APPARATUS FOR THE REMOVAL OF A METAL OXI DE FROM A
SUBSTRATE AND METHODS THEREFOR BACKGROUND OF THE

| NVENTI ON [ 0001] The present invention relates in
general to substrate manufacturing technol ogies and
in particular to apparatus for the renoval of a netal
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APPIdeyiCeat ch' (RIE) in order to renove the metal oxide. In
[0008]gener alp, ad@ltfenC S RIPDE ﬁm?qﬂs!?) B‘eh%ﬂllfﬁ%d Witla k1P BARRIQRIE) in

order to renove erial fromthe substrate.
order t@emmm thy metaloxide. ithgenstaSIREE enmikingsdoth cheamicadaind ion processes in
order tﬁ{l‘%ﬁﬁ?ﬁi@lg eﬁlglt %Wgﬁﬂ%g%bhﬁ U grgefcr:a yﬁfgn%{r‘)gthé% aglfj?%at dncé g%hemical
proces§ BY k@ikénd the SlidiRle Jfehd1RH8trAtB NABRERirUhE eRdrhichEbdnds of the atoms
reacting with the nolecules of the T<chem cal process.

on the w&cgﬂn Atfeato meaks ﬂ_smn porswacaptiblsrio rqarcbns mtattmglpksuhes: of the
atjvel i nexpensi arl s

chemidH) BROTRR, DROGibOat HELEA pifiolsd BEHIRRRR Aot BRREH R o

relatively M xPEnIVSTnOTE pal sGPRI18vepradsuftqRisnya3 Ghidt Fe @R Bophidiidated
However, APPJ devices also tend to be susceptible to
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[0009] An arc is generally a high power density short circuit which has the effect of a
miniature explosion. When arcs occur on or near the surfaces of the target material or chamber
fixtures, substantial damage can occur, such as local melting. Plasma arcs are generally caused
by low plasma impedance which results in a steadily increasing current flow. If the resistance

is low enough, the current will increase indefinitely (limited only by the power supply and



m ni at ure expl osi on. When arcs occur on or near the

surfaces of the target material or chanber fixtures,
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end of cavity 110 to cl ean substrate 102. In general,
the shape and di aneter of discharge orifice 117 may
af fect the correspondi ng shape of plasna effluent 104
al ong both the lateral and |longitudinal axis (e.g
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[0014] he | alrevialv afnlﬂe fopeuping) d’ldﬂahreabeslﬁed(@pgralus| fot theatrhyval of a metal
oxidc%rrow and ngi tudi nal |y deep, laterally w de and

Hb?f‘ﬂ’&frﬁtﬁlap nigthads dhgrefst-c. ) . However, as previously
stated, a large WMMER%OF"@TEW@EE‘T‘T@I\PG required to

prevent the generation of are 1 et ween power ed
[0015F]| ectr Ehelrmeﬁtlamregat@unrterbmbcehmemd@ mﬂ@pa{aﬁfs]g@hemnng a plasma

SRRV IR N T MR TR
assemBB! RARIAEp I Qed coORRY fi Q% dldietdi DT b [PQ dnle hB disposed

invention relates, in an enbodi nent, "t 0 an appar at us

betwegfethe paverey edmﬁﬂcds ped ﬂlfed‘rrstrcbﬂmnm dpyen (e emhodemmt elspancludes a

trate. od| udes t r ode
aroun TR osh R s Bobas B e e LB e ey S6to form
a cavii villeRéih theCplh SN LTs, geﬁ&dted fhe rfﬁ'ﬁt Witd BesFEBdIngi158188€ fom the plasma
bet ween the powered el ectrode and the first dielectric

by the|figgtakiclectrie laéfﬁbwhﬁmﬁmpla&n@ds presentde thecaviyy dheeasdty having an outlet
at one %{1(? &i %dﬁ 3 mg {o AR %g tl%eoxg%% 5)(1%% he powver ed

Fode a se SO ‘as davity wherein the

[0016]p! as ﬁHThéSInga{tﬁj’n%ﬁcbs inh@ &nb"(ﬁlimwt}’ © dasthod Er@nerating a plasma
shiel ded fromthe plasma by the first dielectric
for rempoyjiag mgkskAxida drom aswhstrpte. Peemsthodiincludes peexifling a nomsred electrode

w55k KoM ARAPU b 1005 R 01, Dy i
layer, arel efiss wire mesh désposdi boewéen the pewsiet Radtrbds aigthe figdtididectric
taer. FhEmaon alsonFan B0 BAIBG PR e0 SloaEp Sk erablb ditppsed opposie
the powered electrode assembly so as to form a cavity wherein the plasma is generated, the
first wire mesh being shielded from the plasma by the first dielectric layer when the plasma is
present in the cavity, the cavity having an outlet at one end for providing the plasma to remove
the metal oxide. The method further includes introducing at least one inert gas and at least one
process gas into the cavity, and applying an rf field to the cavity using the powered electrode to

generate the plasma from the at least one inert gas and the at least one process gas. These and



assenbly, the powered el ectrode assenbly including a

powered el ectrode, a first dielectric layer, and a

first wire nesh di sposed between the powered el ectrode

and the first dielectric layer. The nmethod al so
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for remdvingen&tal\oxide fréhe substiate/ The vhdlitbdinckided srovidingQsoviRel electrode

for providin% the plasma to renove the netal oxi de.
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rode assenbly, e powere ectrode asse
[0018] ncl udiTheseang other &chtirbecf the deeser ifivention eiikk be described in more

. er., .and a first.wre_.nesh disposed between th .
detail S in fieudien Roriahigh X Beniy OB RBS & FarpURcion uh the frllowing
figure§tet hod further includes providing a grounded el ectrode

assenbl y disgosed opposite the powered el ectrode
assenbly so BRIED DESCGRIRTEQN Q TitcPBAWINGS pl asma i s

ener d,_the. fifrst.w.r h bei ng shi el ded from
019P 0L LB et venliph sttt VY P o PR e pRieD Wy of
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outlet at one end for providing the plasma to renove
refer tg pignilag elgmepisiand in Whichyet hod al so i ncl udes appl yi ng an

rf fi t j usl ng t wer ed . ectrode .to.
100201, e o4 (AP S i o] B R AR FeERIGHGLE in

which bbth thé pbwast elgods arkhs gihand eldcRdSire BAESondipdredioded cavity
features of the present invention will be described in

wall; hpre detail below in the detailed description of the

I nventy ] [ . i . i.NQ- .
fou21], 100 I 3R BGRB8 i oo in
which pipesered eleviredt isasontigudet lasi s cemttedd byid wayowid caidb®) is

ang not by vva\é of limtation, in the figures of the
configured OR3£AVIMYaHr awi ngs and in which like reference

