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Titl e PLASVMA SOURCE W TH PLURALI TY OF OQUT OF PHASE
ELECTRODES Field of the Invention The present

WO pooss39en rel ates to plasma sources and i n pap¢T/Eptoar/ 062175

to a plasma source with reactive el enents configured
to be out of phase with one another so as to provide
for controll ed wavel ength effects wthin the plasm
rocess Background A plasna is an ionised gas that
Hiucts el ectricity. In order to generate a plasns,
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TRSIreser %ni%ﬁég?t%f’oa&)laém%oﬁto@%w%ﬁﬂﬁamcﬁ%@?@@&'asma

b@uk@%lﬂhﬂi&ﬁﬂe eﬁéiﬁéﬁt@ko%ﬁ%@rtéd‘t% e 68RFGHsESwith one another so
di scharge. Alternati vel ower nmay be deposited

hat® peovids forrpontrobed wavelmg(dh affe@ts wiklin ¢he pllasmehgrocess.
produci ng an inductively coupled plasma. In the

sem conductor industry, plasmas are used to deposit
BacRgreisdon and etch materials from workpi eces that
are typically sem conductor, dielectric and netal
surfaces. This process is utilised so as to form
Sy@asmads endenisea gesémmi@nlct§ elactricdy dolsdenioegentraiesa

i nt r od din a roce n cha

bisr ERCEEen Ml & SO B3R ga%a%fv'su%'ave?wwged within
a%pebm@hny gadighee akdmuer flarawacuuph @REMbER fere ions and

excl tatl on regl on usin elt her an | nduct Ive source,

a}ha@tr@ns hevarenrgigtioesy it ésrelatiely easy e dus Redorreguency

Y
PP AR B0 bR BB 56 RS PR 38, G Begpoces.
imtnielsddie therdhanm&heretgp@eetmge dpeedive\didchaBgeer e
the preferred option but in the tinme period 1991 to

f@gg‘at“’ﬁ'éru&': | RRVRIOTIRY ¢ RROSHE IRfPE BribQUBRRd Oy ifie chamber
tﬁ@FEHWdfﬂﬁm Oéﬁlﬂab \@(/H@G@bdg):iéé?né’f poly etch

app icatl e are ens W th such
i nductive source plasmas in oxide etch applications.

fruthiehsamigorductes inglostrof plastiast anecusadstoadepdsitrmaterials on and
oxi deetch that provide the necessary perfornance and
stcagnplerigls Bempwatpigoes thalare typically semiconductor, dielectric and

metal surfaces. This process is utilised so as to form specific electronic
components on the substrate. A gas is introduced into a vacuum plasma
processing chamber where the workpiece is located. The gas by undergoing an
electrical breakdown forms a plasma in an excitation region using either an
inductive source, where the antenna carries a current adjacent to the plasma
window or a capacitive source which uses one (or more) electrode(s) with an
oscillating voltage. Up until the early 1990’s capacitive based systems were the
preferred option but in the time period 1991 to 1995, inductive sources became
more prevalent, and they continue to dominate in metal etch or poly etch
applications. There are however problems with such inductive source plasmas
in oxide etch applications. Furthermore, designs of inductive systems for oxide
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criteria results in the cost of an inductive based
system being quite high. Around 1998 the nanufacturers

wo@boosloe®e3 syst ens, conpani es such as Lam ReseaPChEP2007/062175

Corporation and TEL startec2to refocus on capacitive
systens so as to provide a cheaper and nore reliable
solution to the problens of plasnma etching in this

field. Further devel opnents led to the reintroduction

@?Chdaéberotvidﬂethgyﬁc@ﬁﬁa%{tpQW”@@ﬁér@é@ Yabilitydies maneifacturing
?Mt%hgqﬁsullé inl the dB5Lof 4} hhcRiRild BBE@&‘%éétgm b&ﬁﬁ' uite high.

requency capacitive systens fe-ener
preferred choice for oxide etch applications. The

AE TR 9 e TepppfeEtiTei gy SBErs. COMHRRS S 3 Lam
E% SBARH BRIANSIETEE dINEedTo RAUSL, b0 BB @SRlIoHRSo as

ardnent energy, but t 'asma densit
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g?itémtsfb’:tﬂh@ @ﬁpéﬁéﬁ]éﬁﬂ@lkﬁct@fe syateinat it ¢9inkd trﬂs %ﬂpi?@rhmemethat
asma can be provided. A typical approach, such as

t:lhaltfrem@cﬂcvW@@aplﬁvms@m$rem®er@¢qaawse praderseq ghalce for oxide

AEes (a high frequency supply and a | ow
Ereq{f)ﬁlggﬁéusppl y), each attached to one el ectrode.

Filtering is enployed to mnimze the interaction

bet ween the two si %nal s, for exanple using an inductor
That e%%méh'ﬁﬁr@”@ BW@F%W@HEGO&HGHQY @y&tegnsgﬁathat WA siggle

ggﬁ]ﬁﬁﬁ W&aﬁéﬁlt% Ralidhit § éefoﬁr?greé'sé\/f%hﬁFm%r to get

a capacitor Is use round
highet rovdleaorhbardnnmt dreegyent yhe pgisatesdemmawmalswmcrease

There W BoistBSieiS Farictd HEANGRA RFRbendaguly I8 R e
fieq U@rﬁc%b’ géf¥tator! W draer t@br’o@&&ezﬁ‘#%d%ﬁéﬁdé&be o?“ﬁ@ﬁ'b'il%ﬁ more

are cornnected to the sane el ectrode can also
thenl @yeliequency of exeiiation hta sapscitive elasamicam beeﬁrowded A

Ril ABhtasts, SicRaS e aBrT i LR030RDE, Bhriaws v
§é|§arat@b6w8*:s@bﬂ>né%r(aﬂﬁgr¢ aeglengy $@gianawy I@Mﬁl‘ﬁe(}?&édc‘? supply),

needs to be synpathetic to those environnents

eaeh pttached me@@gpﬁgeﬂltﬁgn@ dﬁ@qn@iqy[egl to;mlmrnge the interaction
Pgﬁyéeﬁﬁal}ﬂleﬁwbos@ﬁig %P e?atfng'lé %\HQ ra%hgﬁétbpfhat Podh Ul top

requency capacitive s
electrode at a KHz signal, while appearing to be a high impedance for a MHz

signal. Similarly, a capacitor is used to ground the lower electrode for high
frequency signals. Alternative configurations include triode or confined
arrangements where the plasma is confined within a specific radial geometry
and a further arrangement where both supplies are connected to the same
electrode can also be employed. In all cases the substrate, and therefore
necessarily the associated substrate handling components such as pins and
lifters, coolants, sensors etc., are RF driven so coupling to the outside world
needs to be sympathetic to those environments. This results in added
engineering complexity- adding inevitably to cost.
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frequency power controls the plasma density; due to
the higher currents nore efficient displacenent

W@ 008993 Nncr easi ng the ohm ¢ power into the pPEERP20aTG52175

sheat h heating nechani sns. 3The | ow frequency
excitation influences the ion bonbardnent energy.
Therefore, the user has sone ability to separ ately

adj ust the ion bonbardnment energy and the
a@r@sfaurﬁpmmlm«atlpg R duekfyewmamcﬁlvg.sugteén the high

FRGLSLAEL RIS e DBR-RictsRl; AL SRR Bfomss more
efiieiant alisplmmmerdemmmnlt |rmnéaangi thod alsnmc power ingp tHebsiesma and
SARAR TR ol o Sin St cgB S e on
assi gﬂi’ﬁé?gégo@% Ei egtﬁrrgo{rq‘:{‘éillil%?':il1 eg (TEL?bggﬁtgf‘}f ég)aratﬁey adjust
thecionfbamiBargmemt edergyeanda thieplasmacdansityt Whichhianohvery easy

R b B B 6 W o TR AR L BLERY,
Epﬁda@.@hgqh bethdy PEVICE glIA3éa kaRaAcedBRERNEE Yapor d&bcdtion) and
| asma | oad inpedance. These arrangenents are

§k§éma‘$f@Blﬂgy arranged to mininmize any interaction
bet ween el ectrodes thereby inplying that the el ectrode
el enents are in phase with one another. In all cases

Mosekeswh Rgs@msusd e@m%e remctmdertardug'mnmﬁ poRkrimapbe
the plasma which at operational frequencies can

E&@%C@ﬁ%t%@'@ﬁ”@f ﬁesa,% U32Q0440 t9 &0y 9e2.664 3oer
Oisel 8442855 %ﬂ gs%@ﬁ%ttb %kk? E”é’&rd’r{‘bm{efa‘ (’r‘l’i %%%Erik?‘tﬂﬂwe use of a
current’s, nan-uni f or e

wer deposit into
pdagmt—mtedaeidchrm btracturentimat hasfaoplmajnpoésleetrodesegﬁnﬂgts, each

and/ or, deposi t on the substra ce spite .

PROBNLPNG asRF HONEESLBP ISR % DTSR GintEH Supiert s

ééhf’iduré&f *téblynéﬁ‘ﬂﬁ:%ﬂy 'cﬂﬁhgé* ﬁnb@@’erﬁ@%ﬁb%&t‘éh"bﬁé %'I%?ﬂé fbad
fects which cause voltage nonuniformties and

mpedameeTbase armasgementseans spaaifiqady @lrna@geddommlmlze any

el ect r.od urfaces nd.under . t hese i tions

RLSRELS ReRbeer P B RR O REh s TG Re e g1 EgAq Elefents are
RXBIesScerlith @nBrapdest. Hoat éé‘é:é@h@%/@l/élﬁtﬁ@réj@rﬁﬂlltaYné*thlﬁl"ent
degrades the performance of the plasma. There is

trl’ﬁ@d_elfl@@ ita the etasnea phish atdhigh prastienablieguengies san sause
ﬁ/%%l'e%ﬁwgﬁé&s in the electromagnetic power distribution, resulting in non-

uniform voltages and currents, and non-uniform power deposition into the
plasma, and resultant non-uniform processes (etching and/or deposition) on the
substrate surface.

Despite these advances in reactor design a number of problems still exist.
These include the mentioned wavelength effects which cause voltage non-
uniformities and introduce currents in the plasma parallel to the electrode
surfaces, and under these conditions there is also non-uniform power
deposition, which may be expected to produce non-uniform plasma density
which degrades the performance of the plasma.
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overcone these and ot her problens. Sunmary These and
ot her problens are addressed by a plasma source in

wae@snstprze with the i nvention. Such a source, PCT/EP2007/062175

according to a first enbodisvent of the invention
provides a plurality of adjacent electrodes, each
el ectrode bei ng out of phase relative to its adjacent
nei ghbour. The el ectrodes can be configured in an
El;her@ 'ﬁlth%ﬂfq’rle;ﬁ Beedta PEIViGf aplantea sPEHe Woishiig Genl QL&ﬂ@ to
hem spheric, done,

ég%@é&knggégaogxgﬁgl&n%kﬁﬁulatlng The el ectrodes
could be provided so as to be in direct contact with
ghguﬂenerated plasma. Using an arrangenent in

8%ce with the present invention it is possible
to control the relative centre to edge power
deposition by nodifying el ectrode spaci ngs and/ or

ﬁ’ﬂ%@é aHH%ttﬁéwbb%?nsgSr% %Hr@@gé(f By%lﬁa%rﬁﬁl%%' % 5ccordance

Ive elene such as capaci S an
Wite thavesmntion. Soe afsouecqrawcortiisg alﬂa&rmnlsmnhmt of the

accor.din cI aim1 or claim2 with advant ,
BN EolhBrRaessh RTaby A etinent ClRetogpe R SR RPaR being out of
A gsé RY Sl mt@éagc@rﬁmél KSot. Pl asma sour ce

stantially as 'hereinafter described with reference
to the fol |l ow ng dravvl ngs. The invention al so provides

A R o R
§E6REERIE canfiy RafibRSie| LR fdr'&aﬁﬁﬂ’@bla\h%r'ﬁmﬁlé Héﬁc dome,

el ement, the source being characterised in
poRER ceneave ad/pedbdulating nphe alesedes eaeiat b& qu\/dﬁqﬁe%p asto

b T feRi et inero Rk ety B Do AT A dediBatin
hecardahes ithitde ppésdrht wfdrﬁi@mat ieposkidld Wcor Ane rdlatve centre
ref erence el ectrode belnﬁ grounded el ectrode | ocated

fpedos @@Wﬁﬂdgﬁ)%t'@? by| lrgg(glﬁpgqu%ﬁpaggggﬁmd{qﬁepower
H,siﬁtg]tfohyd r?éter /EF ﬂ@ﬁcfu%fc{ﬁe&g?étﬁlg %&rﬂ%ﬁ# V§Jch as g:/apamtors

ancee el ng cou
gamkrakmmuaed addltlonally to a Iom1frequency
generator configured to provide for ion bonbardnent of
a substrate provided within the chanber and wherein,

TRe YSRontiBR thereRbreNFolides & Basmad@uré®according to claim 1 or claim
2 with advantageous embodiments being detailed in the dependent claims. The
invention also provides a plasma source substantially as hereinafter described
with reference to the following drawings.

