WD 2011/ 063246PCT/ US2010/ 057450 METHODS AND APPARATUS FOR CONTROLLI NG A
PLASMA PROCESSI NG SYSTEM BACKGROUND OF THE | NVENTI ON [0001] I n the

sem conduwwoanit/mwe4st ry, the use of RF driven plasnma charbens2610/057450
manuf acturing silicon wafers is commonpl ace. There exists a comobn need
wi thin such applications to nonitor the sheath voltage, and specifically
how t he sheath voltage relates to the DC bias potential of the wafer
itself. [Q(%gﬁllCurrentl there are several techniques to ascertain wafer

pot ent i al MESTHEMDSA NI SRR R AR ToliBiE QR £ @ pbRENLAN Gk - ASSYéet to the
waf er DC bias potential, one, Li.orl net. .J4cludes neasuring the

sel f-bias voltage of the M}Mtgéig‘%v{%gﬁe*feakage current between the
waf er and the el ectrostagfj ﬁwé N +Wai L& ¥EYHRY an applied DC vol tage
to the ESC. Wiile this taée'l(‘: ’ir?i qu bi‘\"s[Fu%s%)eic}'vyli]:IV\ﬁ hﬁ\lﬁﬁg A current production
set ti ngsoiit helchepahedndatdsendisih] whhye sfapeadent plapancishsdenpigni t ude of the
| eakage current, which is coupled to the type of ESCin the system The

met hod"%‘lﬂf'ﬁtﬂfé{‘*é’éﬁlﬁﬁ‘g‘“I"é’%ﬂ’d‘ég%‘?%}’ﬁfl?@ﬂféﬁ@t ﬁﬁé’ﬁ’g‘ﬁ*f{%‘éc"}@*@?’ negl WHBIOBSEY i s al so

hi ghl y, neRAet i b ehentdY RESREiRa Ldesnaf.ef Jfb .
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t he ud¥ bias polchddofclarbafdeitgiihs attached to the outer edge of the ESC and

in confact with the plasnma. However, such pins are consunmmbl es and have to
be reé{)(g(@te‘_d ¢ Bt T GE YOI RO BRUFTOARGH ST oty A BTt hod
for dghgehiadliCo it AR i@ 8 WahEK afe? DAERUBRA IR ORd AGEnPHARR AL the
ESC and a signal ‘processing unit which conputes the wafer voltage fromthe
peak tuochpdsknRRuinvgl hagadf-bibhiveltaasti ok wrisy bd detectingehn bakare deerchdtngen he

scal 1 e vt med O P itk BB PR Bl rrtanRAL B he ol BRea™ ™
cal i brahgdihgaktnang 19hiselihilRbsec REHQG:ABSHIR SetBn RUER YR8 AH ve is
relationship to the RF peak to peak voltage and the DC potential of the
waf er hilite Heesdemupen Segagmitbde ohiie deakpgeguent yvhpttes maepledioglie &pe S EShs t he
corr o0l "Bl R0, I FLIM Ry ME AL BEBS e
. 9. 0] hiBR BEfpcDESCRHAT BN & tyiidE o DRARENESS afer films.

[00031  Another method for ascertaining the wafer bias potential is through the use of silicon

carbide pins attached to the outer edge of the ESC and in contact with the plasma. However,

such pins are consumables and have to be replaced frequently within production environments,

{0004} A third method for detecting the DU bias on the wafer is through a RF voltage probe

at the ESC and a signal processing unit which computes the wafer voltage from the peak to peak

RF vohage. This method provides a means for detecting the water DC bias voltage without a

probe i divect contact with the plasma by scaling the RF voltage at the ESC to a DC value

through the use of a calibrated gain and offset. This method assumes a purely hinear relationship

to the RF peak to peak voltage and the DC potential of the wafer which is not the case for multi-

frequency plasmas. Figure 1 shows the correlation of wafer bias to RF Vpp. In Figore |, when a

linear fit is applhied, the R-squared value is significantly less than one [e.g., R-sq .90}

BRIEF DESCRIPTION OF THE DRAWINGS

{0061 The present wmvention is iHlustrated 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

sintilar elements and in which:

[0007] Fig. 1 shows the correlation of wafer bias to RF Vpp.



