PLASMA PROCESSI NG SYSTEM ESC HI GH VOLTAGE CONTROL RELATED APPLI CATI ONS Thi s
application clains the benefit under 35 USC 119(e) of Provi sional
Application No, 60/941,642, Attorney Docket No. LMRX-P135P/ P1664P, filed on
06/ 01/ 2007 by inventors Seyed Jafar Jafarian-Tehrani and Ral ph Jan-Pin Lu.
BACKGROUND OF THE | NVENTI ON [ 0001] I n the sem conductor industry, a plasm
processi ng systemmay be utilized to performprocessing (e.g., etching or
deposition) on wafers. In general, a wafer nay be secured on an

e T

el ectrostatic forces applied on the wafer by the positive and negative

termnals of the ESC nay need to be bal anced by adjusting power supply. To
adj ust the power supply, the values of the positive load current supply to
the positive term nal and t hREhAFED ARPLICAITIONS ent supply to the negative
termnal may need to be cal cul ated or neasured. [0002]Fig. IAillustrates a
schenmat i cThieppEketidratlaion tid benafiexalepd £URLCAd f&) pf PoesiinagApplshton W60. Pl asna

pr ocessi yst.em 160 incl 6 | nsi chanber there
may be aﬁg%fle@{zr ég?'é’f'?'b%glfﬁﬁg\ﬁ" E@ﬁ"?‘&’ﬁ%ﬂ?ﬁ%@#’r ﬁ&d%?)g&‘j/zto@zgﬁ THSNREY er 162,
during processing utiddyai NdailafsiRTH@ni Mdasdsh PhOSESSI Ng System 160 may
have a DC power supply 166 to provide the clanping voltage 172 for securing
waf er 162 on chuck 164. The DC power supply nmay be progranmable, e.g.,
utilizing a bias control or sensor input 198 and/or a clanp control 197,
for setting a bias vol t aBBACKGROFAD @EWPH%H‘I‘AENEF@Er of the clanping

voltage 172, which nay be a voltage with two endpoints, e.g., positive high
vol tage (+HV) 129 and negative high voltage (-HV) 130 (also illustrated in
t he exdopdy of FilgthekBhicoh@d&]ihdusaydeplatma j@egssingayuerh eray beZitilieerimoed, or
"clanped", on the. electrostatic, chuck 164 it y be requi.red to tune bias
vol t age IPEM PERCCS eSS d1SFBHE SRPEFHAD) B ¥§%q%{$£§8erif75c‘l‘f?ﬁ?é’?‘?é'sbea pl asna

i nducedsepirag oy 8h LiRGFoskBit cREKQAESCS by elécttéifaticTbRsMr tHRPIEREsIR. 8% order to
ensure the wafer is stable during the processing, the electrostatic forces applied on the wafer
by the positive and negative terminals of the ESC may need to be balanced by adjusting
power supply. To adjust the power supply, the values of the positive load current supply to
the positive terminal and the negative load current supply to the negative terminal may need
to be calculated or measured.

[0002] Fig. 1A illustrates a schematic representation of an example plasma processing
system 160. Plasma processing system 160 may include a chamber 169. Inside the chamber
there may be an electrostatic chuck 164 for supporting wafers, such as wafer 162, during
processing utilizing plasma 179. Plasma processing system 160 may have a DC power supply
166 to provide the clamping voltage 172 for securing wafer 162 on chuck 164. The DC
power supply may be programmable, e.g., utilizing a bias control or sensor input 198 and/or a
clamp control 197, for setting a bias voltage 170 that defines a center of the clamping voltage
172, which may be a voltage with two endpoints, e.g., positive high voltage (+HV) 129 and
negative high voltage (-HV) 130 (also illustrated in the example of Fig. 1B).

[0003] In order to keep the wafer 162 secured, or “clamped”, on the electrostatic
chuck 164 it may be required to tune bias voltage 170 for a condition such that bias voltage

170 matches a plasma induced bias voltage 194 across chuck 164; plasma induced bias



vol tage 194 may not be directly neasured/ adjusted. The required condition
may be equivalent to a condition that the value of the positive |oad
current 181 applied to positive termnal 185 is substantially equal to the
val ue of negative load current 182 applied to negative termnal 186. If the
values of the load current are substantially different, electrostatic
forces supplied by positive termnal 185 and negative termnal 186 may be
substantially different, and wafer 162 may be tilted. As a result, the
yield of plaspa processj.ng. may be reduced 0004] L n order to ensure the

val ues Wiltagg 94 W&H“Eﬁher‘{éﬁ’ggy HERSULSHRIUs iérthe &%if?ndl'thoé‘ N Ues may need to

be ”Easé{g@&&len% APLGHitRANR kheCR e rattsbsitve 06l dutrgnt 18E a'p%)lliddl&b pasitige a
|

I
schemat representation of a prior art arran?emant i ncl udi ng an i sol ation
t

anpl i i ermingl! §50s suhstastiallyrrguelie thearalie dmepivetoadeurmsaid ¢ @pplisth o181
I Tustrated.d t%frhgglvgﬁ)éaqpéh vled Jgfghe b chipréiht Bhe sﬁBstﬁﬁfaﬁ?Qﬁ”@&ﬁ may be made

for nmeal I'ng ue of negative load current 182 111 ustrated in the
exanpl ecledtrdsiagic fdrées supflRd]blyrpotiliee parinoral 38% andmegatjertemntinal W86 maydker ence to

Fig. 1A-B, DC power su 66 m uppl ositi,ve hi. ol tage 129, e.g.,

w h a vErERIUp SBuETAT Ve FRE Rt BT Ul Brare pE B R Gugh Re

filter &%Zes@i'ﬂg R YelrbdRed.€r m nal 185; RF filter 187 and positive term nal

185 may be repreSented by an equival ent resistor 107. The flrranlggllenent may
n

i ncl udel0804knsi nginrosdsr e ensues thovaldgssy dasdaadbetripatrrrasybsiaaialbeiatiinde 151 and
a Second &Nl \kd krfe mbdsiidh, SRR Rot edicdiBlgsecond term nal 152 may be
et (0]

di spose‘c’ia en a termna power supply 166 with positive high
vol t age[0085)V) 12FigniB diystrated esthematii spesent@ion of 0 POPE Aharrangemagierent nay
al so include an.instrunentatj.qn. anplif.ier, 102 el.ect.r.icall d with
first t%‘Ft‘:‘gH‘glaniﬂat%&“boé@% foF rearyring 57 Weootfé)ﬁmg“ées?)%? é‘? e%ﬁégnd

resi st ofjlyditfled MARPSEMPICIHFig| St A WIRIM: atrapenkdPmaRye hade toniegsuring tho sense
t he vol tage between first term nal 151 and secor}d termnal 152, i.e., AV

171, i nvavelefmegafivedoatorrisat t87allysirated inthesgamplepidiglént 103 utilizing the
ot T UnbPY Ton” aRhe B ARG ARy R I RITIC RN st 137 1y
be enpl bgtday supphi fdsitivedighpeitagd 29, pgi, mith(zovaluspdi2Q00 Ngintaiplgema of
|t UL o, SR 0% et MO R 9798, Ao BT 2000
ampl i fi gdsithR4erimial 185 ally®e kr€préRnea bfYn tddivalent resistor 107. The arrangement

may include a sensing resistance 100 disposed between a first terminal 151 and a second

terminal 152, first terminal 151 and second terminal 152 may be disposed between a terminal

of DC power supply 166 with positive high voltage (+HV) 129 and equivalent resistor 107.

[0007] The arrangement may also include an instrumentation amplifier 102

electrically coupled with first terminal 151 and second terminal 152 through resistor 117 and

resistor 118, respectively. Instrumentation 102 may be configured to sense the voltage

between first terminal 151 and second terminal 152, i.e., AV 171, in order to determine the

value of sensing current 103 utilizing the resistance value of sensing resistor 100.

[0008] In order for instrumentation amplifier 102 to sense AV 171, isolation amplifier

132 may be employed to shift the operating point (or operating range) of instrumentation

amplifier 102 up, for example, to a range of about 2000V — 15V ~ about 2000V + 15V.

Having a high operating point, instrumentation amplifier 102 may be able to sense AV 171.



