ARRANGEMENTS FOR DETECTI NG DI SCONTI NUI TY OF FLEXI BLE CONNECTI ONS FOR
CURRENT FLOW AND METHODS THEREOF BACKGROUND OF THE | NVENTI ON 100011
Advances wo 2ploapr9pr ocessi ng have provi ded for grow h ipaTiuseois@ai4e®nduct or
i ndustry. During substrate processing, conditions of the chanmber may i npact
substrate processing. A critical paraneter that may affect the plasma
processi ng of substrates is the flow of the radio frequency (RF) current.
100021 To facilitate discussion, Fig. 1 shows a sinple block diagramof a
capaci tivel y.ARMNéIEMlﬁSI’IPS PORCPETBEG TING DISCONTINUH Y QEessi ng

chanmber 102 havin n_adj ust abl e |n an_adj ustabl e ocessi ng

chanber 1BbEUBIoRGONNECTIRNS SR GURRENTICELDS, ald METHORE: "rey be

configured to be adjustable to e asma, which may be created
RERESH

bet ween an upper el ectrode 114 a | ectrode 104 (i.e., gap 106), to
be nodified as needed. 1ENEGROUNDIGF THEGNVENTRONON wherein, for exanpl e,

RF curren an RF supply 108 flows th match, 110 into
processi Hi:?ong fes i‘b@asb'g’rqr?\;‘ﬁ ssingieys prpyd ff{tgﬁgrgg’%ﬁﬁﬁfe'lsﬁ‘é"cﬁﬁd‘ﬂ?f rent may
travel alimdagrya Dueihg sub@até proceasing, &ondifidhs af GashandaCialimpact sabstaiee pl asma for
pr ocessi E%ga subst sed on el ec% ug}statlc chuck 104.

100041 TROSES'Eki Cnﬁcal?ﬂar?'ﬂ?eterwﬁité"agrazfecé\f\%rp ASPR ROCeEng QF AT 'YW ng i nto the
pl asma plﬂowessuielt‘@hcs&aﬁxermyms) aqusreml |y tries to return t o its RF source. _
overer, 5 T TR PR B SRR SRR oL L
May causeoypled piasimia poycessing sysiedn H)Otvm}faagirbce@smtgmhdmbﬁﬂ 02 hmn@m ajustabledow. I n an
Dl ¢, oHSRRL AL P B e By ERMRE SR B0, 1
gr eat er nohuchdd4, ofay e tadiguned talvddpsmble to enable a plasma, which may be created

between an upper electrode 114 and lower electrode 104 (i.e., gap 106), to be modified as

needed.

[0003] Consider the situation wherein, for example, RF current from an RF supply 108 flows

through an RF match 110 into processing chamber 102 during substrate processing. The RF

current may travel along a path 116 to couple with a gas reactant to create plasma for

processing a substrate 112, which is disposed on electrostatic chuck 104.

[0004] Those skilled in the arts are aware that RF current flowing into thé plasma processing

system 100 usually tries to return to its RT source. However, the RI current may not flow

along the intended path to return to its RF source. The uncontrolled flow of RF current back

to its RF source may cause processing conditions to fall outside of the design window. In an

example, uncontrolled flow of RF current may cause substrate 112 to experience non-

unjforrﬁity during substrate processing and may result in a greater number of defective

devices.

|0005] Since RF curfent tends to seek a path with low impedance, a low impedance path may

be provided to direct the flow of RF current. "One method of providing for a low impedance

path is by employihg a set of straps 118. In an example, eight straps may be symmetrically

connected to electrostatic chuck 104 and/or the inner lining of processing chamber 102. The

eigﬁt straps enable the RF current to flow out in a radial direction with respect to substrate

112, thereby minimizing non-uniformity and providing a more deterministic path for the RF

current.



100051 Since RF current tends to seek a path with | ow i npedance, a | ow

i npedance path may be provided to direct the flow of RF current. One nethod
of provi dvogofoororsl ow i npedance path is by enpl oyi ng aprsgtUusedlonsrsaps 118.

I n an exanple, eight straps may be symetrically connected to electrostatic
chuck 104 and/or the inner |ining of processing chanmber 102. The ei ght
straps enable the RF current to flowout in a radial direction wth respect
to substrate 112, thereby m nim zing non-uniformty and providing a nore
det er mi ni®9PPIcSipcetsht df straps A8 Rlznwlqyctbwtp.rovidb(}CE&m@iSﬁceehs‘epatbforsher%\lgs 118 is
enpl oyed | de. POl St 0. £.9r 1t t, the
integri tf}&r%P e?ﬁ\éhtg%f@g?méﬁt gt)g*éﬁﬁgﬁn%g%gg ?eoﬁaéahr%?n!tna({&%égg m‘lg’lr%%ﬁer wor ds,

t he set ofstgpy HSdag pdefmgoodavapking epndiion tagmpie gt b deeminsiictratheaidher e t hat

the det eqpichisk i ARblE, Houke, BRARY M exl:Pd iy AleSer dioEY 85 ooONdi L1 ons

may exi st that may cause set of straps”118 to | ose Its integrity and create
an i ncon¥issiteinteg iy apd ergatn an wg%am@gm imapedarice causing gkifténr wpfebcessi ng
result. EnQ)Q&Zi?rg&?ulf’.‘f orementioned, |ower electrode 104 is elevated and

|l owered to nodify the plasma created during substrate plasnma processing.

Si nce sel00871 At afagsmentioged, dover elserrdg 1Pbiselesied ndilavered ohupdify tisplasgat  of

straps 1 l@atk@d&lnﬁg?&?}&fz bﬁ%@?ro%ég%siﬂ@vﬁn&l By shgs N 1 & lsahdhed torlidcroGdtieck 104.

Over tine, material fati ., metal fatigue) may cause set of straps

ue (e > |
118 to bFlsk 104 setef asapalgféaﬁlw Fondigured fo mons alang yithelecirpsgatic shugkd 8% occurs in

a strap, ovBRintd, PRRrisIgEtdue (Y., tﬂét@ﬁaﬁﬁue}nﬂ%séibfe%ﬁt dfSushangftbrediiaicRRY
i ncreasing the mpedance of the strap. a result, the RF current nay not

flow as FHRERGEEC! BOETBY- (FchfBieHercclR b, hheorchsiatians Beeween a strap
of the setapqf ciahgedPhertyBintrRasirpRd irﬁ%%émﬁeéﬁﬁ AR rQ0I tRerE BpRAe | 1 ni ng of

processi ng chapber 102 may break. a result, the RF current may be
al t er ed. ™YHBYIOMRSINENASdt he af or ementi oned reasons, the design of a strap

may al sojjooPAatanstha esirhRE FhdbonhdcBdn Bitkéch) saijfofdhe Rbbf skrhps 108 18 RRest rap. I f
been utilized to create the strap i s poarly chosen,

the materjal that has

for exanfiFgrode h @Fﬁ)a&emr Kejpe gieprogspaing hamper 19t HAnbiee 443 feddh 8 pl asma
processi RY cGdhlldal BOSIte@dd. present a | ossy current path affecting the
efficien f the power del.ivery system . Power |oss due to poor choice of
base. rar 0PI Beris BEAR s ned ceroi i trsiay E HeRBe RO et | o, DR EF
SUMVARY  enginiE1dxMviRihhd ordiiity Ok thE keap. NV naRHalrtRdt AhHeen Liiliz8d toiddedi ment, to
a detection ci.rcui{ grra enent i@ at{ﬂ??l asnma l?r% essi. gﬁ%ﬂgnber having a ‘
movabl e [GREFP 18 PRYTY,BEEN. FrhzapplectRE SR reay Mot e tPé{‘ﬂig ¢ U Ylles a

f I exi bl eplaanngoieding\@ntingnstor ptdsédt afidsexdulest padiifRein@lthedTicierty 9etend fl exi bl e
connector_en porti the slit is

( E land at Ielgst slit. At |east.a n_o _ _
di sposed?? nerge P8 PEF &ST dye 1p goog °|“?‘ﬁee°fd’?%ﬁma‘%' MBLAK WRESTR £ exi bl e
connect orndanay aanst prérearsre éailnck. f | exi bl e connector end. The first flexible
Flexi bl e connector end 1AUE SOROARKS W THRISVERITH The plasma oo

[0010] The invention relates, in an embodiment, to a detection circuit arrangement in a

plasma processing chamber having a movable lower electrode. The detection circuit

arrangement includes a flexible connector having a first flexible connector end, a second

flexible connector end and at least a slit. At least a portion of the slit is disposed in a

direction parallel to a line drawn between the first flexible connector end and the second

flexible connector end. The first flexible connector end is coupled to the movable lower

electrode and the second flexible connector end is coupled to a component of the plasma

processing chamber, wherein the flexible conductor is configured to provide a low impedance

current path between the movable lower electrode and the component of the plasma

processing chamber. The detection circuit arrangement also includes means for detecting

