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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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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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of the i nvasigbledmpedance 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;



In the drawings: FIG | is a schematic diagramillustrating an antenna and
a Faraday shield powered by a single power supply according 12 Qctpbeo2005
art; FIG 2 is.a schematic diagramof an antenna powered by a first power
suppl y andPocketpip- dde-BIR1E(SY pover ed by a second power supply according to
a prior art; FIG 3 is a schematic diagramillustrating an antenna and a
Faraday shield both powered by a single power supply according to a
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FIG-6 is a flowhart illustrating an algorithmof a voltage controller
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DESCRI PTI di s, of the present invention are described herein in

t he conteggnggggﬁagggBgﬁg?ﬁgp@ﬁ%nﬁgthod for controlling the voltage applied
to an electrostatic shield disposed between an induction coil and the
plasma it is used to generate. Those of ordinary skill in the art wll

realize that tREfolRdigvhanéiurde seadeeiithn ofe witagheopraliseatcoidingtot i on i s
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enbodi nents o rese imvention w Il readily suggest thenselves to
such skilled persons having the benefit of this disclosure. Reference wll
now be nade in detail to inplenentations of the present invention as
illustrated in the acconpanyi %T&IW@ESCW%WE ref erence indicators

wi Il be used tppdygnRmts ke Hedi BN ER ark BEsHiBLs AYEATn the context of an
apparatus and method for controlling the voltage applied to an electrostatic shield
disposed between an 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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The sensobetynek 3@y Hdirstdgedbecisaraiitcapphises afensedd Orlesgicebyesnnected to a
power controller 312. The sensor 310 may be any sensors capable of measuring power
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



or current. The sensor is coupled, preferably magnetically coupled, to one
of the power supply lines 314 that electrically connects thel abery2005
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received fromthe sensor 310 adjusts the power supply 306 to generate a
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The feedback 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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component 318. The sensor 320 Sends a signal representing the voltage of the shield 304

to the voltage controller 322. In block 412, the voltage controller 412 compares the

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 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
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vari abl e mtdsatedosith ey sE@BMIsefbor.STH B16cloSUA) te RGBT medsutddgs &Qﬁﬁdreéwﬂﬁl y and
nmeasured | oad i rrpedance These measurenents at the out gut of ower

suppl y ar@edrslsasndentsetpainf and thepavesr suprly éy adjesied aggo suq:gﬂuaéttlmrk 308 and
| evel enna  302. The preferred enbodi nent
woul d regpaﬁrlﬁgagﬁ%égﬁ%ggﬁgg%n%gﬁ or power and the shield 304 voltage
as independent setpoints, and neasured val ues of the correspondi ng out put

paranmeters as pr i back vari abl| rol woul d be inplenented
by adj usti ng t"rﬂgﬁg 5& %‘%/ib § st apal %*Zﬁﬁff’d)f@t"e? gq soatrpller aseprdimgitoor
power  ofg {lReifRNkEaDSs R PraBst idtnddh! N0a HRE bRk 608 LuskFREAAAGHAEt Work 318

to stabilize the
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.



vol tage of the shield 304. The matching network val ues can then be
automatically adjusted to optimze power transfer, or at |ea$2 Qaiohatr 2005 n
the | oad seen by the power supply 306 within acceptabl e operating range as
det ect ed R?C]Eﬂé‘}/(bév@ﬂ'@%%sﬁ output 7 0 12 Cctober 2005 Docket No.

LAM P0810/S G sensors (not shown). The desired standi ng wave pattern in the
antenna 302 can be set by adjusting its termnation inpedance to the
ground. It can therefore be appreci aéﬁgltgat the present invention allows
i ndependent stable control of the current in the antenna and the voltage
of the shiiatljs daierdiis: the | oad varies. This is acconplished while sharing
a single power supply and a matching network. FIG 5 is a flowhart
illustrating an algorithmof a power controller according to a specific
aspect of 1the pg j e ; : j power
as an independeﬁ?ﬁgg?%g@ﬁ?%Fﬁﬂ¥%gm%§ﬂggg%@ﬁ%ﬁéﬁfggﬁkvﬁé g%igggh%?%he
current i : i r w th any.suitable sensor. In.block 506,
the curr e%dﬁ%oﬁ&?%géaﬁbgﬁ%ﬁ?\g% S\%ﬁ Pl vig ?‘llélaiéﬁggﬁgﬁﬁ%%t arg:f;t?‘f)maﬁ]f“aé%d t he
power supg%y S adhusted accordi.ngly such that the power is stabilized as
the desi r 8d e Fad EPRETAES POMPIISING, \chart |l ustrating an al gorithmof a