[ 0009] Typi cal equi prent for nmeasuring voltage nmay only be able to neasure
vol tages in a range of about -15V - about +15V. In order to obtain the

val ue of a high voltage output 116 of instrunmentation anplifier 102,
isolation anplifier 132 may al so be configured to shift output 116 to a | ow
vol tage referenced output 134 that is within a range of -15V - +15V
relative to ground |l evel 136. Low voltage referenced output 134 may be
measured utilizing typical voltage neasurenent equipnent Subsequently, | ow

vol tage_referenced qutput, 13 be .utilized to C te out ut 116. In
o JoBRE " 76 Rt Bapmen e irine uorenaay oiiie TGm AR 71 Twhi ch
may be Vblkdged Bich laRgcitaBbia -MsV th®owad 188, Gh ofRAS Gidaifi did Rilde de?m%hT‘Vtﬂta al ue of
positive |oad current 181 may be assunmed to be equal to the value o

sensi ngowrt igtof ipguaeeistion wgplifier d A ipnlatinn amnlifigk | Fhgendse be sudiesrein
general . gh%@{)%gtgpémw \ia %&e&%ftngﬂaiﬁﬁxzx BAPRRWNFa rargs thrsv o he

capability o atron arrpl ier be substanti al ltmted

Typi cal H/SV relativatto grovadnidveelf 138 [b32vatage mﬁd:rynd@é oatpluelilbnsmbef lmeasmeedoper ating
poi nt of .instrune tlona lifier 102 u abau hellmtatlon
oy be FillFs PERENIO eEE BEEryent S PEIe e aRer Do RSBl Sl ng

Syst ensoutpht B2 MBYbeNANRedtoialillavdddipde 16 nnuﬁmgbu@bouné Baykdé @tlized &n hi gher .
[0011] I'ns urrent ation wl i fier 102 also may have_ |i m tatl ofn For exanpl e,

i nstr urréﬁ@rmm@weé(ﬁblp iof Ady 1 7lgwhich paayher uiliged fordetramipe das\alvrolissRgiRe of onl y
from-1Q ent 310M1e \@lﬁ/e%fffp%%iﬁbe loaf e bt 988 mal 'B? 5§sUHi%5‘E@Eé aPoRhd {d1&r 102

may not e to satisfy the requirenents” of sone plas processi ng
systensofééh&%%e{xﬁ)m@@oﬁnrmgmdhmnma@fartahgememvent| on relates to a plasnma

pr ocessj yste The stem na |ncI de a

el ectroL({bgP c chu I<ge(‘§§ &5‘8]‘5 323?#/ Veﬁf%@\éﬁ pt o%e@% nnhge chanber and
conf i gueREbAliey SURAXIdN e(nammeﬁ hm)ay Be ywsentlalmenﬁac T@ycallpdbalgéona positive
termnal (+EC for providing a first force . to the wafer andaneggtlve

ter mi napmpLifEsdp2 msy gshoke iy shifsibe onerating Rantef IsympaEpn amplfics)|
processjng, a6af %ﬁk’\myrh@'lﬁrﬂg'nt i ”g%e Snshfficidnt id @Rstyr. ! E&gﬁx@ﬁ{&ﬁﬁ oRGBhé blagha (TI A)

and a secon confi qure asure a first s vol tages for
cal cul apionepsmg\sgsteres, o‘fhxeh paghdvewigordtage mpehef abopl ¢ kY orevqnﬂegfmm tive

terrrina. e plasm cessin ude.a third TIA and a
fourth OPllﬂqconf ?]gs?ﬁtlr%ﬁ e r?eaﬂ’g‘éygézgag% bRAY S%Vqu?lpa%tgp gFor ex?rg]?lgtal cul ating |
or neasiisiriiderdatich ddgpldler 0NEHRAIY fal Baek Lishsiag tangppf brld fiom {10V nefALi ve
termnal . The plasma processi 2@%@5 ystem nf@é al so |ncI ude e} Iﬁ or a program |
for adj Gétensuchilimitaiongdnstagreniion amplifier )2 may nos be able iRsayskithe ve | oad
current oad current nmay have an equal

dagﬂgelxh PJOH% s ngro&gsg J)éf‘en{s. _ y . qual

magni tu asma processi ng stem may al so include a diagnostic unit
configured to determ ne at | east one of a health condition and a renaining
life of the ESC based on at | east %1\?‘% he val ue of the positive |oad
current and the value of the negat % current.

[0012] An embodiment of the invention relates to a plasma processing system. The
plasma processing system may include an electrostatic chuck (ESC) positioned inside a
plasma processing chamber and configured to support (and clamp) a wafer. The ESC may
include a positive terminal (+ESC) for providing a first force to the wafer and a negative
terminal (-ESC) for providing a second force to the wafer. The plasma processing system
may also include a first trans-impedance amplifier (TIA) and a second TIA configured to
measure a first set of voltages for calculating a value of a positive load current applied to the

positive terminal. The plasma processing system may also include a third TIA and a fourth



[ 0013] The above sumrary relates to only one of the many enbodi nents of the
I nvention disclosed herein and is not intended to limt the scope of the
invention, which is set forth in the clains herein. These and ot her
features of the present invention will be described in nore detail belowin
the detail ed description of the invention and in conjunction with the
follow ng figures. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014] The present
invention is illustrated by way of exanple, and not by way of limtation,
in the fi[gur of the acconpanyi ng _.draw ngs a]nﬁ i.n which Like reference
nurer al 14 endieure 16 R 2 sreopd aetaf SARken FrSHEH A RO TBFRITPE T KNS PR 1 at es
a schenpddafivé RRE 8BSk appIRA t@TheIRgAXRARIENA) TROBlaRHhOPOSEING siterh ety

[0016] Fig. 1B illustrates a schematic representation of a prior art

ar r angedlsminclude lagit e riRgiaionediesiing st joliaes weh Haharp g of He poailie of a
e oR BRSSPSR, NPT et kel e

exanpl e 0 trates a sc tic representation of
an ar r apiganepitocéssing spsicn mayglsa inclded dinperstigeniofondigpadite deternioaal least r ent

applied to ositive.term nal .of electrostatjc guc ! | as
oY bcesstip 2y Rl adrEs nedte ShEE SeCisre St gttt B Rt
i nvent i @R .polifOd Bh&c@rend Bnd Ihbwalut af & megdtlvewsddasutred a net hod for obt ai ni ng
t he val ue arrperag% of .
[0013] he above summary relates to only one of the many embodiments of the
invention disclosed herein and is not intended to limit the scope of the invention, which is set
forth in the claims herein. These and other features of the present invention will be described

in more detail below in the detailed description of the invention and in conjunction with the

following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention is illustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:

[0015] Fig. 1A illustrates a schematic representation of an example plasma processing
system.
[0016] Fig. 1B illustrates a schematic representation of a prior art arrangement

including an isolation amplifier for measuring the value of a positive load current in plasma
processing system illustrated in the example of Fig. 1A.

[0017] Fig. 2A illustrates a schematic representation of an arrangement for measuring
a value/amperage of a positive load current applied to a positive terminal of an electrostatic
chuck in a plasma processing system in accordance with one or more embodiments of the

invention.

[0018] Fig. 2B illustrates a flowchart of a method for obtaining the value/amperage of
the positive load current in accordance with one or more embodiments of the present

invention.



the positive load current in accordance with one or nore enbodi nents of the
present invention. [0019]Fig. 2Cillustrates a mathematical mani pul ati on
for obtaining the val ue/anperage of the positive load current. [0020]Fig. 3
illustrates a schematic representation of an arrangenment for obtaining a
val ue/ anperage of a negative load current applied to a negative term nal of
the electrostatic chuck in the plasnma processing systemdiscussed in the
exanple of Fig. 2A-C in accordance with one or nore enbodi nents of the

present inyention. [0 Fig. 4 illustrates a positive . ogd current plot
and a nE§dPl ve 1 0B& %‘glﬁﬂﬁﬁ?tgiﬁ B’PthFB‘ta“ﬁf‘éf‘Tar‘Hpi‘?%‘ﬁn o1RP m{}%ﬁ'teage in the

pl asma PAIRSER AL SHUBL 6@@&5&@&@1@&.” Figs. 2A-C and Fig. 3 in accordance
with one or nore enbodi ments of the present invention. DETAILED DESCRI PTI ON

[ 0022] TH®2P} esent Figny dhsirges awahpmatisrepeeseniation; af @g apranggaregs for ghteitingst er ence
to a few | 1 | rated [N ' ;AW ngs.
R e SR L S A S T
order t chyekadvimdelamialposessihe systter ditanskidrg tiefexamplepf &se 3A-C mvagepidence 1t wi | |
be apparent, however, to one illed in the art, that the present invention

may be BPHHONF CEHOUG SHROGMYHRS 1B Prgsnt YRepiiiy e specific details. In other

| nstancgagppel | kH?V@ilQl%@ﬁ%aﬁg&ﬁtﬂkﬂozﬂWr&ht Sibt aidtaiicgativedyal qutenbsientor
described in detail in order to not unnecessarily obscure the prgsent

i nvent i epfimizpEzdliTnwligee dheplarmbBioressing syftem dischstod it Figh 2Aet ahd Fitoa
plasma B £6&7a84d8%ith one or more embodiments of the present invention.

DETAILED DESCRIPTION

[0022] The present invention will now be described in detail with reference to a few
embodiments thereof as illustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures have not been described in detail
in order to not unnecessarily obscure the present invention.

[0023] One or more embodiments of the invention relate to a plasma processing
system. The plasma processing system may include an electrostatic chuck (ESC) positioned
inside a plasma processing chamber and configured to support a wafer. The ESC may include
a positive terminal (+ESC) for providing a first force to the wafer and a negative terminal (-
ESC) for providing a second force to the wafer. The high voltages on a positive terminal
(+ESC) and negative terminal (-ESC) may be programmable and controlled.