The invention also provides in one arrangement a plasma source having a
chamber comprising a plasma excitation region, a reference electrode and a
plasma exciting reactive impedance element, the source being characterised in
that the plasma exciting reactive impendence element is formed from a plurality
of electrodes being arranged side by side with one another and collectively
being located to a first side of the plasma excitation region, the reference
electrode being a grounded electrode located to a second side of plasma
excitation region, the plurality of electrodes forming the reactive impedance
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t he generator, adjacent electrodes of the plurality of
el ectrodes are out of phase with one another and are

wa@eooang®as such that any high frequency currentPCIT/EP2007/062175

introduced by a first electyode is substantially
cancel l ed by a second el ectrode, thereby reducing the
net current introduced into the plasnma excitation

region and preventing the formation of wavele ? th
@ﬁ”&ftt@ei'rig epiePlad ée imaﬁeve@%@mmmrﬁr}d adifienaliytto a low

ueﬁ&%éﬂérgﬂﬁl oﬁﬁgﬂﬂé‘a% 8V|85 élh%nl'B érﬁﬁﬂéﬁ?%ﬂé ubstrate

rce.” Yn anot her rrang e I nvention provi
arqwmnlsmuhee:hhmben@nd wthmebenn use) ordcowlmgrteé@mtcmjes to

BeSRiTatr reper B SR TR PB Ry ¢ Eled fapes e out of phase
MBI SRR a1 HRIA0SAcPlPR TRy 5! Lol e
mmodme@ by a frishelectrode e aepstaotiallyreancefled by@second electrode,

t d,th t t to.
EieEeb st TR ineesctrtebt B8 I8 i RN i faihghion
HAd prdveriting the forefatiRl oYy aasasth &ffeteflini the teedtrdni@gnetic

pl asma excrtati on reactive inpendence elenent is
poweredistriaioa aiihighpperationakirequensirssotioedighafrearerey source.
side by side with one another and collectively being

| ocated to a first side of the plasnma excitation

rohnoteer bitangehenethesnedsiin padeidesi anplasarad®stce aing a
second side of plasma excitation region, the plurality
eharpecinchigéng ﬁd?fﬂr@@cq glecirede enda P'ﬁﬁ@@a@?@éﬂr@ eRsHye

&ﬁbé&r&%@éﬁ%nf thé r@l’egéh(ferégb'ﬁ' &é(a ?r 2 mﬁ%@]aﬂce element

erein, 1n Usé€, on cou
defi@ngtagulasrad] a«c&atoret/elumentﬂmebﬁtweba tbietﬂcajrce ynahdding

SHPSIEN Beahs pftwindm Felfbee Mogmentof e elrence eféctiode and
e Fe%@H@@ﬂnBé‘n@erfderélém%h?% ra@d@ e'n%b{%%’%%g 8f Ih¢ size of the

cancel l ed by a second el ectrode, thereby reducing the
p@lsnwexmmlon vohunde,ctbe sontee béieg phasagiersed inahabine plasma

Kol TBp 3R AchE s Enbe S GREHES T BT s APl ED gfectrodes
béiﬁg'a"rva?’@édoé?dé\ﬂbl;/'&dwwnh%n@%hé}e&wd’\téllbdh@él‘?fwIdc@ted toa

exenpl arf\{[benbom ments of the invention.Brief

tu@étstdem & PIsnT excikatiinigdumiegthecreferesce elagiiogigthaing located
fgpg ‘l%"reggl%@gld'egéfﬁ%%rﬁ% % th%[%mr%gtmﬁgtth%? E utrglﬁg P[F }é?é?:ttrjog@i forming
t‘ﬂm\ealcgv@nn@édafdeaélémm being coupled to a high frequency generator
and wherein, in use, on coupling the electrodes to the generator, adjacent
electrodes of the plurality of electrodes are out of phase with one another and
are arranged such that any high frequency current introduced by a first
electrode is substantially cancelled by a second electrode, thereby reducing the
net current introduced into the plasma excitation volume and isolating the

adjustment means from any high frequency currents.

These and other features of the invention will now be described with reference
to exemplary embodiments of the invention.
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coupling arrangenent for the LF power supply. Figure 3
shows, in schematic form an arrangenent for using the

w@b@snssosdur ce of the present invention w th apeDEP2001/062175

film Figure 4 is an exanple of an el ectrode
arrangenment that can be used in a triphase powering
arrangenent. Figure 5 shows a typical arrangenent for
the phase_ di fferences between three supplies for use
Rrieh Dascription PddbePraig8sent of Figure 4 . Figure 6
shows an alternative punping arrangenent for
i ntroduci ng and punping of gas in the plasnma chanber
according to the present invention. Figure 7 shows an
E]{W"@ Mes rafs@eav&ittcxﬂﬁdg\gng eqummli]@tiﬁxe renmhh:rrmnopfe}‘r@t iﬂwention.
a saurce ipn accordance wit ne teachings of the .
IBHER LI 1B R mﬁ?@ﬁ?@%tq @1%3@&@{8@&5%@%1 %T‘Q%%%ﬁnr%ﬂﬁmat've
I[?%L\S}gﬁtg'&r SA6LtHY thﬁb%r%sﬁ,sw! ngs of the

ntion. Figure 9 1s an exanple of the type of
EiguceiBtshomest, inmaghdreatics i, anweseargeanerider using tloe psma source

t hi gh-fr. in. ' ti ith li
o e R R W IE 8GR BT of “The o ectrodea
E’g&%@é kad aRes@M Rt P BndedtRRIE @ ghet BEf 8ard bENRWE iR a tri-

mati c of operational conponents of a plasma source
pbase powetog @gerogemeENt an enbodi ment of the present

FREFE S <ttt St & bR Lo R bR B R RS bhff gt e
BuRPIRSEBF USE VithEtie e dtride ymditi of Fig@ieon defines
the ultimate plasma volune and it is within this

Y : : . .
Figyre R shears amalteraative pepRiRg aEangamMenhiqs|iniseriCing AB®
P ol g AERA PP AT REH ST don.
EQfure § ghvoons ate dxainpiecot dewéglting aeigaence fprasselifh @pefdticn of a
el ement is coupled,t 6{ hiq?h frg uenc gHF)gener at or
BYUEE U @@cq@g,ncmtha%a PRSNGSR ObINENRVEM'AD t he el enent

f’ urg 8Us %dsdh%rr?é?f&_tdfod r@@ﬂﬁéﬁtyprSBe m‘gﬁ&%rﬁ%@e withtthé Reachings

@e present description the term requency Is
ohthendeentiam. enconpass el ect ronagneti c radi ati on

E@r OH\% %ﬁg abgq%?’r?@é%{r] e%é%p%ﬂfgﬁg&ﬁﬁ%ay BRI ER4S8TRE Mhes to
provide the high-frequency power in conjunction with coupling a LF generator to
two or more of the electrodes.

Detailed Description of the Drawings

Figure 1 shows a schematic of operational components of a plasma source 100
in accordance with an embodiment of the present invention. The source 100
includes a plasma excitation region 110 provided within a chamber body, into
which a process gas may be introduced. This region defines the ultimate
plasma volume and it is within this region that the gas is converted into a
plasma, which is then used to process workpieces placed within the region. A
plasma exciting reactive impendence element 105 is provided above the

excitation region 110. This element is coupled to a high frequency (HF)
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the radi o-frequency to ultra-high frequency range. A
reference el ectrode 115 is di splaced bel ow the region

wai@sasd9s s optionally coupled to a | ow frequePCyEPLR)/062175

source, the application of mhich is used to contro
the energy of the ions striking the surface (as per
present state-of-the-art). Typical values for a |ow

frequency generator for use with a source of th
geRefEiAr QTrRPes dASI tﬁecﬁi?é)“%t#?n of weighdn tf@@pkﬂmentrbqw@ used to

S R LA e

’;Neqtnémmt iseénteadeetd eotombeﬁsemammnagmeemtramatlan lpoovided in the
re ource. | ne thnhat omn ves |
e TN I B AT SaIsunes ybuk P sglesechiorgarequency in
R rolIens b O R el 3] ke locroe 1151
displacadbkelow the regidre 1106 amdf is(ape'nnalat eoupediza Io\Méretquency
aﬂ._gtheref re q der Eglh n|t eseELtlon bet
LR, e e Aiica o 8 PicTy STFPLRE ST 9% AETE lons
ShRiny @8 g‘drré%e(agber ?aréééfnft Psféit@%ﬁ’-thér e LFypical lv@tlfé%d‘éﬂa low

to have sufficiently | ower plasm current such
freeuenGy aenrralar farepesswvith ésaurce pRthe p@sgﬁhlnwenvpn Is one that

SRR GAR!  hEete PBURRTE ek Mph QR0 nose

mMIud@l%mﬂl@ﬂbya‘ENataad RFRP aperAduancagBrigrgy.i \Withintthg context of
deswablel provide for two or nore LF section in
e presen 'Gwe%t%ﬁhﬁI'WJ@QUQFCMSC’W@eNﬂ?”et’fh@t Migangy drives ion

I
SRETRFrosUte e PapaRfe toidol R SRERnE, WisroR fow
seuncgps opklapla@irseombimation with, thei e le requencoy S(D'(E‘baht |s deswable
B B ehfe Suifererdhle, beihiesn 8 guR st Bethiare e Ards o ereanitude
§é’;5ér‘é%n fb@EWé’er?fhe' ﬁé‘&ueﬁéﬁ% dfi‘fﬂie?@tll& 6ﬁh@tlbw¢ré®eﬂeytaha|the

species in the plasm a control of the energy o
high fremiencyds aefﬁtcle@h TheeLivis lqber@iwl togeayvet $La‘h@poﬂy Ioav&n‘ plasma

f th
bEen SRR e TR pP it Ferbinionrs 251 516 $ipl in gmpgrison to
tHe HEQoWedThen aR8UIFecAntEBUticTis dBThiRaeN Rothel WiltagBen the
sel ected dep03|t|on or etch processes being

