METHOD AND APPARATUS FOR PREVENTI NG ARCI NG AT PORTS EXPOSED TO A PLASMA I N
PLASMA PROCESSI NG CHAMBERS BACKGROUND COF THE | NVENTI ON Fi el d of the

| nvention [0001] Enbodi ments of the present invention generally relate to

pl asma processi ng chanbers used in the sem conductor industry to

manuf acture integrated circuits and, nore specifically, to nethods and
apparatuses for preventing arcing or undesired plasma glows in plasna

processing chaMETHODAND APPARATUS FORRREVENTINGIARCING
manuf act ure of '”tR?rPt?ﬂT;?DEXP@SE 0 YARMPACIN PEASIIS 2are
perfornmed using plasma cha Eﬁo ggimgég chanﬁers, pl asma
enhanced chem cal vapor depo 93#% erSt reactive ion etch
(RIE) chanbers, electron cyclotron resonance (ECR) chanbers, and the |ike.
Pl asnma- i ndygg8 KEROUND @)ptm:g NVENE(GN' S @ phenonenon that detrinentally
affects vyi , ' ) particle contam nation and

uni form ty Fibld bhthd Mventned features and devices of the ICs. [0003] One

particul ar regi on vul nerabl e tov‘gl asma-i nduced arcing or plasma lows is
t he regi on [BThcenEmbpdiments, of \ibedp@sentitinvention geneedly ealatet tatplasmansf er

ports. In ril g r LGl ng ,i ten gbserved in proximt 0
substrate p‘ﬁ?é‘%}%#’ﬁ M@g'gﬁd‘%egp citbéc%mﬂ?fmgfé@ o&'guﬁg%d{q dPaE‘éféFf%‘a such
ports duri nategpAta@nBirdUikCc andi Mo spebifitaM) e® infethblsr fsPesiparatustanter s.
CGenerally, severity of plasma arcing in these regions increases wth

exci t at i on ATE¥INGC3rcsTy or wrdgsirgdrriasmeaiays ilhplesha precgssisgechagsbkaisr ounded
by surfaces representing a short <circuit at excitation frequency of the

pl asma, arcing may occur between the plasna and those inner surfaces of a
processi ng gggdpf)‘fﬁ Whithé RE1aed ARponent s of the processing chamber can be
sufficiently we %'? oun gd using, for exanple, nulti-point grounding

t echni ques,[0g2eventn thg phasfectdrerofatiegnatat circuits (ICs), many processing steps

are performed using plasma chambers, such as plasma etch chambers, plasma
enhanced chemical vapor deposition (PECVD) chambers, reactive ion etch
(RIE) chambers, electron cyclotron resonance (ECR) chambers, and the like.
Plasma-induced arcing in such chambers is a phenomenon that detrimentally
affects yield and, specifically, causes particle contamination and uniformity of
the fabricated features and devices of the ICs.

[0003] One particular region vulnerable to plasma-induced arcing or plasma
glows is the region adjacent to slit valve doors utilized to seal substrate transfer
ports. In particular, plasma arcing is often observed in proximity to substrate
transfer ports and, specifically, at doors used for sealing such ports during
plasma processing of substrates in the respective chambers. Generally,
severity of plasma arcing in these regions increases with excitation frequency of
the plasma.

{0004] Unless the plasma is surrounded by surfaces representing a short
circuit at excitation frequency of the plasma, arcing may occur between the
plasma and those inner surfaces of a processing chamber. While many
components of the processing chamber can be sufficiently well grounded using,
for example, multi-point grounding techniques, preventing plasma formation at

or near the slit valve door has remained a challenge.



or near the slit valve door has renmained a challenge. 1 [0005] Therefore,
there is a need for inprovenents in the prevention of wundesired plasm
formati on at chamber ports. SUMVARY OF THE | NVENTI ON [ 0006] A met hod and
apparatus for preventing arcing at a port exposed to a plasma in a plasm
processi ng chanber are provided. In one particular enbodinment, the port is
a substrate transfer port of the chanber. [0007] One aspect of the present

i nvent i on i[80065] net Aberéfore,f timre data rrgeai froimpraemesits tin vihkev previentiom eof

enbodi nment e.net hod udes fabri t| ng.a door which panels are

el ectri cal IV‘%ﬂfgﬁé{]a?’Hag?m?t'%ﬁﬁ& re circuit conponents that
cause the door to provide, at excitation frequency of a plasma, a short
circuit. In another enbodinment, the circuit conponents are disposed in

el enent s ofsaMMARNeopr‘rnE INVENMQ)N [ 0008] Anot her aspect of the present
invention is a slit valve door fabricated using the inventive method. The
door may bel008dd i A aephed ard appapeitistfer pryeptiag arging atw pard expased & Ag i n

Dot her  xsfagar i L BiasiREnpRioeB8hb offioes Sy BRIdSEC L cng” Batelfh, 1o,
fabricati ngembbeim@iteﬂhecmsrcw & substrateltrdrisférgsort dhthepslaaabsi.ng i ncludes a

substrate transfer rt that, during plasm procesm@g, Is selectively
seal ed usi Ng%7he | @$P/%Ctd’t§(§'ﬂe Q&S@r%prwenpgomf methegd; for f@{&aﬁ@g a door
enbodi nent, q%ﬁﬁé cm vjrde t is
coupled to %f?oﬁén@ rou a ci ?@%écﬁn‘%a\glirp% Fhettll&?ﬂ ?a%%efgg é (Em

i nfl uence tdvblchhgpaelsnf#@relpoB'ictaIImemIpI@d pﬂogetmarvwmhgn onther prmcesardmg
chanber. In one errbodl ment, the @ IPlsonent may be a slit valve door. As

such, the pPBRANGRIS hat GatiseUbR Prgiidesexciiation fregpersy of @ psMa.on t he
plasma in relpbh chﬁ 4n ﬁéraérﬁ Syt hé&l‘lﬁjl%&i’lﬂ@&ﬁﬁﬁtﬁrﬁ}efdﬁpos@dhﬁr

el ectrical or con uctive unplng asynnb ries of
elements of an actuator of the door.