[ 0006] The present invention is illustrated by way of exanple, and not by
way of :limtation, in the figures of the acconpanying drawings and in
whi ch | i keonefiaweace nunerals refer to simlar el enmentsPamaS2e1oi4sh:
[0007]Fig. | shows the correlation of wafer bias to RF Vpp. WO

2011/ 063246PCT/ US2010/ 057450 [ 00081Fi g. 2 shows the correlation of the
wafer bias to the output of the disclosed RF voltage transfer function,

with square vaIu i f.icantl ser to one. Fi . depicts
tes_tiigﬂ‘génf. o A3 SRR RGon e Befaidan 1 HE SR eRTEoreiTa ds seen by
a S GAnBiae. RN f@idoh h@u}\!‘@ﬁf RLsqRAEE Rhindki AR ARAS MLEY (P¥n@ W red wafer.

[00010] Fig. 4 shows the voltage seen by the Si° HER (Hot Edge Ri ng) during
a HA REXH ghrmbdc}mmmov @wﬁtranug tlwrrd@a@&husivfmgem pla@ng Yordpialande SO Mz
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an ESGomaver by i bERe: RE vORARIRBEOH S the[PPOIRFbiTidoRid) dtlﬁffnfr @tw& REMHigh
embodi nent “of the disclosed invention, where a voltage pro
Aspect Ratio Coutact) process using 2MHz, 27MHz, and 60MHz on a Lam DF C 2300 Flexds
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platform versus the voliage seen by Si carhide pin,
[00011]  Fig. SA depicts a system with a RF driven plasma that consists of an ESC power by
three RF generators.
[00012]  Fig. 3B illustrates an embodiment of the disclosed invention, where a voltage probe,
consisting of a capacitive divider network, is attached to the RF rod in close proxinity to the
ESC base plate as well as a sigoal conditioning and signal processing apparatus.
[00013]  Fig. 5C is an embodiment of an analog RF voltage signal conditioning network with a
digital signal processing uni.
[00014]  Figs. 6 — 10 discuss the high impedance RF voltage probe for computing wafer
potential based on frequency dependent RF voltage signals.

DETAILED DESCRIPTION OF EMBODIMENTS
{00015} The present mvention will now be described 1o detail with reference to a few
embodiments thereof as illustrated in the accompanying drawings. In the followmng description,
munerous specific details are set forth 1w order to provide a thorough understanding of the
present invention. 1t will be apparent, however, to one skitled in the art, that the present
wvention may be practiced without some or all of these specitic detatls. In other instances, well
known process steps andfor structares have not been described in detail in order {o not
unnecessarily obscure the present invention.
[00016]  Various embodiments are described herein below, including methods and techniques.
it should be kept in mind that the invention might also cover articles of manufacture that inclades
a compater readable medium on which computer-readable instructions for carrving out
embodiments of the inventive techoique are stored. The computer readable medium may
inchude, for example, semiconductor, magnetic, opto-magnetic, optical, or other forms of
computer readable medium for storing computer readable code. Forther, the invention may also

cover apparatuses for practicing embodiments of the wvention, Such apparatus may iaclude

b3



consisting of a capacitive divider network, is attached to the RErod in
close proximty to the ESC base plate as well as a signal conditioning and
si gnal prwoessl/mge4appar atus. [00013] Fig 5C i s an enbodipegniS2ai/oansanal og
RE vol tage signal conditioning network with a digital signal processing
unit. [00014]Figs. 6 - 10 discuss the high i npedance RF vol tage probe for
conputing wafer potential based on frequency dependent RF voltage signals.
DETAI LED DES%Q Eéogé OF ENBODI 00015 The ﬁ‘Hesent {)g&lentl on W ll now
be desEftbed® P RIPERMER ’Vt%‘té‘ sk P BT HERP S PRRl Qb heas

