ndpgﬂwut 10% Qcemeaed grdigeetriengonstant o UBASY he
di el b 92
i ol cctri ¢ padpelt 2 erseraBly A SRIGIE ohaterial combrfies FERMECBadkBBWAS

can be an 1|
or a partiall )Stmmrgdui:st am@aaﬁﬁlﬁdutm 00 halttslpnb\andeaomehwmaﬂv&dmlmo to

ol ati on and eI ctric d penetra n cr Preferably, the .'
:jrsel eg:lt ric 301 Qpr‘}‘%‘rs ‘Hﬁt e‘rgarta@sréw?ngsst#t?@oﬂa'&&m m@? l‘%r‘ﬁr diglgetric
compri Ses errtférﬁ@rt) fid St east al_pLOtE‘iH’f@[rﬁ H&aﬁh@%&errﬁéfeﬁﬁlv'defn%fbofJf QG‘t%bOUt 1

X 10[err] cmto a err [err] More preferably,
the dielectri cabwt@ﬁ(bjlmcorrprl ses a resistivity of from

7 about 10[err] [err] cmto about 10[err] [err] cm and a dielectric
constant of at | east about 2. Preferably, the dielectric materi al

conprises a dielectric bs@adgi®ddlectric ma%r"'aﬂ@@i’ﬁ&lud&A@z‘O | gaet %plﬂtaz@go
volts/ml, and nore typically from 1000 to 000 vol ts/ml

sui tabl e t hi ck&i®sCeb, NﬁﬁdTQze@PH'IQ:s MNe?rﬂ‘blBNo&ste?’@wt FiBe, VB2, WaBsr i er)
Is at | egﬁ{ Oa‘ét , MAbST, GRRNS or 34l nﬂr&epérgéoe{i@%c%ré r?%?‘?é"AI Y Jvﬂrch
err d| ele

about 50 ctric Ials
i nclude Al [er rdrﬂliﬂbs]e,xc&ﬂaéat dhietlieslrand drabienrreSiktanick, in erosive ZnﬁmméntsCaO

O Ti , BaTi(g AIN, TiN, BN, S Zr.B Ti B
VBLer 1], W et 197 Giehtempsraturs ipsistahce guesackia ROONEE| el Bt BBk 1] A
preferr ed diel RGidriaf c%ﬁ‘ra%ro' Be dbéecﬁwlﬁf £difduid BbpaMis @B provide th@rd%i'rg@s

excel |l ent chem ca erosion resistance I n er oSl ve environnents,
and hi gh t enpeslettuicel pr@seeti&smsaclems@dnbtngplzeﬂeﬁ\ety ]JCdlemrlclbeetai@pwrt

barrier mat%éigg can also e doped V\thsg\t bre(flgantstorrovide
the desirty strengtly Faraxample, whereps pure alymyina hag alesistxty onctieq Wty or
diel ectric bregkflQMo2N) cntdi@mtHdcart Bé dopedMith 1WHE3 QA% BivdrRa b pidvide Ras a
resistivity on the order of 1 x 10£)err] [err].cm alum na can be

doped with 1 tleweryesistiyitaanihe orgerefi Hx Tx 10 Q cm.
In a preferred embodiment, the dielectric barrier 92 is shaped to

20 cover and electrically isolate the conductor element 100 from the plasma. In
the embodiments shown in Figures 1 and 2, the dielectric barrier 92
comprises a U-shaped collar of dielectric material entirely covering the upper
surfaces of the conductor element 100 to electrically isolate the same. The
U-shaped collar comprises an (i} inner wall 94 having the plasma focusing

25 surface 95 that surrounds and faces the substrate 25, (ii) an outer wall 96
that at least partially covers and enclose the conductor element 100 therein,
and (iii) a middle transverse bridging wall 97 extending around and above the
conductor element 100 from the inner wall 94 to tHe outer wall 96.
Preferably, the outer wall 96 comprises an outer lip 99 having a peripheral

30 edge that mates with a corresponding metal ridge 101 in the support 75 to

ensure proper alignment of the dielectric barrier on the support.



| ower resistivity on the order of 1 x 10[err] to 1 x 10e[rr] [err] cm
. In a preferred enbodinent, the dielectric barrier 92 is shaped to 20
cover and electrically isolate the conductor elenent 100 fromthe pl asna.

In t he enbodi nents shown in Figures 1 and 2, the dielectric barrier
92 conprises a U shaped collar of dielectric material entirely
covering the upper surfaces of the 8onductor el enment 100 to
electrically isolate the sane. The U-shaped col l ar conprises an (i)

i nner wal | 94 having t hePrgferabli, theceendugtonelement 190eatgs @Rdtexdendsounds and
faces the SUbSéJrﬁﬁwﬁgaglxcﬁ(rgg%d%Qb‘és%{latwé togﬁrg;%mly fa%Q%g‘%Thﬁéﬁé tothe

partially covers an e the conductor e
(ii1) a m ddl eeritiraptasens éodusirdgsuracecdd of the dietautiic GaerferuThisatdowbake t he
conductor elenent 1Q0 fromthe _ inner wall 94 to the outer wall