[0008] Another aspect of the present invention is a slit valve door fabricated
using the inventive method. The door may be used in a plasma chamber to
suppress plasma-induced arcing in proximity to substrate transfer ports and the
door itself.

[0009] Yet another aspect of the present invention is a plasma processing
chamber for fabricating integrated circuits on substrates. The processing
includes a substrate transfer port that, during plasma processing, is selectively
sealed using the inventive door assembly.

[0010] In still another embodiment, a processing chamber is provided that
has a component that is coupled to ground through a circuit having an
inductance selected to influence the shape and/or position of a plasma within
the processing chamber. In one embodiment, the component may be a slit
valve door. As such, the plasma may be influenced by the door to correct or
reposition the plasma in relation to a substrate support, thus compensating for

other electrical or conductive (pumping) asymmetries of the chamber.



2 BRI EF DESCRI PTI ON OF THE DRAW NGS [0011] So that the manner in which the
above recited features of the present invention can be understood in
detail, a nore particular description of the invention, briefly summarized
above, may be had by reference to enbodi ments, sone of which are
illustrated in the appended drawings. It is to be noted, however, that the
appended drawings illustrate only typical enbodinents of this invention and

are theref BRIERDESCRPTION OFTHE DRAWINTGSOf its scope, for the invention

may admit t0 ot her ggually effect|ve enbodl nents. _{0012] Figure 1 is a
hi gh- | evel ,[0&8henmafiocthat Hig manoer i whighrihe @bgnddecitethtgaidiesgfdhe msesardi ng

or esont i b cpboltS) YieiRRbe B BRI Vel bRt (BFOORTE S R
exenpl ary env@stiomnriefly elinimarisdd dboal, veay¥pe haafbyFederenicd;to[Pdimengd)r es
3A-3C are equivalent electrical circuits of the slit valve doors depicted

in Fi gures oo f Whigh] ateL dlustratad in dhe appendeds drexangsn ilt lieide rka inpteh
hod f ] i ' : . _
D a1 AR (30 47 BbBnded dPaihas TS FARTRRY (Fbicdl BRbRTIBRE S g o,

To facilitdheentivthennd aardi thereforke nbt ¢alber edresidered immyadiSithacepbefor thesed,
where possible, to designate jdentical elenents that are common to the

figures, exXB¥gfliaNRAY It iathep papailuedectivegahodmseri ate, to

differenti such; > 1 ' ; ] | Lfded for
il lustrati 32&2E)ur pg@sfggﬁgégar g-l_éﬂﬁ{é\)égpl c{ée tiéc:ﬁlsagg?ﬁ BFtsa ?ga%(@cmtrgghmﬂae?ed
t hat f eat uriesludingsa ppscessingocitarabbobavingta stibywalve deordhiazicardancenwithi paeat ed
i n other enbodi dment s Mithout further recitation. DETAILED DESCRI PTI ON
[0017] Fi guerebe |mer5 Qﬁ}%pfﬁ%‘ﬁ ,'”‘@(E‘H@Prgt i c diagramof a plasma reactor 100
| ncl uding_qogfapces rigifes HATRE" ark!Gola kB R0l Vidls Wl ei@riifigly diobinents

of the slit valve door of Figure 1;

[0014] Figures 3A-3C are equivalent electrical circuits of the slit valve doors
depicted in Figures 2A-2E; and

[0015] Figure 4 is a flow diagram illustrating a method for preventing arcing
in a plasma chamber at a port exposed to plasma in accordance with one
embodiment of the present invention.

[0016] To facilitate understanding, identical reference numerals have been
used, where possible, to designate identical elements that are common to the
figures, except that suffixes may be added, when appropriate, to differentiate
such elements. The images in the drawings are simplified for illustrative
purposes and are not depicted to scale. It is contemplated that features or steps
of one embodiment may be beneficially incorporated in other embodiments

without further recitation.

DETAILED DESCRIPTION
[0017} Figure 1 is a high-level, schematic diagram of a plasma reactor 100

including a processing chamber 110 having a slit valve door 150 in accordance
with one embodiment of the present invention. In the depicted embodiment, the
plasma processing chamber 110 illustratively comprises a chamber body 102, a

substrate pedestal 112 having an electrostatic chuck 113, liners 114, 116, a



wi th one enbodi nent of the present invention. In the depicted enbodi nent,
the plasma processing chanber 110 illustratively conprises a chanber body
102, a substrate pedestal 112 having an el ectrostatic chuck 113, liners
114, 116, a 3 plasma-confining buffer 118, a showerhead 120 fluidly coupl ed
to a gas panel 136, an upper electrode 122, and the slit val ve door 150.

[ 0018] Figures 2A-2E provide sectional views of exenplary enbodi nents of

the slit vaplasmdemmfibby bafféi §18 ca Bhowerleest 120 dkiidly aodipldteto avgas pamel t he

d h i | t f Fi 1 2A- 2E. 0019] Th
Chanber bodl 0P YRPHGHRRIDS 42 Archhin ok Fabeeos b “(F or  exarpl e,
al uni num (A[’Db‘)eg and Fraeaions 2R ﬁﬁb@br@cﬁo%mémrofwéma(igﬁzeéﬁfbohnﬁeﬁ@tdfy and

egress of substrates” 124 processed in_the reactor 100 substrate 124
di sposed orthersdit valbe idoar 4 50midligures!.i $o bestwmpderstandethiel iowention, théeeadeanber

body 102, 1] 11 116. buff 18 d tl 1y, th h head 120
a?ey coupl e%wr@igamww}?&ut%grru}q{gt;) %%e&?‘ln?rp]%aﬁéiﬁ?gr {00. ?nspg\r,\?ircﬁ?ar, t he
liners 11400466, HHkf efarhb8r LAY $ODVIEIBARE PSmMBYcdRILEtioe NAathrias (g a