22]NUNET &1 31h Titdeh WMADP L Gohi
002217 0207 B & 7 e, Rl B SR TR BT Ap Wl Which both the
poweral efespide and thel grewsd ¢ledtrodie vrceach iconfigdred bn hehvityt Wall, according to
wer ed el ectrode and the ground el ectrode are each
an embogipeny of he IBREIMIOByi ty  wal | :
[0023] FIG. 4 shows a simplified diagram of a DWM-APPJ device in which a powered

electrode is configured as a center rod and a ground electrode(s) is configured on a cavity inner

surface, according to an embodiment of the invention;
[0024] FIG. 5 shows a simplified diagram of a DWM-APPIJ device configured to create

an atmospheric plasma curtain, according to an embodiment of the invention;



[0021] FIG 2 shows a sinplified diagram of an

at nospheric plasna jet device, in which a powered
el ectrode is configured as a center rod and a ground
el ectrode(s) is configured on a cavity wall; [0022]

[0025]:I G 3Fsh8 skowd af'mﬂphﬁ@&i dRLRGN @fﬁ &t oRDRVIE ABPJ] dev1ces configured

devi ce, which both the powered electrode and t
to cregfe @Lplmn@l curtaing decoading tearherslontimentrad dhaoinventivay i t y vvaI |,

ccor di an enbo t of the inventi
0026ESC" SHR i on A £ IE Re 40 kDY S P A0E e
configufeddictdutda PRYRAA 8artaifl] a@:@éﬁdﬁ%&o'aﬁ cRHinkHt 8FtRInention;
center rod and a ground el ectrode(s) is configured on

[0027h cavi FIGi hehews assimpliGed dlag@mr@’ ar@ -/iPJedevingi mewhicloa set of

wire iV TR sy bbbl e DRRIT Ot &g mgprion: and
[oozspt oS PREG.| sHoMa S iim plifidBinBthod ©€ %;btﬁhﬂ@y fethodthgeie@l 888 from a
of the invention; 5 0 [0025] FI 6A shows a

substrafe yifh § DEGMABRBF deviiest a%pos@tlg tsf arwmbosipgntad vheiagention.

configured to create a plasma curtain, according to
an enbodi nent of the invention; [0026] FIG 6B shows a

si NPDETASCEDI RS CRIPATON OFTHE PREFERREDVEMANCHIIMENITSES
configured to create a flasna curtain, accordl%% to an
[0029hodi Fanpregant inyention, Wil new be [dewad m @taﬂrwsthé regce to a few
r
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descriptidn hameaguk Sperificeddtaiti ae pdt farkh hh&deﬂw epntmdma tidchgh

0028 G 8 shows .a si fied method of opti vy
unders{t ]ﬁF L%\Pli?é?rﬁlm‘@%}'l% It %Heaappé%twte@ermq?p lectn the art,

P,
i
other iENB@BB,N@lmqvﬁOﬁx@}zesﬂs‘@pp ped endtructuresttave motbden desosibled in detail in

descri bed i with reference to a few preferred
order §REHHREREE TR HESGUT BAPIPLRT PG | 1 ¢ he accompanyl ng
[00301dT aWi NYAile Bt WikBirdeQb b Wols bFPREH, Ble! iBPentHBPBERMYShat an

specific details are set forth in order to provide a
atmospheuvic pagbure plagmag etadesticaginofhicihe distestrémbariienandta wire mlesh are

.. W be appar ent owever,. tq one L) n the. a
positiofid betiia BEES fhe pROBNE M arlg ey Ml RbiiRisiipze arcing at
a relatiVeHo (1684 {haﬁfabéﬁ’(qsﬁm? BRed dak Flofea dnd-hehe may BfEctively remove a
i nstances, wel | known process steps and/or structures

metal pideframta postwteescr | bed in detail in order to not

unnecessari | cure resent Jnventi ; 03
1003 ¢ Ptk AR S Bl Yok e it hloppree e
betwedngdléctioaes, btia thateleciioRRY RlaAEHeS réich S TkikiCal3tA8 Whek@éxtremely fast
device, in which a dielectric barrier and a wire nesh

streamey; Rropggstipe pessepstiossiblenAa e resalismican disebasge elyaacls are formed.
rove a8 (PP Y, DNOUIE R 8108 Mgt aorfane
betweehaihe:leid dé &nd the RtophE L€ playdh Yend € tOME adlan electret (generally a
material that accumulates electrical charges on its surface), and allows the micro discharge
channels to spread across the dielectric barrier into surface discharges covering a much larger
region than the original channel diameter. Due to charge build-up on the dielectric surface, the
field at the location of a micro discharge collapses within a few nanoseconds after breakdown,
thus terminating the current flow at this location. However, often this breakdown may also

result in collapse of the plasma itself. In an advantageous way, the wire mesh prevents this

collapse.



nmetal oxide froma substrate. [0031] In general

arcing occurs when an over voltage is applied to the
di scharge gap between el ectrodes, such that el ectron
aval anches reach a critical stage where extrenely fast

[00325t I eaMBi gdHefdd 2dedtioh g ORRTes PRZR 'aE’bﬁ)dué’&i B &BF'gbherator, do not
mcro di scharge channel s are forned However, since a

penetigfectheayigh helep it @ pendugcéngysurfase like o wixgi r@cs@ihctbat agg lgss:ﬂmn about a
{
wavelglh i ThE phoc R0 Lt A8 By 2 alBR R Ao RGBT B ond o

differérg degeéd Byyaltering@iRfidtéd ofithaivira st HORRS. Q§1s€tieﬁ6¢dd| tB&lthe creation of
charges on_ its surface), and allows the mcro

a secopflargielactte ficlthan it wirfaes effhe dislestncobarietay W sviesgneshewith properly
sized R&Esr lllegﬁsttjﬁ@hﬁ?.ﬁ%rglgs‘}fa \Qitﬁ&tﬂ %fc@l?é?tcags\ﬁggmﬂgalﬁ @jﬂflg{ n%{t%gg flow

or1 gl nal chan

rate. ]'Q]h@,rtbeachiﬂﬂldrdom l€ast drieewitk mesicbdtiveersat élagtfodetali@ a didl€dtdc barrier
at the | ocation of a mcro discharge collapses wthin

in 2 DYVYAP Phtiossconasnaiet torbeseasietrd hat m%mlévst@@ﬁwfﬂmamorﬁ@ metal
oxide E?ﬁr %é\;mﬁ@r% l(gd sohbgr;t%g% ol:é)[ﬁ)%t lqjlg agpsg%}é?ﬁtlﬁ% %eﬁg‘é&r}g kates (less

than abawgdl fim). [Im adxhtlald,\kmﬂlkagmuﬁls \AERPJ cohfeguhti ensnDWMpABPEddes not

reqmr%ae@ta.@%&gﬁ E{nsgu&a%l@é @m er%f 61&{31?%83 Blptagenerally increase the
size, 09 E%&ﬁ%%d cggh?thmnetrat e through holes in a

ing sur e like a wire nesh that are |ess than
[0033]ab out @enanallpg tenglenanme 0bese wéﬁfﬁ}ex@nef the eﬁlls |tékeh|te beltheny

tt enuat ed .i iffere armu s an f erent
approngg RSBy it heyech PO kot oG, However,
in genéﬂal hsleB et élﬁ'Fa%g vhfi@ionk Rethe VARl ﬂn@é’h Iﬁt\st @uﬁ@%’lg@rt}iw a fraction of a
electric field on the surface of the dielectric
wavelgngthr daspsshy 0td¢e noy memMqueptqbiamfoman@_q degtadatidre dn addition,

