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

WO DMERF2EN The present invention relates in geP€r/ab2006036959
substrate nanufacturlngﬂ%echnoI%&ies and in_particul ar

to apparBRARAI/S FRR THIREMQV AL 0F AMEXAIOXIDE a
subst r at FROY ASUBIERAAE aPNJ) MERHONS PHIREEORg of a

substrate, e.g., a seniconductor substrate or a gl ass

panel such as i f na ' ay

manuf act ur i ng,o%gggiﬁ&)w&bgﬁrhm @gﬁgﬁs part of

t hﬁe@i’r@éﬁﬁlﬁbﬁﬂloﬁfreﬁté ub%érfeﬁdl R Subktr¥ AR CctukiAS technologies and in
substrate is divid plurality of dies, or

partiquéas tie AR HS &rél%@srem@a@lwf @fm«mh autida o aisebsiaée and methods therefor,

integrated circuit. The substrate is then processed in
a Is & precessing o€ psubstratehe.gh ammn@lcsoraaubstmd @t ghasd panel such as

one s TR it o i PRl WG P Cinifyegas Bref the

proce@iin@of £YiHIBRRTBE Slafiple tht duBBrddé IsUViHYd indSa BREANity of dies, or
nanomet er devi ation fromthe target gate |ength

rectapguigs rees ecagh péwﬂmop wititbscerrean p’é@%{l’ﬁ?@) piggui Eée aubﬁratene then
proceg%\(i iff g%ené’ 0%%%3@8 gﬁ%h Iﬁ?atgr?aﬁ]se eﬂre %%ct?ve re f"% Eeefanng) and

ctive causi nponen _
depogitedeContidl @f tiytemsisior pete @ﬂﬁczﬂ mmagtbn cﬁluhe bidet ef 4 few
then placed.in a plasnma processing anber on a

nanmélafsgstlﬁ 4t RiQIHHras eé?hr %@éloe;neéer@sma?%frﬁ@ the pers 2ats lenstiy may
transl*ﬁ’ce RRLAY kb BEldR pa%onﬁ%hée%doﬁh&g ld%%céy pedestal .

Appropriate et hant source are then rovvedhl nt o thg
ap%g%e‘%f}tﬂ?ﬂaﬁgﬁ% Cejtﬁ%\}l oﬁ QJ&%& & ?&U@y tré)mcg\éeﬁlﬁ% %ﬁ%sc%ggaonents of

the waderlyimgi 1ayee e bevoaet e)dpbﬁa‘do’ﬁheﬁibsmﬁtb gs e plabécBmQ{plhdiﬂa processmg
ubstrate. However, before bulk Cu depositign,
Chamf’?p(g’ HIUbSBHB SHPROBUTIUERF S ep RIS 4 WSHO"QP]@E ki podar electrode, called

[ I
RSB A PRSI S0, OSHs hdP smcc

form prpba.%maés ewh@xpmdemas ofithsistlestrafeor t he bul k Cu grain
first a.barrier

f I tion. That
D B S Fh Ay a5e8Chs  FitalehegnBismociussbbia iyt Of te
substﬁ't@ ¢RWBvet, BEfoILEREMH d'é@bfsﬂl&? RoRE t%%Rﬂ%bf)ﬁéij ?«ht%@mlg%eﬁ&smon
a PVD process, and finally the remai ni ng

procegeisgeperelly eaquired irdepbsita thit beedilaxer (ahoat § Qigi\ oyt ZOQﬁ)A) ACu
seed gg& o%eﬁlerallggﬁf\h@et\ﬁhé/ iR klgﬁ f%h e%lfllﬁ(Sélg g{at?{b%%\lg {'Jlﬁ%ﬁormatlon
That ﬁpﬁﬂ;s abheies wysﬁ may Be w:lioblt@d MﬁgijVU@lﬁfn@GﬁapdSﬂ d¥@osifién) process,
the Cu seec{ I?1§3§ thleg be I2iep031ted also using a PVD process, and finally the remaining bulk
Cu may be deposited using electrochemical plating (ECP).

" In general, ECP involves placing the substrate (with a Cu seed) on a plastic substrate
holder. A cathode then holds the substrate with a conducting steel ring and immerses it in a
plating solution containing sulfuric acid (F>SO4), copper sulfate (Cu(SO,)) and other additives.
An electrical current flows form the anode, which is a copper plate to the cathode. In the

solution, the Cu(SOy) disassociates to a copper ion, Cu2+, and a sulfate ion SO,>. When the
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pl ati ng solution containing sulfuric acid (H2SQ4),
copper sulfate (Cu(SO™4)) and other additives. An
web®@enss2s@l current flows formthe anode, whi cPCT/ESH06/036959

copper plate to the, cathod Iutlo t.h
cOPDELJOBICHY BHSIEA (HBS T S 6h Degume Absgiidpn the copper
seed fate ion SO2 2 . Wen thecopper ions are attracted

t6 the substrate surface, where they becone absorbed
onHowevec,opperpsesticd @yl 1ntdfmwv@rmteg®ma prerapear Piog te overcome

shor&ﬁlésr? ien mgetgragiy?lf*: g re%fe:?ﬁ ?%qel}i@ rI%Ceﬁgqx}%lgg ?ff_cglpology is the use of
elect%@%u%latﬁ@h%h%ﬁlﬂce&ﬁ@ Uﬁﬂﬁeﬁ’ gded ddiRELSIE Iﬁfgeneral an underlying

el ectrol ess Cu plating that can replace the
barrlgéem ane), di, o, T4,/TaN, %ﬁ WYolnBeagtc.) ircatphvred by a—.@ﬁglaﬁ@lﬂczéd which
serves g%/ an )a/étév&gg forT élﬁ,c&y(ggs’s c oﬁer E%%%ﬁ]on ﬁﬁe&b&lggﬁ(gng egérc]:ﬁoless deposition

of C@b6tdursedrothe catalygicaaifhed. B5genemp ks caleppsiof iileCu Aépasit reaches 100%

activation, electroless deposition of occurs on e )
and téaﬁ%ﬂomtm@ W&@%P jsrerepslydnogpased R thecsiod HigBlngrProgrss- éfi}wevef in
ordef ARSI tlfl:%é‘lég ”&&e R s QaRiAIN DR YHanP Inebl oxide they
IS great f ease e condi tioni'ng process.

may Hewefoened pnnorctodihaer elt:cztrolws lﬁ}u@IMmgfmomss y, the barrier
| ﬁé)e?{)mwps bSt a \%A}lz glgﬁ)??,f h o_f sg Er%/qtgc}edéﬁsm% odxe1de removal
may lBle ﬁ{e' 38 oP hP GRTE Ph&l&(@?ﬁ%ﬁ'p\‘es&ﬁ@)"ﬁlasrﬁﬁ Rt APER] )}’wﬁicHTglal‘?erally allows
and | ow cost ne oxl de renoval nay
a plagwe tole ‘@nu@drnm@pmlmdar(lgeatﬂ@n gh the sbgigate) thps @émﬁlqnég potentlal

s LS NASERE BB BT R B LGRS

gas (mgn IH8, Zﬂcr)gmﬂpﬁ embil amot@ofgeecdctve pes(e@n HA ©,5¢t03 ir @t annular
APPJ devi ce generally m xes a | arge anpunt _of an

volumei é9-8-> s, gdinget, ciqe) forned betwqwf@wxedmﬁée glong the
longlrtlgc.ﬁga?l ’aXt ucg Z}?e &(Coarc%% 8%(!}'[% gre%di c%lgcrt)r?éﬂa n%l?é" &g%%g?lam WMH¥ then be
forcedf oup omeergtofethe anmﬁaieonmh@(pgastﬂaeafﬂmng) tsuptiessake cauised lgf the influx of

s A TR T iRy RSN g

the Qé@ iﬂﬂﬁ%nt(}ﬁ%ﬁﬁf@a a8kl e fle)shie USRS WrehLs At iflcB®n the APPJ
| ux of gases (gas influent). The shape and size of

deVlcéhe plasma effluent nmay be controlled by adjusting the
gas influent pressure, as well as the shape and size
of It duditting et APFé noayi dl jode combired vARPY redetivecion efah (RIE) in order to

add t|on H PPJ rm{\;éﬁﬁso e c n‘ﬁi ed. 'traa reactive d
remqs ihREH! pRAg) 0y decirl BT EampRRg e cHEmieal i iy pEessp o order to
rem(?%'?ga{t%léarl fﬁgr?tﬁé%’&‘@étfh@é RabRIG RaRiig ﬁle PAikehd &ﬁaﬂde%&feﬁﬁ@al process

by striking the surface of the substrate, and breaking the chemical bonds of the atoms on the

surface in order to make them more susceptible to reacting with the molecules of the chemical
process. Operating at ambient pressure conditions, atmospheric plasmas tend to relatively
inexpensive in comparison to low-pressure plasmas that require sophisticated pumping systems
to operate at near vacuum conditions. However, APPJ devices also tend to be susceptible to

