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AND METHOD FOR CONTROLLI NG THE VOLTAGE APPLI ED TO AN ELECTROSTATI C SH ELD
USED | N AVBLOABBARISSENERATOR CROSS- REFERENCE TO RELATED APPICTAANY/@NMS Thi s
application is a continuation-in-parti1of U S. Patent Application Serial No.
09/ 676, 462, filed on Septenber 29, 2000, which is, in turn, a
continuation-in-part of U S. Application No. 09/608,883, filed on June 30,
2000, both commonly assigned h&RREGHhFICABITOOF THE | NVENTI ON The present
invention relates to a plasna processing apparatus. Mre particularly, the
present invention relates to a nethod and apparatus for controlling the
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frequency (RF) antenna is di sposed. There are several known techniques for
exciting a plasma with RF fields including capacitive coupling, inductive

coupl i ng and wave he@RPRGREFERENCENHARELATRIAAERIEATEGNS! ed pl asma (1 CP)
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pl asma process, the RF antenna and a plasma excited in the process

FIELD OF THE INVENTION
The present invention relates to a plasma processing apparatus. More
particularly, the present invention relates to a method and apparatus for controlling the
voltage applied to an electrostatic shield disposed between an induction coil and a

plasma.

BACKGROUND OF THE INVENTION
Inductively coupled type dry etching systems are commonly used in the
semiconductor manufacturing industry. The dry etching apparatus generally has a
process chamber with a ceiling of a dielectric wall, on which an annular or spiral radio

frequency (RF) antenna is disposed.

There are several known techniques for exciting a plasma with RF fields
including capacitive coupling, inductive coupling and wave heating. In a standard
inductively coupled plasma (ICP) generator, RF current passing through a coil induces
electromagnetic currents in a plasma. The currents heat the conducting plasma by ohmic
heating, so that it is sustained in steady state. Typically, the current through a coil acts as
the primary winding of a transformer. The plasma acts as a single turn secondary

winding of the transformer.

During a plasma process, the RF antenna and a plasma excited in the process

chamber are coupled not only inductively but also capacitively. Consequently, the inner



chanber are coupled not only inductively but also capacitively.
Consequently, the inner WO 02/ 084699 PCT/ US02/ 10462 2 surface of the

di el ectriwowaloB4epmde of, e.g., quartz, which is exposed t ®cCThesor/m46z i or

at nosphere of the process chanber neak the RF antenna, is charged with a
negative bias relative to the plasma. Wth the potential difference

bet ween the plasnma and the exposed inner surface of the dielectric wall,
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accel er at @@ ppQfickd UEtht PRseeéy iaibBead Bs dRlectiewmisaden ohigitdyi s preferably
connected to a source of RF potential to control its relative potential or

bias. One option is to connect the shield to a point fromthe antenna in
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illustrated in wever, e curr coupl ed out of the
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the coil as 11lustrated in e advantages of this schene are the
opti on t owithecedleateli positiveliabs étonathd iplfserae Athe fHasglay sluiyld if poaferably ant enna,

the substantially smaller_ interaction be en the shield and the coil
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hi gher cogtio@Bghecii shRMPbI aGRfiR ERR tHelntens 5PHHICAThY the sHBRCbpRdtE & for an
apparatus and nethod to independently control the antenna current and the
Far aday stheshuiefrsiqpengy abthercoplowatestrated in FBGnh| Boyevasy the current that is
coupled out of the coil reduces the magnetic coupling with the plasma. Although such a
powering scheme is simple and efficient, the controls of recipe variables are therefore

limited.

An alternative powering scheme uses an external second auxiliary RF power
supply separate from the main supply that powers the coil as illustrated i‘n FIG. 2. The
advantages of this scheme are the option to operate the shield at a different frequency
from the antenna, the substantially smaller interaction between the shield and the coil
circuit, and simplicity of control. However such extra circuitry results in higher cost and

may complicate control.