mul ti-point grounding technique. [0020] The upper el ectrode 122, through a
mat chi ng negX@nplel2gmingm o)) week cantains & shsiiate anefer ponki 4 for theentryhe

bi as power L Epres o supstaiek Ipa udased ) AR RGP0 b RERE Moy

generator 1fgpeeul bheh8isibstraehugenesas QhoMi?. @cﬁnfe@ﬂbﬁmqnuwd&)
power supplies having operating frequencies of about 162 and 13.56 Mz,

respecti vel Body mlljn;mﬂﬂﬁg 13Pobuffei hiB.andwptioaally, the showerhead tRO0paer
tor 1 ! | i vidual |y
oo a0 et Sl W, ST sk 00, B il W

plasma 106 14, 16, blffet he8, smbhsholvkddadsi 2meRtbcogriundidearsintpa eoultipoaitd

magnets (or electromagnets) (steering coils 138A, 138B and nagnets 140A,
140B are sh@@HndingHechABeessi ng reactor 100 al so i ncl udes conventi onal

systems andqggyi CegheihpBr electrode 122, through a matching network 128, is
connected to a plasma power generator 130. The substrate pedestal 112,
through a matching network 132, is connected to a bias power generator 134,
In one exemplary embodiment, the plasma power generator 130 and the bias
power generator 134 are radio-frequency (RF) power supplies having operating
frequencies of about 162MHz and 13.56 MHz, respectively.
[0021] During processing a substrate 124, the plasma power generator 130
and the bias power generator 134, together or individually, produce plasma 106
(shown in phantom). In the depicted embodiment, the plasma 106 may be
further controlled using optional steering coils and magnets (or electromagnets)
(steering coils 138A, 138B and magnets 140A, 140B are shown). The
processing reactor 100 also includes conventional systems and devices, which,
in operation, facilitate execution and control of plasma processing of the
substrates 124 in the reactor 100. Such systems are collectively shown herein
as support systems 142.
[0022] The reactor 100 may be an etch chamber employing a plasma for
etching material used in fabrication of various integrated circuits. One suitable
etch reactor that may be adapted to benefit from the invention is an ENABLER®
plasma etch reactor available from Applied Materials, Inc., located in Santa

Clara, California. In other embodiments, the processing chamber 110 may have
4



I n operation, facilitate execution and control of plasma processing of the
substrates 124 in the reactor 100. Such systens are collectively shown
herein as support systens 142. [0022] The reactor 100 nay be an etch
chanber enploying a plasma for etching material used in fabrication of
various integrated circuits. One suitable etch reactor that nmay be adapted
to benefit fromthe invention is an ENABLER(r) plasnma etch reactor

avai | abl e fthenplapwla erl bidd geneltators operatingcat differentSfratiaendiesr as well iakor ni a.

In other enbodi nents, the processi chapber 110 may have 4 the plasma or
bi as gener HRI 6’&&@9? Hl?%ls é‘l’fﬁr@ﬁq&ﬂf‘g ftP%leﬁfE?egf‘ga%d%?q’ fais Perasming

di fferent f | g p £.9r e ~nPl asma
enhanced c@ﬁ?@gl g&?gﬁ%%@@?ﬁﬁk?pr%fgggg)lna\%gp%ﬁ%(%%oglg@?{)g{ewgrgg'ggsses,
anong ot herprpcasses, paowags esthet nplasmangrodessas. , tlhe onegr erebsdinenthahber 110

R ol asa SURRESSIRY Chaitaro 18, SOk APV dnenar BHTR Ster il uRrhst B S Tohtot he
pl asma changgétiveért capacithRRFigladrhaBouf& b #hiidad MW TBERLE! Rurde.

avail able from Applied Material's Inc., anong other plasma 'processing
equi pmrent nYandusctypesref. theqoagspahanbers thal raydenefit 3o tbe inkentiantater i er

between the_interi.or of th hanber 11 nd nei ghbori_ng chanpers that may
be. opened (NEGALLTLEAP Tt apeted fRfis fhn B het irledfas 4
via at | easproe8ssifgequiinéMminddbfacturees the slit valve door 150 between
open and cl osed positions. Duri ngiﬁl asma processing in the processing

chamber 11000023he siTihe sldvalveddeer prevides 8i hargae betweemthep pderiorqef theosed,

Ceal of 't hetiiiaer LA 880 SeldnotBE hebie S ABeral b CRIRaRL R A e
door 150 i strasfet.i onesparation,| ®\wior atuatBEN44PORl bt (wast e dEWAYYLd 146
substrate 124 may be transferred through the substrate transfer ort 104

into or outMeies ifae pilbcees wgoE kb betwaen pesuahd £'perd Prsdionsr mBMIrinBet ween
or in one of L8 hidaBESing LA thd1rocessing chamber 110, the slit valve door 150 is

positioned in an upper, or closed, position (shown in Figure 1), where the door
may provide a vacuum-tight seal of the substrate transfer port 104. Accordingly,
when the slit valve door 150 is positioned in a lower, or open, position {(not
shown), the substrate 124 may be transferred through the substrate transfer
port 104 into or out of the processing chamber 110 through a port 149 formed
between or in one of the liners 114, 116.

[0024] The slit valve door 150 may be spaced apart from adjacent portions of
the door and the chamber body 102 defining gaps 148. During a plasma
process, the plasma may extend through the port 149 of the liners 114, 116,
and further through the substrate transfer port 104, to the slit valve door 150
and, sometimes, into the gaps 148.

[0025] In one embodiment, the slit valve door 150 includes a sealing panel
152, a driving panel 154, and a spacer 156. The spacer 156 is disposed
between the panels 152, 154. In the sealed position, the sealing panel 152
closes the substrate transfer port 104. In this position, the sealing panel 152
may be exposed to the plasma 106.