arcing.
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renove material fromthe substrate. CGenerally ions in
the plasma enhance a chem cal process by striking the
wa o msesof the substrate, and breaki ng the cheei/tsi006/036959
bonds of the atons, on t surface .in, order, to e
t Heritivds genstalyephish p%W?rodeqné@e%hOﬁfgmmt PR Ehasop s et o
miniffre 551?10@%6%‘ Ww&ieh aRE %G&ﬁ'%n o@ﬂ@zﬁ%ﬁé 84 Es ity ?aﬁ‘%et PRSI 6F chamber
con I ons, atnospheric plasnas ten to relatively
fixtuienexpgastial damagcampacirsgrchtas ldcalmpltiog skinanphias aggentratly caused

require sophisti.cated punpin stens. t o _operat e .
by Loy mySim RSt B PRIGR TRRRa URBOA 45 he resistance
is low @Mghoth@ RuSHSIGARtihBEAe IiRlcAnRLY Qhrﬁ[’cedibﬁl%flb? tBepEwed du 15?1@ and
hi gh ‘power density short circuit which has the effec
lmpeéanca) sieating asleoléﬁlmlkﬂgnovhlclvﬂbmeam@amﬁﬁmlwéﬁ age. Thagmay result in
urf 0

dama[gI )?8 ﬁ]lg éggs%% e sz\g?%[]as the %g&a %theﬂge'r n o(%crierctlc? { arc*ngt reilatlvely

ana € can occur,
high pRbthh Rgpedahes gemells Inddk Be g@i‘rﬁiﬁﬁéd Y @cammeﬁi séilytldnomay be to limit the
pl.asma_ | npedance which results in a_stead
rate qf dereation iy the lpwph b§f g a large Ydwpe of weHpse aﬁy are]agiyely high flow
Bl ,
rate. %8%9{130(%{1@ Iﬁy% eo‘é% g\%l\é#&i %lg é {uﬁgfggg)%y og the powered
electrxle atiihrthe aam&dettncalrpotﬂntlah in mfdexctb reduce dteelﬂ@jahwchmfsefremg
takes place. This may result in damage to the
S Uhgtek@thplepis S @Inmes ath{m@plﬁﬂrﬁqjmnmrb@ﬁﬁgﬁmud)m rf)pcd&dsr dréntes an
inhibit arcing, relatively high plasm inpedanc

- electienh disgharge herBiema bempr Alsgtida anha é%trﬁ#tsrp@é%?lpﬁwd?ﬁ@% gauses a

procéasg lgl:lé mch al 6? td oﬁo%@%‘rzéﬁtthgﬁeﬂsﬂy BF Ql,e@dr y hllﬁﬁg Ssgev&es (i.e.,

arge vol dne of inert gas at a rel ativel
ions, reft ein twm)iahﬁa ireodasktsi (gipically abevet 290) disd likebihosd @ﬁches’a:hcing arcing at

dinal axis of the powered el ectrode wt
the ehpyied Siredetetineiioes ofre Hpf AtHowReEy Sbgnt Bggtes Naically lso
compirisk %dsh? %gn-Qfecﬁf[c‘éllfl‘ gharg (ifefH FRs, BucH £ Be, GHIBPRmit ionization. In a
at nospheric plasma configuration, rf power creates an
metabpxide bymraflud nr@nw@d geplisetion dawavaothe large elumedbighrtova of inert gas

rounded el ectrodes that gauses rocess gas
may 51?%%%5 et ?tglqseﬁ?%ﬂa °%?ml°a§y iRl Uy o
ctrica I .etc in
el ths SHE L RBEN 08! 99§ BoinaShclimih s oe area
on th@fsul%?ﬁ{erlﬁgﬂ? téqqua 664N sih (HtARIBXBRESSEr thifek) S iAkiS @as. This may
I ncreases.” Hence, nost atnospheric plasma processes

COfrquﬂdcta IthWC@S%Pﬁ@h@ﬂQV@é 19fEtersofibningrtees far@single typical 300mm
subs‘r%a & r1931?| fromm I&% ):oasg ﬁi?bt?ﬁ{ﬁ% 31%%"?/01&\@%@{‘ éerrﬂ]—coniiuctor grade inert gas,

ont za renova

the sﬁ;@@el ofaticlonyolnoesn e substae fa‘&ii@&oﬂ Gcilite n(d?'i tghurftoakgblaf
mer{yﬁgas may_ mnmeke the use of atnosp hﬁ pl asma

Addigers| %%uﬁeyOﬁ GagrPaRt eost, cleEgineaApd ipysling ncibgasdneY by

econBﬁf@Mgllm?{lcﬁcaﬁm al oxide fromj ust a 5 mm? surface
e substrate may require over 10 slm

( S}t{@fggﬂ{g% v& {o5res, ’fee( sﬂﬂpﬂ!ﬁgg h1a%f‘arr?5‘f Mﬁﬁltosﬁ‘%%lc pla@insa J&a&/evme in

which both the powered electrode and the ground electrode are each configured on a cavity

wall, is shown. Generally, an inert gas 118 (e.g., He, etc.) and a process gas 116 (e.g., H, CF4,
etc.) are flowed into sealed box 114 for pressurizing. The gases are, in turn, feed into a

discharge chamber cavity 110 through gas influent 115, at which point a plasma is struck with
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correspond to the consunption of over 100 liters of
the inert gas for a single typical 300nm substrate.
wa\siode3f26@m t he cost of obtai ni ng a | arge vol uP@r/U52oa6/036959

sem - conductor grade inert gas storage of, such a
an 1f povenpouics 198 sne Sraates alasaaﬁffgm 1394 euidischyregeyifise 117 at one end

of ca{fL Wd(t%% e%n 06dtatd F@a&ﬁ g%nepaf Ctﬁé’ﬁ% 0 bin® QAR O dflBdrge orifice 117
eanlng And r'ecyc ‘nert as may be
may @f@@ﬂlﬂﬁ} o@ﬁ’gépbndmgrshapa (ﬁ:taﬂasnﬁea‘fﬂmnt g4 along botlﬁhé;latdral and
ifie m of an no,

longlél—lél‘mal: axis K@ng %WFPVY B@%ﬁfﬁ%ﬁ}@g}?’r ggel ﬁ?ﬁid? A
longlgfd%ﬁg sﬁélﬁféner IR V@La%‘ e 0ihii1g 'dfa?éé'l Q%hrge GAMieor \ﬁﬁlﬂl %as may be

an i ert gas He,
requwaaioto arqveoicibs genpastiol@ afe ] @, hetwizen mrecbclectyod@rlé%m em@ﬁded
lect t?bfeal ed box 114 for pressurizing. The gases are,
eec‘fo feed into a discharge charrber cavity 110

through gas influent 11 WhIC Ia na- i .
SUrGERnaRONR HE- Sonrblief ediomotaraiaputels B Re /g device in
Wthﬁta.f B%@Hbﬁ dQbohiE r@oﬂﬁgﬁ%QEQQ céi{térfrbg ﬁn&-&ércﬁ&d@d‘@le@tﬁ’&ie@sﬁ is
ty 110 to c ean strate . I'n general, the

conﬁgtmapb enardvidy &met srfask, idslsoim %gée&rﬁ,fgeaerahlmmyﬁ gas Ht(e.g., He,

etc.) %%fﬁﬁﬁ%ﬁés‘éséf E? Feg%ngf}f Z—k t{;E wegi)gp 0 S(i% %%gx 1?11 ?OQ%ressurlzmg

The éﬁ&ﬁzé'1h¥urﬁafeé@\ﬁ‘1t§ﬁdhslcﬁ£1@é bh@mmlch\mydﬁl@ﬁhrd@h gaaiﬁﬂ;aent 115, at
w de and Iongltudlnally shal | ow, etc.). However,

