Title Plasma Source with plurality of out of phase
el ectrodes Field of the Invention The present
invention relates to plasma sources and in particul ar
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 plasma
_Eirocess. Background A plasnma is an ionised gas that
Heducts electricity. In order to generate a pl asna,
an electrical field is applied to a contai ned gas,
Riasalal Soursatwittpldrality bf autofqpasef¢lecirodesdesi gned
chanmber. In a vacuum chanber, where ions and el ectrons
have long lifetines, it is relatively easy to do this.
Radi o_frequency (RF) power in the MHz range can be
Figld pEthe ‘ﬁm%ﬁbtal pl ates, or el ectrodeg, i mrer sed

in the chanber, thereby creating a capacitive
Thespfasegtinvention relates to plasma sources and in particular to a plasma

source with reactive elements configured to be out of phase with one another so

as to provide for controlled wavelength effects within the plasma process.

Background

A plasma is an ionised gas that conducts electricity. In order to generate a
plasma, an electrical field is applied to a contained gas, usually contained within
a specifically designed chamber. In a vacuum chamber, where ions and
electrons have long lifetimes, it is relatively easy to do this. Radio frequency
(RF) power in the MHz range can be applied to two metal plates, or electrodes,
immersed in the chamber, thereby creating a capacitive discharge.
Alternatively, RF power may be deposited into a coil mounted on the chamber

walls, thereby producing an inductively coupled plasma.

In the semiconductor industry, plasmas are used to deposit materials on and
etch materials from workpieces that are 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
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Al ternatively, RF power may be deposited into a coi
mount ed on the chanber walls, thereby producing an

i nductively coupled plasnma. In the sem conductor
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and a further arrangenment where both supplies are
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segmented electrode structure that has a plurality of electrode segments, each
segment having a RF power supplies coupled thereto. A control system is
configured to dynamically change impedances to match the plasma load
impedance. These arrangements are specifically arranged to minimize any
interaction between electrodes thereby implying that the electrode elements are
in phase with one another. In all cases however there is still a net current
introduced into the plasma which at high operational frequencies can cause

wavelength effects in the electromagnetic power distribution, resulting in non-
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uni form vol tages 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
nunber of problens still exist. These include the
ment i oned wavel ength effects which cause vol tage
non-uniformties and introduce currents in the plasnma
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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.

There is therefore a need to provide a plasma source which is configured to

overcome these and other problems.

Summary

These and other problems are addressed by a plasma source in accordance
with the invention. Such a source, provides a plurality of adjacent electrodes,

each electrode being out of phase relative to its adjacent neighbour.

The electrodes can be configured in any one of a plurality of different
geometrical configurations including for example planar, hemispheric, dome,
convex, concave and/or undulating. The electrodes could be provided so as to
be in direct contact with the generated plasma. Using an arrangement in
accordance with the present invention it is possible to control the relative centre
to edge power deposition by modifying electrode spacings and/or power
distribution design and/or the inclusion of active elements such as capacitors

and/or inductors.

The invention therefore provides a plasma source according to claim 1 with

advantageous embodiments being detailed in the dependent claims. The
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i ncludi ng for exanpl e planar, hem spheric, done,
convex, concave and/or undul ating. The el ectrodes
coul d be provided so as to be in direct contact with
the generated plasma. Using an arrangenent in

accordance with the present invention it is possible
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exenpl ary enbodi nents of the invention.

Figure 1 is a schematic showing a plasma source.

Figure 2 is a modification to the system of Figure 1 showing an alternative
coupling arrangement for the LF power supply.

Figure 3 shows, in schematic form, an arrangement for using a plasma source
with a roll of film.

Figure 4 is an example of an electrode arrangement that can be used in a tri-
phase powering arrangement.

Figure 5 shows a typical arrangement for the phase differences between three
supplies for use with the electrode arrangement of Figure 4.

Figure 6 shows an alternative pumping arrangement for introducing and
pumping of gas in the plasma chamber .

