PLASMA PROCESSI NG SYSTEM ESC H GH VOLTAGE CONTROL
BACKGROUND OF THE | NVENTION [ 000 1] In the
wa@esmsasduct or i ndustry, a plasma processi ng SPCI/ERNEY65369
be utilized to performprocessing (e.g., etching or
deposition) on wafers. In general, a wafer may be
secured on an electrostatic chuck (ESC) by
el ectrostatic forces for the processing. In order to
¢ o K RO G
D DR B IE S ES CIERP FRg s REoNTIfOL
positive and negative termnals of the ESC may need to
be bal anced by padjitSRODKIPONETHIS PPENTITNO adj ust the
ower supply, the values of the positive |oad current
{0001 ub)pqlly “‘f‘@"?lﬁj’é’“{ﬁ’b 1905)e APEPTR REICCEHE \‘tvhtémﬁwalfq yaizpd pgperform
prmu@x'd kent LtéMBQ |uy adpRsitiD® Qxexg*ﬂ% Tn %F@z nia\{ af}??)ﬁa\n&eﬁtﬁf@d BE an
‘culated o asure& ustrates a
ukcmstgzhe peickdEhe pb\egjesnt(gtamg ﬁm'gis fanﬂlepanp%eltrp Ihagn@s 0 msuu, the wafer
is stablY 8&“1}(% %‘ft l}%(é ntxer{ﬁ 16? ctji)étﬁ? Unsécl% g& SS}'&QE@ ﬁ% er g{rﬁu rpo‘s,iti\re and
nwamﬁﬁ&éuﬁﬁal@m e QKﬂ(T 1@5\1 ﬁéeki(io bhtknckB4y ﬁx@i&siﬁ&@ﬁ@&t EAgly. To adiust the
g such as waf er i‘é duri ng Eessm uﬂhmg)%
POWET SPRY }‘ré‘ﬁl‘ﬂé“e"ﬂi HEROS B éf”ﬁ@“é%’t bﬁ% BOOSTHAYF thigyaelgn
m:uaug;‘)l\ﬁﬁtﬁ ol F@;@k%pﬂwﬁt@ RO RLOW Lgﬁmkﬂ%zzg R 'a(nlge Meh i AGPorldsured.
for securing wafer 162 on ch uck 1 . The DC power
0002k uppt ¥ \n&ty‘mb@s pﬁ@@ﬁ‘@hﬁﬁmF gentatigy, of amgmm}zlr: mhswa piagessing system
160, @8&.}1 i ISCHCQS‘HB‘ M?L%l ié Tlﬁé}!;s iil\ﬁi o\?% ggﬁ4l%b%?ia€n‘gie ?"?Sn(,téléu%a‘&f there nay
be an ﬂemoemsoﬁukhd 6¢ Iis:armpmgm\@‘h hiﬁg;euﬂ.ﬁ 35 waler ¢ 62, mByindproasssing
.. .VO two endpoints, e.9
““hz‘%i’i‘ *‘ed@g %‘“&‘2@0‘%5%%@5{1% e ‘ﬂ?"g‘ 98%%@%“?‘7%}—!?}3“ 18pte
provide #eS@aihpihbisblikak ed2 kh stheme @@z oh ik 16k B)I he Eﬁq%&ﬂ supply
I'n order to keep the wafer 162 secured, or "clanped
may by Arogeiethds erostibieing adrgertg o Mn»w:afywﬁel 98 agdips eelamp control
¢ U | . i, b
197, i(%; 6?@35 g%%?ég rtr&aﬁ%glﬁgi}?ag dgtlg’;gegﬁaaglﬁﬁl dél} Cdécg& gltl \)%P@ge Bh axgizfch may
be a vaowe ssthalvuekdiads, epg.eamm'» + htthoelbadei asm) [e] 88 agbms;]gﬁz‘h anteiyh voltage

N0t be directl.y neasur ted. The required
"ngd{%&‘”ﬁﬁ gH“‘%‘?‘ ﬁéhee‘?d‘ﬁwg é%ﬂl L’l‘g ‘a condition that the
fooo3V aliied@fio kB RO Sater 162 kQagdcar mmpeé%n @Rﬂiiéc@@\&@c chud\ 164 it
positive termnal 185 is substanti al

may ‘0@/ Baaseh ety vdtapd bt oo F@ﬁ\mqwdaﬁﬁr ‘mésa'» ?iwﬁég%ﬁm Bes a
plasmd %ﬁ@eﬂ%a&%ﬁwé 1f‘) 1Ry alie S{ﬁ@f pldsHE xhcﬁég(fi 6L {ﬁpﬁe gg@ma\, not be

substantially different, el ectrost atic forces
direct] bynqaamd adpesttce r?hmrrakunl%ma:hdmnmgﬁbw mBn’tséemtrtwad:mnlisﬁmrt’a%y the
subst an

vahie nfetfut BT {gﬁ tr\xé1¥,11 Hl ¥R écatm é’locdné? n,bx?nég {Q?* F%? 6%%@1%%]» equal to

the valiB Yt BErati @166 € Gl &0 02] adplieO Fdekati @ eGHLIa REhE m@{«u@@ @he load
t he | oad cur%@nts are subst anti al I% equal , . the val ues
currenhg SHEEHAYY HideiBh SITFBARRICARSPRYIPR *ﬁ?%\rl’%él‘é@?"ﬁl‘% 185 and

negative ternunal 186 may be substantially different, and wafer 162 may be ulted. As a result,

the yvield of plasma processing may be reduced.



[0005] Fig. 1B illustrates a schematic representation
of a prior art arrangenent including an isolation
wa@pgpBisiosr 132 for neasuring the val ue of posiPCTESI0080H5369

current 181 illustrated in the exanple of Fig. 1A A
simlar arrangenent nmay be nmade for neasuring the
val ue of negative load current 182 illustrated in the
exanple of Fig. A [0006] In the prior art

[0004 iar [na(QQ@x"{E @Equré’\@hte *iitiz@; SR oGd (&hé: z't*gme l:rﬁﬁ»ﬁnn@ﬁ @@@@ﬂte values may

upply 6 may supply positive high tage "1
need tﬁv\,bft hltastw&ail, speyéd 2E00 cMculptietlo pl asnma pr OCGSSI ng charrber

(0003 E]églgifglt F% @ftgtfg@:g%%llﬂ%%é& %3?‘5%‘%?%}‘5}?% iéi}piri\ég%t %Sp :éwem mcq iwching an

solatigieprelsnt 82l fdynanuaguhy allenst poesie toad cdQdht 1¥hdlustrated in the
arrangenent may include a sensin r esi stance 100

eXAMPEf %id' 0% edh btk éﬁ AFAPGEPEPL PRy B made D5 peangng hea@bR @t negative

foad c&x%mml tnd@Aed hithSixah@iddmal 1151 and second term nal
52 may be di sposed between a term nal of DC power

(0006 is upphy mll%az Wrtame posit Wilerdiirgivevok tiadd-B.AMVpotaguppls 166 may

supply éi%ufn\( th [t%*se' ls,tgog ‘g?th a \981%?31 J&F} 6\}5&3@%‘%@%%@& chamber

f unentatron a
169 th&:luﬁbﬂ{m tdaéla Izy maun:l»edemihmaﬁ I2RIRF ﬁitém Tidland pdsiangkernminal 185
second t mna .152 throu istor 117 and resi stor.
may bay_&gieﬁ?xgg o %zllvx nf *ﬁ*éispu ht g h’mg@gmﬁ&yi) B%Ci“ e a sensmy

remataﬁ&nf JogHER A RS ENSS] :Eth@: Y Qiltiag ﬁncb@t\é@%ﬁ{‘ whhingf 1 40 ﬁf"@t Rahinal
1 and second term nal 152, e. 171, in order to

151 dﬂéé@ egitereningh é S iy be disvesed §Hﬁ~g€ﬂ¢ ffar @mdi 903C wep ke wirply 166 with
¥ L ARGE, M3, i stor 100. [0008]
pgsmtcm? i Sﬁﬂdg @@p\ n'l\s/’?rdg?re %15?9@2{525%;@? ler 102 to sense DV
[UUU?}l? Ihe arsmuamemmmmmg ihtlede :ﬂlﬁlﬁsxmyenkreloe aplptfied Relahidily
erat n era range) . of oo e 11
counle) G R RraT o AT RSa! [ nfofEr B a7 apdyesor 1
r e:pecfl wgehﬁfl waBAEHon200 AWy bel D gur @@Qﬁﬂen Z0ROVLItpd DMy eH@ﬂfsﬂ@mnmi
operati ng point, instrunentation a ol ifier 102
151 meilayuwé Bl f 62 sén% BV wrrder ooy glecafucsy spsifgrsprent 103
Ofes Vol be able to neasure
wilizighe %%2‘%%{12“?%5‘@%@%{85?6 Y18V 2 about +18V. In
[0008Tor b‘eqndﬁdmbﬁmm&*&ﬁhemmmpmeenfﬂ.f_ato Iamgh Mol tlagelaous pmplxﬂeke 32 may

be um(_)ﬂ 'zidlr}hy‘-«ﬁ gtﬂg%ﬂ%iéAY&Ntrﬁongl& iy 0&1&]{1831 Fﬁﬂ%\i_\! Ug&nsgbi{nt&[’fgpti <8*n%lhher 102
ap, fod ¥R fagangatfabencedooutiput - 134t tdaty + $5W Bhiea ugh
range of -15V +15V relative tqo ground | evel 136 Low
operatipg|POHfan BB BB e BUt P 13y *»ﬁa‘?'%@ sersa ST Bd
[OOO@}Ut 11"{ il iR nq‘m? HWHRhiC8t nl¥%|uh§£9 Coltied ik SRR @;ﬂ%’n@ﬁﬁmm voltages ina
Subsequent l'ow vol t age réferéenced out put 134 may be
range ot 4bp uizé él\ rcab@aﬂ tidMatle o pust’btm ehe Valpetafnivstoutijpse oupe 116 of

ﬁ?, t.he va{l
13 £ X % A
mstrum ;z% itﬁm '1!1] Isb:ér { »faizagan tzmp er & 5ﬁ%i ua?erqu,m shuft output 116

toa lmsfemg;nge&wmahbmfma 34 The ls\/xallt}ue a0dnpp 0% | 5V e -+ Dddaativean bround

e assuned to be equal to the value of. senln
level lc’ﬂr 3 gﬁtm%@g Lé{s%gduf..&} Wﬁpiflol igﬂsgn be measured m?hflilm y typical vo tamg

measarement equipment. Sabsequently, low voltage referenced output 134 may be uthized to
calcalate outpat 116, In turn, output 116 mav be utilized 1o determine the value of AV 171,

which may be otilized to determine the value of sensing current 103, The value of positive load

