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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 commonty used in the
semiconductor manufacturing industry. The dry etching apparatus generally has a
process chamber with a ceiling of a dielectric Waﬂ, 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
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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 in 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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variable impedance network. The shield is powered via a variable impedance network.

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;



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 accor di2a§atober g00%r
art; FIG _3 Ls a schematic diagramillustrating an antenna and a Faraday
shi el d bolIPckei R AetMRO808CGhgl e power supply according to a specific
aspect of the present invention; 3 0 12 October 2005 Docket No.
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according to a specific aspect of the present invention. DETAILED

DESCRI PTI ON Enbodi nents of the present invention are described herein in

t he context of Fda 5 wpphorwchay ibustratieg irodgbuthncaois poldricngirélbee avakrdiage appl i ed
to an el eglgercﬁfct%té(% ? ield dispgsed between an induction coil and the
plasma it ™i's us B¢ 8" yEFEFEPEYHHE% of  ordi nary skill in the art wll
realize that the follow ng detail ed description of the present invention is
illTustrative only and is not intended to be in any way limting. Oher
embodi ment s of Fi(red isadiosyphart ilustretieganplzprithanefi 4 yolgey gedtoliehawsslivg® t o

such sKi I;lgglalcin dﬁes?t?&%fﬂ%vﬂrgﬁnfﬁ%ﬁ rﬁefit of this disclosure. Reference wll

now be nmad arl t rmpl ementati ons of the present invention as
illustrated in the acconpanyi ng drawi ngs. The sane reference indicators

wi |l be used throughout the d 'ngs and the followi ng detailed
description to refer to the sgﬁgﬂ% EDRESGRIFHON n the interest of clarity,

are shown and doeer Pat O ihe bR e AR BB o (R aT "L e
devel opnepastussand metbod o cantrollingthervetibgt apphied fuareeleats)static shield
i pl ement &El%o%é‘a %Qt%/ceierfa Iaﬁ: induction coil and the plasma it is used to generate. Those of
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.
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or current. The sensor is coupled, preferably magnetically coupled, to one of the power
supply lines 314 that electrically connects the matching 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 302 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
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The teedback algorithms 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 1MHz, 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

o
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signal from the sensor 320 with an external setpoint 324 and adjusts the variable
impedance component 318 to stabilize 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 irflpedance 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
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i anal 1 SIERMUSHENRE ST s St 855 FRH Bbhinidin ATRRAF S he
vari abl e adjngipgdtscendantoriapedats d hegiabid zantth@efosd bagprédhttdgashi el d
304. Both blocks 410 ., and 412 operate at a relatively slow response rate,

i.e. at atedfesentipgetionallowsiidependsaiatabloeontiol ofig cuirenidn Wietantisnaerd 410
and 412 opgraies: $idakiak|o, di f Latges. It should
be noted that é%zther]?eea agﬁf%%ﬁ%ﬁ%&ng%fﬁggﬁ%km@ﬁéﬁgggﬁmgggﬁ%ggﬂ%ed i's

t he out pusinglewewensuppheapioawntchingmetvaakd nmeasured | oad i npedance. These
measurenents at the output of the power supply are generally used to
auto-tune or set the matching network 308 and | evel the delivered power to
the antenna 3pR;. 5hB8 wehek I8RLS | ATBAH (s &%9@5 02
current or power and_ the shi.eldr_3 4 vol'tage asaq? n epelﬁr é%fa%g%(%g?ﬁ)tag and
measur ed SRgFifiessprict phie pewsentdgyatidiunin blotlp 602, parsarsetser desimad pdvecrpas amar y

f eedback yar | S..Control would be, inpl d,by adjusting the, power
suppl y se%%%#%?ggfgpPgng}%%PPP@%“F%@H?hgggﬁgig%ﬁp%ﬁéFﬂakﬂn#W EHt2Kna 302
and adj ustkmgrddwitly ay abdlableistiRodanciloflesom e ddlnt el EaBpdrb®witho! t age
of the shield 304, The matchi ng network val ues can t hen be aulgomatl cally

adj ust ed 6 islspendentseiniptand tharavest supply ig adjestest accerdinglnsushithatifee | oad seen
by the POY&Ter i : Ay pt abl e operati ng range as detected by
the power sueﬁé%{a%h%l%di%%g\%é%@&gﬁgﬁer 2005 Docket No. LAM P0810/S G

sensors (not shown). The desired standing wave pattern in the antenna 302

can be set b diusting jts.termnati on |jppedance to the ground, It can
therefore b ey -J‘§C1§ alﬂgg/cbmltlfustratmg an a?gorltg% o%a voltage controllgr according to :