.hel t Cl. .
e 350 0 B P BB I Y bRl Ro e S e
plasm@ddltl on of at |east one wire nesh between an

ectrode and a dielectric barrier in a DA APPJ
[0034]a| | ov\,slnammngg)ﬁgn?ré,ta dlgleg@cd)@.ﬁ@raq papitiangd batween a single electrode

ST —

and a plavid. Ixﬁﬂﬁeﬁb@wﬂeﬁt a$i1e(lécﬁ1$c$barhblaﬂ§ p@ﬁﬁbﬁecﬂb&%@n a péwered electrode
addi ti on, unI i ke tpreV| ous APPJ configurations,
and a pingmaabPan erbediment, a dislestriebasriet is Pasigianed brsween a grounded

electrodO B & ﬂkl’ﬂ@l IR Stk rﬁaﬁ‘ aoxgﬁ@ E‘Iﬁgh ?% Iﬁgéed%%ﬁﬁee ltﬂé di elec*nc barrier
gener a he cost 6

I ncrease t Sl ze,

and analecAB®R] In pOBBBYdiene hakike/mesthie pla(@ls@ baween eichctﬁﬂectnc barrier and
wavel ength of the rf is taken to be the ppPr oxj mat e
electrod¢. Jagn g pdimsinhia Wik sehisPiaced pglesn ¢ déﬁ{@ctrlc barrier and a powered

electroEé‘ 3bh $hBGE ﬂiﬁ% %ex{/lfré)ﬁfé?r[‘ﬁ%lac W?%ge%n a dﬁeﬁe&ﬁﬁ Bﬁnxﬁilgf and a grounded

I'es or ‘sur a%e vari a W re nes
electrodes ull dnyoddﬁnéx&smetpk@msagafsnsaﬁil on of a wavel ength

acros n o d not e unaccept abl e perfornance
[0035] yegr afila' bodinedtds Wisk F sk Gempires ChpeRr (D In e diment,
the w1ri9 %H tgﬁxgph&s QaiiEsstsBeflth WeRBOGAE, WAL nidif cbhpfis&!tiass. In

an embodiment, the wire mesh is galvanized. In an embodiment, the wire mesh is

monofilament. In an embodiment, the wire mesh has a rectangular weave. In an embodiment,
the wire mesh has a hexagon weave. In an embodiment, the dielectric comprises biaxially-
oriented polyethylene terphthalate (boPET) polyester, such as MYLAR.RTM. available from

DuPont Teijin Films (www.dupontteijinfilms.com). In an embodiment, the dielectric comprises



pl asma. [0034] In an enbodinent, a dielectric barrier
is positioned between a single electrode and a
plasma. I n an enbodi nent, a dielectric barrier is
posi ti oned between all the electrodes and a pl asna.

a cerdntic.dn agrhbddimei, the didieetrRCdohipisbaformed of $mafsial toigihing
bet ween a powered el ectrode and a plasma. |In_an

polytetiaiygrasiyicne 4P EIR), sushrasc BELON &TM savigilable fromelubentween

wwvid el ectrode and a plasnma. I n an enbodi nent,

( é%ogg sh is placed between the dielectric barrier

[00365ind an Refeerihg noke to FIG.&3) laehﬁ;ﬂtﬂerdigﬁigrarﬁ dﬂfaﬂigwwﬁl&fPPiJ ﬁe\éice is

| aced between each diel ectric barrier an el ectr ode.
show, _rwalaﬁl B%Eé‘?:ﬁ RrtRred glegirade 2pd dhe greuny) decttrds @ramach canfigured on a
vy L5 R LA BRR P AR RpPLPEAIRE s Apony et
configuzaticnerwianohesh 30 Tapditnedbatoteropevertdelectbaiti 30enrind didietric

barﬁeﬁé@? g@c’q.,%fr? gi}__eéh géz)tb Egsgt?%qsl Fbgtiv%:gg E@%ﬂ%ﬁﬁ%@ﬂ&hﬁﬁg& ?iielectric

A4, TR L s 6 e PN e
gas flaw rate (lessitharsatgat ¥ alm)ztbah islcomamongmequired(etg., dboet 19 sle, etc.).

GenerflRE. iy fsct 8 o8 ARESHPSS Bierd | DUl Phteelece Atte
pressufRRIg. RS gased 86 ARAArnVERY Snto laMli RRaRERASBEMavity B0 through gas

] dielectric conprises biaxially- oriented polyethylene
influentgkl§hattvelieh poinbplpsm isptiugle withran r§pawersoutly BARART beates plasma

iyl . f P ijin Fil .
e T B B0 o R L 4 P dnpui o gl st
302. Itlhdlig6id, bitEopdraach sRStrddels BorRiuadd With h iR m&HIAdhiSeAbodiment,

the dielectric conprises formed of a materi al

other qrphpditnents gray semprise paly asingtewing mesk on pitirE)powetrsteleatrode 306 or

' ] . - d t .
soun S Yo Bkt ol SRR o AE0'5 S8 o
mm. Adivastagddf ARPImbedintat insluds kembilitwhé séndpnt b ﬁldﬁﬁla ewRited

el ectrode and the ground el ectrode_are each confi gured
substagjlly repgyes jetakeide hypredustsvith 8 relativabp srpliinstt g9s flowerate (less

b 80 3 AL O RTIEAYPlspco
inert gy we irephireiasiigreagensB@Gnan dasieey odiap eygipmeat. r i g r | 305a,

d w sh 307 osi tion tween grounde L
[0037] :ln ec ¥Mr %@%@?@’n@%ﬁeﬁ@cilmﬁge‘g g‘lagi gt Ofg@@WMn‘ﬁ};PJa‘lqué% 15
o SoFLBESE 8 AT RSB0 BEELR it g ot
configerbd on atagityinnthaumfacs, accondinglty an embodiettn( ef te imabtiod. Id @ddition,

. . . [ t 318 and [ OCESS, .
unlike a‘lggrﬁ%ﬁa% gltp%q%gg%Hﬁ ¥8s1€£qgld2§r %gygr ectrode 9108 ancf dielectric
barrier B0SS St ivhtd WWesh 407 a 3OS &HHi He8 betweh gfd?md&?agct.k %334a-b and

di scharge chanber cavity 310 through gas I nfluent
dielectrdq barrigr 4@, ulay powta plhsnsnta besusthinad kithbutareing iaf a pubstantially
source 308 and creates plasna, effluent 304 fr
smalleririgt i 2 site et 7ol | GHE) LAl oo mHBOAY Jeapsd (5.8 sbout 10
slm, et@). J& belfére CeeDRAIG URSInEA8s 418 and a process gas 416 are flowed into sealed
box 414 for pressurizing. The gases are, in turn, feed into a discharge chamber cavity 410
through gas influent 415, at which point a plasma is struck with an rf power source 408 and
creates plasma effluent 404 from discharge orifice 417 at one end of cavity 410 to etch or clean
substrate 402. In embodiment, diameter 431 is about between 0.5 mm and about 6 mm.