)



prior art arrangenment. [0010] In general, isolation
anplifier 132 may be very expensive. Further, the
w@apanhsiosty of isolation anplifier 132 may be PCT/US2008/065369
substantially imted. Typically, isolation anplifier
132 may only be able to shift the operating point of
instrunentation anplifier 102 up to about 2.5 IcV. The
limtation nmay be insufficient to satisfy requirenents
curT enpf R IS;QHREK)@JQ»%%H& &’»rb%(éﬁﬁ*ﬁ 't{'i‘ Qles,}iﬁztz %@E‘ensm loGRedTBY: RAVGIA: to the
hi gh vol tage 1 nput of about kV or even higher. [001
prior alﬂdllldﬂ&ﬁtl"ﬂtt;lﬂent ation anplifier 102 al so may have
t q strument at.i
00} OEl ng} ensx ag é»loflatmhgmp?; 2316 %a n%‘sé’rn} 3 ﬁeg, ?“é‘ﬁ“‘é‘ eop:u(y)‘t li}e Lélﬁ%hlhi\ of
N}hueﬁlﬂhﬁﬂmef1@3/1115(5&)\1 ezﬁbﬂﬁuutﬁlﬂ W pdiécat h@n&il\ [ smﬂhztmmqﬂ diet O30 may only
be ablg @q‘h} i} @% %rgtzu& p%sg tﬂﬁ?fﬁgﬁﬁéﬁﬁ@%@g@@%ﬁgﬂ ygfme;ﬁagm 2.3kV. The
timitatRdVVARY hOQH&knAR 5 aﬁm@hmﬁen%fgﬁsﬁﬁe 1%@1@‘?& - RBsshil R8BS, which
to a plasma processing system The plasma processing
may havpgtlaeh neipck iekibeleabant ekeet postughies chuck (ESC)

1001 1_}@8?}?%& élﬁrgggt Q%ﬂ%ﬁ‘tﬁlgibeg}& g g X a}g 1%:%”% 1‘?&')@1%;1? r}m%‘%@%g@tﬁg@emation

ampliﬂa’nd{m d@miip oy thirea Seakifl; Radge GFESCYroho Opr-ovidl, n@h an such
orce to at i veterm
imitaor Gy PR TG QSO OF B VSR HE Gamgymenyfd some
plasmPhRSBnPLRGASSI Ng system nay al so include a first
trans-inpedance anplifier (TIA) and a second TIA
configured to neasure a first set of voltages for
cal culating a value of aj EI liwe | oad current applied
to the positive term naI ‘/i asma processing system
0012 rraym&hﬁwodﬂtma@t ofdbe an’em:mdei'ﬂem(amdiaamf mmm:hinflsﬁtem The plasma

ur ed e a _Sec( ol ta
procesGR syarelt Fity G R el R R DR B P st 4 Sagma
procesSMf ERGBLARM t@FiptRdtH Qupped A du@ark@rand-47al. . 11{5&@@1&@‘5 fRlude a
roceSS| ng. sy st em may al so include | ogic or a program

mmmf»dfrm“a'eﬁ u*skf?m‘gffﬁhm WanolireigEcsa e "tﬂ‘a&"ta“ffﬁékﬁ*ﬁ?‘l&é“&?m‘ (-ESC)
for prdy lilﬁx](p&’ e 111&’ ﬁ}f&%%&k’&ﬂe nfhuﬁﬁgn{ﬂgﬁm\{ @sﬂfbx‘g{m{ 113‘?» s tm udc a first

negative current ave an equal “magnit |
trans-ipipadmas pmp?@fesﬂh’g) syl stsecmndé")iAabs@urntﬂuud@sm dlf'agn@mﬁx@imm
ot confi gured to determ ne at |east on

for L-d;(éigﬁig?% dIA ‘le%ﬁ&a(ﬁ di %’J%ltrlié il,,rgiiclﬁli’hﬂgl Llﬂi&F}@ 166%10 ?ﬁé‘(‘ﬁg&ﬂ g é I%‘!gl&b eﬁlté{]zl%ll}d
procesk@ASTst@R a0 falsh gl i@ 1A hed pasirhi Ma doafgr ﬁ&lt’d xﬁﬂi&um a second

ﬂd t he vagﬂe of the negatiye load current. [O
set of VHRLGHEY & S URHIEIY TErUTES REehEPeghE d ﬁﬁ@’ﬂ*ﬁa\ﬁ@“e to the

nemh@in;@%hme Aty é} Wb fb%mk&vnﬁﬂk L1, Ig‘l&\sgltpﬁ@lq{ipﬁ\c‘ﬁl d¥a vrhlﬁ for
not i ntende Flimt th eSCOpeO thelnventlon

adjostynly ja sy gltwmﬂbﬂmﬁrhp nalpgetiha ppyt tivlped wmﬂ‘ih@g@hgn@]u; of the
negatiy lﬂ% LL%% H\ra*? %d\%fdﬂgn?d;e 15%?1{‘& llnhe% mﬁr})r%eLamg s’%*stem may also
melude a dxagn&sm umit configured to deternine at least one of a health condition and a
remaming life of the ESC based on at least one of the value of the positive {oad current and the
vatae of the negative load cuwrrent.

[0013] The above summary relates to only one of the many embodiments of the invention

disclosed herein and 18 not intended to limit the scope of the mvention, which is set forth in the



bel ow in the detail ed description of the invention and
in conjunction with the followi ng figures. BRIEF
WOEBERS 0TI ON OF THE DRAW NGS [ 0014] The pr esenkCT/US2008/065369
invention is illustrated by way of exanple, and not by
way of limtation, in the figures of the acconpanying
drawi ngs and in which |ike reference nunerals refer to
simlar elements and in which: [00 15] Fig. 1A
claims Hel 8 { FRLE SnPoRENEIREL 60 i€ r e@é@nﬁ@h QW AT bR EXRARA Bore detail
pl asma processing system 016] Fig. 1B illustrates a
below g the datled doprmsent did lown@;ﬁu andmi conjuastionar ittaihg dptbnting figures.
including an isolation anplifier for measuring the
val ue of a positive load current in plasma processing
systemil | USBMEE@HSﬂithKH\Xme!}LGBE@ﬁ(“ﬁi’x’g\{ﬂaA [00 17]

[001 4|§|r ?Iéq]égﬁ‘:glh l{ﬂk’?;%{ﬂ%hg igigtlrifslgfggg& :}\Iagh%xp zglg.gigotl Ig? Q’«azg fai Piitation, in
the figRRS bt I @cd AR GHE BERLn ARRH LA LA 1Re PASkhdMBInteBlIM Rt simitar
of an electrostaftic chuck in a plasma processing
elemeryy sickih\hcliccor dance with one or nore enbodi nents of
the. | | 8L stem
1001 3_}0 f ?15, %?ﬂ%& 8@% 'ri Logfhaﬁl leﬁkeqialﬁt n i‘ Z‘H%%@S glgzzgxxlé#)%éﬁ%ﬂ& system.
[0016]poBit i Belisoads € whesntic fepr eaemmrcdzaﬁ aerint tuln a@me;emenmﬁedinw an

., .enbodi ments of the sent i nvention
isolatig i“ﬁgitieéti%é"“’é“‘r?ﬁt%@gé% *‘%E{%a Wﬁﬁl‘ﬁ&‘i’”&‘tﬁ“ "“f‘BP ”‘8‘2}{" gf‘hFﬁ{f‘“ system
illustrdifBinvRd é&%ﬁ@!@&fﬁgq »f the positive load current.
[ 0201 Fi g. ilTustrates a schematic representation
[0017lof Fign2 Ankush g@f’ré fehefgic BprePHiy o sparaercawpeloageagsing a
ahies de c Y&t y
vahue/ ﬁ?&% ‘é L‘g Id ggs\g‘a aé %&g? I@{s:}rnérﬁ Q@‘Ek@% % goa@n{l‘e@ﬁﬁ;hg?}é gg Srcfsg:h?@lt atic chuck
in a pleyst pneadsisg nssedin wedrtisce xarpine oofmoF fgnbiﬁiﬁm@m of the favention.

one_or Jore ment s, of the
001 %]a glén?ﬁ glﬁusn* {éﬂﬁi‘]\gﬁlt f'a 4137'1]]?{:%{ Pg:fué}énc thbb%l}z Tn\}gcrrag@ gthc
posm\fe‘zuxﬁ*{d&i‘iﬂteﬁﬂ mtac@mimae Ragahé ¥embRasghtowiten offhOfrededf invention.
optim zing a bias voltage in the plasm proceSS| ng
oot i}]syé'ﬁe%“r dsbissa waﬂﬁnt‘apbeg magnuktign dor pibgumgg ihyg value/amperage of the
ag with one or nore enbodi nents of the present
positiy n@g{f’?‘?tgﬁ{emm LED DESCRI PTI ON [0022] The present
[002 8]| ni?etnﬁ Mbmtram & sqmewaberwes@mtb@dﬁ wm mmanm yliot bbtaining a

value/ &Iﬁpttl ’v‘L, Oci‘ d llC“’dU\ (.. IO iV\{ Luua(_ﬂi d-pﬁFL({ 0 a ﬂﬁ,UfﬁM t.flt.l r’qlﬂdl -Ok H}L L,[U.U OSthlL

chuck dege @L@ﬁm @ﬂxacﬁm&ﬂaﬁ a&mmu& mczhel etahiis obFig. m h@eEdddance with
in order to provide a thorough understanding of the
ORE 07 JPUe 8 ""?’H\V%ﬁ%ﬁ‘? B PYSEROAPYONNBR apparent, however, to

[o02 1}0 NeiSKillsBted NpddiBedbld e AL pllnh(ﬁxdl?lﬁﬁsﬁﬂ‘b lbzféch,%ﬂEiu%ﬂmrE’Bﬁ/
be practiced w thout sone or al these specif

optige aithas volipgeot ey plrsnst mpessng W@[dﬂ"ﬁ dl\t assed m Figs. 2 ’\~{ and Fig. 3

accordance with one or more embodiments of the present myvention.