96.
Preferably, tHR2H0RONGER PRYGCHEAIY MANRIGLHPAUPRE "PMRVEYERVFHY O per i pher al
30  edge § hats BRt&wialty the Bnbifd gmmgfhaﬂsﬁﬁ%tf%bugihg%rf%eé gg] FBE%%HBI@,” £

to ensure proper alignnent of e dielectri € barrier on the support.
Pref erably, t hthecoondiuctarrelenenieh@0 a6 twbar snmuldr esitaznihg having aodmteérnuousl y
around the substrate 25 to. uniformy attract plasm ]on o the

entire plasna Fauereal Aiamaregatey el i BerdBelst 7 the suffirare, Thgs
the pl asg@et QlaPndter Sﬂﬁ’fé)@éddiﬁ'téb’eléﬁ%hf‘?ﬁo?la% a6l 5@EM\eAodgRas iitS

from 5 substantially the entire surface o asma focusing surface 95.

For exanpl e, Wwithin thesshepedfahert-ehapasheolteo 0f sbw distectric barrigre®2.cdhear ring
having amy §Netonqucror GLEEHE 80N il 1l RIBLRL: §1cERnla0RRg haR t he
i aneter Of thé substrate. The out €r di aneter o e tonduct or

el ement shoul dadsentbly ofl apt@dalityeob@laliseghients that ar@ishBpéd ahé stdede of the
U-shaped collar of the dielectric barrier 92. The 10 conduct or el enent
100 can be fabfyreunsgsupstantiallyithg egtte perigetar ofthe substrates ofhipe espl o

plurality of ert§ YARHeSelbbftcaly e?ﬁétﬂﬁog@g tﬁgﬁe%n%ﬁ%f}]égjc%pgf i bhrand

. substantially the entire perineter o ubstrate.
segnent s can basseimbly is elattricalty charged dising asgle chéngings sapply loatconhectmnt i r e

assenbly s electrically charged using a single charging supply or
connect orh‘i 5 tenfng}ain- nal .

The diameter and shape of the inner surface of the conductor
element 100 is selected so that the inner surface of the conductor element
intimately contacts the outer surface 98 of the dielectric barrier 92.

20 Preferably, the inner surface 98 of the dielectric barrier 92 is mated to the
shape of the conductor element 100 to provide uniform electric field coupling
between the conductor element 100 and the dielectric barrier 92. Rough,
non-uniform, sections of the dielectric barrier and the conductor element 100
where the surfaces do not uniformly or smoothly contact one another, form

25 electrically insulative gaps and barriers. Thus, preferably, the abutting
surface of the cdnductor element 100 and the opposing surface 98 of the
dielectric barrier are uniformly polished to provide a coupling interface having
smooth surfaces with an RMS roughness of less than about 50 and more
preferably less than 35. The smooth coupling interface surfaces reduce

30 electric field perturbations, and provides more uniform coupling between the
conductor element and the electrode 65b, to provide a more uniform electric

field flux emanating from the dielectric barrier 92. For substrates having a



The di aneter and shape of the inner surface of the conductor el enent
. 100 is selected so that the inner surface of the conductor el enent

intimately contacts the outer surface 98 of the dielectric barrier 92. 20

Preferably, the inner surface 98 of the dielectric barrier 92 is mated to

t he shape of the conductor elenent 100 to provide uniformelectric
field coupling bet ween the conductor9el ement 100 and the dielectric
barrier 92. Rough, non-uni form sections of the dielectric barrier

and the conducdiametareafe2A0 mo (about 8-ited) ca shidakie diarpeter @b theinnanisudiesey or

par i or 3. - Thuds st ABREPOT LR 20 . A ork prSiapa e AR 7

el ement 100 anzbt hﬁnqamuwzsuhhﬁcehe&eiy‘hﬂdi&he conduétioglefhéntC1 @ fsd er are
uniformy poli shed to rovide a coupling 1 nterface having snmoot h

surfaces w t h &fto RRESNED digmeles substrates is fram abeuk 1@@“@&9 Fraus 25 mm.
preferabl ygl ess than 35 The smooth coupling interface surfaces reduce 30
electric f| el d perturbations, and provides nore uniform coupling between
t he conduct or el ermMngandenahenetlmcprmdss élebtroties B5a\d@ndic63b e e

uniformelectric el.d flux enmanati ng fromthe dielectric ba]l é?r 92.
For substr at ese|ﬁ‘§€}'f:ﬁlby glased with respect to one another to generate:an electric field for

9 di amefoRrhirf th%oﬂaémh(mﬁélbr&ésg%hhmb%r 30 5@5&&@@5@9%&&

i nner surface is fromabout 201 mmto about 250 mm and nore
preferably f r ciovedsdsithe substrate isunface 8bdhe cengduchor elimeentc] Qs dteotrmlly
conductor | enent 1 aneter, substrfi‘es i S

about 10 t C %ﬁ?edzé) ﬁlﬁ{:troge Gga ifis e%ectrlcalh}:I b'aseﬂ)ﬂ'#h 593&88 q p(ﬁces?h e

process el ect radaﬁo&é%ssanct:éiﬂalta,reecoupnn? Hé'tﬁ@éﬁ &ﬁ@bbﬁdmtmedemhhmesmt
to one another to generate an electric fie form ng the plasna