i 1T ustip@h@enl PxdhSlc2SCQURARYH NS ﬁiﬁﬁi@h Qgﬁ‘ncmpm‘iﬁ@w Qi {ﬂWrrlﬁd A2 AEdPIbON,
numer ous specific details are set forth in order to provide a thorough
under s.t\amdilmgd@ﬁxq \hwpmesrqnmqlhvexgmwmd ind sz tncbeix apparertionikdbwever, to
one sk ractic wi t hout
sore spmaiersimbfEelleyisecn s iBe PR hmh QY REH RGPRLLEE L SFORTERN
proce§}§n§{hg&s{@@ﬁ@{,@ﬁn@w\uqh@fnegnlng;ve not been described in detail in order
to not unnecessarily obscure the present invention. [00016] Vari ous
enbodilH¥H’S aFebadisinissddhndipdpivdetepiion wid Putidighretdows termdilits eh n| ques.
Irr;nngrl[' @aﬁ‘?}t%‘?{?ﬁ: bﬁ& egng"&gg R%H‘j‘maﬂheﬁg g{; dﬁﬁ'd%gﬁdzgqb@& Wﬁ_\’}?% vBliddeGl BR Of
conMputisC siehdabhe 4 ma&tsfan Glutcoins tha Em@ﬁﬁf?mm@nmhﬁutﬁzﬂb@ dixmﬁﬂt: R Fotedubscies in

i nventive technl que. are stored The conp 1@ readabl e nmedi um may i ncl ude,
for ersipicdhe vafsc gt eFO“ SRE AR IBLOTG 1BE Ml S1a8 0 ths A oL *lwi%%%éﬁl
forms gf ARTPHLEL ! RAARRL &RdiUR LRl SHOILRARCARRIIRE: eadabLe reaferr)

Furt her, € invention nay also cover apparatuses for practi cF

enbod |[hfmitb$ ofhis hm ennuents omceSud whap paeapus: wawnprael amekezstx%@method of

2011/ 063246PC§ 0/ 05% circuit dedi ﬁat ed and/ﬁ gr ogr ampbl 5

car ry "SEFIESKE b‘é‘r AFRRRY PG SUHOB SRR RN of B¢ &S et tio R aampi e

such pRAF AkEBLEDALNEE! RhEENBHAL-R PROSA (EAPBLRT, | enﬁlnormam%ﬂpﬁﬁhedm
conputi ng devi ce when appropriately programed and may i ncl ude a

conbi nvkghpuef ltdas beputctarmomdpatisigodBvd can-amay dddiccatio i preddretnmaihe

ci rcui e.various..t.asks pertainin

Cventiiot EBunL pRERBEGIHERe N TRESP I Bk Maud ETORMATE] ot ne
end usfivé Refabblehiy thedBasUhecdiebuaher chiraadRaianfrt@leaby da@EpE Ry i atel y
filtering and conditioning the RF voltage at the ESC and utilizing. a

t ransfé#sMfuncti on that accounts for contribution of multi pl e RE frequencies
i n bi th E e I , as to
the ot of TR b ke e P ITL REERLHE LB R Rk PROEI R 22 e
val ue ssérgini 4 brambikly pol osiahe tvofeopetchralgs maRamed by Qiﬂred[xﬁﬂ‘&laémfﬁbﬂ s Figuant i on
was concejved while attenpting to | nprove an exi t|n nmet hod nmeasuri ng
DC bi as [Pttt shar “vﬂ‘-%‘?Hh‘ad‘eﬁlP%igdh‘“é‘fé’r GRS Sig g‘rcqﬁé&%‘?%‘ﬁ* hhresEn as
wel | %ﬁrnt; - YatZe }Qﬁulg@ L RgicNRLerial which housed the pin was found to be
a limting fiac tor T/\ ucti1on throughput. It has been deterni ned that

al t hmﬁ@ﬂﬁhaﬂ noﬁmlrmeﬁmmehfamim htqm taxths e H ElfetHue €dg¢ RengREuniod & &eR@nd waf er
pot ent frequenc nsf ctio | used to
Gor vl Gy dibefo Rt s SRR e R B e D e sV R o 3

f r equenGyssPideiirRd at NRLR! BEARam Research Corporation of Fremont, CA) versus the voltage

seen by St carbide pin. Given the aforementioned correlation of the Si carbide pin to the wired

water, the commutative property provides credence 1o the statement that a transfer function
volving individoal RF voltages driving plasma 1s also g valid representation of the plasma
sheath voltage at the wafer interface. In one or more embodiments, state-space analysis may be
performed on the RF voliage 1o dertve the transter functions. State-space modeling 1s well-
known and will not be elaborated here. In one or more embodiments, knovwn trapsient handling

techniques may be apphied to tmprove robustness.
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[ 00019] Testing has been done to confirmthe relationship between the