known process steps and/or structures have not been
described in detail in order to not unnecessarily
W@b®suswst he present invention. [0023] One or P@F/ES2008/065369
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and a ‘Q?Ltﬁl’fi.bsﬂﬁﬁ@temm}éjeﬁeﬁﬁﬁ@Eﬂtiha 14] aﬁ@mm lbbageit@;&r[tzw d gpdraonal to
forc ? a plied on the wafer. { 0030] .One or
\f(

the mﬁﬁpgf P drate HPERIIHEHOP SHOPR [ e "F‘&“’é SE
AccordiQhly S@E WhNGhRe Rt B& pfi Alarkl ;@Gm@%ﬁ{mﬁ: SV e Erack)
p03|t| oned inside a pI asma_ processi ng chanber. The ESC
prograpmyabimispuidet-epipeghddpgadanppiatheriprdoses riobipampyaothensal
wnabf orce to the wafer and a negative termnal for
prow ding a second force to the wafer. The nethod may
002 Ml n’@heuﬂat Ef@ineridengyy !:uajoa@na, afntl ist wecmmenmmg:a wfaly rbstneg:ati\ e,
ance a e st terninal
I onelp: PO PRBIRTT (o Daiple: ~otttprp bfiid elibe boskeguphatdyd the
negati RO RELME 8R: By RQWCHe SHRMSY: @dud NEy BORddIVE ah@IH¥sB&nd ESC
The first conponent may have a first resistance. The
voltaeprBlab € PAEYVal so i ncl ude determi ning, using the first
0”9]-“ ’f"nc %mfm'o{ ﬁﬁst 1‘!19’»'. LR96e @(ﬁ{fﬁﬁﬁd@% &R c%@ﬁ&%‘%%%m bl Bhe first BSC
onpon may confiect two end points o
awé amt‘sﬂhe TécAnd h&Cmyag&a\Aézeah%@amn ahaye: spmeana: elmnﬁ:»@@Bﬂgb] pert@ning to
i ncl ude connecting, using a third

‘]“mp‘&%iﬂj‘éh W?H“gg%@&é"ﬁl "TIA to a second terninal on the

[0030% | 08¢ ofhetdriteamdad dY.thel ek réla G QFP BRERY FOBdcRRE: Rafer on
third r eS| stance.  The net hod may al so_ i ncl ude
an eleggp@hprichgESubrasgionpbinside smipsTR RrocassiecdrEbeto | hggeC may

mglud@ﬁ EQ%{?\ BrefiY 11t1‘t3r &‘BUR Mt % RS 1§ GHTy %l?&rrc §£ﬁ y ;/ Phinal for

“cohnect two end poi nt e secon / have
prov tdawf mﬂfccbmi f'pesms tmm@éu [itb@ 3@} mﬁhmwmt:lhédumwtallgsmm a first

LOII‘!}DOI}LHI 61 ﬁl st Idl’h* 1] 'N.,H 113(,9 AL }}/P =1 %; Q)fit‘ a4 fpoﬁesmmd (m &%d‘»t €, L,L{Ili, i} }'3&1’{}}
lhé FErve t'er mnal of

The f!ﬁbh@&dﬁhi 8 b zﬂ&@rhfi\v&gﬁk t\{ e afmhﬁi sUpeBd vﬁlﬂamC;ﬁwti\h &,mmm Th; first
secondresi st ance, the second ‘\é(ol t aﬁe,d 1'1 he third
compangRli a8 8 TaH de nce-o ke methad may ghe dncluk dleipappgng. paips the first

TIA. :3rSQohRed A& g@&@mﬁm&hﬁ&leﬂt VehigcQfd @bsﬁ}ﬁﬁ@ﬁt & u}ﬂ@&t two end
current applied to the n:‘gatlve term nal . The net hod

points phihedirgd Aol oty havj ystcpngreaisignes vol t age usi ng the
003 ijv aij;? mgxfho& th wpips%InIld & lo&?&%mﬁg st {}ta t@;n&i component, a second TIA o a

secord ferminal on the fisst electrical path. The third component may have a thad resistance.
The methed may also meclude deternuning, using the second TIA, a second voltage across a
fourth component. The fourth component may connect tivo end points of the second TIA and
may have a fourth resistance.

(00321 The method may also mclude determining a value of a posstive load carrent applied to

the positive terminal using one or more of the first vohage, the first resistance, the second



the value of the negative |oad current for bal ancing
the first force and the second force. [0033] The
wWoreioBosiioney al so i nclude converting a rati o of PEES2008/065369

first resistance to the second resistance into a
product of at least a first internediate termand a
second internediate term The nmethod nmay al so incl ude
calculating an internedi ate voltage termusing the

resistahiéd, 8e s¥QItiaQRagel 18 BRFRBGNQ Lab8e rARE 154?@&5&& Blle method may
internediate term The nmethod may al so include

also mghald@ ;jiztazmmn@ﬂan alugtod p eyt halkd Lw@htiagﬁlng(z Wearstihe teommnal. The

mei]md npé al w g]cﬂ': ’idbli‘ap 1%%[]%1% ¥ tﬁl]?a,f: ﬁémé ghe Vi xe (}z?zeer;ﬁe%n ¢ md current and
the v, a.nue bfﬂhetﬂhﬁttﬁe ¢ceddumetitiagalakhe teetantbreant siancad i‘aﬁd

T nter-term I stance between the first
[0033} o R mathod gy taﬂ%@ “é‘é‘&%r?&“t*’éi*% RO ¢ 1? 3@@&]’* reHdLe dpthgsecond

resistaf@l B0 bk bh 1481 MBrsPfudrR8diRRI A MR d QBChIGHLh S iattBYm. The
i nclude determ ning, using the first voltage, the

metho s lse diladepatealatinnan thsmsdiesngltpessiun arivethe firftiveage, the
seconcf erm)Q% }d \41%' i %qgteﬁ{\efﬁ ﬂg eﬁ k r Sﬁze 1%¥¥{E'dnﬁilyl qigggﬁciﬁaee&lcgﬁatmg an

inter-ta@l hsaml v nmigadnen@heh erenfirs ta@; maJ smm gxet»h@o:@leﬁnmhi waiht ag-e ntermedmte

‘ H.th,e\thi.rdﬁhgs stag urth resis %& &

voltagg iergnilfe S8Rt HUFeBTREA ‘G‘é“ é‘f‘* 1“3‘6%“ AR HeSERT RS ‘f“t?ﬁs%‘]d an

inter-ti8nR HER Bk Qﬁk@éxﬂﬂh@ 'il'?ﬂﬁ dri@nay akU@e McohPRrpoRiti ve | oad
current v{ﬂ{a so include determ ning, using the first

[00: “ﬂt ef h§ Figp o l’t‘”ﬁ‘@éﬂ“ trekie ebiig PEEHIT eall cwaint Bige nchKlg dgiprmining,
using HREEG WhRLT Rl ?&ks@&@? GHd %t \Iﬁ@\ﬁq r%‘m%mf& s fﬁrs{ @ﬁ%“@s 0 ta,g,;. at
and the &ec d]

term na er-ter
the ﬁm wrment. Dot swegent ctememfmm_sme tv elmm::ﬁale pasidve lnved swoan uha; a \0 melude

diftiﬂ’{]lﬁg“ djgg“l: “i“v‘g“g%’g xd)T ?légntgsrﬁﬁvug{ngcg Tpﬁlgnﬂaiél 1° re¥1%t|a:li|& gf&u.a;md
temamdﬁl&tﬁﬂéﬁltﬁkgsecbkﬁiiﬁﬁmhﬂe second voltage and the fourth

. resjstance, a value of a ternminal-TIA current fromthe
[0035)s e Ebmiten @ deformn pipthe ralug @é@ﬁ@oaﬁw lopg oyt s alpg aydudst

dctenﬂnlﬁﬁc' J‘hxl%fm LM ARha CH G SN VR t@ﬂgmfmﬁ Rl é&ﬁi A indePGrminal

current varue ma e utilizedt
res&s&ld@ft imtmimehit hret eahwel ol ﬂtsdﬂmmtmtmmé t vade @Umrletertzmmheﬁ current

bet&’b’@&%‘tath}ilfl %f‘i?t@ﬂ%?ﬂ &I dndqﬁl Lﬁ\éeﬁl(_ll iﬁ{alglngitjr rent rTHy be det erm ned
Mt A eps utilized in

o036 detre mmbmzmanw@im &alak of hﬁ pheig ¢ lovg chead ney klse iMclude
[[0038] . Two or npre ratio resi stances associ ate
detenijpipg, Y5 thy HEORFRYPIHE FEHPP 5{%&&%&*@@ dayalue f adptappyirjA

Luﬁuﬁ Mﬁ’i@‘{&éﬁd ©Fnind W0 o seP@iaerraf the resi stances across
al so may be configured to be equal for

10037k it 6y wight ipiranemeLbionn 008 gu]ld ealveibe temynTSs cont
vahie 3'11 !:)éj 91%&;%8 @ {ie,?ul n?g{ N &ILN_ 9‘?’ tﬁle os: 1\ d’slég%é% ! 'hﬁ.*q & it g qf ﬂk
uc:uaimshj&i tm e.mt mﬁxﬂ’bﬁ a&:temnﬂgutatml e@aﬁt somnar af sii‘nh&m&efﬂbmdiemmmmu
the value of the positive load current.

[0038]  Two or more ratios of resistances associated with the TIAs may be configured to eqeal,
to simphify mmplementation. Two or more of the resistances across TIAs also may be configured

to be equal for simphifving mmplementation.
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vol tage and the fourth voltage. The nmethod may al so
i nclude control the difference between the first ESC
waisasgwsand t he second ESC vol tage using at | RPEBUS2908065369
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 di scussions that follow [004 1] Fig. 2A
[0039] | FHSEEALEMS B RETRI Gl SRREFORLRE AR EQD \@Mage at the positive
arrangenent for measuring a val ue/ anper age Ifﬁ a
tenmnphmdtm sgeontddad- uﬂngemth@l@mapmu remah@naz p&gmqnv e\i ﬂk second
VDH’N'E i c{;nélg ?f?uﬁ g} ¥ é’;f/"% Ctﬁlrmgf f}iast ‘El) so nc h‘ﬁa & CO) o@ gigsﬁfa eug )53 betw Lygen the
first hS@ Goltddeunt! ﬂ&txedmdrt kt{heolaganphgqtdé%t:m@ of kY sebdhd voltage and the
accordance with one or nore enbodi nents of the
fousth VRt i on. [0042] The pl asma processi ng system may
[0040] NThUAGHBsRAWBEYaRHRB ¥F m§ Hetend i AR beSPRldérsiood with
simlar to DC power suppl y 166 illustrated in the
Wﬁﬁﬂ&%&hﬁkéh@ﬂ%ﬁWédNWﬁHOWh@aw@ﬁﬁw supply may be configured
100417 OFQUPR! YR ROF {He‘{x%u@ %Pe#xﬁﬁtﬁ&%‘% ag ml'% QPR Fof pRasyring o
posiFtive Fefm na S|n1 ar ermn 195
value/ 'siuh}bamter{a;t @fth gomitivh mqéxamaké 1 ﬁ)izmﬂle@ ok @d)hlﬁ)\fe tanmmi of an electrostatic
ctrostatic. chuc q1 ar.to chuck.164 il
chuck uh’i Plﬁﬁnz&};g%\lsxéw SYSUED ésxm ﬂ) 1GF Ipll?g g éaméei;lt%te\ar ft@ éﬁ‘éﬁ“ﬁﬁd i the
examp@élﬁrme r A)sh H’rdoﬁhn&@\\ Rh 880®: REQGRDSHINGNERAARER VO,
|Ilustrated in the exanple of Fig. IA) of the plasm
[0042]pr Ghierlgsmypoyess @msy o ngh e lile srawes Funpdy. il atlef pymver supply
o do 167, -0 e \
sumla{ t'é}s[?(g ug%%re\ugﬂfyllv l{ﬁ& fiﬂ{b@%ﬁl \&e{%? g\?dﬁ]ﬁﬁm @ﬁ df rf% E’g &F\;E,l\fé)r supp!! 4"3, may be
confignmeyt thenppepr psent émg}hy’ltagﬁ ediN VAP emt § ‘mfem esteonin Qll(iuml*n to positive