i n the processtherfiedieedes5h genaratesian |e|‘ﬁj=t'ib¢ §!§Mﬁméﬂ%ﬂn9 from the,dielestrice
substrate surf ﬁg cPeTg% 8&{5‘1’1&@5 ﬁ%ﬁﬁaplcja%%xln'gg%lgéﬁgt%ﬁscﬁl b¥ ajc{??cted

connected to electr trica respect
process oivearti rthd pldshita fétasag swﬁa:ecsﬂplAngdiﬁuheeledthe ﬂelmbleMeere
el ement e el ectrode 65 enerates an electri

enanat i ng?grong?‘l:f‘éméﬁse%g%lamj@ is ext tohigetide;the qoauatar e’BF'érngﬂp 100
causing plas maaridyfh% bIasig |@ﬁ§ eR&BSically |mp|ﬁ@%rﬁ&%@gﬁﬁ?@ﬁ&&ﬁ%éﬁ%sns

surface 95. such, the electricC ﬁle ['d betwe
from the dielectric barrier.

The energetically impinging plasma ions also heats the plasma

20 focusing surface 95 of the dielectric barrier 92 to temperatures sufficiently
high to reduce deposition of the volatile polymeric deposits on the barrier
surfaces. Typically the surface 95 is heated to temperatures of from about
100°C to 400°C, and more typically 200°C to 375°C. At these
temperatures, the volatile polymeric deposits vaporize and are exhausted

25 from the chamber. The impingement energy and temperature are
proportional to the electric field energy transmitted through the barrier which
is proportional to the voltage or charge applied to the conductor element and
degree of electric coupling between the conductor element 100 and the
barrier 92. By these methods, the composite focus ring of the present

30 invention prevents the deposition of contaminants on focus fing, thereby

increasing substrate yields, and reducing requirements to. clean the chamber.



15 el ectrodes 65a and 65b is extended to include the conductor el enent

. 100, and the plasma ions energetically inpinging upon and sputtering
of f deposits fromthe dielectric barrier. The
energetically inpinging plasma ions also heats the plasma 20 f ocusi ng
surface 95 of the dielectric barrier 92 to tenperatures sufficiently
hi gh to reduce deposition of the volatile1§blyneric deposits on the barrier
surfaces. Typically the surface 95 is heated to_tenperatures of from about
100[err] C to 400[err]C, Referring to Figpilethe supweut dbrqao inglugesineglpgtrostatict hese

t enper at ur es, éﬂlﬁ:kfﬁdf%nj ?ecgphéqﬁé ggtg&%%%%{‘ ﬁg%ﬁ’é?ﬁ'}t?‘%r ghg Fxhpuged 25

fromthe chanbér

proportional tear i’melu.elle@t élbﬁtrbstehd rﬁé}ﬂbayhé\fﬁ@smmitﬂdtdrhramgdithtére barrier
whi ch rt‘liognthnert‘o t he volta e or charge applled to . the

conduct or el enﬂg‘ft’ eighedngflator &erl%"'%%ﬁ |YPR SH'EfﬁE"eﬂ1thé’r
conductor gl e”ﬁ%wﬁgoﬂg‘ghﬁsﬂ%te 25 thenagi . | Pihe ectrBde tﬂmsg digdth the

conposite focus rin e present I nvention prevents tﬁe deposi tion
of cont am nanteoroecterttosa rflrslgvoltdgeralpply 112 for nperating rthe shioskrs dthe fyrstl ds,

it(r)ld reducing reg ygggesm%p@&fjggrtg,h@% ?Lbdcesla cl{ﬂ@t YEEFLPOMPESRSA NG| ude an

el ectrostatic voltage SOWkrddér ABSutSRIBD 'té‘stbe\/o‘?téb%ﬁﬁé&eafto%”'hlbh&/o‘-ﬁtléaeort
75. The chuck 102 can inciude an electrostatic menmber havin

i nsul at or 106 wwedputthrough a 0dMEX esistarosAt hbKeiresistondn ﬂmgllrmlbhm].t@es havi ng

ol cot 1 odetop PaaT g grepdr e il B 1608 bEYPatiiol BtERMe e, 11,

for operating élt&nﬁhﬁ@ kurr'erhthllfterr Sipolar chuék@Hh&Q@h@Wﬁpbah a3 Beypserptd vy
I ncludes a circuit which conprises a hig ol tage DC source of about

1000 to 3500 viquee the pulsiratg 3500 the §HP%’|tt7§geln these CF‘H%R)GWO PHAVI®h a 10
Merr] resist Oﬁptoﬁ r bl a?@%lcfﬁg%%g\n%@%&lrrsﬁwt& h081dha ti'og fi Jsgg&gén‘dﬁ

fl owi ng throug circult capacitor is provi
al ternati ng cusupphy 112 pewerimg) thed bipotan etdctradestin $Ihmvxh-)|clcaﬂ ainsprides aified to
secure thf subégrate 25 on th

Betr

bi pol ar e GE0\ipresayln 9B @ SHECRRPS RO SoH R THBATSANS RS 9C
\églngfgges . fﬁgwe} ¥ourkds PRORAEE REghtihe MdBbSitive \Verbgosies thdbipbrrchuck 20
electrodes to maintain the electrodes at negative and positive electric
potentials relative to one another. The opposing electric potentials of the
bipolar electrodes induce opposing electrostatic charges in the bipolar
20  electrodes and in the substrate 25 held to the chuck 102 without use of the
plasma in the process chamber 30, causing the substrate to be
electrostatically held to the chuck 102. Bipolar electrode configurations are
advantageous for non-plasma processes in which there are no charged
plasma species to serve as charge carriers for electrically biasing the

25 substrate.

