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Backqground of the invention

Commercial plasma sources are used for both controlled deposition onto
and etching from surfaces for a wide variety of industrial applications, especially
20 semiconductor, optical, and magnetic thin film processing. The plasma formed
by such sources generates reactive neutral and ionic species which can
chemically and/or physically interact with surfaces to deposit or remove material.
In many processes, the use of energetic ions from plasma sources can
result in the deposition of materials with unique properties or allow the etching of
25 surfaces under conditions which would not otherwise be effective. A method for
processing substrates in a plasma generally includes an ion source mounted in
a vacuum chamber in which the substrate is present. A gas with specific
chemical properties is supplied to the ion source for ionization. The plasma
generated is a mixture of selected reactive neutral and ionic chemical species as
30  well as energetic electrons. The energy of the ionic species interacting with the
surface depends upon plasma electrical properties, the electrical potential of the
substrate and chamber pressure. In the prior art, the energy of ions bombarding

the substrate is controlled by means of the bias applied to the substrate. In the



WO 01/58223 PCTI US01/ 02392 present work there is disclosed in alternative
wherei n rate is electrically floating and acquir ar ge
t her eby Té@?&ff@%. ng the potential of the substrate. The Fgﬁﬁ’éﬁﬁ{“&% S
determ ned by the difference between the plasnma potential and the
potential at the surface of the substrate for which there is zero 5 net

current. The floating potential of the substrate is controlled in accord

wi th gle8enpPiverietiereryaiisdlosed Raralternatiee whereinythefsuistrate ibatestrigallycesses a
critical paraneter for the treatnent of a substrate, i FhF Ki netic energy
of t hitoating(and aeauires gt netchaige thenedyregtabli ?%pmeﬁ@'@ e thifergy is a

pr obabi |l i sticefuncti .S ; i ke pl asnmy,
Slch SRR TREEG) ehe s Bty B B th e BRI e Blshe B roe

par angtehfalPart thepbidatial Fhthepsiréatd of thefsubistrateifrtwhich there is zeipor
contributing vari agl e to the kinetic ner%y.. For ﬁh&.case @ a ﬁﬁ)nducti ng
subst netreurranti $hpdloating potertal s 1e sLPSIFAEGS EPNFoEd N ASRACLYVIBAN® o an
appro&&isahg.n \&h source, as commonly practiced in the prior art. In the
extre €586 15 diel ectric substrate, such a procedure can not produce
a uni f or m Egnatwide variety of plsnuy based erecedsaesea ofitical pasameteraios thes

descri bed herein, the present invention situation

: . '%s di re)c.tfd to.anyh
wher etraatmental asupstratg is &he kinshieenesay oL theyan(s)prercepid d"fo control the
subst r at t | al tr | 4 RElti i S
ot herwﬂ%sgr{i%de |er§t9l @F‘eﬁﬁghﬁfdeg% bf?é/aetﬁﬁ{%nﬂuﬁné{gto ' F?\rﬁ'?ggé.ﬁlgarggzo perf ect
di €| eghiragteridngg Ked lashed, suth &s therpresbure, temeperpuef the ppeciisses whi ch are
di scl osed herein as exenplary explojtatjon h ”BS i nver}t Lon | n SFH’E
appl i plsmengas ion; sPuiee iPABIEta’s %}%@‘@s'&%o? e Jafeatig)fof de jHbsirare. s
si mul t aneousl v, - TRi.S .J.S: | Call 0 oSt A t ¥ of various
mat er F£P§J°Pf%RXF'r?§%h§ﬁ) ua? 'géregfroeﬁ‘gfmﬁ%%&ng??@hz%r tﬁ?s%euifeﬂcéﬁdﬁgget iC
MeNor Yu5atedteThis pbtdnitial sy basentrotied by direet cansegtiyi td enewppsePEBosi t e

sides of the disk. However, i9on sources. which utilize an _anode_ for
est abPPWRF ﬁgumpaasq%mﬁ@ﬂlé/rﬁﬁa&tw%ciﬂhﬂleop”%’ i r“ hleag’#ée’f‘ﬁs‘iaéﬁi %8y and

o bce d 4 e B ST PR B B e o Y et ct abl e i on
gener pbtemtiahoventhecasfacet afthiei substriate.oAsc depaiitichherein, the present
invention is directed to any situation wherein direct coupling to a power source
will not suffice to control the substrate potential or such electrical coupling to the
substrate is otherwise undesirable. The present invention is not limited to a
20 perfect dielectric substrate, nor is it limited to the specific processes which are
disclosed herein as exemplary exploitation of the invention
In some applications, it is desirable to process both sides of a substrate
simultaneously. This is typical in the deposition of thin layers of various materials
in the manufacture of magnetic hard disks used in magnetic memory systems.
>5  In this case, ion sources are positioned on opposite sides of the disk. However,
ion sources which utilize an anode for establishing a plasma potential tend to
exhibit plasma instability and oscillation when two such sources are operated
simultaneously in a processing chamber. Such unstable behavior does not
permit predictable ion generation and process stability. Prior co-pending
30  application serial No. 076,971 addressed this problem by a time division
multiplex of depositions by the respective ion sources thereby obtaining
symmetrical coatings of the respective surfaces of the substrate. Also, it has

proven difficult to coat thin films to the specifications satisfying the requirements
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15  lower ion energy whereas the thin film material concurrently deposited on the
substrate possessed desirable characteristics of hardness, density and
adhesion resulting from deposits from ions of higher kinetic energy relative to the
substrate.
These same practical requirements noted above are appropriate to optical
20 as well as magnetic media. For example if a protective coating is desired for an
optical substrate, uses of the disk require that coatings that are deposited be
deposited with the desired hardness, density and adhesion at a high rate while
extremely thin and that variations through the presence of varying particles be
minimized.
25
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energizes the ion sources in a time multiplexed manner such that only one of the ion

sources is energized at any time.

The controller senses chamber pressure through a pressure sensor and also
monitors such electrical parameters as electron source emission current and anode
20 and cathode potentials (of each ion source). By controlling these parameters, a
desired substrate potential can be maintained.

The energy and density of electrons emitted by the cathode determine the net
charge accumulation on the substrate, thereby controlling the substrate potential. The
energy spectra of the electrons emitted by the cathode is controlled by the voltage
25  difference between the anode and cathode, while the density of electrons emitted by
the cathode is determined by the emission current (rate of electrons leaving the
cathode) and the transport of electrons to the wall. In order to obtain a significant
range of substrate potentials, some form of electron confinement is required, either
with the use of magnetic fields (such as multipole fields) or electrostatic fields
30 (cathode potential equal to or greater than wall potential). A different embodiment of

the invention could use RF waves to produce the plasma and heat the electrons. The
4
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parti c be present on the surface of the substrate being coated.
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depagidn®sl cBHIiIRIRG a hydrocarbon gas such as ethylene, carbon deposited with low

energy ions (<100eV) on the walis of the processing chamber will exhibit much lower

stress than carbon formed on the substrate with more energetic ions (180-200eV).