Whlcb eint & plisya gna ksastrugk vathga 1§ BewiprsoBKCei1 8 apd g%‘feﬁ@w@é effluent

o6 SR ek BB LET PS04 e B0 e

ShapR@lﬁCEdlﬁﬂlf]lB@l‘ GD&\llséhltrgd &ifice,11a rmyraffeicf the (don‘és@gndmg chaperof plasma
t mospheric pl a et devi ce, ower ed
efflugntd O¢ alowg both @siﬁtﬁrgtw%loawlr@é Atia ﬁe ks ogﬁt% B aiflied
longﬁl!tﬁﬁatlfgqg:% Slﬁteta?l}y%ﬁfa 'aﬂ&'fo%gltﬁ’dinaﬁly%‘éll&% étm Q'onﬁé’bref 3§ @reviously
ore, generally, "an inert
stated.en lgrge vielbimeoTingrt gasimay pe vespied tpagrevend tl(eaegeratlmmf arpid 05
for pressurizin
bd“@ﬂ%pé% @e%Fﬁﬁﬁgﬁkqﬁﬁﬁnm$%£%e$ﬂ¥%%;édlscharge chanbe?
110 throu as influent 115, t whi ch
o1 St ik hetiBreg i 4 deser pogan sl tebiorBEb G mltal oxice
ﬁnnﬁiﬁﬂgﬁﬁeE&?ﬁﬁﬁmﬁgﬁkRﬁﬂﬁ 104 fromdischarge orifice 117
one end of cavity 110 to clean substrate 102. In
general the shapg; rge orifice
117 may affect the correspong?%g s g%zﬁgg glasna
ef Thmmnéntik&ékeamsnm dmetemboliEndnatte pabhppanatus gergratingiaddsma for
axi s l.aterally narro di nal e
remqvipeSe] i R PHUHE: L FRATPeRHaFiegs A Bpactyd SEBiode

assefiBEMRIudifiSa PERMLQERLYoR] AR dicfeck@d Bfery M Br®ivideBEsh disposed
gas may be required to prevent the generation of arc
betwe@bthe powered electrode and the first dielectric layer. The embodiment also includes a

grounded electrode assembly disposed opposite 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.
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bet ween powered el ectrode 106 to grounded el ectrode

112. In view of the foregoing, there are desired
wappans2ees for the renoval of a netal oxide frPer/ES2006/036959

substrate and nethods therefor. SUVMARY OF THE

| NVEENIrYeoRion Frdaten jie Al Pvhodignent éaa methog fer gsmstiingamlasmacfor

e SRR S 0 1 A s T s

assenpdywethe powtred tleotled camssantily yncluding aidowered elpowede d first dielectric
el ectrode, a first dielectric layer, .and a first wire
leyer,aacha BFCise Besh iSRRH Ceiviep dHshatr e JETTgiend die fibliclectric
layer! The inetoRl 2GtihéI6ddANEVidi SRR e [RRbd P3N i
ayergr olunded el eclt r odeﬁgssleﬁ};@grhigrdi spoged opposi t lél@ﬁ%%q’%d Sbposite
the ppwened elgciaodsrssasatdy as setebloym ecavity wherkiorthe alasmaiis generated, the

. wWherein_t.he .pl.as IS, geperate he,.first wire.nesh .
first \8F RGN B RRy Bt e PliRa b iy PP o g 1R g Rlasma i
presehiyiehe YR, the eaftydfing h ARRE&ne iefid fdr@r&@ANinkYhe plASMa to remove

cavity having an outlet at one end for providing the

the mgtah gxidle She eigtipd foeeripqlades dxrafecingat lestameilant gas and at least one
procéé? %tiﬁt%'thc—lf cavity, %{ng)%%y{gn%%%fftﬁlﬁ Wﬁ% sk fu%fnlgggg ﬁé\?éﬂ.eg Qectrode to

asna oxi de"fronra s
generfiteeherplaboal fioncthe delkeagifonw inkiringhs and theex Bdsteine ¢rs@degas.
assenbly, the powered el ectrode assenbly including a

pOoMkeriectnabe edlates] én aehbbdiinedt, & £6iethod fbxﬂgﬁéraﬁﬁg d pRasma for
first wire nesh di sposed between the powered el ectrode

remoying Ml oxjdediony p splestiere. dhe sypthod intledeswriddinglagywered electrode
asserﬁc}?g,l tHéj goc‘wé%&) Xﬂe?t'trgcg:t %g&%@%ﬁ?@%ﬁ% g @é{v@rgg e%%ﬁ*ggﬁg lﬁ%irgtodi%lesctric

posed oppos ode asse
layer} amdfacfinet wire anesh glispdeed detwdeh eheppossnal électgels and tiedirst dielectric

first wire, mes ei ng .shielded fromth | as t he .
tyery ThE el oy R BT a oYM GrErO e PR ets FS3mad dhipopet opposite
the pbW&eg BbEYde AR byt BMh régzaﬁ%h@HérleﬁttFé‘foﬂ)??lglg isegk%nga%d, the

providing the plasma to renove t'he neta
first wise mosh bemg shaeldehEbumdbs plasma byl thoi fingt dieletteiadayeo ménen teer plasma is

s and at | east. agne.proce as into the.cavity, and
prescf O iy T PR RGBT R e 70 g B i B o remove
the metaf 6%i0dEhé MedRb QIR apbBSBRanf ff BBILD EhPdavit® dSIng MMEpowered

inert gas and the at |east_ one process gas. The

electipds trgengisic toe aloswa flom the ablessimgdinart gasend theeathengt prgrprocess gas.
generating a plasma for removing netal oxide froma
s ubhesq andeother Heatwres Rbdheipresenidavention willba descripedvr mdre detail below

: e I vk h owered el ectro assenbl
o S O AR TP BB DU R RO 4RERRTRL s
| ayer, and a fi,rSt Wi ' n the
power ed eIecﬁ&g%%lgﬁgéﬁﬂgﬁ?$$gkﬁﬁﬁéﬁgésﬁhﬁggayer. The
et ke sehtS Byenfieh SRR IRAEY bilivag oPe:dnPidI d8E nsl BF AP A€ limitation, in
assenbl y di sposed opposite
the figures of the accompanying drawings and in which like reference numerals refer to similar

elements and in which:

FIG. 1 shows a simplified diagram of an atmospheric plasma jet device, in which both

the powered electrode and the ground electrode are each configured on a cavity wall;



10

15

20

25

30

the powered el ectrode assenbly so as to forma cavity
wherein the plasma is generated, the first wre nesh
wheingssh el ded fromthe plasnma by the first drel/e81006/e36959

| t h; ) t th t th
it 7 Shavs ‘ﬁé‘e I3 o Bl Shamoneheri Blasmadrdieiiset Revhich a
powePd P BRrdae i§ ddhg a"BhE} ro‘a)%!ng% gtr?:lnﬁ éf?&r‘%@%ﬂs%@nﬁ%ured ona

I ncl udes app ylng an rf field e cavity using t
cavitpowlly ed el ectrode to generate the plasma fromthe at

| east one inert gas and the at | east one process gas.

THéd6&e3 ahelwot bietplified diagesn of a DIVéMpA BBEddvite) whidthi tath thielgowered

be descri bed |n nnre det eIo in the detail ed
clectigde and ﬁ*@.%ﬂﬂ@f@ sHR ALY eml qaiwc%wﬁ@ﬁlp #ieotdingto an
embddnﬁegtg[fklgé%{;&tf‘ohlgur es. BRI EF DESCRI PTI ON OF THE

he present invention is illustrated by way
fg
egeas R DA D 0 e

electiodé e;rc&mﬁguﬂed (1: aablstelr efl end h(gr(mnﬂl ellﬁatroéd:(e)’lie obsfigumell oma cavity inner
whi ch: FIG 1 Sg?fﬁﬁ a Stjg'pllfled di agram of an
surfach, AEROBHBE Q2 PRRAHMeR; Of 4] AN¥entiqny whi ch both t he
power ed el ectrode and the ground el ectrode are each
cdﬂﬁ g shests dpmplifigd diagragapf a PVE-APBhéstdceonfigpierfo ergate an
n which
atmo%ih@ggg @Ee fé%gﬂﬂg ﬂo%n Llﬁ)%ﬁﬁn nﬂS)f gl%\ﬁln‘f:e?)tlolll

con ure a cén rod and

0 tro ):d S co
G 331%19‘1%%? Gitela B g P AV ABR ARk tRhpined to
creat€l€pla€®a cuhthiaadaetding tb%nl%ﬁih@ﬂﬁﬁ’en@ bﬁﬂl%ﬁl@@ﬁtl@;ﬁ},d t he
ground el ectrode are each configured on a cavity wall,

aqqor @B REoWa Sy RTRANIAFRM 0Ph sdtle oFSM e MAPPF G icds configured
shows a sinplified diagramof a DW APPJ device in

to creafs cplagmpenaibdcedrdingio de eibodionht efithe ihvastien; cent er
rod and a ground el ectrode(s) is configured on a
c UGt ¥ shower simplifiad djageant of @ DNGM- APBhdendzy ifi which ackt of wire

t [ t FI G h [ ljfi.ed di f
meshid i gL 8haé1§ﬁ?ﬁ?%§F‘g’& g 1 b bodipent ol Mppion: and
AT B S S s e
with 2DV APPdcHEY i 'a&ﬁﬁ‘dlﬁ #g&gilltngn tg?é ﬁ}\]/@ntm hasnma

curtain, accordlng to an e ment e I nvention;
FIG 6B shows a sinplified diagramof a set of of f set
DWWt APPJ devi ces configured to create a plasma

cur t DBTARGD DESARIPDIGH O DAH IPRERERKED /B ODERMENTS

The present invention will now be described in detail with reference to a few preferred
embodiments thereof as illustrated in the accompanying drawings. In the following description,
numerous specific details are set forth in order to provide a thorough understanding of the
present invention. It will be apparent, however, to one skilled in the art, that the present
invention may be practiced without some or all of these specific details. In other instances,
well known process steps and/or structures have not been described in detail in order tornot

unnecessarily obscure the present invention.