At least a portion of the support 75 is electrically conductive
and functions as the process electrode 65a, or cathode, for forming the
plasma in the process chamber 30. The grounded walls of the process

30 chamber 30 form the process electrode 65b, and a second Voltage supply
114 is connected to the electrically conductive portion of the support 75 to

electrically bias the support 75 with respect to the grounded walls of the



15 DC power source and a second DC power source. The first and second DC
. power sources provide negative and positive voltages to the bipolar

el ectrodes to naintain the el ectrodes at negative and positive electric
potentials relative to one another. The opposing electric potentials of the
bi pol ar el ectrodes i nduce opposing electrostatic charges in the bipolar 20
el ectrodes and in the substrate 25 held tblthe chuck 102 without use of the
pl asma in the process chanber 30, causing the substrate to be

el ect r ost at i cBIgopssshamber BRcocfiermitheasmm fiom the:peacesd gas.c e sendi ons

d f < . Y '
Charged - ORRARER, A4 SR EImBREETT R ihibalRh T RRET Y |,

bi asi ng t he 2mmpedamneetofahe.process chamber 30 to the impedante @ thalipevbltage,of t he
support 75 is electri pgl | y, conductive and functions % t he process
el ectrode 65ain $RrESNVIHB RS isplgtion Gapasitprt nEhe condugierelgpment, 10Q.Ligeisicaky

chamber 38. TBSnﬁEgé’ngéeQe(‘f‘@icEﬁy %n&tﬂﬂir‘%r Pértion o?q'-\? sﬁBﬂHﬂeflsl%Q.tﬁé’tr fRet he

process el ectrode and a second vol‘tage supp i's connected
to the el ectr eleatrical cbargecpplied forthe snppdrt tA%issagmdarcted/® the conductor
electrically biﬁas th@iupport 75 with respect to the grounded walls of the
process chamb&F™ 8t P?%orm the plasma fromthe process gas. The second

vol tage supply 114 generally conprises an RF inpedance that matches the

i npedance of the process chanber 30 to the inpedance of the line voltage,
in series with an isol ain anothapavibodiment¢he dietreitio bawjes Bhecomposes a

Cuppor 38 Lolabps o7 AREEHHE maigigl Gilfint o £pBRICKE HlbtOT00 8 ebspiciivs |

conducted to idsalstennsebaductor elenfdr@MOU. kDthis embodiment, the conductor | n
anot her enbodi nent, the dielectric barrier 92 conprises a 10 | ayer of
di el ectric matlement 10Q,is-amannyiar doggaversd by ecdielectiis layerprd rosting o8/

insulate the gandyst gt 78! ek tesidRity! dhd tHicknB8D 3¢ AT BleledthE ISR dHET OF

sufficiently high to electrically isolate the conductor element 100 from the

15 plasma and prevent discharge between the plasma and the conductor
element 100, and sufficiently low to allow penetration of an electric field
from the charged conductive element 100 through the dielectric layer to
attract plasma ions to the plasma focusing surface. 95 of the dielectric barrier
92. The dielectric layer should have a sufficiently high dielectric breakdown

20 strength to prevent leakage of plasma charge between the electrically biased
conductive element 100 and the plasma in the process chamber 30.
Preferably, the dielectric breakdown strength of the dielectric layer is at least
about 4 volts/micron, and more preferably at least about 40 volts/micron.
The thickness of the dielectric barrier 92 depends on its dielectric breakdown

25 strength and dielectric constant. Typically, the dielectric constant of the
dielectric layer is from aboﬁt 2 to 5, and more preferably at least about 3.
For a dielectric barrier having a dielectric constant of 3.5, a suitable

thickness is from about 100 ym to about 1000 uym.

30 In the embodiment shown in Figure 3, the focus ring 90 is
attached to the process chamber 30_. For example, an arm 118 could be

‘used to hold the focus ring to the wall of the chamber (as shown), or the



el'ement 100 is an annular ring covered by the dielectric layer and resting

. on t he support 75. The resistivity and thickness of the dielectric
| ayer are sufficiently high to electrically isolate the conductor
el enent 100 fromthe 15 pl asma and prevent discharge between the plasm
and t he conduct or el ement 100, and sufficiently lowto allow
penetration of an electric field frohéthe charged conductive el enent
100 through the dielectric layer to attract plasnma ions to the plasma

f ocusi ng sur f at@susings 99 geulg formcan integral extepsion of thg wallrpbthy ehamber ¢

| ayer should h ficcl e t th to
prevent | eakag(em"telﬁﬁ Yw’z d:r{ g}ﬁ&géf Q&g%ergrﬁ % a%hgéﬁggﬂg\gmb%g’ggﬁ SFtH
conductive el emnbssleﬁarabdr 80angl merﬁihemerﬁdlef fhieogms 3l 118h|arﬂn&rch36 to the