[0024] The plasma processing system may also include a first trans-impedance
amplifier (TTA) and a second TIA configured to measure a first set of voltages for calculating
a value of a positive load current applied to the positive terminal. The plasma processing
system may also include a third TIA and a fourth TIA configured to measure a second set of

voltages for calculating a value of a negative load current applied to the negative terminal.



system The plasma processing system may include an el ectrostatic chuck
(ESC) positioned inside a plasma processi ng chanber and configured to
support a wafer. The ESC may include a positive term nal (+ESC) for
providing a first force to the wafer and a negative termnal (- ESC) for
provi ding a second force to the wafer. The high voltages on a positive
termnal (+ESC) and negative termnal (-ESC) may be programmuabl e and
controlled. [0024] The pl asma processing systemnmay al so include a first

trans-i npedance anplifier (TIA) and a second Tl A configured to neasure a
first sgl%zé} vol t Hefaasmy Precassing systeiy may \?EP&%“T'%# lﬁg‘BBE?PTO\gEanP gea%i’ current

appl i ed; Qb POSE Edn¥B1/AR5HH iRl unil BRnikk 25PBs BnRGLESInDr Sopht €98 may al so
i ncl udemg th‘?rd TIA ang a foul??dh u'rll'll A clonfi gured to maasu?ﬂe@a second set of

vol t ageilubwated il the bxampigofFigal Alfopadjusting gdtiaswelpgsasick thet thetvalusef thed to t he
negative termnal . 0 T ' t I ude
oo c. oposieTaPmept ARt Yo Bl RS R RLORRITLAt R TS HPUaA Belitd

si m | ar of MaPhde @ @ffsétahatebrrs@nawerroryfiah edt@fated plasha adeckdibiastvoliagexanpl e of

Fig. IA) for, adjustjng a bi vol t age such that the value of the positive
| oad cuAF%‘?WmﬁWdthFﬁJ\éStg%‘lcﬁé“& eﬁﬁ@ﬂﬁiﬁ&? Mg bFBS‘a“%ﬁBr%ﬁbeﬁ% "A&Ve&%an equal
nagnitug&a%ogqyegg@_e an offset that corrects an error of an estinmated

pl asma 1 nduced bias voltage. Accordingly, the first force and the second
force nf0P2bk bal aRescrlasmaproedssingaystam may alse induderacdiagesinniEsE- [ 0026] The

pl asm Elrétﬁl?g%snl 3! ;1? SontrBIsdNEr i lﬁ%nit@ﬁr!li%i?o Qiagi:(ﬂgﬁpﬁxt é-eﬁsdtlri‘ﬁgfutﬁ% g., included

in a bi rof/'sensor 1Thnput-unit simlar to bias contr or sensor input
198 i | | uRktr@t®h thoetdneplentifip] A )donFiggred 1A)eterarifié gueastortefddiealthni ne at | east

one of a health condition.and. a injng life of e ESC hased.on at | east
one of £eEtios and adFmi”Hg‘gch% P&hﬁgsﬁg@‘ﬂed_c?}??té?ﬂ“ %Wa"f{tﬁeev%‘éﬁ ngﬁeo?osfthvg negative
| oad curda8Rhrredt QL ke VAR R @R gRIVRASSEBUM@nSYSt em may al so include a control
unit. The control unit may be configured to _control at |east a first ESC

vol t age[®@7} he poBha plesma rrpeaspial sy say elerierlpdse ofrobyut gthergetrdlegat i ve
Lo e B PG B0 Bl X B BRI 6 ik i ond T2

and a sé&&on 0 neasur e ourt first ESC vol tage may
be propsicbhdBEC vohagehue tifei eghtiveatdnsd usingat keg ond oE50rst whltagg measyyredby

proportional t he ;second voltage. Accordingl he, hi.gh |.t ages t he
posi ti v@%ﬁ@“ﬁ&déﬁ“éé SEE 'Vﬁﬁ?gf ungif’P'(S]?ﬁ %ﬁ?xﬂé‘c%‘e E%&S?gr%%g M hput
set - poi pi sro Br@i@ﬁﬁ@@%rﬂrsﬂfoltg%é?%e RESHIESSTC Véltdgs BlagDePropoiftidnabrdrae seabnd

vari abl es. [ 0028] The first C vol tage may be positive, K and the second ESC

vol t ageveltagehAceadingly the high vriagerat tsrrositiys aad Hﬁ@_f%? teF'Bir‘aEi%ﬁi’prH?W\ﬁﬂ’fen t he
T B
may be podtohinéntal variables. ‘
[0028] The first ESC voltage may be positive, and the second ESC voltage may be
negative. In one or more embodiments, for example, when the polarities of the positive
terminal and the negative terminals are reversed, the first ESC voltage may be negative, and
the second ESC voltage may be positive.
[0029] The control unit may also be configured to control the difference between the
first ESC voltage and the second ESC voltage. The difference may represent a clamp voltage
pertaining to clamping forces applied on the wafer.
[0030] One or more embodiments of the invention relate to a method for securing a

wafer on an electrostatic chuck (ESC) positioned inside a plasma processing chamber. The

ESC may include a positive terminal for providing a first force to the wafer and a negative



[ 0029] The control unit may al so be configured to control the difference
between the first ESC voltage and the second ESC voltage. The difference
may represent a clanp voltage pertaining to clanping forces applied on the
waf er. [0030] One or nore enbodi nents of the invention relate to a nethod
for securing a wafer on an electrostatic chuck (ESC) positioned inside a

pl asma processi ng chanber. The ESC may include a positive termnal for
providing a first force to the wafer and a negative termnal for providing
a second force to the wafer, .The net hg i ncl ude connecting, using a
first cHPEALIRF proxidingasecppdfprcet ?fg%%ﬁ%?‘gpa{' T det°8méeg¥“|'$’st

ter m najsiQn, Arst béndionBhtS & fikdt G@hs-RaiddancEnplifieS(TIA /LA filsERtmipal oh oAt be

bet ween a power supply and the positive termnal. The first component may
have a ¢leeteeal pathi ﬁaﬁ%s@.elem@ahﬁmmay hahetaeena PaverYBP I 8 FFIRYSIHYE usi ng t he
first TLA . a fi Vv GRIAdIeCOomponent
rmay contSupt Jlediry QbR Bia%e £ARERANEE RNy 7 ARE RIS

resi st adtermifiaAkinghke fist T, anfirgt alltsge aanedsiacecadrenappieng, Thsiseapnd t hi r d

component, a second TIA to a, second terminal gn the first electrical path.
The ¢ IRERIRHIRBHOTHES S 68 BOTTRPY thess) DAREd Y TRe® Refornd Hiynsfao

i ncl ude[O@@lg M Ni Mg méthbdBay ARo REREoMARing uSRgankiry edrhggenaasasada fourth
conponent. The fourth conmponent may connect two end points of the second

TI A andTHatp dsegendterpinakan the §rst elseisisal rptio 3tethigd FAIRPRISIHEYY baves th‘ﬁ‘il ude
determ niag, & VRleYfedd rﬂaypgﬁé Hcﬁﬁelfdgl%ﬂnfﬁm §éhe ARRELSRE TIR, 4 BRoRPSI Li Ve
term nal USIhg one or nore of the first voltage, the first resistance, the
second vasigs hanse, fotttle comparedt. VBietfageh carmponenti may ¢ansee trainerd peing of e fourth
resi st ance. ,i[QAg raet hog may,. al.so chI ude determ ning a value of a negative

| oad cusceert TRhd Bay haye@HRUERESIIA0E t er i nal . The net hod may al so incl ude
adj ust i @3z bi as M haped May ABo inttudéaleteembiing Hrealpost 4 postivie deud cutrentent  and
the val ue of the negative |oad current for bal ancing %h& first force and

t he secenpied & e posibiesymingl Usingeg orEPrapisiBe fiFE Voltage CBR fIEst f9siitpngetig i o of
the firgt fesl ttaﬁ‘&?ﬂ]etsgcdnlagloﬁggec,)ﬂ%t PP L3LBNEE ah MR fBurtd REahcOThat | east a
first internediate’termand a sécond Internediate term The method may al so
i ncl udemethbd magtaisognalnde determinog avalue of 4 negativeload awireny appleedftp thet  vol t age,

t he second .voltage, .and the first internmed ate t.er . al so

i ncl uden AR ieEPMAYy @‘ﬁ I?‘?’i@‘éirmf%?lﬁ? HQFU%\E/%&“%‘@ %t@ﬁ\‘éeltr?g%]ﬁselgﬁh? g’tq lutgg)?rn' nal
and t heg,g@eade fodd Birfak ahBihe ¥alubof thdtrepatbdilddecurieht fagBalaming the fiest Sercond
internediate term the second voltage, the second resistance, and an

i nt er - t endthpsicondiires ance between the first terninal and the second

term natO()?B] ' The method may also include converting a ratio of the first resistance to the

second resistance into a product of at least a first intermediate term and a second intermediate
term. The method may also include calculating an intermediate voltage term using the first
voltage, the second voltage, and the first intermediate term. The method may also include
calculating an inter-terminal voltage between the first terminal and the second terminal using
the intermediate voltage term, the second intermediate term, the second voltage, the second
resistance, and an inter-terminal resistance between the first terminal and the second terminal.
[0034] The step of determining the value of the positive load current may include
determining, using the first voltage, the first resistance, and the second resistance, a first
terminal voltage at the first terminal. The step of determining the value of the positive load
current may also include determining, using the second voltage, the third resistance, and the

fourth resistance, a second terminal voltage at the second terminal.



[ 0034] The step of determ ning the value of the positive |load current may

i ncl ude determning, using the first voltage, the first resistance, and the
second resistance, a first termnal voltage at the first termnal. The step
of determ ning the value of the positive |oad current may al so include
determ ning, using the second voltage, the third resistance, and the fourth
resi stance, a second termnal voltage at the second termnal. [0035] The
step of determ ning the value of the positive |oad current may also include

determ pning, usi the first termnal econd term oltage
and an {brqgglr tergﬂﬁaﬁtepr Sermintng 8?3\/&%8%‘5%@'?‘/ @aﬁ‘#r%ﬁ“ﬂ%ﬁay&ﬁa ’?%‘éa/second
t er m nafeterminiab UBin@fthé@first Rh@imal RilAkéahe SodbiERiminalvubage, bhi@ad intgt term nal
and the second term nal. [0036! The step of determ ning the T\ﬁal ue of the

posi t i viermipakresistancerhetwas the His 'ieﬂﬁlnﬂloPé’ddB? @Fﬁ’i‘%ﬁeﬂﬁmahél" e phan Wistond
vol t ageteﬁ'gﬂaféﬁ?retl%&/&nrt St %g‘wl Sl 88 oRd teBmin@l. M nal - TI A current from

t he seco termnal to the second TIA [0037] The val ue of the
i nt er-t@odinal cuFlresstdp of aletgempuing thi galuablihe ppsitiveeload eurreng may o depludent

val ue be Utl|lZ det er ni ne | ue of t current.