Accordingly, a need exists for an apparatus and method to independently control

the antenna current and the Faraday shield voltage both powered by a single power

supply.
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An apparatus for controlling the voltage applied to a shield interposed

bet ween awo o2/ossed i on coil powered by a power supply via acmatsohicg
network, and the plasma it generates3 conprises a shield, a first feedback
circuit, and a second feedback circuit. The power supply powers the
shield. The first feedback circuit is connected to the induction coil for

controlling the power sBRHEY DEBURIEGEONOH TEHRKENTIONIt is connected to
the shield for _controll.in he. volta of the shield . Both first and
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t he princi an enmen 1ons of the invention. In"the draw ngs: FIG

1 is a schibersdcond fHedgackriichit figtheatomgrisas aset@nisansonda sechad aotrsollehiand d

powered by a,si.ngl ower sup ccarding to.a pri art; FIG 2 is a
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The second sensor sends a second signal representative of the voltage of the shield to the
second controller. The second controller adjusts the variable impedance network such

that the voltage of the shield is controlled by a second set point.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated into and constitute a part of
this specification, illustrate one or more embodiments of the present invention and,
together with the detailed description, serve to explain the principles and
implementations of the invention.
In the drawings: ‘
FIG. 1 is a schematic diagram illustrating an antenna and a Faraday shield

powered by a single power supply according to a prior art;

FIG. 2 is a schematic diagram of an antenna powered by a first power supply and

a Faraday shield powered by a second power supply according to a prior art;

FIG. 3 is a schematic diagram illustrating an antenna and a Faraday shield both

powered by a single power supply according to a specific aspect of the present invention;



a Faraday shield powered by a second power supply according to a prior art;
FIG 3 is a schematic diagramillustrating an antenna and a Faraday shield
both powwpad/iokeoa singl e power supply according to a speechiusoas@ert of

t he present invention; WO 02/ 084699 P€T/US02/ 10462 4 FIG 4 is a flowhart
illustrating a method to i ndependently control the power supplied to an
antenna and the voltage supplied to a shield froma single power supply
accordi ng to aFKpeds aiftovebpe diusohtinge msthedda indepersienily pontegd themawers is a
flowchart illustrating an al.gorithm of ..a,power. ntroller according to a
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i Il ustrat jagrdfe &) Sgetitmspdct of Melpkae if bR} dr according to a specific
aspect of the present invention. TAI LED DESCRI PTI ON Enbodi nents of the

present invention are described herein in the context of an apparatus and
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Those of sc,}sbeﬂicraapsctskiﬂelprésamtiheerﬁiroh. will realize that the follow ng
detail ed description of the present invention is illustrative only and is
not intended to be in any way limting. Qther enbodinents of the present

i nvention wll | ﬁ& . ?quc% i Vi ng
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drawi ngs. The sane reference indicators will be used throughout the
drawings and the followng detailed descriptionto refer to the sane or

li ke parts. In the interest oetgaiigyprReRm@rioef the routine features of
the inplenentations described herein are shown and described. It will, of
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ordinary skill in the art will realize that the following detailed description of the present

invention is illustrative only and is not intended to be in any way limiting. Other

embodiments of the present invention will readily suggest themselves to such skilled

persons having the benefit of this disclosure. Reference will now be made in detail to

implementations of the present invention as illustrated in the accompanying drawings.

The same reference indicators will be used throughout the drawings and the following

detailed description to refer to the same or like parts.

In the interest of clarity, not all of the routine features of the implementations
described herein are shown and described. It will, of course, be appreciated that in the
development of any such actual implementation, numerous implementation-specific
decisions must be made in order to achieve the developer’s specific goals, such as
compliance with application- and business-related constraints, and that these specific
goals will vary from one implementation to another and from one developer to another.
Moreover, it will be appreciated that such a development effort might be complex and,
time-consuming, but would nevertheless be a routine undertaking of engineering for

those of ordinary skill in the art having the benefit of this disclosure.