20 As the carbon deposits on the wall builds up, the lower stress will make it less likely
to flake, and lower levels of small particles will be present on the surface of the
substrate being coated. Although in this example the layer deposited on the substrate
may exhibit higher stress then the deposited carbon on the wall, this is not a problem
for the system because the deposited layer is so thin and the hard deposited surface

25 acts as a most effective protective coating for the layers below.

Where the substrate is an insulating material, the prior art employed the
selectable energy of an ion beam . See Kimock, et al, Datatech, 2" Edition, Spring
1999 Edition, pp.69-77 (Published by ICG Publishing Ltd., 14 Greville Street , London
EC1N 8SB). Typical prior art deposition apparatus employs biased grid structures to

30 accelerate the ions. Such grid structures are essentially formed of a conductor

defining an array of apertures through which ions accelerate from the plasma. Such
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modulation of anode pulses where plural plasma sources are employed. This

20 modulation is applied at a high frequency relative to the anode pulse to produce a
cathode duty cycle variation on the electron current output from the cathode. ltis to be
understood that reference to “cathode duty cycle” throughout this work means the
fraction of time that the cathode is biased “ON”, allowing electrons to be emitted by the
cathode, while any anode is “ON”".

25 The present invention recognizes that the potential of the substrate is directly
affected by the net accumulation of electrical charge thereon. In a preferred
embodiment for the present application, it is desired to achieve and maintain a pre-
selected negative potential for the substrate relative to ground (the chamber walls)
but intermediate such grounded walls and the more negative potential of the ion

30 source cathode. This is obtained in the present invention, in part, with a judicious

choice of the maximum kinetic energy of the electron flux. The electrons emitted from
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electron flux. A preferred embodiment is one wherein the electron flux is spatially
uniform in a desired direction and the predominant direction of electron emission
from the cathode is directed toward the substrate rather than emission into 4x

-0 steradian and wherein the electron energy distribution is characterized by a reliably
known shape providing a reasonable fraction of high energy electrons. The hollow
cathode ion source answers these requirements.

The plasma density is enhanced by placement of a number of discrete

permanent magnets along the chamber walls with the magnetic axis transverse to the

25  axis defined by the centroid of the cathode and the center of the substrate. The
adjacent magnets are thus disposed azimuthally about the chamber with alternating
polarity to produce a greater and more uniform plasma density due to the resulting
multipole magnetic field. These magnetic fields also enhance the confinement of the
energetic electrons, thereby increasing the density of energetic electrons, which

30 increases the difference in potential between the plasma and substrate.

Thus, prescribed plasma based processes which depend upon a controlled
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Fig. 2 represents a schematic illustration of the electron energy distribution.

Fig. 3 represents a preferred embodiment of the hollow cathode ion source of
the invention.

20 Fig.4 shows respective pulsed voltage waveforms imposed on the anodes

and cathodes of a plural ion source plasma deposition system

Fig. 5 is an arrangement for obtaining enhanced plasma density.

Fig. 6a is a measurement of substrate potential control for a first set of vaiues
for control parameters.

25 Figure 6b is the same as figure 6a at a reduced pressure.

Detailed Description of the Invention

The invention is described below in the context of an application for
symmetrically depositing DLC overcoating on opposite surfaces of a planar substrate.
30 This application has been disclosed in the aforementioned co-pending applications.

The application is representative of other plasma processes and geometries wherein
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el ectron em ssion apparatus, or use of RF fields to accelerate el ectrons.
1Anodes cBonecteéd40 a power sources 50a and 50b including anode modulators (not
shown) communicating through outputs 16 and 17 so that the respective ion sources
220 and 20 may be energized as described below. Also connected to the electron
sources 22 and 42 are cathode modulators 19a and 19b.
A gas source 54 supplies a process gas or gas mixture to processing
20 chamber 10. In particular, gas source 54 may supply gas to each of the ion sources
20 and 220 in the regions between anodes 30 and 40 and the substrate 14.
Examples of suitable process gases include, but are not limited to, ethylene, methane
and acetylene for the deposition of diamond-like carbon, mixtures of silane and
ammonia for the deposition of silicon nitride, and argon, oxygen, or hydrogen for
25 etching.
Gas is evacuated from chamber 10 by a vacuum pump 60 connected to the
chamber. The gas source 54 and the vacuum pump 61 permit controlling the gas
flow rate and the pressure in chamber 10, as discussed below in connection with
specific processes such as the deposit of a DLC overcoating for magnetic media.

30 Chamber pressure sensor 60 provides a signal representative of chamber

pressure to processor 62. It is understood that processor 62 represents the
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condudcti ng substra [ stituted in substrate holder 12 which in turn
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via respective signals 15a and 15b. Bias voltages applied to the electron sources 22
and 42 and anodes 30 and 40 are sensed in like manner. Processor 62 originates a
signal controlling cathode modulator 18a (and 18b) to direct a high frequency pulse
train on the electron source 22 (and 42) to thereby control the time averaged electron

20 flux directed toward substrate 14. For ranges of the observed variables and the
selected cathode duty cycle, the measured potential of the test substrate taken from
calibration device 150 is recorded and thus a tabular response function is obtained
for the substrate potential. In subsequent operation with a floating workpiece, the
process to be effectuated utilizes these data and prescribes a desired substrate

25  potential. In relation to this desired substrate potential and the values of the observed
variables of chamber pres-sure, electrical voltages applied to the electron source 22
(and 42), anode 30 (and 40) and respective electron emission currents, the processor
62 adjusts the cathode duty cycle to maintain (or vary in pre-selected manner) the
desired time averaged electron flux. For the established operating conditions

30 represented by the other variables, the cathode duty cycle determines the deposition

rate by maintaining a programmed time average electron flux (constant time averaged

10
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souheesystémand 22 are energized, a plasma is 5 forned in processing chanber

Leprocess Toa prefeeedl eEbaRTE B NS HRISHTETNE Saree i S ot e
b S L g s i
pr og@sa8€ electron current within a region of high plasma density. Fig. 3 shows a typical

hollow cathode electron source and an anode forming a suitable ion source structure.
Such hollow cathode sources are well known.

20 As indicated above, instability and oscillation are observed when ion sources
20 and 220 are energized at the same time. The reason for such instability and
oscillation is believed to be that the plasma within chamber 10 is a low impedance
path for electrons generated by electron sources 22 and 42. Therefore, when both ion
sources are energized, the first plasma to be established creates a path of low

»5  resistance for all electrons and conducts electrons away from the other plasma

source. Even if both plasma sources are able to operate, the plasma impedances do
not match, thereby creating unbalanced electron sharing and oscillations. During
normal operation of sources using hot electron source electron sources, when a
given anode is biased, all emitted electron current from the electron sources is

30 collected by the one biased anode.