[0024] The slit valve door 150 nmay be spaced apart from adjacent portions of
t he door and the chanber body 102 defining gaps 148. During a plasm
process, the plasma nay extend through the port 149 of the liners 114, 116,
and further through the substrate transfer port 104, to the slit val ve door
150 and, sonetines, into the gaps 148. [00251 In one enbodinent, the slit
val ve door 150 includes a sealing panel 152, a driving panel 154, and a
spacer 156.[004e} spE«aeh df&ﬁeipsanéilsspﬁzeﬂM i=fabeieatddropaa alondlibfve ffaderidin t he

seal ed posi |on seal i.n 152 closes the s trate tra fer ort
104, 1 n't ni GongeaiPle, SRRINdel HApsanacel 5 o) BUahlp oRell Wil easnm

106. 5 [002@“%@%6% faBAcPRAS 1R diclddfic mafrt 's%he " Ak fic, G | Ve

material (for exanple, alum num stain ess stee[ or ot her swta e netal),
while the mdwmade 1&6other Suitabhleadtieldctricomateridi.elreoneiambediorand) thessedlings a
pl astic, ceramgc, ot h I table d|e .ectri Ln one

enbodi ment , PRI 1s53a$?§1é prﬁgqu\verllg!erhi@ ZP%%@Q}R'?V@ ?‘?ﬂ/@?cqgat(sf@a]aﬁgnpl e,

silicon Carthlaﬁein(tﬁb@edléd’%fdsltidnh%cesi the HeBGRbEthePpRdddsaihg ERaRBet N80
interior of the rocessmg&]c anber 110 through the substrate transfer port

104. [0027]thmmﬁh|e\ﬂubgtr|a transfey pogt i hani cal |y connected to one or nore

dri d he d
ods 196 ar@o% ko, | dhEcarVRg R Tdlo s TEchAleibaRofhenet npie, Snadte or "
al loy) anddiplies rods aubYofchePdsst Actualde 14l Vimgokrnembbammamd, the deviagnd

termnal 126 of the reactor 100, as shown in Fi (I;;ures 2A-2C, through a
circuit conedRdi arsdiabricatedsTen a cowmiugtive Taaterial Har axampletractahboaliomnt

i ol oct ri ¢ 4 SitHice ] BoERlaf e Rirl GaneToa ol B b EERrhBRITAS o 1 1i ng

panel 154 (thetreabnn00naEishone iABigules 2AL2€E, tmsbgallanamunt tdrapsaet e anel
152 is electricalléﬂcoupled via the driving panel 154 to the ground

termnal 128685p6d8RCa separate el ectrical |ead.
[0028] In an alternate embodiment shown in Figure 2D, the driving rods 146

may be fabricated from a dielectric material (as shown) or be electrically
isolated from the driving panel 154 (not shown in Figure 2D). In this
embodiment, the sealing panel 152 is electrically coupled via the driving panel
154 to the ground terminal 126 through a separate electrical lead.

[0029] In another alternate embodiment shown in Figure 2E, a circuit
component 160D may be disposed between the door 150 and ground 126 in a
suitable location remote from the door 150, as shown in Figure 2E. In this
embodiment, the sealing panel 152 is electrically coupled to the ground terminal
126 through a separate electrical lead 198 having the circuit component 160D in
series.

[0030] Referring to Figures 2A-2D, illustratively, the panels 152, 154 and the
spacer 156 are mechanically coupled using fasteners 202, 204 (for example,
screws, rivets, clamps or other coupling element). In the embodiments depicted
in Figures 2A-C, the fasteners 202, 204 (shown only in Figure 2A for clarity) are
arranged to prevent electrical coupled between the panels 152, 154 through the
fasteners 202, 204. The driving rods 146 may be connected to the driving panel
154 using conductive flanges 206 (as shown in Figures 2A-2B, 2D) or non-
conductive flanges 208 (as shown in Figure 2C).



[0029] In another alternate enbodi nent shown in Figure 2E, a circuit
conponent 160D rmay be di sposed between the door 150 and ground 126 in a
suitable | ocation renote fromthe door 150, as shown in Figure 2E. In this
enbodi nent, the sealing panel 152 is electrically coupled to the ground
termnal 126 through a separate electrical |lead 198 having the circuit
conponent 160D in series. [0030] Referring to Figures 2A-2D,

il lustrativpogl] t hdnpghastmbadimertsdepicted e Figuraesc2A-156ther pamals Mg, clddl vy

| ed [ f 20 04 (f | e, .. rivets, cl
ot hor “coup! Ak, SERUHETY <A fR0ethet eMENDR @Bt Gcuih st ATES ¢ he
fasteners 26ig:,i288mpshaNR A8l degitts FsIv6EA RO EnRihbM ﬁfil"-'%uré‘[? éﬂ@@é to

prevent electrical coupled between the panels 152, 154 through
f ast eners 202thexembotiraent plFigure s, and 168¢ betheoambmdimient of frégutei 2Cng

| 154 ysi ductjve [ 0 h in_Fi 2A- 2
Pon- | conduct 16& 0l EPSte B8k Salle v T et oibghens, fohea® ©
embodi ment sgglepicelt Qsth thakitigs! gesundp&th thisudgetr! §odib#50 haéd a predélepdidddscal |y

coupl ed together using one or nore circuit conponents. The circuit
conponent s #RRedaNsecatciing dunekeitation feegunm offtheiplaseaZl6. 1808 alson t he

cirout - cormpomentb@a et B e ponpls: . FRYd: BRelaRysfsmukied usn thdt
sel ected sufHe giaindt pethothesuigh B Bobhi SO Kast d préleeterdfifed ampadanse deter N ned
| npedance matching the excitation frequency FPL of the plasma 106. It is

al Sﬁ cont effpMatieg) excitationdreqmsisnehes of dbenplpsma d06esaathialdhe peteatiakd
t hat : t h 5 - i ped
“mpedance of T RifRRcEs e, Bolfigh JroBREioBpRiar RIS for

that the poegavhph, to diokfeet enceeatsfplasmacssyrimenigspeausggolsy okt charbéresr

pl asma characteristic, for exanple, to correct or create plasm asymetries
cause by ot FRAECISABWONERLS. r e dBt BRE c¥ASORENttRE freausncyekami® an peratigquency

FPL is an Oﬁtééééﬁfﬂﬂof b3HHABYMMz BPHY plfimd'denttatbP 938! 2fRndstiRhY 130

I n enbodi nen
shown in Figures 1, 2A-2C, the circuit components 160 are disposed in cavities

162 formed in the spacers 156. The cavities 162 are configured with terminals
(not shown) to facility easy replacement and exchange of the circuit
components 160.