2



processi ng chanber, wherein the flexible conductor is configured to provide
a | ow i npedance current path between the novable | ower el ectrode and the
conponentwof2otdieonbasnma processi ng chanber. The det ecti @QTAISRE0i082413
arrangenent al so includes neans for detecting current flow through
connector material disposed on one side of the slit. The neans for
detecting includes at least a coil wound around at |east the conductor

mat eri al di sposed on the one side of the slit and a detector circuit

coupl ed cwrenhiove tirqugh genngetprmatened dispesed o engrsidefof thgslitl Jhe meankifer above

sunmmary H&&%E shchBesH lle)ﬂst(aré&l Q;ouﬁdqzﬁomrﬁ)'leMQbm@ltoﬁ m@eridl ia‘?spbég}f o tHeON

di scl osed heréin and is not intended to |limt the scope of the invention,
whi ch i soresideradfherslit andratisteptonsireyit haupigdro thyigeil for defectisg thecufreiflgres of t he

present idMﬁ”fHe%o\W' s, [ARRS {d (Q\‘?Poderbfmérn%nSj @ﬁu%dnm@:ﬁi Gf‘%é ﬂvédﬁ%n detai | ed

description of the invention and i'n conjunction wth follow ng figures.
BRI EF DEdieretharin@pd FHpt isEyddap lipitphescor of tie lmwwmlcmmg@n*rwe present

i nvent i Ofhelchirhd e rﬁxeeéiarmem@a}éames%xa,me@em %mslmfzs%.me M\@&.&B i mpet at i on,
in the figures of the acconpany |2§ drawi ngs and in which ke reference

nuner al s 9§t bglow B ths drtqiled desceprion ﬂﬁrmemwr\mfi &ﬁonmeemmmm t@e foflogirgws a
sinpl e bhg\g}gs drawi ng of a capacitively- coupl ed pI asma proceSS| ng system

w th an adj ustabl e- %8 rocessi nﬁ chanber . gq - 2C _show, in
vari ous enbod@ﬁ%ﬁ?? SERIHAONRER E§EV58%&ﬁGﬁ3§59FT§|f‘§$8%¥G§onf|gurat|ons

for an i (doegreHegreseiRliehtidiNs Mubtfakddtbyatdy PSRN, addiot BEVEEbf INGitEiBANGe i n the
RF current flow ng through one or nore straps. [00151 Fig. 2D shows, in an

embodi meiftthe fgires,ol tsiasconipapypgdreings pdgp whieh like @&ratcéawemlﬁ refgfiPided ar ound
a connectigtilai dlenfentilingl in WEYISr erX|bIe circuit. 100161 Fig. 2E shows, in an

enbodi ment . - an ex | e nech ni cal | ement ati on of the enbodi ment of Fi
2D. [0013) Fﬂg I sﬁgys a simple b ock drawing, f a capacitively-coupled plasma processing g

system with an adjustable-gap processing chamber.

[0014] Figs. 2A — 2C show, in various embodiments of the invention, examples of different
configurations for an integrated detection circuit arrangement for detecting change in the RF
current flowing through one or more straps.

[0015] Fig. 2D shows, in an embodiment, an example implementation of an integrated coil
wounded around a connector in a multi layer flexible circuit. -

[0016] Fig. 2E shows, in an embodiment, an example mechanical implementation of the
embodiment of Fig. 2D. _

[0017] Figs. 3A — 3D show, in various embodiments of the invention, examples of different
configurations for a laminated detection circuit arrangement.

[0018] Fig. 3E and 3F show, in an embodiment of the invention, examples of different
configurations for a laminated detection circuit arrangement with a circuit and a set of
resistors.

[0019] Fig. 3G shows, in an embodiment of the invention, a simple diagram of a laminated
detection circuit arrangement with circuit.

[0020] Fig. 4A shows, in an embodiment of the invention, a simple diagram for mounting a
connector within a processing chamber. _

[0021] Fig. 4B shows, in an embodiment of the invention, a simple diagram of a connector

with the position for mounting the connector identified.



100171 F

an enbod

Igs. 3A - 3D show, in various enbodi nents of the invention,
exanpl es of different configurations for a | am nated detection circuit
arr angenmew.2000Qd2% Fi g. 3E and 3F show,
exanples of different configurations for a | am nated detection circuit
arrangement with a circuit and a set of resistors. 100191 Fig. 3G shows,

i ment of the invention, a sinple diagramof a |am nated detection

i n an enbodi nerCcTafS2al0m3isamzyent i on,

in

circuit arrangement with circuit. 100201 Fig. 4A shows, in an embodi ment of

the i nve
processi
i nventio

ntion, a si mpPETALER RESCBIPTHONAR WBQWMW(& or within a
4925 hmésentmm Wil GowdB d8RAVRYin BB Rk F@?&Qdc@‘%‘& fe@f the

n a simpl e diagram of a connector with the position for nounting
the connembestimerieihereefas dflustratedrinthercEpsRIIRENSOH nE

WERTS 100221 The

present oY &hioh Ofbimrdus s&@iﬁc%taﬁ?z%g Eét'?&ﬁin ih BrdeboPkdvighl atthorsﬂher ence to a few

enbodi ne

nts thereof as illustrated in the acconpanying drawi ngs. In the

f ol | owi ngnd¢estanding of ba presamhisventions Bavill b eppaentahowevar, to epeskifled intheg ast, or der to

provi de
apparent,

descri be

I nvent i OH)

fhal O pRUGRINVERSH %?BE’FI‘QQI&& whh&t RES&NI dfmégerypwﬁc dddiismd | be
In-the art, that present 1nvention

may be pP’&E’t‘r‘%@lﬁew%B'ERW'%%SWCPQPHW%S“P%%h%’SQE‘it’feF‘bd%@’Ebe’ insdetgihy ot her

| NSt anceg, ord&@hd ndt RAYReBIrE 65:3urd URPresBitMvRAticl r Uct ures have not been
din detail in order to not unnecessarily obscure the present

however, to one sk

23] Various embodiments are described hereinbelow, including methods and techniques.
It should be kept in mind that the invention might also cover articles of manufacture that
includes a computer readable medium on which computer-readable instructions for carrying
out embodiments of the inventive technique are stored. The computer readable medium may
include, for example, semiconductor, magnetic, opto-magnetic, optical, or other forms of
computer readable medium for storing computer readable code. Further, the invention may
also cover apparatuses for practicing embodiments of the invention. Such apparatus may
include circuits, dedicated and/or programmable, to carry out tasks pertaining to
embodiments of the invention. Examples of such apparatus include a general-purpose
computer and/or a dedicated computing device when appropriately programmed and may
include a combination of a computer/computing device and dedicated/programmable circuits
adapted for the various tasks pertaining to embodiments of the invention.

10024] As aforementioned, in the prior art, a tear or break in a strap may cause the RF current
to flow in a non-deterministic manner and may cause substrate processing to occur outside of
the design window. In one aspect of the invention, the inventor herein realized that by having
an arrangement that timely identifies connection discontinuity or variation for the RF current
flow, waste may be minimized since the tear or break may be identified before too many
substrates are defectively processed.

[0025] However, the tear or break on the strap is not easily detected. Currently, monitoring
procedures have been implemented to identify abnormal changes to processing conditions
within the chamber. However, since a tear or break in the strap may cause fluctuations in the
current flow that may be less than two percent, for example, the standard monitoring
procedures may not be able to detect the changes, especially if the processing chamber is

operating at a relatively high frequency, e.g., in the range of 200 KHz or higher.



100231 Various enbodi nents are descri bed herei nbel ow, including nethods and
techniques. It should be kept in mnd that the invention m ght also cover
articl es wh2rmm2pet ure that includes a conputer readablPeTrasdeomszm3 whi ch
conput er -readabl e instructions for carrying out enbodi nents of the

i nventive technique are stored. The conputer readabl e nedi um may incl ude,
for exanple, sem conductor, magnetic, opto-magnetic, optical, or other
forms of conputer readable nmediumfor storing conputer readable code.

Furt her, (@036l inpgeondanemwitgmbadynengsonf ¢he pagspatnrmentians ofemr nprgdatdctiphg

enbodi ne : ' ' : : } i its,

e cat og e b g b R e e ot et s
of the i fererer BexiblEsennpaters), withis aPlpsep peRcessing syskes!- odinpapsedt ghe- pur pose
conput er i AflcAlindhudd 8 itk AT iftdit SEEEReA S RARRIAA iR i e 00T ammed

and may include a conbination of a conputeér/conputing device and

dedi cat e&Fspogy Amvebe © atparenpreak ndpprregrof. ofmpagémentsaf ghesinyeatiRsalgrer t ai ni ng t o
embodi MeRcRidOf 1dnlifardd WRBEIrcuil APABdméNe il M8 PEEILENRS, cohfbclolf Prior art, a
tear or break in a strap may cause the RF current to flowin a

non- det e fRAdlsi dstertéonpd thisatiscamitnuitagf thaBE sursapbBew itoys respEdgitiey to occur
out si de @fodifbsid@sigRomMetrdPw. I n one aspect of the invention, the inventor
herein realized that by having an arrangenent that tinely identifies

connect i #1928 ‘828 sMPedimess obthe\myentgn, fhintegated Jeletion SIPYHRNEIRR Swast e may be

M ni M zZegrovided for idafify BBl cRingB @K RIRY &R flbW e Mhd iniefftel Ab@ERNLcRBuIMBNY _
substrates are defectively processed. 100251 However, the tear or break on

the strafngemeRt inchudes 4,cq9aecirrt wah as@ PR Nt e conReasior may Phgadsrf@BYiur es have

been i mphRAREA pfodides RM inp¥daABN @ RFdureit AMEIe Still Beidd BEas WithstarfdRdi t i ons
wi thin the chanber, However, since a tear or bre in the strap may cause