Figure 7 shows an example of a switching sequence for use in operation of a
source.

Figure 8 is a schematic of a re-entrant probe.

Figure 9 is an example of the type of circuit that may be used to use switches 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

. The source 100 includes a plasma excitation region 110 provided within a
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Brief Description O The Drawings Figure 1 is a
schemati ¢ show ng a plasma source. Figure 2 is a
nodi fication to the systemof Figure 1 show ng an
alternative coupling arrangenent for the LF power
supply. Figure 3 shows, in schematic form an
arrangenent for using a plasnma source with a roll of

film Figure 4 is an exanple of an el ectrode _ | . ]
chamaberhrdy intaavhicha precessedas may ke InYedyeepoliis region defines

R BBl 4B B i DAABSRLAHACORIBE b et
imd & pldsing| wisich aslthenr lisstgrotess workpieeesiplaced 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)
generator or source 125, the application of which to the element being used to
control density of the plasma. Within the present description the term high
frequency is intended to encompass electromagnetic radiation provided in the
range 10MHz - 300 GHz, which sometimes would be referred to as frequency in
the radio-frequency to ultra-high frequency range. A reference electrode 115 is
displaced below the region 110 and is optionally coupled to a low frequency
(LF) source, the application of which is used to control the energy of the ions
striking the surface (as per present state-of-the-art). Typical values for a low
frequency generator for use with a source of the present invention is one that
gives an output in the range 75-460 kHz — exemplary generators include those
supplied build by ENI and RFPP and Advanced Energy. Within the context of
the present invention a low frequency source is one that dominantly drives ion
energy and results in a capacitive voltages on the sheaths. Where the low
source is operable in combination with the high frequency source it is desirable
to be able to differentiate between the two and therefore an order of magnitude
separation between the frequency of operation of the low frequency and the
high frequency is sufficient. The LF is intended to have sufficiently lower plasma
current such that the ohmic power deposition — 1*2R — is small in comparison to
the HF power. Then, the LF contribution is dominately in the voltage on the
electrodes. It will be appreciated that certain applications may desirably provide
for two or more LF section in series, for example one at 13.56 MHz, the other at

something like 300-800 kHz.

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
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Figure 6 shows an alternative punping arrangenent for

i ntroduci ng and punping of gas in the plasnma chanber.
Figure 7 shows an exanple of a sw tching sequence for

use in operation of a source. Figure 8 is a schematic

of a re-entrant probe. Figure 9 is an exanple of the

type of circuit that may be used to use switches to

provi de the high-frequency power in conjunction wth
aostest ratip ef iops gadgadicals ue\éatt\«ﬁdometﬁr@l sp@egies Hethe plasma and a
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pl asma excitation region 110 provided Wléql n ?

role. This control is required to ensure a correct methodology for the selected

deposition or etch processes being employed.

The reactive element is fabricated from a plurality of individual electrodes which
are all arranged on the same side of the plasma excitation region. In this
example, four individual electrodes 105a, 105b, 105¢, 105d are provided, the
four electrodes combining to form two sets of electrodes 105a/105¢ and
105b/105d. Desirably, an even number of electrodes are provided and each of
the electrodes is individually coupled to the high frequency power supply which
is configured to provide a differential signal to adjacent or neighbouring
electrodes, i.e. those electrodes located beside each other and on the same
side of the plasma excitation region. In this manner the signal applied to a first
electrode 105a is out of phase with the signal applied to its immediate
neighbour 105b. Similarly electrode 105b is out of phase with electrode 105¢
and electrode 105c is out of phase with electrode 105d. In this way it can be
considered that the high frequency generator or drive creates a differential
between sets of electrodes. By the very nature of inductive coupling,
wavelength effects will be present in the electrodes and the plasma but the
multiple electrodes that make up the reactive element of the present invention
are advantageous in that the wavelengths effects can be controlled so as to
yield the desired plasma density as opposed to the traditional single electrode
problem of non-uniform effects. The dimensions of the individual electrodes are
chosen and optimized such that non-uniformities on the scale-length of the
electrode size that occur adjacent to the reactive elements do not result in
excessive plasma non-uniformity at the substrate. It will be appreciated that
these dimensions may vary depending on the specific application for which the
plasma source 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
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chanber body, into which a process gas may be