According to one aspect of the invention, ion sources 20 and 220 are energized
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techni ques. For exanple, an appropriate gas may be passed through an area
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el ectraod f . . | i@ holl
cat bBVERnfRnizac firfs B dffbieked PR i G0 SRR e BRO0YS 12 0l Povs
i ndepenfiged aﬂaﬁ*]'tiﬁie.ofn phgicurpntireean gitiphn@d lteigegangy betamgpliedutor ent wi t hin

a region of high plasma density. Fig. 3 shows a typical  hollow cathode
el eanpdes SOancb4ared the respridivEdPRiseyeess 2P Ball 22G. schdtipt e velfdesre.  Such

hol | ow.cat hode ,sour.ces e | 1. kn 20, I_ndy e cdqnstabilit
andaBQE‘?ﬁQ_a?PBﬂe%lréé %bdsgp\?éﬁg’méﬁleﬁo ps@}@@e. %ﬁ%tﬁggﬁ%ﬁg tg%er gi zed gt
t he sparRst bimand BTe tirRas @ud elimingBs iths timteradtionsastdthegsiasinaaglieotrons bel i eved
to be that the plasma within chanber 10 is a | ow i npedance path for

el eandders fetyeeen squisgse| Blectrens apaceliacted bynane anogganst Hed thgriRehot h i on

" oweS8ARY s (R EeFin shifess, 22 AR Ao e AT BeFRERYUEROR, C ke

ot hegvetsaséffect 30w thes Eyarated masirhuml eslva rsaybeasaahed abdgnamicopeget e, t he
pl asnma i npedances do not match, thereby creatin lénbal anced el z.ct ron

ngufcprrigeetme @yeﬁagleaiteleﬁfé@n Buifeigcha{ggaineotiisdEton SYNCREINZES AdiMy hot
r I - [ | ' [
1 T LEPREY e Siierain BRHIffEs Rl (o i RAAHELORGRMS 18] L e
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an are energized 1 1/ 58223 PCTIUSA /02392 in a nc i zed,
e ool Tine) Sienter o ien AP RIRE oA e sk tio iabakEntge BRAHERYEG at
any .1 .4l i ty Lol \/ ages, a ed t
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alternation of the 5 sources on and off tines, thus %im’ ates the
1h nt @eHeds @hdmss mtwglc]bu naither anogder isnergized in order to reduce the occurrence

of arcing. Both cathodes are off when both anodes are off, and both cathodes are on
when either anode is on. When a hollow cathode is used as an electron source, it is
modulated a significantly higher frequency than the anode while either anode is on.
In general, the frequencies of the anode voltages should be low in comparison with

20 the time required for the plasma to come to equilibrium. This ensures that each ion
source switches on and off rapidly in comparison with the on and off times of the
anode voltages. In a preferred embodiment, the anode voltages have frequencies in
a range of about 1 to 5 kHz. The voltage waveform applied to the anodes is preferably
a square wave, but particular processes may benefit from another shape.

25 At the time an anode is pulsed to a positive potential, the bias on the electron
source(s) are also pulsed or biased, but in a negative direction as shown in fig. 4,
discussed below. In this way the voltage difference between the electron source and
the anode is sufficient to create a plasma. In accord with the present invention, the
substrate acquires a sufficient net negative charge, and associated negative surface

30 potential, which accelerates ions from the plasma at a controlled kinetic energy.

Thus, an extremely hard surface is created which can provide protective coatings
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and ions between sources. Electrons are collected by one anode and then the
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be reached in dynamic range for the tinme averaged electron flux for
charging the substrate. Synchronized, or tine 10 nultipl exed anode
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very thin. Yet the walls of chanmber 10 havin beéen %r,oun%ed t hr oughout the

t i neathbdes enHenodtigtienteontio! iha RIPEEERMFaTwitiplexed fashion.  Such

elements to assemble such structures are known to the art.
In Fig. 4 the applied bias to the elements of a dual ion source processing

20  system of this invention are illustrated over time. As shown in this figure, the top curve
(a) illustrates the bias to the anode on side 1 of the substrate being coated. The
graph (b) illustrates the bias to the anode facing the second or other side of the
substrate. The graphs (c) and (d) respectively. illustrate the voltage applied to the
electron sources such as electron sources 22 and 42 in Fig. 1. As illustrated a

25  positive bias is applied to the anodes when energized. Thus, as shown, a positive
voltage is first applied to the anode facing one side of the substrate or disk being
coated. Simultaneously the electron sources, e.g., cathodes, are biased negatively in
a train of pulses which impose a selected average electron flux from the electron
source. These voltages, the electron source biases, the positive bias on the anode

30 facing side two of the disk are then all brought to ground in order to avoid interaction

between the ion sources. Thereafter, a positive voltage is applied to the anode facing
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been pul sed causes softer material depositions because the kinetic energy

of ions whbpégsepting the walls is much | ower because of tpgrhQypszyL! t age
difference. 5 For a processing chanber having two ion sources, the duty

cycles of the anode voltages are preferably |ess than 50% and are
preferably equal. Unequal duty cycles nmay be utilized but would result in
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sources such el ectron, source 2 and 42 in Fig. 1. As illustrated a 25
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interaction between the ion sources. Thereafter, a positive voltage is
appktredgthoistsuificiant@reatsr tigan 18G at the wall) to provide some ion confinemen

as well as electron confinement. Providing ion confinement at the walls results in a
more homogeneous plasma density in the core of the plasma and better uniformity of

20 deposition on the substrate 14. Confinement of the energetic electrons provides a

greater possible range of substrate bias relative to the plasma. Access to the

chamber body 10a through port 108 provides for insertion and removal of substrates.
One example of the principle of energetic electrons biasing a substrate is

shown in Fig. 6a. In this case, Argon gas is ionized using hot Tungsten filament

25  cathodes in a chamber lined with permanent magnets used to form confining cusp

fields.

The geometry of the permanent magnets used to confine the plasma is as
illustrated in Fig. 5. Two sections of 24 magnets each (disposed at 15 degree
intervals around the chamber) were used. The magnets were made from a NdFeB

30 alloy with dimensions approximately .25" x .75" x 3" (magnetic axis parallel to the

thickness) which resulted in a maximum field strength at the vacuum / wall interface of

14
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negat i ve wa ggsshss applied to (preferably both) el ectron sopegg§otdaeugh
cat node nodul ator 18a and 18b. All of these applied biases are also
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subfistaiiekd su€le ki thermot stafarh hestebiditygésée Nelle dfnad rendpA Wi deselpieags eat er
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r

as relative to th | asma. Al Al
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subst rates. - [FToll - i C rons biasing a
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voltage, cathode bias voltage, and electron emission current were also measured
with a 100 MS/s digital oscilloscope. Since the plasma potential is approximately
equal to the anode voltage, the electrons are emitted with energy approximately equal
50 to the anode voltage minus the cathode bias voltage (the x-axis of the graph). Also,
the energy of ions impacting the substrate surface will be approximately equal to the
anode voltage minus the substrate potential (the y-axis of the graph). Fig.6a shows
the relation of substrate bias versus electron energy at an Argon neutral pressure of
1.3 mtorr, while figure 6b shows the relation with a Argon neutral pressure equal to
25 0.7 mtorr. The higher pressure case shows some variation in substrate potential for
a given anode and cathode bias voltage, presumably due to the higher rate of
collisions. At lower pressure, a very linear relationship is achieved between the
substrate potential and anode cathode bias voltage.
Shields or liners are known to the art and are used in the semiconductor field.