@ﬁ@ﬁtr@%% If W”bb,% apprasiiedithaf qelﬁ@lrpa@@m(clonﬁmw degirablyyprovide
fo‘?‘g\%@'o\f“?‘n € rf—egéct'i Eas%wfe%a%?%xfa 8n3|altl ha 056 MI—F)‘; the other at

dua a range
sameting 6keBODIBOOPkE M excitation region. In this

exanpl e, four individual electrodes 105a,

The reference electrode provides a mount for the workpiece (not shown), which
is typically a semiconductor, dielectric or metal substrate. The application of
suitable fields to the elements 105, 115 serves to generate and maintain the
correct ratio of ions and radicals relative to neutral species in the plasma and a
control of the energy of the ions incident on the workpiece; gas transport and
the residence time of these particles in the excitation region play an important
role. This control is required to ensure a correct methodology for the selected
deposition or etch processes being employed.
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105b, 105c, 105d are provided, the four electrodes
conbining to formtwo sets of electrodes 105a/1 05c

wa@pahsd8Hdhs 1 05d. Desirably, an even nunber of PCT/EP2007/062175

el ectrodes are provided ands each of the electrodes is
i ndi viduall'y coupled to the high frequency power
supply which is configured to provide a dlfferenti al

gnal to adjacent or nei ghbouring el ectrodes, i
{rh@%@réﬁ'é@ﬁ wih die p&%”éd”@@ﬁ'@ﬂethédéﬁd@t%@ﬁ”@rﬁ@ 'Sof@b!"ﬁéted from

a Y afi dcﬁlr%lvfdﬁa @Ilee{?{ﬂ@e??%'m Irs%t‘? % e side of

nne applred to a
thet plaémarm&ﬂatmm regibe. Isithisadxaampé) Mrimdlwdsallemetobdﬁsm 05a,

D8 TR 108 e PoaucSbate Sl e SisdeseonbBiY o 1Blm typ sets
Bf‘é@@tr%é%@ﬁgﬁ% %ﬁdlﬂﬁﬁ) 108Y. Dlstra ahte\/éﬁﬂwuﬁﬁber of

consi dered t e hlgh requency generator or drive
elestrodes arel pfdvmle;hamdaleabiemﬁmweleetredm |sehéwtdua|:|¢$:ouaged to the

f
bRty ot BusbBiich I pE iRk plVGs, & Widrential signa
R agjaBemtsr r‘éig’nwﬁl]rhgpéléct%é’é"é i edgfoskliéctrided [BBatelDeside

reacti ve el enment of the present invention are
Qa%ﬁtf@@@eﬂ@n het spine sige QHO@IP&@ﬁjFﬁ@Xéﬁatm regigin b Ehis manner

BN h TR ARBE B s daft s dPodis b EMARUL e Shifal aovtied
o it pamediste heigebbact 85b Thienikiriyensdtu td54 iSEbut of phase with
i ndi vi dual el ectrodes are chosen and opti m zed

elestrode i OgRiangrelpetrede dRoe H;eOLét&ilpé‘ﬁﬁ@Nﬁ%e'SFtr@% 1 05d In this
g)lagﬂt E6e SbASIHERRY thaf FHér h @Hlf §/ %eﬁg%t&e@r‘:&‘l\)’eecreates a

nments do not result
differentidl between aﬂetstdicelemhMaBg thdz t/ewyl hatukeeof inductive coupling,
hese dlne

BRVERDOR e il R T satan e epmPags PR tnf Rsd'a Dot the
ERIM I eléctﬂé‘é%g st meRS 'uqua Yeéaﬁ/esélé@leﬁf oﬁtﬁ%‘br@ger‘ithﬁventlon

I ndividual electrodes is |ess than or equal
aresa@vm“éa@@ouwerthah@esmweiengiha effestsscarsive aoatrolted so as to
wor iece.and i S su s to praovide.unj f

PR pieSp 3 st ReBPSF IS 1Y kaffihe st Hectode
bfoberh & Meh - drdiforfedffadts | TRl inerdliciis @rethenﬁdw@aal électrodes are

there is a requirenent for the equalisation of
ehesamard optimizad gushi that aen-sindermigas onghevcaledepgth efche
SRLI e Yz 181 BEAR T addht S0 PoRAPE o B8 S At 8Lt n

ektdsshe pipsmeaic-edifdririty axtthélsgbstfrateq ue/mnlbe$mgcuawd that
current introduced into the plasmavol une m

froseLimensions Sigh VaRVESRENGINS @ the BreGie @pgldﬂqtlggé‘or which the
BRXAEPLAIrRS is used but desirably the size of each of the individual electrodes

is less than or equal to the distance between the source and the substrate or
workpiece and is such as to provide uniform effects, if so desired for the
particular application. A transformer 111 may optionally also be included if there

is a requirement for the equalisation of currents.

The plurality of electrodes provided by the source of the present invention
enables a control of the net current induced into the plasma volume. It will be
appreciated that at high frequencies any net current introduced into the plasma
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on the surface of the workpiece. This is not
advant ageous. Wthin the context of the present

walcasls®us e wavel engths effects nmay be consi dep€DER®07/062175

causing a potential concermin scenarios where the
wavel engt h propagati ng on the el ectrode under the
i nfl uence of the plasma | oading has a wavel ength

greater t han about four times the effective radius of
Yolems Bgy hsoredecterl thraugh wavelangt &ffests into yalkagmmasymmetries

60 Ebﬁgfe éf@'@ W@%g%@fl’h%nia Fr‘?)t %d(/?r’;ta YENRithin tﬁetcBﬂtext of

speed of requenc
ther pmsehaﬂist:lssanmoxh/iawlengthsrmeeetsemlycbiaeeonshcﬂereb@rsecammg a
i ntroduced into the reactjve

1 t h | b
P isatE O or S aN T RS IEGHE the eI SToRARNING on the
e@ctreeéluweepthé PGb) Sl RYIAIAS 1AEHEHGS AL HeRENGroater

|mt|ng actor whereas in the context of
ﬂmsmnutufwetnnestheaeﬁeciwg radusathhehletdhr@deselilnlsme be

EHEURE I BT oGO i Fi FRRERGTT B¢ Fotherell & the speed

aﬂﬁqrﬁeaeé@m/g r-raeﬁpragtthe/ﬁegﬁemelndﬂér@maqr@asﬁnéohte the
ective. In plasma ed conditions the | oading

elentrogiesd iese Masqueirayrent nlicbiee felovRe el BY the reactive

P nta g e MRy 1Ren HE 8T ot heRloIbBIR of reactive

Iimmsédemo@ élbmbnvd"\ﬁbuldqadeé ahymang|f@(§t0ﬁvmeﬁéassm<1he context of the
effects are noticeable when the 'radius' exceeds 1/1 0
prasent 5@9@5% @S\kﬂ“\ﬂaﬁﬁﬁéﬁh of ﬂﬂﬁ/\ék%ffroﬁ% elgmentgdorming the

r
AR e R pdanee Bleih ARENt g Po e LARORSTRL welelenatn
aeffettorage astitdabld) imespecing @Ifthehﬂm'enshomsdxﬂme eblbctivedes

formng the collective reactive inpedance el enent neet
the wavel ength criteria, the dinension of the

fPhlSka IBSdé@Boﬁﬁltléﬁ@trﬁgloﬁﬂ\’l’q@aﬁ Shusthidle ﬂ‘Q}Uéﬂ\C?%t which the

traditionally possible Throu effective coupling of
wawe@ngw efiecis rbecgrﬂmatmgbtee@rmws at lowes frasgienbies than in

KPS onRURES e LB g e i YieslBoG80 By EheR'® thafsucr

eﬁé@tgtaﬁse AotiEELH | BAHEN Beeradius' @Rc@éd@WﬁﬁﬁéWﬁe@%Ma@
where a plurality of segnents are divided into sets of

wianeleagthy Hawevesasauli W@Clét%i:irﬁa@dég aboxenssig ahe
?ﬁ%ﬁ%g@én té&%?&aﬁwcae Wi gﬁe‘Lera%ﬂ rld wtﬂe;opgsé’rﬁllﬁ\/'& |0P|Lgas long

hation or sum o curr | ntro uce
9k lthe Bieneregioreedf the individual electrodes forming the collective reactive
impedance element meet the wavelength criteria, the dimension of the

collective can be scaled upwards of what would be traditionally possible

Through effective coupling of currents into neighbouring segments it is possible
to reduce the sum of the net current introduced into the plasma volume so as to
obviate these wavelength effects at the workpiece. In an array architecture,
where a plurality of segments are divided into sets of similarly configured in-
phase electrodes, each of the sets may introduce a net current into the volume,
but the combination or sum of the net currents introduced will be reduced by
substantially cancelling each other. Such cancelling is achieved by driving
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substantially cancelling each other. Such cancelling
is achieved by drivingdifferent sets out of phase with

wonesasodher, the net effect being that any phepSEEP2007/062175

effects introduced by one abectrode set are cancell ed

by that of another. Figure 2 shows a plasma source 200
which is a nodification to the arrangenent of Figure 1
where both the LF and HF supplies are coupled to the
diéigeentiaetepeheithasenvitth pae angdarninie NetialecHpeiperibakary phase

BAL:H d&cﬁﬁ%%"tg{ %ﬁglegﬁr})stdﬁ%e?a%b&ﬁceﬂ'eﬂlﬂg@Bfﬁﬂéﬁé&h&‘

|ndepen ently er. coupl
generators to the sanme reactive elenent plate it is
ference

EltiEs 2oiows 2 P BonTa 00 U 98 otEE i g amangement
BY P14LAS 1 AEABTEHS S LP ol HE RGLISLaY Gl fo e relBtve

rence ectro can be directly coupled
gleonard) In thisdembodinzant athgare genefatenand thegLE Igenerator may be

b B e SR o8BSy R i danehgRh Bt e shplish B saupling bpth

HB8Reahcrahe thas8mei reBLiivd 8dmdriplR¥aBIssible for the lower
arrangenents where a noveabl e bottom st age was

plestpdedihetreiignee gleictpdaato Be gessiedr i is opt neressary to

BRI SRS B B e A 88 ¥ o

girectiydtaupled td Giotindpveeid mﬁsag@angémem 6f ermmblingdes réference
requirenent. In accordance with the teaching of the

elo¢EREe ép b@rQéOHﬂW friighlymdyagaasossdr thaf t%@”ﬁi@ﬁ”ng

t
LSRRG, B5RE RN D16 RUBRE! Rof BRaBREH | pnaemens
Whiese asnpeedile bbdomystage arsayevidediinwas tladitioaaly nesess‘ary for

f th
R R ErS e e FLh b
9§rlé’(§§%b@d§r‘1é@ﬁétfh9(/vltﬁ tﬁ@@'ﬁ&ﬁtﬂng Bf ¥H’F§Io‘%é%t5’ée tthe |s no

pl asma vol une such havi'ng one” (or both) electrode .
lomget edeguirempet. II@wscordlanowmn@ therteachingof tre inmentien the high

BeR AT ES bl Gy B G0 haubbCy BEREIRA A S haid i the,
¥ tiv e @Ushéedits dé@l\f@é/%blaté@ fridhd tHeaee s of the @ReNBé maistiBe
HF in differential nbde, with LF in conmbon node, there

partigylady advant&ge@murrh@uﬂéﬁgermarm of changinthive volime tee

é%gﬁ%%)t«g atléﬁgeg ﬁht ‘?ggreb 5 |on éggsﬁfea(?éﬁ%ﬁgpraﬁggments that

afaytdeusdd &ﬁ@lldﬂ@fcﬂ'fmemgihlgih theadizé bet‘rfe lasmaovolume such as
\flw\g\\//lﬁé;%%get(gr %I){h%(:etlesct;o%aet mgLLtee%tog 2 %eﬂ(r)\?/(s:egllowmg for variation in
the gap between the electrodes, the provision of sliding o-ring seals, nested
cylinders, etc, have been used in the industry. However, in all cases, by
operating the HF in differential mode, with LF in common mode, there is no HF
in the ground-return path, and the LF is able to control the voltage between the
plasma and the substrate, and thereby the ion energy. The frequency of the LF
can be chosen such that there are no wavelength effects that affect the process
uniformity. The LF is comparably simple to accommodate for the current the
return-path. Thus, having the HF in differential mode and LF in common-mode

simplifies the design and operation of a system with variable-gap.
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uniformty. The LF is conparably sinple to accommobdate
for the current the return-path. Thus, having the HF

w0 noodiosfoes ent i al node and LF in common- node si p@l/EP208%062175

the design and operation ofifta systemw th

vari able-gap.It wll be appreciated that using

techni ques known in the art that the effect of the LF
out put can be nmaxinm sed in the region of interest by
confining the plasma volune. This can be achieved in a