Advantages of this embodiment include the ability to generate a plasma jet that substantially



302. In addition, although each electrode is

configured with a wire nesh in this enbodi nent, other

enbodi ments may conprise only a single wire nesh on

ei ther powered el ectrode 306 or grounded el ectrode
remo e e TAoits wifh ST sl e 2 Mo RIS Harabout 1
slm), iamaidingeh¢ best abobtainyng laggenetwbeoba @indsovadyaor gradet inert gas, or in

substantial .y renoves .netal, oxi de byproducts with a
purchasing exprgsiye dfpst §asiTARCHNG SQUPPEH rate (1 ess than about
[oo3st sl m 1F0§¥95:Hf>1€,9.1s§1{g9a DYPl1-RPP PBIvAlTh Bfier td RinfRe b4l ¥Bge

of a sem -conductor grade 1nert gas, or in purchasing
polynestpatragiover isetting ofjhs 208¢ yiloweg, and ai frageency dfabsm2 MHz to about

1555kl ot B oS o R S R B hout3.9%
in He€TBig iy fBStahSalFOBSS tHiH £5bu@$0 Sinf SMIE horhlly3BgLiRdF6PY E¢nparable

el ectrode(s) i's configured on a cavity inner surface,
operatiow withiangmmordy usgdhdBP ceof the invention. |

n
dditi unl ik rior t,.a Wr 4, .
00355551 1§ dTbEerBe phidn TG et ¢ St a TRA AP device
configliréd RCdrédt€ an BddspBéricladna aReinNssBowE Hacdkditi tb 9n embodiment of
positi oned between grounded el ectrode 432a-b _and

the inyentioacty genetshrAR R dexss tendiy haye aowlatively smell dia;nﬁler when
compfsFh BB HL B4 St U5\ Bh i R SFa s,

eitherBETAPRY Yevieshel £ 6r (he sgbstrafd) BuiendQlly sdthted & Mhshre the the plasma
before, generally, an inert ,aaas, 418 and, a process gas .
effluent gpniact they syhients firfacecapatentiafy fimeiconsyping precesy- Havygyer, in an

. 3 _APb Tt ed i ' .
o, B WA Sy 56 5 DR v
506 iyt &sagpasi wids b tiekliaméthr 208 offsubsvsss 5620 The eesdibgaiabma effluent

creates plasm effluent 404 fromdischarge qrifice 417 .

produgs goplastneriin thal may Smdtapaow@{wngﬁct@m@ﬁre i éw%liei to orifice

wict 390 of PO Ao AABKE 8ok bR LBk 188 Simcred

into therai¢atiaddess K phddingi dppatatusdEGR) a1 & vathelasstmoj selditionalk processing time

. S&Jbs ant {?@I I%BS 0 renpves netal  oxide byproducts with

requirgd, SEpS{ARtALy ¢ HRIe TARY petyaee yiekty rate ( | ess than

[0040fPOUL  Refe$Hifld noR YO FE A tahEmpRBdd Qg GFHalieNer BWNMILAEPT devices
vol une of a Sem -conductor grade i1nert gas, or in

is configuret s tnegteeplensd qutaim ectording to argrubidigentpfitherimvention. As

L AT —

to the dia¥df ROWBEtratdNGthar the Qg eVic®its@PSUhe Sutdateti® %enerally
about 13.56 MHz, less than | sImof He flow nmay Dbe

rotated tapjmsure that cheplasrame(flaenti cogtavi the entive substragmsueface. Howgyer, in an

. Thi s. i, _subst [ s.th about 10 sl m of

imnovglYetagniort #a8 AT Arbr BSiet 00 Ra dhnsiedndt SR el e pogresate

discha eWwidER GrAiRdast 8Y Wi astROGGhefde bsubsiiste GO Tis may be
FIG 5, a sinplified dlagramof a DWM APPJ devi ce

benefigighin sgiierebiresiscty datcbobsmallerrgaphiew rateptioponespondinglynsmaller
ac ing .to _an enmbodi t. of + .Lnventio
PAPEL PR R0Rabg sl B TRBRNT TR il 4o MR B D WM per
devices fidy becioafipted witiedifferent flow rates and/or proportions in relationship to

location (e.g., center of the substrate as opposed to edge of substrate), in relationship to time

(initial atmospheric plasma contact on the substrate as opposed to the middle or end of the
process), in relationship to the type of substrate, etc. As in FIG. 5, the resulting plasma effluent

produces a plasma curtain that may simultaneously eentraet contact an entire slice (parallel to



conpared to a dianeter of the substrate. In order to
process a substantial portion of a substrate, either
the APPJ device itself, or the substrate, is generally
rotated to insure that the plasnma effluent contact
ifick MAdM AhiBsiEHE 68 SlloHiMPhER! % B iBRmofal t
o lcprocesl@sagsIgllovve\slerusl n ar? 'p%cw%ovaét”?\h/éé faslﬁ}l%o %%&ﬁaels

insertg@ intorghe d:b@:tmdalbssg@m phiting appardttas; (ECR diswith alymnsond) tdditional
506. a at, | ast wi de .as the, di aneter. 508 of

proceifs fims emuired. S ubBuiAlH) %f%ll%&waméfﬁ?%%iﬂe{dpr oduces
[00413 P! as rl@ef&ﬁhg AbW tB'F?G 6BYa ﬁanHEE@&% (%facs%f‘gaf ﬁfstet BWM-APPJ

entire slice (parallel to orifice
deviceyis spnfaguedxreait h plasmg cartaimt atcombmm anenibedireerswé thedsvention.

ub te th trol
As et Bleion BB SN S\ Sy E6 S Bime e aen
compRie@ €6 &2 diddter Y thé SebtraR ittt Bt APH] dalvick ils&p Bpﬂl'e rsl,Gbstrate must be

manuf acturing yield, [0040] Referring nowto FIG
rotateg te ingpre; thatdbe pﬂ?;@rga afﬂU@ﬂt @n@@t thefentixardubstrde siaface. d§0w¢\s:r inan