[0032] In an alternative embodiment depicted in Figure 2D, the slit valve
door 150 includes the sealing panel 152 and, optionally, the driving panel 154.
Each of the driving rods 146 includes portions 146, and 146,, which are
separated using a dielectric spacer 214. In this embodiment, the circuit
component 160D are disposed in cavities 216 formed in the spacers 214,

[0033] Referring collectively to the embodiments depicted in Figures 2A-D,
contact leads of the circuit components 160 may be connected to the respective
elements of the slit valve door 150 or driving rods 146 using solder, binding or
moveable contacts 210. Examples of contacts 210 include bayonet fittings,
solder terminals, buses and the like. Together with the circuit components 160,
the sealing panel 152, driving panel 154 and driving rods 146 provide a short
circuit (i.e., form a short-circuit path) at the excitation frequency Fp_ of the
plasma, thereby suppressing plasma-induced arcing at the driving panel 154,
substrate transfer port 104, and in the gaps 148. In particular, values of the
circuit components 160 are selectively chosen to form the short circuit at the

7



shown in Figures 1, 2A-2C, the circuit conponents 160 are di sposed in
cavities 162 forned in the spacers 156. The cavities 162 are configured
with termnals (not shown) to facility easy replacenent and exchange of the
circuit conmponents 160. [0032] In an alternative enbodi nent depicted in
Figure 2D, the slit valve door 150 includes the sealing panel 152 and,
optionally, the driving panel 154. Each of the driving rods 146 includes
portions l4excitatidn 1sepyendyi EhL.ar ko egmmiiraee& whienginamire| anr poe splasma 214.

In this enbodinent,.the cir C ent 160D are di,spose vi,tjies 216
formed i n e REENan ey’ RobiaSRarat chgtE SorRris %Y oBe 1P e donent
depi ct ed i npfovitler #8hdAcicuit @@ atraspedtRadreienche circuit conponents 160 may
be connected to the respective elenments of the slit valve door 150 or

driving rod®03le udiigiesotAsSC depichianyvalentgloetiisp cirewitsad 8, 320, 38R0l es
of contacts h%lght Uﬁfv#dﬁo&aW%@efatjrlctaiécmﬁ acc%g%ﬂ%et R:ﬁfH“e %dm‘%‘ﬁi lsofa@% the

like. Toget I rcui {7 conponent’s he" seal
driving panﬁdeséﬁﬂlmdtldm ishiong iOEiguietc2AraRY | Rigfedrisd) e Flgtﬁermlahd(Flgere,s form
a short-circuit path) at the excitation frequency FPL of the | asnm,

thereby suppfeisitging RIaRma; HaGessina eRpaling maael by iang mct%mrwmg

substrate t sf t s of

the circui "E@onﬁﬁ%&ge% tgrg g%’lggc l've ct#uvosae?]&nn of?'lr?ﬂqﬁ‘?% H}é&% lzgl rcuit

alt the 7 eamitZaut,lre?pécrtwayewd}iIeFiﬂ‘EpedanogerB)dert‘aetcmwwgapanel 64 ds tabant g)ne
asma excjtatio re ize ac ircuit co onen ma

gel ected to Ze|5‘? ovrrb ggﬁ)@ﬁmenﬁsc 'gﬁfesaz'g&(ge g i V@l“(@qagﬂ'bﬂ [f@@%ﬁ]a

Figures 3A- %‘Arorf]%l?glgﬁ fa?% 3k Tolrﬁ*régﬁéﬁ E o CWhEH! n@:;%ntégzl%’OA?’%(ﬁoWn int

slit val ve abricate cor ance wth e nment s
present i nvElgUr@rﬁ!Aermvm simg|&i gpumpenehA- 1HDB, REGS (smgvi on Fﬁlgunes 2B-243)darei gur es

2A-2C, durin asm cessi , the seal | anel onductl
oo T O RIETe cyPeDRPedians Sie Sals ol SHaRABAL | Yol doRHAGRY Fre
'15”26?2”;33 uﬁpecﬁd?ﬁezfm beaR&UivAENt eI%‘!n'cﬁl EFRBOME & &Guf tol fearsiit\deng, panel

ie.,

Z3o=Z1+22+ 23 +24=0. (1)
[0035] Referring to Figure 3B and Figure 2D, during plasma processing, the
sealing panel 152 represents capacitive impedance Z1 to the plasma 106, while
impedance Z3 of the driving panel 154 is about zero. The slit valve door 150
forms a short circuit at the excitation frequency FpL when circuit components
160D is an capacitor, which capacitance is selected such that, at the frequency
FeL, impedance Zspp of an equivalent electrical circuit 320 is equal to or about
zero, i.e.,

Zy=21+22+2723=0. (2)
[0038] Referring to Figure 3C and Figure 2E, during plasma processing, the
sealing panel 152 represents capacitive impedance Z1 to the plasma 106. The
slit valve door 150 forms a short circuit at the excitation frequency Fp. when
circuit components 160E is an capacitor, which capacitance is selected such
that, at the frequency Fp., impedance Zsz of an equivalent electrical circuit 320
is equal to or about zero, i.e.,

Ly =21+22=0. (3)