pl asma potential as seen by a Si carbide pin and the wafer potential as
measur ed W9 201 vi6sRd waf er, depicted in Figure 3. It is Pherusshoms7sshat t he
di scl osed transfer function was significantly correlated to the voltage
signal seen by the existing Si carbide pin. [00020] Figure 4 shows the
vol t age seen by the Si HER (Hot Edge Ring) during a HARC (H gh Aspect Ratio

o O Dd L oo RS R s e i s B RGO L A OB PRV ER) war sus

the VQhHé@%o§%ﬁ%;@Xn§ke%@ﬁ@%ﬁﬁnﬁuﬂddﬁk%@ﬂmﬁﬁ%t%ﬁ&h@”ﬁnt'Oned correlation of
the Si carbide pinto the wired wafer, the conmutative property provides

creden@@o t henseiyt gwekingtthatnbiditt todndifastly fumert ore DG \x:ohmpn»glt iohtieyildhral RE

Vol t ol oo R TR P B 8P i R BT R Sl Dbt Ry RIS N

anal ysb@ i@¥selRopafifab mdion FherdEA vepitageviiendeii ¥ ® itdiR ch HaRfkehat
functions. State-space nmodel ing is well-known and will not be el aborat ed

her e. <Prsighel ot ERpri82 eapethwintosRE kaowrotr-didi MB haddPith gia echicdinss nay
be ap ] [ u /. 010 30 [ 00021]
The fgﬁpﬁﬁgéggﬁgﬂk vaapggégkgggéﬁi%[?%g%%§@§§%gﬁggﬁnggﬁf& ébgmﬂ‘be better
under sliheekivhé hmlheéreﬁQﬁ@;&exﬁ@eqtdﬁqﬁ(ﬁ\ieguﬂ}e ex@ndrediSRUS Shsyctihaty el Qs ltigaw.
[00022] Generally sp eaklgﬁ the ability to indirectly neasure the DC
conpo@tbept Rﬁéumﬂagﬁa»n edinpoYaR prardipg maw‘am@bd AR 195 ASRETES
dependgmolORFacyol) g@&nmsgpﬁ GRANLELRHy e 486 EENE0doldusGh S EHRIOXME LY L0

he ESC. Flgure epicts a sys a RF I ven pl asna at consists
of an thESEF SOQag@Gmbasble'ﬁélﬁ{éé( oREngberarcatgasnbObsing 0diBpommd aE504@cdivathan

1 CauahSE) B KRORAT 1 AT BrF PAEI FRTPBEE BT Pt oriciRie Cefipichy ae “EREE oxact

frequenghasd aple %@&t% WRbih i@SoidrRei U Fi 0k BR he GRORE 8F Mpﬁuﬁﬂ@hﬁﬂ%‘%‘ may
vary according to applications. An RF rod or another suitable RF sensing

mec hamietrack $3¢ froben pmyka 9 Sf(malewndsmﬂmtfcmé mﬂcy»swlgnfsledas L oviiva el e t o
sense ( § non- pl asma exposi ng
comporintat b Seateitas i Pt Refintal: HebodNBRGl Tage t o capac: ti ve

di vi deppgret WOorkuR3I® iiapaet &y o dintildenb&BRew 4 thbaisdbsauasagiobNwikeat er
detail's herein’in connection with Fig, 5B. The output of capacitive divider
net mr»ralfamnp%e fiperipg agirstivesiddyi itjﬁwf kSR W%iﬂffch@ HadFgpe taseiig! bl ock
532, TN , nect.d h 5C
nor ei VAT R spi B A AEHETAM LRsOpRALF RIPLSE bl SAREHALR SbRIB B, o

di scl agedl mm\ﬁﬁﬁmu&mndwﬁe}lﬁEpr@c&ﬁ@intzagﬁarmlwbal thie mﬁ&;upllsrmgfaz csexpaf;iatlitme; disvi der
net wor k 530, |s coy the RF rod. (or. .a othe sui tabl e RE sensi ng
mecharf ¢S \ﬂtﬁdgéu&r% tc;‘»ﬁ % Gicp eSS vhdEe via{é caRaqiery Cab4cddipl ed to a
si gnaly, Qdess\trda@W J!:gizﬁe[lfiaqsﬁ]hg@ﬁlm Pfﬁpqgssf'h@%tﬁ&ﬂﬁ %&Hﬁm xd?t zt*&p?m%é?)fmlufmqf Fig.
5B, capacit I's In series wth capacit C2, hen'in series