Preferably, th di e] ec br eak strenth of the dielectric layer, |s at
| east 5 g0 TR O | THRaN: & COPREIOABIG 26 A EBELTy 0 JEhish

vol ts/m crgn case, thJQﬁntﬂ§iﬁr@§§tr€5W l%%lagé@lh%?ﬁ "tl‘\&f&ﬁfsrr'ir?q 98?at4ﬁ9%¢r§t on
its dielectric breakdown 25 strength dielectric constant. Typically,

t he di el ectri cotitngttarfacevitththe focus ritige®@cand in paryieular,sfrématine adomducort o 5,
and nore prefera t For, a_di el ect giC _barrier, havi ng
a dielectric c%lﬁg\%'ﬁtqbgf %a"ﬁqﬁtﬁ iSafedul when the, fogysJing ?é Tf@ﬁ( A8 ie100
[err] mto abousupl¥P75(isnidvable frdfh a first lower position suitabldoreddidg kgt shown
in Figure 3, the focus ring 90 is attached to the process chanber 30.
For exanpl e, asubatiate 25 emiheisurport 75 toya secans! higher pesitiensuisabledgrio t he

vvaII of t ch t R
16 < BrEsEEsing3ng Siltkateods. ¥ the second higher position the gandugtor o

charrber élantens MOONs.in Gfeetiedl cohtddiavial thel ¢6ndscthiet partied dfahéhe si de
wall 35 of the rocess chanber 30 and the other end gf th@\@arm 118 is
attached to th#4pport 75tggilowy FeRdussionTefecharae Trom ¢hm sprpart ¢& such as
alum num in V\@érﬁn‘ ctor elefrRR€100he arm 118 is electrically isolated fromthe
focus ring 90 at ep%len of its interface with the focus ring 90,
and in partlcul ar, fromthe conductor el ement 100. The arm 118 is

usef ul ?5 t he focus ri 75 i s npbvabl e
t

: : 5
froma fi | ower posi tfﬂ"ﬁ Pé‘%ﬁeﬂ&m@“gw I?aerqybdelsh%plasn% PrOGBRY P4t e 25 on
t he support 75mleéhed ﬁ&%ﬂdclhﬂgi%ﬁbsi@%#rﬁétﬂfh shitha@pbsus g 80 suriiupeafgtiey t he

substrate 25. In the second osi tion the conductor

substrate 25 in the process chamber 30. The process chamber 30 is
evacuated and maintained at a predetermined sub-atmospheric pressure. The.
substrate 25 is placed on the chuck 102 which is electrically biased with

20 respect to the substrate 25 by the first voltage supply 112. Thereafter, the
process gas is introduced into the chamber 30 via the gas distributor 55, and
plasma is formed from the process gas by activating the second voltage
supply 114. The voltage applied to the electrode 108 causes electrostatic
charge to accumulate in the electrode 108 and the plasma in the chamber 30

25 provides electrically charged species having opposing polarity which
accumulate in the substrate 25. The accumulated opposing electrostatic
charge results in an attractive electrostatic force that electrostatically holds

the substrate 25 to the chuck 102.

30 The support 75 is electrically biased with respect to the
grounded walls of the process chamber 30 by the second voltage supply

114. Capacitive coupling between the support 75 and the grounded walls of



el'enent 100 is in electrical contact with the conductive portion of the
. support 75 to allow conduction of charge fromthe support 75 to the

conductor el enment 100. 15 The present invention al so
provi des a plasma processing met hod for reducing deposit formation on
the focus ring 90 surrounding the substrate 25 in the process chanber
30. The process chanber 30 is evacuat®d and maintained at a

pr edet er mi ned sub-at nospheric pressure. The substrate 25 is placed on

the chuck 102 theirmcess eharpben 3@ gepersitess ap) ewctrmc figld for danseipg & plagma from
substrate 25 by t process
gas is mtrodu%:hecfg}% %ésr% h&ﬁ& %#g%t e gas ﬁ?&stﬁri%&?g@]%? the

pl asma i s f or neldctricofield rhet\pemelsessgmorbysmd ﬂmtgmgnﬂéudav%lsmfdhaqdrbmys
supply 114. The vo to the electrode 108 causes electrostatic
charge to accufif %’%’agﬁ ﬂﬁ‘gc%"‘gﬁt%ﬁ'@mﬁ@é 'st'ﬂé entrcaheontagt yuith fheher 30
25 Proviges el reakhy tﬁwra@ﬁr‘émﬁb@&?dﬁmmsewpﬁfmweﬁ@af fhe Whi ch

accurmul ate in the subsftrate . e accumul at ed opposing electrostatic
charge resul t spiagess chambac 80y eThe electrivsiiald iemanatiog frdmithelcenductsr at | cal |y

hol d b 2 h h
sﬁppgrt 75 is gIFsu ?H(?glt ei}’sgf"té’ ?&’%#ﬁ%é?p@%ﬁac{%g?%eand lmpm%q Uﬁ?l'al'e'iﬁ‘ vval | s

of the prOCGSSpI@bﬁhﬁﬁ%buﬁﬂgQﬂrﬁab@ gBe60tH dielebaiteb&viBPBR to removdldbposits
Capaci tive cougxl ng between the support 75 and the grounded wal | s of