1nnovgt(lfr¥r}>f %%Hnéx?f?a ? oxf f‘f;se:f ﬁﬁl}{l{) %gﬁfrg cgers'%?zmagac G élgl‘lfigglé(’g‘l thét the
aggregate ABCHIPEY oiieod WRishs L8 6t ledst BaWRictasthd @ikin¥Rt ¥t SiMBlrhte 602. This

di amet er when conpared to the dianeter of the
may be hsaeficialdn sesieral sespeefs. APPSvigusly statd, eseq df smalleingas flow rates to

SR A B0 L D b
addltlb'h;\mﬁfﬁent DWNMAPRIdeeioet ineg beashfi@ited ith diff@éntPW Afbnd/or

604 f d h that th egat e

PropOR{AdS FEFAIOBFILD 1o o QL (et cheBLeh DT 16 3SRSUEE Anappossd to pdge of
f I

b e B S Ao o PN Ly

opposedtor the puddle ngkyd sfithe Ipﬂrcessm\/wrélﬁ’ﬁbhsﬂ@\/tb clestypO4f subgtrine, etc.
ion, different

Fu“heeﬁ@\%}feit J%dﬁ@gxpﬁ g Sl I%%Irﬁgis Rf F@@%ﬁéw&ﬁcwtﬁr@ Feéiﬁemg potential
cross-flb@hieAtRAcARA BBteRﬁQBQHﬂrQﬂﬁg h{%ta{l Sk ik QRS BeriPen ncy, A As in FIG.

location (e.g., center of e substrate as oppose
5, the eﬁsg]élngfplagnbﬁﬂm produpesr esplagmaagtuipthhomay amul’(anemtsl}edontact an

e SRy B2 G P8 o i PO
into the @ldchBddlyaR ‘Cuoﬁ m%iﬁéﬁffﬂaﬂt@s vﬁt‘h%lm&st rﬂorbdatlghal ro&:lgﬁn tlme required,

resulting plas luent  produces a plasma curta
andsubﬁamtlaiﬁyn@rmmgmaemﬁasuu;mgmdd ast contact an enti re

00423, BRER el it %, B Sl S8 bRl T A LS
which atsbtsdﬂvam@mb&l dielgeid s@étvbmsq;hhlig%aslleeﬁtsh@ﬂ&la%é&dfag to an

ati n apparatus (ECP) 610, wth al nost no additional
embocgm WQV@IIU@@ As gravieusly deseribadben trfteldiniay b nﬁcmmterdgn

0041] . Referring n Q
s WA Gk Ay R B i . Hence,
allomﬁ’@\/arilﬁﬁ wife ievhdigleceld sleeved FBa@nd 7p5 R ehsh with Hﬁ‘féi‘ent wire mesh
according to an enbodi nent of the i nvent i on.

hole digmgter.gnay glloyy theddWMiARR deping tolbg Pptimized for atmrmua;r cnfiguration

or rec1%ée ;I?lﬁé ﬁé,?éa}%\ %JI%' ﬂbﬁ?ﬁg é: 5%9 %%fao%ﬁafbigéjgo&%c&%gg in the DWM-
APPJ betwed:d the apprbpristel b&bfr@d@aﬂdttﬁlﬁlaﬁﬁa il @6 thihiniz® 8teirfy. In an

that the plasma effluent contact the entire substrate
embodypent, {02 apg) {AYkhave; the game hole diameter, for any given configuration. In an

embodiment, 705a and 705b have different hole diameters for any given configuration.

[0043] In an embodiment, a wire mesh layer is sandwiched between to dielectric layers.

In an embodiment, a wire mesh layer is bonded to a dielectric layer with an adhesive, such as a



i nnovati ve fashion, a set of offset DWW APPJ devi ces
612 may configured such that the aggregate discharge
orifice widths are at | east as wide as the dianmeter of
substrate 602. This nay be beneficial in several

sﬂlcoﬁ ﬁm%sln Y erf¥oRth&HSd Wire tn?ésﬁ alay%r ?s%%cd}éd W&lleﬁﬁtrﬁeﬁyer using a
low rates to correspondingly smaller

presstde\ﬁvrc@ @lm lateyaltagisp duiag rembodnmm,ra)\hnramstslt kmrer ls lswured to a

dieledfi S PINE LRETPR BUIPT (8 SIRBEOIIS 25 e FFEOpmath Ehire

mesh Rl O§18dVeRs §@utcdatin @Iécfr@degu51ng3£ﬁxte§§ur@foréef@10ng a lateral axis). In
substrate as opposed to edge of ~substrate),

an empedliment rashrq)mﬁsh dlleleetr(q sheenve i sequied $ph éxeiet@trm la:gfnralsmg a friction
ac strate as opposed to the mddle or

force @%fod“ ltopﬁléucﬁ?ag in relationship to the type of

[0044F UDSt I &bEexairle, de&@ﬁﬁﬁ@ﬂﬁﬂl’o&v rated\6if At iflera paPh@sd@enerally increase

effluents ma¥ be isolated fromeach other, reducing
the likshheqd efarcing foyase 1‘P’¢W“ﬁ|§ﬂ@ﬁﬂé (@&eBrocesi@ap ﬂpmmeaplloyess gas type,

rf pov%efﬂpe{tﬁzi 1 esél?ﬁ{ "ﬂxsept g2 rer% Sfrﬁ/ ?lme%flf egéf Q:géh with a sﬁxaﬁ!erqﬁole diameter

ing p uces a

may sGstiihahdplakiad atdy leverithdrogus sy pat@wnhaﬂtarcamg Ie aﬂa‘htlen different
slice of substrate 602, allow ng netal oxide to_be
wire TeshAEFIalS (. ccORASSS Metals, SIAUAERY Ple) masrlty harsed, without the

necessq!ggﬁ{lfaQﬁ t@?e?le%?g n BleA WAG- APPAIRIUS: gel‘f‘." th alnost no

procéssing tinme require and
[0045F ubst aRefeadihgnavnpr BMG. 18 a simmpl ffredtmethodofyopeinchlly[r&fdPihg metal

oxide %&;\I}b\? atggffvi/@éa D%‘h& Q‘}Z]?.[:q?pv égltsfx(&lme %p(?olég’ %;g %n ar(l) fem%odlment of the
inventibe hmgéﬂ? 8E807, 4 p%’w@n_ge\geel?%dg%{ig E%@?lﬁ)gb lifludisy §f36’00€l*ed electrode, a

according to an I nventT on.
wire npaskyandiesdiylecteis dayieb eschrowided. fn fan emdvodimyenh éhawire mfah athyiinclude

on oSt SABTBA. S Sy L5 31 S5 Wi

layer HaY irféHﬁle\Mné 8f SRedk BogideCditiddn ﬁ{rﬁ@vso?EﬁOéac@wm RTM.),
each with different wire nmesh ol e di anet er,

ceramigl pPORIY IR ésuchws ABPDONERITYE). th:xnelt 8t iargrowled clecaode assembly is
rec That

cisposi bl flcsraftee PR RanBiesb BE LR o By whBE the plasma s

gener0&E T b® BAPoditheht) el 3ty AP beligitanaelar { {'(Blﬁm@p]lﬂréﬁwmﬁidﬁnent the
el ectrode and a plasnma in order to mnimze arcing

powerggeleetigriedp ﬁé@ﬁgltudmgbprah@ cqiipyrechindhe eayity alfexthel 8é>6 an rf field is
apphe(q lrgpoaﬁigtcgwm us?%@g 8}@6&%:%‘2%\/ k gy %ea}mfeigag?tehﬁ tpﬁ]af@a%efrom at least one inert

gas andltmtlﬁssori@romyggg ven configuration. [0043] In an
dinment, a wire nmesh layer is sandvvl ched between to