The val erB’f‘mf‘ﬁ Sget ?e\?gnqe‘éoi{?g%ﬁ?q'%‘ﬁ?w \FEREanE tae?'arkg%ééjg éefrg 'Inlal(z)?ng st eps

si m | ar cdrenbfre@shdlédcbn@ningl tdefieededdrd TIL.t he val ue of the p03| tive | oad

current. %0038 ] Two or nore ratios of resist nces SSOCI a W|th Llﬂg Tl As
0

may be W8ATH gur edTheoralitgifthe intsr-&armpnal pyrrontplusand the |"61He oF{hs tiRRdAo the
o) Ao 800y Bt RS GRIBg Ul s S .
first BBCnegitivadmdaurrentenay be determined utilizing steps similar to steps utilized in
determining the value of the positive load current.
[0038] Two or more ratios of resistances associated with the TIAs may be configured
to equal, to simplify implementation. Two or more of the resistances across TIAs also may be
configured to be equal for simplifying implementation.
[0039] The method may also include controlling at least a first ESC voltage at the
positive terminal and a second ESC voltage at the negative terminal using at least one of the
second voltage and the fourth voltage. The method may also include control the différence
between the first ESC voltage and the second ESC voltage using at least one of the second
voltage and the fourth voltage.
[0040] -  The features and advantages of the present invention may be better understood
with reference to the figures and discussions that follow.
[0041] Fig. 2A illustrates a schematic representation of an arrangement for measuring
a value/amperage I p of a positive load current 215 applied to a positive terminal of an
electrostatic chuck in a plasma processing system (similar to plasma processing system 160
illustrated in the example of Fig. 1A) in accordance with one or more embodiments of the
invention.
[0042] The plasma processing system may include a power supply, such as a DC
power supply similar to DC power supply 166 illustrated in the example of Fig. 1A. The
power supply may be configured to supply a positive high voltage (+HV) 299 to a positive

terminal (similar to positive terminal 185 illustrated in the example of Fig. 1A) of an



positive term nal and a second ESC voltage at the negative termnal using
at | east one of the second voltage and the fourth voltage. The nethod may
al so include control the difference between the first ESC voltage and the
second ESC voltage using at |east one of the second voltage and the fourth
vol tage. [0040] The features and advantages of the present invention may be
better understood with reference to the figures and di scussions that
follow [0041]Fig. 2Aillustrates a schematic representation of an

215" apor ot shiaar rripe et 16l AIREEP R heortied REbUS i By rm

proc eSSbﬂﬁes% tcﬁ@ih()é‘rl(mﬂllaf t&;ﬂaﬂaﬂﬁﬁ&sﬂﬁ@@l&&@eﬁ 9698Nl$1§md1@0h¢ &lanpllg et ed in
the exanple o . in accordance wth on nbodi nents of the

i nvent i 5'{% lﬁbeﬁt?fW}?@nﬁp%ﬁsé‘%rsﬁ@é@sthrﬁ@g%?gf éﬂﬁeﬁésynll"f‘féf’ l!ftlfeﬁ@rﬁ%er suppl y,
such ASilfhs @91 e égf \AgniA)arThteqe&%@a&emeﬁﬂaawtemﬁlal ddust RetRd i n the

exanpl e of e po suppl'y may be configured to supply a positive
hi gh vohtaagere(prteQBQam oqqu:}cmlrdzsnsmllér m nal (sim I ar to positive ter m nal

185 il t ted ipn the exa e r h

(st i | a0l chuckiaes o FfeEp ety &ak e@%’*SF 27k F%he & %f) hichanliin

pl asma pé@@@sﬁgmgolfaga(mw 2@) amdla&for&@aoﬁumgmagmveche@suomgge:@awbe99 Qa@&
illustrated in_the | A) of the p af rocessi ng. system

t hr oughiliisirgted jn tb%fsxamlwﬁ Ias ?t)éumhefi.bw%erp%ef shpRly, 8y Be SyexHs HE Kkanpl e of

Fig. |Apgre }j}a pree s‘fﬁ@r}ﬁ% Xtk e POFIJY M%B@éﬂ@uf‘@% 50 af e Bhirédpbhding MY be

represente eqU|v | ent “resi stor I'n one or nore
enmbodi neegagye hlgb Ivahqge\(dﬂ‘t’)aw aFylbe abogt -1.3 k€. Hi drfothres pxampletprsitine pigbi t i ve

hi gh vol t.age n 399
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e abou an e correspondi ng ne a [ VO ma
be. abouPOSVeRNAOIRRS GHOVHEP B arEe MY b FV HODo Mas e ety 209 nay
be abou;nattil, gﬂé{s}{,alme(ﬁgﬁsggﬁd‘g@@p@ndl ng negative h| gh voltage (-HV) 399 may
be about -4. bi as voltage 270, a cent eqhégm nt of cla vol tage 271

(bet weel0pdki ti veTllw ;gasmamro@egsng sydtem 2eY aksndn aitﬁitv@rarmsgmp tage (- HV)
255 e R B TP LA AR g 2888 g 204 T
electrical path (or power supply path) between the power supply and the positive terminal.

First TIA 210 may be coupled with first terminal 251 through a first component/resistor 205a
with a first resistance value RD;. A second component/resistor 209a with a second resistance
value RD, may be implemented across two ends of first TIA 210. The ratio of RD, to RD;
may be chosen for simplifying measurement of positive load current 215. As an example, the
ratio of RD; to RD, may be configured to be 600.

[0045] The plasma processing system may also include a second TIA 208 electrically
connected to a second terminal 252 on the power supply path through a third
component/resistor 205b also with the first resistance value RD;. In one or more
embodiments, third component/resistor 205b may have a different resistance value (other than
RD;). A fourth component/resistor 209b also with the second resistance value RD, may be
implemented across two endpoints of TIA 208. In one or more embodiments, fourth

component/resistor 209b may have a different resistance value (other than RD»).



anplifier 210 (TIA 210) electrically connected to a first termnal 251
positioned on the electrical path (or power supply path) between the power
supply and the positive termnal. First TIA 210 may be coupled with first
term nal 251 through a first conponent/resistor 205a with a first

resi stance value RD,. A second conponent/resistor 209a with a second

resi stance value RD2 nay be inplenented across two ends of first TIA 210.
The ratio of RD, to RD2 may be chosen for sinplifying neasurenent of

itive |oad . 5, As h i 0.0f RDl {0 RD? b
Cont | guiBHoLo bo 6028 ioesreonFEnY arbalir ARyl wrvaufpeael T ude
second {&f fosARB 16ddesubrehtCaIS|il a€RPdRES Rith bRe 6r BeR@RMbotRidNtsHItha2hrdsean t he power

supply path _through a third conponent/resistor 205b al so with the first
resi st aHwventie Josiima load guisert 249 mayrepreseBode fuFRns SURPKed & B RPYUIENIL / r esi st or
205b 1 ' Iy EeskiRb Bedmtel 8PthBBladma Prdssid
corrpone%e{%@ég?gt%‘g%lfeétg(%gﬁglcrs“g&vhﬁmﬂ?%gagﬂggor?dl éesir%tanceg\?al rlﬂlgérRDZ nagc be

i mpl enesyseah.acr oss two endpoints of TIA 208. In one or nore enbodi nents,

f h / ' 20 h diff ' I h
tnan ROBIAPY [ 006k RRGMESBrit Padtmt BOca FEORERVE 7P & it RS PEPTH5t ai ni ng

the val ged 20Palaa@Raduedveltagh 0D tackBs targbret 2096(waA & spevifeaioesistamee/aliict h one
or nore_enbodi nents of the present invention. Positive | ﬁg{lg ren(ti 215 may

r epr eseRD2t heccoringntvoliagspY : ddeeanditemingd $p¢ mpy b &plkilat “g D, an
el ectr Oﬁlte%t'icpoictné‘&lﬁf)'o'ﬁ R%j? %o ?xb@.s fPchR eL4niie Wﬁgrqu?mz 0600t WemRY 88 MB

processing system [004/]Referring to Fig. 2A-B, the process may start wth
step 27@lculatedhiilizing ¥Ry Dbl 608V arragy atemrsoresen; thet vadfegeazhepasi’s conponent

209b i th. L fied ISt | R ) i nal I t
2090 i REAS LB T ARG, R RGRALRY bR, 2
ratio theg@sitit/@teﬁ%al dnd thdRegai aRhRindB @reref¥dsdd. RD2 = 600, V2nay be

calculated utilizing V2 = - VD2 * 600. V2 may al so rqesgr&?sent tIhe vol t age at
the poslQ0A8k t er nviplarly-THAG 10gnay measpescy Dyacrigs\FopRopait 2093, AL nay al so be

negativ Ol Giidob Lht 18 vhREBY P&diti A ol 0651ta36999) {8 b

term naﬁgng‘rggz?é\%gysgga& %‘[Ng%ﬂgl?%lrﬁé}lé%eﬁllty TIA 2 Oltrlmy {rgreasf;ge VD, %creoss
conponecdlcg@edutiliding VPs and the mativedf txsiatio w6 RDageRD,. [nihe examply wheisrRI3ént t he
val ue o ositive high yoltage.299).,na Lalculated utilizing VD, and the
ratio O%Dt?ﬁeéog)ayi 'Ba‘ége ﬁ{ful?%(g%zm%) )4 t%e\}ﬂéxaér?rdﬁ)re where RD,/ RD2 = 600, V,
nmay be makgul at edingtdpl272] Vgtale VT, acroéDsertsing@esistprOXbqPith astdparitédalue®s) age

V12 across sepnsing resistor 250 (with esi stance value Rs) between first
t er mi nabetysan %Hte%@@r?cf Liagd seqend g%@ﬂhﬁ# Bay E%?@FW?‘H b%?‘bé%‘ﬂ"mga%\fi ng V2
from V’ fl‘gl%gfl 22’9,616, V&L ?l ygv’z._ V2.