term még%ﬁ liill‘-«él Deed 1% ga‘ig, .?1?1&? é’ﬁ gtégo gé{mﬂg{t&ﬁél%\g Lopatt rrg] ’ﬁ? éﬂmg ar to chuck 164

illustr a\t@;i ha@@e»&zmé 0129«9 1@[}%@&0;}515@@;3@6@%&90 pe@#ek WemDAGB plasma
| t age (-HV) also illustrated in the exanple . of
proce s[s:ing c,hfggb% dppH ugr&ﬂ mtrhfecwm olsl{ippl A afdlle Besmapraseadag system
througffy z@‘ Ve (E%ﬁlaﬁ}%@ptﬁer RONriRa Bl @0 NOHHIBEPR TN, AResistance
be about e correspondi ng negat
of the hq}@ﬁm e\x@hmag emq@ tH\RF ﬁ@g Wm;bcbeplabmmt by pn®g le'ilemrrussmr 217,
(0043 P P{ {:neg SE nagigg!ng{}lu%ems 3qk mllc\ ‘%Pié\s/qtngu g x}&;ﬂ;\% f,ﬂ(.{,%}b We tﬁl posiiive
high v Ml@l&fkt&@ﬁ\ § 26Min GO Ryl gal @At ﬁ,-lnc41_ \E)Itk\é {- ﬁ\b RS (also iHustrated in
vol tage. 270, nter point qf clanp voltage 271
the Q"‘(’B@t— Big. '?J)O%‘Pl 10\)13 ‘Hb‘gﬁmWI“f‘ B IRy gy Q»ggssa{% & e g}att example,
positiddidh MPhLAGe Ny FIW)mA3) aholiBd. PV HREH: &Qxe@ﬁ%ﬁhn@wwm ‘e high
pl asma i nduced bias voltage 294. [0044] The plasma
\oimupkﬁﬁég}g[} pygydpabeth-rd s Val lsanethel axsiesple. possteve high voltage (+1V) 299
may bl LRNR3 k %’d qp e LQR pr}slug{nz g&ng giw 1 3‘19?{_%* l ?\Gt {d‘}q C’}Ll e about -
connec a fir te 5 ned thH
4.5 kVel ebtar iv Glaige aan,m c(am’e: point of clamp xokawe 271 {between posm\ e high voltage

{+HV) 299 and negative high voltage (-HV) 399), may be tuned to match a plasma induced bias
voltage 294

[0044] The plasma processing system may alse mclude a first trans-impedance amphifier 210
{TIA 2107 electrically conpected to a first termunal 251 positioned on the electrical path (or

power supply path) between the power supply and the postive termunal. Fast TIA 210 may be



power supply path) between the power supply and the
positive termnal. First TIA 210 nay bel oupled wth
WO eogtistoer mi nal 251 through a first conmponent/PEFUS1008/065369

205a with a first resistance value RDL. A second
conmponent/resi stor 209a wth a second resi stance val ue
RD may be inplenented across two ends of first TIA
210. The ratio of RDi to RD may be chosen for

coupled TR kY RiniEAS WL E RN rQf uﬂ%%n%hﬂﬁ@sih@@ﬂ}ﬁ% Wit irseSistance
As an exanple, the ratio of RO to RD may be

value BBnf Ageroed Ltﬁmp@e:nts@@moﬁ“ 06}t h &Lph@%h@%ﬁé@@ﬁﬁgm 1y be

mzplc:mé/rﬁ%ag%fma¥ ¥ exgg of é‘(‘)\’ﬁzﬁjs é’r?{r}ns g mg & ﬁ‘%’z?(hiéﬁlb glwé v s,lauss%{ for
simplhi ﬁatdmmmu@:ht & lokitif el o RPOARIEA I AS kS bainp2O 3k alis of MDY kv RD:
the first g stance value RDl1. In one or nore
may by ERERIRde &2 ¢¢%hi r d conponent/resistor 205b may have a
(0045 i Thephha 5R8dsshaReRey aiqy% HMRdIRLe o sfémcﬂm)m/éla‘cewzh
conmponent/resi stor 209b also with the second
connegtediost speel waking 2RDRn fmypopet bunpheireih theehzharibied camppnent/resistor
- Qi 0 r I, odi. rent :
205 0L L SR £ 08 0, OB RN SOMHLIE R
com pomestiﬁestzamcm*«%azlmgdm@ oh ﬁé‘fﬂ etdﬂ anisRb2) sal{z@@:ﬁﬁ}} tHah Q\.DEZ BA fourth
COmy 1(\1,35 "ttfgg‘%%ttp:g}}g é{éso \wﬁvg;wtg? SE§8§(‘I x(e?'\;témﬁ\ ‘-“o‘a“g“e K % %E{ ?xﬂemed 4CTOSS
two erAPSAARNTE 208 T Ih AR AlordBhBoERBad hRal &n‘ﬂffanhh@esf?{t&smﬁ may
invention. Positive load current 2 15 may represent
have ardidererirpvience ypiuk f &bt idposi tive terminal of the
| pct 5 i : s S8 L NG r
,,004&]g ‘ xt‘?;aaéﬁféiﬁx% s Q?g\g E*; i n{k%ﬂ%@@!m@%}%t»x%%%hegg? %{Hﬁé@% Tip of
positiveitgad @ma; 21the i:pnmtaeses\x aynsoand: e\mxtbhdisteep; @ TR, prégent vention.
Positi x\éﬁ%;{%gﬁzzﬁgp gdggax wuxtghennﬁ*éﬁqgr?%l{rgee? ¥§ 48 &% é’ﬂ&jgz%ﬁf‘ﬂlé‘d%f the
electrdAAR) cmAm@ ey pntglm proRbdigehaMhal ofSRCPIAdnd SlBIsHAL sza%&n
be calculated utilizing VD and the ratlo 0

[QOM}?E&F ST tRBiE. £6-TRiibe plogess ﬁ@i\f@mqﬂ@stmg > IRpich p@ond TIA 208
iy m@ngvrfe YARBY ViR d@x%'@é&l%@ﬁ@ﬁ%lb %@t‘ﬁpg sp\(%tfll%d reb}é%m vAROR D).

may al so represent the voltage a e positive
%Luan[l@glm yradag ¢( ¥Em)L@ﬁi teipnESE? Mig imykb%@mg@zghtmgé Daviad 2338 atio of
the mt%o 0%‘1){[5) et thf \];%u_ Bx mlgglf Q&gar}ht)l % 6dOh % Rmx Ih&, Ldlalﬂd'[(_d utihizing

and Yerhinal s are’

Ty BQQA%{;<BSIW;41@rfLIyx r;iﬂné\.tﬂﬂi@ VIR Yoo e a&wuem\@m @em)@sr SCy of the ESC,
%‘]onent 209a At first termn 51 vol.tage Vi
Vs ma( P%‘H“Yi”ay r‘@ﬁr@%b‘?ﬂ”‘ﬁﬁ‘é‘ ;;ngalps_@é"m \mnbbg 1%’4, g@.;w@gthnmml and the

negatiVOkhB98ls 4231y, be calculated utilizing VD and the
ratio of the ratio of RO _to RD2. In the exanple where

LUU“ERDNWR@X He00) mug vyeyrdeDe agre] L&tﬂ@éﬂ@@ EPPaz i MdiryRemninat 251,

\-uimu gu’» b }Q 91&\ [!"‘.8]? 4s91112tgg ?E&? %]7814?1 L,Yl oh %Q? &,W‘/%} %Cl[; %S&ﬁwlmgd

res resistance val u
utilizmg VD zmd the ratio of the ratio of RI} to RD;, fn the example \\ime RD; RB, = 600,

Vymay be calculated utilizaing Vy = - VD * 600.
(00491 In step 274, voltage Viz across sensing resistor 230 {with a resistance value Rg)
between first ternunal 251 and second termunal 252 may be determined by subtracting V: from

\"1 229‘ SB, Vq; = \r: '



between first term nal 251 and second term nal 252 may
be determ ned by subtracting V2 fromV, 229, i.e., V12
WGe-2088/151082. [ 0050] In step 276, the current PCT/US2008/065369

anount / anperage Isp of a current 204 across sensing
resistor 250 may be determned with V12 divided by Rs,
i.e., Isp =V12/ Rs. [005 1] In step 278, the current
anount / anperage 1g2p of a current 206 from second

(0050 K/e ﬁf@{&@* éﬂgﬁ% JiRerﬁ %ﬁ@}ﬂﬁit 'tﬂﬁu%ga,pr@)é Lﬁﬁezge’bg 'éw[oﬁkes‘én%’ﬁ}@ Resistor

divi :
250 ms«t b@d@@t)mmihenlthrurthﬂﬂuhlrm&m Laisper\aigéﬂk LP of positive

(0051 lf ﬁl n%u? U“HS H}e Lumexit E,‘Xmm] @ﬁlextzHeg"?ggp T %%r b(k,n@ gx% seu%nd ﬂ:zgmul
252 woaedoad gemnﬁ nsalg e |datenhimed hetharib.aigaaeint RDL L estipat-edD; ARD,.