[0046]d| el ecﬂuﬁ emfeat}@n is substantiplly shigiisgishest from the prorpstin several
respec{s ﬁgf eﬂa?n % cﬁ goﬁlgln@s %‘dgz;s? 8&% Hfélecﬂ%g;{?n%rtaﬂd gFleast one wire mesh

esi ve, con a

with ag MI(HW;-AHPJM m erdm ‘Ed‘lgdnaw a phismie fetitied sﬁl@tailtlally removes metal

.. dielectric layer using a pressure force (along
oxide bmr@ﬁ? ugtts afyapayticulay substigtalgeatiapnwith arwtﬂ@?mﬂ m&gﬁ@as flow rate

(less tl%ﬁca‘%ﬁtdl §1ﬁ13 p at‘&hglo‘ﬁc hi&. Jo?&f&fn M IHQreacog{ IGE APPYT fi&ﬁ&ee

na axi s n an enbodrnent, a wire

configimsibng]itleh mmucm ddes @vtredacesacingehirotgh the use eﬁtlbtsplmgh flow
usi ng, a pressure faorce (along.a lateral axis). .In

velocitgspaffl/ ot alumingicap. Hsdwimpers) mV%nt@mé@%n%re%wgﬁpwahzed
and/orteaul?)rrféhﬂoerﬁ&ﬁfaﬁl 4 &t b&hd pilgfélgatlfy%ntact to the substrate

minimizing the likelihood of a damaging scratch, and is relatively easy to integrate into

existing processes because of the minimal equipment requirements.



force (along a longitudinal axis). [00441 For exanpl e,
decreasing the flowrate of an inert gas would
generally increase the likelihood of arcing for a
gi ven configuration (e.g., process gas flow rate,
[004'§r 0ces S\%V‘Bﬁé iy Rfve tl(ﬁf hald Q& des@ﬁﬁed) in t&ﬁ’ﬁf@éveréﬂﬁ&%ﬁéd‘ 9
w re mesh sl eeves each wth a smal hol e
embodimmts dhere am/almrfstoas rpetrvatatpbress amd exuitabentd wlmh fatlhwrthln the scope
s fl.owrate w.th t rcing. In addition ferent .
of thif g oh etaumbics S houdt e Pssepturibonpnpeeh dpeii, imponnection
with Birfi-Res8B%h flasfa BRocUSRth s ‘é\ﬂeﬁﬁ é'% ER6lan R4, eEﬁélﬁrY T®f. HP, Exelan. TM.
having to redesign the device ifself. [00451 )
HPT I?éﬂérTrMn Yersya I Searcetcy, othersplatha Proegdsimg tsysiememay be used. This

r enp taI |def om a subs te wih
imvenfiBhp b P Eet i Pt Vet SRR Eed dn 2Dftm e LD,
etc.). Flurth&ghoré, INER QBt asluded hé}lsﬂrMncl@&esan%,or MAROVEME Aamed element of
electrode assenbly, including a pomered el ectrode, a

the sehi FFas eiermple, asat 04 "2 "eﬁf@@ttwnemayete 6" provided. In an

nbodi the ude e of e
r004s'20 1) Rapiepefof 't uRich B U Gy RR aftal G from o
substRIEDAd BRAVely 16W® (l@ks‘v‘ﬂh@x@ bbduE 1 slray@ert Ry flowahtd Gathomimbl arcing.
silicon dioxide, silicon nitride, boPET“%ﬂuch as
Additignahedvamiagss inchide s ability rto oSy n(ltgar@tﬁ 0 WA RN dsauing device into
I
an m-gﬁﬁ( (Vgg egaxﬁlg%grog?gr %ﬁﬂﬂg Eg{l{)li? ofa s o%‘g&g Sx’%aeﬂhlga[ctunng process

[00491 0 f or rHaamwsdlysedﬁmmpmﬁ aebalimsh®i ahd theg&eamad@ (fhodllﬁ‘batlons and
an enbodi nent, the cavity may be an_annul ar val une

variatigns apayochsi rﬁg}ﬁto th%@sclgmdgpg& WHile remaiging w1th1n the subJ ect and
e cavity. Next, at
Spnngggglgﬂg%?ﬂF1e%ﬁﬂ%l&qgép%qgﬁgbﬁgﬁg cavity using the
powered el ectrode to generate the plasma from at | east
one inert gas and the at |east one process gas.
[0046] This invention is substantially distinguished
fromthe prior art in several respects. For exanple,
this conbines at | east one dielectric barrier and at
| east one wire mesh with an APPJ (DWW APPJ) in order
to generate a plasma jet that substantially renoves
nmetal oxide byproducts at a particular substrate
| ocation with a relatively small inert gas flowrate
(less than about 1 s1lm. In addition, unlike conmon
and nore conpl ex APPJ device configurations, this
i nvention does not reduce arcing through the use of
slots, high flow velocities, and/or an al um na cap.
Furthernore, this invention does not require any
speci alized and/or equipnent to maintain a vacuum
does not physically contact to the substrate
mnimzing the |ikelihood of a damagi ng scratch, and
is relatively easy to integrate into existing
processes because of the m ni mal equi pnent
requirenments. 11 0 [0047] Wiile this invention has
been described in terns of several preferred
enbodi ments, there are alterations, pernutations, and
equi val ents which fall within the scope




of this invention. For exanple, although the present
i nvention has been described in connection wth Lam
Research plasna processing systens (e.g., Exelan.TM,
Exel an. TM HP, Exelan.TM HPT, 2300.TM, Versys.TM
Star, etc.), other plasmcpaIsessi ng systens may be
used. This invention may al so be used with substrates
What@q‘clalmeidg@;s di ameters (e.g., 200 mn 300 mm LCD,
rthernore m. set ed. h c .
1. Af hiresiu G R R DR SR R e PR tpmecspes
FaphexktyfdevidesS rédhoving sdi@fRtas okl@e(ﬁ‘dﬁl §did Bibs&rate Xvhen said
[ 0048]. Advantages of the invention include the renoval

substrgfe ig being insersd o # plating sysiesseidplarality ef devicgs belag gxtemal to said
(| |
platmg,lsﬁs?&nt ﬂﬁf‘ ﬁg?lt’}; oil%f:?ujtg rﬁﬁﬁé‘%tag%tt g é'gég lilrngéc.rl l%gdretg?ﬁ discharge

onﬁcea&at E¢ﬂpfo‘hdngasp1hsma airegn thecontddWd ARRDI cdig aﬁbmtwkﬁwa Séne side
an in-sjtu wet cleaning process, and th
of Sal‘bﬁthsﬁﬁtfa‘&he@ﬁa@fsuhs%*’&%@tm%d M amé@ﬂ%mgﬁ@jstﬁmo%aé% gubstrate being