}fﬁf\?{h ?Eyapﬁe%ﬁ’éﬁéﬁut@%wsiﬁé rt]éﬁ{ @;‘%{/}EA dﬁl&fﬁfﬁez r?]g{rgt tRE BRBEL of the
UFfdtmlﬁmdnabe m"axanlsemmmermgaaon bhinterdsf tbyecemtﬁnnagl; thoplasma

with t | o re lied to a fir
ol I B8 he BiEveD B RaGIell DhERASURH 89 e aTEPle Az
EOMmERL S r’q.gsghbour the ion energy is provided on the
reactive e nt el ectrodes or on a dielectric

material coupled thereto. If the LF supply is provided

She ErC L rein o8 rebUBee S8 B A g Méde. In a
ditfer&rstiet asbde) watht the |@\k/aﬁameﬁ@y %R}hal Ebpweoplrd ¥ firg efdctiode being

pluralltyo el ectrodes king up the reactive el ement
PHl of RiAseoMIthiTRS pds@\ﬁde@m as iromedraie @emf@wariheo@@ enpegy is

PR a7 M ot R Efeshel® SRR G R iy BeR o RS pPEoupied

the‘réteJr #he AF sopgey rsqu/id@dun a evemohahogeethel gfr@atbhibn energy
substrate (reference el ectrode) but mai ntajns high ion
WP& eﬁ&ﬁ@&d@f@f@”%‘? elasioger gind §¢1ﬁt@éfrpﬁb'sdﬁ¥r@¢lﬂ%€fd into the

AR LYo GRS RS R BF PR LG Of QPLAGRRS ekl p e reactive

éLenaaerttnraam‘ommnmen Mdde cayfigurationHidrgfobe contelsdied idror
oupling LF eit node rdlffer tial
RS ar e i Thone warRRISPT FUAtS B o OnSMe SBl ieelectrode. I

mrbé’UﬁMé@t&Sﬁ ih%t Mfférer‘%l%@c&!eeﬁ‘és%ﬁt@% ﬁﬁwé?%ﬁ‘%ner to the
exenplary of the type of nethodol ogy that coul

putpsteate fredereaseieieatidde) bat aadntetrisahighl lomamerglyrte rreactlve

chni.gues such as for. exanpl l.ow s filters or
REF SO S alleRE Toe R ARIB: FeeniRY' sBRiides s
bep&sitior. thﬁlah? tol fRfl de@chilbed WithrEfdpem&s td Pigard h'ea transformer
system i oned above, with the addition of the

f Mm%@l@i@wymmweﬂd‘w peupliBgdtfi oiherl iBreeMEORMAade:or
0
QRRGHF EndtREPLrPefifbleE He IlsFARRAREIRE Iody sed for providing

[Rivall dkl appseiatedt debéing kesietiplary of the type of methodology that could
be implemented as it will be appreciated that other techniques such as for

example, low pass filters or LF match-box components connecting LF power to
the HF lines, could be used to couple LF power into the system.

As mentioned above, with the addition of the low frequency applied to the
reactive elements of the segmented upper electrode in common-mode, the
substrate and reference electrode can be grounded. This allows for the back-
side of the reference electrode, ie that side away from the plasma excitation
region, to be an environment where there is no RF fields. The back-side of the
reference electrode, supporting the processed substrate, includes many
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of the reference electrode, ie that side away fromthe
pl asma excitation region, to be an environnent where

wo b@gms3933 no RF fields. The back-si de of the repfPEPINO®062175

el ectrode, supporting the peocessed substrate,
i ncl udes manyconpl ex, delicate, and detail ed support
servi ces which inprove t he quality of the processed

surface. These 'support services' include a nunmber of
ePMRlRYe AEligaie s and eﬁ%ﬂﬁﬂ SUPRart $eEYess WhidhomAreye thegayaldy of

ﬁ+éb§r’okéé§ecf£ e, tﬂ?w%sé%ﬁéﬂ???er@&c%%* |f18f31%efa°ﬁuﬁ158r 0

pur'poses ransport ( eéctrostatic cfwuck
aoanpeindntsgior keasiphestheahecloantismt foe liftiefgehe Bobstrate off of the

Fatp e Ao (0 e Patasen ! fapsaot al-Plash s restela ghuck
REYod @4 BEnSEIBOPRS el herenpERsod RRTD gy/gflf@rsoae%t.ng

neasurl t enper at ure he wafer a
heatmgaebmemtem thedeferpnoe efdotnodef cealanklnbps ddrntregwvig excess

b o8 Rrdice SBafod. hERPEOTRISHEF TG e
fér@@éﬁaﬂget& tRE GRANSTOSHY/6r Fer@has efittidie, pHAibRLE

surface but are ground referenced. Having the support
seirenioedtage fanhtherereraliomeolitherecirestatic cadeldrg arggimplified as

Rt e GBS ReS oAbty AHE8h oot i on the

QMHS@‘atdIs&@‘é@éibUCSréJgﬂﬁﬂdCr@férbﬁcéteasuremsnt of RF and
DC currents into the reference el ectrode surface and

by contact to the back side of the substrate. Such

9?1 rtﬁ@%”h?oﬁ%‘é'nﬂc?? rff"ét‘?g aP\th @Fﬁﬁ?l@?d%treﬂ b 9% cost, and
vot ges and curren

| m zation pr ocess
redumeblthdaeompﬂmmsftoimtéstgmnnsball éndi hwintegahbe of tlrmcm;:rpg)rt

of the {nvent.ion ndoertl t he hjgh frequen
Senices. ImAdalion aheng PBROissdSasankan iemeasdement of RF and

BEDSlPER ts Fhodth8 Pefer&iitd él@@#&dﬁ‘é%uﬁéﬂéé 8R4 b:yrHorn‘Pé’d{%%e back-

into the reference el ectrode, and furthernore that
sideraf the subsmtghSﬂcfem&awyemantsmquld hetuseddbameasurement of

I Thi s dres having to scal e
(5l Gonaasraritf B I Torshe T AT RSt ot *t he
i nposed high frequency power. In accordance with the
teaching of the invention the size of the el ectrode

Howk basindessteod ghadyriolewingahedeaehiag oéthﬁawe@tl@i AN@f
b AR OE Rid B o BB [ FA B RITIAAE hdtnee o

non-o' Ui es beihg Imrroduce
subétanﬁalkyfnd higheftetignegdeurrent introduced into the reference electrode,

and furthermore that there is no high frequency current in the chamber walls.
This addresses the problems of having to scale the size of the electrode to the
wavelength of the imposed high frequency power. In accordance with the
teaching of the invention the size of the electrode does not have to be much
smaller than a Y4 wavelength of the imposed HF power to obviate the possibility
of voltage non- uniformities being introduced along the surface of the electrode.
This is true for both for the ‘plasma source’ side of the source and the substrate-
holder (reference electrode) side of the source. The use of a segmented source
electrode with HF power operated in differential mode, results in near zero net

HF current into the plasma. This, in turn, means there is near zero HF current in
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This is true for both for the 'plasma source' side of
the source and the substratehol der (reference

web@shsode) side of the source. The use of a SeEQIEP108T062175

source el ectrode with HF paser operated in
differential node, results in near zero net HF current
into the plasma. This, in turn, nmeans there is near

zero HF current inthe sheath above the substrate and .
the Phaaik apeve thageberaie @ngddeto hesafaraeseelestrade. Yghen there is

ﬁHtrILI?'Hu’rre'hlﬂe[Heﬁ eLre \Mﬂllbl el aéglﬁozﬁg&nl tlljé‘g é}ﬂeﬁ‘bé G-

l'arge, unségnented suc
segreeamdeelettwdes:)@ecls lapnben*eﬁegemdeeelmtrda@e supporting the work-
Furth

pBchrE LR ey RDR GeeHP S F S Ha o8 thete o Soizent
ﬁ@\N[ﬂ?e[hHFU e NantRH\F&ls mttb%{a'HFQCGHF@ntCéUJrEé‘tC&?tFJIImg

for n current 1s critical for consistent
tlrmecua*rertirpauﬁ far tpe aistven suuen‘els caitidali for pansistent aperfation of a

BT S0ty A1 B\ oAt g ob I comaisit Dreesit el fhlyefe
StERR dXeloGldr ek il anQEis@thd Bhardriteeg! une al | ows

the operation of the high frequency source at
frequenci es greater than heretofore possible,

REGf cahfelg pf e AT R Bl a0k Mol spws the

ppetetiemasfitive highefrddasmessoyired am@iemgt@@mrl‘theﬁ fh@cétefore
becones apparent wll vary dependi ng on the sur
RPesibls SP%f'%QJqutrf%ioé‘eﬁﬁieﬁg"”b@r@d@%dé@ﬁa B’-‘cWaV&k%nﬁih @ﬁects would

ﬁQ@é‘HbéH%hEé‘étﬂé Yol gﬁ%ﬁg?ﬂﬁgfﬁ\%ﬁ%héﬁgg@gﬁm%@th

requenci €s 1n exc er eas
efibsts aicomesi dppdmentahlllle/raryedeaencﬂmgmetheiselsfaae aabaof the

siieage befis minkebred & deag i GLDETeaURRERERG Ay Sxberience

{MaReIeRReY eﬁéct%‘t ﬁ@qh@ﬁc@@ﬁ?é%&%%f@f@ RFSwiEead 55f0mm

traditionally become noticeable. For processing o
mbﬁraie@ wilbbé efffesigdsatritaqenalesrat atioat WMtz Theee is an inverse

d | t b
(A STshD PRl BRcreRiol flaipiitsttéie beltip HERESTRTAET e
frbqu@ﬁ@r@t whieh tR& Wz elehg@n efedts WUl tradftioBd e bbeome
consider as a |ower boundary for wavel ength effects

aatceabie thsmsocessinglekvaters or ofarspstiates whererthe wafers are
88&:‘&9%% I%Fq%rd[nma{%ﬁel%ﬁ’lhbé g‘f)@i"@t@t%d Qﬁgtetﬁgtfpéqgeﬂmes wa drop.

excess nore so I n
iQakte coiwderkdrteetdicrethat 20Mehas ahrgsprepiateSigote tdeonsider

s W lower Boondary Tor wavelndin secis and yet theré is 4 desire in
operation of plasma sources to drive the high frequency generator in excess of
that frequency and even more so in excess of 50 MHz. Therefore the
operational frequencies of the high frequency source may be considered in the
range 15MHz to 299GHz optionally in the range 20 MHz to 250 GHz, and

further optionally in the range 25 MHz to 150 GHz.