(0032 Iobf PR {gé ﬁaﬁgzivg(;xt 'gmg@t ntr}r}% uggd!ﬁgﬁ‘l gg%g%]g?g%g¥rf% 213 may be
deternRRIIQG Abeskawl 1D, ReGal ve highvalfage 399 in the

pl asfma processing system A net hod sinilar to the
(0033 Erret\h@a'nilaem@t siatlegioithe vacenanpiietrakd Rl e exBplap! bg. 2A may be
mplexilém &F@ﬁﬁﬁrng‘ri}gxfﬁ[ %8@5&?51&&199&%@\6& a@& @m%fr a%g@?a:@&%% néffative high
voltagerathenhs piaaha pmoespial atdton, Aan etbshxt Ainfihing thd’lﬁe[hod ittustrated in the

al ue/ apper age. | LP of ad .curr :
exampl§y15e PSR BS ntmtre B atnny PRt ubnatia beiis; 1aggurent
[00341 R M SRsIBYs Pewadbedbabhadipaldubh Zdmeut e HefhREQRSSage Iy of
bet ween nmeasured VD1 and VD and an internediate term

positivg togd qurrem\A1§p As iftwgojated bypgyation 24igan ipgomslate voltage term Vigp may
be cal %@p&?ﬁﬂ FH( He diRRr c.inu* Habbat rﬁgﬁﬁ%dev%ﬂ&'dqz}) 2itan el I@X late term

be ca ated utiTizing ano intermediate ter
X, i.e.j Wier 0l atvd.ybiage term Visp, VD2, specified Rs, and

o RSB et A AL s S S
imermﬁﬁ)ﬁeb@'nﬂet @feﬁh&ﬁé&e Rased 1@ VRE Vit bk Bled R arddapRiRed BB, i e,
yvelJ .as . c ga iLity of TIAs and ot her equi pnent

AV = 005" Pred o e 884riAg- vol t age val ues. In particul ar,

00561 h?hap{ &‘?é%cotf 1ﬁf‘mkﬁpz?d' Pﬁﬁis‘ e tﬁﬁ%‘sb&k‘?&ﬁm{d%ﬁg& @ah \A%Qm of RD,

he ratio of ratio o to RD e exanpl e where
o RI R@s will R{)Zapzrmﬁ o0 Tias emdmﬁuamgxmemrmt}(wn@yn recas @O attdee values.

In pe artid nw,i)au CFQP DO {u. Uti ,\mumgdg?ey u.nm "} d%’\ )Lgt&m e & the T 1a1t\0 Cof mtdo U% Ry 1o

RD;. hﬁnm%nmyu bﬁim Ra:ndz &(m)t eﬁmﬂm&emﬂ(mfh{ weRY0 bed 2Qermediate
[ 00 As illustrate g y equation 243, the value ILP .
term ‘o’f"abB‘sW iy 89 FABOTE GPRRIed s Ivaye Hanes PEGPTERs R eRjate

term YW 4 BobYnRMerheBate tdrePR malB¥ho/ (Rs). [0058]
Advant ageously, the RDi / RD2 ratio may be reduced

0057} nt\o ibwaiteéby rzmiéprnr@ﬂf.a*ene\ eyl rrsU%OaWd*- adsugntEhamay e
ak.uiamll E\%ﬁ?\\\@ %@3 Egﬁcoxredkn;% {«&)er{ﬁi))d' ments of the

003 8} Ad\, anta gmusiy_ the RD; /7 RDy ratio may be reduced into smaller intermediate terms X

3

and Y, such that the voltage values accordmg to embodiments of the mvention may be
conveniently measured. For example, the voltage values mvolved mn embodiments of the
myention may be tuned to fall within optimal operating ranges of T1As utilized by adjusting the

valoes of miermediate terms X and Y.
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conveni ently measured. For exanple, the voltage val ues
i nvol ved in enbodi nents of the invention may be tuned
W@ o00Bas10swi t hi n opti mal operating ranges of TIPSI/US2008/065369

utilized by adjusting the values of internediate terns

X and Y.[0059] Fig. 3 illustrates a schematic

representation of an arrangenent for obtaining a

val ue/ anperage I LN of a negative |oad current 315
(0059 PDPM £¢1dsRa@s DRIRLLNE HREMNRN Phn kRS ShRELLPSHANLE a

chuck in the plasnma processing system di scussed in the
value/ -emampieéa mi ﬂnt@amzﬂo@i furreat 8oy »dm‘hctéuw nefyaigreg emrnghod é}c
c:les,uoﬁéx IC blés, X 6?1 gze )lasméz pupuesqmetp %wtle;gv ﬁsenéxé}ec Nét-,[lﬁ ex%mpv SIU{ g:ﬂp EAIXY( in
'xcwxd?:ﬁ& with axen:&gme Ve 3&@1‘11911@ al th@fpxé&bxﬁ e e@ab OSlﬁtﬁiﬂv&r Gdim;(bkmm be

.in | de t as processi, charrber of t
cantigge é%g@ipﬁga @iﬁé&vgﬂvém}&gﬁ &7 P RS2PY sy e qfé@aé@taﬁe%m chuck
inside e JifihanRER{ Y EHB1HRT fahe AR PR EEnLIsl S8k tHfENuhbﬁRf filter. The
repr esent ed by an equival ent resistor 317. d%o The
resistapteaafiiee preodesisimgalopd therR Friilietont trrmlrsmemﬂt&sﬁdé :) mm\ plgnt resistor
337. TIA 310 and a fourth TIA 308 configured to provide
" measurenent of voltages for cal culating the value I SN
foo6giof 1 Beepisilfaagpmumiegﬁm&# e fassr ﬁ&hﬁiie ng‘hir@”s"‘lfsﬂ Hhoel 3b0cth TIA
rth TIA be con to, prqvi de .
308 ey HRNSE PR of LGt at P ot BTk Hrsbreagas
current SRNicRfss SM@NEsiRARe BRONF SurSECONThStREHIRAbe B2 ehifd to provide
fourth TI A 308 across conponent/resistor 305b.
Vo m“ﬁz\a‘@@wmm@r yor Cﬂl&mdmﬂm alpgieurage Ul queRingo IioRp wpgond
. f ha Lkt | € Gk
erminy 158 1 RIUAAPRBIRAL cortpdiBh L e, DRSHATE: fattayy be
calcui:itfﬂ ttleimxianpidl, of m%re guim;neam}ﬁmmeedmtﬁkW1mfe of Fig. 3 mayv be

sinilar tin 1’-‘1%{&1 erg}gtge; @ggrge :Inglpt{:f.%‘!q!f gz 3 ggﬁgﬂ %KI %&@?%@l{}%ﬂlﬁmg the
arrangbienteXaiBlegsn 8f ckhi@ple 3BFR. 3 RQGLkinTihe tpihasi®hods illustrated in the
roceSS|n%Csysten1nay further include a clanp contro
examplggiof FigrfB-¢l anp control unit may be configured to
Oﬂﬁio@fl o8BSy QFerRna® dhilife? InchRl 2V RLIAGRLY @it RS clam
Bobts P eriihy O ey QiSO ERH a, “(f cory
contr ummit ey h@gamw@dtt@rfmtwém l(:éSE@@ ﬁfuas\‘imng Sﬁ vlegstv: @h@u positive

o . \.{ e a' L% A 20 £¥L (Y
u_mnnfi O(U' ?t%ﬁ?e dc' k3 %gmp y%@ \0 e%r i_(;v ugsill tHe du_ d I\L &ndlm r{g%‘%w’) usm Xt least one

of V Dpﬁ@mrddl sl I’L@J:miiﬁf \c(lzma aSil m5)4aﬁdr1y1;reﬁ/bﬂﬁyxrtlﬂ@“¥ﬁrmﬁoN%I;ﬂﬂ%uxly

In particular, the control unit Y.,
discustignt ¢ BPY PREREPHIBHEACD bey w@ V2 naﬁ&wmfwrlfémm VDq i

D mm%f fre E%ﬁﬁ&&ﬁlﬁ"\@ﬁﬂn}( andoMhe Wu@k@ BetR@e e Q0 BhLC ethifference
clamp vol'tage pertaining to the clanmping forces
betwegpt dreldV' ¢ ot Heo brafaarideigp potamadvdhipes pretaBSE: tofDoe2Pp R dorces
SkI osi tie load current plot 406 and a
dppilté 1Q (lh% ltf!,di'e: %\E&}i} dl‘t@d BV glﬁtﬁ \\él ot 408 for
[OOé"_E Fl g 4 ﬂlusu ates a posttive load current plot 406 and a negative load current plot 408 for

optinizing a buas voltage m the plasma processing system discussed m Figs. 2A-Cand 3 m
accordance with one or more embodiments of the present invention. As tustrated m the
example of Fig. 4, n a plasma processing system, a decrease of plasma induced bias voltage 294
{refative to a bras voltage 402 optimuzed for securing a wafer on an electrostatic chuck) mayv

correspond to an morease 1 the positive load current and may correspond 10 a decrease in the

11



optim zing a bias voltage in the plasma processing
system di scussed in Figs. 2A-C and 3 in accordance
WORGR/15181 or nore enbodi nents of the present |iPUBENS10081065369
As illustrated in the exanple of Fig. 4, in a plasm
processi ng system a decrease of plasma induced bias
vol tage 294 (relative to a bias voltage 402 optim zed
for securing a wafer on an el ectrostatic chuck) nay
neuau&?l‘bﬁ@@mﬂ%@ 1R @ J}Qﬁee]?ﬁﬁﬁnle RoddN@rPRShAY LA G818 Bhe or
and may correspond to a decrease in thenegative |oa
maore of ey @ntn%ﬁmes «wﬁ wrengfiods Becqpdisi td e drozde ewbedmeniralthh gresent
im-femg}%fj"zf “‘HE‘F% bnds %xgﬁ%s or%gﬁgfso gﬁ(e o{“i}e ‘fws of 1%:%&&%3& Ifmd u,fnem
may bt hieaipe@seiding meantoien am&nmueinbms hn@blesdelhﬁd»tdaemﬁmn@ b&sor more
, Qf'FigF 2A—C,.The_valu§ t.he negative | oad curr?g
embodyggth 81 Be PESHRISERITT DiTREUGHE B PrrBoE of fRgamERes! e 3
qnd:or%ﬂﬁl/l&rm AR Ni9flSre 3RERNHIeRE 2h@ 0 PRGHBEs MRS QIRAEH OBAbR: OF Figs.
the present invention as illustrated in one or nore of
2A-C.the exanple of Fig. 3 and/or simlar to one or nore
@l n n d h s gy
(006 :)_]‘gxig gg& O\%&Elﬁ_‘as g & é)An%gxg?O%%gniféﬁ} tgn? lgguésgmé { gxbﬁ}«ybubs’(annaily
ﬂnmLédemmﬁtomES;mﬂamﬁrbbaamﬂ&éb\dnwkbm\ehmtﬁm@étm@hﬁma&of&m

chuck, substanti.all qual , , bal a ed forc
chuck ¢ [ er45 BPrg oy orane Dot bEPaR Tresutpyac B e niegive and
negati @ ehfifals BUGK chbdk, Med@luect 6f MRLALR S ToaUOF AN Mk Negative load
equal , bal anced forces prOV|ded by the positive and

cmenh@gmwiéﬂ@@ﬁﬁﬁ!ﬁ@ﬂ%ﬂ obstppellyigged, the val ues of the
[Qﬂﬁi]poﬁ’l &k 0? nlo‘?@drgﬁ&ﬁ&eﬂg ofiRd xﬁ\hgmﬁ*le gak '\?fq?aulc Qgéd nf begg%ﬂ]{& £,

mai nt ai ned substantt a
progr ahmmirwd@r cordremreginb egiomentuppbf etheti umm_emt mmmnatm c@gtrol program in

a mnn}éghrtfifgmlér % bﬁa&ngt(eﬁéfa:j! nggb{) 1}98{ lé*&gsmg tat Bie zﬁﬁs 8ﬁthe posiive foad

currenBHHIORREEQsiCORRE Olrr & 0K %@kiﬁ%tﬁtlﬁl@n&ﬁx@i «a;u nllu§t: S @bssti@int 403
bi as control or sensor input 198) such that the values

of posipe {a9d cBEEIIHIQSOf ¢ %fh%&?‘rﬁe!ﬁﬂd gt plet H¥gathsgapglpt Fig- 4. In
the exGHBIE BRE; rwmb@diéﬁu ANk mvezg g%mﬂa&e Mﬁ& B«aaﬁ‘éd b%,mp of

cross poi poSi t1Ve I current plot
the w ahegmm hre\rtbt@dd‘%@m rwehrt:.h pdm:tm@@ﬂ t nmpeheszaerﬁaahpmtéa fof‘ H?fu &. for both

f fhe val ue of bias voltage
the pOZfBé{’ 1{(’\&5 ume,m a}‘npigﬁ, g&.e:émw gmd aiubu] anced clanp of the