' \ ) break.
f1 uct uat PORSSPH CRNHRIoB WhErhe ProgRisipheltembery Thase skilled indhsartsaie Herebat | for
exanpl e, piidrarschatilRethplBy tdmded g withRGEHsUeSng BYmbRto Mifcedhé Aol @f AEt ect t he
changes, especially i fp the processing chanber is operating at-a relatively
high fre§&fty, e.g., in the range of 200 KHz or higher. 100261 In
accor danqm28y Inlan enibedime dash &dnnédier niyafdide aishiv EMieisAmaybeofieci@Btea det ecti on

circuit arrangenents are provided to.,i.dentify a discqontjnuit f a :
connect of",’cuét&gﬁ“gég‘e‘g ‘@attﬂsa ec{'lfFﬁl%Fﬂléﬁﬁd frf"@ili‘eo@é"?%’ﬁ‘né&%Eﬁ“”\?\%tq%iwﬁ a pl asma
processi fgoupl $teidhneidh okl RE&IrfenOihdidBea tumiéRIdn tBdcdilng kiéedac@nartanp&enat ed

detection circuit arrangenent for . identifying a change jn the RF current
f1 ow due' b‘sﬁorfné%{f’dat(?rmaoﬁ%églg an smBodiment the ¢ 9““%%'&6%54%"6? Vigfle i nventi on
al so i ncldetetgorairbwityiishfghretblo@dasudeithe rdsonanie fadquaitg andatthé iled4idy oe adher ed

to a connector {0 enabl etect.ign of the discontinuity of the current
¥ ow i ¢ TGt rina BT REm i S5g s R sPiresh Moy PRI Ban MERFSpens S5 s o
enbodi mendt vefy, thleudrany Bowing throwph thedod gy leped adatisantiallyrsteady aite, thefarangenent i s
provided for identifyin change .in the. RE current flow The integrated
det ect i oNe & PRANS ﬁ%"r“%%'fﬁ%@%%n‘?e fr%%eldﬁn&%éeménnééﬁbﬁgag{'%{r},cog%%’ﬁ‘ as a strap. The
connect 0f002%lyHdeevam dehaadonsavtiomaberkem(e.g hedr), phe dlowdd shel REcuriemdslance t o RE
current ile.still being able to w thstand: the ocessin ondi.tion within
the pr oc\ég'lsuf’%a Ao ehaneed, eé%é’ B8 edE %8C‘é?ﬁingh?a‘?@gi'\f\%‘%%?%%?fl‘ prior art
cur r ent | Fhevaplagyremgyoreeptiued Sy Wiet dircuit arapgomnsss axhagdedmihe resbmande r ect t he fl ow
of RF cu n L rent., h.connect or. in¢clude a slit.
The ol i t Medishiy shSe ekl s SHRRRLARR: o BRCL SRR, BR Sl T 2 T

i sol at edsdnd @nralefi¢o o ppregerotherehg notfpinRFe operatencef f ttayws bredk ioslggh t he connect or,
the RF cyshent, i nduces a current on the coil of the circuit arrangenent
that is connected to the slit. In an enbodiment, the circuit arrangement
(such as [08B3@ Ehoseetkedled oy the iavtcark piyare thatduefto proreseing condsi@suwishintte r esonance

f requency,.anadl, PLnakh HIRgda . I t j j changes in

t he currgrr?t 9 f'%w.a l&gr’}on ag&f&@@*ﬁ%ﬁ#%%ﬁ %fcf'%v&\glgég '_]Er’ltgat?m afrbg,mathe current
fl owi ng €ems@uighiet hsteabithe Riscurrepi flose may exprrisnomalight flyctugtiensdyerrifithe, therefore
the resopgRGRcdhyRifeeRRmLAMY At dLRGiveMPEIRBER (5 RPLURA MARRAHG thaR by

constant .
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100291 However, if the connection is broken (e.g., tear), the flow of the
RF current is disrupted and/ or changed, thereby causing a change in the
current fwownrigizpizeough the coil. The variati on may be eaptusced/okasis he
circuit arrangenent as a change in the resonance frequency and/or

i npedance. In an enbodinment, the circuit arrangenment is configured to send
an alert to the operator, thereby notifying the operator of a tear or break
in the connector. 100301 Those skilled in the arts are aware that due to
processi hgexpostel iogeks duingrsubstrateeprenessings the pigeudtranrbgement ey IRiTotfigurednt 1 ow in
Lhe PrOCESs}Eng BRMELL HEYpRRL: .%&%ﬁg@ﬁ ¥ cufte AR hroli e pdinist ead, the
RF current ow may erience uctuations even Tf

current - éﬁfﬁ'ﬁiilpff"?g‘ aé%?ﬁ@é@ﬂ’fﬁdsﬁ%ﬂdéhfﬁibplddemt iiyen emipdipenbunt for the sl i ght

f1 uct uat j@Rs) i emBBimeREnERRRGE B CanBRE tHe yﬁ(w@g&mﬁ.&%g processi ng,
the circuit arrangerrent may be confi gured send an alert to the

oper at or comegtpremphapgdependingipor piefesence. flm@wer@nlm@u@qsrqtmde@mlqn i s outside
of an acemnt%%%?memylmmetﬁewﬂﬁ goeﬁon@@agﬁg tnk BaioFRDAh BN 1y 100311 11
an enbodi nent e nunber of slits and positioning of the slits on a
connect oRNAHEy angaggmeNIhhIst PCSith IRy bﬁﬂ@fdémb’rl@é"w!’w aawsetkaﬁwecwr&n i nt egrat ed

det ect | OBingé feardiir} a EnhARIUERMY oBRY at'ﬂ&?lhé{‘QQn ¥hitRmaRimudd fidxdngtBs/ db@ned al ong
the edges of the connector. In another arrangement, the set of slits may be

r andond y thE4HY imsde Pasianed akas sloseia tisdpegrian(s)ginbeconBactas thahmay connect or

usual Iy egsticalBtbeRieé fikeD® téad oMbredld) 1AGetlafdtRerfek )16 heRYorRRE ay bt he slit(s)
may be positioned at or close to the [ocation(s) on the connector that may

st ati st i eaitapedalongippoytenedgss of ghecanfiectgr sipfedngst tepry stisticallydemerccwtegthpl e, t he

set of skdwasd ﬂff@ydgbefn@%bﬁdeaaednelnmgudnh@m@%;ers RfEaReddy thdintbensrect or  si nce
nost tears statistically_have occurred toward the edge of the connector.

The invefit gt %ERRE\?@'P&Of‘é‘eﬁlﬁt""lﬂi‘erﬁof“@ﬂtoby the nunmber of slits and the

posi ti onjopg2|oh ah B@bsdimbntOdh ihiBEraed AREGOR LircultQBdrderent with @napdishENnt , an
i ntegrated detection circuit arran errent vvlri]h multiple slits incl udes one

or nmore EICMCERCAF W&ﬁ@&ﬁ‘éh‘i@“%’i‘e“& PrtEteetiRg ﬁ&ha&‘ﬁea‘ﬁé*& quFeRtflowAsPMent {1 ow
at any obRe ¢ffa purfilty bBlbeatiyndn d Dl dv@P Sr iRANRoRd oT@Ipturdlicy 8fsuaps. lsnnoany one of a
pIuraI|t¥ of strag Slneonlé HfCII’CUI rranﬁ %tnfl is configured to
measure PHE OP§ Glispliarangruen is sopliswter tomresurg G uctiatioped thecorisat fiow. cur r ent
flow thr o}uggestdﬂmemﬁeﬁt%wmumhmem@dnwﬂehneasmmlcma ﬁngl@urdun

arr angenent re ardl ess ?ﬁ’f 60‘2 E‘ﬂ nt o ﬁ lbndan alternative
enbodi neﬂrt’angE‘H regpdfesfyhq plage é‘falry "e?f’ta E‘H@H’eteﬁ‘ adimentrcach Slife ¢ r cui t
ar r angemeny bé indjyiduwliyetachied nalh fspecyive d‘tcﬁi&ir?an@&hérﬁ&ipr@ﬁde dhiul@isgh, datahe nunber
of circuit,arra ment nto the fl ow of current
Chr ough. RSB PRGN, Be b Bhes hared <OTEsPErE el s o Buebi e and
conpl exi the ﬂwyofbmemonm&h tltehenlimsztvamsleﬁehamg rm.yreﬁﬁfﬂde tspacbeonmmﬁl adred in
designin n rated BGLI ci.rcuit arrange 100331 The
af or ementi ogrll c'lty had cwé a?fﬂgngetr%sn{']atmay Geed 9 85 gt erg‘;’r?g SHente “"Bowever, the
chanber onngmmddmcmxwmkmaﬂ\gerecm ng changes in the RF current flow due to
atear o ,.especially if the processing, chanb
operati ngoogﬁeg%fagor%én%ﬁned £ 7 a"anﬁem%t T8 p|asr?i)vre SVE e T 1998V [gf hese cases,
t he ci r cchambar qoadigjenmmay mabaydeadcsng ctmngmnah«t RY euraent flong @neetota tean ombreadh power ,
such as . he coil.
To0341 1| Sl LB Abe Ao RHhL nber Bne BRGNS 18 " e “Grf ven
at a di ffrmre\retdefep@quem:ye dabesnthe biecuitragengement aydsoiba e dctivg aiartghmeRF cur r ent
fl ow ng [ NG ak i coi l
f requency\% Hﬁé}}&eg%‘éﬂla%g?%f rggedﬁ%ﬁgp@;egﬂgry%gé&%ﬁge?ﬂg&c%lrn:tg%%(n?l ow t hrough
the coi | |34 Inen gmbedimens, thypaveek rynming troeghriheetiionay bealyivéreat pdiféerentsi | y