i ntroduced. This region defines the ultimte plasm
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wor kpi ece and is such as to provide uniformeffects,
if so desired for the particular application. A
transfornmer 111 may optionally also be included if
there is a requirenment for the equalisation of
currents. The plurality of electrodes provided by the
source enables a control of the net current induced
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It wll be appreciated that using techniques known in
the art that the effect of the LF output can be
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Havi ng the support services in an area w thout RF
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Operating the high frequency source in a differentia
node serves to confine the generated high frequency to
the reactive elenments of the segnented upper
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Figure 9 shows an exanple of the type of circuit
configuration that nay be used in providing such a
switch node operation. In this arrangenent a LF
generator 900, a negative supply 905 and a positive
supply 910 are all swtchably coupled via one or nore
field effect transistors (FETs) 920 or sone other
switching elements to one or nore of the el ectrodes
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be applied to non-planar plasm volunes. In this
exanple it may be advantageous to provide an el ectrode
configuration that can be configured in a non-pl anar
configuration-either by arranging planar electrodes in
a non-pl anar geonetry or providi ng non-planar

el ectrodes. The exanple of Figure 4 shows the forner
arrangenent where a plurality of planar el ectrodes are
arranged in a hexagonal close pack configuration 400
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as silicon dioxide or the like. Such a dielectric
coating is shown as defining the exit path for the
gas, but the exact extent of the coating could vary
depending on application. It will be appreciated that
what has been described herein is a new plasm source
whi ch provides for centre-to-edge power deposition by
el ectrode spaci ng and/ or power distribution desig

RIMisIM alcynilpsmaplasmat aves @@rﬁ)@@ndﬁba@a dhe %mﬂgﬂment of the
ﬁlg%%ts%ﬁ?égllaﬁs fc?r tRE ?)Yb\ﬁ? oF\follrﬁ’%H%?I e r@l bﬁ? sHU*d‘egrtH‘bteyused

tain app

aretiherefose the §paezhofthierfiltitarqughf theeplagma lseumeamrabat
certain re i ons . of frgggl i cati.ons,

igeleased T BeeBioheE preies gp ngt iead: ; tgg&ﬁépoencgnftgg quality of
i %ﬁgﬁég@@ﬂ@%@%e%t@o%ﬁ@geﬁ%&@s@@%rzbm bbigher
derislity apiplication wltbomirdniﬁaz:tihg\fmrbelw udiéeranitybefdheiapplied plasma.

i WHPDE R Briaten dran sl 2ot My ey pe modiied 1o
RS GRe N, ¢TD Q%g%&%hm%@:sﬁf%l‘b@ah@q Sn%@aﬁ@%& r astethe like

arranged on any | trary - sh ape asma f aci ng
vﬂnamemmunanemm n@cfeesmsmﬂ@mg greas | !s muirgéhétth@ugmmeeLF

S B TERYE et B 8156 b g o e

utderstootiithal i d mbBhacsinvial fo tHi desafibed WwithaefteAce to Flgure 2
di el ectric wi ndow provided frommaterials such as SiN,

tmat\pn@pmﬂdalw ha@ aépw frequeacy feesh uaeah the upper reagtye
SRHEG B R B Rhuloit Rl NaR R be

e)étemdafd mrthegirretﬁbo l@)‘ traﬂdl mfahefrhamnéh d’ inus tFd araduint iof plasma
to scan fromRF to UHF al | ows new mensi i

thatient ebie Birfacedelhjng siandsitioss madificatas At Sup@re sroRerties,
dtO§ BAMEEEOIEHYY thBHHYSRITBXEADST ihe BEMaYbUPEE s 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 may be provided in
two dimensions with the second dimension enabling a movement of the
substrate through the reaction volume, enabling a continuous processing of a

web as it travels through the source.