goals will vary fromone inplenentation to another and from one devel oper

to another. Moreover, it wll be appreciated that such a devel opnent
ef fort mwbto2losteonpl ex and, tine-consum ng, but woul d necertshpiEss be a
routi ne undertaki ng of engineering fof those of ordinary skill in the art

havi ng the benefit of this disclosure. WO 02/084699 PCT/ US02/ 10462 5 In
accordance with the present invention, the conponents, process steps,

and/ or data shrascbidasse wmytlieq)rmm ian@nioadthe sbmgoneits, puetyPeas, ﬂfd/mperati ng
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schemat i c"ﬂl ’é?ﬁéqvl“fﬁt |Pﬁ‘bgr%lrﬂmé f‘@,{g@ ?Qiﬁ’ﬁaté?f’ %Prfflc d 304
bot h powefn%égrmd arc%ﬁﬂanSI@QWthénﬁ@lryaySﬂ& BO&0 ith@ut QepartiRardrh ke aspect of

the present” invention. Thé power supply 6 preferably generates a radio
frequencysqoﬁF}mdmmt@ﬁhetlrwenﬂn‘eem@tmdw@o&dffwnexarrpl e in the shape of a
spiral coil, via a mtching network 308. A first feedback circuit

conprises a sensor 310 electrically connected to a power controller 312.

The sensor 310pmRYys lb@samm&@rtﬁ%rﬁmqnmahﬁg o affe@f 302 hdRAVRiday @hieklil r ent .
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supply lines 314 that electrically connects the matchmg network 308 with the antenna
302. The power controller 314 monitors the current or power flowing into the antenna
302 and based on the signal received from the sensor 310 adjusts the power supply 306
to generate a desired current or power. This signal can be used as a feedback to compare
with an external setpoint 316, and/or the matching network 308 settings, such that the
current or power flowing in the antenna is held stable. Alternatively, the matching
network 308 can be allowed to track the antenna variations, using a standard auto-tuning
algorithm, or it can be held fixed at a fixed value, or switched to preset fixed values.

Further details about the algorithms are provided below in FIG. 5.

It should be noted that the Faraday shield represents any metal plate that acts as a
Faraday shield. The shield 304 is disposed between the antenna 306 and a TCP window
(not shown) above a plasma chamber (not shown) and is substantially parallel to the TCP
window. The shield 304 is powered by tapping energy from the antenna 302.

Essentially the shield 304 is run in parallel with the antenna 302 circuit.seen as a load,
picking up a high voltage point at either the input or termination end of the antenna 302.
The shield 304 is preferably connected via a variable impedance component or network

318, preferably a motor driven vacuum capacitor. A sensor 320, preferably a voltage



Further details about the algorithns are provided belowin FIG 5. It

shoul d be noted that the Faraday shield represents any netal plate that
acts as aworkanssay shield. The shield 304 is di sposed betwegFrusohe4ant enna
306 and a TCP wi ndow (not shown) abo¢e a plasma chanber (not shown) and is
substantially parallel to the TCP w ndow. The shield 304 is powered by
tappi ng energy fromthe antenna 302. Essentially the shield 304 is run in
paral | el seinsdr, islveneasteshatshestield feedypioint afienthg series| coado! elementi 38, tsh shati gh

vol tage point. at either the |Input ar [ H L.on h 02.
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or net wor Kirredi 85 pdWedfredyethd e uradl 20 thetbaimé@BniRE point. CHpaehi@320Amncensor 320,
preferably a voltage 02/ 084699 PCT/ US02/ 10462, 6 sensor, is connected at
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Optionally, e current or po%er may be neasured at t sane sensi ng

poi nt. Thenswieahe 380ageasigial eith ah leetevnl sapaino324. HEheshitednk G0de and sends a
signal representative of the measured voltage to a volgﬂge controller 322

form ng afRIEIMEROR geekaEs@ iBRelup he YrRaDl; dmpednace 6AMPYIES B2 HiSar es t he
voltage sjapgk orkiniil S CTAliRhAIhe Aelfhee EBRrGI 890 Rlihie

conpari son génerates a Sl gna e vari i npedance conponent 318 to
adj ust t hdescrioddt tmdew of Fithed. shi el d 304. The al gorithm of the voltage
controller 322 is further described belowin FIG 6. If the network is not
accurately matched dynamically to the total load, i.e. the antenna 302

circuit and thg tM&Wr@Q%o@ﬁdcﬁf&tél¥ k@8 dyhahichiey & thBastilreadfi.cr k! ect ed
power. However, as l.ong as the efficiency does not reduce excessively, and