frequency than the frequency associated with the RF current flowing through the processing
chamber. By differentiating the coil frequency from the chamber frequency, changes in the

current flow through the coil due to a tear or break in the connectors may be more easily
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detected. Further, since a specific frequency is being applied to the coil,
the circuit that is enployed to detect changes in the current flow may be
si mpl i fi eslot010r2e226known frequency that is being i nducedram/usb@omsiss Al so,
since the circuit arrangenent may be preprogramed to nonitor a specific
frequency, nore data granularity may be achieved since the circuit
arrangenment is no longer required to monitor a plethora of frequencies.
100351 As aforenentioned, to provide a nore determnistic return path for

t he RF cdeteatest Furthertsinsee spesifiscfeaqoensy mebgingeprlied fxthe doib gevasewit thivas | ower

el ect 1 0denBBHI adted SHABAGR thel:3HER 73S ) e LiMiRfied {olthd hovlrrch i hanber . The
connectors e arran manner that al curr oflowin a
symmet ri thatis bad% idugs Peé’telcér\ Nsemmcnérew@stméemmmehbq prepiPrposed on t he

| ower el [gtpig% id rangenment
may have%gké)'ﬁgﬁ% %ﬁgqug%r@‘yeg%g}% ||ct)aaé|}?1lﬁ]v\h| chggglg: Chﬁ(‘:ztc))éslnsgdcctE gté ?rglﬂ{:onnect ed to
a Cir cui errangemeny smerlengemigauiredgo meaitor @ pletoradf fleguencispeci fi ¢ connector is

i dentifi ﬂfésayAé Q@refh’eﬁtﬁiﬁba téﬁmags%mdetenﬁ.m.shéram path "f‘rfr% RYt Lfrehf1®

connect or. a resul he operator 1s ab qui ck identify and

repl ace mélp*maﬂecwmwwaciméowm th%loyaﬂeleﬁtroée @ﬁ@rﬂéomp@eeq (rsl@bu t

ar r angengdvhe irhfQining) 8%@&1&%@?"%%%&6&%Fé"dn%n@e'&iﬁ%‘%ﬁﬂ“e?haf@bb\@%es' nplified
to include only a single circuit arrangenment for multiple connectors, in an

embodi meRF curr tasflavying symmetsical radialdirgation dtom e substrastyibeshdudisrosed A%t her

et hod ( gldGdvedSledtrdtid] AK nRfYcHed,ah af ERSIGImERB YheGrcBif@rkdnyerfdli hidy Bskela0 qui ckly
det ermi ne which connector may have to be replaced onCe a break in one of
the conn@eigroge Frdiopdiminiducitqach eaanectyr dxsronpagied 49 hegraitarrpggmentaThesmgenent

may be phehesrdaR it 4 sgebific eQiectsy is [RRMMAILY thedirkuiPirrdnBandroagist or i's cheaper
t han adding additional circuit arrangenents to nonjtor each connect or.

100371 THEBRAGHSIER Be caesen Bed eyl ‘H%°Reﬁt“§g? 9 wisklyddsngfy aop replace
arrangenmat“bmyo,h@c@am ly nmodified in order to accommbdate the circuit
ar r angenent Iy mply creating slits and/or providing coils. In an
ermbod me MOS8 Tatea o psrior o CIrRRstpagemegt, fhe atheF e deIeIBR BRSO i 1 cui ¢

ar r angenemingeadnt kRy 68Fipliet wlﬁdnwronlba\sln@@ cﬁr@unﬂﬁfﬂnéé&néﬂhﬂ)r aRRpRCt or .

I nstead, the | anmi nated detechl] ircuit arrarﬂ g n& be_affixed onto
one si de YNeHPTS 1g AnFRYdgpent, Fhesinelegitgut armeement may beemplpysd fRolet i on
circuit akfhadpackenta ey phgaslcm €treslt) ey bl egkily @mgm_a;\éd te qhiaﬂyldamm\aé gflicilet ection
circuit to mmc the c i on of tbhe ConneEhF uch as resdé fg:lr‘}cy) as the
connect of REVYINAYJ1a%H9 86 cgd oncr a breglnyong o FB’H‘@“P‘S‘T hay ReRideRtifsd- | ower ed.
100381 |ﬂlsanheﬁbgéibnmﬂtarrar'ﬁééﬁlehtaiﬁyl’h%tp@ﬂerﬁiﬂé Gl dd of rdplading aBlof MBgeENMENt is a
si mpl e det ecti an g%eg & rg nat d detection circuit ar rhan%t enent may. be
St 1ot chefPaEheEete fhéﬂa Pt CsTHARBROmeps RORiRS SE P he

detecti O[DOBudﬁ\elmynebﬂ’oﬁdmhlhkdhn tha indegrar@l deregti@r cidcai® hfangandrit gHay e bzﬁﬂy The

nunber of 0 dependi ng u nth manuf act ur

pref er encgaﬁg ncoééeé ac@%‘?%?‘ia?? %ﬁ&“ “‘am'é‘igweg%yfﬁ%" pEFHES F ‘2

f | exi bi | ptoyidirigleilpds at embndngexmbfmhmvmmn,gsmemtmlamaystebdeqeamntcnraned at the
| ocationsg _t hat have,been stat.isti.call tified as being nost likely to
break. 15F9ET"TN™4N b%%@a-‘(%w‘t“ \‘hatv‘r'féyci ‘ﬁ&ttb%ﬁ’,""'f‘%’é‘ P’Et’?f’%aﬁlﬂ %d detection
circuit mmimngekendon circat D@Angehene sy bmfﬁsaait@mdxfeemiebfm'ebdsnnacts:etln af
resistor §m?c¥§" rhg'nt tpeelamﬁlt%{egtd élonrgrgult drran e?nento r¥1a e pre. gtge ed o en ght hrough

t he coil T'am na ectiron cir arr & enen usuar as a
fairly | bminadddetectidmireat (o mlfnuathbcMImooﬁlhe sonn!actbﬂeuodacanrﬂsmlemy) asthe_ RF
Current Dbl PR iGEhEds My LRI dfaled hOloSerchNer €Y causi ng the
current OW n e coll ave a signiticantly higher current
val ue. | t0088inin asnembadlmmstheaamxemd mtlmmmmtaltraraerpmtma simplefdetettion| exi ng may
cause ”;EO h""?heslhr%ﬁﬁf?ﬁe QSN LRGSR £9 %%Bﬂﬁ nalb%sh&kﬁerd%to%seaﬂ& le}ééﬂ%ﬁecom act .

I n an enbodi nent etection cir reprogramed to rdentify

t he int emnncqt@nﬂn@nmmﬁsneas therrigtegiean lpep mhebrwhroehntofalmwg oa®B401 I n an
embodi mepdnfighBfod. e Adh6d of flof L&Y b pefli TRhadafié an active
circuit in l\%ﬁ - AC power % E gst/w deﬁ&tgofyt sd ?g%ﬁ on i rcu‘?igrsaS mlar to
t he af orementi oned i ntegrated det ection ci rcui t arrangenent, the driven AC
power enables the coil frequency to’e different fromthe processing
chanber frequency, thereby sinplifying the monitoring process. As a result,
granularity of data may be inproved since only specific frequency data is
gat her ed.