13 t he ProessthetarmbEpe stergeinehaiging tan conductar elementg19Qis forning a

25 e 1o Phe Perfol ) BefiE Yo snd Bechd ilrdify B she ehifucrd bafnail R4,

wal | s of the pcmbe?performeddmfeeaftaﬂ oerlﬂ'mgahdudUomrebéﬂmbro%@s igasj or

el ectrical confact wt ort 75, ang el ectrically biased
with respect tPTLORA e(ﬂ*asﬂ‘% int pr?)?"(?é 30. The electric
field emanating fromt he conduct or el enent 100 causes pl asma ions to -
be attracted to, and inpinge upon, the pl asma focusing surface 95 of

the dielectric barrier 9Theapparatus2Qaiessiibad herein can be used to deposit

15 material on the substrate 25 such as by chemical vapor deposition, etch
material from the substrate 25, or clean contaminant deposits deposited on
the substrate 25, chamber walls and processing components. Chemical
vapor deposition (CVD) processes that can be performed in the apparatus 20
to deposit coatings on the substrate 25, are generally described in Chapter 9,

20 VLS! Technology, 2nd Ed., Ed. by Sze, McGraw-Hill Publishing Co., New
York, which is incorporated herein by this reference. Typical chemical vapor
deposition (CVD) processes for depositing SiO, on a substrate, use process
gases such as (i) silicon source gas for example SiH, or SiCl,H,, and an
oxygen source gas such as CO, and H,, or N,O; or {ii} a single gas containing

25 both silicon and oxygen such as Si{OC,H;),. CVD processes for depositing
SizN, typically use gases such as SiH, and NH; or N,. Other conventional
CVD process gases include NH,, AsH,, B,Hg, KCI, PH; and SiH,. The
apparatus 20 can also be used for plasma etching processes as generally
described in VLSI Technology, Second Edition, Chapter 5, by SM Sze,

30 McGraw-Hill Publishing Company (1988), which is incorporated herein by
reference. Typical metal interconnect etching processes use process gases
such as BCl,, Cl,, SFq, CF,, CFCl;, CF,Cl,, CF,;Cl, CHF; and C,CIF,. Resist



fornmed thereon. The step of charging the conductor elenment 100 is 10
. perforned before formng the plasma, charging of the conductor elenent 100
can be performed before, after, or during introduction of the process gas,

or formati on of the plasma, in the process chanber 30.

The apparatus 20 described herein can be used to deposit 15 material on
the substrate 25 such as by chenical vapoi4deposition, etch mat eri al
fromthe substrate 25, or clean contam nant deposits deposited on t he

substrate 25, etdiimpprocessess typichllyrusecweigeg gasmooetehttbe pClwmericatesist on  vapor

deposition (CYD) prqcess that can be perforped in the appar ghus

to deposit ng?% ﬁlgg‘gtﬁ%et ﬁ@’esméoﬁsa‘foé“ ,ené?én BW&FF?CH@%@PT gédaf‘%%@f}apt er
9, 20 VLSl tasimbel ref, cditbéthadefdomby vaisty dYtfdald ihbiubiny inebdi®g Co. ,
New York, which is incorporated herein by this reference. Typical
cheni cal vapoferamics, glapses pPobingreand ¢arepesiteematasialsidising eomypndiooperr] on
st e, HARLRAS 33 mplding HERRRISS 51erded Ik thEOHe SR RfRph
exanple SiH4 or S errfpferﬂl, and -an oXygen source gas SUCh  as

CJ err] and Hiles ptocess cNaaibel 30 arid drmponsertsngtladgaiunsinnhfianodized>  both
silicon and oxygen sugh a Si%fIIp;rLk%ern]ééerr ., CVD processes for
depositing  aumigum,, W‘gﬁ 42y i BPPE 1 s S 398s" ster " gnd[INGGNEL g

NH[ err] or N err]. O her conventional CVD process gases include - -
NH err], AsH err], Blerr]Herr], KC, PHerr] and Si H4. The appar at us
20 can al so be used for Altresigh tbe pihesent imerdiondsasaseepedencaibed in

d ibedqin VLS. T I S Edj ti t 5.b : Sze, 30
VeGr aw (10 " PBIFIERTARIP SSTHLAG FAGE)tS HhARerTerd, (REP S ot oar {Pet n- by
reference. TyRefsiéndBledpodsibl&. @99@%%&@, ¢hé BENBIIABE SRATer{TRANMORARERS Jases
such as BC[err], Cf[err], SFlerr], [err], CFC[err], CF[errlCI [err],

CFlerr]d, cCHPftegral pariipropethe waltjodthe preressghamber, or a portion of the