Operating the high frequency source in a differential mode serves to confine the
generated high frequency to the reactive elements of the segmented upper
electrode, and to isolate the substrate or reference electrode, and chamber
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range 15MHz to 299GHz optionally in the range 20 Mz
to 250 GHz, and further optionally in the range 25 VHz

wo 00085859@8H2. Operating the high frequency soureer/EP20a7/062175

differential node serves ta4confine the generated high
frequency to the reactive elenents of the segnented
upper electrode, and to isolate the substrate or

reference el ectrode, and charrberbode/ fromthe HF
bady &pM thIGtHF§UH§§§||b'ISéDQS§'W¢1& breseferaanhieye igropombardment

PR, te Qding e Ak oy gl Reraldeop@¥td fiNgRMequency
SR e o P 0P

generator, operate quency’ gener at or
gecegsorah e‘xcesmeﬁfré@tservdm whmae/wbeelghgtreéﬁ@cis souldubel

becnsnderednrmall to one a problem and
RS OG R auy R Beeotets BT rehiat Taema gr! gffects

RRLCe§. can be operated in either VHF or RF nodes,
\)ﬁ'\}lltlth tﬁe di fference being that in VHF node the hi gh
frequency will couple | nductively whereas in RF node,

Fhe dsonealOrsahn ek 28R pe kel i RPNt by RP RS win
trfed@iﬁbret%ectbéﬁ@ ﬁ’feﬂf'm WFarr@@@atﬁewugwfréq@@w\gm cobpld dbictively

one can fromhigh to | ow frequenci es_and vice versa

whereas inrlk madent \Mlﬁrbelmmb@dm@@mtl\(%y Theagkiliyrto change

AU, AT PP 46 BoBERI e ieiretor Hofgh e 83 ge 1o o

vapddttiveagisenange, so shatdre elregs frodenhiyerte |oWiftddgaedcs dmd vice
the prior art arrangenents. Although the actual
V@@au@ﬂwta@smné Hof‘ﬂié“fpﬁﬂlﬁ’f@h & ‘Mh%t@Mﬁrr W@f@c‘iﬁ@@t@ent is being

FRARY 0GR tF\ pl2 It t} ptaildd1LBhgtdheAlorkpiece, as
p 28 pldiige Risditg

requenci e out asma di schar gé
weufd Iemtmemn&h@ryglerﬁbxﬂlddeahgrduﬁﬂiséd dsnnaherpdof adat i on

to that descri bed retofore, the prese In

b Pab0ag0 i UhBian i Srieb et A arAtes MAUatie ischarge
BRESMES pRRRAARENt R rﬁ)t%'x%ﬁ‘i’c' |§%od§?ﬁrtﬁét'éi'?req§@ﬁble§ of about
sw tch rmde operation i1s a dvant ageous in that it
poeMliHz, éhatshebtasma d@cbarg&lsaured@ﬁlrtait@yMuatlhelwde@d

so as to yield an "effective frequency"” which wll
determ ne amount of inductive coupling. The length of

I ﬁﬁldd?ﬁcdti%ﬂ%'tﬁﬁt @ RABBY Hesetofdrk, ihe prageht iabemrt 896
state, i.e pl at eau regi on, woul d control the ion

BEvitiasdios e blﬁe&cwce)fo pReralp led Swited edreas grBosEd the
§%E§%al 8pé+$ﬁ Buth é%@@ﬂcﬂ?ﬂo&‘é bRBARITRNL adb88tagBYES in that it is

el ectrode
possible to alter the slew-rate of the switch region so as to yield an “effective

frequency” which will determine amount of inductive coupling. The length of
time the reactive element is left in the high voltage state, i.e. a plateau region,
would control the ion bombardment energy of the upper electrode- and if the
source is used in a confined arrangement, the lower electrode. The choice of
the value of the high voltages is useful in that it controls ion impact energy and
assists in keeping the upper electrode clean. Control of the period between
ramp ups, i.e. between switching, gives you control over the power deposited
into the volume. Switch mode generators are very well known in the general
electronics field with well defined characteristics and components. The ability to

use such a switch mode generator provides for a reduction in cost of the plasma
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the value of the high voltages is useful in that it
controls ion inpact energy and assists in keeping the

waoip@ens®wbect rode cl ean. Control of the period bet/me®n7062175

ranp ups, i.e. between sw tishi ng, gives you control
over the power deposited into the volunme. Switch node
generators are very well known in the general
electronics field with well defined characteristics

aPrceo RyYBe Aade generalars ety cheargidhan dhe gadixptenh sinvgeidal
? ngéﬁéra%ro}ég%ﬁtr&ﬂlh 3hé%%f’ét?%rfeqs%%§é rfnoﬁlgeeaﬁll%from
sour ce- enerators are cneaper
tHeeREqangalt@hlLtre‘a Hlnglsﬁramlenbmse(wl-tﬁe)rtbembmjrproﬁxdlng the pOSS|b|I|ty
K Bt PRRCSS TR BT URDRLOT e Tasoq [EBEER () Anexample
bPleie Bf SWiiEh Adbdd GpdArish R Shduin HPFIGURE 71ATer!iPR&HRwn on
chem ry an or t ctron tenperature Te.
Eigunp(7e tbat a hanay pkatezau segiot maypoie popéded hawngsrel:ahmhy
Fi e 7 it
Pastat fBace 1 vBlre ShEs s A Vg it Step
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betigred férend/odritagiedswi t ch and t he eI ectrode whi ch can
be designed for and controlled. Figure 9 shows an

exanpl e of the type of circuit configuration that may

F@Iu‘r‘é @dsHonsoér?lékgﬂnBEaFéHﬁe t?p%l% Ei@é&g{%jﬁlﬁﬁi’ﬁfﬂ that! ma'a/'be used

S arrangenent generat or egatlve su
Woamﬂqgasnpdsatswtehsum ;ap@ra’.tlenarrethad arrsmgerobabd Y F generator

BT fegate, Fummu B0 REra BRFIDK P GEA Bt S EHhebp coupled
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switch used is a high speed swtc The el ectrodes can
bemerds Vo doalor ynarewniitieel etestnodes 92dplds bpimenpilat asy switch
can, be rued'n t of elcrodeSV\hlhvleIaII
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l?é?s\ﬂ)@bﬁv’e L‘Qpéllé% cﬁ'%'Eﬁn Lt)éJPFdUHeUQh s*ef@oﬁéveb@diwé‘sgwﬁmﬁh \Xn'ﬂ%ll be

sel ected ones of the electrodes to be sw tched

gwitehed ate@ekgﬁr@e 8§61 Foff ETidiwvepgemen &%S@ﬁbatﬁdﬁ@ﬁhe FETs to
%J)tjwtp(ﬁttﬁgiéﬁﬁtchﬂ ! on fe(l)ev{tﬁg oﬁgggoﬁ%q lal'e'afrﬁﬂés 1 H? !sﬁﬁtched is
pply, ive

nasrmilar € posI
g gtepiyheioly talmnﬂeglﬁﬁé 985 slihphé embodimantillustratedan Figure 9, the
transformer 940 to the FET driver. In
control line is coupled, (in a similar fashion to the LF supply, the positive supply
and the negative supply) via a coil of a transformer 940 to the FET driver. In
another embodiment, where for example the control line is provided as an

optical feed, it may be coupled directly to the FET driver.

Heretofore, the invention has been described with reference to a plasma source
configured to operate with a planar workpiece, where the electrodes making up
the reactive impedance element and the reference electrodes are substantially

parallel to each other and to the workpiece. Such arrangements are

advantageous and useful for application in the semiconductor environment
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anot her enbodi rent, where for exanple the control line
is provided as an optical feed, it may be coupl ed

wal2oososd9y3 t 0 the FET driver. Heretofore, the i POEREP200T062175

has been described with refierence to a plasma source
configured to operate with a planar workpi ece, where
the el ectrodes making up the reactive inpedance

el enent and the reference el ectrodes are substantially
WheEs pdlanas wafehisgrmuidedrar elghinge Hayravsr éde kneyprhat plasma
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unw nd station 3 15, passes through the plasma source
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gigvdien enusifriapesnizeowrsh éxtendud bred . eTHe) mamge:iﬁsnt of the
that make up the reactive el enent enable the provision
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provid hi gher density  application wth
Hevil @etappgedilam thatsuweti 8o namangem’ent heyaapd |bednpd degdor

blostia seragns AREE Yhas, uidhis: 2 afiBo L RPRTERRS, 87 the tie
hets Siidlaneoes pRecetRirRs bl ases SRS ifEe. AikeugheieLF

si mul t aneous processi ng of Iarp‘%ee areas is required
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ﬁb‘&s?djoot fhat 162 Wﬁ'}er% r’ﬁllz—ﬁJ tgttﬁaftc’ieds‘@nb%d th%‘i‘@fﬁﬁ%é? % Figure 2

n a manner sSi
treft eheroeild a|s6lrwweea ubw heguarsy feedlthroalghahdapeenrdaetive

frequency feed through the upper reactive

elements. A feature of the present invention is that the source can also be
extended in the direction of travel of the material. Thus the amount of plasma
treatment of the surface (etching, deposition, modification of surface properties,
etc.) can be controlled by the physical extent of the plasma source. This further
enables the integration of multiple processing steps where the amount of
processing being done by the different steps may be individually optimized. For
example if the material being processed has a velocity of 1 m/min and passes
through two sequential plasma source areas with physical length of 25 and 50
cm, the active processing time for the two sources would be 15 and 30

seconds, respectively. In this way an electrode arrangement in accordance with
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el enents. A feature of the present invention is that
the source can also be extended in the direction of

wo e@smebsoes the material. Thus the anobunt of plBSTEP2007/062175

treatnment of the surface (atching, deposition,
nodi fication of surface properties, etc.) can be
controll ed by the physical extent of the pl asrm
source. This further enables the integration

e &eash@gﬁroééf&gwﬁgtlgm 817y b Brvidey i %@Imewons with the
B0 310 01 e L S RSB 3 e

belune, Bnabksg actontinuauy pravessingalt alweb misrit manvklp #weagh the

t hrough two sequential plasma source areas with

pPY&fcal |ength of 25 and 50 cm the active processing

time for the two sources would be 15 and 30 seconds,

respectively. In this way an el ectrode arrangenent in

gectairdapp eations ey neqahftaith’n@susefof arcmri/ed/ pmdeeaingaa;eaeThe
e in econd. di nens

Bt yeBto BenidRe B SERn eothasia B TR 6140 WAES A the frst, in

BASAAEHSIMPA TR h aEOSYribad \Gitte Eéfél*err%@% i @rees shé thvehtien
vveb as it travels through the source. Certain

Hijsescasikstantialy nlerrn arrangrmentolsractieglgments to process a

BB BT OSRD oA GINS BRaPEGHIFR SBkpoqres

withneé teadhingy oﬁthetmeserdeﬁmntbﬁdwwewtrreaéca:ree @eulddbe applied
Fi gure 3, the invention utilises a substantially
9 BerRmP! agiar PRt Molumes: &abtis exampia may be aﬁvm@gg%s to

EFHchféjaM%Té%Woﬂ%ecoangfﬁt%ndthﬁpﬁﬂ}?Ré%oﬂh@ﬁreﬂ%' A% 0 ngmar

rrangenent in accordance wt ngs o
pomf&gamatlomeehen lnmarrahglng nldarmrsajectoccdesaulajncbrepmmrimdmetry or

| | In thi [
BV A8 Fechas. dherasmle i Bidbie gy o 48 trmer
hﬁﬁﬁ éﬁ@npﬁhé@é'pﬂﬂbﬁ% df'ble?hd?%cﬂkﬁi@%rare arranged in a hexagonal

confTguration-elther arrangi ng planar el ectrodes iIn
elosemack moafiggratioet40p |oclugrrxg\ﬂ gluﬁgltyi@iﬁmdl\adml hexagonally

i plefRGaES 368! Tn s BySiife, a3 R4Se e siedRniam is

@éé@@g ppbBed AR Ipush QRM dRREHtIGHOST ﬂh@%@ﬂ’l?@fétl@ﬂ%f Figures
including a plurality of individual hexagonal

diterdnane wegh & & H@(h\é@uai(ﬁ;’f:eCterQSHS SOoURIgAPP A r&&psctp\rm@@e of
H{ﬁ %?egg;“lgt?:g%zmebﬁ?%tg Bg ﬁ?la%%ﬂ e‘fj f % tlegﬁegt'l\fe% o&/gp the

ope |gura i gn’of gures
amd)od&ﬁéntcxﬁf tho@révidiy Fituags eletio adﬁeeemseleauwemarteqnqahase