[OOM]\NafrecKnmﬁyn(?eetgbiﬁiimdms Sﬁ)&isﬂpuw (?h mlgfgfsftﬁs DAt ® and/or the
erage of about 6.6 * 10-6 A faor. bot e posit
negaty e BHFPBAEARRTPR be Rl detpgRpmg dier éﬁ{z h tTf@%’s’]aﬂﬁﬁ* the Lfe

L\pnc@lﬂ'ﬁ M DESrSRodident s, the anperage of the positive
ad current and/or the negative | oad current obtained

{0066 Emash ben et dvior t-zeﬂ& d tromd étceipmnmggmmiﬂh@w efhe preittcnopey provide
ampen ?&8,%6 g{t'ﬁ kg glﬁ go P()Q(? 151 ?gi]l? %(I}(P Iﬁ'if Y ili? I‘ ?Ucif(ﬂ L8!§i£ﬂqg }\ﬁr}Hg hf{}{,L%'ﬁil’lU

systerrewrhiodit reepir&1gai et\b@mm\t@ﬁrmoﬂ Iampihylelp r;biﬂudte&euuxly the cost associated
with obtaming the values may be reduced.

[0067]  Fuarther, without depending on an olation amplifier and mstngnentation amplifier,
embodiments of the invention may be able to provide values of positive load currents and
negative load currents 1 plasma processing systems that operate at voltage levels that ave bevond

the capabibity of a typical isolatson amplifier fand a typical mstrumentation amphifier, which may



anper age/ val ues of the positive |load current and the
negative load current in a plasna processing system
WOREBAS0ST equi ri ng an expensive isol ati on anpl PET/E82008/065369
Advant ageously, the cost associated with obtaining the
val ues may be reduced. [0067] Further, w thout
dependi ng on an isolation anplifier and
instrunmentation anplifier, enbodi nents of the
only bb B@‘vﬁ%lb QxLIBY AR ARLE, LRIPEQYbYE VARRYE S BLinRaSiL V& voltages
currents and negative |load currents in plasm
may bpﬁ@iﬁés@b\mgwswfesmtw‘hmh @p&r:am@ beitv woillm ag‘ﬁtﬂ ﬂveﬂ.\ gathtvatl the
Tia. Bl ntgilm G2 igx me((t heg ¥ (}é%tge bmJ ‘éf‘%“ﬁé‘fﬁ}* te Xrg Sk \, 38 ﬁfl %}rlfﬁ ed ?0 c:nabie
meawhﬁﬂ@hh:ﬂ&)gﬁﬁbynézﬁn @%}naazﬁmm*ﬁ rancbefitias] Thadfeke, Eﬂubg@meﬂas @lfithe

Wilizing TILAs, h vol tages may be
inventgR 4T )Edfé\mmf% WS?&;I O h.'f?gl g ?léga%gwah@eémgé‘t e
00681 h@m@@&?ﬁfen@‘é@ﬂleﬁnﬁ%&ﬁn ARE kB &htd hdouihd BBFent flowing irom a
i nternmedi ate voltage and internedi ate terns nay
terminghpl 16y peveiouppla i trwsiline rehanipgedydvpariasineds i‘ﬁfht heention
may pll%r\) demre ta@*rﬂlgietg' *Bﬂgtzee Olf'?g'id L-gpgiquftf?#fglf\ @HE%JI‘?&% Sic\]?'ﬁqté E‘ﬁmei of
bias xo/lmgt: ageecmmsm mmmem&ﬂa&gosmsi hisk, B@%&Le&mﬁo dmimhh&ms of the
ake into. account the current

tl
m‘“"FWéWF 50$P5ﬁP§mﬂéFﬁfﬁﬁh“8ﬁp¥%§ﬁﬁbmer supply path to
[00601 NvLTikAkis ARYARIAAE OMS] dbscr@¥R AdieARNS SiePdral &b ddNME, HRRe are
may provi de nore accurate values of |oad currents,
alteratiopia ﬁ'@byutbm(g\ﬂ ad r@@wﬁ@!ﬁ Bis aehigh Edlovidon thegroustolghiggivention. Tt
shculdvﬁslot %Q%A g 3{% %ftlg&g gllﬁs a;@ al n§{z\; co&(]m@ me %#:.ﬁ%ﬁl'i 1%%\3%% ﬁl@thm is aud
ap parm% piftbel peeerh by héﬁmny F ﬁdt}dmmm epérgscrmmpms cbdsi lpmgem [nﬁ@ﬁﬁc}n may
nvent ion has been des

f
find ufgé ét}, nt#mr %iéﬁcﬁﬂﬁg%t d‘i’&ﬁl‘é‘liﬁ Hi(aY}Uél Iafll Ctékr%{)} Ighig wxem or (9}11\ BIENCe

and, dREHMAErALHON Simiansh, exqwm&l:aﬁmsmmhmm thadehding tdivanithe and
scoBe of this invention. It shoul d al so be noted that

should i paegpleve Wnrgr P SRR OF gwwé%;gx\df “V}T'BF g%ﬁgmﬁ@wqﬁg that the
> JHot up t 2
follow Eﬁi{&ggﬁiﬁg?%n@%ﬁ Mnéﬁta SQ {) ]}ﬁtlaﬁn g dﬁpl%é«gglﬁql %én?txls)g A Ip?tgxﬁn ations, and
equivaidrprchsull vithip thintrot frent mdptireat tlenseseThevalsstr act
section may be provided herein for conveni ence and,
due to word count limtation, may be accordingly
witten for readi ng conveni ence and should not be
enployed to limt the scope of the clains. It may be
therefore intended that the foll owi ng appended cl ai ns
be interpreted as including all such alternations,
pernmut ati ons, and equivalents as fall within the true
spirit and scope of the present invention.CLAI M5 What
is clained is: 1. A plasna processing systemfor
processing a wafer, the plasnma processing system
conprising: an electrostatic chuck (ESC) positioned
i nside a plasma processing chanber and



configured to support the wafer, the ESC including a
positive termnal for providing a first force to the
weerdosnsmad a negative terminal for providi ng aPGEUNAS/065369

force to the wafer; a first trans-inpedance anplifier
(TIA) and a second Tl A configured to neasure a first
set of voltages for determning a value of a positive
| oad current applied to the positive ternminal; a third
TIA and a fourth TIA confdigunes to measure a second
set of voltages for determning a value of a negative
| oad current applied to the negative termnal; and a

What yebgpethisconf i gured to adjust a bias vol tage using the
val ue of the positive load current and the val ue of
t he negative | oad current for balancing the first

1. A plena preagdinphesise dondofeesicea wdfer Thepiphaspacprog e&swm Qomprismg:

st.em of erein as,voltage is
B B Ggees bR Betueliodt RRbRPe BRE o b
configRREid tipoh Gty O, BRMSAN i TR NE &:r@inat R pREAAR ¥ Brst force
| oad current, and the offset is used for correcting an
to the wpkeppndhd naRUESEIRERSET PSR 4 veusdarsitadevaifiage. 3.
THE:<Pl: Qﬁ%p&‘i 9§§;§ »1‘1‘1%%&‘}9{}%1 Use BTy oBHJ &?w oeasure a first
T
conpri sing I ag nostlc unit configure
set of wiliabealst dejﬂeuwiw a vhimalt i ptmimsda it):ucbwraenddm)hp@ mstim pm‘gme ternunal;
lt:i,,lzfémsqé] ‘@ é‘l?ZSC bﬁsr’harorng }tuegﬁﬂ xx?%sénes:g% o ﬁep (i)fh\ 0?(3“8» im
deternPEOAL kYRe bOAGe@E BAL curont Zﬁb\ﬁ:eﬂ Iuaﬂm@,@me@aﬁmmg apyst em

of claim1 further conprising: a first conp
CORPRGHT Strligered hifbest 2 e pfipisene A e @ Rgpostve load curent

and th@L %Qtlf b §@he P Dioal Iafr‘nél!t it 33?1'11891;' EeGBl BRERPBINGcond force.
between a power supply and the p03|t|ve termnal, the

2. Thefplasgta mmmm@rehwmgmal ¥harein thednfsstchinpets adjusied bneroduce an
offset ﬁeﬁ{‘r@g{]a i ﬂm ﬁﬁ,‘ég;{}]}gﬁgmﬁwio%@ 1Pexé*n§) ﬂmaﬁf:g %é]é nemtfa‘fe load

current, Ahd theCORPAneRt! feabieginet dror @Dmnmtnatehq}ir&mamdﬁd Bras
to the first electrical path, the third conponent
voltaghaying a third resistance; and a fourth conponent

3. ¥heg@ﬂﬂﬁ%é&%:ﬁxy‘ﬁ\t%ﬁpofﬂ*@ﬂnﬂtlsmﬁfmertcaﬁi pBSiaQ Adiakhdvtic bR configured to
our onent havi ng a fourth resr st ance wher ei n a

deternpigt 4t desef mtch’é athilfick ondigios pache eevponing Bfef aihe BSG beted pantleast one
of the kiﬁuce gﬁlﬂl 8&:%@ i'éé?(} &19?9{ ‘ﬁgﬂﬁa Filﬂa 61‘. tﬁce ﬁmsd{;@anﬁﬁd nﬁr&;@.e
yS tem