(zero). In the enbodi nents of Figures 2A-2C, the slit valve door 150 forns a
short circuit at the excitation frequency FPL when conponents 160A (shown in
Figure 2A) or a single conmponent 160B, 160C (shown in Figures 2B-2C) are
capacitors, which inpedances are sel ected such that, at the frequency FPL,

| npedance Z310 of an equivalent electrical circuit 310 is equal to or about
zero, i. e., Z313=Z1 +Z2+7Z3+Z4=0. (1) [0035] Referring to Figure 3B and
Figure 2D, @oeTing pValses optiecespaciyrs ohthe dmitiammpmr&rits 160A- 0 rmyt ke

it d 71 to the pla 106 | 73 of th
i ving pandPETSIned tpaireshBRg niages; of % sSerestesat vaifaetoprs ng
circuit at wp@r@méhﬂr&umofﬁmwysﬁ%ewemowwueblaeemﬂeghﬁntslt?@lﬁknS an

capacitor, which capacitance is selected such that, at the frequency FPL,
i rrpedance zmsmwemﬁn@q@ﬁwbemﬁ%n@dwsm@lfocexamp!e azoetvsorbcamlyaeo whichabout

Froure 26, Al prau frdua quostie Ll gt Gt daglBliprét ™

capaci tive i1gpedpns eestitst 6f these theéastreAlthts ah6w téldedfineapropeftieey S150zZfiok ms a
short circuit at_the excitation_frequency FPL when circuit conponents 160E

i s an capaciBot , Z4wanghSeapdli tahddnitbe Rauationd (dh@nd (Harespactively. Thequency

=bout zoro. Ufgs 648y B SIeUH;18)E hidy” B Heleitlied B, reSaEHIIA Y or
of the circeqguatienponents 160A- 160E nay be deternmined by nmeasuring

| npedance of the respective slit_valve doors 150 where the circuit
conponents 160 are tenporarlly ﬁﬂ &2et0wi t h shunts. Such nmeasurerdfhts can

S R A e e e
resul ts of fifthetomaator eirmembfrcmt tompooeniaf i ne properties S1 = Z1 +

[0039] Alternatively, during plasma processing of non-product substrates,
values of the circuit components 160 may be determined experimentally, e.g.,
by selecting the components that provide suppression of the plasma-induced
arcing at the slit valve door 150 or the substrate transfer port 104. Once the
appropriate value of the capacitor or other circuit component 160 is determined,
the door 150 (or rod) may be disassembled and a capacitor of the determined
value may be installed in the cavity or other position along the door to ground
path.

[0040] Figure 4 is a flow diagram illustrating a method 400 for preventing
arcing in a plasma chamber at a port exposed to plasma in accordance with one
embodiment of the present invention. One skilled in the art will readily
appreciate that the method 400 may be performed using the plasma etch
reactor 100 of Figure 1, among other chambers adapted for performing plasma
processes. One skilled in the art will also readily appreciate that the method 400
may be performed to tune other components of an plasma processing system to
prevent arcing, or to reposition the plasma within the chamber to correct or
create plasma asymmetry.

[0041] The method 400 begins at step 410 when the plasma chamber is
provided with a slit valve door adapted for sealing a substrate transfer port of
the plasma chamber. The door is electrically coupled to ground. The door

ground path includes at least one replaceable electrical component, such as a
9



Z3 + Z4 and S2 = Z1 + Z3 in the equations (1) and (2), respectively. Then,
val ues of the capacitors 160A-160C nay be determ ned by resolving the
equation: S1 + Z2 =0, (4) [0038] It is contenplated that the circuit
conponent s 160A- 160E may include inductor and/or other circuit conponents.
[ 0039] Alternatively, during plasma processi ng of non-product substrates,
val ues of the circuit conponents 160 nmay be determ ned experinentally, e.g.,
by sel ect i ngapagitaronptinendudtdrt lpisoglisdecaniepplated dhabthe Weoplgsewnd pathuced

arcing at t i 5 e a ransfer. . port 104. Once
the appr op%aafeé lt%é'?/%!%'\é@f q’?ﬁgd%a%a@{n?hpa c?ié%o{ﬁ%‘élr E@F}&Jgﬁf’ﬁ{’c&w%ﬁ«gn unﬂ%e IS
det er m ned, cohipanefballded the impedandeof the gloenss patibtebe atfusied aBxahipis of
the determned value may be installed in the cavity or other position along

t hehdgor t 0 of pUehdootsaRNe. disesser ahqygria raference fg bigulesigeath A2Est rating a
400 f ' ' |
o asma i n alSiEhancat tiePa2gh i okl cBnBSRBY{ B othd BaBEOt METRRRES 1 ©

skilled in térapardripwdplaceadingy comgyptieeishiuats. Mitert, it s1ep G0, 4PPedacdef
performed using the plasma etch reactor 100 of Fi %ure 1, anong ot her
chanbers adit &Poron B ssaRG Psitiannis mearwed e, dereming (thedmeedansear t

will also r?cZgﬂé'tthéfr @Rﬁgﬁ%}aﬂ{eer dobortdifs HPEH@@Q@}%H& e RgLiraY T@g’ré\@?é ro°

ot her conponents o asma processing sy revent' arcin
reposi ti on ahshgt escmt pathhanexditatiohdregenty of the ptasma.  Thedatpedanas maay