While not wishing to be bound by theory, the inventor believes that an atmospheric

pressure plasma jet device, in which a dielectric barrier and a wire mesh are positioned
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FIG 7 shows a sinplified diagram of a DWW APPJ
device, in which a set of wire nesh-dielectric sleeves
WO g00ck3s2geabl e, according to an enbodi nent of PEEUS2006/036959

invention; and FIG _ 8 shows a simml.ified nmethod of
betwegsiat Iegst e ﬁ&% odlsenda plaerat O—'&s&é’“éhebﬁrI 53 ey BipEize A @ngak prelatively
low (s M A58 1860 Bt (AR BB BGnH RoRE reAARCERY rihobd ietal oxide
from EMB@DRIVENTS The present invention will now be

described in detail with reference to a few preferred

eﬁb(gd:ndﬁaﬂnmlntgrmm@fwm ahlolveistoltagen appli¢die the disalimgwigerpgoetween
drawi n In the fall ow ng descr.iption, nunero
electrodess Y 1@6&@%6&?% agglan %r%h* # G Srge herg %FrsmiekYefa%t streamer

prope{%gﬁ?rpfg%eglgg ggsrs?(ﬂ@']ﬁs' Dsal, b cﬁ§cﬁ§1%itclh?1ﬁ1\éf‘sn§ré Efmelit However

rent owever, to one in the art
sincetahtitledtiebaries@nd., sihscentioxide Jseicobeitpide ctd. cpebitivineth between an

elect DS g g atmaiBheric Fiass B it loct &5 ot [ bpSially  patpriad that

accurlal¥®s BREtrREIIMaFRS 6h it 8GrfAdR),38H Allbws the MhidRY dﬂééhaﬂgét channels to
unnecessarily scure the present invention. Wile not

spreagliagopsigie ﬂts:lqsén%bamdr ingo suntaee 9lschames icAVRSHIZoF migel Jagges segion than
the 015\% %51 gnr%ﬁ d @e%rbﬁ B &%&%rb%ﬂg %Sovnr\%qpl‘é Sfﬁtlee%ﬁﬁ/casﬁlgface,r%he field at the

CtrIC arr

locatlpml.t“h nﬁaedii)@hm@e rRoBipskeadthinanfewalaacdcc ot aﬂéﬂbﬁaﬁdl@ﬁﬁﬁhus
mnimze arcing at a relatively |lo

termlp@ttrgsth% ﬁgrﬁné Botat ihis faeptiom dlaweyis ofteibihis breakdai wman hilgo result in
collaf@¥%f e gﬁé‘s?ﬂ VeV, PN R a8 LR us gdtﬁe fwﬁl%%@ﬁhsﬂf%'isathﬁ collapse.

n gen arci ng occurs when anh over vo tage I's

qR lg%ﬁq?al%c%leét?b?n%ﬁ%ﬁp Waggs gt?cﬂcag %gd’&g:?ﬁ l?}%: %‘? Hr é%ggr%tor Scﬂ)cllﬂ)t

ron anches’rea age where
penemte theomdhyholash as:bn@aqﬂiag spifayedika tai vaire meﬂommpm Itl’(hlnelbout a

As result, mcro di rge channel s, are forned
wave Foss-ghligengratdaf ge{gifm%y ‘Efa%tFeP%%te‘f Bg feregt amgigs and to
dlffex‘éh tg‘rfi-%s b§ bl té {Binblel gﬁhe Slife hedARIds! Rn%IQ%cY‘ﬁﬁpth@ Rreation of

el ec de and e atnospheric plasma tends to act
a secmdaet @c@neﬁel(dgmrbp atuifgceat thet daelecitic bhater by dmwiratresh W1th properly

R R T TS T N S

rate. Th@, BetadigioRdr Ext Bhst |oﬂé %&Hﬁésﬁ%@tv@eﬁ%ﬁ%[&&§d@£ﬁ@i diBlcic barrier
nucﬁ arger reglon t han t he oréglna channel di aneter.

in a INAAPP Blewye a plasma-igiio ba genesated Blabmey sebsiantiply eemaveanetal

ox1dJ ﬂ)}&)kéjdu@{s a% Q%all'u%ﬁ%} El%ltrg{e lgc‘fat 8§ r réﬂl i\%gannqg ﬁl%l‘tl g%? ASW rates (less

nanosecon rea

than #texuer k)i hgaddﬁtﬁ)rﬁ UﬁlilgﬂprefqbﬁMABPJ tdﬁf[gufeﬂn@ﬁi IB|DWM—APPJ does not
Howevey, often t S _Dr eakgown also result In
requigelpty ﬁﬁoég 31 o Rl dsror S iowerd doriade artipigenrallygprease the

size, ESRpISkitsE 2B EELtBE &Y AbPS. thi s col | apse.

Generally, the tolerance of one wavelength of the rf is taken to be the approximate
cross over point between satisfactory and unsatisfactory performance. However, in general,
holes or surface variations in the wire mesh must usually be less than a fraction of a

wavelength across in order not to impose unacceptable performance degradation. In addition,
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In general, electromagnetic waves, such as produced by
an rf generator, do not penetrate through holes in a
W@g(mdmﬁz'smg slurface like a wire nmesh that are PEFBES100&086959
about a wavel ength across. The generated rf field m
the wige resh angbRG bicFoRed B QHET 8 aHPEREIRIOR ot BierE gﬁg‘dptoythe
plas %egrees by altering diameter of the wire nesh holes.
"t "i s believed that the creation of a secondary

electri i el 1.1 he rfac f. 1 h [ I
o8 A BPBYERG s it BTG B Sl igh AR ErbEhalE clsctrode and o
plasnt2€ P dfbsdibat A dReldetrashumriay ik Peditiorrd betvgeeatalldhe electrodes and a
substantially smaller inert gas flowrate. Thus, dt fie
plasmagg b1 a1 gypbaskimant, p distactrisfearsipris pesitioneg betiseh adywered electrode and a
Loc . .. hStA
psf]. GEHL 85,0 5 AR A U ot
a plasat it amfrinhd)dimene aoviee meshab phxedieetivyqr thd disestrat barier and an
particul ar substrate location, .at relatively small.
clectipfie1h 83 43 0P AGHATH ke PERLS v Peise Ehiglotty arrier and
electx%@\%ﬂ/&'}g%?m&%ﬂ@ﬁﬂéﬁ% RN mAkSisAitdd GeRleb A ¥ dlldc@iSbarrier and a powered

oes not require slots along the |ongitudinal
electae.dn ah etfbediprnt aetiremestt isgirsed Betwiesn gdirdgcai¢ arrier and a grounded

I ncrease the size, conpl exity, and cost of an APPJ.
elec“@ﬁﬁeﬁ’a?nﬁ?}’ff;’inﬁ%t’ %Pé?cg ce50% hg‘ne wavel ength of the rf

is taken to be the, approxi mat.e 0SS Qver. poi . .

b B SDSYIRE. 4B% Bir5 Mt et LORBEILY g AR sPHRgfiseent, the wire
meshtmﬁ?ﬁﬁ)\‘ﬁés stéiﬂle%@ﬁ@él.%’an@ﬁ}b?ﬁirﬁ’ént,stﬁé {3 nesBcbRplifddSrhdd. In an

e Wwre nesh nust usually be less than a fraction of
embaglimentethe ngtermesbrio galvamizast: dean ewbodimentsswre mesh is monofilament.