30 In this invention the shield or liner is used to prevent deposits on the chamber walls

and to simplify chamber clean up. Typically a liner may be used for a period of time

15



30 alloy with di nensions approximately .25" x .75" x 3" (magnetic axis
paral | el o lt/%g t hi ckness) which resulted in a maximumfield strength at
the vaculdm f WA interface of 14 WD 01/58223 PCT/ US01/ 028gHUS01/023
approximately 1.1 kG Two additional 1" dianeter nagnets were placed on the
axis of the chanber at each end (outside the vacuunm) with the North pol es

facing into the ,chanber. The fields fromthes nd nagpets hel ped supply
sonBuGika@abeghil PhBAWSOT eyen R dORGRI RS OTeBE ﬁbﬁ‘gen Glef'[ggﬁeﬂ%tﬂ\&acuum chanber

had i dj r id?%tn% T5s nd d¥d wer e
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cat padehitasmbesopubisest ahila F cleguancyf e balStdkds plade.a Thusyineysloe of 38%
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50b58éIYa§q83;?e%{u[Hé:m{/v%m%g]%lﬁné ‘?ﬁé%gstfe% ift8 dpdrstide MoreeaprR@ency is not fully

understo eto the gromh of plasma instabilities, such as
the two Hthasameems&iuatd that predaabtioning theichbmbendsAhvgugh expoglirecef the

Pri nci pl f Pl Physi cs,. p. ., 449- 476, Fr anci Press.., | 1986) .
whi BRBMRET 16 ArRurB A Bon R dobAbONEAACUs St BF S AeRa e OE M i ¢ one
For s+:‘?§céf81aﬁ+ér %%F%;ﬁgagﬁ@ B &PHrodedsed inGheysterhi ahisi BEIRGRAARIS type

oscl [l oscope pr used to neasure thé potential of an Al um num
subspmditieningi puriflessthednsidecof thleettamioail or slustibor lioersbgingeuseskivethe al |y zero

net current flown %]o t he substr atﬁje). The anode. voltage, .c th,[(%d,((?I bi as
140l ch@f@benRY remaver oh ceriasRingRtscr et aie e &l %‘o"ri?éasﬁlféga"at%ﬁam 2 F00 MBI s
di ggﬁgﬂnggﬁgbb} gjsgggﬁ ] tip,%es);slfn@mqbae%m drsential is approximately equal to

t he "ano t age |e el ectrons are emtted with energy approxinately
equal 20Atprochssiagasisteral hageg mneus twieiarasdlodes iassbeen digpysseddhis axi s of

the_graph). Al . th y of_ i ' ti th bst rat f i1
be. Epr Th8 HECTBEEC PBSIAEN ShUdy oorpLgeTrndE eree Ubeepafdiastt ent i a
(t nGiohay! # iy BB SRR to Bii&gBR nERDAS ofld1e sbelcal eNeadn edbe|thatinbi as
versus efectron energy at an Argon neutral pressure of 1.3 nmtorr, while

15 | geoerceb sb@nerdined rselchtthenomiytdneaioArspomcaréaion it apydisser & osgxample, 25 0. 7

morr. The higher pressure case shows so variation,in substrate potenti al
f or pm&e@ﬁm@nsxgﬁﬁ%weﬁ%mag QHhENeSPEES VoOTY 55@?”%9@?8&%?90&‘0%"%’[?% hi gher

rat gngfe voltages having duty cycles of 25% or less. The anode voltages applied to two
or more ion sources depend on the number of ion sources, the desired anode duty
cycle, the desired operating frequency and the type of structure or surfaces being
20 treated. In each case, interaction between ion sources can be eliminated and
depending on the other voltages applied, selectivity in deposition and selectivity in
material qualities may be pre-selected and predetermined
A processing system of the present invention utilizing a single ion source is
simply related to the multiple source systems discussed. In such an arrangement,
25 the modulation of the anode is not required for the reasons discussed herein
(although there may be some specific process requirement for anode modulation).
The voltage applied to the anodes can be varied from a low value determined
by the minimum necessary to get significant ionization of the working gas (about 50
V), and a maximum determined by the onset of arcing on the grounded walls (typically
30 > 200V difference between the anode voltage and the wall voltage). The number of

particles on the surface of the substrate tends to increase with anode voltage and a
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collisions. At |lower pressure, a very linear relationship is achieved

bet ween tWe 018sMstrate potential and anode cat hode bi as volgg@gsooidog! ds or
liners are known to the art and are used in the sem conductor field. 30 In
this invention the shield or liner is used to prevent deposits on the
chanber walls and to sinplify chanber clean up. Typically a liner may be
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system having one or two ion sources has been dl_scijeiggd thus. far. The tine

mul tappresieatelp&layi the Bmsdarm mush lesuhaes (aRPHREBA GRakWithde¥i on  with

Fig. .1 ended to a | arger nunber of ion sources. In each case, the
Pon Si@sggépgg%éﬁ'e energi zed such that only one ion source is on at any

time. FOrTHXAME, ofacorRfalARp Sidstraysdem balvstratefant wiaddepmsitsethrotgh be
energi zed wi th non-overl appi ng anode vol tages havi ng dut%l cgcl, es of, 25% or
| eﬁgc.onmnfoaﬂwdlfﬂ%emtaajegn &rdies m@d?g\&mg«i'%?@d isfyﬁsgtatf é@é G5 %n the
nunber, of .ion s he red: uty cycle, e desired operating
fredr&éiﬁ%ﬁbgﬁﬁ r?ﬁegéﬁéé%cé%esq%ﬁﬁtagﬁggé&r §Urfaces being 20 treated. In each