I l.
conﬁ%xp%%]begm&fg@ Jﬁlf’ I%%lg %g%gﬂ 1@%ﬁr§tﬁ?%gf§&§§£ﬁgﬁ&qmgla'.’redggregate
dischdrge drifeceties being pekpemhadamershﬁl first disectiem®mihon l§zgd wubstiate is inserted

t.he subject and rit of the jnventiq ef i ned by
into s3ifh glafigg |Swrﬂgsaed f&?Sﬁkneai segepdtndischerss orflgcecareagﬁ%a ppiglleto said

slice o}‘ s B BRRA § ﬁ&?‘sa{l&’ SutsBAR\E RlertRilito S aﬂ@ﬁn{lﬁ %’ﬁe@n sa19 plurality of

st rate, e apparatus conpri sing:
devic&}iemlu@sg ﬁbleast arfovt diagicsalind arsetoald dexicd,ewherelm each dev1ce of said
rate, substrate is being inserted into

su
pluralify ﬁf‘i‘?‘”‘??@ ’i@‘é‘%@ﬁf %@sfid plurality of devices being

ex} pbwakd tRc88dd plating system said plurality of
devices formng at least a first |inear aggregate

di s Gtsadigtectrir lajérce set for provi di ng a plasma curtain

b LR B a5 b oD R

SRiEk, pI ating system said substrate being configured
to be inserted into said plating systemin a first
dia %e@pmbdlelegﬁiOdawrrdsspowdw@éwqu@rdeém dielegiricclhpergad said powered

O%I'cht'%cfd% g%ﬁl 58 cgﬁg;‘?gv'i) %glge%sgti'slegalrn w?cr?g@?a t\»%:'eﬁ%%lfl girgt dlec}ectnc layer
Pl Jailsedyad @idlecHR ldydr] &l | i near aggregate di schar ge
orifice_set Dbei ng parallel to said slice of said

s ubgonaded alpréiedssianl graprdedaplestiode inchusding:an onifies 4§ apgend of said
p%l%fl\ll&%% el %%oﬁg‘ sa?@ér?ﬁc%l c%ﬁﬁgﬁujeéf f&f rogﬁ Ffac‘snjlept%lr&%bpgat least a

ast a r’st device an

epurtionl 6F said netal daidd, sajd ﬂfsaﬂiele)ttrm‘laﬁ@'\dlmd hsmtvude&maﬁrst wire
| east a powered. el ectrode a first dielectric |ayer, -

ameshand spid gronpdsd <dcdideed bet ween sai d power ed
el ectrode and said first dielectric |ayer,

2. The apparatus of claim 1 wherein each device in said plurality of devices further includes at
least

a third dielectric layer disposed between said grounded electrode and said plasma when
said plasma is present, and

a second wire mesh disposed between said grounded electrode and said third dielectric

layer.



a second dielectric |ayer disposed between said first
dielectric layer and said powered electrode, wherein
said first wire nmesh is sandwi ched between said first
dielectric layer and said second dielectric |ayer,

3. Tlfé"ﬂi)lp@raﬁfs‘?)‘f@%ﬁ 22WB&EmRE6h d&ﬁé&n&ﬁﬂ%ﬁ%ﬂ%f%ﬁzfc@ﬂﬁmher includes at
including an orifice at one end of "said” grounded

least @ﬂergt dldeetncé@feu dtspbmdcb@twfsa@wpwdfcmle@ne\bay@tr aneyl said grounded

cteceBEHER g YRy BeShpeihSencicRa b e SpigSeeneifbiBirc 1ver and

said thidd dieldct$d layr! Shid B&RDAA HikE Behthesgion gegctrode. 2.
The apparatus of claim 1l wherein each device in said

plurality of devices further includes at Ieast a
[ d be e rou
4, Thetl\g@?ragf ?fgl%ﬁ m}gg%fassaﬂ%fs %aﬁ F\Aﬁg owere%eeqectrode
and sﬁdfﬁﬁmﬁele@ﬁdla@eﬁﬁﬁ'ﬁfmddy\&aﬁ@ﬁm&hredhé‘sﬁosed bet vveen sai d
grounded el ectrode and said third dielectric |ayer.
13 3. The apparatus of claim2 wherein each device in

5. Th?%#)p%fggllg ?l:l' r%fllgtfvpgx%}ﬂ &g;?g%vggsré% dH%l 1§jg?(§n£ﬁxdmagﬁf§5e Qonflgured

ayer ween sal
in saidl peluadéd ¢lecttaiger and sai d grounded el ectrode, said
second wire nesh being sandw ched between said second
dielectric layer and said third dielectric |ayer,
6. Th}:%l %Bgargtt‘ﬁg gf‘gﬁiﬁé q aq:uﬂl mﬁe}'%o gl?&.ﬁ %q%og% Qélﬂgég S)vheflem Iy meter of each
hole of vaiddirstdsirsmish jsdessrah £iveedlenptieof a sipohl padvddéd bysiald power
dielectric layer surrounds said first wire nesh. 5.
SOUr%he apparatus of claim 1, wherein said powered
el ectrode is a longitudinal probe configured in said
grounded el ectrode. 6. The apparatus of claim1
7. The appdretus obelpini §; wherainpaidfirss wire oesh ishet groundedi amet er
of each hole of said first wire mesh is less than a
wavel engt h of a signal provided by said power source.
8. Thé app@uaBPEbit USwRdrefal saidfirks witd &1eSh 1 RAGudeld o oﬁ%a[tﬁ‘lg the
nmesh i s not grounded 8. The apparatus of claiml
apparaipewith g fustiracipe pad isonBgured ko bereplanéd withedetand wire mesh for
recipe and is

the aratus. wth a first
oPerati'ggn@?é %tu§ glttg‘ea%?eg%rf AC€®°wi th a second wire mesh for
operating the apparatus with a second recipe. 9. The
appar at us of claim1l, wherein each device of said

9. Thepppagatys 9f deiny buwhkeseinfeaeh devricd of spidaduralifit of dexipes Surfhgsincludes
at leas:t % g% 1’1%63,8%1:11 gfﬁﬂe{] &b g{ éurg? @f fe%iv? %% n%rtr %% %’t ¥ flo@/Yate of less than

oW T ess
1 slm.