vol tage control ler according to a specific aspect of the present

i nvention. | n ashipidgiowsredcyy thorower wpply. srid shielddeupled tb the diduatjen eail an

i ndependent setpoint. In block 604, the shield voltage is neasured with

any sui t abyitk aserislde impedabtonkwen, the neasured shield voltage is conpared
with the independent setpoint and the shield voltage is adjusted
accordingl y bya @it fekdbig difReit coRiceRE WitBE AMILESEENOIK cbtrotlibinki ze the

vol tage. Wil e enbodi nents and applications of this invention have been
shown andmngggﬁ?@?ggulit woul d be apparent to those skilled in the art

havi ng the benefit of this disclosure that many nore nodifications than

mentioned abovg S E)ﬁd ?e%ﬁ??:%}cﬁ%l c%lpmt E&%%Eteﬁg\fi‘ asrgltdbsz&lcfl %og@ogt?&lﬁg ¥heenxgoilt\2/1§e gfo ncepts

herein. The inventi on, erefore, 18

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.



restricted except in the spirit of the appended clains. 8 0 12 Cctober 2005
Docket No. LAM P0810/SG CLAIMS What is clained is: 1. An appaléaQetober2005

controlling the voltagf aBPIied to a shield interposed between an
induction[gﬁkﬁfﬁbﬁéﬂﬂ U 08CGower supply via a matching network, and the
plasma it generates, said apparatus conprising: a shield powered by the
power supply, said shield coupled to the induction coil wth a variable
i npedance network; a first feedback circuit connected with the induction
coil for controlling the power supply; and a second feedback circuit

connect ed8wi t h Thamppasstiehabofding toisino] whagirt aéd scebhdfpediedck cianid figihee! d Wi th
sai d vari abl e i npedance network. 2. The apparatus according to claim1l

wher ei n s g8bipiidek atsedR2RAGRAGE, Lictont Sontdflers Bhdlsaid RoME hgRARACkeRIgEYI t
operate at different frequency ranges. 3. The apparatus accorglng to claim

2 wherein said first feedback circuit operates at a frequency in a range
of about | kHz to about 1MHz. 4. The apparatus according to claim2 wherein
said secofid fedtbapparatis aucbtdimperdiiass watrein faiceshield Gypdwered viargg of about
10Hz to about .100Hz. 5. The apparatus according to claim1l wherein said
first feedBK WREOME ¥ Ker conprises a first controller and a first
sensor. 6. The apparatus according to claim5 wherein said first sensor
sends a first signal representing the power supplied to the inductive coil
to said fi¢st Ebnappsrates accardinghie caiped whersinaesbvatiably inpeddnaé netSvorther ei n

sai d firSb%&@ﬂéhﬁﬁ%%é?ighéi%?W$@S ower supply such that the power

supplied ontrolled by a first set point.

11.  The apparatus according 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



9 0 12 Cctober 2005 Docket No. LAM P0810/SG 8. The apparatus accordlng
claim1 wherein said second feedback circuit further conprise$2 Q@@b@hamm
sensor, a_se rﬁq ontroller, and said variable inpedance network; 9. The
apparatusrﬁﬁgﬁr 'ﬁéuﬂéwgﬂ@@ﬁ%8 wherein said shield is powered via said
vari abl e i npedance network. 10. The apparatus according to claim9 wherein
sai d vari abl e i npedance network further conprises a variable capacitor.

11. The appar afuscohSaid: Bhubetod L Thd BURARREIN (5P SRRORIWEERGGgSeNS 2

second signal representative o tagé of sal second

troll t di t I 11 wh d
Contr ol | o ot BRI B ER R inele Srt et e phoS Vol tage

of said shiel d%ds control | ed by a second set point. 13. An apparatus for
control | | FR§ATHR RIY§atpd applled to a shield interposed between an

i nduction coil powered by a power supply through a matching network and a
plasma it gendpeaoad Comtﬁdleap?imeaﬁedW‘dlcsmdraeswndgﬁenwr\fwneameg|sm1;iaelemrde
network coupled to the induction coil; a shield coupled to said variable

i mpedancesigetlyaiksecend corttoilet ailjpvivg ltleodﬁ%rtshﬁnly PeohehatSHidNeYond®sifdal &t sensor
connected with said shield for neasuring the voltage of said shield, said

first senslose padeoll petifiegbetPofpal representative of the neasured vol t age;
and a first controller connected with said sensor for receiving said first

signal, said controller adjusting said variable inpedance network such
that said first signal is close to a first specified set point; 10 0 12
Cct ober 2005 The apparatus according to claim 13 wherein said variable impedance network

further comprises a variable vacuum capacitor.