Certain applications may require the use of a curved processing area. The
plasma source provides for such processing in one of two ways. In the first, in a
manner similar to that described with reference to Figure 3, it utilises a
substantially planar arrangement of reactive elements to process a curved

workpiece. Figure 4 shows an alternative arrangement, where the source could
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As the individual electrodes making up the reactive

el ement may be di nensioned snmall, and the di nensions
of these can define the plasma volunme it is possible
to provide a plasnma source having a snmall plasm
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eonfigorationeoft Figugset ta 3.0and each gfithecindividush elastrodes is coupled

AR LN 2 et ob ST DS LR RS2, o

reBpeStiliedy) N APWAR ffe BATbOdIMERT O thi prélieus Figures, WWt\b@ adjacent
used with gas distribution feeds simlar to pres

eJesierdas aie 9yRIaseuvith ope PBEPHATT 5% §igHis Ser as a%amnlﬁ ofthe
cg]t%{e Jé(ﬂ'if@'tuc an%g etaggto(f) ;ﬁﬁl 6'?1&:§§ W%&é@{ ﬁr%yéarﬂ%atl%nece a tri-
filabisansfoementnayibs 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 the plasma source and that certain other

applications may require sources capable of providing a higher order phase

supply.

Geometries enabled by the electrode arrangement of the plasma source may
be used to provide re-entrant probes such as that shown in Figure 8. In this
exemplary embodiment of a re-entrant probe 800, an electrode structure 805 is
provided at the end of a wand 810. The wand is used to insert the structure 805
into confined areas so as to enable an application of a plasma coating to
internal surfaces for applications such as bottle coatings, treatment of
automotive and aeronautical parts and other components that are not suited to
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Reduced system cost as | ower el ectrode can be
grounded. This is particularly advantageous in that
there is no longer a requirenent to provide a high
frequency | ower plate, which had the requirenment that
anci |l ary equi pnment needed to be isolated from ground,
whereas the configuration of the invention enables the
ancill ary equi prent. to be grounded. Conpatible wt

cenventienalHpagmacaprlications. iR sHed RO afPanH?F'EEFtObB dhew may
l?%“cﬁpd &y Q)%aaf ‘g?{h[e JBLFSE ?ﬂu %l?%bp ?ﬁﬁlﬁ%ﬂ&?@e&é@&’ externally to
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ess er to occur. Furtheérnore ereis no I onger
hdéraispbgre arangemeant et a iphualitylof qwegmelretsfavrangedtabﬂfat the

at hs i othrco ergéts of t{é 8 er. It will belfbll
%‘H%?&FSQ sfetsﬁ %W MR djPRig ajtangegent on a dolf ba
'Plhé‘ Héééﬂﬁldﬁfof@‘b@éﬁﬁéﬁ%rbﬁg 'vMﬂﬁ#é@éﬂeché it§ s’iﬁerlbﬁ%édm&try is

el ements with adj acent ‘el ectrodes being coupl ed out of
mitdstended Ho bedinaiting firethat anywetentiant ppehethicdissionplementad with

AR Al 2 Bl BBS HeEpy 2L Fi BTy B SRS el b8
eridofpassedolithif e chRERt ofhé preaéntpladma sburgd.e | ar ger
el ectrode will be out of phase with its imredi ate

nei ghbours. The reactive elenents of the plasnma source

@W%@ut?fg%égﬂg Jollir Pﬁagqger #ith¥ho n d §ibtri jbution feeds

or exanp rray or ear S ruc

sMohcds ashowet effetl elbetrogyp nithi ratiizd gabélomahcecumpmg on the
di mensi on _dependi ng on the apgl ication required., It