B R o RUAF Tk b ORGP e s

has alRREIANdaB. Afantehtbolimdnit,ahel dichic@ict ddenppisesglar | I aarembodiment,
enbodi ment, a dielectric barrier is positioned between

the diglesigygaanpsises ¢ eoa@icahriamepbedimgnt, fhe delcedts serprss, Tedon.
dielectric barrier is positioned between all the
el Referingewvandla. pl agmplifiehdiagraanefodp WeYitAPRY device is shown, which

ielectrj arrier. i s position et .
both g?eéav&fe&ﬁieeﬁ% la)dg a.Btﬁ ggngégur}d nel%lc r%ggﬁ% cﬁa% g@t?ggpegl:’@{ % gatvrnlycwall,
acco %' o€ dnfhod@tddt botiRdnRativedn addigivaundikd cemamhtyoaedand
a plasma. In an enbodinent, a wire nmesh is placed. _. )
configurafiensn virramerhel 0da ppsitionssyherweengonversd deciiofe 4B and dielegtric

AR, B B 497851 LGEF e ShIBRI 83003 o i
barried 305bnmai allew plplaseach tb ét westninad ditbdwetaingatirerubistentialycdnzaller inert
el ect rode

ower e In an enbodi nent, .a wre mesh |

eas et pedoBeou hED et s copmerneiaui s eg Al im. cte)
Gen&hIBE bh 958 ods 18 AR@ Y ipfBRREs gds 86 RFOURHE] i8RSsehiBd H8x 314 f&n

envodi nent; the wire nmesh conpri ses Copper (Cu%. In an
presemizingi Teamgases ine, initni, feed into a discharge chamber cavity 310 through gas
influent 315, at which point plasma is struck with an rf power source 308 and creates plasma
effluent 304 from discharge orifice 317 at one end of cavity 310, in order to clean substrate
302. In addition, although each electrode is configured with a wire mesh in this embodiment,
other embodiments may comprise only a single wire mesh on either powered electrode 306 or

grounded electrode 332. In embodiment, diameter 331 is about between 0.5 mm and about 6
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mesh conprises stainless steel. In an enbodi nent, the

W re nesh conprises brass. In an enbodinent, the wire
wore@h/0s®R5gal vani zed. I n an enbodi nent, the w rBCTESIV06/836959

monofilament. In an enbodi nent, the wire nesh has a

mm. A@@nﬁggswfathlsvaélawmwﬁ inghdsihoehiligiie eeraratetinlesmaishibias
l.
substa%g r 1 Ses Yaef ox{da bgﬁroﬁ{nlgc g’lﬂﬁngﬂ%kau{/ﬂg giaﬁ i &E ééscﬂow rate (less
than abour slﬁle,avaldmg theicost df obtamirgrb dgaresitune bfie sethipt@ciuctor grade
conpr.ises_Teflon. Referrin to FIG 3, a
inert g&s Ry in PP@H?‘%F%’FR.?H%? IngTSANFORPE P CRIFIREETYS S hown,
whi ch both the powered el ectrode and the %r ound
e Retersingieows el Ka dh 2 silitigd deagrasn oha HRYM-PPRAdpvice is shown, in

which:ef:dlgp%eqw@le&t | Ll% géﬁg%c‘é%é‘qaﬁtaucgé‘g} gtgin%n'a\é Lﬁ}a%u?cger:]lgétfbde s% 18

configieshorB8 Zavitydandrisarfect, chiomh topmxvmlmdinﬁblﬁ(df tiociavafvnamchddition,
dielectric barrier

re mesh 3 osi t i oned., .
unlike, e REEHAG AR B PR i b aer By wred Cler o o dietecti
barrier 984b, aﬁwﬂﬁ'rﬁ&g R7R s%fgﬁ ioh&d pawé&ﬁg@bm& SMdifdaE32a-b and

arcing at a substantially smaller Tnert gas flow rate
dielectricelssrittvfaainey alld_w glpﬂe}sntaha he smteumdmnhwtramzpug atesubstantially

smatGady o R kgt DS G Sl i PR T imel Lt 8 p00u 10

slm, eBekft AlsefdRe Sfenibliall#] Alinert B&s ABRE adfr6cess Pad Mibrhre f16@Ed into sealed
into a disc ?ag chanber cavity 310 through g

box 4l farpeessurdaing. The aapIsce, p@rum, fe¢dyistana ﬂ@cwgm@wg%ef pavity 410
uron R84 A0 A0 08003 TR, £ LSRG s 405 and

creatds Iplaﬁﬁﬁfelfﬂﬁdmt a04 ﬁﬁnﬁdikt&hf@to@ﬁﬂ@lﬂ hfbrmcbﬁhﬂtoifomltyaﬁl 1tofto wgh or clean
each e ectrode I s confi ed with a w sh int |s

SubStréF?oA@&r Iresimbodimpat digmsty AR biabo BetweiRY (1.5 aum g gbogit 6 mm

Advalgt!a cg 1‘({}13 %ﬁgg??%bélg ﬂ1§giéife I@ﬁaﬂé’lﬁfﬁ@& g%eeﬁétu@ ﬁgﬂa‘aggnlgttj gt(r)fﬁat%ﬁbstantmlly

remoedy mﬂtalbmdﬂdaipr@ilﬁtsmﬁﬂam celattyelyt sn&ﬁmemgasaﬁwg@s (lo$s thim gbout 1

stm), SR dRe Sash O iEine A8 vabine $1 SRERRUE S BBt gos, orin

purch%lhgeﬂoehﬁlvéﬂiﬂe\tﬁéa‘é r&dyRlihg éqi@prherdas flow rate (less than -
about '1 sl m, avoiding the cost of obtaining a large

VeblgEnle st DNNIOAEH eyt 34 §rdef]§)r fenfd38 be®] eligk polymer, at a
pur chasi'ng expensive inert gas recycling equi pment.
poweResfttang ofig- BOW tfpoReGand 2 ﬁ@q@@mrpmf fbad 2dViHgtaabaft 13.56 MHz, less

thanlDw(?g Eg‘]%&? éx'&? r%q%rgﬁﬁprey% aié% \g%a Iagﬁ &’e&%) (ﬂz il He. ?ﬁm is

substﬁ{tﬁﬂgf 1626 E{a)abbt MO FHSrRARIRr@itbd Joriaoaipatibld @egation with a
according to an enbodi nent of the invention. In

commaidly vgedmiPRirdavics: t he prior art, a wire nesh 407b
p03|t|oned bet ween power ed electrode 406 and
diRsfeting nowhaFlGed, asddplifictndagimert ad3WM-@PJidgvice configured to

creatd’ gnsat}no(s)ﬂlee%c% AR (A oevgn %!:ceo%mg ot g’r‘?‘lgocpl Iq{j of the invention.

In general, APPJ devices tend to have a relatively small diameter when compared to a diameter
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 plasma effluent contact the

substrate surface, a potentially time consuming process. However, in an innovative fashion,
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dielectric barrier 405a, nay allow a plasma to be
sustai ned without arcing at a substantially smaller

W(i)mmmmt?ars flow rate (less than about 1 sln) tPERUED06/036959
commonly requiredq (e.g., about 10 sIm .etc.). )
DWW 0% grasehecqonfiguia sheheiPet 1 disoupaecorifics %@&@@@S@&?aﬂ as
wide %%ﬁle%ﬁaﬁn&ér%doﬂsuﬁ&awdze FnORXuKihg plaSaREOSHH picALAG 2 plasma
€ gases are, inturn, feed into a di scharge chanber
curtaibatittryaydsifuttineougi cogasact ad Enteaslic (p&allelt tovemific width$06pof

| a ;S struck with an rf power source 408. and ..
substfyg ST el Gy Rermnent piige brompr s L IRRHE Torerrnip be
elect@les® 08 pBiid o @hp&aik (HCALS ¢, ¢riitafhoR ho GleRBNAYRSEHKEhE time
402. I'n enbodi ment, dianeter 431 is about between 0.5
requirat, subdtaatid it ineraving apnaficagiag yisld -t hi s enbodi nent
include the ability to generate a plasma jet that
s Ubsferaing natvity FI@n®Aessimplified diegae ofgsed diIDMEVIWAPRT devices is

oS S5t a2y RGP0 BT, AR

previBlisIR stfRl] st QNAPEE QFvis 33 th A8¥d a BSiveld sniall BahelRAFheYcompared
expensive inert gas recycling equipnment. For exanpl e,

to theidinmgteao DS WRRgted eiflies éhd AP drvicetitself onrtheesubeiate 1seggerally
oA NS S in U B R0

innovatias FasEloR) Héet e DIWRIWAPRY dbeicdseid infagtbohfigpred wadlt thar the ageregate
with about 3.9% H2 in He. This js substantiall I%ss
6(3/;. This may be

dischargsrpridise widthe aws alesst 3savide pnthe damelentsebstigy
r tj i deni

benc AR SR ERRES! ARG Al BTN ey 4 Bl Sl
DW NZMK/Pl PRRYicde 604 mag bafehgierrte dontool ané atre. horadatitinms giiterént DWM-APPJ

.pl as curtain_ is shown, according,to an enbodi t pof
devigen Ay 1 ERpT B Wﬁthgﬂ ey Honpres pieT PLePor e b 1 RAvaR t
locat'ffll @ﬁl,\é&lﬂﬂr SiRE bustizarek ebpyg b ng@ﬁﬁrs@éjstﬁa&gﬁn%laﬁ@{sﬁfp to time

0 € substrate. In order to process a substanti al
(initiplattniosphedt phassaisontastt @ the sulistrateta eprgspd tajdhgingiddletos end of the

or, the substrate, .is n | 1 t at t0 4
o5 LEATHPUR ) B BRBERLL !SI ST Pl
prodBQs @Hldsédal cﬁﬂbinﬁﬁaﬁﬁ%ﬁiuﬁ@nd@ﬁﬂ? e8ftracHawemse sliéa(patallel to orifice

__innovative fashi on, DWW APPJ 504 may be configured such
width R8¢) affsebsitiatecetis glowinfmatel opidertn bs g edas ticubptrajg Is inserted
. S
oo WS Bk ey e B SRR bl
requirbdjtandreybssintinlly Aneousgymamofictaimg yaidentire slice