as | ong asnterne 303wercuit sug ieyshRb3Qdegiraquis) dieeet wilk eea medguse olagtlpeiogpowerhe
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control | eguphRt 30628 tSleekOGe @&, thé\eflieed HoheleliEs taPUs hogledidte
apparatus opérates two feedback | oops while controlling two dependent

vari abl es sinultaneously, wthout any priority being set. In order to
ensure that t h’fhé F&d@zﬁ:ﬁdﬁ’f&ﬁhms could be achieved using analog circuitry, or more likely

by imposing a digital controller into the analog electronics. As described previously, the
apparatus operates two feedback loops while controlling two dependent variables
simultaneously, without any priority being set. In order to ensure that the two feedback
loops can operate essentially independently, it is necessary to set up a dominant pole in
the response by separating the two feedback loops in the frequency domain. That is one
feedback circuit may have a faster response rate while the other may have a slower
response rate. It is preferable to stabilize the current in the antenna 302 on a fast time
scale, for example, from 1kHz to IMHz, to improve plasma stability. It is preferable to
stabilize the voltage in the shield 304 on a relatively slower time scale, for example 10Hz
to 100Hz. Otherwise, the interaction may be so strong as to keep the system in

permanent chaotic oscillation.

FIG. 4 is a flow diagram 400 illustrating a method to independently control the
power supplied to the antenna 302 and the voltage supplied to the shield 304 from the
single power supply 306 according to a specific aspect of the present invention. In a first
block 402, the power supply 306 supplies an RF current to the antenna 302 via a
matching network 308 as illustrated in FIG. 3. In block 404, the shield 304 is powered



| oops can operate essentially independently, it is necessary to set up a
dom nant pole in the response by separating the two feedback |oops in the
frequencywoonms4s99 That is one feedback circuit may have &cCTasv®ro4sEsponse
rate while the other may have a slowef response rate. It is preferable to
stabilize the current in the antenna 302 on a fast tinme scale, for

exanple, fromlkHz to 1VHz, to inprove plasma stability. It is preferable
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of the power or current passi throu one o power 11 nes

shoul d be40&dreid8haerdidiat uelatively fast respohsecate, be athigher requeaty.t he ant enna

I nput, output, a conmbination of both, or at some integrated distributed
val ue as required by the | osses and standi ng waves al ong the antenna. In a

bl ock 408, ther, pEiek 15@hE CAIlBE oBtd sHRIPIILR riddSuel YBiak afseAd) BHE shemsor
310 with an external setpoint ~316 and adjusts the power supply to
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| npedance conponent 318. The sensor 320 sends a signal representing the

vol t age ofigndldroghthel san®D420 withtanexiesnal sgipoiwb s and eusothe verdalle ock 412, the
voltage C%]geﬁghéeecrorrﬁ)]b%er?t%% %\t%birlirz]g the voltage in the shield 304. Both blocks 410

and 412 operate at a relatively slow response rate, i.e. at a lower frequency.

Both blocks 406 and 408 along with blocks 410 and 412 operates simulateously
but at different response rates. It should be noted that another feedback control variable
that can be measured is the output power of the power supply and measured load
impedance. These measurements at the output of the power supply are generally used to
auto-tune or set the matching network 308 and level the delivered power to the antenna

302.

The preferred embodiment would regard the antenna 302 current or power and
the shield 304 voltage as independent setpoints, and measured values of the
corresponding output parameters as the primary feedback variables. Control would be
implemented by adjusting the power supply setpoint 326 to stabilize the current or power
of the antenna 302 and adjusting the variable impedance network 318 to stabilize the
voltage of the shield 304. The matching network values can then be automatically
adjusted to optimize power transfer, or at least to maintain the load seen by the power

supply 306 within acceptable operating range as detected by the power supply output



signal fromthe sensor 320 with an external setpoint 324 and adjusts the
vari abl e i npedance conponent 318 to stabilize the voltage in the shield
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i.e. at a lower frequency. Both bl ock8 406 and 408 al ong with bl ocks 410
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of the shield 304. The matching network val ues can then blgqrauto mtically