RENMetsE OA IR Rigsmacyplume: talRo oy egwaﬁq gmboginents
LTSRS \IISE SR GRBLAN, I (AR AR AELe R s awey
fraguthe doveert rsafemdcpeiéo:bmden EgureBeshaws 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 electrodes of the type that will be
known to those skilled in the art from existing showerhead technology. Once the
gas has entered into the excitation region 110 it then flows towards a ground
plate 610 providing a gas exit 615 above the electrodes into a pumping plenum
620. The pumping plenum is electrically isolated from the plasma volume
thereby obviating the possibility of the plasma reforming in this region. This
pumping of the gas away from the excitation region obviates the possibility of
the etchant gas interacting with the substrate being treated on the reference
electrode. It may be necessary in this arrangement where the gas is moved

around the electrodes to coat the electrodes with a dielectric material 625 such
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It will be understood that what has been descri bed
herein are varying nodifications to a plasnma source
that uses a plurality of electrodes as opposed to a
conventional single electrode approach. By

I mpl ementing such a source it is possible to provide a
| ower cost per waf er, have higher yields for etch and
for chem cal Egur dep05|t|on (CVD) in senrcondu t or
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dgroapplidatiohor a variety of reasons including the fact
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that of its neighbour is co- planar with the
correspondi ng region of its neighbour. In this way
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a non-planar region and a second planar region. It
(lwd) be understood that the plasnma source provides for
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There are a nunber of different technol ogi es where use
of the present plasnma source has benefit. These
i nclude plasma etch, CVD, and nodification. The latter
application, nodification, is where a processing of a
substrate using plasma techni ques nmay be used to
ef fect changes in the surface properties of the

substrate. This may be achi eved by changi ng the
qiesteodas deafonelresué i pan-upifepa plaska sﬁnwh\eafs@ farge enough
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URRE AN r et e substrates such as
photovol taic, architectural glass, aerospace coatings,
nmedi cal devices, autonotive applications and CVD used

Similady, the passibility gh us@sthlmﬁeﬂaﬁnwﬁwss foadyaitageeys as

I

R oeR Bs oty HROUBRER 1A (e e Baltoditedliand it
|§pe§@bwm dd fousighet frawalmwlthmmaetdfom? achibeable without
appreci ated that speC| fic conponents or configurations
infeedyGing RlagMmahnerUBHEMeRY-t o one figure may equal |y be

used where appropriate with the configuration of

anot her figure. Any description of these exanples are

Tihet sourte nimdbe ased niith gdeedistristiandeeds simitar 4o prasgnt as

nodi fi cati ons or Iterat ons an a
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in the light of the appended clains. Simlarly, th
swbstistegvaigariabes/ conpri si ng when used in this

specification are to specify the presence of stated
features, integers, steps or conponents but does

Reduced system cost as lower electrode can be grounded. This is particularly

1
-

advantageous in that there is no longer a requirement to provide a high
frequency lower plate, which had the requirement that ancillary equipment
needed to be isolated from ground, whereas the configuration of the invention

enables the ancillary equipment to be grounded.

Compatible with advanced HF power supply technology and direct — drive
switch-mode power, which can provide the necessary frequencies at a lower
cost. No HF through lower electrode, so variable gap easier to engineer. As the

HF component is applied to the reactive elements solely it is possible to
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not preclude the presence or addition of one or nore
ot her features, integers, steps, conponents or groups
thereof Cdains 1. A plasnma source (200) having a
chanber including a reference electrode (115) and a
pl asma exciting reactive inpedance el enent (105), the
reference el ectrode and reactive inpedance el enment

defl nin | asma _excitation volume (110) .t herebetwe
mﬁ%@é*fmtuﬁbwrewm ehamber Apdy.t sronnceniings péwaw%uld be

|§s§ ﬁ%ﬁ\‘é tof Bedllr v EARABAGr gg‘?ﬁeré‘?{, %%ﬁ&eirilbg;iéé&?éméﬂﬂ@

rea ive I npendénce el enment 0 as to
striadgperetlyeprogidei fogsach Hifepaths én oftherlvemponemts efdbietchiainurer.
vol unme (110); and wherein the plasma excitation
reacti ve i npedance elenent is fornmed froma plurality