100411 The features and advantages of the present invention may be better
understood with reference to the figures and di scussions that follow
100421 Fiwe.208A29228C show, in various enbodi nents of thecTrsenbiossis
exanples of different configurations for an integrated detection circuit
arrangenment for detecting change in the RF current flow ng through one or
nore straps. The integrated detection circuit arrangement is an arrangement
that advant ageously requires a connector to be nodified in a sinple manner
i n or der preferénap| Engsrronneniers terddg beeale ot thiepaint of swxigumcligxibilgy rthhgenent . 100431
A Conn_ech(%ﬁtxo% go?the';:)hﬂu,s/t%éh' 9|b9g§§t1cﬁxe§£u'tﬁe I%Qa%loné’\@bt%lavé Beek SHRkiegly 0 a
detectioh circuit arrangenent in an enbodi ment. Detection circuit

ar r angenidetifed4s beige meg | ikl tobreakni t o | ng device 206 attached to a detection
circuit e @af em%'ﬂlﬁkht IPhe lrﬂﬁhtﬂﬂeth@la%@ﬁéted%%@ctn&%&lar@ﬂ@&hgﬁfs d he
situation wherein, for exanple, RF current supplied to the chanber is

f1 owi ng B&dRirgehcyreeat) mmgtomft@ewfae%%mewarthezeastorwt@héhwneﬂrcr@m fl ows
fromA tQoBm fa%ug‘mmh%mehﬁmﬁ%ﬁe&a&&am cifchRWrAdYEMER SsANG HES Lyl | n cm I
210. The di I‘%Ctl on of |l ow of the RF current is not televant

det er m niaygvalye. aioxletﬁrwif ﬁhﬁeelwésﬁsg& @e CoRnEERr, thRe“Lﬁurfé'ﬁtPaWWbeage%t%ﬂ a tear or
br eak 'na@ma&mﬁarres%@lﬂs the;lé%%ailsu@%@cu%@&%“mqmoa geoiFlma®d in coil 210

is collected and anal yzed nonitoring device 20 Fromthe data
col | ect e&gnifigantly Bigheiguaen) welée Dl9EOmE FiBRoNSHA 82N TRAYASEYNES R PRINtIR whicht

par amet efgxinSmaflcalse thfvd sk BAME Bri EMALRSIY intdiRlitlehd®y maRadABGE In 07 exanpl e,
for a connector that is in a "good condition," the induced current is

f1 owi ng &hbedimemdbedaiseten ?fcé‘t‘é'&we BICATORTIBEd i identefy the pferanivert igpals

pr ocessi ggchaa'@g&méagrehewance frequency and/or the inpedance are al so
substanti al Iry const ant if a break or tear occurs, the RF current

flowis %Pk Bl@cf"&’i‘?ﬂ'“’teﬁ'e“\ Hﬁ'&@?fi QRIGCHRMEITU AR RIBement ANy e BRALVet ect abl y
di f f er entirduitGiivhitk ACYRER pediide@ RS the BatcridRYiréxd Simietomeatohmelti@all or tear.

100461 Those Skl lled i.n the arts aje awa t hat S condi ti ons

Wit hin t HESFEAstes QNI hih RN HENh ¢ E%\‘i!fé"é“ t"‘%é"’l’-’%g' %’E‘[’ ﬁFc?‘rgW“Fché%perl ence
sl i ght fbﬂﬁﬂff@ﬁhlfﬁﬂﬁthe‘yjﬁﬁedsfng'fchzﬁn&tlfré@!éﬁcy@fhéﬂ’eyy ﬂ@pn@n@unetmmsmang not

defecti ve. Thui L10t uatj ons rJa E} 3 i 1 ca{r %Oeak in
Cre s oot Ragtesptt s T paobe BoHeHed pitFe el wer e JEa Pt ur 1 ng.
moni t or i pgpatheredce 206 may be configured to send an alert to the operator if
t he chan ecur nt flow t hrough detecti.on circ 208 is
s da Bbel e e A a0 niaft el o PT B oy Rehetit v erbse &R ot ment
100471 Irefambltteﬂheﬁgh@@hrﬂeﬁktus@fonidnafbMentl on, connector 200 may incl ude

[ tipl b df h
mul 1 Pl @ il Sue 38, SPOUBL B B0 cnBuRRels A oA, SSufePy G [rom the

connecto borrf@yrauafsfoxcbpmagfamg duﬂmnn p:rcmiterrmgementﬁ“orrde&camg)dmngean ghetRFof
connectors 0si tioned aI t h n anot her
arr ange n.én en’?%f%wméﬁltr (#Aon or, rgor?m y e?l?eafﬁtggr ed%eteétlo Clc{'(? ?l%}‘l 68}5634 ltih

connect olsarrdrigeveent rthat zgivmeagebdmat req\a&sscmrmndomto beomdrﬁedtindmaltmnsen n whi ch
maxi mum f] exin S itioned at- or close to the
| ocat i on(s3réer‘g{"ﬁgy‘]&egﬁnec‘{t‘?ﬁrgf’%&f‘ec S" Qucg‘?ﬁrés) F'@g%1 y be nore likely to tear
or br eak.lOOIB]]eAlcmmctbnmofﬁtgvMerc)udasa siiv 202, minicheégicdopled toe detaeber cishits| it s and
t he posi t odi nent, the
slits (2%’68%13@&52% Wy é{')ﬂe()%c"geﬁhec ec?QPE'i?c% tg&arég]e?g%%‘t Hr;ilélﬂgzl m)gﬁl toring

devi ce zzmunqslgsihwwqémttiqhgd toz&etdcnom@uthopé%@quimm ingedeta 09l1240.( 230 and
232) may i i 34 and
236), as l@ﬁgﬁn&@%{ﬁgs'bg@&\glﬁeq)%tf&gﬁgfﬁ%rwﬁrrlgg gi %ﬂteﬁ%ﬁ %ésaq‘?)ﬁ(é plurality
of conneflowing bedtteith BF sonee wh Fannpater 208nAsthe crrenpnflowis o A k4 Bfoper

connect Oflaufiy (RRFAHRHy Haesd AR HRAI 301 'ﬁxg dRbdibHbt he fibG oPEPL eXi Ly of
the detect| circult arrangenment nmay vary. e nunber of circuit
ar r angendfitcyrrent nopelevin indgiroyniee if diserofinyityrexisidn fhec?\ﬁ CGfT etiflopvedye ta hr ough
the coil jRARY MRy ifehabdigoon preference, space constraint and conplexity
may be sone of the factors that may need to be considered in designing the
integrated detection circuit ar rangegrrent :




100491 A tear or break in a connector does not have to occur on the slit
since a tear anywhere in the connector is translated into a different |evel
of i1 nducesocorwes29on the coil. Thus, any tear or breakpcm/usb@oosranector is
ultimately reflected in a change in the induced current on the coil.
However, if the tear occurs at or near the slit, a high likelihood exists
that the anplitude of the change may be | arger and hence nore easily
detectable. Thus, the multiple-slit design may be preferred. 100501

Al't hough [484§], Dataabopgthe sndcerCugensiip el 0 ésgiolleqtesh o arplyzed by menityingounded
around 0Qg,iQ20BDFRndtht l4tS LollebB@ nfithridEoévidt S6% RS NHUBRAE UnaAy R Uittt
non-slitted area of a connector. In one embodi ment, a coil nmay be wounded
around t REaBpteisy WCh trihrtesamanagifesarencyandsheimpedance kpr exampla ffdnnect or 240 i s
coupl ed tohnaciehfGd QP g&dd HditioR {h@'i}ﬂ%&%rrérh?stﬂm dt@%b&%nﬁl noni tori ng
device 242 attached to a detection circuit |oop f Coi | 246 of det ecti on
circuit PFE¥ly apdkngwn igig dueiRgSURPENRRIO S IR dihet. ﬂmesomsye EReyePe dndgr Bsi | 246

around CQRRQAGHER hrefk sutshBeifil! donﬁaﬁrﬁ%e\fa @ﬁ/xﬁrmkwgéar SRERERE RE cafdye MRY be
nmeasured. 100511 Detection Circuit %244 may be, in one enbodi nent, a

f1 exi bl eflpw igdisruptehand the indyged curpsngin C2E mmesq?teaﬁb'éﬁHEmWHw thean exanpl e

nmechani C@ldutddRuULER MabibPekifbefoRanerendirm@nt of Fig. 2D. In Fig. 2E there
are four |avyers CO%ISI ng a flex connectar, al] of which are insul ated

fr om one 1904k Hhase ghilled ip thejagsare awprg th %W@Gﬁﬁﬁ'“g ganfiiony wighip thempcpssinghe | ayer

t hr ough éhintter sbecaRbe tﬁélRF@ﬁHrerk Sow € eXpBidice dimiEMendtidns (Al thd 2drrerdnd 256)
and the vias are used to |nP enent the coil and the return conductor

(detecti GHTYE CATCIrpYp Nt AtegiveriTgus, Spgtutigng may pRYAvast PerigdigeivecE2 FI ex

circuit bEeaMﬁ\hheéGﬂﬂéMbrl mohhﬂmarettheambnﬂa odl elietpb Sifivds ﬁ@hﬁ&u&sﬁhgn will be
provi ded. As cag&F >c!qate the flex circuit exanp ‘lﬁ%but one
i mpl enenfEPIYRESEYIES 6f'1’aé( eigPRfigured e pand afpled 1q 98?&’?‘ eithi ted by

the ex aﬁ‘ﬁ!llrﬁbnt A90iag thrdigh dakaloarralii 106128 insrgdadfed aebafneae pRdefaiedCui t
arrange As mentioned, in an enbodi nent, an

g ﬁ‘BaSSI Ve ran enent .
active a V%fh%' e %ﬁfi‘&? Wed in which AC power is provided to the .
coil. Comd]ernadothhenﬁbﬂlmbﬂdﬁ'ﬂwe\ﬁh&h&brﬂcoﬁn@d’tom&mb’ench&l@nﬁmw slitsSagor ovi ded

to detect,on.c p 208 t as ific f uency in FIG.2A. Unlike the
bassi ve PR BEIEAE 120 ASien BearBreRled o o BERRENG B by FETE (o be

noni t or ednd/cbrhlse positiohi0g oﬂeuslneomzi c@nemwavaa@rdemagmpbn prefesenbeaFok 0 noni t or
the freque coil . 1n, other

wor ds. ¢ RER A P SeBr-ha iy oB B Fiameste s Ui s o it ust B, InpnBpl P
fr equencyrrangsmea,dhoietafqhkseh&yareaaxﬁlbmi)rmmemmae&ss thbennegoé@nHbwevet,y of data