[0050] In step 276, the current amount/amperage Isp of a current 204 across sensing

resistor 250 may be determined with V, divided by Rs, i.e., Isp = V12 / Rs.

[0051] In step 278, the current amount/amperage Ipp of a current 206 from second
terminal 252 to second TIA 208 may be determined with VD, divided by RD,, i.e., Ipp =
VD, /RD;.

[0052] In step 280, the current amount/amperage I;p of positive load current 215 may

be determined by subtracting Igp from Isp, i.e., ILp = Isp - Ipp.
[0053] An arrangement similarto the arrangement illustrated in the example of Fig.
2A may be implemented for obtaining the value of the negative load current associated with

negative high voltage 399 in the plasma processing system. A method similar to the method
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[0050] I'n step 276, the current anmount/anperage Isp of a current 204 across
sensing resistor 250 may be determned with V12 divided by Rs, i.e., ISP =
VI2 RS. [0051]1n step 278, the current anount/anperage 42p of a current 206
fromsecond termnal 252 to second TIA 208 nay be determned with VD2
divided by RD2, i.e., 1g2P = VD2 RD2. [0052]1n step 280, the current
anount / anper ageof positive load current 215 may be determ ned by
subtracting I,121) fromlsp, i.e., "LP = ISP [0053] An arrangenent simlar

to the arrangerrent |IIustrated in the xa le.of Fig. 2A na i npl emrent ed
o ot Bl ke oA ST Ay he rdeneRe o epanbebesiidebheli T

negat i v%éghwlog@g&,%@ 399 in the plasma processing system A nethod simlar
to the IIlustrated in the exanple of Fig, 2B may be inplenented for

obt ai EI 9954he valkig 263 llhlsreatweagmﬁhvmaq1 ohagipplegon for[ob@%‘}gi‘ih@ 2C illustrates
a mat egﬁue/gr%perg!g% L;p ('ijl p%tsmgg loa8 ux%’ﬁt%'l 5‘.' R9 iltdiGated by equation 241, an

intermediate voltage term Vsp may be calculated utilizing the difference between measured
VD; and VD, and an intermediate term X, i.e., Visp = (VD1 — VD3) * (-X).

[0055] Subsequently, as illustrated by equation 242, AV may be calculated utilizing
another intermediate term Y, intermediate voltage term Visp, VD, specified Rs, and specified
RD,, i.e., AV=(Y) * (Visp ) + (VD) * (Rs/ RD»).

[0056] The values of intermediate terms X and Y may be determined based on the
ratio of RD; to RD», as well as capability of TIAs and other equipment utilized for measuring
voltage values. In particular, the product of intermediate terms X and Y pertain to the ratio of
ratio of RD; to RD,. In the example where RD;/ RD; = 600, intermediate term X may be -60,
and intermediate term Y may be 10, in one or more embodiments. In one or more

embodiments, intermediate term X may be -30, and intermediate term Y may be 20.

[0057] As illustrated by equation 243, the value I p of positive load current 215 may
be calculated with AV divided by Rs, i.e., I.p = (AV) / (Rs).
[0058] Advantageously, the RD; / RD; ratio may be reduced into smaller intermediate

terms X and Y, such that the voltage values according to embodiments of the invention may
be conveniently measured. For example, the voltage values involved in embodiments of the
invention may be tuned to fall within optimal operating ranges of TIAs utilized by adjusting
the values of intermediate terms X and Y.

[0059] Fig. 3 illustrates a schematic representation of an arrangement for obtaining a
value/amperage Iy of a negative load current 315 applied to a negative terminal of the
electrostatic chuck in the plasma processing system discussed in the example of Fig. 2A-C in
accordance with one or more embodiments of the present invention. The power supply may
be configured to supply a negative high voltage 399 to a negative terminal of the electrostatic
chuck inside the plasma processing chamber of the plasma processing system through a RF
filter. The resistance of the negative terminal and the RF filter may be represented by an

equivalent resistor 317.
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val ue/ anperage |jp of positive load current 215. As illustrated by equation
241, an internediate voltage termVisp may be calculated utilizing the

di fference between neasured VD, and VD2 and an internediate termX, i.e.,
Visp = (VD, - VD2) * (-X). [0055] Subsequently, as illustrated by equation
242, AV may be calculated utilizing another internediate termY,

internmedi ate voltage termVIP, VD2, specified Rs, and specified RD2, i.e.,
AV = (Y) * (Vise ) (VD2) * (Rs / RD2). [0056]The val ues of internediate

ternms X and Y may_be determ ned based on_the ra as well
as capamoﬁ&y of  TheasmaPraeaiaing SRR ey durther e 8#@%&&?’1&‘% vol t age
val ues. fduhPaAtIo8LbAfiguréd® ;Qé\ﬂﬁlélﬁﬁ%as‘ﬂfenidi\EQIMF@ttﬁr sBcuMRInY thaealde Rgofain to
the ratio of ratio of RDI to RD2. In the exaﬁe where RDI / RD2 = 600,

i nt er mesinaing cuwenh3X4 gergssensiggresigiapcq le hioud 1A 39%1“}%"?15#&59 CB%ﬁ&U@e ©n bne
or nmor ear%qt%@q}oﬂg aan@m% PEal&H%t%gggpQ?%eg‘%gﬁyéag B\[fo tEdiakes M X may be

-30, an term Tustrat ed by equati on
243, t heecund maninlamiifto;ﬁmrtltTI\AeE»O&md)ss uomwrtenﬂtb@sﬁma?oibe Asbulingly.ddv wi t h AV

243,
Ol S peciaE btling IS A foar TRY et SRR Rianp e BEERY R e

vol t ag em\é? bb §itniBE EPthe hRgh detheRNMNAS @RI TH Sheddxabiple dITFVE A, @fd theynditods of
conveni ently neasured. For exanple, the voltage values |nvo£ved in

embodi n@m@ng)tﬁletaﬁ@ngemﬁéhldlmﬁt%w thizexapmlspfifie. %dmy b timilar 9 5es methodper at i ng
ranges Bﬂuﬁtut@@g‘%ﬁ’usm%m lHwsgi ng the values of intermediate terms X and

Y. [005 rate schematic representation of an ar rangenent
for obtp06ihg a vﬁlh&;dﬂsmmmpmgang Eystanf myrﬁw@wrlmbldb@a@qu@‘nt urgtt 5Theppl i ed

to a negative term ft h

system %P@BGQ%%@ ‘ﬁnﬁr}‘?ﬂé’%&ﬁ Lfrgég’(f: ?rﬁltae%;ec qulr# r@gﬁ\é@a qaa@hgcg?s:rg?e
enbodi npatisvedbrmig (PESSP4d d Vet ESTvolldze VRanee nsgmmeyemmal pESCHnfingured to
supply a negative high voltage 399 to a ative ter al Qlt %

el ect r ogitleast enecofueR: mpaspisd wﬁécqﬂﬂél%ﬁe?%@aég%mﬁswﬁé%gqur@f Iﬁhﬂ) plASs ma
process| glogéﬁ? %Q(; % r@f‘o% drlib&eedi to VDS Sﬁrﬁla?lglavgﬁlaQBe b%oﬂ%ﬁﬂttbve

term na e represent ed an equl val ent resistor
317. VD,. In particular, the clamp control unit may control the dlfference between V; and V4. The

difference between V, and V4 may also be considered a clamp voltage pertaining to the
clamping forces applied to the wafer supported by the ESC.