IP\fN Apéfahaegg&oﬁ tﬂ’%@ﬂ\e 6@@91 gl&ﬁg%s Rsiphsrafity’ SFSAically

y Sli one anot er an ectlvely bei ng
mmummaﬂy distiact ieastive elﬂnemtstvmth pljacent electredas being coupled

| 0] h | b
oL3 08 PRase WMty i snifer dEW DS pBS s s el pdfesnt
dlddtfdest & d?idf!)'leairi piasef with %ﬁbré?ﬁﬁﬁer(tﬂaﬁﬁﬂheyl@%h‘ecﬂ@%@mble a

105d) form ng the reactive inpedance el ement bein

rivysisiabiy largeasinpigrelecisodiranyd thehsueh arsingledyrognglectrode will be

' ' i f d h th [
QiR 8 Bhfse Winis i agal 8iehBald" oSt he nigh f r oquency
generator, adjacent electrodes of the plurality of
el ectrodes are out of phase with one another and are

T_aher raagtive slaments &f thep %SWFQQMQS ieyided in any
ORI RV, iy AR 2 D et
vHielt mdyhdt wmlhecappremateos ehe_ sudléd i dimensid depemdipg on the
B G il B oo T vpraion of e presen
dlé&%ﬁg %Bthieee % for-8céh s%é}ﬂ@ Wi hairk8rihg E6Mpatibility with

tion coupled to t Fow frequency generator
(HRIHF 2peftiongequicemasntscand pedoimanee/lepelscedi ng cl ai m
wherei n the operational frequencies of the high
frequency generator (125) are in the range 15MH#z to

IARRABE uRiersfitd thit What RSs baed %le%en%a hbféuﬂaee @b‘ﬁ/in@nd
further optionally in the range 25 MHz
modifications to a plasma source that uses a plurality of electrodes as opposed
to a conventional single electrode approach. By implementing such a source 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. Such advantages and others are possible for a
variety of reasons including the fact that there is greater control of the plasma
through driver control and through gas pumping arrangements, a reduction in

edge effects and by enabling plasma generation using a low plasma volume.

Heretofore the individual electrodes that are described as making up the

reactive element have been described with reference to planar or smooth
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3. The source as clainmed in any precedi ng claim
wherein at | east one of the electrodes formng the
reacti ve i npedance el enent (105) is provided with a
non- pl anar surface topography so as to increase the
contact surface area of that electrode wth the plasma
excitation region. 4. The source as clained in any

precedi ng cl ai mwherein the high frequenc ener.at or
urtaspsion theruslace of tprlactqde fdving the, Plaspiaygketiation region.

'm gfé@ﬂ%ys&ﬂeg %Iéogalfdlvﬁ:gfb‘? 5 ﬁ?odlﬁbattlﬁﬁ df'tﬁé ?orﬁﬂgé})hy of such

uency ran source as clained
qurfacedito inatlide onedoe nere pﬂtoﬁ;lebsﬁmmeﬂ on tieeipsunfadast, gucth as for

| ect,rod 1 lQ5b |
PiaBaIe U Plsn PaRsPeSER hsuh oRnarRRBY itresse i st area
dmﬁ’@ s\’)’ﬁéb@ of’ﬂﬁﬁ "e?ec‘flfodfehﬁhlﬁh i @ edntadt with e él@gﬁfé\ excitation

coupled to t frequency generators (125) are
regionaln this way the fsfue‘aee.ar@a ratiedef. the. rearete/eslmnaﬁénag element