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.



the present invention allows independent stable control of the current in
the antenna and the voltage of the shield, even if the |oad $aQaiebeml2085
i s acconplished while sharing a single power supply and a matching

net wor K. ﬁod(et@‘IQ-§'AdV[fHO§\l\ﬁfl$5$t illustrating an algorithm of a power
controller according to a specific aspect of the present invention. In

bl ock 502, a user sets a desired power as an independent setpoint in the
power controller. In block 504, the g}éﬁlﬁﬁt in the antenna is measured

wi th any suitable sensor. In block 506, e current nmeasured is conpared

wi th t heWhatlepdaidedtis:set poi nt and the power supply is adjusted accordingly
such that the power is stabilized as the desired power. FIG 6 is a
flowchart illustrating an algorithmof a voltage controller according to a

speci fic a.speczz\ncaﬁapalaﬁls%&%ﬁﬂbuiﬂg\fwdlage a]#;ﬂ]ieﬁ t%%%@i]hlggbfég@j‘@@tﬁ%e o3 €S

a desired voltage as an independent setpoint. shield

I [ | ' le. .1 n. bl ock 6, the. d
Shi et voleeon KThotol Pl o R B KR e R Bt B RTRA o of

voltage is adjusted accordingly.by adjusting the series inpedance network
to stabil FPEHF5Y FP@ﬁ@PSVWaW%“@%bOdinents and applications of this

i nvention have been shown and described, it would be apparent to those
skilled in theagieldmewerrg Wyride pewer supplys saithphjelddioupled uthe indvatiomesiy nor e
nodi fications than nenti oned above are possible without departing fromthe
i nvent i vewdbrorptlse irmpedance fdteoikpventi on, therefore, is not to be
restricted except in the spirit of the appended clains. 8 0 12 Qctober 2005

Docket No. LAM RAS 166k@ihiveoMldiedivithtthain®eidbeoilfor ntaMRA @kUS for
controlling the voltage applied to a shield interposed between an

inductionmgggguﬂﬂ k by a power supply via a matching network, and the
pl asma it" generates, said apparatus conprising:

a second feedback circuit connected with said shield for controlling the voltage of

said shield with said variable impedance network.

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.



a shield powered by the power supply, said shield coupled to the induction
coil with a variable inpedance network; a first feedback cir#2iQctebanded®d
with the induction coil for controlling the power supply; and a second
feedback &locketiNo.ddHRAB4E/Sk t h sai d shield for controlling the vol tage of
said shield with said variabl e i npedance network. 2. The apparatus
according to claim1l wherein said first feedback circuit and said second
feedback circuit operate at different frequency ranges. 3. The apparatus
according to claim2 wherein said first feedback circuit operates at a
frequency8i n aTharperathis advording toHAaito] adhertin shldecodd fetligackRpatibfitter
according to claim2 wherein said second feedback circuit operates at a

f requency compfses angéondfseddRH sebSidcdn@oBBOHAd 308 iabRe imBéﬁ?JﬂEE‘%fv@c}rH;g _
according to claim1 wherein said first 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 Po t h&hé appacativaccondihg toaclsiai fiwhereqt sadbsHtigldid ®rwerdd vidRgdappar at us
according to.claim6 wherein said first controller adjusts the power

suppl y quﬂmﬁﬁ%¥m$ﬂ@“ﬁawaWH upplied to the inductor coil is controlled by a
first set point. 9 0 12 Cctober 2005 Docket No. LAM P0810/SG 8. The
apparatus according to claim1l wherein said second feedback circuit further
conpri sesl@ sedbnappeatevacconlingiomtaimchwherolnl said vamtlesmipddanae netiologk | mpedance

net wor k; gnﬂgpgﬁgﬁﬂgggggﬁéﬁgﬁﬁéggﬁg to claim8 wherein said shield is

power ed via sal vari te network. 10. The apparatus according
to claim9 wherein said variabl e i npedance network further conprises a
vari abl e capacitor. 11. The apparatus according to claim 10 wherein said
second sehkor $B¢aRparatussrcsprding to claim 10 wherein said second sensor sends a second

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

12, The apparatus according to claim 11 wherein said second controller adjusts said
variable impedance network such that the voltage of said shield is controlled by a second

set point.