10. The apparatus of claim 1, wherein devices in said plurality of devices further forming at
least a second linear aggregate discharge orifice set for providing a second plasma curtain, said
second linear aggregate discharge orifice set including a plurality of discharge orifices, said
second linear aggregate discharge orifice set being perpendicular to said first direction when

said substrate is inserted into said plating system.
11. The apparatus of claim 29, wherein said first linear aggregate discharge orifice set includes

a first plurality of discharge orifices, and said second linear aggregate discharge orifice set

includes a second plurality of discharge orifices.

14



10. The apparatus of claim11, wherein devices in said
plurality of devices further formng at |east a
second |inear aggregate discharge orifice set for
provi ding a second plasma curtain, said second |inear
aggregate discharge orifice set including a plurality
of discharge orifices, said second |inear aggregate
12. Thesphamige obclaimh ¢ ewhereinhdsvings pesqubpliratity of davices arecconsecutively
fiyst direction when said substrate is inserted into
mnm.g{d pl ating system 11. The apparatus of claim 29,
wherein said first |linear aggregate discharge orifice
set includes a first plurality of discharge orifices,
13. Timdppapigs steloim 1] wherain satiffizstlimear adggregede disclongd orifecesset includes
I ncl ude ecaond.plurality, of di.scharge orifices. 14 .
a firsh 0T BB BR R S0 aion g RPER Vel fltostd R & pfie thats
paralll wtRkhill ¥aat sideof 688 sdstrateOnsecut i vel y arranged. 13.
The apparatus of claim1l, wherein said first |inear
aggregate discharge orifice set includes a first
I ] I scharge orifices,. sai.d.di scharge
14. e UpPickb B} afd TR Rt ied Siiat oF GRS B gy

electrollé 6f il sbt sPdicek dfe DfledpadwRiehs bidaingeterldf saillB@bstrate.
apparatus of claim11, wherein aggregate orifice wdths
of orifices of grounded electrode of said set of

15, THENORRRE6PqRn | SORRS A Oy GhATELALy By SR v
isolatgd fremen idnhaiefifiuenrfoon ded styond aedicé.i r st device is
isolated froma plasma effluent from said second
device. 16. The apparatus of claim1l, wherein a plasm
g . | -
16. T8} pprtEites B QMg Er e B phd B AR 0AN Big BhP58ce and a
plasmaeffluwat fremi diddecarel dfviceasimuBartzstsiptentact 57id slibeof said substrate.
apparatus of claim 1 wherein each device in said
plurality of devices further includes at |east a
17. ThObpshrth O £ Wk edthHRORE th LR PRRAitP 8F 8erIERURERS includes
el ectrode and said plasma when said plasm 1Is
atleaghr esent, and a second wire nesh di sposed between said

grounded el ectrode and.said thiyd digelectri | aye

SaTHRE Friefiie? HEoR S5 Pitrraratd froindRg Rl dreadiiid plasma when
said pRdind iSSesng air e mesh having a second hol e di aneter

that is different fromthe first hole dianeter. 18

Theeqpp avieetmeshotisposed betweenysaich groundedrleatiadg and saidithind dielectric
0 upl ed wi{ h.at Least .device.of . the.plural,t
ayer, A8 SERABTREY) il BETROIe Bl G hannd i et second
hole didafidté&rethatG 8ferit fidnth W hokddiEgSter Wherei n a surface
variation of said first wire nesh is |less than a

wavel ength of a signal provided by said power source.

18. T%eg %P&%Fag\%sgo%?azﬁnnlgﬁfr%%} & fr(i)srirg% ge?% eidgg n %oglf)]ﬁé :%valﬁlt atTeast a device of

€ processi S
the plurality for pressurizing gas.

19. The apparatus of claim 1 further comprising a power source, wherein a surface variation of

said first wire mesh is less than a wavelength of a signal provided by said power source.

20. A processing system for processing at least a substrate, the processing system comprising:

a plating system; and

15 ©



a plating system and 15 a plurality of devices for
renmovi ng netal oxide from said substrate when said
substrate is being inserted into said plating system
said plurality of devices being disposed outside said
p Ia} erthy%Y ﬁEﬁ@}s i%f"féﬁl&ﬁxg kaf ¥x19é ﬁgﬁlvéaf@silbgﬂtmgn §51d substrate
st a“first l'inear aggregate discharge orifice set
is benﬁg)msmed\mmil sagl FHatplgasystemg smtl aluralith af deoedsdeing dspisédeutside said

of said s ate.on. a ane S substr
plating oot BUILDT 0 vices FATERs st e Jegieeng discharge
orificS ¥t ES ProMidin g aSpIRStd &frﬁlrpﬁhﬂ&)md&%@ J1ge 6?5&1& §ul§éﬁate on a same side
i nserted into said plating systemin a first
of saidisubstrate ovhensaldd;ubma&et islinseetad mig eprid ghating syﬂt@nmcgwbstrate being
e .set

confgeeLpre PR G S LS SR 1 & TP St S st dgeay assresate

dlschzﬁ‘ké‘éﬁf'& &Vﬁélﬁgbe@éﬁcﬁcdlhrr 18 lsaildi MSAHired06 Bt shid bsshatedSinserted
ofifice set elng parallel to said slice of said
§stl

into said lpatmaszestemmlch ligaab gggragaée d§0haﬁgee¢mfé@ Sehb@ns pgrgllel to said

ur.al i vi.ces
stice sl iRl Gl A tealg B RGRR S Pt Bruatiey of
devic@aadludifY btRaffa firad dévicelatd alskdond AevidewWiitRsiniehet delec ditsaid
| east a powered el ectrode, a first dielectric | ayer,
pluraligy pf desticegiinadudps ghlegstsposed bet ween sai d power ed
el ectrod ald first dielectric layer, and a
gr%Bﬁﬁgﬁgggﬁg?rOde sai d grounded el ectrode incl uding

ana fifst HieleRtrdd laggre end of said grounded el ectrode,
said orifice conflguredfor viding plasma to rH)
at @ fieshBtiregneshstigpossd bstwess &altﬁzq%ﬁr%%%@desaaﬁéalﬂuﬂrg& lelectric
dla hle%dl c |layer d| sposed between said first wire
’and sai d grounded el ectrode. 16
a grounded electrode, said grounded electrode including an orifice at one end of said

grounded electrode, said orifice configured for providing plasma to remove at least a

portion of said metal oxide, said first dielectric layer disposed between said first wire

mesh and said grounded electrode.
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