BRI B P b ARSI LAt e
HathsireiarBdLintréadddgreatss/than 1 without necessitating a larger number
of individual electrodes or increasing the side to side dimensions of the
individual electrodes. In this way a differential high frequency, common-mode
low frequency source could be provided, where the height-topology of the
segmented electrodes means that from a low frequency point of view the area
ratio of impedance element to workpiece is not 1. In order to ensure that
coupling between adjacent electrodes is controlled it is desirable that the
surfaces of each electrode in a region adjacent 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 plasma source 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
the adjacent electrodes. Then, by controlling the frequency, the power
transferred to an adjacent plasma occurs by a frequency-dependent mixture of
electrostatic fields perpendicular to the electrode surfaces (low frequency), or
electromagnetic (and electrostatic-fringe-fields) fields parallel to the surface

(high frequency).
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7. The source as clained in any preceding claim
wherein each of the [ ow (120) and high frequency (125)
generators are configured such that they can be

i ndependent|y operated of the other of the high
frequency (125) or |ow frequency generators (120)
respectively. 8. The sources as cl ai ned in any

RS8R nimBs! PrOfE JeqTBDioRHBPER BES oL present fldsma
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provided in a planar arrangenent, |nd|V|

rrppertiesf she sutfaee without aésuhﬁba;dmh)cdemsfl:tmfh@r eanaugl of
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8 g”ﬁy dharyifg the dahdlirigisords o the #nd$ ofihedipideie for example
105b, 105c, 1 form ng the reactive

m aliag avecd 2bspenwater SOt watﬂjéwssea dyes\Gadebeyused-\32metimes
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non- pl anar Wor
three technology headings there are a variety of applications that could be

suited to the plasma source of the invention. Such applications include plasma
etch wafer fabrication equipment, the use of plasma etch in the production
discrete display substrates and discrete photovoltaic substrates, plasma etch in
the production of roll to roll 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 plasma source 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 are not intended to limit the plasma source in any
way as modifications or alterations can and may be made. It will be understood
that the plasma source is not to be limited in any way except as may be

deemed necessary in the light of the appended claims.

Similarly, the words comprises/comprising when used in this specification are to

specify the presence of stated features, integers, steps or components but does
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11. The source as clained in any preceding claim
wherein the reactive inpedance el enent is configured
to enable a gas feed through a subset of the plurality
of el ectrodes (105a, 105b, 105c, 105d). 12. The source
as claimed in claim11l wherein the reactive inpedance
el ement is configured to enable a gas feed through al
of the electrodes (105a, 105b, 105c, 105d). .13. The
rejreelude the Rreremceeradsitiamar apeeienare Athey featires, integers,
t ' I npedance el enment are
S?%ﬁ%’i %oﬁ&i@ﬁs gpgh%%ﬁhgg%fbonf iguration. 14. The
source as clained in claim1l wherein gas flow through
i ndi vi dual el ectrodes can be controll ed separately.
15. The source as clained in claim 14 wherein a
control of the gas flow through individual electrodes
provides a nultiple zone gas feed, thereby enabling
different gas chemstry in different regions of the
pl asma excitation region. 16. The source as clained in
any preceding claimfurther including a punp, the punp
enabl i ng a punpi ng between i ndividual electrodes
(105a, 105b, 105c, 105d) of the reactive inpedance
el ement so as to provide for a renoval of gas fromthe
pl asma excitation region (110).
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17. The source as clainmed in claim 16 being configured
to enable a renoval of the gas to a region of the
source which is electrically isolated fromthe plasna
excitation region thereby preventing the reformng of
a plasma. 18. The source as clained in any preceding
cl aimwherein the high frequency generator (125) is a
dual - phase supply or a tri-phase supply. 19. The

L as clainmed in any preceding claimand arranged
such that power is provided in a switch node
configuration which may include sets of el ectrodes at
1.he A plasnEnscwrcal (200 handng bychaneberdneludingta referenterelectrode

coupling of each electrode to it i tch f
coug 18haRd 2SR eXSHIBIPREIIRS é&?fﬁﬁﬂ&%ﬂ@%,