case, i ntafhrighGRelinburafishmenfstaeraeanc avebtoeldraimatieity anderstepkridisng on
the other vol tages applied, selectivity in deposition_and selectivity in
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the plasma and the biased substrate, in the event that the substrate is biased. Using
a plasma rather than, for example, an ion beam, allows much higher deposition rates
than otherwise possible. In this connection we have achieved deposition of protective
20 overcoating layers in accordance with this invention at rates equal to or in excess of
15 Angstroms per second.
An advantage of the biased plasma approach over a gridded ion beam source,
a source that can be turned on and off, is that it is generally difficult to obtain high
deposition rates at low ion energies because of space charge limits in acceleration
25  grids. Also, the nature of the plasma sheath ensures that the ion acceleration is
normal to the surface of the substrate over the entire surface area, whereas ion
beams will exhibit some divergence from normal incidence away from the axis of the
substrate.
While there have been shown and described what are at present considered
30 the preferred embodiments of the present invention. it will be obvious to those skilled

in the art that various changes and modifications may be made therein without
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sinply related to the multiple source systens di scussed. In such an
arrangenmand o1/58323 t he nodul ation of the anode is not requiregriRo:bixs:
reasons di scussed herein (although there may be sonme specific process

requi renent for anode nodul ation). The voltage applied to the anodes can
be varied froma | ow value determ ned by the m ninmum necessary to get

si gpLEL SRR AR I f i n g maxi mum

et e e B T B e el i | = Fomreal 1y 50 > 200
V difference between the anode voltage and the wall voltage). The nunber of
particles on the surface of the substrate tends to increase w th anode
voltage and a 16 WO 01/58223 PCT/ US01/ 02392 greater difference of voltage
bet ween the anode and the wall, so the optinmum anode voltage is generally
the | owest voltage at which the required deposition rate, film properties,
and reliable discharge onset can be obtained. Controlling relative voltages
allows control of the hardness and stress of the 5 deposited film This
has particularly been found to be the case when depositing thin filns of
DLC simul taneously on both sides of the substrate. Further, we have found
that for anode potential Va and substrate potential V, Va - VS > 120 V
produces very hard (>25 GPa) filnms with high stress (approx 3-4 (a);
whereas, for Va - VS of approximately 40 V, the filns are nuch |ess hard
(approximately 9 Gpa) with low 10 stress (<0.5 Gpa). The results of
controlling the stresses in substrate and wall deposits through control of
the differential ion energies incident on walls and substrate were

di sclosed in the above referenced co-pendi ng applications. Although the
mechani snms of the instant invention are not fully understood, it is is
presently believed that a plasma is forned, biased positively in reference
to the grounded walls, and ions are accel erated across a sheath at the
interface between the plasna and the biased substrate, in the event that
the substrate is biased. Using a plasma rather than, for exanple, an ion
beam allows much higher deposition rates than otherw se possible. In this
connection we have achi eved deposition of protective 20 overcoating | ayers
in accordance with this invention at rates equal to or in excess of
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15 Angstronms per second. An advantage of the biased plasma approach over a
gridded i ) source, a source that can be turned on ap ff.  1s that
it is gelr‘l’g(?gpﬁilﬁdi fficult to obtain high deposition rat espgTRJISSW?g%
ener gi es because of space charge limts in acceleration 25 grids. Al so, the
nature of the plasma sheath ensures that the ion accelerationis normal to
the surface of the substrate over the entire surface area, whereas ion
beams will exhibit some diAMSence from normal incidence away fromthe axis
of the substrate. Wiile there have been shown and descri bed what are at
present considered 30 the preferred enbodi nents of the present invention,
it will pesghstiftbsproeet&ingesyskéml @smprisinghe art that various changes and
nodi fications may be nmade therein without 17 WO 01/58223 PCTI US01/ 02392
departing from gieandedperosessing ¢HAPBAE on as defined by the appended

clainms. 18 WD_01/ 53%2&1%9 r%%’épég&ﬂggég%ns%éh@%&r@ gHgﬁg)re@ta%dor ocessi ng

system conpri 8| ?1‘&? a ground processi ng strate hol der

posi ti ongdticAR flbalingbeseing chanber and el ectrically floating therein; 5
a gas source coupled to said processing chanber fgr zggog%nl% a_ process
gas to said pRORSSPHIFECHRLRIEH 10 H717 FROGRSHNGE ChAMSST 0T ¥NGBr i oni zi ng
sai d process gas r i ocessing a surface of a substrate
di sposedpf)(ﬁcess i%iaé g%ﬁ%fér)g?(gg%g&?@ﬁ?@cﬁg said ion source, said ion source

conpri si ng ananlignatdes andarnckhebtr r ivoiriesaad suwieess @as tohar gi ng
el ectron source disposed to deliver a train of el ectroB flux. pulses to a
subst r at @redussolonsopPrage HirAIFstH A AbP RPSHE G ISROSER SBifer gy and tine

aver aged (GHLE S h SAEPYASH SR G5 BBHRCIULYs (FELBurcees B sh

10 anode and an electron source;

a substrate charging electron source disposed to deliver a train of
electron flux pulses to a substrate supported by said substrate holder at a selected
energy and time averaged current comprising a cathode duty cycle, whereby said

substrate is capable of sustaining a bias to a selected negative potential with respect

15 to ground, and
a power source for biasing said anode, said first electron source

and said substrate charging electron source such that said anode is
biased to a positive voltage, said electron source is biased to a negative
potential at said cathode duty cycle, whereby said substrate on said

20 substrate holder is biased to a potential intermediate said electron

source and said processing chamber

2. The substrate processing system of claim 1 wherein said substrate charging

electron source and said first electron source are the same structure.

3. The substrate processing system of claim 1 wherein said electron source

comprises a hollow cathode.

4. The substrate processing system of claim 2 further comprising a pressure sensor

9



substrate is capable of sustaining a bias to a sel ected negative potenti al
Wi th resgefdissi to ground, and a power source for biasingpSaidyARgsse. said
first electron source and said substrate charging el ectron source such
that said anode is biased to a positive voltage, said electron source is
bi ased to a negative potential at said cathode duty cycle, whereby said
substrate on said 20 subs t e IS4 DA } 1 medi at e
Sai @SBPBENPAR eqUPSiindl Sar P S ads e L RarhRP™s" PR K iprsPs

pr Oa?rﬁéﬂtn%rﬁmteeé@ﬁgorweabahévéh@rtab relsétroh suhissivat curcdrarafi sajd selbstrateon
source and said first electron source are the same structure. 3. The

subctarging electrepsiavgc@yst em of claim 1 wherein said el ectron source
conprises a hollow cathode. 4. The substrate processing systemof claim2
further conprising a pressure sensor 19 WD 01/58223 PCT/ US01/ 02392

r espofgb \sebsRatd Braticesiiy SyNénsel dlaphoL esspyain g psaiabspover sour ce
conprises a current sensitive sensor responsive to the electron em ssion

cur cemmusficatnigiwithbeaid AressWikasISHy: ERECEPeFe selprR!l and ?ﬂ'@ BaEt rat e
P oSSuredr PEARb Rl FbBBSRIRIARL A PLIEEIRE! safCeRRbAAdUIge i {1

sai BOYC ode potential and sal d power source for

est gblenBli BAd lsa%) BheYaidduige pekaitionshi gaidfelpctess enessisai cliretrct ron sour ce
potential and said anode source potential and said el ectron em ssion
current. 6. The substrate processing systemof claim5 wherein said

progessor co i Ses : £ D LT } ¢ of
e SRR IR G B FRR Ll LA MRl pees sonpnedete of
sai thdrhdiy Y PEREFHgaIAiBE4ted relatonshipshof ssidl presaursmn saibetotrsh potreat i al
sustai ned by said substrate and the value of a pre-selected 5 tenti al
fievbEngest

set potential, BaidrAgodapatential Fcorad MR AFRGH BIECEPA e8Iy Aogi ¢
g?g%%&ﬁ%@%@fﬁlosﬁfsﬁ? ALY ﬁ/gsé/iﬁlslb%tr‘a{e éﬂg%@r\%‘*’@é b Bpreedalbétegship to said

ipsS a generate a duty cycle signal representative

of paidhtinekepast. duty cycle.