W th thigh zpa:ndmtcelpadxaipadktﬂf s0i@RL @be K dnmdr@ithmgemémigmammbmm‘e KiFmedveas shown
in Flg ﬁge capaci tive divider voltage probe provides a high inpedance
pat h %?“%ng *VBi tage to be sensed without unduly perturbing the RF power
drivingoddae PreSRciflQRR4h: ke sRasikils giv 1@'&%6&@;}6&& L @aRaGichbMegli vi der
i s dependent upon the RF génerators driving the plasma, wth the highest

f r equelneineghnelamarvivethedigivet ionienantentatardeingThe dompaot ftﬂme dhei der al so
sufficien volta nal b vidin ance
path CoRleR R R Rl AY flh R B AR B SYREM A S S BRERRS
carryipagh ibheov@l it palisl Gitiah shehbh@aglagtalic aepstistbioni @er@xlﬂg t!&i anabke %wnal
processi ng apparatus. Note that these val ues are provided as exanple and
for réplrenge @mdyﬂtam Hles gt PYCCPRSHIEHgPatRRSt P‘f@%&ﬁﬁﬂiﬁ@ wlucEiage prspdete

i nput { Y, o] 0 C . 5pF
I nput i IPEARRGS i 3 refeil bf?ﬁ’%ﬁ b ﬁ%&ghggn{&é( O the g%dn&g«égsggg 5% R0 m@ o)
2011/ G&@&ﬁﬁﬂﬁﬂ\hﬁ&@&ﬂﬂ@ﬁ?4ﬁ0’ + 00Q25]). Wh!en RBF= oMt age Sﬁgﬁ&ﬂml% t>h§ﬂhmaj
cond|t| ed through a network of, nalog <§|g|tal filters. Figure 5Cis an
exanpﬁ@c WHSE%Hﬁﬁft%ﬁﬂﬁﬂ‘gﬂﬁpdg Wﬁﬁ’%ﬁﬁﬁ i gnal conditioning network of
the type inplenented in block 532 of Fig. 5A. At the input of the analog RE
vol tage signal conditioning network, the signal is split into a nunber of
separate channels (4 in the exanple,of Fig 5( ) to allow for RE filtering
of specific RE frequencies respon5|6le for driving the plasma. In this
enbodi nent, the RE generator frequencies are 2VHz, 27MHz, and 60MHz. One
channel is not filtered, which maintains the broadband voltage frequency
spectrum in this enbodi ment the four channels are converted to a DC signal
via a paSS|ve peak detector [e g. ., 1h5711 dlode] &Ihough an actlve peak
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signal is calibrated by correlating the wafer bias for plasm being driven
by all three frequencies and each subsequent variation C2MHz only, 2 MHz
and 27VHayvoeoONHs3mkl y, 27MHz and 60MHz, etc...). [00028PCAUS2MpOST48Mt
factor into the calibration is &o0 the response of the capacitive divider
vol t age probe530. The capacitive divider tends to have a uni que signal
response for each frequency. As a suggested solution, a network anal yzer

can b ed to characterize the response. WO 2011/ 063246PCT/ US2010/ 057450
ot naolBE i ProRR DG Ebb v G CTBATER T TS PBe LA R s eq
to modiifeys thgnR%H0r e gRBLLANE dnbalinRuebf SRRl fF chenkSiReraidingly This is
an i nportant conponent in manu fif cuffing accurate and repeatable

i nst r webnrk of [[GOPROnFHvecttedimsiflerk Filndthiiprt 4. oAt demput bhthewahler NI adiain
cormposed of four.inputs. the. calibrated DC voltage signals for. 2N(111iz,
oot b st SR ER S ERUS SRR APar By IR AR PR P I ol 1 age
si gnalesa@pR dffFensaplotaiiiphd RERPYIIRIBELS Gfcchret f iehenbRs r&psikiweedfdiBignt is a
function of a given frequency m xture driving the plasma. The coefficients
are déhy plagnd highglymbodimaskdhp RE epeivivsifsareresmsoneitzafdyifie) sd( st t he
mat ri Xy, consl.sting. . of the. hias, SLhe four. vall Sl S { | 4z,
v PR 1 el 0t R o Byl G e PR BRI,

coef f icgib@dimen ke fplut dahihdpna@rentded (s uMPdgnginddugingcenaligectbi @s: val ue.
Condi tional statepents and weighting factors cap al so be used to optimze
the cdébYi EHENES ABRPEHISCHPE PIREABICHE CPpldPerigrd #uteti on result. [00030]