\rlvﬁiﬁ %%Cetér}/oethgrr-]%ece)fﬁgure 5 for an example of the output configuration for
each of the sources. To assist in current balance a tri-filar transformer may be
used which is advantageous in that it allows for the provision of a low voltage
above the substrate and an equalisation of the currents. In other circumstance,
it will be appreciated that certain applications where it is useful to drive a net
current and therefore a net voltage intro the reference electrode may find it
advantageous to have an element of current imbalance. It will be further
appreciated that the examples of two and three phase sources are exemplary of

the type of frequency generator that could be used with the reactive elements of
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the three sources (identified by the labelling 1, 2, 3
respectively). As with the enbodi nent of the previous

wee@aene®93 no two adj acent el ectrodes are i n phpSEERRIDN062175

one another- see Figure 5 fisr an exanpl e of the output
configuration for each of the sources. To assist in
current balance a tri-filar transfornmer nmay be used

whi ch is advantageous in that it allows for the
BreoRrfieseahinyention and (Aticegeinebes apRicCaigRSthaY EEQUE sayrces

BRI SALHAIIAD o EneHEIERERask Bupbljer ci T cumst ance,

e appreci certa appl i cations where
it is useful to drive a net current and therefore a
he reference electro
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BB kel Pienp ol TRE ek ReedB A einupture 805
Pho BbANMEH Bbad Y SO e@étﬂé%n%}ﬂﬁ@aﬁé@@f ¥ pldpeaebatiifsto

enabl ed by the el ectrode arrangenent of the present

intereat swﬁaqe&nybépgg@dlons speddsdotie cealings trepippaof

AlGEthel oSl o e 5O RnBERTp Bllot sutea to
somvetHtionel ﬁl@éMaSaWh@dhd@l IlafantFkIIé reratraht prol@nslolided by the

The wand is _used to insert the structure 805 into
tysnfierdhe RfadayPerraviechigsply ﬁhthérﬁ:lﬁ?tﬁ%q @t,r,uq;preaor could be
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ottle’coatl reat nent autonotive an
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9?5&”8’1‘65@%%&‘&'& y héhédl"%r@'a%hb@ﬁ%n%bl‘ H‘HIWaﬁt)P(Sf a segments

could be generated externally t e probe and
arrangml abeut ihevauriace oldinel sploenech eomewhtat ginailar\ ex dnphe
structure eri

| h
Aratoeagsof sl bl BrdhehBlgh L8 srarirah plane Wip spference
&f a bpRefit s igedtietB L8N ifeBddd b8 likith@in tABOSSRY tdleftrant probe

hem sphere arranﬁement or a plurality of a segnents

tat éﬁw@%eﬁ@@md WHB as@ﬂf&i'é)éobﬂ%'eﬁllﬁ@d%sph@W@reds@hﬁghéﬂequency IS
ﬁl'té% tt9e gngérﬂB!agseacf H%e[HSQ)E)B%;(t %{ﬁ% E)qeg@h mvgﬁﬁon

descr |on PR Enlrant erence

spherl caI geonetry is not i ntended to be limting in

t hat an%/ re-entrant probe , , ,

Although the plasma source of the present invention may be used with known
gas distribution feeds such as a shower effect electrode with radial gas flow and
pumping on the perimeter of the plasma volume, the present invention also
provides in certain embodiments sources that utilise a gas distribution feed that
enables the removal of gas away from the lower reference electrode. Figure 6
shows a portion of such a source where two adjacent electrodes that make up
the reactive element are illustrated. The electrodes are mounted below a gas
feed chamber 600, and the gas that is within this chamber may be introduced
firstly to a feed chamber 630 through an entrance conduit 620 and then into the

plasma excitation region 110 through a plurality of apertures 605 provided in the
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that is inplenmented with a plurality of el ectrodes
powered at high frequency is intended to be

wenmenpassed within the context of the presentPCI/EP2007/062175

i nvention. Although the plasma source of the present
i nvention may be used with known gas distribution
feeds such as a shower effect electrode wth radl aI
gas flow and punping on the perineter

etﬂctrﬁées Phihepyegdhgt wit\Renknam i ’%@Ssrsﬁﬁ'ﬁééﬁ theh a@éfqrauewstlng
gﬁ‘mghﬁ%ﬁttéc@@cﬁé@ﬁ%ﬁ&@ he é% h%§ eRte¥as irft ?@é b%ﬁg’% region

eed t e reno gas away from
il bOitrthee flowsrtowasdsea graudel pletey6t@ pforstiogs gapexit 665 abbve the

Sclides b BmA GG AR A et Bt bty
BORE] AT IR PaSRVcRinBThaNED SHRTatingfc PesERAy BPthe plasms
'refonrmingdlemiSiregiohyThls runigiog ocflthaergas aﬁ@@ fedm d:ln@laxsa'tation

th
0BTl nanS el Bhinso§anatdos WoBohid Bapape sppstate
éeﬁgnféate@i of tha réﬂéeahcfécaé@ﬁ@@e qt rta?tbé NOedshaf inhld be

known to those skilled in the ar romexistin

gHangementiwvhethine! g@ls rapeed awr@atbereé%ct@ﬂe@rt@d;qahtf@

besufes b Bel ety oo lER as PMEAL BB fig tie. Such
elaslectoidadating & shawinpstefiplngnhe H&Gatf ier thergasnbut the exact
plenumis electrically isolated fromthe plasma vol une

?hf@nbewwaémgr@ui%armeye@ﬁmggn applﬂq?élom asna
reformng in this region. This punping of the gas away
fromthe excitation region obviates the possibility of
tthvéll eecEpgpnecigas that ehathas bean tdestritedidrgin Bt nbwipigsma
treate onthere eren eletrode

Hadee SN proRe< I oA Gt & qepoSiian eelsiage spacing
Qﬁ@kb? Soliee d%t@&ﬁtfd?\d@éslgr? aﬁ@/%tr atchﬁe §|é‘r’ﬁérﬁt§ deeh ‘Mstd%p%mtors

dielectric materi al such as silicon dioxid
ander irsluctors soi as @cprpw@edoaam@trpﬂe@ hoifernaity pr@mlewplagma In

h f h
o Sei LBt Bis L e e 1 abe FETIERY tlg pleSia at
B@rtémDé?@hétcﬂ%pbh@étldhﬁa*sutﬂﬁﬁwabgéécﬂé%@rdchﬁﬂaﬁe%%%r@ ré§ions of

a new plasnma source whi ch provi des for centre-to-edge
peamder @éﬁ@@l danssition ag erresedetogphel. thanaprlicapenemay require

meséérjng 61% agféésgtﬂegan%/ %tea%tltjh%ﬁgﬁl tﬂgeéTé& O&dé%%%fe been

capaci rs an ors so as

desttrrt:@dl with tégefrdﬁmekﬁnmarﬁndmbcpmm |t lmll berab@rét:lated that the
plications this can require a difference in the

5@@ffgqrgthﬁ cherenpios snapesific application can be such so as to have the
electrodes arranged on any arbitrary — shape plasma facing element including

for example flat, hemispheric, dome, convex, concave, undulating. The
electrodes could be in direct contact with the plasma or could alternatively
interact with the plasma through a dielectric window provided from materials
such as SiN, AIN, SiC, SiO,, Si etc.. The arrangement of the present invention
provides a number of distinct advantages over the prior art including:

Compatible with HF + LF independent control of ion energy (Eion) and ion flux
(rion)-
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certain regions of applications, such that specific
sel ected areas are regions of greater plasm

wale@essiovdn as opposed to other. O her appli capCDEB200BY62175

require the sane profile aeooss the substrate.

Al t hough, the el ectrodes have been described with
regard to exenplary enbodi nents it vvi Il be appreciated
that the configuration chosen for a specific

App1abity IoscanRoneRE de Wb alliews W%N/G'mﬁ@s'@m it plesngscontrol,
BpiRNREEn R ofRe BePhl ot d TG RO LoRE b agma gensit

endvexenemycave, undul ating. The el ect rodes coul d be
in direct contact with the plasnma or could
alternatively interact with the plasma through a
A‘s%@‘ﬁ%d |vueuéﬂ‘ él@&\‘bd@s%bﬂﬁ% Jepf 8 (ERLAYd éie?néﬂ?ﬁa@ée Si N
he arrangement of t
pmnnedwsmatl,l and meouhrrmlcmsrm‘rtbwe o&n die§ne theg plasma volume

th t
3 RO351E o 215 Vidk AckiBbne schies biH ™ SHol RERBEH (e pny
mqindl%] ridntdtn |{drrrpp56wé'ﬂ1éblﬁ:h’|hPlfﬁdfn P i6GiRRIuEl erdctrbdé or Bafr of
| ows a new di nmension in asma control, nanely
@@@trpdes gpes net frsdiria neNeyn Ifgrrrnyplaﬁmémmalt ¢ laigengnaugh

HloTH{ER R i Al ST REE Rl B BE ErbgBhet as ach of

tHenmakiduze élehnats .arangddides |dlsim1ma®ﬂ$e dfstérh@sr%qoﬁléd within the
define the pI asma volune it is possibl e to provide a
B\aéglﬁaV@Hmec er H’Eﬁ/@Y@aﬁ geRarates piashza b %%Ualﬁ%ﬁ is reduced.

i ndi vi dual non-uni form power coupling from an

i ndi vi dual electrode or pair of electrodes does not

T he wbluréenmiag Mpeuuns ddowith sUbsmaed@rﬁsmarw diffeeent airgensoons gh it may

slstagcefromthg electrodng ?ffﬂlflca”g it V\/I|]Lf
REOPLYYEY torREpVids NURERRl feNealor eGSR PRIYET depsion %‘fté over
éﬁ@%&fi‘iédrhr%b%dt é’saéuéﬂ"'% s‘i’ht%b@%? Iefrgg %‘ub@ﬁaﬁ@st(b()@mhﬁ‘ @afers,

p asnma vol urme for the overal gener | asma
Eflaltexies alsd ﬂEdUtEédThl'Smi?@t&.& @mphtﬁgd lpeotmsecsmlm@from one

subst di fferent dinensions as it nay be
|5ﬁfqu&§f,rg% rﬁ}a%r de nini mal centre-to-edge power
deposition effects over an extended area and as such

is suitable for |arge substrates (300mm wafers, FPD,
pinilanye shexpassibilityl ofiusing ighsregienCy SOsTeRS ipfadantageous as

BhEE&RTtnd68% tob AMbRRFEL Fhcs 1B $héh thé Brii¥sNEhuired, and it

is possible to go to higher frequencies than heretofore achievable without

introducing plasma non-uniformity.

The source may be used with gas distribution feeds similar to present
generation systems or alternatively may be used with a distribution feed that
minimizes any interaction between etchant or deposition by-product gas and the

substrate material.