(parallel to orifice width 506) of substrate 502,

al Remirig dwWRtFIG. 6B deiniified diapray efla 8 of bEfsaUDEM-aRPJ devices
is inserted into the el ectrol.ess Cu pl atig% %p ar at us
$

is copfigypd B1@ AR PIRSEIAISAINA B-CAEHRE Iooramasdae Ry FRion. As
previcndly’ steich, satOAPPN UL AbLMeddRIRVE A% FRRY 8641V BiaRRtef vWileH compared

to the diameter of the substrate, either the APPJ device itself or the substrate must be rotated to

processing time
n

insure that the plasma effluent contact the entire substrate surface. However, in an innovative
fashion, a set of offset DWM-APPJ devices 612 may configured such that the aggregate
discharge orifice widths are at least as wide as the diameter of substrate 602. This may be
beneficial in several respects. As previously state, a set of smaller gas flow rates to

correspondingly smaller DWM-APPJ devices 604 may be easier to control and tune. In

10
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Referring nowto FIG 6A5 a sinplified diagramof a
set of DWW APPJ devices is configured to create a
W(p)lzm)smzsmrtai n, according to an enbodi nent of PE€TES2006/036959

i nvention. reV|ousI S si nce, APPJ devi ces
addltlf’@rfhffﬁlénh]aw PRY %Viq?é%?yi’ﬁﬁf”(lﬁ@}f%ﬁ’ﬂtéﬁ ’fgm fﬁ%&&éw@d/or
#
R e
substnates,uneelaﬂncatshtphe tmhea(maaldtmbs;émnc pkmmacoma(tt@néh@ pubstrate as
s r at a However, nno ve ,
oppot g5 e h At kRSt (e ke s haob i Pt bEE oL SRR e
F urth&l?rﬁ)ré‘ qRdiORREEy S LT RS ﬁfag fok SRIMETEDS AbIEotbr, E&R}‘éingi‘}ﬁ)tentlal

w de as the dianmeter of substrate 602. This fgq
crossiﬁ@m\emtecrfeeﬁncﬂ,rar@@@tenaally é@memng metel paidegemeyid leflegiengys As in FIG.

5. b0 oL REIFRRAE Pt P e RGBS et
entirecdis:h?f gﬁ; ﬁ%tr%ﬂ?g?gg@gﬁgfg?ﬂ&?/gohfrfﬁﬁﬁt@?ﬁ thel suldstrate is inserted
into the-¢lagtradess ﬁ}urplgtgqg qp@gqap@nwztg gnost B ﬁﬁi(gporgﬁl PEqsgssing time required,
o s S R i 81, hospher i ¢ pl aoma

Cofkafh fi BG5S ARRARER S ot e e ase

of witth&shrdiélectrieslzevedds tlinngt4ble f3,shé e, erce@x‘dirtgi togn ph¥d®dinent of the
ef fl uent produces_a_ plasma curtain th

invengippn g RIFESUEY ylescaihed.aant Hpldapayi beeﬂt@mlaé%d tﬂpﬁffsllepte?m@ws and to
t

it} G W S0k SRS AR AL L 00 B i

meshidideatiesleeas@9Sa Gul IﬂS&t eavh) veifipdiffatens witE@Rph Ga, dlmltthr may

atiow e BN RBPF Gevicrp bwic R R PAE PP SRR PEfecinggThat s,

each %Wlﬁe%hjaﬁe@ectﬁ@sle@sfesﬁm bihd 7esh ¢ fp@ﬁﬁ@ﬁ@d(ﬁl tife BWMOAPP] between the
fset DWM APPJ devices is configured to create a

apprOptlatsreéec@udw aitdha plaspoindorder tpamann@mmgwémn ghbediment, 705a and
nve tio |o sly st ated ce APPJ dev 1685
705b;h%Y]e ﬂf; gam % %/1@% a%ﬁ)r aqtery 1Q7 éi%% glven anf nt D, f\ engcomem 7%521 and
705b havd difettinahEt atanca%erg he a8y lgs&ehabﬁﬁglﬁaﬁdiﬁr t he APPJ
device itself or the substrate nust be rotated to

| N8 dh embbdindnh @ wikese®h B iy SMdweaRE detwdeh € 8RR layers. In an
substrate surface. However, in an innovative fashion,

embogiment, avirehfeskiayenisbanite! teadidlectic layerwith en afhegineesich as 2

s1hcogta8Fegiha ! he @&g{gg al %1%:@%@%@%? osre'm];rI g ?q, %ggieé%tcalaﬁer using a

pressﬂ&%b‘rcﬁ@dob@a el 4x¢4)aln dnrhniﬁ?dﬁﬁéﬂt 4 ﬁf&B @0k layBBis secured to a
previously state, a set of IIer gas flowrates to

dicloggie Pé@bweﬁ RGOS facp é%lowomﬁgdla@W@ééneeéanwt a wire
st S 08 £k 80 Aol DA B ] SR g o). 1

an enrtetlgserdmwoe nEshplml¢dtongedve is ssdcatelddnshlquednmc layeausinga fr1ct1on

force((glbggalong tglrnalogmt)he substrate as opposed to edge of

For example, decreasing the flow rate of an inert gas would generally increase the
likelihood of arcing for a given configuration (e.g., process gas flow rate, process gas type, rf

power, etc.). However, inserting a set of wire mesh sleeves each with a smaller hole diameter

11
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substrate), in relationship to tinme (initial
at nospheric plasnma contact on the substrate as opposed
wao eooviss26¢ ddl e or end of the process), in rel al’dmnsmi)qi1036959
- to the type of substrate, etc. Furtgerm)re gIVI (ﬂ.
may sybtaisythe plesma ehihe lowsr ipert g%séloa’f@&e VHBMEECRE: &fllar dition, ditferent

n n t
vis SR PHPLH Fb e Tl PGB SO R e
neceséify dfhakin@ to reddsipa th«eBWMAnBPbdleevmwtselfffl uent produces a
pllasma curtain that nmay simnultaneously contract an

eRekdrBnShbweo PiG sl hsimplifedaRethodbf @Mrmglyr[ematzm(gw metalt axide
be renoved as the substrate js inserted into

from ekehstraigivaidsa BIWVM-APPhge vl sBaWd acoqrimede ﬁ%gmﬁvﬁ@meﬂ of the
ddi.t 4 Cf e ,

1nven?1% o %ﬁg, a&ggg’f uér}?% %16&}?06 egigéég{bsg rnrlclﬁﬁ&g{ng H%%%fgd'e?éckrﬁde a

wire hesh@asd ﬁrﬁiellefchﬁdlaylerag pamdeﬂ &n ﬁ\MMb(Rﬁﬂled‘e thecwire meslwmiay include

b e et L Lot | SRUTIERP dfc
layer gﬁ?}fﬁﬁfﬂ&é InedFSfidoRREL J{l@é‘ sirhEoﬁ hdigk, ﬂg«}elatb%xﬁﬁﬁce RUAERSh. | Next, at

erent anounts an fferenf grees by altering
804, al pimedeei cladirodh esseinbéy meh?pokﬂdl appositethe poweied @t:qc‘ﬁgde assembly so as

to o PRI T T ARG o bo i eatef B B RS g e an
annufaP o1V MPRE SR disentt B PeweRticldcaede fsarlonginaial ptdba configured in

configuration or reci pe. That is, each wre
the cm@hl‘&)@la&%,la@ rf figld\ieanmbisd tathe czubhusiag e Soprrdaiedtade to

generﬁpeetg%\gw AR %’]o 8LYE ?eﬂsttcﬁ% i %‘3 Rhd "ﬁ{ + §da8CA e %@ce@? gasa

er tO Imze arclng. n an erbodi nent

O Ao G TR i s Fr

exarrﬁyi’é’ @mﬁ&érﬁ@i‘h@sﬂ&t 164t endliigleetie berrfed bnduile gt v@HIwire mesh with an APPJ
onfiguration. In an enbodinment, a wire mesh layer is
(DW% i cineuddsde wersiate 6 péﬁsmaé@tth@téUP%%wély IO Yg§ metal oxide

bypr%(ro % nﬁn}ticpﬁr \Qﬁlgs?ra{gﬁl&a]ar’%loggxﬁ{h d 1%121&919918{7% All9nét gas flow rate (less than

ayer W esive, such as a Silicon
aboutl Bleg) Itﬁaddlttbrﬁ onkitdaeaimenind mons mmpﬁms&nPPh@mmca e@nfigurations, this

inver?tggq%gg gct)qorg Iélgla’q?(l:lgg( th;!?u(l:gh: tﬁg (gﬁsi%g es 3 Uwgg%g :.?glg/ﬁ)r an

' d t
a8, | G0pRYES i B Bt Sy e ndor cipmnt

maingaib @ daerent, does whtrphysieall wintictiotthe substrateveinimizingdhe elihood of a