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



Docket No. LAM P0810/SG a second sensor connected with the induction coi

for measuring power flowing in the induction coil, said secohdQssaber2005
sendi ng a_second si gnal re resentative of the measured power; and a second
cont r ol | ePogksiAke WOSHO 5id 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 0 Chgl Mehdquies i 152 W%r&%g%iﬁfﬁélqgggger@?ﬂglé@@g@ﬁ e

conprises a variabl e vacuum Capaci %o claim
13 wher ei afrsquehcfiin 8 tangenf pbdut dkHapesitesMHz. 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 | 0@4iz. F¥e n@tﬁ%ﬁtae%dﬁlgrto eRfh rl@'vltﬂe?egn Qe&& Qb lad ?ee@lBQélé cqguft%p&f hield

i nterposed between an 1 nduction coil powered by a

mat chi ng mﬁimﬂcm)amduangﬂ afSabaui t0Hzyersboat B¥Hzsai d rret hod conpri si ng:
powering the shield with the power supply via a variabl e i npedance network
arranged between the shield and the induction coil; adjusting the power

suppl y bagegd Omh@m%tlfoatac&ﬁéﬁg%lﬂaﬁh "¢ Wterei® 84id fikdt rféetdbgt&e(qlt?:ﬂﬁlfurrt I cui t
connected with the induction coil; and adjusting the voltage o the shield

based on %’@E&f@ﬁéﬂ%é@!@&ékﬂcﬁlﬁlﬁm@nﬂ@&td second feedback circuit connected
with said shield. 11 0 12 Cctober 2005 Docket No. LAM P08101SG 18. The

met hod according to claim 17 wherein said first feedback circuit operates
at a frefluencYhé method avgerdiaf tablalth 17 kiterdi®sal eetond Maddback circuit further

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

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



19. The nmet hod according to claim 17 wherein said second feedback cjrcuit
operates at a frequency in a range of about 10Hz to about 10b#ictober 20@5
met hod ac orﬁin 0, cIaing}? wherein said first feedback circuit further
conpri ses&¢ ?#@%iégﬂéﬁwl R¥ a first controller. 21. The method according
to claim17 wherein said second feedback circuit further conprises a second
sensor, a second controller, and said variabl e i npedance network. 22. The

met hod accor di Waan i k bl e i Kk
further conpri gggﬁ ifo\gg??vg?éﬁl%thgggigg’ t& g?&%%¥&%2&@eﬁgﬁgql%§5 :aﬁl%&?% claim

accor

20 wherei I i asor..sends a first signal representing the power
supplied fhg%@l?gd{onthgér{dﬁggg%%qﬁ to said first controller. 24. The nethod

according to cl ai %4 (g/nerei E said first control|er adjusts the power

suppl y such t hE¥aRer pyRinedne prveiFupplythaeed agridisbieediick citsuiggmdr ol | ed by a
first set point. 25, The apparatus according to claim2l wherein said
second sensor %ﬁ@sf%a@éﬁmﬁdhewl@galofﬂ@ﬁh?@é(gh@adbnasocfonﬂffeedbactkeigmjtof sai d
shield to said second controller. 26. The apparatus according to claim 26
wherein said second controller adjusts said variable inpedance network

such that . he | tage of said shield is controlled by a second set point.
27. An apfir at ge? rGSeedngig C&ﬁ’é‘ fovkesgie saiddirpidaedbgckacispiitand spigk er posed

bet ween agcohd'fd8bdcRRieqk bpd E@ég@ ly via a matching
net wor k, ar?(c)i t he plcas;ra itp g%%ggg{egéﬁ&tﬁse I gf)p ?%t us conprising: 12 0 12

Oct ober 2005 Docket No. LAM P0810/ SG neans for powering the shield, wherein
a vari abl &, i npedance networ k.couples . the shield. to the induction coil;
neans forfgadj ufﬂ‘? HPAHNE %5 ?ngstﬂﬁtﬂl? an‘géeﬁelﬂﬁalgqﬁfftrfg‘i DRgkeBIARIOPSTAIES i ¢ and
means f oratadkimibhddintaBnyodita06: QiLibabski MK based on a second feedback

circuit.
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.