Reduced system cost as lower electrode can be grounded. This is particularly
advantageous in that there is no longer a requirement to provide a high
frequency lower plate, which had the requirement that ancillary equipment
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Simlarly, the possibility of using high frequency
sources i s advantageous as one can choose the

wopesasisenal frequency to match the process repti/ERDNT/062175

and it is possible to go taihigher frequencies than
her et of ore achi evabl e wi t hout introduci ng pl asma
non-uniformty. The source nmay be used with gas

distribution feeds simlar to present generation .
goedeaio be isalated it gEOYNchayhaseas fraicqitigyration of the invention

Bhabies e pARIL S aBRentdbELAENRRY | O Shac and ¢ he
substrate material. Reduced system cost as | ower

B BT oS Wi ) R 4 2o v
E\ﬁitBﬁ-?Ndd%e?é\/tvﬁﬂ, HhiéH Sﬁr'lﬁ‘ EWdé BRERe 3R, frkéﬁ‘th@rﬁk‘kifé?gt 5 MSver

requi renmen at anci ry equi prment needed 'to
casgil AoddF thronghlowedeleatiede s varahie ghp gaseritoengineeheAs the

LPhuaRe B RS B 0BReLbE BN TRld Al o
FrfsiRied eeyHEREUH teough dhahtRer HedlC o TREenRESlasial sHould be

can provide the necessary frequencCies at a | ower cost.

lass kel Ho QegHT - IFsiher@pesttheels nedongen diel redgispmeasicer
PaBPAERE M R 0P GO M Sl of it amoer

the HF return through chanber body, so unconfined

| asma should be less likely to occur. Furthernore,

EW@U eejundesstpen daat the dnvesdion rsredes (@ Ruralihgeirhypically
' f QL i .

PERHAA huFdfelat ienl s e TBRAERE, B ouplec
pubof presefwith phesabiter. biwilbbg sippatdigtedribatif tuakbdjacent
dj stinct reactive elenents wth | agent el ectrodes
Blechg060 gt caupbin ahanmaud oia andfibr btk N aedhiasemble a
BRySeRaatFErathd 8 @ledtfodeand®hActith aeéiﬁﬁFerlgﬂcj%? elé@rode will be
coupl e”in phase with one another that they 1m effect
oekeiniaseawighits iroaiedjate aneighbosirsigl e el ectrode, and

that such a single larger electrode will be out of
phase with its i mredi ate nei ghbours. The reactive

Fhemeadtivedletatd oMABLIHAShtIBAYMBE bersrsided in @n?@bnfi%uration or
configuration or array structure, for exanple a 2-

arpuplroeture Hearxamplecd 2rld amffycar linepr siruciure whigh may, it will be
gggﬁ%@dﬁe@e sOfed Wgﬁﬁqqé?or‘ﬁhg‘ﬁé‘ﬁdi%‘ oAGRE LN NGa Rk FdGiired. it

on Tequire
will be appreciated that the configuration of the present invention provides for
such scaling while maintaining compatibility with VHF/UHF operation

requirements and performance levels.

It will be understood that what has been described herein are varying
modifications to a plasma source that uses a plurality of electrodes as opposed
to a conventional single electrode approach. By implementing a source in
accordance with the teachings of the invention it is possible to provide a lower
cost per wafer, have higher yields for etch and for chemical vapour deposition
(CVD) in semiconductor and flat panel manufacturing processes and is
scaleable to larger than 300mm wafers and for use in large format displays.
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wi ||l be appreciated that the configuration of the

present invention provides for such scaling while
wo00snsd9ms ng conpatibility with VHF/ UHF oper at POTYEP2007/062175

requi renents and performance |evels. It will be

under stood that what has been described herein are

varying nodifications to a plasma source that uses a

gl urality of electrodes as opposed to a conventi gnal

vRkRdvaniages ane Qib%rr’so%f@kposgib"? ifﬁﬂ YRty o reasongrieeuding the

A G2 ek Babhol FALT OB 1ol N BALL Gorltfol

possible to ovide a [ower , have

thrgh@m ggs eludwping arrahgaments, faonedubtnm tatdgeapfiects and by

OSI tion n sem conductor and fl at panel
Wf%@'a?m%ggqsﬁ%t&%egmaﬁdlowsp@%@@é@met o | arger
than 300mm wafers and for use in |arge fornat
di spl ays. Such advantages and others are possible for a
tarétofore difie insiiddual alectraatisiyat aee desaribebzs mhaking Lsthe

R T R Y R
§@@§cé§ b HeSs @b edof tﬂe%afweoﬂaem@&h@%n@grﬁé 'e&ﬁltatﬁjrﬂ@gﬂ)n

w pl asma volunme. Heretofore the individual
Eh@é@@@d'& of et indertianeglspiaiewsder ngknagifigatiemef the topography

éfg]?]éH Y ERTB MDA B83E TiRGHIRE tolhid ohShEF 80fECLS such

g eort eremeplE alimplest Mae Previsnexfauchttopdgrapby mtreél'é‘es the surface
teaching of the invention also allows for th

AtRS of tBﬁtﬁugﬁcﬁfOftth*?é @%W%\HHW& Irs%m{aghwﬁfaéf@% plggma
t f.
CRSAER BB I G pAsod AT e gl feBance
tlepoataplayive ltm:trmaweskadm susitmatathed iobeingeprecessmoiewithin the
at el ctrode which is in contact with the plasm

f ot
Shambat ¢4 bp yTBRSS] TPt ARy THBOS Y B e IaToRgnumber
Of iUk Bt R BR85S IS R4 ol GRdIBt ine

kpi ece or substrate tha bei ng processed wthi
tnigévidure rebectrages. bethiswey asdifferpndiat bnghtfmuencw caroonon- mode

B R A Srbn 8L Ehe BATER, SnehBes bRy ot
s86thehitdicd celr6ddd Rans that fidths IWNfr@qlfbrfcnyicﬁ#ﬁttdfaJleW*tf%‘ area

frequency, common-node | ow frequenc¥ source could be
Eﬁt@\@fdﬁm)edﬂh@@ elamentieivprkpiespds 6gY1.0n areer Wegmsiie dapt

B 8 AR B W AR by iR L B ORAP RO Bl tne
e area 19 o ance el efren ece
sﬁrfamis df.edom elédted)dé i #nsgloe adiEdent to that of its neighbour is co-
planar with the corresponding region of its neighbour. In this way each electrode
surface may have a first planar region, a non-planar region and a second planar

region.

It will be understood that the teaching of the invention provides for electrodes
forming the reactive impedance element being so arranged that the
electromagnetic induced radial fields (parallel to the surface of one electrode) is
demonstrably co-planar and in-phase with the electromagnetic radial fields of
the neighbouring electrode. Depending on electrode spacing, the two
electromagnetic fields may be linked by the electro-static fringe fields between
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coupl i ng between adjacent electrodes is controlled it
is desirable that the surfaces of each electrode in a

w0 e@soss9aslj acent to that of its nei ghbour is cepl/aPEN7/062175

with the correspondi ng regizan of its neighbour. In
this way each el ectrode surface may have a first

pl anar region, a non-planar region and a second pl anar
region. It be_under st ood that the teachi ng of the

fheeeiacen %é\%lfﬁlﬂf@s Thep. by senfrellies thefraguendnée pawWel ve
e P et T 8 Do P E rs0Phet SPpenogn picre of
slecfrastatioffieliseparpendicalde Yo ite dientrodt salfbges Gowlfestarency), or
SR e BB OLDRE) Rl BB
O eRurhD: oSt at o fringe 1ol ds betwsonthe o

adj acent el ectrodes. Then, by controlling the

ShEH SR numiRe B Hilerd AREMERG S WP 43616t &R ¥BTRee n
atesHEASE QlithGhé teAdindLoPBRAh GaHtRIN Has bhéeefR! Beddeo@elude

surfaces (low frequency), or_electromagnetic (and
plastia elshatVE fandrigedificatiens ) The leftas apelicatial mogification, is

eI DroceEhd R R S Bt BefBlEs b used o
effsctrahainges W the $lrtadecgobers ¢ffthé RabstratenThizmbade achieved

benefit. These include plasm etch, CVD, and ,

Ry &hangingitae PhYﬁ'Qa'I and/ay C%B|Cﬁta'tqp@ﬁt_,le%fdhﬁi$@5ﬁai08 iyithogit a
I

(B oo R RN Foroy 2t BRinaBirfal Fork P8 he can make a

sunfa@e kygrophebicicrhydfopHiléc sinsly gt éhangimgstheegarigging bonds on

chi eyed changing the physi.cal and/or chem cal
Biepis puBEaPe I biera B NG WaR) pESRBLSRET Spfhat water-
H8883 bl L BaR be RERY 8bnftinfE bbiffcatifivis SNRMIPfCctiBASIZIng’
can make a surface hydrophobic or hydrophillic sinpl
ppd/ioh drasisivatinge \Withil eaeh olthése direelecwalegyheadiogs there are

lipids -, for. exa e, maki wopl orb water so that
PP Lasti RO ey B0 Y8 BB Pan PURR P
pvehien. Suarcap@ratibas MEludgla8ia Steh svafat fabdicatioN E§liPment,
each of these three technol ogy headings there are a
ther usa 9f piesEgRIck i thenrrodhatiort disceete dlisplay sdbsteatemand

; oy . U e
PR e RS L BT iR BB 57 ol o ol
photovoltaic substrates, CVD used with discrete substrates such as
photovoltaic, architectural glass, aerospace coatings, medical devices,
automotive applications and CVD used in roll to roll applications for example for

use with paper, metals, fabrics and plastics.

Therefore although the invention has been described with reference to
exemplary illustrative embodiments it will be appreciated that specific
components or configurations described with reference to one figure may
equally be used where appropriate with the configuration of another figure. Any
description of these examples of the implementation of the invention are not

intended to limit the invention in any way as modifications or alterations can and



the use of plasma etch in the production discrete
di spl ay substrates and di screte photovoltaic

waenipshsaves, plasma etch in the production of POI/EP1007/062175
rol |l photovoltaic substrates, CVD used with discrete
substrates such as photovoltaic, architectural glass,
aerospace coatings, nedical devices, autonotive
applications and CVD used in roll to roll E}Ilcatlons

sy @(m@gpéwfmut@@@awrmr@aﬁbe SPifi045§0P¢ ghrecigvantipn. It will
SR Gaod ) BTN LI NER | A 123, 58t as may
beledneshhecassary inl thbdighpef tbei aptpetidetataisygeci fi
conmponents or configurations described with reference
to one figure may equally be used where appropriate
thf e ReEGS Rl O ebrpReh find B W sopctcaton ao
specifyrihe mresencer ef siatedi faatmelsz,dnte@ers reteps brecompengnterput does

in, an as_nodi fications o alteratio an, a

B8 AR R S a g 8o, b b Alves B8BTS TBieoers.
stesi coapbhéts drigrddipd tHegesmder st ood that the
invention is not to be limted in any way except as
may be deened necessary in the |light of the appended
clainms. Simlarly, the words conprises/conprising when
used in this specification are to specify the presence
of stated features, integers, steps or conponents but
does not preclude the presence or addition of one or
nore other features, integers, steps, conponents or
groups thereof.Clains 1. A plasma source having a
chanber conprising a plasnma excitation region and a

pl asma exciting reactive inpedance el enment, the source
bei ng characterised in that the plasma exciting
reacti ve i npendence elenent is formed froma plurality
of el ectrodes being arranged side by side with one
anot her and col lectively being located to a first side
of the plasma excitation region, the plurality of

el ectrodes form ng the reactive inpedance el enent
bei ng coupled to a VHF or UHF hi gh frequency source
and being arranged to provide for coupling into the

pl asma excitation regi on and wherein, operable
coupling of the electrodes to the generator causes

adj acent el ectrodes of the plurality of electrodes to
be
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out of phase with one another such that any VHF or UHF
current introduced into the plasm excitation region