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 coupled to the induction coil;

a shield coupled to said variable impedance network, said shield powered by the
power supply;

a first sensor connected with said shield for measuring the voltage of said shield,
said first sensor sending 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;

10 o



signal representative of the voltage of said shield to said second
control ler. 12. The apparatus according to clai m11l wherein s4?&atebend005

controlle just id __variable inpedance network such that the voltage
of said shkgg%%ﬁ%iééﬁﬁ%@ﬂp@ﬁ}by a second set point. 13. An apparatus for
controlling the voltage applied to a shield interposed between an

i nduction coil powered by a power supply through a matching network and a

plasma it gengralRg ’seﬁsﬂﬁcﬁ&@é’t@&‘h’i‘tﬁitﬁ&ﬁgﬁé Iﬂ?’%} Br ?ﬁ@{igggi% gog\fgfﬁg‘g{jﬂ%ie abl e

network coupled to the induction co e coup

[ d : . [ i.eld d by th | y;. '
conmoct ea hat i uktiof By s PiPaRBLEE it 4t Sonf PER SrBEat el brd. S g

first sensor sepdin adfci rst signal representative of the neasured voltage;
and a firgFaﬁﬁﬁfyﬁyabwl onnected with said sensor for receiving said first
signal, said controller adjusting said variable inpedance network such
that said firs@sejogAapnirales comnected with shidrsstomsireosdrifedresavingsaidtseedd 0 12
Oct ober 2005 Docket No. LAM P0810/SG a second sensor connected with the

i nduct i onsiguedl] sefdsecomdsantiotigr piwding theopuvwig suppily kit thardift JesdhChprdal issai d
second sensor sending a second signal representative of the neasured

pover ; anédlog Decebshdpatifiod k&hogpnnected 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

poi nt. 14. The apparatus according to claim 13 wherein said variable

i mpedancelet whh&apparatisecodorgnicieba 18 wisréialhid vieghle ihpaipacd idorkl5. The
appar at us cording to claim 13 wherein said first controller operates at a

fr equency FHR"PIRIGES B * LUV AR 2PHF1bout 1MHz.

15.  The apparatus according to claim 13 wherein said first controller operates at a

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

16, The apparatus according to claim 13 wherein said second controller operates at a

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

17. A method for controlling a voltage applied to a shield interposed between an
induction coil powered by a power supply via a matching network, and a plasma it
generates, said method comprising:

powering the shield with the power supply via a variable impedance network
arranged between the shield and the induction coil;

adjusting the power supply based on a first feedback circuit, said first feedback
circuit connected with the induction coil; and

adjusting the voltage of the shield based on a second feedback circuit, said

second feedback circuit connected with said shield.

11 o



16. The apparatus according to claim 13 wherein said second controller
operates at a frequency in a range of about 10Hz to about 100#&ctober 2005
met hod for. controlling a voltage applied to a shield interposed between an
i nduct i on%ﬁ?t%maj%ﬂloﬁcpomer supply via a matching network, and a
plasma it generates, said nethod conprising: powering the shield with the
power supply via a variabl e i npedance network arranged between the shield
and the ingucti Y St NG, sed .on.a first

f eedback (Iizllglr cuﬂq{sI nfség%olg af?‘?{gﬁ%?gggb%g E ‘ﬂ%?@é ﬁ?ci# q@%ﬁ%%@?@‘dcl{/ﬁwﬁp?w&esiaﬁduct i on
coi | ; andaddfjusicy ga rdnge wbhbagakH: 16 bisous MBIzl based on a second feedback
circuit, said second feedback circuit connected with said shield. 11 0 12
COct ober 2005 Docket No. LAM P08101SG 18. The nethod according to claim 17
wherein sapd fi ol [ 03 . ' nge of
About ki 1o Apoie ONABASY G Ehhh 17RAIGRUR Sl eccd BN Bphaled° 21
second f esldbi#edueny o tangpel abes! 0Ha toabbuel0flzcy i n a range of about 10Hz
to about 100Hz. 20. The nethod according to claim 17 wherein said first
feedback circuit further conprises a first sensor and a first controller.
21. The neg.hodTREsRIBURECI@ingli@bBInt 17WRESh Baid & d fée%Qdkdcnfcgﬁ circuit
further conprises a second sénsor, a second controller, and said variable

i mpedanc eCqBRLFss k first 3ensphandye fitsd dorfendlsr.di ng to cl aim 17 wherein said

vari abl e i npedance network further conprises a variable capacitor. 23. The
met hod according to claim20 wherein said first sensor sends a first signal

represent2hg t ke poiked astpding €6l clain 1 Nevherd 6did Y& of@fdedb ik iicdit Biriret
controller. 24. The method according to claim 24 wherein said first

cont r ol | egonastises b Scdoh@ sHRVER seSIHRRIYitrS G Nard Bld %ﬁﬁbi%%%@défd@ﬁé&%ﬂ(.t o the

i nductor coil is controlled by a first set poin

22. The method according to claim 17 wherein said variable impedance network

further comprises a variable capacitor.