gﬁ‘;l Sgeldg}% rgégt%iarT ggcg tﬁ) OeCC T a?l%ga%o%é & fhlg\i&x?rgymgl%tug‘%{n%% CcaftP'hv e nsﬂg%% nd
f r equencyay hapositiohédator Eloserp tﬂedoaahamj@n tercooueetoc that Bayngaisfitaligbeiat i ons i n

the RF CMFeelﬂ(tel tl) g‘é’r WealﬁeTﬂé n(' nQML thof:v eqeg ﬁgttllﬁuteﬁ %f ﬁl%lnambé/r O\e%ﬁthl na

chanber e operating a are uenc , In the
range of aRe Kdﬂztloomghfgheht)ontmmanng an |nduced AC povver to the coil that

differs LJoQ?? l‘iﬂﬁ eHBAITRER, FOARL B30 bE2IPRAEY B difecliAMh Sfiel B SR €aST 1Y
detect the fluctuation. _
monitoring device 224, as shown in Fig. 2B. In another embodiment, each slit (230 and 232)
may be connected to its own respective monitoring device (234 and 236), as shown in Fig.
2C. In yet another embodiment, slits in a plurality of connectors (whether one slit per
connector or multiple slits per connector) may be coupled to a single monitoring circuit. The
complexity of the detection circuit arrangement may vary. Although, the number of circuit
arrangements that may be employed to monitor the flow of current through the coil may vary

depending on preference, space constraint and complexity may be some of the factors that

may need to be considered in designing the integrated detection circuit arrangement.
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100541 Figs. 3A - 3D show, in various enbodi nents of the invention,
exanpl es of different configurations for a | am nated detection circuit

arr angemewo.2oidni2pde the integrated detection circuit arramgsoenot3zfi3 Figs.
2A - 2C, the lam nated detection circuit arrangenment is conpatible with
standard connector designs. In other words, the connector design does not
have to be nodified in order to accommbdate the detection circuit
arrangenent. Instead, the |lam nated detection circuit arrangenment may be

af fi xed (@949 A teayeri baepkama egpecsprdoss mot haleds pacal) ort the dlit sineas tearmmewhérele of t he
connect of, &QC({HREHh&rQ{ n&nGﬁteB'F é&%ff{%&h fefd UF a3l PurrehPQPhd cAm FHls %EPOO“ ment  of
t he i nvention am nated detection circuit arrangenent

pre-str etesherdbreals imtharcennedter ig mmatelyornﬂmedtlhechﬁoewedbqynducmayrena@ there

connect okf | gxaSeMian t@z}{' 09‘%’&?{ atOf fGH {hggﬁ‘t 4 Bi !?hl‘?e\ﬁ%&ﬂex%'is thi W/ o %%EHME' ng
substrate. processi ng, e nated detectfon cifcuit arrange is also
fl exi ng af baghanie may bedargerand berse motQ@Ssidylderqstable. i thiemeutiple- slhdeSIam nat ed
det ecti of,Cht fldfetred@l Fangenent is a sinple detectlon circuit loop. The
configuration of the detection circuit |oop var I n an enbodi nent, the

dot ecti of0SPl aloush BeAvap, MARS Sopeassodsih s UG Drvepndgivround opeet h

desi gn 3912m61%'sgt(s)?{@ eoildn gﬂifpso%e%‘Jn&'aQﬂﬂnQQ%rgﬂm%@ﬂreﬁ bt feonAelor. &h one
mul ti pl e-prong e3|q ?F? and the |1 ke. As can be appreciated
t!mbie.we €

f r om t he ePBedUg#ItAfLO! riawup%thﬁs@tlrw?ﬁnﬁ@@rwtht wehowa inhig2Dhg or t he

nunber ofs RhRRESLAEEESUPIA th B BetddtioA BBGRRhageHRHENA may TAAIR aGRAREGILOr S tend
to break at the point of maximumflexibility, the prongs/teeth may be

posi t i onderieg24¢ H%acf’%ﬁ:‘ata|d6‘ﬁ§“°t"r‘r‘§€“‘h'891é2‘b‘e&?‘@f‘éf’f%"NCE%H figeuit {poR2H ised as

bei ng Mosouhdelf Blo¥ind @nREcBR840. 18P EEEclidg B 266 R06HI BB RtecRt 24d) heifllyeNt i ON, a
| am nated detection circuit arran?Pérrent 310 is a circuit with a set of

resi st or §'790t fow degush copngerordddRAy e MeasWede circuit is a DCcircuit. In

anot her gouBOdDEESbR cikdu@ 16dp Y intay b8, iR Bne mboliinteni, Bﬂek.em(@%t fekydptgct i on
circuit arrangenment 310 rmay inc ude a nmonitor device connected to a

conduct of 1834t Shops, 18 gn %‘HWHP?%T?Pe"?’WéeE’Sﬂ\a{’ﬁﬂl"&?]ie@ﬁmﬁ‘f°“d’6l‘hfuct or 314 may
vary to bm&scﬁaaﬁofhg ARNRIFg. \zEtther@afre fhuelagas e&ﬁprmglamsa cbﬁhe&bﬁkll up the
operatin % e I n antg az l.e, the confi gé 8 (f, gductor 314b
of Fig.- [51‘"‘ °Hé?’5€f’? ¢ (Inselrian isypot showpyy Eirg §’| Vet 8Y¢'he changes
innb t ge Rihréugh With aidf RFGutent i eenped. alal_yagzhr(ewesu:h@ﬁzss}%&ﬁéwh@aran :
enbodi nent,. a _set of resjsto or ot ass onents
may be i ¥ Fé‘h‘é‘???eé'?f"f the &y ﬂ’&é{eorf t‘i’ﬁﬁé‘%“‘?%@“\‘}ﬁ?‘lﬁ’@% Hﬁ‘é Q(C{ﬁ ent being
driven i eGontoridgidevidd 4FlexTEittsit isj.\ifellakrio%ﬁn &zert@ﬁ&wﬁidmualdﬁbgusalodlusm uption in
t he noni orin.gﬁ‘EF cur&ent flow, t:ae va of 1he currelnt fl ow g%through
conduct oP¢ BN U5 ASfaR %%éecéﬁtegnfhf' S’éﬁ'fﬁ“i} eé?"?f’é%‘s(%h%‘ﬁéTBFmﬁ%'% €

essent i alﬂb;yblbemmite Tais nmeﬂmmk hmllin’ﬁtedﬁj'ﬂﬁexatdi;ﬂe current value is

ignifi | uct uations in

o tor | AR AR b e ot SF et ip CE5H ifpepsniins RS RIBLCL cd by
noni t or ekemecmnﬁdﬂn an embodiment, an active arrangement may be provided in which AC

power is provided to the coil. Considered the situation wherein, for example, AC power is

provided to detection circuit loop 208 at a specific frequency in FIG 2A. Unlike the passive

arrangement in which a plethora of frequencies may have to be monitored, the monitor device

of,an active arrangement only has to monitor the frequency at which the AC power is

provided to the coil. In other words, the monitor device may be tuned to detect changes at a

specific frequency instead of a plethora of frequencies. Thus, granularity of data may be

improved since only specific frequency data is gathered and analyzed.

[{0053] In an embodiment, the AC power may be driven at a frequency that differs from the

chamber frequency. Since fluctuations in the RF current flow may be difficult to detect,
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100591 In an enbodi ment, a |lam nated detection circuit arrangenent 330 is
configured as an active circuit (Fig. 3G . Lamnated detection circuit

ar rangenew0 288012029 | ncl ude a conduct or 332 connect ed t @Ca/useoos241zievi ce
334 capabl e of sourcing voltage or current. Power (either DC or AC) may be
provi ded at a specific frequency to conductor 332, in an enbodi nent. Unlike
| am nat ed detection circuit arrangenent 310 in which different frequencies
may have to be nonitored, nonitor device 334 may be tuned to nmeasure only

t he freqeseoyllyavithina clambsethptonayrbeioperpling\at d eddatively highdregnency 882.infe a resul t,
gr anul ar

f requenc;r/z}"l)"‘g9{325%g q%fle(gwgfgﬁé’ rm{lng%ngﬁggcﬁ%wt tg%é]@w? ?@“335‘%@? dgE {h\%hl ch the
power is chﬁ@?hqgerpblss/me@ntt@ngdmemoomore@zﬂmcdthﬁﬂeiﬂtu#troom t he frequencies

t hat may hi FAARESSD b t he
nonitori #ﬁ)’éh %gé jbglﬁ?f ?‘e\?‘gntl at ?%‘gkﬁtﬁ@?‘?‘?' gzglgrr?g é%aﬁbfgg%d{ﬁ%rg@ 332 from
t he chamg@l‘r gmaé@méwcq le@mateaéetmt@mcmama@rmsgemmt h@lwd@uﬁmmd ddtestioniue to a
t ear (Suencﬁsmra&%rne%%@)p.gs%m&e tﬁ@PAHl%te‘a%EFe& o%%rcvﬁ?ﬂﬁa%?é%l)én%sw thin a
processi ng chanber th I's operating at a fairl requency, e.g., in