[0062] Fig. 4 illustrates a positive load current plot 406 and a negative load current
plot 408 for optimizing a bias voltage in the plasma processing system discussed in Figs. 2A-
C and 3 in accordance with one or more embodiments of the present invention. As illustrated
in the example of Fig. 4, in a plasma processing system, a decrease of plasma induced bias
voltage 294 (relative to a bias voltage 402 optimized for securing a wafer on an electrostatic
chuck) may correspond to an increase in the positive load current and may correspond to a
decrease in the negative load current. The value of the positive load current may be obtained
utilizing one or more of the arrangements and/or methods according to one or more
embodiments of the present invention as illustrated in the examples of Figs. 2A-C. The value
of the negative load current may be obtained utilizing one or more arrangements and/or
methods according to one or more embodiments of the present invention as illustrated in one
or more of the example of Fig. 3 and/or similar to one or more arrangements and/or methods

illustrated in the examples of Figs. 2A-C.
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[ 0060] The pl asma processing systemmay further include a third TIA 310 and
a fourth TIA 308 configured to provide neasurenent of voltages for
calculating the value i SN of sensing current 314 across sensing resistance
350. Fourth TIA 308 may al so be configured to provide vol tage nmeasur enent
for cal culating the val ue/ anperage 112N of current 306 froma second
termnal 352 to fourth T1A 308 across conponent/resistor 305b. Accordingly,
1LN may be cal cul at ed utiIizing I sN and i g2N. The arrangenent illustrated

in the | e of be sim/lar to the ar enent. i|lustrated in
the exalfURal of Fi 1 ordka S SV SHar et 1UHEPs B YA PR B AL e nen
T ustr gintisllyt élﬁaﬁﬁﬁ@ﬁﬂe@ f&teshhaly nedd i@Ye splisd BY kiarpobitive hed Aegatiads
illustrated in’the exanples of Fig. 2B-C. [0061] The pl asm proce%ﬂ))(j

nit may
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pr ocessilhgtratgd by onosl rmtms@é@f posifivegload Quregt alnd4(35 and nggadtedeadciright otone or
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cInt léfieé ﬁlgﬁ&ayﬁpg'%ezf’pefahg AV ER egrr%@evscﬂcﬁ g%éléhlgz to%gpovi de a
S ecure ggdzingamans %@Wo@tﬁ@es@ﬁa}t Hibescﬁ\l@ﬂ befmy 1rbpleﬁ1léﬁmmgingl8 ARiskdncavbéteben

corresponds to a era of about 10.6 A for éh t he osrtlve | oad
cur r ent thePEWeRBIPRERE rmgl theyAEA. C]E,l,lr,tl@ﬁtmtermedlate voltage an 1ntermed ate terms may

be employed to enable measurement to be performed in the optimal ranges of TIAs.
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[ 0065] I n one or nore enbodi nents, the anperage of the positive |oad current
and/ or the negative |load current obtained may be utilized in determ ning
the health condition and/or the |ife expectancy of the electrostatic chuck.
[ 0066] As can be appreciated fromthe foregoing, enbodi nents of the
invention may provide anperage/val ues of the positive |load current and the
negative load current in a plasm processing systemw thout requiring an
expensive isolation anplifier. Advantageously, the cost associated with

obt ai ni e valu may be reduced. [0067 endi ng on an
01 at 1 H A PO T ot A EFALAT SH9YCH ST Sl B LT ¢ ho
i nventi Bﬁsmm&gssﬁ@@stgﬁs provi de val ues of positive |load currents and
negative | oad currents in plasma processing_ systens that operate at vol t age

level s {0088] are bByppdiments of hsdpyanipy alsp taéseﬂlva Recung the Flérffiné Howms framer (and
at C g&% ¢ thin a

| mylto IedgIrtezg!r]]ﬂg[l}?aaIi Héj H% ﬁ’to %f hid tg%Tlm&?P?@?gﬁggﬁ hﬁ%ﬂ?gﬁfﬁl l'(t?ea\g,g\lles Imay be
scal ed dmmdnymiiyrpioewe mqrmgcchrWVMWlﬁ {cadcerrbes,wWaaebit previdoganors apgirate pat h

and the TIA |ntermad|at volta iate terns may be
enpl oyefHE! BEEB? ¥ Wﬁ%gﬁﬁgﬂ’é‘rﬁ; at% ‘?chr ntat“f %'utckng‘g KNSREP Y Ynges of

Tl As. &hsds&ﬁ@ﬁ@of@ﬁb@wnﬂmhﬁygfodw@mgww aDplagiya mc@slagm ally useful for
very hi %}Q vol tage)é&ll asma, processing s tems 0068] Enbodi nent s of the

i nvent i BI968] so t aldile Hipinyertnndtas ppra rft@ﬁt‘“ BRPhEVERbTRPHBENT- (B8 on t he
power SH@% he¥ralghd) ér?nutt;ﬂr%n;r Iaﬁfi @V@r?ﬁtﬁ%ﬁ&?fan’wﬁﬁpﬁg' E@ﬁto? 1k 1r¥v@ﬁldnm{?nt' on
may provi more” Aecurat e s of T'oad currents reby providing nore
accur at shanithdlsmbe witedihaisthere latcagenyf altermstive Namsgoféimpkﬂmntlogl thermeshedstandst at i ¢
chuck. Advant agepusl nbodj.nents. of the i nyent du hi gher

il d | PRI op B et b e tigo o b PRk A PrrP RYER od s e

i n ter mEn@{itiBg R bedkr GIpHOALioNE IR, abbthRt &cﬁb@maybepﬁivlldbﬂi‘nereﬁlefoﬁubratehmﬁ& and
equi valents, which fall_ within the scope of this_ invention. |t should al so

be not ednd; e tOt‘M‘érﬁié%‘?tél"#ﬁ?ﬁ‘y“ép@é'?WPRﬁé‘%%‘“@f for seAdEEEORYENCA Aot hods
and appﬂo@i&ﬁcﬁ%e%&gﬁd}@?ﬂf@ﬁﬁ%e dcB eeéﬁthé’aam{:sufttrﬂaﬁfﬁmﬁé‘refo%%%@@maﬁth@f the

present I nvention util I'n ot her appl’ications. The abstract
sect i onfqik»yvntganpﬁmiﬂdmnh be Hlt¢1'plfe€ﬂd ag dmphedingalt such nbierndiienst permwiati ows and

ot bo. EsprasgERes a1 P o e Yoo & od BRI C et ot oro

intended that the follow ng appended clains be interpreted as including all
such alternations, permutations, and equivalents as fall within the true
spirit and scope of the present invention.
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CLAIMS What is clainmed is: 1. A plasma processing systemfor processing a
waf er, the plasnma processing system conpri sing: an electrostatic
chuck (ESC) positioned inside a plasna processi ng chanber and configured to
support the wafer, the ESC including a positive termnal for providing a
first force to the wafer and a negative termnal for providing a second
force to the wafer; a first trans-inpedance anplifier (TIA) and a
second TIA configured to neasure a first set of voltages for determning a
val ue of a positive load current ap Liﬁg to the positive term nal; a
third TIA and a fourth TIA configurg AN¥Smeasure a second set of vol t ages
for determning a value of a negative |oad current applied to the negative
t er m nalha@iR@laimed is: @ program configured to adjust a bias voltage using the
val ue of the positive |load current and the value of the negative |oad
current for balancing the first force and the second force. 2. The plasm

processing SXﬁ)qa%mag}o&gﬁﬁﬂg%te%ﬁf ?}d&egsgx? Dh&rer, YRl f1agR l%r§ce§ghg‘ §fsReh t o

produce an of fset between magni t ude the positive load current and a
magni t udemprisiighe negative load current, and the offset is used for

correcting 2, QLo o0b MBS TR SR IR 4 AEGEobiaR YoliRggy 3 The

pl asma proce@%? er ‘conpri si ng nostic unit

conf i guegdighfeddebgipattike ahfel,@RSESO Nl Wfinga pesitivicheratinalifod graviding afirstermai ni ng
life of the ESC based on at | east qge of . L he vaéﬁf of tkﬁ%ééfttive | oad
cur r ent fosgrfoithiwaisr and apegative egel teproyidinga secant forega t ffla processing

system of cl akpg drafinta8ince AFPYifiS! (T9A) and a second TIA configured to measure a first
set of voltages for determining a value of a positive load current applied to the positive
terminal;
a third TIA and a fourth TIA configured to measure a second set of voltages for
determining a value of a negative load current applied to the negative terminal; and
a program configured to adjust a bias voltage using the value of the positive load
current and the value of the negative load current for balancing the first force and the second

force.

2. The plasma processing system of claim 1 wherein the bias voltage is adjusted to
produce an offset between a magnitude of the positive load current and a magnitude of the
negative load current, and the offset is used for correcting an error of an estimated plasma

induced bias voltage.
3. The plasma processing system of claim 1 further comprising a diagnostic unit
configured to determine at least one of a health condition and a remaining life of the ESC

based on at least one of the value of the positive load current and the value of the negative

load current.

4, The plasma processing system of claim 1 further comprising:
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a first conponent configured to connect the first TIAto a first electrical
path, the first electrical path being between a power supply and the
positive termnal, the first conponent having a first resistance; a
second component connecting two end points of the first TIA the second
conponent havi ng a second resistance; a third conponent configured to
connect the second TIA to the first electrical path, the third conponent
having a third resi stance; and a fourth conmponent connecting two end

poi nts of the_second TIA, the fourth co n avin f. t i st ,

wherein a rat figt BQmEWéntt%f‘%]&“ngé‘? %‘l“&ﬁ%é@%saﬁlg &’cﬁ/ﬁ?ﬁel%&‘?aﬂ)gtﬁttégﬁ?%egﬂgle

to a ratje@riedl ﬁaﬁl%efrltgr Betwéeas F%‘\@%@Qp‘lyoaﬁd'tﬂe E@ﬁWelﬁﬂﬁﬂ§ﬁ1@ﬂ'ﬁ:§com§one—ﬁhe pl asma
wherein the t

processing system of claim ird resistance is equal to the
first rhbaiieg aftseresisgneethe pl asma processi ng system of claim4 wherein the

f1rst set of, YQblPUfindnBfi dflfictifle K08 Lﬁgﬁoi@ﬁgpgﬁ fhriterIASHRRELHALBMPEiEnt and a

vol tage across urth conpon asma processing system of
cl ai m 4hdving hegcondrepisiancd)g: a fifth conmponent configured to connect

the third TIA to a second electyical h, th ond electrical h being
bet ween t he %H\Hé‘rcog’di’ﬁ’b‘?‘? cﬁ‘?'flbg”f?ﬁ%to rYBEJ%F‘%%‘E S?"@Pﬁiﬁ‘gﬁ? H\er{gﬁfel?%cgrhcag%ar%%gﬁee nt
havi ng g,hfdlcfomi;,oﬁgﬁhg\;;g% third resistand®; 8t h conponent connecting two end
points of the third TIA the sixth conmponent having a siégtg resi st ance;

&

a sevent h confwibsempertt genneetinggwoshA demnty afdhe seeqd Ty, ufthe second

el ectri g(% &%{ha‘i@eat%gleﬂgsgtagxggponent having a seventh resistance; and
a eight c%rrponen connecting tVio end points of the fourth TIA the eighth
conmponent hawhegina refigbf the thesi ssistane, to the fourth resistance is equal to a ratio of the

first resistance to the second resistance.