7. The substrate processing system of claim 6 comprising logic means to compare
prevailing values of said prevailing relationship to said calibrated relationships and

generate a duty cycle signal representative of said selected duty cycle.

8. The substrate processing system of claim 7 comprising a modulator operative to
produce said pulse train in response to said cathode duty cycle signal,
whereby said modulator limits the electrical potential of said substrate by limiting the

time average electron flux incident on said substrate in reference to said relationship.

9. A substrate processing system as defined in claim 1 wherein a second ion source
comprising a second anode and a second electron source is positioned facing the
opposite surface of a substrate on said substrate holder and wherein said power

source is adapted to apply a time multiplexed voltage to each of the first anode and

5 said second anode.



8. The substrate processing systemof claim?7 conprising a nodul ator

operativ oduce said pulse train in response to sai uty
Vevd /58\%3 dpf'ﬁ{po Jgﬁ?{figﬁi

cycl e signal, ereby said nodulator limts the electrical of
said substrate by Iimting the tine average electron flux incident on said
substrate in reference to said relationship. 9. A substrate processing

t defined in claim1 wherein.. d i ce . i si
sectihd ahGuBSHAIE RIaESSRS BYREM on GHUPAAT IapbY: ¢iEua S PRER he
O f . _ . 4
porareg MRS el I BEP O B B e T oF L he
firsfodnafe sartsScaal dnsds and faememcy X 86 GHAr58008t FUTKHR01/ 02392 10. A

substrate processing systemas defined in claim9 wherein said power
source conprises neans for applying a pul sed, periodic voltage to each of

sal ﬂurﬁ%fbgﬁggfgg%g?@ sZﬁ@FH"Qs PeHedah daift SaWRERIN @kid pewWer han about

100 rocessi ng systemas defined in claim9 wherein
sai sbiresbmEEesceeansoi applyimepa derd, aEplogingokagrite each mérsaidifiestvol t age
to each of said first anode and said second anpde at a.fr e that is
| esanadgmAnd SAEhees BNAES & 2 re‘ﬂ)ﬂ’ea{%t?‘iaﬁ'ss S Q@ﬂ'&%@*@“?ﬁ%ﬁe gﬁ%st rate

pro i.n St efined in claim9 wherein said power source
con@??@@sg‘ngéﬁs o’?gggm ying a pul sed, periodic voltage to each of said

first anode and said second anode at a duty cycle less than or equal to
about 40% and said electron sources are biased negativel | e tine
an h&od@ S@SHQF%@G?QQ?SH‘%Swgm P%@@‘BPP&@&'E"%Q \'Ah%ﬁ&f‘gggl%g\géggggrt&gng
SYS%%ﬂgegﬂHaﬂ%dfo'r ’égﬂl;ﬁh@ﬁp&i\f@édﬁ eh8riSdk 4 oRaYB o SUBHCSS saiadirsdgnodeans f or

app g a pulsed, p C positive voltage to each of said anodes at
anoged daldy/sesaridearodmbt aadudy cyelssleshdmamboenuab abeier4d % and saidi rst i on

source and said second i,on squrce are hoth off duri.n jon of each
cyc?'@CHPnﬁ‘Pé""Haﬁ)afesgtﬁ’,seﬂe’??@g'iv@?yv%‘i’?%%g%? HTE. a%\agﬁggtg?}t@%’)&r t)ocgssi ng system
5a?] ﬁg&w&gohgbél aim1 wherein said gas source supplies CH4 to said
chanber .

13. A substrate processing system as defined in claim 9 wherein said power source
includes means for applying a pulsed, periodic positive voltage to each of said
anodes at anode duty cycle equal to or less than about 40%, wherein said first ion

source and said second ion source are both off during a portion of each cycle of the

5  pulsed, periodic voltages.
14. A substrate processing system as defined in claim 1 wherein said gas source
supplies C,H, to said chamber.

15. A substrate processing system as defined in claim 9 wherein said gas source

supplies ethylene and argon to said chamber.
16. A substrate processing system as defined in claim 9 wherein said power

source comprises a power supply having a first and a second pulsed output, each

said pulsed output coupled to said first and second anodes, respectively, wherein
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15. A substrate processing systemas defined in clai m 9 wherein said gas

source Sl hss et hyl ene and argon to said chanber. E@@%ﬁ’@@’%

processing systen1as defined in claim9 wherein said pomer
conprises a power supply having a first and a second pul sed output, each
sai d pul sed out put coupled to said first and second anodes, respectively,

wher ei n 01/ 3 PCT/ USOL1/ 02 idfirst and.secon t.S
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9 wherein said processing gas is ethylene and the pressure in the chanber
dur $3g ¢Igetren fOUGERS i s being fed into the chanber attains about 4 ntorr.

18. A substrate processing systemas defined in claim9 wherein said first
and second el ectron sources each conprise a hollow cathode for generating
el etTr onA sulostrate podce sHing sfyeirenarad @@pﬂqd rvigclaurne&gathey@mb*&%ld Rrecessiag hol | ow

cat hode at said t hode duty sub trate ssin tem as
def 932 PRIYENS ﬁ{‘&g Wpé?%qq{eéa(iﬁe chﬁf CoNpFi L85! ﬁ% ng?(g)/ ®ppl yi ng
ap 0/ td%. each of the first anode and said second
anofﬁgsgrfargﬂﬁggﬁ@%céﬂtﬁ theérange of about 1 to 5 kHz. 20. A substrate

pr OCESSI ng systemas defined in claim9 wherein said ion source generates

|on cess s for etchin sald sybst rat 21. A strate

pro SSI gg“gifg pégc%é,m%é&stlem ép V\Hecﬁﬁ'i”h 95\%( 8"%’%&%%3@3 dagenerat e
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processing a substrate, conprising the steps of: positioning a substrate
I n angromedsiator foh @mideappiRthgnainepalive hepsst saidhubiow eatbods alls@id rical |y

fl oat roundi ng sai d processing chanber; 5 supplying a process gas to
t hecﬁé‘eaﬁé’g’ qg‘ﬁanber

19. A substrate processing system as defined in claim 10 wherein said power
source comprises means for applying a pulsed, periodic voltage to each of the first

anode and said second anode at a frequency in the range of about 1 to 5 kHz.