S r ov1 de ARG NORIGE ANGR SR Gh SRR BRI aP hgbh LB, AT ansr or
oo b oundTELFEORRENSTEsucTas cpabibr Siel AEpio, ABMShatotostamyar, e
such as a %hedpacor subsiradé accéssipeit or craate itlse desived phasengpcanfigliratian. t he
door ground [&%g]h At step 440, the conductive shunt is replaced with a circuit component
having an impedance value selected such that the door ground path provides a
short circuit path at excitation frequency of the plasma. During plasma
processing, the door suppresses plasma-induced arcing in proximity to the port
exposed to the plasma. Upon completion of step 440, the method 400 ends. It
is contemplated that the method 400 may be adapted to determine a door
ground path impedance for use in tuning other components of the plasma
processing chamber to prevent arcing, or to reposition the plasma within the
chamber to correct or create plasma asymmetry.
[0044] Thus, a method and apparatus has been provided controls plasma
positing in a plasma processing chamber. Advantageously, the invention may
be utilized to prevent arcing at substrate transfer ports or other components
exposed to a plasma in the processing chamber, as well as to tune other
components of the plasma processing chamber to prevent arcing, or to
reposition the plasma within the chamber to correct or create plasma
asymmetry.
[0045] Although the invention herein has been described with reference to
particular exemplary embodiments, it is to be understood that these
embodiments are merely illustrative of the principles and applications of the
present invention. Therefore, numerous modifications may be made to these
embodiments and other arrangements may be devised without departing from
10



may alternatively include a tunable electrical conponent, wherein tunable
conponent allows the inpedance of the ground path to be adjusted. Exanples
of such doors are di scussed above in reference to Figures 1 and 2A-2E.

[0042] At step 420, the electrical conponent of the ground path of the door
is tenporarily replace using conductive shunts. Then, at step 430,

i npedance of the door in the sealing position is neasured to determ ne the
i npedance, thegpirii@endnstdpe bbthe persenbimention sand thé scdpe rthemeod isl dpfindd
required tobgr vi de gﬁah?nt circuit path at excitation frequency of the

pl asma. The ﬁﬁ%@gﬁgg P'AME- det er mi ned a network anal yzer or
experinentally, e.g., by literately choosing <circuit conponents, such as
capacitors and/or inductors, that suppress arcing at the door or substrate
access port or create the desired plasnma configuration. [00431 At step 440,
t he conductive shunt is replaced with a circuit conponent having an

i npedance val ue sel ected such that the door ground path provides a short
circuit path at excitation frequency of the plasma. During plasm
processi ng, the door suppresses plasma-induced arcing in proximty to the
port exposed to the plasma. Upon conpl etion of step 440, the nethod 400
ends. It is contenplated that the nethod 400 nmay be adapted to determ ne a
door ground path inpedance for use in tuning other conponents of the plasm
processi ng chanber to prevent arcing, or to reposition the plasma within the
chanber to correct or create plasma asymetry. [0044] Thus, a nethod and
appar at us has been provided controls plasma positing in a plasm processing
chanber. Advantageously, the invention may be utilized to prevent arcing at
substrate transfer ports or other conponents exposed to a plasma in the
processi ng chanber, as well as to tune other conponents of the plasma
processi ng chanber to prevent arcing, or to reposition the plasma within
the chanber to correct or create plasma asymetry. [0045] Although the

i nvention herein has been described with reference to particular exenplary
enbodi nents, it is to be understood that these

11



enbodi nents are nerely illustrative of the principles and applications of
the present invention. Therefore, numerous nodifications may be nade to

t hese enbodi ments and ot her arrangenents may be devi sed wi thout departing
from 10 the spirit and scope of the present invention, and the scope
thereof is defined by the appended clains. 11 What is clained is: 1. A

pl asma processi ng chanber, conprising: a chanber body having a substrate
access port What isl edaimedfisr coupling energy to a plasma formed within the
chanber; a chanber conponent exposed to a region within the chanber body in
which the plasma is fornmed; and a ground path coupling the chanber conponent

to ground, tithe groplaEgmadoteSSIAY chahiteragorhpAsihgone of a tunable or
repl aceabl e circuit component selected in response to an excitation
frequency of t he athamberbrdphavingiariybstratg aeegssreartii npedance val ue bet ween

T N s

conprising: a chanbér bo avinga s

positionable to @ csembbecomipoheat exposms® Rakhion Withihotie Heamber Body ace
exposed to a region within the chanber body in which a plasma is forned;

and a gr oundVhiell thecplapmans femaediadnd t o ground, the ground path conprising at

| cast one of .t ualRdObafi BAARRATS Sl oSAEBABENIo SRIREE Tfe daiRpPOne

to an excitation equency o asma and I'di ng

i npedance paithieobginigien dtheasiooneasidagiuaabld oB.replacepblec essiitgoetpaomaat of
claim2, wherein the circuit conmponent urther conprises: at |east one of a
capaci t or Oﬁegq;tgcgﬁhgqs(ﬂqnse to an excitation frequency of the plasma and providing a

predefined impedance value between the chamber component and ground.

2. A plasma processing chamber, comprising:

a chamber body having a substrate access port;

a door positionable to close the substrate access port, the door having a
face exposed to a region within the chamber body in which a plasma is formed,
and

a ground path coupling the door to ground, the ground path comprising at
least one of a tunable or replaceable circuit component selected in response to
an excitation frequency of the plasma and providing a predefined impedance
value between the door and ground.

3. The processing chamber of claim 2, wherein the circuit component
further comprises:

at least one of a capacitor or an inductor.

4 The processing chamber of claim 2, wherein the circuit component is

disposed in the door.

5, The processing chamber of claim 2, wherein the door further comprises:
a sealing panel positionable to close the access port;
a driving panel coupled to the sealing panel; and

12



4. The processing chanber of claim2, wherein the circuit conmponent is

di sposed in the door. 5. The processi ng chanber of claim 2, wherein the door
further conprises: a sealing panel positionable to close the access port; a
driving panel coupled to the sealing panel; and 12 a dielectric spacer
electrically isolating the driving panel fromand sealing panel, the spacer
housing the circuit conponent, wherein the circuit conponent electrically
coupl es the dri vartelestrs spacer igdectdeallyrigolpting the drivip pamebbross ang sehlinger of

claimb5, wherei I Vi ng.. el is.coupled to.around. 7. The processing

chanber of @Fﬁ%m@gﬁﬁgr&i\%&"ﬁﬂﬁ Pl&ngfcocrﬁR%%ﬂgnyvhlggemBgmrgu;%ﬂquqgn oor.