S1 st of
iheqsllfanmlmamrﬁmtetxm cﬁdmzr:ldurtbalmhmnme 2 s equal t o0 the
i r mt Eaelg;lmsntegtnt%%hmmd to connect the first TIA to a first electrical path, the first

electrical path being between a power supply and the positive tenmunal, the first component
having a first resistance;

a second component connecting two end points of the first TIA, the second component
having a second resistance;

a third component configured to connect the second TIA to the first electrical path, the

third component having a third resistance; and

a fourth component connecting two end pomis of the second TIA, the fourth component

having a fourth resistance,
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6. The plasma processing systemof claim4 wherein the
first set of voltages includes a voltage across the
w@e@ensiiosbnponent and a vol tage across the fouP@hUS2008/065369
conmponent. 7. The plasma processing systemof claim4
further conprising: a fifth conponent configured to
connect the third TIAto a second electrical path, the
second el ectrical path being between the power supply
angdhtog DAL ME thif! Lif8hoe 1b R Hivklt RsCQARCEEM 1 RAYIRE of the
: a fifth resistance;, a sixth conponent connecting two
first reemgngopnlsseofnd daestiiier d TI A, the sixth conponent
< TR @Ving a sixth resistance:. a .seventh conponent ..o
3. The & aﬁ]mlagawugasn%tobk 6tgﬁznoef écgantnﬁe\% i];% cﬁl‘f‘]t% e (5111‘: (A: t‘%‘%g%hﬁe g sé%l I;](a the first
resistagteectrical path, the seventh conmponent having a
...Seventh resistance; and a ei ghth conponent connecting =
6, ihat fl@ﬁ’ﬂmﬁﬁﬁ“i‘ﬁ Wsigm qtﬁ ’lllf‘iéﬂu‘\ﬁe‘éﬁgiﬂtiﬁ i.l,iﬁl‘h?i %ii \g}&tfxg]ead " ‘@ﬁ-plmge
across RVdeBEh@oBipBREM ah @8 | 8RR G805 ERIr q’émtrp@ﬁé& of the
. .. seventh resistance to the eighth resistance is equal
7. Thetpdpsgapagdessinf systge diicfaun rigshgranpesing t he sixth
resizgt anc e ol RLOGES S RTASY s tem. oL Clialim.
wni o RO ey e T R B PR B AR RU I Ty T ST e . e
second @sdtsStadpa beBy b¥heeplasmmepsigpbssidnte syeatienteofingll die Hifth
o Wherein a Iﬁlt_j o of the first resistance to the second
Commlné'%ti]?f‘éfﬁf?é‘ PSe8Yidi® to a ratio of the fifth resistance
t 05 kG ShnploBedt 0SMREANER 0 b poitio RhaSiF8 TRAOGE SR mponent
_ systemof claim?7 wherein the second set of voltages
having hgrldesdstarcgol tage across the sixth conponent and a
vold.aae .c&ﬁ&&?eﬁ% &l?l%g?lcg% &m%%ém&%ﬁhh T4 1o G RHA3Brrical path.
processi ng system of claiml further conprising a
the seveet ®hponeit bposed sbehtheenstanckjarst ternminal and a
second term nal on an electrical path.b a power
subpy st oo Bemivrats ATherarh TERdsS REH omponen
havingld Aghtd r&@eet ed to the electrical path at the first
termnal, and the second TIA is connected to the .
el BePEIPCHEND L he atvepiacudanind therpaiiaresisppce iTgguab fosTigO of the
fifth rRLORESI NYsisHsbemRL claiml further conprising a
control unit configured to control at least a first
8. ThepSGmaglreaeenatysehenipdsint7 wiertie tim seadntandistnees onch! ESGe fifth
l_emmxgj tage at the negative term nal using at |east one of
PR T i rst vol tage measured by the second TIA and a
9. TheghoaRgvalctagesyRasMeeimPyntidan hostd & tld Ast fbRtahtd @tthe second
. ESC vol tage bei ng proportional to the first voltage,
resistaperals SEEY P BEE oY Wﬁé‘*@fﬂ%ﬁ*ﬁﬁ 551k 18HEPCY 0 t he
10. The ERRAY phRbd:s@88ysiem of claim 7 wherein the second set of voltages includes a
voltage across the sixth component and a voltage across the eighth component.
11. The plasma processing system of claim 1 forther comprising a resistor disposed between a
first terminal and a second ternmnal on an elecincal path between a power supply and the
positive termunal, wheremn the first TEA 15 connected to the electrical path at the first ternunal,
and the second TIA 15 connected to the electricat path at the second ternunal.
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 ternunal asiny at least one of a first voltage measured by the second TIA and a second

ot
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13. The plasma processing systemof claim1 further
conprising a control unit configured to control a
waledoBaswace between a first ESC vol tage at theP@DEB1008/¢65369

term nal and a second ESC voltage at the negative

term nal using at |east one of a first voltage

nmeasured by the second TIA and a second vol tage

nmeasured by the fourth TIA the first ESC voltage
voltag gp Rl=Gu R RRGE FPRAN AL Beteh8 HIT /ita¥Obd l@.g GropbifBnd Et‘& MR Girst voliage,

ESC vol t age being proportional to the second voltage.

tmﬂmqmdfﬁ&h@&MmﬁmmHmse@ubmﬁg3@ﬁmabeﬁﬁdnuan electrostatlc
Thgg%sma ifoug«gqmv Séwtelg ()?C%l]%%{@!} mr Eéﬁ%ggflxlw %uorﬂ; Q um’t LOI] 'med 1o

SITIv ovi di

LODiI‘Df zk ﬁﬁfel dnog¢ Bt&\\bﬂ} 4 hst Baf ebltanrdt thepogat¢ weninal smdnaieufmirm(
a second.for e tot evvafe t he

i di nﬂ %B c{
‘,Oilﬁg%é !i’. P%;}Ei bﬁ ieeaﬁlﬁ lésfl gﬁ‘)g eaatsqnﬁé»t g lr*iirlg *i..@dlilﬁjlhtﬁé 33 l‘tg second T14

and a {eb&igt vt @O erdstRAIRNEEIRRRTILAT B f:(xﬂxéﬂf doRag@ HdidSdroportionat to the
termnal on a first electrical path, the first

first valfaaptthy wapndbbh voksicn Febeatvrnsrionapouks sesespiafagind t he

i "% } d, W I l‘c 0 q\‘ ¢ $ ULtz g 0257 & t’“‘
14 2 B R Bk B TR PR QU P o pfessie
s.hambm Llicaltf achoss BpEece lfm‘n“mm&‘rﬁ@mmlﬁdinﬁ hérs égongs the w afer and 8

one connectin of the first.
nezati G GERAGH P2y QLo Pt At vl e R e coertigta
t higgheGoRPRREN ﬁrs@uﬁﬁé‘d?x@ﬂlt Jhh (r@n@x gﬁ@ﬂﬁ@' ab®HREMatA PR a first
the first electrical path, the th onent having

termingl qrht gt pleatienl anbethe fat glepinpimgth ‘&%‘PWW PR agEEoR gurplypand the
positi 1 z&ﬁﬁ&ﬁdmé/ﬂk& &qag&%ﬂam ffgw&aqmvonent the fourth

onent connec points of the second TIA
a&miemmnmgwmfﬂmmhi IPesifsttanege Aetes sioond gorapaahiigheskcond

itive | oad curren t he Pos it
“”1?"’6‘8'15)*&10%%‘&‘1‘“&%*‘h%“‘é*dé“‘g? hif 8P TE b PSS
f donBiéctin@ SisileaN@Rd cbRBoRAE QRELLE T 8 k@R R ond REmBRACONGhe first
voltage, the third resistance, and the fourth
dmﬂréw@t@hé’@*d EISPHItARTIE A 1V EsErces negat i ve | oad

’%Jrﬁﬁﬁm@% il gk sk@mfdhﬂ ANgGakbY @mlﬁ&( 0@l 4 fo?xﬁﬁ component, the

‘ adj usting a bias voltagé using t val ue o
fourth pg@pmmemmadngm pend pand of ﬁ@ spamdd 1o fant havi ingy mul t\hgexlstanu
rent fo;lc3 bal an

i?t?(_i‘ﬂ"ldﬂl?“’ a5 dhih R & pulhhﬂ\ﬁ, (L:{Lﬂ, ud ﬁl'ﬂ dpg[!ﬁi to §€4}'ﬁv\hﬁ\ Qqﬁ,l l"t'il!f h uSII}ﬂ' ong

or mm’@lu&i&@\kbkﬂ\&@&*d gheatljiusti @shck OhpEQALE RsBANES, ﬁ%&eiube!t\me@, the
rranltude of t he, positive |load current and a
ﬁ“”d"ff‘&ﬁ‘m“% (e U lopRia tsiisEES ve | oad current, and the of f set

| Qordtafiflnd QF aiﬁ@&fﬁ&& aHQ: I%Qci &H&ﬁ aﬁﬁm@ & @8 ‘b!:s%fx @Qnﬁihﬁ? HHd
i nduced bi as vol t age. . The nmethod of claim 14

faghushiog 2 @@ﬁmﬂtéﬁumgmg@im ¥ @mqlﬁ@ pedveilgastonrreni agd drvcaiue of the

dth
I}LLdtl*{,hl%dL? h&? nlglc ?xgllﬁ@ug ! ﬁl%ﬁn \ftﬁ?itcg 1111:_{ tq({. &%n? % ?Ege Fi ?2 i the

15, The esdistdan «:emt«;w wherein the bias voltage s adpsted o produce an offset between a
magnitude of the posttive load current and a magnitude of the negative load current, and the
offsert 15 used for correcting an ervor 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 sach that a ratio of the fisst resistance io

the second resistance 13 equal to a ratio of the thurd resistance to the fourth resistance.