20. A substrate processing system as defined in claim 9 wherein said ion source

generates ions of said process gas for etching said substrate.

21. A substrate processing system as defined in claim 9 wherein said ion sources

generate ions of said process gas for etching said substrate.

22. A method for processing a substrate, comprising the steps of:
positioning a substrate in a processing chamber and maintaining said
substrate as electrically floating;

grounding said processing chamber;
5 supplying a process gas to the processing chamber;
ionizing said process gas with an ion source located

in said chamber facing a surface of the substrate to



ionizing said process gas with an ion source |located in said chanber
facing a bi@ssy of the substrate to 22 WO 01/58223 PCT/ US roduce
i ons of gﬁ?d prg%ess gas for processing the surface of thegtﬁgéﬁﬁépgpand
whereby said substrate, said 10 ion source conprising an anode and an

el ectron source; applying a positive bias to said anode while applying a
negative bias to the el ectron source mh§reb¥ an electron flux is extracted

fromsaid i onp%QSWr‘@e'.onai‘?fe??c'?j MIOSET IR PIBTSPI I "twar d sai d substrate;
and 15 int e.”&ﬁ’rtf% of Ml sEBLLrAR! 5% %r%%??%afd Wib&tatd, §§!§FCF ed interval,
whereby said SubStrate experiences a selected energy and tine averaged
1current conprioi egurce eahposiagdint gnoyelandaad diderebgoamsyi res a net charge.
23. The nethod of claim 22 including sgﬁpapl yi ng}@et E%EI3 ene and argon gas as
said process gas PRPYINhAPQSARRIES 19421 RECRE HBES GPPYIRG m 22 wher ei n
sai d substratg jeA¥RHIed 1 Ind ERCRLAoRLE Wiffoby Brdliebfiast a second ion
source conprising at least a second anode and at | east a second el ectron
source and enfuygizexgadted ffomstaidmdeocamne. saedtisgserd anode by appl yi ng
pul sed, periodjc posjtive valtages conprising first and second anode duty 5
cycl es, respe‘éﬁ%f‘ﬁ‘f’bt%_ﬁ %ﬂ"gtsHQSTf'g%stangnd at |east second anode and

121 so applyi ngirﬁerrﬂﬁ@ﬁ"@i ENR Sliastd@ eldreropl @6t A0A seruté® ibnal fwhélebyat hode
duty cycle whereby atine averaged electron flux is extracted fromsaid

i onssidwsubstiatevexdesances abstlected; eraidy anshliyiengverapedauiriant ompisngai d
second el ectron sourc t second cat hpde duty cycle whereby another tine
aveP&gdhrds ‘é'éttyrcdﬁ% Pﬂ& t%gr %?%%‘f'%e(??f‘gﬁ\cgﬁrig&'second ion 10 source and
directing said another tine averaged electron flux toward said other
surface of said substrate, said first cathode duty cycle and second cat hode
duty cycle each being snaller than said first anode duty cycle and said
secgond anode duty cycle. .25. The method of claim24 wherein the st of
ene?éi Zi Eﬁetrﬁﬁﬁﬂ%r%{da%é InSHARg auppl%l/mg et%y?ene and argon gas as saldep

process gas into said chamber.

24. The method of claim 22 wherein said substrate is exposed at its other surface
to at least a second ion source comprising at least a second anode and at least a
second electron source and energizing the first anode and said second anode by
applying pulsed, periodic positive voltages comprising first and second anode duty
5  cycles, respectively to each of the first and at least second anode and also applying a
negative bias to the electron source at a first cathode duty cycle whereby a time
averaged electron flux is extracted from said ion source toward said substrate; and
applying a negative bias to said second electron source at a second cathode duty
cycle whereby another time averaged electron flux is extracted from said second ion
10 source and directing said another time averaged electron flux toward said other
surface of said substrate,
said first cathode duty cycle and second cathode duty cycle each being

smaller than said first anode duty cycle and said second anode duty cycle.

25 The method of claim 24 wherein the step of energizing the first anode and said

second anode and their said electron sources comprises energizing the first anode

23



second anode and their said el ectron sources conprises energizing the first
anode 23¥0\61/4332$8223 PCT/ US01/ 02392 and sai d second anodpcprdoéizck

el ectron sources with first and second periodic voltages, respectively,
that are out of phase. 26. The nethod of claim25 wherein said first and
second periodic voltages have duty cycles of |ess than about 40% and said

first d [ d, t i@t I : bot h
of t 30 ¥4, SaSPER AT baan Eherenoro FRe sufl B el RneEaegge TS o0
(rjret 08&5 séQJe@rSéEt%@Wﬁét%r@ S@idl phaBode duty cycle and said second cathode
uty c ent i

are |1 cal and in phase. 28. A nethod for operating two or
nore i on sources in a processing chanber, said two or nore ion sources

each havi an anpd nd | ectron, soyr S} RG; f:
enor8i 21 6L B HOESA0n ZarderD BI° e sEoTR] paighe, otagL e

mul {4,8) 8%&93 BRINY (hERCAb 6 a4090 NG OME fEt asdisdcom® i@T soraesi and taur ces i s
energized at any tine; and exciting said electron sources with a negative

bi amssocibte tleatronaouses s eteodnelf Gyriag® PPHENVeReaYEaaf dhe PefRfithg t hat
interval in which said anodes are energized. 29. A substrate processing
sysW@H?&%ﬁprising: a processing chanber; an electrically floating substrate
hol der positioned in said processing chanber; 5 a gas for supplying a
process gas to said processing chanber; first and s coEg anod s_ﬁo itioned
i n 271 Thepnethessphgaith@fbwherain saldetinedeshily Y Cls arega @%@9@?? PACsai d

10 %?yg%lefa% iRLaduelng iglgekeons at a selected energy and

28 A method for operating two or more ion sources in a processing chamber, said
two or more ion sources each having an anode and an electron source, comprising
the step of:
energizing the anodes of said two or more ion
sources in a time multiplexed manner such that only one of
said two or more ion sources is energized at any time; and
exciting said electron sources with a negative bias
pulse train of selected energy and time averaged current

during that interval in which said anodes are energized.