8. The procefsutialigvanibiis the d?lvﬁigminélubttlh@ﬁeﬁqu?:péﬁélﬂgi_ an actuator; and a
rod coupling the actuator to the door, wherein the circuit conponent is

coupled in series with the rod. 9. The processing chanber of claim?7,

wherein thegarod i . : S3: r aim
7, wherein t6 he rg-g]e?@'pg %.%ﬁ”é%r’%%ﬁb%gs%? clair%c%warghg@ﬁnghﬂﬁ%%%ﬁgtﬁi (EOQ‘I(PCI) onent
di sposed t hes groundll. The processing chanber of claim?7 further conprising:
a |l ead coupled to the door, the |ead having the circuit conmponent coupl ed

in series. 12. A plasma processing chanber, conprising: a chanber body

havi ng a substra a nar ty j ig;h%p- .rate
access port ?'theﬁﬁgogﬁﬁg\é?lﬁg é‘harﬁggl‘e)?xgxc%ﬂg@feg, to aélrﬂe%%o%an\?l\nﬁfﬁpﬁhﬁt@gﬁgﬁl%nber
body i n whi eématepfrasnthei dodror ned; a rod;

8. The processing chamber of claim 7 further comprising:

an actuator; and

a rod coupling the actuator to the door, wherein the circuit component is
coupled in series with the rod.

9. The processing chamber of claim 7, wherein the rod is coupled to
ground.

10.  The processing chamber of claim 7, wherein the rod further comprises:

a cavity having the circuit component disposed therein.

11.  The processing chamber of claim 7 further comprising:
a lead coupled to the door, the lead having the circuit component
coupled in series.

12. A plasma processing chamber, comprising:

a chamber body having a substrate access port;

a door positionable to close the substrate access port, the door having a
face exposed to a region within the chamber body in which a plasma is formed,;

a rod,;

an actuator coupled to the door by the rod, the actuator controlling the
position of the door; and

13



an actuator coupled to the door by the rod, the actuator controlling the
position of the door; and 13 a ground path coupling the door to ground, the
ground path conprising replaceable circuit conponent disposed in at |east
one of the rod or door. 13. The processing chanber of claim 12, wherein the
circuit conponent further conprises: at |east one of a capacitor or an

i nductor. 14. A nethod for preventing arcing at a door sealing a port

exposed to a pl asgreund Eathlcarupling thellenr tc grpundi thg: grpundipithgompisisga
chanber having a sl.it . valve door apted for, sealin substrate transfer
bort ot heBTiaGeabIe R ComPRgeabaRPasThy &l Best pRaef {he Eu &M o or ound
t hrough a ground path; neasuring an inpedance of the door in a transfer port

sealing position to determ ne an inpedance required to provide a short
circuit thrddgh fThe pranesdingpabamber exfcclam i tth Wwhemgiertbe cifcuit phagonehbr ned

in the plas chanber; and coupling in series, wth the ground path, a
circuit conﬁnﬁtcwsﬁé' an inpedance val ue substantially equal to the

determ ned i npedapfist bRe o-ffélecayﬁt%éﬁ?ﬁopﬁn %cﬁ]&%r.ﬂﬁ wherein coupling the

circuit conponent in series Ww e ground path further conprises:
repl aci ng a conductive shunt used during the neasuring step with the

el ectrical nponent ... 16.. The nmethod of claim14 erein _coupling,the
ci rou t cormnents MPtadd fat Preyaming weic aha SahsFalichar PES HppEed 1o a
instal ling bined AL blsstha €AERMREGorhpridiRg door. 17. The nethod of claim 14,
wherein coupling the circuit con‘gonent in"series wth the ground path
further conpri seprovigisgza plasga nbambet havingla slitnyadve: door adapteddfoc seplinghg t he
door to an aagagﬁFa(%(ra'transfer port of the plasma chamber, the door being electrically
coupled to ground through a ground path;
measuring an impedance of the door in a transfer port sealing position to
determine an impedance required to provide a short circuit through the ground
path at excitation frequency of a plasma formed in the plasma chamber; and
coupling in series, with the ground path, a circuit component having an

impedance value substantially equal to the determined impedance.

15.  The method of claim 14, wherein coupling the circuit component in series
with the ground path further comprises:
replacing a conductive shunt used during the measuring step with the

electrical component.

16.  The method of claim 14, wherein coupling the circuit component in series
with the ground path further comprises:

installing the electrical component in the door.

17.  The method of claim 14, wherein coupling the circuit component in series
with the ground path further comprises:
installing the electrical component in a rod coupling the door to an

actuator.

14



14 18. The nethod of claim 14, wherein coupling the circuit conponent in
series wth the ground path further conprises: installing the electrical
conponent in series with a | ead coupling the door to door, the electrical
conponent installed in a position renote fromthe door. 19. The nethod of
claim 14, wherein coupling the circuit conponent in series wth the ground
path further conprises: installing a first electrical conponent in a first
paral | el brdB8ch GhetmethogrmfanpM,hNbaeatt:wblm theairicdit congdurent in senigd at a
first pl asrra Sxm tatio fegtlﬂenc and installing a second el ectrical
conponent i Wit Q%&B‘FM‘ B?toh UENER CANPHSES:  t he ground path selected to

provide a sho_rt Althd 1 eﬁec&%@eerrgbﬁﬁﬂmneg@rgggmtﬁgulﬁsE%ﬁﬁnﬁ%hégooThe

met hod of claim reln neasurin rises
det er m ni ngta teot, mam%aemmanﬂmwll&dqumrmmm rematenfeomchi doanal yzer
or using experinental data. 15
19.  The method of claim 14, wherein coupling the circuit component in series
with the ground path further comprises:
installing a first electrical component in a first parallel branch of the
ground path selected to provide a short circuit at a first plasma excitation
frequency; and
installing a second electrical component in a second parallel branch of
the ground path selected to provide a short circuit at a second plasma excitation

frequency.

20. The method of claim 14, wherein measuring the impedance further
comprises:
determining the impedance based on data acquired using a network

analyzer or using experimental data.
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