16



the second resistance is equal to a ratio of the third
resistance to the fourth resistance.17. The net hod of
W@ @sis1d1 f urt her conprising configuring the fPEBHUS2008/065369

resi stance, the second resistance, the third

resi stance, and the fourth resistance such that a the

first resistance is equal to the third resistance and

that the second resistance is equal the fourth
17. Thé SRURIARC Rin 18 1 fiRE ABLRGS: &Tﬂhghﬁﬁ u]:{}z & WlsDBEe. the second

conprising converting a ratio of e first reS|stance
resistanes. ﬁhehls@mmawegméthariw,teih lmlmia»tpnddumta e h&tt nhea%sn:& & equat to
the dn{d ¥ F“q‘“i‘ﬁ QYIﬁlﬁEQQH,léE ‘ﬁ“ alel 6?313@5;3 5 ei]g’l!?lpﬂ {( uré“z x% 15 'mfclc: SI ng
18, The aletiuldaifichgnan fhudice commpliadeconobtiag @ rdrah thksﬁﬂ%g: etsbfﬁnce to the

irst valtage, ,the, second_ volta and the

seconc ‘ﬁf"é‘nﬂﬁ*é?df“&taé“%‘ifhi" iége“rfh%“h‘éﬁﬁ%ﬁd 1B T “1”9“1“1%*{“!%%?5&“‘&
tesm. CONMPri sing calculating an inter-termnal voltage

between the first termnal and the second term na
19T hg siathydtcielaimt @ fwdldi spepirorg afpdativem ipenedwdordiage term using
e firk RpRLCHL 38 L € Mcel 1 RERANMRLEAGTery] e _SeCONC

ance, and arrinter ern1na resi stance between

20T hte hetifddrstclatren fifmaler andptitie sdabdnagte rimhmafmm 2Aoltdfebetween the
s nethﬁddpé clajg114 ereiﬂ t he gter g tqe vaI%F
HSLICHPIE ARSI PR RAY BRerBh PR g es ‘%P&t‘ Phit g
internb@hR et el b §lt WRALAHR sed 8 i diSlee B8 128 LANCRmBAT dififhce

second resistance, a first termnal voltage at the
betwer the firg erpnghind ieseserd ¥PAGal usi ng the second vol t age,
21, Tht\ Iﬂﬁ tﬁu@ Jf(éld';xﬁsﬁ Li%&féﬂfﬁ? the %@gnﬁﬁﬁ) g zRéJ(M &51‘erﬁé ?{g}&%ﬂ%qﬂd(ﬂul Tent

term nal & second term nal;

mLMddetern1n|ng, u3|ng the first termnal voltage, the

Lgﬁog'?%hgrélry%lﬂ %\}/ﬁsfér“ ‘t{ﬁlqaff It Lnit% \Eafg?ii;'&?tﬁfg:: {tne tg] L%lém%: mwam a first

temlmﬁﬁrdﬁaﬁ’@ét th@fidpletifingf an intertermnal current between

the first termnal and the second ternina

OEEBTRHIRG. HGS wgt>ft<w@*f§séc dredbydressgacaned iy dowrdesipfance. a
second BthiL Az & zwﬁa&% ﬁtmansler mnal -TIA current from the

second termnal to the second TIA; and determining,

uditgitithe uwak g fmf«t eheuinolnge Srerbeak oo nolagsl euei an inter-
T(_fﬂ"lllld{]lu%ﬁt in(fk,\{]tthﬂ SN ?ht., fﬂ‘af ILM?HL‘&WI dlna Illi. \G{,(%l’chr r?%{l]ﬁll.hg/é&lu(t (?]f & d lﬂlfl-'

rren

mmmﬁﬂ @h lmuzach« Wﬂehehm Lhﬁmdﬁﬁﬁﬁm RcOgl hginflt r st term nal
v | tage incl| udes [ [ the first

using.the ra
AP BEH RS &SP thenecQionliass gt Evt gﬁé[é resprmcE e aisH gderginal-T1A

Luﬁu}f:fr@;‘tlmmla:cmg{ﬁhsﬂdlttb ehedeL sk 1@}[1} Rey the value of the
negative | oad current
deternmuining, using the value of the mter-ternunal current value and the valoe of the

termmnal-TIA current value, the value of the positive load current.

22. The method of clam: 21 wherein the deternuning the first terminal voltage mcludes usimg the
ratio of the first resistance to the second resistance.

23, The method of clamm 14 wheremn the deternuning the value of the negative load current

meludes



i ncl udesconnecting, using a fifth conponent, a third
TIAto a third termnal on a second el ectrical path,

W@ b@ssgwond el ectrical path being between the PCIES2008/065369
supply and the negative termnal, the fifth conponent
having a fifth resistance; determ ning, using the
third TIA a third voltage across a sixth conponent,
the sixth conponent connecting two end points of the
thigedh, RSk DANL BnAoRhX h hif Bl SHANGRH 1 £ANRALGT Q;Q::)nd

using a seventh conponent, a fourth TIAto a fourth
electritad pathntik sownd hecsiedanth isfiradietd-eal thpptvker suprdy sal/banpgative
th resi stance; determ ning,
te;mmaloﬂ.l'lilt ﬁwou*pgnex{t%a\rx ha\{vglﬂ "rt‘t%'e\/ol t age across an
edieghhhnﬁsﬁ RPOR e third h&‘xeet tghl‘i hoﬁmﬁﬂl@ﬂﬁ sigthragbhag, thavaxth
end points of t e fou H t he e ght h conponent
COMPORER, ‘—ﬁ@"“é‘ BY G ¥ ri@éﬂtg e ém‘ alld AFEBYHHE ASKY® 1HERHE: ue
ofonhfi@nBagald MVRvERREoBHIHRNh FMFING AQBQ Bt RFRmAf ot i€second
~ third voltage, the fifth resistance, the sixth
electripad ppidt tha serentiireniount having ¢ atgenthtrh@t@w{a nt h
re i St I .a t ' Ce.. . 4. . e. I | ;
Otf&%%ﬁ%t?ﬁ% gt m%ﬁl 1[]!%1} %Lg I'l\ % e et}??ﬁhlﬁa J% r&lu%ﬁsezg’lvéé grh-lg L x%tggc%q%gtd the
gighth me@lﬁbﬁMECdtmaﬁilﬁUfk o encﬁ phutsteiidre foaaeh MMSI}aagﬁ’h Rompgnt having a
...using the third voltage, the fifth resistance, and the
mghm§?&¥ﬁ“?é§ﬁstance a third termnal voltage at the
t i chidiRF MeR@lue ol Blogf iR Mehd (M%Eﬁtgtskx@%nf: QHRbRE Mohd @ﬁ@ voltage,
t he seventh resistance, and the EI%hth reS|stance
the h'fqhdgzﬁtwcf:equxﬁmmv@pchg%u, Furbhebpgy ey atihiepiglance, umd the eighth
msmj?e:termnlng, using the third term nal voltage, the
th terminal voltage, and a second inter-term na
24 The esiigtiachiuhef weereid the deimaingegheriaiad olahdnddaevé bad tlovent
ﬂumilt m,nal, a value of a second inter-term nal current
Efﬁg?n the third termnal and the fourth term na
dekenimifk Ring WS 08 b Rigpk OlE Fith validage anchd Mah @és&kﬂnﬁet a third
resi stance, a val ue of a second terminal-TIA current
termingl gipeh ROUFER TSI nal to the fourth TI A, and
dgk SRR Mg YR B8 D8R HE «Qbndih esmstﬁﬁg NAG the eiehth resistance, a
inter-term nal current val ue and the value of the
ﬁMﬁheecmmw\Newnmw&Lﬁmh&temnn@nt the value of the negative
Ci?b?r(_ﬁ‘{rnl‘f IHIr}O‘ U‘délé rtl%t., ﬁ'l‘ﬂ :[ Iﬂ.l l'illl{‘}?]\ (’9 :L(tht 10 rt}éigfnttti l'ﬂrlll'%:&g ¥ Ol% }%{é &Sﬂid )%itS'ﬁCBI}(i
inter-tErasihe SE@E’N}&LL bhe e&ﬁt\i‘le Eﬂuhi eeshatal ge, foamdiethRaBl ghhb of a second

resletance such that a ratio of the {Ifth resi stance
mter-termmal curvent between the third termunal and the fourth termunal;

determinimg, using the fourth voltage and the eighth resistance, a value of a second
tersnal-TIA current from the fourth termunal to the foarth TIA: and

determinmg, using the value of the second mter-terminal current valae and the valee of
the second terminal-TIA cwrrent, the value of the negative load current.
25. The method of claim 23 further comprising configuring the fifth resistance, the sixth
resistance, the seventh resistance, and the eighth resistance such that a ratio of the fifth resistance
to the sixth resistance 15 equal to a ratio of the seventh resistance to the eighth resistance.

26. The method of claim 23 finther comprismge

I8



to the sixth resistance is equal to a ratio of the
seventh resistance to the eighth resistance. 26. The
woreioBosiiosf cl ai m 23 further conpri sing: conver t PEEUS2008/065369
ratio of the fifth resistance to the sixth resistance
into a product of at least a third internediate term
and a fourth internediate term cal culating a second
internedi ate voltage termusing the third voltage, the
f QMK élﬂn Y Qb RARh Pk FBBhd Hohd S8 E‘E@Q‘Aiﬁ‘@ Std & E*:fHduﬁQﬁL at leasta
cal cul %l ng a second inter-term nal voltage between
third sthenadite @tmemﬁm fralthanigmadiient sont h t ermi nal using the
| ﬁ\t?cu?aq zélﬂt éa nﬁgméartmetdha Wg%%cf {%:M}'igl}m! %Sheenil éolpaue mﬁﬁomlh voliage,
and the @sidsh@neelis@andnansiecond | nter term nal resistance
be enthet i.rd term nal dthe_%ﬂ)ﬁhhter

B8 ASEHEH BYRT-EIRRRY \2@'@{] GRS ¢ Itg&pﬂ;@a an(? the fourth

temnnﬁpm deQhé iROnd@lnidr@ashedolthdeStmESG Mokt a98nRHIalNEm, the fourth

posi tive t erm nal and a second ESC voltage at the
voltagpdbatonyb resstavrnand astaegd atettearipalgpestofee thhievese feribird termmal
and th%%&_tﬂgglﬂ%q the fourth voltage, the first ESC voltage

proportional to the second voltage, the second
27.T hES@thc@l ot agxan Béifingep capmiditOratrotlimg tahad caun tth: S{otdlageat the
n& B‘ﬂ: cIa m 23 further corrg ng 4

F“?“S‘t“é 6????’81 FRAY SEoRt FRer é’ B PURMES PSR “Eé%: VBT §ie0t the
secondBlolfaB€aROSE Fuv® Vo8EM PRl frantkav38eOBdnESGHYRLIAIS tHalsecond

the negative term nal using at |east one of the second
voltagg.dhe sgendintlC vplsiee hawe iraeritoagkto thhiwupr pkalESC vol t age

28. [rRRRRbh : > e ot & BSC
Thgglg Rtfgplg{xbe?ﬁx@{m w)mﬁol]@? Oﬁ%ﬁ@ﬁm @ cﬁ@«fqgh@rxtd%gb %ﬁ Qgggf C
voltag 8t tha'hmmtmunajﬁnd h ammnd&&t wrtthgr at clonmprisiergrmmnal usina at least

one of A SR tod 8 Rl R8s Be g o AL bBhudR P o he
second/All#d8e, Qe JebedIORT Lhivge boiad pedpornk! @Mtk tobeh veltage. of

the negative | oad current.
29. The method of claim 14 further comprising determimng at least one of a health condition and
a remaiung hfe of the ESC based on at least one of the value of the positive load current and the

value of the negatve oad carrent.
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