‘damqlgglﬁg:%ncgf lzlg)%tpé )?sd Te aﬁ B(%él%{(g) %éu reeln{ooer)ﬁﬁm(gaﬂrg&gse% because of the

mlmfﬂaﬁéqlﬁbrﬁérﬁ%qm&@n%eve is secured to a dielectric
' ayer 'using a friction force (along a | ongitudinal

ax{hlle (9 'im%ﬁﬁ%’ h&s bedB QERABEDE thihes cﬁfi S@Vérﬁ?ﬁr@f@ﬁfed @mbodiments,
inert gas would generally increase ,

there are alterations, permutations, and equivalents wh1ch fall within the scope of this
invention. For example, although the present invention has been described in connection with
Lam Research plasma processing systems (e.g., Exelan™, Exelan™ HP, Exelan™ HPT,

2300™, Versys™ Star, etc.), other plasma processing systems may be used. This invention

may also be used with substrates of various diameters (e.g., 200 mm, 300 mm, LCD, etc.).
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l'i kel i hood of arcing for a given configuration (e.g.,
process gas flow rate, process gas type, rf power,
W@tz(mw))sszﬁbwever inserting a set of wre nmesh BCBHEY®86/036959
th a smaller hoIe dj amet er ma 8fstaln t he

Furthﬁva%fﬁgﬁl {eTOHET AoV heredt inclydes g oiae 8t emapige! element of the set.
For e?grﬁgl@ga sdt Bf @€ det QR oﬁé bif xﬁfu%mx wire mesh materials

conposi te net atinum etc.) nay al so be

00 B SRR b TE BRI D
relatifsélmw (lieﬂdhmaalfmnd 1 gfm)oiptit gad ﬂ()’PW mz&mﬂhngm&naiezﬁahg QXddigonal
rom,a.s S .SNO

adva%lte%eé Al %gﬁh?ye%gtﬂﬁi@;ﬂgr%?A a Enj\)glgf é\bgﬁ tlegping dev1ce into an in-situ
wet cﬁé&hfng?r(l)déss ahd #MloptithiPRWR7Y S%ﬁﬁkrﬁﬁﬁfﬁﬁﬂ% ﬁcess

i nclu pomered e ectrode, a wire nesh

di ﬁgﬁ% 'aﬁglok&yg{egpiegz one o ESL%SZ% Jgpﬁgd 6d1ﬁ%£§1n§ and

al n
varlahmssrﬁay latrnda@:aﬂo%hm dmddsmmrﬂiodlmmtawhﬂmwmagtthlﬁﬂn&le subject and

..dielectric | ay y I nclude one, of silicon dioxide,

Splrltéﬁfel?eclaﬁenﬁ‘ioflraﬁ é%éne%a]y ?%‘3 B €2 Tefl on. Next, at
804, a grounded el ectrode assenbly is di sposed
opposite the powered el ectrode assenbly so as to form
a cavity wherein the plasnma is generated. In an
enbodi ment, the cavity may be an annul ar volune. In an
enbodi nent, the powered el ectrode is a |ongitudina
probe configured in the cavity. Next, at 806, an rf
field is applied to the cavity using the powered
el ectrode to generate the plasma fromthe at | east one
inert gas and the at | east one process gas. This
invention is substantially distinguished fromthe
prior art in several respects. For exanple, this
conbi nes 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 neta
oxi de byproducts at a particular substrate | ocation
with a relatively snmall inert gas flowrate (less than
about 1 sIm. In addition, unlike conmon and nore
conpl ex APPJ device configurations, this invention
does not reduce arcing through the use of slots, high
fl ow vel ocities, and/or an alum na cap. Furthernore,
this invention does not require any specialized and/or
equi pnrent to maintain a vacuum does not physically
contact to the substrate minimzing the |ikelihood of
a damagi ng scratch, and is relatively easy to
integrate into existing processes because of the
m ni mal equi pnment requirenents. While this invention
has been described in terns of several preferred
enbodi nments, there are alterations, pernutations, and
equi val ents which fall within the scope of this
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i nvention. For exanple, although the present invention
has been described in connection with Lam Research

WEb@3nss82p¢ ocessi ng systens (e.g., Exelan(tn), PCT/US2006/036959
Exel an(tm HP, Exelan(tm HRTL, 2300(tn), Versys(tm

Star, etc.), other plasm sing systens may be
WhaM%gimgcmss i nvention may al so be used with substrates
of various dianmeters (e.g., 200 nm 300 mm LCD

1. ethdn yprRgateheganetatiog atp&pémaefpmeg@wn@a meialoride &pm a substrate,
Com|ncI udes one or nore of the named el ement of the set.
Hgg}ngexarrpl e, a set of "X" refers to one or nore "X."
Advant agesvetd tleerdde\eesimiy ih¢ladiuge the renoval of a
netal oxide froma_ substrate at a relatively low (|ess
t han about 1339‘1’61@4?16?tf0d§as flow rate with nini mal
arcing. Addij | g include the ability to
easily int egrﬁ F@lele% %%J cl eani ng device into an
in-situ wet afisawiragneshdispewd betvkenhsidgowierddzdedtode ahd said first
diel a trat e manufacturing process. Having discl osed
1€ e%%ﬁfm denbodi ments and the best node, nodifications
and varj Q&hﬁd{bﬁ élr&:‘{roag aJ!iBﬁllﬁlyt cﬁsﬂdﬁ&i Spostt®sed powered electrode
enbodi nents whil e remaini W't hi n the subject and
assenglplyy isp s tsf forme qariife wheisin seid plesmmisdzengratedesadbiisbiiiggnesh being
sh1el<§1 éfafé?rgts%kl Ilagnbalw ﬁ 1ot JhF: g%glllﬁer w’h'en Aﬁfl %ga)%&r gL #ﬁ%sent in said
cavit§.Wagd ¢aait@ haviafBh beiléiat ofe GRVRF p@v&in@g:iaﬁcbpﬂasrﬁs serehloye said metal
_Including a powered electrode, a first dielectric
oxid¢.ayer, and a f| rst wire nesh di sposed between said

p c G
2 DOUR BRI R AR Gid EfoRhadl SLARUE BehBl et e
power eobgbendadcedimrads,enbl y so as to forma cavity
wherein said plasnma.is ener sal
bei ng ShicepisbeRrBimIatr JRra ety sat g Heefodtid sad
plasrﬂé%@&geﬁaﬁlaglﬁ){% AheninsAldeRitgsma is present in said
cavity, said cawty having an  outl et at one end for

3. pr'ohd @m@tmfwlq@ma%wherpm sashgyoendsdietbciredatssemblaeluther includes a
SeCOIéCiTI \é/gle Elgeaié %gggsee%e?yveeﬁ gill%ll C%oun%eg Ffoéatrslio aanelsggitrgggo d dlelectrlc Iayer

wherein said second wire mesh is shielded from said plasma by said second dlelectnc layer

when said plasma is present in said cavity.

4. The apparatus of claim 3, wherein said cavity is an annular volume.

5. The apparatus of claim 4, wherein said powered electrode is arlongitudinal probe
configured in said cavity.

6. = The apparatus of claim 5, wherein said cavity includes a cavity diameter along a lateral -
axis, wherein said cavity diameter is at least as large as a substrate diameter.

7. The apparatus of claim 3 wherein said first dielectric material and said second dielectric
layer is one of silicon dioxide, silicon nitride, Mylar, ceramic, and Teflon.

8. The apparatus of claim 3, wherein said first wire mesh and said second wire mesh are
one of copper, stainless steel, brass, and galvanized metal.

9. The apparatus of claim 3, wherein said first wire mesh and said second wire mesh are

14



a second dielectric |ayer disposed between said
grounded el ectrode and said plasma when said plasma is
w@e@3mss256 N said cavity. 3. The apparatus of cPEI/IED06/036959
wher ei n sai d grqunded electr de ass l'y further
configled 23 Be oh AT T Eﬂdgg@t hgsagpnssaye-
10. 9 rA’ HRARA 61 g&k&&ﬁﬁ% a%]é’sn?a%ﬁreﬁﬁ%{gjmgﬂa%ﬁeé fibfm d ﬁ%@t&ate
wherein said second wre nmesh is shielded fromsaid
compydimgma by said second dielectric |ayer when said