adj usted to opFiGrisde aglanshart ilhptradng amlserthpeofa Pawer caRtERILa ACGRANE &28 seen
by the power.. LN e Nkl 0% § a0ged asweeieqt ed by
t he povvery@glgﬁlsaglg%&%ﬁ{)ﬁ%%e%grg%ﬁ%%%@#&%&%%1%%62 8 sensgrvsv (nsot shown) .
The desi rmdesndanti sagoina e thegiotver coritlleh elndiodknitd, 8@2uceant ibghesattering is
adjusting its termnatiqn, jnpedance to round, It can. therefqre _be
appr eci at Bt Wﬁ% ABY SHEDLEn5aEy g‘h‘f’lioﬁlﬁgg(??lt ITGHHH‘BQW&%‘E{S CQF’QB‘F’B Wt r ol
of the cu EfdehPSetpheanEPSwed BpIYQS hdBRePhccolEngdyistdifthaen i f the
| oad vari{élg%mﬁgi SRS e@gc]orrpl [ shgd \eNhSI ?%glsha(gi n% aCc siIrll%Pg powgr supply and
a mat chi npoweatiswtakilizéd 4 the degired polwenchart illustrating an algorithmof a
power controller according to a specific aspect of the present invention.
In block 502, a user sets a desired power as an independent setpoint in

the power cont gl |k a flowdhhAGhKush@dng Qg6 hhEOa Vdltab EofdlRA R okding FRasur ed
wi th any suitable sensor. In block 506, t he current neasured is conpared
W th a specific aspect of the present invention. In a first block 602, a user sets a desired

voltage as an independent setpoint. In block 604, the shield voltage is measured with

any suitable sensor. In block 606, the measured shield voltage is compared with the

independent setpoint and the shield voltage is adjusted accordingly by adjusting the

series impedance network to stabilize the voltage.

While embodiments and applications of this invention have been shown and
described, it would be apparent to those skilled in the art having the benefit of this
disclosure that many more modifications than mentioned above are possible without
departing from the inventive concepts herein. The invention, therefore, is not to be

restricted except in the spirit of the appended claims.



t he i ndependent setpoint and the power supply is adjusted accordingly such
that the power is stabilized as the desired power. FIG 6 is a flowhart
il lustratwog2asu6ad gorithm of a voltage controller accordi mgTiuso2/a4speci fic
aspect of the present invention. In a9first block 602, a user sets a
desired voltage as an independent setpoint. In block 604, the shield
voltage is neasured with any suitable sensor. In block 606, the neasured
shield voltage is conpared with the Ci.AMdBendent setpoint and the shield
vol tage i§,adjusted,accordingly by adjusting the series inpedance network
to stabilﬁ@@ #H%HV%@the. Wi |l e enbodi nents and applications of this

i nventi on have been shown and described, it would be apparent to those
skilled in the art having the benefit of this disclosure that many nore
nodi fi cat L.ons Ahanparetus fenredirelliog sheavraltage spplisddo wishigltinterprsgd betwegl fR om t he

i nventive. goncepts herein. The jnv ion, therefor '

ootr ot Bt Rt PRy B P PLe ity ok Snfe gfpdT600
PCT/ US02/ dhdfrdes, OaiLhppailius Whapridisg:cl ai med is: 1. An apparatus for
controlling the voltage applied to a shield interposed between an

i nduction coi | a fudldmewersd by heweveswpplyy via a nat chi ng network, and the
plasma it gengk. i : I St shi by the
power supply; gﬁ?s Itt?%Pb?%e%%ggﬁﬂéﬁcﬁll\?13{07131%612%1{%??Mo 1t§ r;?: hgtr?lﬁgg@%?on coi |
for cont rpowérngpplgeandoower supply; and a second feedback circuit connected

with said shield for controlling the voltage. of = said shield 2. The

appar at us accot 8°qgd fegdback Gcwt zawpested Vet iq shield ff”é‘éﬂlﬁrghwgéh‘? ¥oltagedhd sai d
second feggbaglqcircuit operate at different frequency ranges. 3. The

appar at us accor&ing to claim2 wherein said first feedback circuit operates
at

2. The apparatus according to claim 1 wherein said first feedback circuit and said

second feedback circuit operate at different frequency ranges.