the spirbRée BREF0ALHNITEEEVLIfpedance element defining a plasma
excitation volume (110) therebetween the source further comprises
adjustment means allowing a relative movement of the reference electrode
(115) and the reactive impendence element (105) so as to enable a
varying of the size of the plasma excitation volume (110); and wherein the
plasma excitation reactive impedance element is formed from a plurality of
electrodes (105a, 105b, 105¢, 105d) being arranged side by side with one
another and collectively being located to a first side of the plasma
excitation volume (110), the reference electrode (105) being located to a
second side of plasma excitation region (110), the plurality of electrodes
(105a, 105b, 105¢, 105d) forming the reactive impedance element being
coupled to a high frequency generator (125) and wherein the plasma
source is configured such that, in use, on coupling the electrodes to the
high frequency 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, and characterised in that:

the source comprises multiple low frequency generators (120)
operable in a common mode configuration, the electrodes of the
reactive impedance element (105a, 105b, 105c, 105d) being
additionally coupled to the low frequency generators (120).

2. The source as claimed in any preceding claim wherein the operational
frequencies of the high frequency generator (125) are 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.
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optionally providing a coupling of a |ow frequency
generator to DC feed-Iines.

10.

The source as claimed in any preceding claim wherein at least one of the
electrodes forming the reactive impedance element (105) is provided with
a non-planar surface topography so as to increase the contact surface
area of that electrode with the plasma excitation region.

The source as claimed in any preceding claim wherein the high frequency
generator (125) is tuneable from frequencies in a radio frequency range to
frequencies in the ultra high frequency range.

The source as claimed in any preceding claim wherein a subset of the
plurality of electrodes (105a, 105b, 105c, 105d) coupled to the low
frequency generators (120) are operable in a common mode while others
of the plurality of electrodes coupled to the low frequency generators (125)
are operable in a differential mode.

The source as claimed in any preceding claim wherein the low frequency

(120) and high frequency generators (125) are operable simultaneously.
The source as claimed in any preceding claim wherein each of the low
(120) and high frequency (125) generators are configured such that they
can be independently operated of the other of the high frequency (125) or
low frequency generators (120) respectively.

The sources as claimed in any preceding claim wherein each of the
outputs of the low (120) and high frequency (125) generators are
configured so as to provide an output controlling a process parameter that
is independent of the process parameter controlled by the other of outputs.
The source as claimed in any preceding claim wherein the plurality of
electrodes (105a, 105b, 105¢, 105d) forming the reactive impedance
element (105) are provided in a planar arrangement, individual electrodes
of the reactive impedance element being axially aligned with others of the
reactive impedance element.

The source as claimed in any one of claims 1 to 9 wherein the plurality of
electrodes (105a, 105b, 105¢, 105d) forming the reactive impedance
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1.

12.

13.

14.

15.

16.

17.

18.

19.

element are arranged to provide a curved element so as to enable a
processing of planar or non-planar workpieces.

The source as claimed in any preceding claim wherein the reactive
impedance element is configured to enable a gas feed through a subset of
the plurality of electrodes (105a, 105b, 105¢, 105d).

The source as claimed in claim 11 wherein the reactive impedance
element is configured to enable a gas feed through all of the electrodes
(105a, 105b, 105¢, 105d).

The source as claimed in claim 11 wherein individual electrodes of the
reactive impedance element are configured in a showerhead configuration.
The source as claimed in claim 11 wherein gas flow through individual
electrodes can be controlled separately.

The source as claimed in claim 14 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.

The source as claimed in any preceding claim further including a pump,
the pump enabling a pumping between individual electrodes (105a, 105b,
105¢, 105d) of the reactive impedance element so as to provide for a
removal of gas from the plasma excitation region (110).

The source as claimed in claim 16 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.
The source as claimed in any preceding claim wherein the high frequency
generator (125) is a dual-phase supply or a tri-phase supply.

The source as claimed in any preceding claim and arranged such that
power is provided in a switch mode configuration which may include sets
of electrodes at the same phase all driven by the same switch or for a
coupling of each electrode to its own switch or for a coupling of two or
more electrodes to a single switch, the switch mode configuration
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optionally providing a coupling of a low frequency generator to DC feed-

lines.
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