Fi gs. 16002030 {1 bRliuflisfufn R Gl UIRSAABER: Roialib BIFIREARE bl Ale
conput'i ng waf er potential based on frequency”dependent RE voltage’signals.
I n Fi ghgi] signklipne@sscr ramgt ére ihdinahizbngids oe ealiledtcdrdd tipetied anpthe wWiadfawchar t

illTustrates how this Linear transfer function .be enpl oyed to produce
the vt ertEe pkriee, T Gyt o et o PELACEE R P& se bf a

nonl i R@akehdARS h&kobUNBLAQNY bOnBROHAS Bict IR INRE BhatB) a8 nMRLHGHONAB nbIgRT
transfer functions are believed to be better able ’fo approxi mat € the waf er

bi as vakiddecfacormplirdeRBEnolvtaigen ithe dona dopfaim o this sastans tthereivondgd bFngs. 8,

9, and .1l \are,ju t her expl r‘lyl' on of the n rjj_ S .gf, seach. app h ¢linear
vs. ndrrt iRy e e RRRLLR sBn id® a¥as 1 R R R T BRReBRT Rt »
enbodisimat FrobdssinBeni: PSR! FROA, £PLDARTR] Wle, &h]@ﬂ@esﬂgﬁﬂfﬂa&smgt@ge to the
waf er bias volt agie especially in multi-frequency applications. The wafer
bi as veippageleranalt fsrrings sepkedetestipecalibiokonrand Garir Lsrypostatione ESC
power (sppehy andl.ar. bi.as pensagl.onnekwr k. .and.or.,. 1 SUb: eNE. i N
Phe pir SRR Y BOGedt ol e BORRR A OB D REC 5P Yo Rl il BB A,

descr iabglghingn: den asd offses averchlchpiel etheghie mxdoifne fitrsach ben@elaRedd, CENEEL, ons,
pernmutations, and equivalents, which fall within the scope of this

i nventVgH !z i it an ST S e exEREF of Kt AT & f«‘éﬁﬂﬁaﬁk{)& Rays of
i mpl e RAGLI xrég%(%ﬂg@ of'® %;’QQH' ShafH RAT Y ﬁiﬁt%n & tHe R RN SRE Hor ;LI@;’Iﬁﬂﬁ‘é@a}a.ﬂﬁ%?};}h oug 2

pY 19'( £
vari ous exanpl es are provided herein, It is Intended tha ese exanples b

i |l usttihiats aﬂeozapkislndtbyIclwuiatlieﬁging,iatgﬂmme“ﬁpm@i_ chanzﬂi!nespbn@ntﬂhmafer W for that
2011/ Qz%ingudé Qﬁge/ gg}zﬂg%gl 0!%3%:?&?&:%%}%»}4\&%% of %he%ﬁ‘fig%gat{n%i would be correlated to

-

the wafer bias for plasma being drven by 2ZMHz only and the subsequent gain and offset would
be used to calibrate this channel. This 1s repeated for 27MHz and 60MHz, The broadband
signal is calibrated by correlating the wafer bias for plasma being driven by all three frequencies
and each subsequent vanation (IMHz only, 2 MHz and 27MHz, 60MHz only, 27MHz and
60MHz, etc. ).