29. A substrate processing system comprising:

a processing chamber;

an electrically floating substrate holder positioned in
said processing chamber;

5 a gas for supplying a process gas to said

processing chamber;

first and second anodes positioned in said
processing chamber;

an electron source biased negatively in said

10 chamber for producing electrons at a selected energy and

24



24 WO 01/58223 PCTIUSO /02392 time averaged current within said chanber

for ioni swoher/sk3id process gas to produce ions for processi pgrmReho23o2
el ectrically charging a substrate di sposed on the substrate holder, and 15

a power source for energizing with a positive bias relative to the chanber
said first and second anodes in a time nultiplexed manner so that only one

of sal d anodeg, i 5, RGLAIERLR LA LdenaRibisal brpaugr sour ce capabl e of

furni shing a negative’bias at sald cat y cycle said 20 electron
source. 30. Asdietgrodess gascorpgtadaeewbnd fol pianedgingnahdidi ng posi tioning ion
sources on different sides of said subé,trate. 31, A rrettgegg i n accordance

with clai m 3celeaticady rparaiagi H§UpFbeiEsesgaset Prelichs USRS of sai d

substrate. 32 Prag ssing systemto deposit dianond |i ke carbon on the
holde ﬁ 3 ; : .
two surfaces 0 n-electrically floating substrate at a processing station
1conpri sing- a procespwe shaobdor, erergiisg vathea palsgere pesi tioned in said
processi ng chanber 5 and el ectri_caJ,I\é floati ng; a source of hydrocarbon
gas coupl ed tlatieito HieoekawPal sekalise ANt 58598 E{ﬂ%dsqsnlf‘oa said chanber; a

power source g {ii fileAflnRRREAdoRNAS BRIOGRELALAIS arfel sai d pl asm

generator conprising an 10 anode and ectron source positioned on a
surface side jsoénergireisat atyetiore, saddssdpswatsouiot depable ofenerate a pl asma

Lhereat; sai 6 pouel, source comnected. 9, RAhd Wik a8% ssrpond plasm

20 electron source.

30. A method in accordance with claim 22 including

positioning ion sources on different sides of said substrate.

31. A method in accordance with claim 30 including feeding process gas to each

side of said substrate.

32. A processing system to deposit diamond like carbon on the two
surfaces of an electrically floating substrate at a processing station comprising:
a processing chamber;
a substrate holder positioned in said processing chamber
5 and electrically floating;
a source of hydrocarbon gas coupled to said
processing chamber to feed gas into said chamber;
a power source and first and second plasma
generators, each said plasma generator comprising an
10 anode and an electron source positioned on a surface side
of a substrate on said substrate holder to generate a
plasma thereat;
said power source connected to said first and

second plasma generators adapted to energize said

25



25 WD 01/58223 PCT/ US01/ 02392 15 plasnma generators by applying a positive

vol t age wo dilsg2anodes of said generators thereof in a timepdsdiRsveed
manner such that onl/ one of said anodes of said plasna generators is

energi zed at any one tine, said power source adapted to furnish a tine
dependent negative bias voltage 20 of selected nagnitude to said el ectron

sSources at aaﬁl%ﬁjnglciég{yrgmirgb§réc@swiggrédpg@g\l,é/i\,agaégit@ltﬁ;@l ected negative

voltage to s ron sour sal d selectable interval while a

positive voldragRsi & dljeadritorantharmddn of tisai chufipdsed generators. 33, A
substrate processing systemconprising: a processi %chanber; a substrate

hol der posi t iraeee ﬁu@bi@tpﬂ%é@@§i9{g’5§"éﬁé‘lﬁ’9§§ CH_rﬁ?'gl M PRcal Iy floating
brocess. gased e atrh o piRlles ot SRt HrgtRaR PO SR P ator i b

process gase sing C rrst plasna generator in said
chanber connegisfied t6 fanRvertins@depentiont hemataienpiasaiottageocess gas to
produce ions for processing a substrate disposed on said 10 substrate

2ohol der; a sec¥riel@ttad raagritiedatLpaidnelsairan SRYREY @t Bonnected to a power

source for ionizi sal .qﬁﬁﬁs gas to produce ions for processing a
substrate di sﬁ%%%tgglc?nﬁ‘lt%glgcrj substrate hol der; each of said plasma

generators 15 bei ngogljingassd sefecpposybvsivdésgefo she surfaces of a
substrate on said substrate hol der; ower sour@e for ﬁnergi zing in atine

a .
mul tipl exed elaelien SOUEIES ﬁh@aierﬁ%}e@ﬁg’%ow%fé{?bwa Rt BPRF¥Ci s energi zed

voltage is applied to an anode of said plasma generators.

33. A substrate processing system comprising:

a processing chamber,

a substrate holder positioned in said processing
chamber and electrically floating therein;

5 a gas source coupled to said processing chamber
to supply process gases to said processing chamber;

a first plasma generator in said chamber connected
to a power source for ionizing said process gas to produce
ions for processing a substrate disposed on said

10 substrate holder;

a second plasma generator in said chamber
connected to a power source for ionizing said process gas
to produce ions for processing a substrate disposed on
said substrate holder; each of said plasma generators

15 ' being disposed on opposite sides of the surfaces of a
substrate on said substrate holder;

a power source for energizing in a time multiplexed
manner such that only one of said generators is energized

at any one time; and

26



at any one tinme; and 26 WO 01/58223 PCT/USO /02392 20 an el ectron source
di sposed it negative charge on said substrate at a t ate
and at a&(ggllq%g?’;bl e maxi mum el ectron energy. 34. A substrﬁ‘f@bgﬁlé@g i ng
systemin accordance with claim32 in which a liner is positioned within
t he chanber and protects the walls of the chanber from deposits. 35. A

substrate processin tem as def.i ned claim1 or.9 wherein said ion
20sour ce gener at es i@%@fqvﬁ%r%ﬁﬁurﬁreo%'éggs%j%go AsPoRY (5934 S he deposits on the

surface of  qafieldh §80saidlyehasbS seldiod TaR sHBSiEAL e processing system
|

of claim35 in e process gas conprises Argon. 37. The substrate
processi ng sysdlettabfe olsaiimudb eldodmosi @ngr@iyd sources define a chanber axis
and a plurality of magnets are disposed in respect to said axis to produ
a desired magnetic field within said chanber, said magnetic field

‘ ”CézﬁasiR%uBEﬁafleenP?c}ée%sﬂg égs’!énpirn%dma@n@@mthcctlam@z A Bich3B1lindhi
proceéssing systemof clam32 wherein said hydrocarbon gas is et he/l ene.
positioned within the chamber and protects the walls of the chamber from deposits.

35. A substrate processing system as defined in claim 1 or 9 wherein said ion
source generates ions of said process gas for etching the deposits on the surface of

a shield in said chamber.

36. The substrate processing system of claim 35 in which the process gas

comprises Argon.

37. The substrate processing system of claim 35 wherein said sources
define a chamber axis and a plurality of magnets are disposed in respect to
said axis to produce a desired magnetic field within said chamber, said

magnetic field increasing the density of ions proximate said chamber axis.

38. The processing system of claim 32 wherein said hydrocarbon gas is ethylene.
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