3. The apparatus according to claim 2 wherein said first feedback circuit operates at

a frequency in a range of about 1kHz to about 1MHz.

4. The apparatus according to claim 2 wherein said second feedback circuit operates

at a frequency in a range of about 10Hz to about 100Hz.

5. The apparatus according to claim 1 wherein said first feedback circuit further

comprises a first controller and a first sensor.

6. The apparatus according to claim 5 wherein said first sensor sends a first signal
representing the power supplied to the inductive coil to said first controller.
7. The apparatus according to claim 6 wherein said first controller adjusts the power

supply such that the power supplied to the inductor coil is controlled by a first set point.

8. The apparatus according to claim 1 wherein said second feedback circuit further

comprises a second sensor, a second controller, and a variable impedance network;



a frequency in a range of about 1kHz to about 1MHz. 4. The apparatus
according to claim2 wherein said second feedback circuit operates at a

f r equencywornas4sange of about 10Hz to about 100Hz. 5. The PaEUE0Z10462
according to claiml wherein said fir® feedback circuit further conprises
a first controller and a first sensor. 6. The apparatus according to claim
5 wherein said first sensor sends a first signal representing the power
suppl i ed 9.0 t h&hé appacatis/eccouiing tocclaim &iwhenest sagbsitieldlis pewerpd vipiseidappar at us
according to said first controller adjusts the power

ﬁyain16 whe eig
supply sulaPFRCHESS AREYO S uppl i ed to the inductor coil is controlled by a

first set point. 8. The apparatus according to claim1l wherein said second
feedback circuit further conprises a second sensor, a second controller,

and a var 1&bl eTherprasiesacserdieg to.clap Yphogisayl rorblsgmpedanms retiarkg. The
appar at us [ di .al ein said shield is powered via said
PREEEE e R et

vari abl e € apparatus according to claim9 wherein
said vari abl e i npedance network further conprises a variable capacitor.

11. The aE aratus according to claim 10 wherein said second sensor sends a
second s gnal The prResHW acPinG 0 dajm byhegw sid s5prfl 5] S&“‘?Soa 4P second

control | eEigréagj%E%rg&‘ﬁtaﬁR}g%f HURLACE O AdhidI8 16484 Rbla ¥BRfR sal d second

control |l er S sai vari abfe i npedance network suc at the voltage
of said shield is controlled by a second set point. 13. An apparatus for

controlling the voltage appljed tq .a shield. interposed between an .

i nduct i pnl oi | Th® u§ C&rc]@%%@rc?@alpgf Vﬁ‘frﬁ. €50 ‘E‘E‘Eﬁoﬁ}ﬁr ?fﬁ?%?aﬂd and a
pl asma it .y, aeNnehdeBsnce iy ARRACIAHYBIHE QBREISIMGid sBicY®Is! RRIr8lI¢PEAl eeerd
network connected wth the 1nduction coil’ a shield powered by the power

suppl y vi setpaintl vari abl e i npedance network; a first sensor connected with
said shield for neasuring the voltage of said shield,
13.  An apparatus for controlling the voltage applied to a shield interposed between an
induction coil powered by a power supply through a matching network and a plasma it
generates, the apparatus comprising:

a variable impedance network connected with the induction coil,;

a shield powered by the power supply via said variable impedance network;

a first sensor connected with said shield for measuring the voltage of said shield,
said first sensor éending a first signal representative of the measured voltage; and

a first controller connected with said sensor for receiving said first signal, said
controller adjusting said variable impedance network such that said first signal is close to
a first specified set point; -

a second sensor connected with the induction coil for measuring power flowing
in the induction coil, said second sensor sending a second signal representative of the
measured power; and

a second controller connected with said second sensor for receiving said second
signal, said second controller adjusting the power supply such that said second signal is

close to a second specified set point.