[00028]  Animportant factor into the calibration is also the respounse of the capacitive divider
voltage probeS30. The capacitive divider tends to have a unique signal response for each

frequency. As a suggested solution, a network analyzer can be used to characterize the respouse



A method for controlling a plasma processing system operating using

I nultiple RE frequencies, conprising: obtaining an Rl voltage signal from
an Rl semsDnrgiwvmesidani sm via a hi gh i npedance pat h; PCTAISOCI®MST48g sai d
RF voltage signal to obtain a plurality of signals, said plurality of
signals including at |east individual signals corresponding to individual
ones of said nultiple RE frequencies; inputting said plurality of signals
into a_ transfer. function; and providin n output of _said transfer
Funct CoSba Lok Sraronen con bl Sherr eda o Sibyedlin Bt sal a4 ol asma
Pr 0Ceg$h:Bfe SV Mhlibhrdion AR MBERO B digdial Mhls iVRehighdhasadnffmefeRsi Ng
mechanismis sufficiently proximte to a non-plasnma exposi ng conponent of
sai d ESGusubrsystermeondbtinbabdnREN®D| t age signal. 3. The net hod of

o RS % B SRR R e R A AR A BB B 501

et hoda@hratiahMbliber®ihR SR OMMERPALeRReHRat Rell 9s RIENRRLEd at | east

by a capacitor divider network, ()The nethod of claim 1 wherein said

pl ur albreadbeagd Spepialthe splaseispmplydec den padidpliod byjagsap! euflieapsontiidiy to an

unfi| R‘S&?QQ}%{ ﬂ%dfgﬁ‘&%nvﬁ{aséi@&l 'i?équﬁ'ﬁ‘é.}gmﬁ%m% %!nkﬁ“%?tﬁg bggrﬂll The coefticients are
derived through, for example, principal component analysis (PCA) of the matrix consisting of
the wafer bias and the four voltage signals (2MHz, 27MHz, 60MHz, and broadband). The
individoal resultants of the coefficient multiplication are then summed, producing a wafer bias
value. Conditional statements and weighting factors can also be used to optimize the coefficients
and thus optimize the fransfer function result.
[00030]  Figs 6~ 10 further discuss the high impedance RF voltage probe for computing
wafer potential based on frequency dependent RF voltage signals. In Fig. 6, a linear transter
function is created and the example flowchart iflustrates how this linear transfer function may be
emploved to produce the water bias value. Fig. 7 15 a flowchant tHustrating the use of a non-
tinear transfer function to produce the wafer bias value. Non-hinear transfer functions are
believed to be betier able to approximate the water bias value from the RF voltage i some, if not
maost, situations. Figs. 8, 9, and 10 are further explanation of the merits of each approach (linear
vs. nonlinear). Both approaches provide a way, in accordance with embodiments of the
mvention, to correlate the sensed RF voltage 10 the water bias voltage, especially v multi-
frequency applications. The wafer bias voltage may then used as a feedback or control signal for
the ESC power supply and/or bias compensation network and/or other subsystems in the plasma
processing systent.
(00031 Whale this mvention has been described in terms of several preferred embodiments,
there are alterations, permmtations, and equivalents, which fall within the scope of this invention,
it should also be noted that there are many alternative ways of implementing the methods and
apparatuses of the present invention. Although various examples are provided herein, itis

mntended that these examples be Hustrative and not himiting with respect to the mvention.



7. The nethod of claiml| wherein said processing includes calibrating said
plurality of signals, 8. The nmethod of claim 1l wherein said transfer
functi on wepragesldss a |inear transfer function. 9. ThePo@tusoaoos7466 ai m 8
wherein said |inear transfer function is obtained using nmultivariate
analysis. 10. The nethod of claim| wherein said transfer function
represents a non-linear transfer functi on. 11, The nethod of claim10
wherein said non-linear function ﬁgigisned using a power equation. 12.
The nethod of claiml wherein sai d (p Ssi ng i ncludes at |east anal og
filternypg.is 43imeliie nethod of claiml. wherein said processing includes at

| east digital signal processing. WD 2011/063246PCT/ US2010/057450 .14. . A
pl asmd. pr ocessthed feygmenilognf ploguseprotorinprpgessipagtiag vhisastuligne Riaf er

di sp C n_electrostatic chuck (ESC), conprising: an RE sensing
rrechaﬁeﬁﬁm%“a?r &’I'E"Sensi ng mechanismis sufficiently proximte to a non

- pl asma eXROiNy 6O RPORSHAL: Qfnd Foth HORF tienobt @bdhadRnREa MOl din@gecghgral .

a high 'rrpedance arrangenent coupl ed to sai d RE sensing nmechanismto

faci | Pt e acquisition of said RE voltage signal while reducing

perturbat | %?Qc%gsuﬁfsa?{?ﬁ’%rmq Jrc §1E19a}?0 gt aﬁ‘x%'lﬂ)i iﬂi;?\at&fd\lg&l S8R Bfu?ﬁﬁ§% ’:le‘h ystem

mcinding at least individual signals corresponding to mdividual ones of said multiple RF
frequencies;

inputting said plurality of signals into a transfer function; and

providing an output of said transfer function as a control signal to control at least a
subsystem of said plasma processing system.
2. The method of clatm | wherein said RF sensing mechanism is sufficiently proximate to g

non-plasma exposing component of said ESC sub-sysiem to obtan said RF volage signal.