14 etcghggﬂqqﬁﬁﬁﬁgqﬁ EME%:&E'V use oxygen gas to etch the polyneric
resi st on e substrate. e various conponents in the process
chanmber 30, and the chanber itself, can be made froma variety of

mat erials including netals, ceram cs, gl asses, polyners and conposite
material s, using conventional 5 machi ni ng and nol di ng net hods. Preferred
netals that are used to fabricate t he process chanber 30 and

conponents i nclude al um num anodi zed



al'um num "HAYNES 242," "Al -6061," "SS 354," "SS 316," and | NCONEL.
. Although the present invention has been described in 10 consi der abl e

detail with regard to the preferred versions thereof, other ver si ons
are possi ble. For exanple, the conductor elenent can form an i nt egral
portion of the wall of the process chanber, or a portion of the

support hol ding the substrate. 15

15 What is clainmed is: 1. A process chanber
for processi ng\hat imclairaedis:in a pl asma, the chanber conprising: 5
(a) a support for supporting the substrate;

(b) a gas distributor for distributing process gas in the chanber;

(c) a plasma generator1for AQrotéss ¢haphissiTor pFouwsting a substralé @c@ss gas;
and 10 (d) .. a composite focus ring around the
substrate, therlasma, the,aRRIBPeCIBRUYNG] ng conprising a dielectric barrier
havi ng a fgcusi ng surface fo ' | : d the

subst r at e,@and an el ectrical @%ndu%?géﬁ&?%ép&eq%ﬁ%ﬁé ’ﬂ?%%@lﬁ%él ectric
barrier that is electrically ghargedas disstibutae fopdistribauting procegegaeimh thewar d
the focusing surface of the dielectric barrier, thereby reducing 15 t he
formation of d&ﬁﬂf@ #'s on the focusing surface during processing of the

substrate. Za plasmie\§erdrcF $8r fAtAINGE fhsrfih $dh th
wherein the conduct or ecérrenat' pealsect@?ca 'y contacts adr?l seI ectri ca?l y

conduct i ng porpiogas®Basendupport 20 so that an electrical charge applied

to the SUPBOH I's conducted t%)t hea composf"tg?t(:glcl:{.(l:st Rrr\g %lrt?umedqgh'e substrate, the
composite focus ring comprising a dielectric barrier having a focusing surface
for directing the plasma toward the substrate, and an electrical conductor
element in the dielectric barrier that is electrically charged to attract plasma
species toward the focusing surface of the dielectric barrier, thereby reducing

15 the formation of deposits on the focusing surface during processing of the

substrate.

2.  The process chamber of claim 1 wherein the conductor
element electrically contacts an electrically conducting portion of the support
20 so that an electrical charge applied to the support is conducted to the

conductor element.

3. The process chamber of claim 1 wherein the dielectric
barrier comprises a layer of dielectric material that covers the conductor
25 element, the surface of the dielectric material having a resistivity that is
sufficiently low to allow the conductor element to electrically couple to the
plasma through the dielectric barrier and having a resistivity sufficiently high

to prevent discharge between the plasma and the conductor element.

30 4, The process chamber of claim 3 whereint the dielectric
barrier comprises a U-shaped collar of dielectric material having a resistivity

of from about 1 x 10'" Q cm to about 1 x 10 Q c¢m, and wherein the

L



3. The process chanber of claim1l wherein the dielectric barrier

~conprises a layer of dielectric material that covers the conductor 25

el enent, the surface of the dielectric material having a resistivity that

S sufficiently low to allow the conductor elenent to electrically
couple to the pl asma t hrough the dielectric barrier and having a
resistivity sufficiently high to pﬂ@vent discharge bet ween the pl asna
and the conductor el enent. 30 The process chanber
of claim 3 weenduetor ielerpgnt| cameprises an annuylar meta) r@@rﬁﬁmgegmse thehaped col | ar
of dielectri having a resistivity of fromabout 1 x 10[err]
[err] cmto %Bgﬁ%&%b%hlo[err] [err] cm and wherein the

16 conductor el enment conprises an annul ar netal ring fitting inside
the U shaped col ] ar. The process chanber

of claim1 wherein the %l ashe pyocessyehangrpf ‘EB‘H?)IJN%’B%"*H‘F & Blas@@ect r ode
b h h
above t Su%hgﬁétﬁect rgges ﬁg*i?%gelectrodéaéﬁe d ﬂféemﬁ’slt%é LAg fé@b%‘hﬂat e, the

first and secon ctrica lased relative to one
anot her to seacaiadet oyl thersubistratenethe first anchsedoad, elaclniodﬁaebmng t he
conductor el epge caII conn el ectrode.
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substrate in ghamber, akd @4EPeihth@ cBHRAGEDP efiTeHIas eléclﬁt%éllq%tﬁ\nl’ebf&j to the
conpri si ng: (a) a dielectric barrier having a

f ocusi ng sur fsgeend electrodgt endi ng contiguously along a perineter of the
substratgyto direct the 15 plasma in the process chanber onto the
substrate surface; and (b) an el ectri cal

conductor el enment abuttg.ng & stiéetdaning focus ripey for Procdssirea dubsteaterinc
barrier, the %onductor el enent capabl e, of bei ng electrically charged

to electricalf ?F'E%Ubfaé’r?%eslslfé‘amb%nﬂ‘ecfrﬂcHﬁdWth’fg“B"%P%ct ric barrier
to attract plasma toward thqaf ocUskiBRchit barrr %vﬁ’naea f:gc%gﬁpgtgdrga&ar rier

extending contiguously along a perimeter of the substrate to direct the
15 plasma in the process chamber onto the substrate surface; and
(b} an electrical conductor element abutting at least a
portion of the dielectric barrier, the conductor element capable of being
electrically charged to electrically couple to the plasma through the dielectric
barrier to attract plasma toward the focusing surface of the dielectric barrier
20 to reduce formation of deposits on the dielectric barrier during .processing of

the substrate.