whyoos/0fiopst el ectrode i s substantially cancel | ecr/By20a7/062175

second el ectrode, thereby reducing the net current

i ntroduced into the plasma excitation regi on and
subsequently the formation of wavel ength effects
across the reactive inpedance elenment in the

ela®sr omagnet i ¢ pomer di stribution at hlgh oper ati ona

frequ f HMEEHCh
soﬁecgﬁ?%?%‘o&kg&h er 6 on opernz on ofﬁ?%rggh%%ghatlon
f r equestign and racpeiasmlaeemitml @abtlmb’mﬂdaﬂfcetaemphasm source

el ecBrBR ereiErsed RBAL e BaRer et EC v berdnce
sourcgg éﬂ?‘?é‘forﬁfefdeﬁémgﬂglhpﬁlt\/lBT‘SI'e'bﬁES% peing arranged side by

non-uni formti es cause engt
sour ceudefwuﬁngn@ aeothdr mg]dmodienm\xﬂhye being Iohﬁepltoeaﬁrst gidefof the

ada t PBRETa SEBLA sboBe’ BRI LA EREDS Tt lorg: 1 Ractive
conf i prs&shrice aém\éhdsehgrcdu@reob@@w%mwh@h frequency

substrate provided within the chanber. 4 . sour ce

o:‘ an§oyicecsd prjng lianged e @é@v'dﬁ&rmu@@ng mt@ﬂ@e elasena
:eggtnégg{%é gjﬁ' r?&&% Q%ﬁeﬁre X Re(?‘éf)l?zdcgndgﬂﬁgé?%erglgetrodes to the

sour cgenératdradaisés fadiddesit elevtlodds g tr@plusélmyibf eleeaodes to be
allowng a relative novenent of the referenc

el ect PECRS RiRSeWE p@a@mpv“@r@y@hd@wc@yevamtu% casrent
e”ab' ﬁmtr%tdpééé! Jﬂs tﬁé {43 bEGt q{gufon B§ioR! (33 rs%% tRjded8

ol une ust nt nmeans bel ngZoperably isolated
f rom aulystlantyinnyceeupeémtjbyM&C@mmgeleﬁrodembemwrredu@ﬁg the net
claim4 V\,herela i {st si de is.ahove the

oxci { GO EaRurecing e Bsig erapliol Fedina by Shseauenty
Pl asMeh etk fibh %F\Afa‘?/g!e‘hpth éﬁectg%%rés%%e%aén@ PAEERIANCE

any precedi ng clai mwherei n the operational

f r equeletnesy inthe elechtoglaghetic penwey dsscbmbtd@rmtmlgm opheational

' angefreqll}/gr?mes of the high frequency source.

2. The source of claim 1 wherein, on operation of the high frequency
source, the physical extent of the plasma source in 1 or 2 dimensions is
decoupled from the selection of the frequency of operation of the plasma
source without affecting the long-range non-uniformities caused by
wavelength effects.

3. The source of any preceding claim wherein the plurality of electrodes
forming the reactive impedance element are additionally coupled to a low
frequency generator configured to provide for ion bombardment of a
substrate provided within the chamber.

4. The source of any preceding claim further including a reference electrode
being a grounded electrode located to a second side of plasma excitation
region.

5. The source of claim 4 further including adjustment means allowing a

relative movement of the reference electrode and the reactive
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3GHz preferably in the range 50 Mz to 1 GHz. 8 . The
source as clained in any precedi ng clai mwherein at

wo eashsope of the el ectrodes form ng the react POEEP2007/062175

i npedance el enent is provided with a non-pl anar
surface topography so as to increase the contact
surface area of that electrode with the plasma

excitation region. . The source as clained in a%
pr ecetﬂﬂ?@“iﬂ%ﬁrﬁ'%ﬁ‘@ﬂ@% apfie egahleravaryingsot hrsdzs ef theqtasma

fr eq“S{?@tra%H M&Péamle%d‘ u&%%@?ﬁ’ed{%%@%g&a%ﬂ%%%%t@é from

inau requen y range. ource as
cI ai medy hrgmﬂretquerﬁ:yvdwreﬂtm the | ow frequency generator

o C ENaSOLIs HERIS A OIETRIN Do REr Sh S ajecBe Resma
”U”beéx&fatlbheregioﬁcé %Sséb%HB's%’e FsooéIB\ﬁ tgﬁ‘ﬁllefs*’n‘?é? E&&fation

generator are Operable in a common node e selecte
ot heregdn.t he el ectrodes coupled to the | ow frequency

Jou o 28 sofich SR atRed ik Anf el casHiERbR e thé opefdtonai
fr eqUﬁequer@éids Bf ate rﬁ.g}ﬁqﬁe@@wcg@a@rfo@ta}mn Heer 3WIAZ to
si mul t aneousl he source as clained in claim 10

| ncI uaGﬂTti,- mﬁlfetrablyemtf@wangﬁqﬁ@%yz tehdsdz.ors. . 14. The

i sl B el F R etRahg iR R S bRkt of
they tanelbetrodel forehired the @pptive tnsedatet dleieay isdsrogided with a

desired process output. 15 .The sources as clained in
cl ai nﬂ@'@ﬂt@f@*&uﬁfaéﬁéﬂp%ra?mé sgasatiacrepse e reRiaghsurface

hi gh Fe%%‘ﬁﬂ?b’el%@ﬂ@&?hﬂ{hsth@ SRk iiReh r%g; igp to

provi de anout put con l'1'ng a process pardameter that
I s 9.nTepandesd a®tlairhed m ang peeqeaiirgreliaen wheneindhé e@neyator is

t he ot her  of out uts. 16 . The source as cl ai in any .
or eceHNEGO P TR ine M KPAvs ot fastedprsaences ina
form Uratmgh q@@g@hgﬁrﬁtg@mnt are provided in a planar
arrangenent, individual™ electrodes of the reactive .
i npédahe @oermclaheedugw ahairal3 wheieiny tiredlow fréquaneyrgenefator is
t he react |Y edance el ene tf
operable in & Rommon mode con iguration.
11.The source as claimed in claim 10 wherein a selected number of the
electrodes coupled to the low frequency generator are operable in a
common mode while selected others of the electrodes coupled to the low
frequency generator are operable in a differential mode.
12.The source as claimed in claim 10 wherein the low frequency and high
frequency generators are operable simultaneously.
13.The source as claimed in claim 10 including multiple low frequency
generators..
14.The source as claimed in claim 10 wherein each of the low and high
frequency generators are configured such that they can be individually
applied so as to provide a desired process output.
15.The sources as claimed in claim 10 wherein each of the outputs of the

low and high frequency generators are configured so as to provide an
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17 . The source as clained in any one of clains 1 to 15
wherein the plurality of electrodes formng the

WO e@s5ioe3 el ement are arranged to provi de a cup@EEP2007/062175

el ement so as to enable a processing of planar or
non- pl anar wor kpi eces. 18 . The source as clained in
any preceding claimwherein the reactive elenent is

configured to enable a gas feed through sel ected aones
of theuipuheanielinga @P@%er PRI etepthat r%lngggela@erg@ the process

cl a1 s sl B dRIUPLR GnbPer bRl ve el erents s

configured to ena gas ee ough all of the
el el@. Thdepurczlas Glagmedin ary pseaaddingreldim nvhdrainrthé ®lurality of

wher ei i i vi dual ectrodes of the reactive el enent
e ceReh BTG T Act NG S TReHATG T argH I & arHle

sourcgy J ?éh@hﬁ%lmﬂuéi é\bE?bé’@eé"Gﬁt'h%' reagfe H;ﬂé’&a‘n‘&é‘él‘&ﬂent

i ndi vi el ectrodes can e controlled separ at el
22. Theingaxialy alignebavithedthiers of thiemeactlvennepaedance element

of the gas.flow throu d|V|du el ect.r des
oo e Shutdl 2y Rihe bRk BnE s gk Tl 5 BhERtin A5 Biuraiity
di f f eppalecBoges iRMing the feactid ERMGEt arr@wrﬁam@eaftotda@nde a
pl asma excitation region. 23. The source as clained in

any peevediatgmenaserds (e enable MpragesagILT RiaRar armenpiapar
enabl %!’[‘r‘pl ng between sel ected adj acent

el ect{r'\@g(eoe}eéc; he reactive elenment so as to provide

f or1&aTherovade @8 clgzdded iroany bﬁeddda@‘ralaﬁ*ﬁwﬁeﬁlélhcthe reactlve
region. 24. The source as clainmed in claim?23 be

confi tht'% canfigyired 0 eaapleA 988 fQ%tr@%‘égh §e|§C¥e@gQQﬁ$ of the
of th Iu?éﬂH{/B?e}@E'trBBeés electrically isolated fromthe

pl as excitation region thereby preventing the
r efm thagoaofceaaprliasmed irblaimHé wbelmetmreabaveretérments is

qener SPAIOTET 40 AP ass esprgues kol e Pratedes.
SUBR. Yhé Bourdieas BldihEd %cl@krﬁw@aﬂhéﬂé.rﬁmnﬁa%%aﬂ)des of the
claimwherein power Is provided in a swtch
conf i tpachve @mmbmtoafermmflgutﬂdmea s@mwem@adlc@mﬁwm@nat
Eg?ﬂfﬁlﬁg S pﬁ:zez%%lcllalmed Yneglalr’x 2t0 whesrerlheggs Iowthough ihdidual
electrodes can be controlled separately.
22.The source as claimed in claim 21 wherein a control of the gas flow
through individual electrodes provides a multiple zone gas feed, thereby
enabling different gas chemistry in different regions of the plasma
excitation region.
23.The source as claimed in any preceding claim further including a pump,
the pump enabling a pumping between selected adjacent electrodes of
the reactive element so as to provide for a removal of gas from the
plasma excitation region.
24.The source as claimed in claim 23 being configured to enable a removal
of the gas to a region of the source which is electrically isolated from the
plasma excitation region thereby preventing the reforming of a plasma.
25.The source as claimed in any preceding claim wherein the high

frequency generator is a dual-phase supply or a tri-phase supply.



electrode to its own switch or for a coupling of two

or nore electrodes to a single switch, the switch node
W@ oouBiogiepat i on optionally providing a coupli ngpOf/ER200D062175

frequency generator to DC heed-lines. 27. The source

as clainmed in any preceding claimwherein the

effective radius of the collective dinmensions of the

el ectrodes form nl%ﬁghe reacti ve i npedance el enent is
gr && éhesryrce de clrived dhghy Patcading P'ﬁﬁ’@g\g@rﬁl,ngquer is provided

frequﬁ]ngtﬁwﬁof o d@%fgg%z cﬂpwﬁlcg b elddiBerd/ ot e;%f?rodes at

wavel eng e 1npos ency power .
The stbwwnefphabalamdﬂ/em/rwrteersalmfmlswndm al forlecoupditgof each

L7 o DRl e SRS PBRRG o b e ocroces o
5 precedin '%gg{'t%ﬁm?‘éﬁ“nd@*@f*zgéﬁf' %ﬁ?ﬁ%‘@@?‘ﬂ{ pghiing 2
power caulmgesf a lovofregigendyaganerator ép&Catded-linesuct i vel y
COLQO).?H'e source as claimed in any preceding claim wherein the effective
radius of the collective dimensions of the electrodes forming the reactive
impedance element is greater than %4 the wavelength of the imposed
10 high frequency power, and desirably greater than 3/8 the wavelength of
the imposed high frequency power.
28.The source of claim 27 wherein individual electrodes forming the
collective reactive impedance have an effective radius less than V4 the
wavelength of the imposed high frequency power.
15 29.The source of any preceding claim wherein at least a portion of the
power coupled into the plasma is operably inductively coupled.