3. The method of claim 2 wherein said non-plasma exposing component is a base plate.
4, The method of claim 3 wherein said RF sensing mechanism is an RF rod.
3. The method of claim 1 wherein said high impedance path is unplemented at least by a

capacitor divider network.
6. The method of clasm 1 wherein said plurality of signals also include at least a signal

corresponding to an unfiltered broadband version of said RF voltage signal.

7. The method of claim { wherem said processing inchudes calibrating said pharality of
signals.

8. The method of claim | wherem said transfer function represents a hnear transfer function.
9. The method of claim 8 wherein said linear transfer function 1s obtained using multi-

variate analysis.

10, The method of claim | wherein said transfer fanction represents a non-linear transfer
function.

t1. The method of claim 10 wherein said non-hinear function is obtained using a power
gquation.

12, The method of claim | wherem said processing includes at least analog filtering.

13, The method of claim 1 wherein said processing imcludes at least digital signal processing.



a signal processing arrangenent configured to 'receive said : R, voltage
signal and to apply one .of a digital and anal og version of said RF voltage
signal towe?2rizmsf4er function to obtain a transfer funcPCconSeunpst450 and

an ESC power supply subsystem configured to receive said transfer function
out put as a feedback signal to control said plasma processing, system
during processing, of said at |east one wafer. .15. The plasnma processing
system of clajm 14 wherein said non-plasnma exposi conponent is a base

ol at 0.4 . 16} DIFER PrOkSHI T SR RSPy SO BT BF 2l RS RPN G PR Pre
sensi REGABGRANERRK (BS@N (REpfi@fy; 17. The plasma processing systemof claim
14 wherein said high inpedance arrangenent is inplemented at |east by a
capaci t or dinRidensinpetasbaiksm, b8l R hensplgasmbapsoce ssiingndy staemmef tehabm 14
wherein said RE voltage signal.d rocessed. by said signal processing

arr anguRame PRvEY SpRTRart YRR EHE Atk R bedl A ebet a s ghal

cor r espondianggit nRRastRfdriahefechtRbeaebandivrr sbamhOhe&RLENRE iNalilaRge signal ,
9. The plasma processing system of claim 18 wherein said processing includes
cal i brragiipigos af shipRErafipgssignal silisardpenpepenkiibagpashBF peocedsyng adlsmem of
claim14 wherein said transf.er function represents a linear transfer

funct i}%ﬁ‘f‘%ﬁﬁ%dg@@%’%ﬂ&p{r}g%%gsi ng system of claim 14 wherein said transfer
function repi@seposeRingnonnldmeaconfifaasfoaccdiungid RA.voliage signal and to apply

one of a digital and analog version of said RF voltage signal 1o a transfer function to obtain a
transfer function output; and

an ESC power supply subsystem configured to receive said transfer function output as a
feedback signal to control said plasma processing system during processing of said at least one
wafer.
1S, The plasma processing system of claim 14 wherein said non-plasma exposing component

is a base plate.

16.  The plasma processing system of claim 14 wherein said RF sensing mechanism is an RF
rod.
t7.  The plasma processing system of claim 14 wheretn said hugh impedance arrangement s

implemented at least by a capacitor divider network.

18.  The plasma processing system of claim 14 wherein said RF voltage sigual is processed by
said stgnal processing arrangement into a plurality of signals that inclades at least a signal
corresponding to an unfiltered broadband verston of said RF voltage signal.

19 The plasma processing svstem of clamm 18 wherein said processing includes calibrating
said plurality of signals.

20, The plasma processing system of claim 14 wherein saxd transfer function represents a
linear transfer function.

21, The plasma processing svstent of claim 14 wheren said transfer function represents a

non-~linear fransfer function.