t he rangéorawantzbomhﬁzanéqrrd sergReer. desiguss 1p owbprgffor%a\d@wemyﬂor fesign deerodli ment  of
the i nvephieQde ﬁ\o&ﬁ Jn%rdi:'r i cedthrh&dad R/ ikdchign arcﬁﬁ'aﬂgrfgtsﬁént‘l%te% Wy n a
processi ng chanber 400. Connector 402 may be nounted to a | ower el ectrode
404 and/ &miggied %Wéﬁ*oq qingpip grrangomest may be alfized{g.2c Msind &t appoprigie adhesiyer  of

nount i ng (ddt Makione Sdf b thd cdnhEXdrhd Mok RRAUFurRitdetitin fainect or 402 may be
nmounted to | ower el ectrode 404 via a nount Idré bl ock arrangement 406 (406a

and 406b)00SFnZA cphedirprtoh the iRvsAtiRTe the famjemeddelection GIcaiPEMEHREWEEN nount i ng

bl ock 408apRRHettRd hﬂﬁxcbﬁé&ﬁdnﬁ@rﬁ& thelohdcevr ] Yhusaasstﬁ&%gecftdr%kéglvﬁ\eﬁonneCt or
end of connector 402 nmay be rmounted to a conponent of the processing

chanber eme'a%"qdﬁfféﬂevmeﬁPh'gwarféfluwngéulastfﬁwmcreﬁg*smhetam%atqdamémt 408
(408a andird@@bhngeMad ifals€ AEXMRCAG wildhd@MnkeorCl anped bet ween nounti ng

bl ocks 408a and 408b 100621 As aforenentioned, a non-determnistic RF
current 156k apsmRodigentihe @Plé%“’é‘d’efef"% GySYIT AEABURANT 1519 SERIS dteqtign ween
connect okirdfitdoadN T ht oNTguRtieC o theigetetfdn drtdit Wop AP Qbiry! INAN@nibiRnet, dier ocessi ng
chanber éOO To. acciount for the ggtentlg b%%éconne tion, ng circuit
prong- | i RECHRR ciewt agp maychaye p Biopg dgsiep;30R (i tﬁﬁhaﬁéﬁ“ﬁ% & 3. vr near
the nountwd:gdéaL@&@de(s@s;shm@my a U1 6- ﬂgn@he@@h 386 CFig 3DFlafd thd Bke. Al SO,

since a is stati i cal nore |jkel near a stressed area
(such asg‘é ktifef‘PPrSHatﬁ% ‘,“tﬁea{??qg&mg Hhe ‘8?"?"6‘5?13“6? Hﬁ‘éedrhylé'éﬁ PRSHIORIPBOhear t he
|m)llin|t [ Rg tﬁghﬂfﬁ)liﬁr of prosips7@etllinl the afrdigeradnv.Cc KooK daeoezfcoahém:eﬁ@fo tredRiagher

i keliho 0 tectin e i n connectoQr 4 or a,short circuit across
452. 10088 PR PTOTGRUBRES RS RErBsEiFsD Ty P peuiiered i Bracaps Wigenent. may
be utili hae been stidrndally iieniddes beinnimesllikelg td bredk. may be enpl oyed to provide a

det t ut di (] .th f RF t k t t
" 2 e S SORHIR ) b HER o B UeES: LSyt b T Rl PEEE L L
the RF cmrmmn»tnhtao;en‘dfow:stms ang; BErEhah embodxraeht ahe dicurédd DO clrevdmla he

subst r at eﬁotl\l/evbl CEO ng rcunt IS nréé; I1C tV\ﬁa n gget tle' 100t641 e

enbodi neft’ ¢BH Pt e at e f"ﬁ EHPR BT PIRTGENent . Wth a
one-t o- oaeo me;l mbludnmsdnorptobdémthlmwmmaccbmducanellzt h&aﬁembaﬂnmera,rthangerrent,
a tear or e n Q dentlf ed b h ui.t arr ngerrent
that is c%'ﬁx &y on cgmfufoig’ gginng c‘fagf O'T(fiﬁé%ql P 5%/11?'1' e%ercxr?)cf)&“ Rt "a si ngl e
circuit ack amgenmnngefyeqb@c&srplnayedamme mmobﬁguratmneftdnaucmrrﬁemomgct or.

2 v angenin e RRES SRR oF Wb ror ek SIS S brdl e T e RS e g
physi cal tﬁem’sgetmgﬁmqyemmm dentify the actual connector with the tear

ent' o of%es AF e Sitodthet SRR 8 EAINAR] FoleE o BN ELINBRERERE 1 1)

t he connbetmplenignie in ¢paducser3 14 mﬁpwnrethe vilfe affthe qduthtbr:m dgestin pqqluctped to
identifysihern,bag's &%@6 ki JoLToni ficantly
greater than tuﬁe cgst 0 r%Lwa%'?ér?g&%rﬁﬁet%gﬁ?%g%ggou%%&ggﬁtnfgd@?mes t he
entire group of connectors may be replaced when any connector is
ascertained to be bad instead of taklng the plasma processing system
offline for an extended period of tine.



100661 As can be appreciated fromthe forgoing, one or nore enbodi nents of
the present invention provide for arrangenents and net hods for detecting
connect i omodnexcpi2onui ty of or variations in RF current PCiras2ewoibi4m3 a

pl asma processing chanber. By integrating a detection circuit arrangenent
with one or nore connectors, a tear or break on a connector may be

i dentified due to fluctuations in the RF current flow within the processing
chanber. Wth a detection circuit arrangenment, non-uniformty within the
processi ngjuctfthtemrentflowies thipagh sdnidectori3d4 may dmaye sigmfieantlpsiocecost | y wast e

due to s Qﬁﬁ:&@xtﬂ4W&Q&?e?ﬁbl%e@%é%rﬂ%egtnéume sn{ggﬁﬁémm Tefalll x.f.@&my ni ni zed.

100671 e this I nvention descri b In terms o evera

pr ef er r edpwenbitrdio sk Bas acpusted, the Buctvationsip thsrmaonitgung i enrreanfiow diedo
equi val eqsso0iil 4 o Las) SR ARORRVRL 3N S [ nvent i on. Al t hough

vari ous exanpl ed are provid hefein, it is intended that these exanples be
i 11 ustralQ0s8l lapa ewbﬁdm?rmqhawglawﬂtdnteqﬂ@g;sé@vt argngament FHPaneonfgured 300681 Al so,

the tltlgc@v@@ucmmryc)arL%m%&wd@é& &%ﬁﬂ‘&éaqgemnymmﬁaumd shoul d not be
used to construe the scope of the clains herein. Further, the abstract is

wri tten condgeten FRIcgnngeipd B\A ra%far floyih3ah erprile BF sppTcied okgedr AR conveni ence

and thus P§xb&léénﬂ1ef‘9t opﬁ Y Qé’ pévided &%@E@ciﬁb@réa{xedcy 'EB donflRfor (3‘523 i@hd 1 nvention,
which is expressed in e clalns. term"set" is enployed herein,

such t er finpadimenteHakks I%ramhts%etwlgnewmﬁmemﬁeréﬂeﬂrbwcw BeRati cal meani ng

t o cover frR@leRoiesds ha®¥ tolBRmonithrdd, ridifof BARE B34 thhy SdRdddo fled@rdXsh Jnaé ed that
there are many alternative ways of inp Ienentlgg t he met hods and appar at uses

of the pffEREAYY gt W@hfhemewewlﬁproglqeﬁ&@n%@rﬁm HeEstih gRnelpdy phfatbwi ng

appended nfa 8é nﬁ)rmdlsiﬁ&@am@a@@boa fpwﬁé ﬂ@ﬂu@&y@i%tmh alterations,
pernutations, and equi val en%s as hin the true spirit and scope of

Ehe. pr s SI001 Tn B ATPiment P {rimetmet Whish e eiss Peing previdd o gomfuaor
processi Ngp MHATHE frdhditle figq@ntiey Bl hay RWEWitRh BRIFRERingRnsHRBLGhdry Circuit
art angemsalrxl}phtcymg éx%lom%rmg process. By differentiating the frequency in conductor 332 from

the chamber frequencies, the fluctuations in the RF current flow due to a tear (such as tear

336) is more easily detected, especially within a processing chamber that is operating at a

fairly high frequency, e.g., in the range of 200 KHz or higher.