23.  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.

~24.  The method according to claim 24 wherein said first controller adjusts the power

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

25, The apparatus according to claim 21 wherein said second sensor sends a second

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

26.  The apparatus according to claim 26 wherein said second controller adjusts said
variable impedance network such that the voltage of said shield is controlled by a second

set point.

27.  Anapparatus for controlling the voltage applied to a shield interposed between an
induction coil powered by a power supply via a matching network, and the plasma it

generates, said apparatus comprising:

12 o



25. The apparatus according to claim21 wherein said second sensor sends a
second signal representative of the voltage of said shield t&8gtabeededd
controller, 26. Tie ap}para} us according to claim26 wherein said second
control | et’® é‘?tﬁ~ AMIEPSIGRG apl e i npedance network such that the voltage
of said shield is controlled by a second set point. 27. An apparatus for
controlling the voltage applied to a shield interposed between an

i nduction coi | nRauefoe ot HEWRIEIES WhBleh ¥ &ﬁiﬁléﬁ%}%ﬁw?@&% rcgupl%g 5t he

plasma it generates, said apparatus conprising: ber

Docket No I ] .for powering the shield, wherein a variable
i rrpedancethr?e mcf}%%éghnél%g{gg&?@e shield to the induction coil; neans for

adj usting the %%mr su(ﬁ I%/ bﬁsed on a first feedback circuit; and neans
for adjusting fFaAS49r ES ngrthe RewesuePly basedan ahrshiesdbaskgirewisamdck circuit.
28. The apparatus according to claim28 wherein said first feedback circuit
and said secoWgansion pdivsting the upltage pé thetshicdd basied be neetonfl femibecicgirauitnges;
29. The apparatus according to claim29 wherein said first feedback circuit
operates at a frequency in a range of about 1 kHz to about 1 MHz. 30. The

apparatus,according to claim 29 wherejn said second feedback circuijt
oper at es %\? a {rg% FRAYS aoRodinga slair 2 8aensein saidfirstfeedhack ciroitend s3id.  The

appar at usscResPrdiRdk @ etk B &t WS ReS@d | .84 feedback circuit further
conprises a first cont Fol I%r and a ?ﬁsfﬁlgéé}nggérl{gé%z The appar at us

according to claim32 wherein said first sensor sends a first signal
representing t ower supplied to.t i,nductive. caoil to said first
control | eéréﬁ' 33%%%’@ aﬁaﬁﬁsaarcggﬁgglgﬁ? c?gaﬂlairbﬁgwh%elels%ffﬁr éje‘?ﬂfli’é?lé?lFF“é‘dipﬁfaF‘?sr st
control | et afecushc inhgan bostuRdiAMoab&k 1Vgs. t he power supplied to the
i nductor coil 1s controlled by a first set point.

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

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

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

comprises a first controller and a first sensor.

32.  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.
33.  The apparatus according to claim 33 wherein said first controller adjusts the
power supply such that the power supplied to the inductor coil is controlled by a first set

point.

34.  The apparatus according to claim 28 wherein said second feedback circuit further

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

35.  The apparatus according to claim 35 wherein said shield is powered via said

variable impedance network.
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34. The apparatus according to claim28 wherein said second f ac
~circuit further conprises a second sensor, a second controll eﬁg%h§5?905
vari abl e inp ce network. 35. The appar atus accor di ng to claim35 wherein
sai d shi eIQPC}%%ﬁﬁ%MWQﬁ 19/SGid  variabl e i npedance network. 13 0 12

Oct ober 2005 Docket No. LAM POB10/ SG 36. The apparatus according to claim
36 wherein said variable i npedance network further conprises a variable

capaci t or 3637. THRGnrRRRAL erein said second
sensor sends a Seco s?égclr?g 1&%3%?1%5'11{6‘9? a@?@ena%iﬁ ?*’r%‘ %&F{psgﬂé‘ CEACRETY shi el d
to sai d s&uthedcomptiseslalvariabld@apaEiter. appar at us according to cl ai m 35 wherein

said second controller adjusts said variable inpedance network such that
the voltage of said shield is controlled by a second set point. 14 0

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,
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