14.  The apparatus according to claim 13 wherein said variable impedance network

further comprises a variable vacuum capacitor.



said first sensor sending a first signal representative of the neasured
vol tage; and a first controller connected with said sensor for receiving
said firswoangssby said controller adjusting said vari ablPETIUSpRURAZ €
network such that said first signal i8 close to a first specified set
poi nt; a second sensor connected with the induction coil for measuring
power flowng in the induction coil, said second sensor sending a second
si gnal r epd.eseThatppastesf adchalingeataimel® wharein; saigitstiesdmek direwhopasiteer

connected with said second nsoyr, .for receivying said second signal, said
second co?'har%ffqu@f‘cyal&jal@?g%‘f@ﬂgt Bﬂ%@o aéﬂ'b[p#hzjﬁguch that said second signal
is close to a second specified set point. 14. The apparatus according to
claim 13 wherein said variabl e i npedance network further conprises a

vari abl e ¥acuubhearatitessccoringR/dmsiPowmrginisgosesonssigedbpek ercuitrhe
appar atus_accor di t | aim.1 rej j j eedback circuit
o1t 05srlunly afd SR TurEAottobid o

oper at es ange o 0 about 1MHz. 16. The
apparatus according to claim 13 wherein said second feedback circuit

operates at a frequency in a range of about 10Hz to about 100Hz. 17. A

met hod f of7-confmasthpdhiprchBiribing Higevoliagt ansdied &0 a shiplddnigrnased Peiyseiahet ween
O i oM ; . e and
an 1n ucﬁfdﬁ%ho%odolﬂ ep?bg\%’égéscﬁg% g %g@eﬁ?x‘éﬁl& vig'l Hia.YchYﬂrgsl?engﬁ(t ﬁﬂﬂ e tp%hi@qu an

t he pl asna gen e conpri si poweéri ng shield with
t he power gaiepindsy said dietisad cognpriBngpower supply based on a first feedback
circuit; and adjusting the voltage of the shield based on a second

feedback ci r cuP@Werig theghicldayithy the powst H%H?E’;t o claim17 wherein said first

f eedback ci rcuijd; Al SSw a8 HUSNE Pirst FoeBbicRNGRuRf an@bout 1kHz to about
1MHz. 19. The ?ﬁg% acgor isrlllgﬁltyo acI aim 1][7s wﬁer ein sgi da second feedback

circuit oper at adjustaig the Voleaga e the shieldbasadge actcaiddatdbadieireut. about 100Hz.

18.  The method according to claim 17 wherein said first feedback circuit operates at

a frequency in a range of about 1kHz to about 1MHz.

19.  The method according to claim 17 wherein said second feedback circuit operates

at a frequency in a range of about 10Hz to about 100Hz.

20.  The method according to claim 17 wherein said first feedback circuit further

comprises a first sensor and a first controller.

21.  The method according to claim 17 wherein said second feedback circuit further

comprises a second sensor, a second controller, and a variable impedance network.

22.  The method according to claim 21 wherein said shield is powered via said

variable impedance network.

23.  The method according to claim 22 wherein said variable impedance network

further comprises a variable capacitor.

24. The method according to claim 20 wherein said first sensor sends a first signal

representing the power supplied to the inductive coil to said first controller.



20. The nethod according to claim17 wherein said first feedback circuit
further conprises a first sensor and a first controller. 21. The nethod
accor di ngwoeosadm 17 wherein said second feedback circui tcrurshhersc?
conprises a second sensor, a second centroller, and a vari abl e i npedance
network. 22. The method according to claim21 wherein said shield is
powered via said variable inpedance network. 23. The nmethod according to
claim 22 wherein said variabl e i npedance network further conprises a

i abl ' .24, The. d di.ng.. | aj 0 ' id fi
sensor sefuls b peosgatfint fRtn RSHRT Rl BefsPh Qe A T
i nduct | ves‘%giy sucP tigaR ki ﬂdv&’a‘étsu};y‘ﬂféﬂrt@{HeQﬁdchQc@ﬁ/i@&ﬂﬁ%ﬂe&’@/alﬂﬁﬁ%tllﬂﬂﬁﬁ 12

a

25. The nmethod according to claim?24 wherein said first controller adjusts
the power supply such that the power supplied to the inductor coil is

troll b ' i 91k PRa; ' im21
wher ein sara’ sTuoHPLREke B oo WE-BRRAAR AR Spl A Be 01,

vol t age ofiggdirébrédenekidle bbtheaiotlageastanid shizid todaldsecomVcontioleappar at us
according to claim 26 wherein said second controller adjusts said variable
i npedance network such that the voltage of said shield is controlled by a