5. The plasma processing system of claim 4 wherein the third resistance is equal to the

first resistance.

6. The plasma processing system of claim 4 wherein the first set of voltages includes a

voltage across the second component and a voltage across the fourth component.

7. The plasma processing system of claim 4 further comprising:

a fifth component configured to connect the third TIA to a second electrical path, the
second electrical path being between the power supply and the negative terminal, the fifth
component having a fifth resistance;

a sixth component connecting two end points of the third TIA, the sixth component
having a sixth resistance;

a seventh component configured to connect the fourth TIA to the second electrical
path, the seventh component having a seventh resistance; and

a eighth component connecting two end points of the fourth TIA, the eighth
component having a eighth resistance,

wherein a ratio of the seventh resistance to the eighth resistance is equal to a ratio of

the fifth resistance to the sixth resistance.
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wherein a ratio of the seventh resistance to the eighth resistance is equal
to aratio of the fifth resistance to the sixth resistance. 8. The pl asna
processi ng systemof claim7 wherein the seventh resistance is equal to the
fifth resistance. 9. The plasna processing systemof claim?7 wherein a
ratio of the first resistance to the second resistance is equal to a ratio
of the fifth resistance to the sixth resistance. 10. The plasna processing
system of claim7 wherein the second set of voltages includes a voltage
across the sixth conponent and a voltage across the eighth conponent.

1. The plasma processing systemof claim1 further conprising a resistor

di sposeg beteehagnd prb&dssih@EyStdhabf @flith 2 wheReWe b@lchihtadistaitedsledilabwithé cal
pat h between a power supply and the positive term nal, wherein the first
TIA is Gbhmsistanget o the electrical path at the first termnal, and the
second TIA is connected to the electrical path at the second termnal. 12.
The pl asna processing systemof claiml1l further conprising a control unit
confi guped tDhecgamaproadssihg stenmof ¢laist 7 BBSeinnd tatigef the firslgepigignceite thet er ni nal
and a second ESC vol tage, at t.he_ne ive termnal .using.at |east one of a
first vHCPHHESHBALU? 8@9‘&? ¢ Wi‘oé)«grﬁ}lf%ﬁ%hﬁeﬂﬁﬁﬂﬁmgt eesé%{ﬁée Vo1 ¥&ge measured by
the fourth TIA the first ESC vol tage being proportional to the first

vol tage, the second ESC vol tage bei ng proportional éo t he second vol t age.
13. Thel®l ashhe Pevraeressng systanPbelaig Amherei the s9rapd s 9bVpltasayngludgid r ol

uni t Co%ltagg 'é&gs%ttff% %gﬂ;crogl oﬁerg ia&é%rvgfg{g[% BRSVEE R At EdnifonEmC Vol tage at the .

positive rm na con age at the negative term nal using
at | east one of a first voltage neasured by the second TIA and a second

vol t age asured by the f.ourth T1A. the fjrst ESC.vol i
proport { bnal eo‘ﬂ?sﬁ%a RIPEeSPIng 3YSEAY 8&1?%?35@1 hePRREE Rt {CS%‘Z” g%k ﬁ%“
proport p@Radn 4 Arst REmBELAAt 60bridageninalloh. anklevhidabphth betwee power sappigf er on

an electrostatic chuck (ESC). inside_a plasm processin hanber, the ESC
i ncl udi syl the positivq tormingly whergin the firsh THY ifongecied to g 5?‘6‘8&3@ Pf‘[‘t‘;baf the f{r%af er and

2023??;%%13@5@ LR fRlsedol TRAGY ESHnBGedtoXRE O AHafh dt thd JiEotBibMfinall he met hod
12.  The plasma processing system of claim 1 further comprising a control unit configured
to control at least a first ESC voltage at the positive terminal and a second ESC voltage at the
negative terminal using at least one of a first voltage measured by the second TIA and a
second voltage measured by the fourth TIA, the first ESC voltage being proportional to the

first voltage, the second ESC voltage being proportional to the second voltage.

13.  The plasma processing system of claim 1 further comprising a control unit configured
to control a difference between a first ESC voltage at the positive terminal and a second ESC
voltage at the negative terminal using at least one of a first voltage measured by the second
TIA and a second voltage measured by the fourth TIA, the first ESC voltage being
proportional to the first voltage, the second ESC voltage being proportional to the second

voltage.

14. A method for securing a wafer on an electrostatic chuck (ESC) inside a plasma

processing chamber, the ESC including a positive terminal for providing a first force to the
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connecting, using a first conponent, a first trans-inpedance anplifier
(TIA) to a first termnal on a first electrical path, the first electrical
pat h bei ng between a power supply and the positive termnal, the first
conponent having a first resistance; determ ning, using the first
TIA a first voltage across a second conponent, the second conponent
connecting two end points of the first TIA and having a second resistance;
connecting, using a third conponent, a second TIA to a second term nal on

the first _electrical path, the third co ent, havin third,resistance;
det er mi Wefegandd pesgive, r‘EE‘@b’f‘?ﬂpFﬂVJd‘“gaa §e§gg‘ﬁ§)r?)aotf)tt eg‘@”%&?}bes'get 9 ourth
conponegimpdsh .fourth conponent connecting two end points of the second TIA
and having a fourth resistance; deternmining a value of a positive

| oad cur r ent conppitingdusing 3 fist ersapanentea figst HpraImRgdaneg aBwhilie (The) © ofirst ne
first v i resi ] j ond

vol t agerrfaren b A Hekbal T8, e TG Rtoct Lt ROl bRl B 2o er By 3R g &
val ue ofhepositigatermmal, dedirstnomponerda hpVingd firs redistancegat i ve termni nal ; and

adj usting a bias.voltage usin e val ue of the positive |oa urrent and
the val ue of g?t?fg“WE%d{Sﬂ\géH? h’éngE,‘{}rarf\éﬁtt V(ﬁ%ge BAPE AT R RTPPRG g’ttﬁ? of §réé and
the secgdifpdnehtCnnectig tidend'BdiNQdf B frbtallA ahd hatiap @iseconb gesistase;vol t age is
adj usted to produce an offset between a magnitude of the_pqsitiv | oad

current and ePnwagHiEe: ke dthirdisempermatiasscdakl Acgrarsesfind tertng Wé_ﬂ?ﬁ Skt is
used foEle&ﬁﬁz{l%ﬁﬁ#ﬂgtﬁPd %Pﬂle&frﬁ%g%ﬁhm&%e&asm i nduced bi as vol tage.
net hod of clarm

16. The urther “conprising configuring the first
resi stance, détenseiogndingdhé scamt EIA, tatsecandi volfageeastass adewrth compongid, theur t h

resi stapce,such that a ratio of the first resjstance to t cond
resi st aﬁ’d’éthicgmga C?We‘éflqg&ﬁoﬁngPOWﬁeOf{tﬁ? 6 eillt%?néﬁlcaé”qgc? thﬂlgﬁf ourth
resi st apgRtance;17. The nethod of claim 14 further conprising configuring the

first resistance, the second resistance, the third resi.stance, and the
fourth resi sépraunisganalupaf a gosihe lopd eirrangaprlied R e pestiyR irming! YL ¢ hi r d

resi stagge, gy etg?fﬂe fﬁg%ogcﬁé‘eomé rSSESLANECthE SeBAY AsistdnBe, iRdfeebnd €oHa é,?ﬂge-

18. The netho clarm further conprising converting a ratio o
first rewsitsitdresistance, ninkths dowthdesistenest ance into a product of at least a

first inter i at.e termand a second . nter nmediat erm.. -The t hod of
cl ai m 18 fur&%‘érfn"é'Bﬁ'Brv nfé'? ﬂga Begelly gotafir?ﬁrr%nr% PR 'egirtﬁél%:ﬁ réeg}ém(/e(]:}%rrg;g%’ r({agrsm usi ng
the first vohdjagmg aths vore@N@ingahé agee ofthe pbdigvd load turtant aidthdivalue of er m

the negative load current for balancing the first force and the second force.