7. The focus ring of claim 6 wherein the conductor element
electrically contacts an electrically conducting portion of the support so that
25 an electrical charge applied to the support is conducted to the conductor

element.

8. The focus ring of claim 6 wherein the dielectric barrier
comprises a layer of dielectric material that covers the conductor element,
30 the surface of the dielectric material having a resistivity that'is sufficiently

low to allow the conductor element to electrically couple to the plasma



20 to reduce formation of deposits on the dielectric barrier during

. processi ng of the substrate. 7. The focus
ring of claim6 wherein the conductor el enent el ectrically contacts
an electrically conducting portion of the support so that 25 an
el ectrical charge applied to the support is conducted to the conductor
el enent . 8. Thelfocus ring of claim®6 wherein the
dielectric barrier ises a | ayer of dielectric material that

covers the c&wayenhshe &‘%ﬁ@ﬁ? bamer a"ldnba‘éﬁg pdesisyvity gutfigientbebighdomat eri al
having a resi ?é\}e\ﬁ'ttdy ﬁthlg?ée b ﬁégnfih%r@% gsar?'g the doPWub®rdrR¥hd he conduct or

el ement to elfectrica ycou e tot

17 through the dielectric barrier and having a resistivity
sufficiently high to event di scha et ween

conduct or el erent . 9.  'the'focus ring'o C‘.ﬁm gifh'éefﬁwch q'g'ﬁﬁtrir;’febi’i"ﬁi m 8
wherein Bhe dpidishs laCURRRPEE LIl of diéi@@fricsrﬁ?te?iavhﬁhﬁa%dré@tiv% cﬂffrom
dielectric material having a resistivity o rom about x 10[err]
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pl asma generator having a first el ectrode above the substrate and a
second el ectrode bel ow the substrate, the first and second el ectrodes
being el ectrical ly bi ad@d r digtiosus fipgmiclaifuy eherein thestrarass ARapbesm in

the cha rrse@%dplé‘g‘r@é %‘Hef:ﬂ& ﬁ&ﬂgg‘%&@r@t 6le200E dbdvEtRSE SLbSRhleY

connect e tot ectro
and a second electrode below the substrate, the first and second electrodes

being electrically biased relative to one another to sustain the plasma in the
chamber, and wherein the conductor element is electrically connected to the
second electrode.
15
11. A method for processing a semiconductor substrate in a
plasma, the method comprising the steps of:
(a) placing a substrate on a support in a plasma zone;
(b) introducing process gas into the plasma zone and
20  generating a plasma from the process gas;
(c) directing the plasma onto the substrate by a
focusing surface of a dielectric focus ring; and
(d) electrically charging a conductor element abutting
the dielectric focus ring so that the plasma is attracted to, and impinges
25 upon, the focusing surface of the dielectric focus ring to remove deposits

formed thereon during processing of the substrate.

12. The method of claim 11 wherein step (d) comprises the
step of contacting the conductor element to an electrically conducting
30 portion of the support so that an electrical charge applied to‘the support is

electrically conducted to the conductor element.
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11. A nethod for processing a sem conductor substrate in a pl asna,
the nmethod conprising the steps of: . (a)

pl aci ng a substrate on a support in a plasna zone;

(b) introducing process gas into the plasnma zone and 20 generating a

pl asma fromthe process gas; (c) directing the
pl asma onto the substrate by a focus"i%g surface of a dielectric focus
ring; and el ectrically charging a

d
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plasma is attraghey e‘iébtri@é\@ ﬁi%hg%eﬁai?gf eIeUHBHe? [ he &gﬁrﬁh%négfafs%%?aiﬁf the
dielectric focus'ring to renove teposits or med ereon during
processi ng of theeplasrhat ared evherein step (d) comprises electrid¢dlly cdrirectiagithd of cl aim

1 1 wherein ste d) c rises the st of contacting the conductor
el enent to an J@P&?’c@%"&%ﬂﬂ%ﬁﬁ@e Sl?"tmgg?'ti on of the support so that

an electrigal charge applied to the support is el ectrically conducted
to the conductor el enent.
18 14. Themethdébdf okairo|1di wmheteinistere(d) comegrisess)the

conprises the . .. step of electrically biasi pai,r of.etectrodes in
the plasma zonBita, sgq.Ps?igf:q.'vermg t%etq?é‘%HF&r%‘?m 'ﬂgw&near diefeclie PUH " rpr i ses
electrically cestiphdihg@ lbher of dielectitMatdrill halidga tesistivyanat id Sificiently

el ect r odes. 14. The nmethod of claim 11 wherein step

5 .
(d) conpri ses leMeto allow thajcopducter gjereantdg\alestrigalhheoyripdodheplasmaent with
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conduct or
el ement to el eplevestadisyhargeHetween the psatarandlthe colduagheletnendi el ectri c
barrier and having a resistivity sufficiently high to pr event

di scharge between the plasnma and the conductor el enent.
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