13 °©



28. The apparatus according to claim28 wherein said first feﬁg ck CIrSHIt
~and said second feedback circuit operate at different freque §§ﬂ9h§é

29. The aegFLatus according to claim29 wherein said first feedback circuit
oper at es No.deMINBIOB G range of about 1 kHz to about 1 MHz. 30. The
apparatus according to claim29 wherein said second feedback circuit
operates at a frequency in a range of about 10Hz to about 100Hz. 31. The
appar at us 3gcco edba k circuit further
compr | soa ot et b S nToRite (YIRS ARl fd Rhish SRt nhft

accor di ng further bamnpri82 awaenle vagmitdr.f i r st sensor sends a first signal
representing the power supplied to the inductive coil to said first
controller. 33. The apparatus according to claim33 wherein said first

cont r ol | en7ad] ust spidifius RAORTn@ AN 29'GRerklithid J&@o@?&féﬁéﬂ{%ﬁc{%‘ | Slodp the

i nductor coil is contro led by a first set poin Jarat

accor di ngsigaalaepiesanggivaieé thei oltegd of mitdeld tesdbaacknd tortteiler. f ur t her

conprises a second sensor, a second controller, and said variabl e i npedance
networ k. 35. The apparatus according to cIain135 wherein said shield is
pover ed vB& sailHe amairdtadiRoldMEGUMES THRIHGEH 5 cket
No. LAM P0810/ SG ggﬁ&The ap Earatus accordi ng ?%ﬁ?gg#%¥§§%g§%mgﬁﬁgggfb

vari abl e VHRbiimsdasensirotk soeh that the ypltadesd said shiztd ialsbetrallddyid erond37. The
appar at ussaegrding 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 claim35 wherein said second
controller adjusts said variable inpedance network such that the voltage
of said shield is controlled by a second set point.
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14 0 12 Cctober 2005 Docket No. LAM P0810/SG ABSTRACT OF THE DI SCLOSURE Al
apparatus for controlling the voltage applied to a shield int 44 Qdeler 2005

bet ween a ction coi owered by a power supply via a matching

net wor k, Eﬁ@k@ﬁg &Aﬁéﬁpguyg)enerates, 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

control ling the power suppl f Lrcuit is connected to
the shield for controlli néﬁy%%e vg?glgzﬁgfﬁ%%%d. Both first and
second f eedbackincippeaissior epemodling the vdlitdgk applitd thraehiekhiyerpased dstwebhanf i r st
f eedback ¢i it faurther conprises a fi.rst ntroIIer and a first sensor.
The first %‘%‘ﬁ@?ﬂ C%‘EP\ T d&' %PWEW JwRlY Y%Blr@é‘g'ﬁ‘ﬂg HF™PHe apdtherrlassmdpl i ed t o
the i ndUC@EN&at@@'cbm&:ﬁsésfheshiélﬂ Satﬁr‘épﬂ%d&hk @frculfr Iaﬁ'd E'Séc%hd ?&gbﬁ&é élf'cﬁ.utaqjhESt S

t he power supply such that _]power suppliéd to the inductor coil Ts

cont r ol | e@owgr Applyrwesethe yﬁblehi he'rﬁret feedhank cit@stib acknecteddaitie ihdudtioar

conpri ses a sec ontro # a,.variable i edance
net wor k. é?o?%?e %Iﬁ’lggﬁb Wered kA ?,; P #egdl?ar‘?'g&fﬁ‘r’ff:@ QBpgEigLto

second seslsiok] feecusrollipane mdltaegiegﬂaie dshetd. eBehtfati e sefonldTBedbabit agﬁnt@f t he
shield to the g nd controller. The second controller adjusts the .

variabl e PRBGAhdETeRat frsAvensy sanges.nBhe firsefopdbackgircwit further sorptisks iadirst
control | edy 1Ry SRELAM S&koP OFHY firsts2nSor sends a first signal representing the power

supplied to the inductive coil to the first controller. The first controller adjusts the power
supply such that the power supplied to the inductor coil is controlled by a first set point.
The second feedback circuit further comprises a second sensor, a second controller, and a
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.
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