15.  The method of claim 14 wherein the bias voltage is adjusted to produce an offset
between a magnitude of the positive load current and a magnitude of the negative load
current, and the offset is used for correcting an error of an estimated plasma induced bias

voltage.
16.  The method of claim 14 further comprising configuring the first resistance, the second

resistance, the third resistance, and the fourth resistance such that a ratio of the first resistance

to the second resistance is equal to a ratio of the third resistance to the fourth resistance.
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20. The nethod of claim 19 further conprising calculating an inter-term nal
vol tage between the first termnal and the second term nal using the
internedi ate voltage term the second internediate term the second

vol tage, the second resistance, and an inter-term nal resistance between
the first termnal and the second termnal. 21. The nmethod of claim 14
wherein the determning the value of the positive | oad current includes
determ ning, using the first voltage, the first resistance, and the second
resi stange, first termnal .voltage at the_first. termnal;

det er ni ﬂl?-ng, %’E&ﬁ“ﬁ of g Clg‘gbg%ﬁ“\%f)‘i ‘iogb"é‘,s“‘tgrfgnﬁ%‘fr}% tp%ﬁfsg}feélﬁég‘fe’ et fourth
resi st apGRtande, YRCANR rdsBidité)ahd MR th@@eredistahesusk @0 g tHeefTrS roglbtance is equal
determning, using the first term nal voltage, the second term nal voltage,

and an fothethirdaesistange and ghas theseeond gesiiange israqual the four@resisiaiceand t he second
termnal, a value of an inter-term nal current between the first term nal
and the second term nal; determ ni ng, using the second vol tage and

t he fouid8.h rEisd methnd ef clainy i fuethef comprisingi coaVeFling « tatioefitheffireiresistencsde ond

termnal, to the second TIA and termni i ng the value of the
i nt er - t ESFERL rféﬁ.‘lsﬁt?r@ﬁfmﬂ’/ﬁlpkf@%%(g q W@St\?gferﬁténglpnédri%é fe«lg’i%lrﬁnﬁglsschﬂyjc ulrJr ent
val ue, i{fi@médiatttei. t he positive | oad current. 22. The nethod of claim?2l

wherein the determning the first termnal voltage includes using the ratio
of the first resistance to the second resistance. 23. The nethod of claim

14 wherepn tfg. def6l ?? Q%uﬂ‘glé Reth¥AdofiprRin tclaﬁgfé;?_?gﬁﬁ WRerln@ddtedith&erh Ncl udes

connecting, using a conponent, a thir toathird termnal on a
second ediegtheifostivopagehthetsbeond aobapt, sidabe first arterpwdiatddeinmg bet ween t he power
supply and the negative termnal, the fifth conponent having a fifth

resi st ance; determ ning, using the third TIA a third voltage across

a si xt hagonppremtthod BEclginX I NfueBsP@AgRising@akaktihggn int@-temtdndlobhig of the
third TIA and having a sixth resistance; . . )
between the first terminal and the second terminal using the intermediate voltage term, the
second intermediate term, the second voltage, the second resistance, and an inter-terminal

resistance between the first terminal and the second terminal.

21.  The method of claim 14 wherein the determining the value of the positive load current
includes

determining, using the first voltage, the first resistance, and the second resistance, a
first terminal voltage at the first terminal;

determining, using the second voltage, the third resistance, and the fourth resistance, a
second terminal voltage at the second terminal;

determining, using the first terminal voltage, the second terminal voltage, and an inter-
terminal resistance between the first terminal and the second terminal, a value of an inter-
terminal current between the first terminal and the second terminal;

determining, using the second voltage and the fourth resistance, a value of a terminal-
TIA current from the second terminal to the second TIA; and

determining, using the value of the inter-terminal current value and the value of the

terminal-TIA current value, the value of the positive load current.
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connecting, using a seventh conponent, a fourth TIAto a fourth termnal on
the second el ectrical path, the seventh conponent having a seventh

resi st ance; determ ning, using the fourth TIA a fourth voltage
across an ei ghth conponent, the eighth conponent connecting two end points
of the fourth TIA the eighth conponent having a eighth resistance; and
determ ning the value of the negative |load current using one or nore of the
third voltage, the fifth resistance, the sixth resistance the fourth

vol tage, the_seventh S| e, d,the .ei ght h.resi st he met hod
of clai A#23 hhemEihpd pf@a #@Y"ﬁfrﬁlnﬁg fl‘ﬁﬁmvﬁ't“gghe ?rsttﬁgmﬂg Y ?tflg/e ’nﬁggﬁs current
further iReiHadRo of the first RsRERESMNONBe seddhd@siktafed hi rd vol t age, the fifth

resi stance, and the sixth resistance, a third termnal voltage at the third

term naI determ ning, using the fourth voltage, the seventh

resist a aefdmgtrﬂgd 6k 851‘1?14{ GRLRIARE §ete1‘?niflf[ﬂ% rtﬁchf] & SFthBheg X@té BEciitent he

fourth erm rmning, using |rdtermna vol tage, the
fourth iretudemal vol tage, and a second inter term nal resistance between the
third term nal andthefopﬁéhterm ue, of ase ond intgr-terrrinal

current bet wEEHEHIE 137E YR FAFRYIEN ﬁéﬂlf Lﬁ’tpﬁd teé?’m ap & secon

det er m Bjep@icalpatt) thelsBeOndRUWctrtaV Stk BERg Bét@eérhﬁhe@b@&t iilpb@/&inﬂtl&nmgatn& val ue of
a second termnal-TIA current fromthe fourth termnal to the fourth TEA;

and termingb tthe fifttheempongas hayingrdifihaiesistange; t he second inter-terni nal
current val ug., nﬁ"ngeusy tH@th(?rfd "lgg ?ﬁ %éaéd%sgélsm-ﬁlr @brﬁ%&ﬁeﬁtnthe shiie val ue

of the negative rent of claim 23 further
conpri storgpanenf ¢opuedting tivbend pdmtls of émtkslrda?ﬂbéeanct rying ksikthrresijtancance, t he

reventh €51 L3R, B0 {150t SRR A AL T
resi st aRe8nd Bleéthital Padhink sermttbénipoRent hdPing hikevemet feeidtanée; cl ai m 23 furt her
compri sing: determining, using the fourth TIA, a fourth voltage across an eighth component, the
eighth component connecting two end points of the fourth TIA, the eighth component having
a eighth resistance; and

determining the value of the negative load current using one or more of the third
voltage, the fifth resistance, the sixth resistance, the fourth voltage, the seventh resistance, and

the eighth resistance.

24. - The method of claim 23 wherein the determining the value of the negative load current
further includes

determining, using the third voltage, the fifth resistance, and the sixth resistance, a
third terminal voltage at the third terminal;

determining, using the fourth voltage, the seventh resistance, and the eighth resistance,
a fourth terminal voltage at the fourth terminal;

determining, using the third terminal voltage, the fourth terminal voltage, and a second
inter-terminal resistance between the third terminal and the fourth terminal, a value of a
second inter-terminal current between the third terminal and the fourth terminal;

determining, using the fourth voltage and the eighth resistance, a value of a second

terminal-TIA current from the fourth terminal to the fourth TIA; and
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converting a ratio of the fifth resistance to the sixth resistance into a
product of at least a third internmediate termand a fourth internedi ate
term calculating a second internmediate voltage termusing the third
voltage, the fourth voltage, and the third internediate term and
calculating a second inter-term nal voltage between the third term nal and
the fourth termnnal using the second internmediate voltage term the fourth
|n:ern}[ad| ate ]term t he foulroth voltage, the fourth resistance, and a second
inter-term nal resistance between the third term nd the fourth
termnal . 29eterpiaingaisiigdhoraleg of the 59508 P‘Hﬁé?"%%ﬂﬁ?ﬁ%’i%(@‘“&&ﬂ‘i &Slvﬁfuﬁg at

| east  ayf ik SdcohPlertifial-29€ c@tkerdt NBe PAGE bf hEnéLKINE bl caféhta second ESC vol tage
at the negative termnal using at |east one of the second voltage and the

fourth voltage, the first ESC voltage being proportional to the second

vol t agez therse ?t?xg(il E@&axéﬁi% ﬁ]rgt?aﬁgc?}nﬁglsm Q:Bf?ﬁ%drﬁ’lg%e tRRthedidsimal t age.

28. The tho aim Fisi n ntro |ngad|fference

belt wee nre@xsfahﬁéi theSBG@ntotdsapacagtnd the emmh tesmameaunim thal a st o theeleitind ESC

vol tage at the negative . term.nal s east cond vol tage
and therefSB‘E’P?Wo\}B‘f X Gdesistpee s ‘?"é‘? ftthﬁéevﬁg ﬁ&s‘%?rbcﬁéo e engglﬂito theg
second MRd.a8e, the second ESC vol tage be| ng proportional to the fourth
voltage. 29. The nethod of claim 14 further conprising determ ning at | east
one of a health condition and a remaining life of the ESC based on at |east

Fg:doiuége Vf‘h ue . Bhd L8253 flrher éo‘?n?p%&%r rent and the value of the negative
convertmg a ratio of the fifth resistance to the sixth resistance into a product of at least
a third intermediate term and a fourth intermediate term;
calculating a second intermediate voltage term using the third voltage, the fourth
voltage, and the third intermediate term; and
calculating a second inter-terminal voltage between the third terminal and the fourth
terminal using the second intermediate voltage term, the fourth intermediate term, the fourth

voltage, the fourth resistance, and a second inter-terminal resistance between the third

terminal and the fourth terminal.

27.  The method of claim 23 further comprising controlling at least a first ESC voltage at
the positive terminal and a second ESC voltage at the negative terminal using at least one of
the second voltage and the fourth voltage, the first ESC voltage being proportional to the
second voltage, the second ESC voltage being proportional to the fourth voltage.

28.  The method of claim 23 further comprising controlling a difference between a first
ESC voltage at the positive terminal and a second ESC voltage at the negative terminal using
at least one of the second voltage and the fourth voltage, the first ESC voltage being
proportional to the second voltage, the second ESC voltage being proportional to the fourth

voltage.
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29.  The method of claim 14 further comprising determining at least one of a health
condition and a remaining life of the ESC based on at least one of the value of the positive

load current and the value of the negative load current.
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