I d t t
obE ol S pRpaR kol BaO e Lo RO Sy B
The apRPbHerd Mdctioi@i m 4, wherein said powered
el ectrode is a Iongltudlnal probe configured in said

cavi t ya fist ditlectiippareaed of claim5, wherein said

cavity mﬁ('gﬁ'\,bllgee e d&%}gs&%/ b&ﬁ@é{?ﬁ%ag P@\!\l&@@ teI%F r@&eeinﬂl said first

axi s, rein sal Vi 'S a éast
dkbdﬁﬁ@ﬁnas a substrate dlaneter 7. The apparat us of
claim.3 wherein said first lectric materjal an

s BIOYiing B EEEred gletiFads B fepesed oBPOSIFISdGIpwered electrode
assemghpif) A8 £S5 & Eﬁﬁtyr\?ﬂé'r 1ﬂ§a1d%%s a'1s S{e?emacf galgriﬁst%fré Rsh being

he apparatus-o a|n1 |n sal irst wre
shielda® Slonesadt plasda bg sm’ddﬁ1deeéeam}ayar\elmm1cbplammqm¢sent in said
st ai nl ess st eel SS, aIvanlzed
cavity B P GO EAL 62t R BPGA FESTOLE S fanf gig metl
oxidesai d second wire nmesh areconfigured as one of a
nonofi |l ament, a rectangul ar weave, and a hexagon
wésnoducing at Jsastesmi dpre gﬁs agé Alleast ong Procpisasminte spid cavity; and

o oY g TR R Sl S B B B LR oo Bl g plasme

from @h@@tﬂéa&;@Gn@ﬁﬁﬁfmﬁ)éaldmcleuﬂloﬁepﬁ)cﬁss\@sed el ectrode, a
first diel ectrl c layer, and a first wre nesh di sposed
1. pdbgmsihosipfe@snkt wherainsaid gsenundsd glegtipde #ss¢mably ncludes

di el ec r LOviding a grounded el ectrode
assenb%&cgmdg%ggdu%£b03|te sai d powered el ectrode

assenbhyecondalieléarié tiyen dispoawd bytwebresaid prosadall gecsae and said
said first. wi.re nesh being shielded from

mge er at ed,
plasma gy nﬁ@ééﬁ?“ﬁvsggﬁ@ﬁﬂPF@@06W51ectrlc | ayer when said
12. PHagMRm& A @881 Wﬁeréf'ﬁ' sHidca¥idded e&%trgdé'-:é’s‘ééﬂﬂﬂyhﬁﬁh&gncludes a

an outlet at one end for providing said plasma to
second eyiremeshadispased b¢tween said grounded electrode and said second dielectric layer,
wherein said second wire mesh is shielded from said plasma by said second dielectric layer
when said plasma is present in said cavity.
13.  The method of claim 12 wherein said cavity is an annular volume.
14.  The method of claim 13 wherein said powered electrode is a longitudinal probe
configured in said cavity.
15. The method of claim 14 wherein said cavity includes a cavity diameter along a lateral
axis, wherein said cavity diameter is at least as large as a substrate diameter.
16.  The method of claim 15 wherein said first dielectric layer and said second dielectric

layer is one of silicon dioxide, silicon nitride, Mylar, ceramic, and Teflon

17.  The method of claim 16, wherein said first wire mesh and said second wire mesh are
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oxi de; introducing at |east one inert gas and at | east
one process gas into said cavity; and applying an rf

WO @i 38266 sai d cavi ty using said powered el ectP@UES1006/036959
enerate said sma fron1sa1d at |l east one inert and

one &PEPe&tStql’é‘S&St"cﬁlr raisorkgal fpmized et alThe met hod of claim

18. 10r1¥é}g&gb@ Pis&hi‘i’n 97 qundad sﬁhgﬁhﬂﬂ%emés‘lﬁaﬁﬂ@aiﬁ deBG RS nfsh are
groun ectrod€, a second dielectric layer di sposed

conﬁgmtedme onesafi admgn«zﬁianhedt e rentangulde waane, siad dh@ka@gmeakmn

rese I n.said cavjt
oA ardhf R eirin et o St et ot £ RCR B E.

amqﬁﬁ[ er includes a second wire nmesh di sposed between

sai grounded el ectrode and sald second dielectric

| ayrevidingienosvenedselpeirasie @aseenbhy, said peenradelegiiode asgmphoisluding

sai d pI second dielectric |layer when said

pl asnma |SQ%¥%g%%$k?ﬁ said cavity. 13. The nethod of

cl ai m Xirshdielettmicdaye, apdvi ty is an annul ar vol une. 14.

The nmet hod of cla|n113 mhereln sgi d po red Iec

is a | GigetvHe mesh gsppeddshrsey lﬁ?‘lacE’OWEr 9?% Salggrst
mem&9£1£E j.hod of claim 14 wherein said caV|ty i ncl udes a

vity ‘dianeter along a lateral axis, wherein said

c q)romyhnglaagmm&iedmbecabdd: wsmb}asilspas@eomsiae sabpowerte electrode

dianeter..16. Th t hod claim1 rei.n.said .
esserpb 35 aloufoBBPEY HPSIPIAAE RO BECOHARG: SHATY pore mesh being
sh1elHéH>’ﬁ6m's§1d%n&fbysslaﬁd ﬁﬁﬂdi@le@’éfiCQ%fer $ihkh 6410 éﬂ[dshfal i§l@resent in said

Myl ar, ceram c, "and lon 17. The netho f claiml16,
cavityiraidedanits Ardng pp Qutl«wat enmrshfoap@vghmgjsas@pbﬁaaw Fegnaye shid metal
ar.egne of copper, stainless steel, brass, and
%é@vanlzed netal. 18. The net hod of claim17, wherein

;%ly‘img &t rivfiel Btongasdcaritel usiap daid powetdwildcerotde shgankite said plasma
con ured as one of a_ nonofilanent, a rectangul ar

fromgh tepst, Onﬁwrbgqs@%é@@ﬁ ahisateone PEOCESS g8t hod f or
20. 9 e’EﬁJﬁEﬂhH@ ofclRt?$ T8 HEeRYn Ea‘?ﬁ'gl‘c’?hﬂgedr@?&%lodg é%&lﬁbﬁ;r 2 es

trate, conprising: prov ng a powere ectro
assenbl agrosaied epetveded el ect rode assenbly incl udi ng a

7povver eda seelcgr?c{é %ctncﬂa}fle!r rd?stpogeld%eg%eglsgldl g%g Ided aepe%trode and said

plasma when said plasma is present in said cavity.

oxid

21.  The method of claim 20 wherein said grounded electrode assembly further includes a
second wire mesh disposed between said grounded electrode and said second dielectric layer,
wherein said second wire mesh is shielded form said plasma by said second dielectric layer
when said plasma is present in said cavity.

22.  The method of claim 21 wherein said cavity is an annular volume.

23.  The method of claim 22 wherein said powered electrode is a longitudinal probe
configured in said cavity.

24.  The method of claim 23 wherein said cavity includes a cavity diameter along a lateral
axis, wherein said cavity diameter is at least as large as a substrate diameter.

25.  The method of claim 24 wherein said first dielectric layer and said second dielectric

layer is one of silicon dioxide, silicon nitride, Mylar, ceramic, and Teflon.
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a first wire mesh di sposed between said powered

el ectrode and said first dielectric layer; providing a
w@ew@ansds el ect rode assenbly di sposed opposi t ePCHUS2006/036959

power ed e] ectrode assenbly so as to forma cavity

26. wHéeagihadkeiplgmasywhereingaiddirat wige meah anck sapdsecopd winggrgsh are
' I [ as said first
oneogggﬁ%%§§@@£$§§§L%&%&%&g%ﬁghb g@ﬁg%?s present in said
27. cahetysthakofttldmvia whdraiwisagl fast wise nekh aid saieseeonkd fvixe mesh are
royi ding said asma to renove said netal oxide;, and
contiggge o9 o5 ofp pendhignens HESRNEUIALYEEF: Fh HFXEEPY VBB Rer ed
el ectrode to generate said plasma fromat |east one
inert gas and said at |east one process gas. 20. The
nmet hod of claim 19 wherein said grounded el ectrode
assenbly includes a grounded el ectrode, a second
di el ectric | ayer disposed between said grounded
el ectrode and said plasma when said plasma is present
in said cavity. 2 1. The nethod of claim 20 wherein
sai d grounded el ectrode assenbly further includes a
second wire nesh di sposed between sai d grounded
el ectrode and said second dielectric |ayer, wherein
said second wire nesh is shielded formsaid plasma by
said second dielectric |ayer when said plasma is
present in said cavity. 22. The method of claim2 1
wherein said cavity is an annul ar volunme. 23. The
nmet hod of claim 22 wherein said powered electrode is a
| ongi tudi nal probe configured in said cavity. 24. The
nmet hod of claim 23 wherein said cavity includes a
cavity dianeter along a lateral axis, wherein said
cavity dianeter is at least as large as a substrate
di aneter. 25. The nethod of claim 24 wherein said
first dielectric |ayer and said second dielectric
| ayer is one of silicon dioxide, silicon nitride,
Myl ar, ceram c, and Teflon.26. The nethod of claim 25
wherein said first wwre nesh and said second wire nesh
are one of copper, stainless steel, brass, and
gal vani zed nmetal. 27. The nmethod of claim 26 wherein
said first wwre nmesh and said second wre nesh are
configured as one of a nonofilanent, a rectangul ar
weave, and a hexagon weave.
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