second s p o4 t gm%r t f it T4l e BShd Gy ARG ARAR] 1 ed to
a shield ﬁiter%@%%@ﬁg%%%gn a éicﬁﬁcﬁ%ﬁ&%oisﬁldp%mre% gy a png\%/er suppl y
vi a a nat cdriable ingtedede netwatkisheh thhiathermolitdge ofj enid shichkis contiral ledyyar storsd
conpri si ngﬁ;é nmeans for powering the shield; neans for adjusting the power
supply ba 8°%%h a first feedback circuit; and neans for adj usting the
vol tage of the shield based on a second feedback circuit. 29. The
apparatus according to claim 28 wherein said first feedback circuit and
said sec?hd fAedppaitusifornentrobipgitiz eoltage dppliedite atshicldigtespesgd betmges an 30.
The apparat,us. accolrdi ng &o claim?29 wherein said fi r§(t cht%db?Ck c{ rcuit
oper at es mduction coil powered by a power supply via a matching network, and the plasmai
generates, said apparatus comprising:
means for powering the shield;
means for adjusting the power supply based on a first feedback circuit; and

means for adjusting the voltage of the shield based on a second feedback circuit.

29.  The apparatus according to claim 28 wherein said first feedback circuit and said

second feedback circuit operate at different frequency ranges;

30.  The apparatus according to claim 29 wherein said first feedback circuit operates

at a frequency in a range of about 1kHz to about 1MHz.

31. - The apparatus according to claim 29 wherein said second feedback circuit

operates at a frequency in a range of about 10Hz to about 100Hz.

32.  The apparatus according to claim 28 wherein said first feedback circuit further

comprises a first controller and a first sensor.

33.  The apparatus according to claim 32 wherein said first sensor sends a first signal

representing the power supplied to the inductive coil to said first controller.



at a frequency in a range of about 1kHz to about 1MHz. 31. - The apparatus
according to claim?29 wherein said second feedback circuit operates at a
f r equencywom2as4eange of about 10Hz to about 100Hz. 32. Thecapsar/ai4es
according to claim 28 wherein said fixdst feedback circuit further
conprises a first controller and a first sensor. 33. The apparatus
according to claim32 wherein said first sensor sends a first signal

representifg thige gPpaeitusdtppidigctotctriin/ss windeiatshidefirsiaidntrbHersafjubts the st
controller. WD 02/084699 PCT/ US02/ 10462 13 34. The appara s agcording to
clai m 33 AVTERPPIY sPeh et ibe PewR supPHest todhs tndusior il isgoRiaplled it i seth ¢ hat
t he povver {#:plled to the inductor coil is controlled by a first set

poi nt . e apparatus according to claim 28 wherein said second feedback
circuit further conpri ses a second sensor, a second controller, and a

vari abl e j npedance network; The rat.us accor to clar mherein
sai d shi eﬁp i W@&U%ﬁcﬁo’?&l&f" c\l}%@bw fFIHﬁ éﬁ%@%g ]ﬁ"lf%%

appar at usg E€lh 88ohQ sEdsBl, R 3ot t@hbllers A vardbml@eumedm@akn et wor k
further co ises a variabl'e capacitor. 37. The apparat us accordrng to

cl aim 35 wherein said second sensor sends a second signal representative
of the vo age of said shield i ond caontroller. 38 .The ,apparatus
accor di ng% c P35 3RPIE2 %aeﬁcg{dﬁlgstgl gx’és ‘ﬁ@erggﬁ?@oﬁﬁ] if:i 136?3W§§?d V1 ‘%8 vari abl e
|npedancevﬁ@%mghﬁmggﬁenbhaﬁkthe vol tage of said shield is controlled by a
second set point.

36.  The apparatus according to claim 36 wherein said variable impedance network

further comprises a variable capacitor.

37.  The apparatus according to claim 35 wherein said second sensor sends a second

signal representative of the voltage of said shield to said second controller.

38.  The apparatus according to claim 35 wherein said second controller adjusts said
variable impedance network such that the voltage of said shield is controlled by a second

set point.