" [0061] Fig. 4A shows, in an embodiment of the invention, a simple diagram for mounting a
connector 402 within a processing chamber 400. Connector 402 may be mounted to a lower
electrode 404 and/or an inner lining 412 of processing chamber 400 via a set of mounting
blocks. A first flexible connector end of connector 402 may be mounted to lower electrode
404 via a mounting block arrangement 406 (406a and 406b). In an embodiment, connector
402 may be clamped between mounting block 406a and mounting block 406b. Similarly, a
second flexible connector end of connector 402 may be mounted to a component of the
processing chamber (such as inner lining 412) via a mounting block arrangement 408 (408a
and 408b). Again, connector 402 may be clamped between mounting blocks 408a and 408b.
[0062] As aforementioned, a non-deterministic RF current return path may be created if a bad
connection exists between connector 402 and lower electrode 404 and/or inner lining 412 of
processing chamber 400. To account for the potential bad connection, the circuit prong-like
pattern of the detection circuit may be positioned at or near the mounting blocks (as shown by
mounting block 450 in Fig. 4B). Also, since a break is statistically more likely to happen

near a stressed area (such as a location 452), having the circuit prong-like pattern near the
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a flexible connector having a first flexible connector end, a second

fl exi ble connector end and at least a slit, wherein at |east a portion of
sai d slitwop=odigprsed in a direction parallel to a |inerdraseolo®sueen sai d
first flexible connector end and said second flexible connector end, said
first flexible connector end is coupled to said novable | ower el ectrode,
sai d second flexible connector end is coupled to a conponent of said plasma

processing chanber, wherein said flexible conductor is configured to
provi de moumwgubﬂnséﬁmc@do&lag therbloch heundpryallewnfos a higherdikelifioed p ting ect r ode

and said, %QHPQH%H&xﬁ rqsg&@agﬁnggggggglng chanber; and neans for

detecting current rough connector materi al dlsposed on one side of
said sli tl006§la4\@1qn'ﬁlaﬁ@y F@?ﬂe@@"t‘é’ét‘i shgwn.riimifpd prgpgamentanpy e ytilizsi to figumid ar ound

a | east %‘@'o%ef:%qw&rgfham dﬁ%é @Aplw oR ?ﬂ?@@m§@d@te%ﬁls§é Qv@ qur cﬁt%l:t% slit and

a detector circuit coupled to Jard or detecting sal current flow.
2. The déedlow SRFqureniibackdp itaReoser. Grmerallwithn donpdstoredre amsanged Wat ect or

Ci roul U kan SRRl 4RI ARRhE Rod iB8LyntherhEl AR BT RuGPEbAGCd about said

current flow to determ ne when change to sald current flowi1s outside a
predef i n&¢Pstraie.adygigidispoged orribe pwverelequgfie:ci rcui t arrangenment of claim 2

wher ei N $6vied) Bah e&Bo&ﬁaEﬁ%E@E&néd&ﬁ':yﬂ?e‘gra&rd Wit frberh& OWAGE T requency
and i npedance. 4. The detection circuit arrangement of claim 3 wherein

sai d f | efMioeong siionshin betyean heconpagior aRy the girquit arangemens; hteaar dregkiint i pl e

slits argcemeasct RiindRddy Mt SEBEhAN had i§ 6Hinketed t@-theldRnddRk ection circuit
arrangenment of claim 3 mﬁereln said flexible connector includes nmultiple

slits, whWOE) kq apother embpdimsnt, & sipgle pifuitiagprgedentmay b eppipyedodepniter an

i ndi vi du@oretBirfsile @bnriebtb€ Uk lthougithe dMEroGRdng Clré i hrfahgdmitnt may SiApSORRNt of claim
3 wherein an alternatlng?current AC S|gnal s applied to said coil. 7.

The det efEFYAN ATRNSEMEN ARG REFEIRERAY NBYE QIS W%‘@P%l‘ﬁ“%ﬁed’ Rbyssahnal is at a
di f f er eninspdcash) @ A¥ntif 8id aBtuhIlcORNLBIE Wit &S k. Al SFevet, ifth&&storGeplacaiat f 1 ow..

the connector is relatively cheap, the entire group of connectors may be replaced instead of
having to identify the connector with the tear. Further, if the downtime cost required to
identify the “bad” connector from a group of connectors is significantly greater than the cost
of replacing the entire group of connectors, the entire group of connectors may be replaced
when any connector is ascertained to be bad instead of taking the plasma processing system
offline for an extended period of time.
[0066] As can be appreciated from the forgoing, one or more embodiments of the present
invention provide for arrangements and methods for detecting connection discontinuity of or
variations in RF current flow within a plasma processing chamber. By integrating a detection
circuit arrangement with one or more connectors, a tear or break on a connector may be
identified due to fluctuations in the RF current flow within the processing chamber. With a
detection circuit arrangement, non-uniformity within the processing chamber may be
identified in a timely manner and costly waste due to substrate processing outside of the
process window may be minimized.

- [0067] While this invention has been described in terms of several preferred embodiments,
there are alterations, permuitations, and equivalents, which fall within the scope of this
invention. Although various examples are provided herein, it is intended that these examples

be illustrative and not limiting with respect to the invention.
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8. In a plasnma processing chanber having a novabl e | ower electrode, a
havi ng. a Worsto/Eban bl o connect o end and a second {1 exbirasoannestor end.
Z?;gtIBBZT ;gﬁélgggpﬁgnPFg;?LIgngohieg?gflggdt?ssgggprgga?gealggﬁ;onent of
confi Gured to provide a I ow i mpedance current path between said movabl e

| ower el ¢a6Blodilso.dhectkitiecind seunpyneroddeddaic fof cammiprozesbovid nattienber ; and
means o4 ERRINEHEE e Al hOLR, PR Zt L BB ERTIPRAAY . O71 €

ci rcui t . abigeviargdeforte prdis provided hereintforaponvenigeseand thy slkduld not Be ehpdoxedito sai d

o det o6y b S AnlenE BIcatfqrEth, wihelts biprels 7 e SEREr O BB ™"
connect oemployesktiersin, subirteral ie tanderbto; hsVQ-:-lFSe?Omdlyamderbtgmbmetuematmﬂ. The

ai d_cur oy PE sk zb® e Mo lnaf bl el sl ) b (A ke 46 0L 1O
ar r angemEBny dfemeariyg waysef méwemng aiedneﬁwéﬁgld@@mratgm af the prefaneinyersionat | east
mans. £ or aeers RIS Bl e TR e o e P oment s,
wher ei n 8lgrefiogs pepHutgiens pydequivaisals an fal Withinl thejeue spiE and scapesefitheppresenssi st or s,

a set of ;jvegiat ors, and a set of capacitors.
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13. The detection circuit arrangenent of claim8 wherein said detector
circuit is configured to analyze a set of paranmeters coll ected about said
current fwowotoo2gmber mi ne when change in said current flPowuUsSsol00BBiEe a
predefined threshold. 14. The detection circuit arrangenent of claim8
wherein at | east one of alternating current signal (AC) and direct current
(DC) signal is induced on said coil. 15. The detection circuit arrangenent
of claim 14 wherein said at | east one of said AC signal and said DC signal
is at a different frequency than aOlAdMSency associated with said current
fl ow t hr QuahisSaifkdfil.exi bl e connector. 16. A nethod for identifying
discontinuity 1n a current path during plasma processing, conprising:

provi di nd- a pinaphasmp prasesswi hpnetienhdying amerMablg lawearsigetiide, 4 dpigsHongisert r ode;
provi din ' eonnector having a first flexible connector end and a
second f?ré%g%k%%g%ﬁgg{t%br end, wherein said flexible connector having at

| east a coil aiexgileepnnestey hawnge fist flexible cannectqitead. sacond iflgxiblgicpnneetapl ed t o

sai d det @ef O aflekdt Wit WRerGR A 1bAUS 58PS sail shiGagikpdled RGldiRgioh patpat flow
fa [ and att f

t hrough saird flexi bl e connector; achlgcgg sali irst flexible
connect ofo &g draynskereersya Grseflexdhle conspaenend aed spifsesnd flexiblesaaneetoexi bl e

connect Okn 944 Filt AexATRMAENr Al is3BUfle b 3BTTORENE R} E1EcoBARHE SecondIer €1 N
said flexible conductor is configured to provide a | ow i npedance current

pat h bet Reehe sengctaispd i wupledara comperanbefsaid pdpsmapepcessitp shasier.of sai d pl asmm
processi RiereiamiBRexible conductor is configured to provide a low impedance current path

between said movable lower electrode and said component of said plasma processing
chamber; and
means for detecting current flow through connector material disposed on one side of

said slit, said means for detecting including at least a coil wound around a least said
conductor material disposed on said one side of said slit and a detector circuit coupled to said
coil for detecting said current flow. -
2. The detection circuit arrangement of claim | wherein said detector circuit is
configured to analyze a set of parameters collected about said current flow to determine when
change to said current flow is outside a predefined threshold.
3. The detection circuit arrangement of claim 2 wherein said set of parameters includes
at least one of resonance frequency and impedance.

4. The detection circuit arrangement of claim 3 wherein said flexible connector inéludes
multiple slits, wherein said multiple slits are connected to a single detector circuit.
5. The detection circuit arrangement of claim 3 wherein said flexible connector includes
multiple slits, wherein each slit of said multiple slits is connected to an individual detector
circuit.
6. The detection circuit arrangement of claim 3 wherein an alternating current (AC)
signal is applied to said coil.
7. The detection circuit arrangement of claim 6 wherein said AC signal is at a different
frequency than a frequency associated with said current flow.
8. In a plasma processing chamber having a movable lower electrode, a detection circuit

arrangement comprising:
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17. The method of claim 16 wherein said flexible connector includes at

| east a slit and said coil is wound around at |east said slit, wherein at

| east a pwotznmm2ef29said slit is disposed in a directionpPpanasbkéelodzesa |ine
drawn between said first flexible connector end and said second flexible
connector end. 18. The nmethod of claim 16 wherein said coil coupled to
said detector circuit is affixed to said flexible connector using an
adhesive, wherein said coil coupled to said detector circuit is

pre- stret checr fexitdgeapnectordpying afirst Henible eapneatorend andpeseeanddlexler cuit to mmc

condi tio @é‘m@(ftorseﬂh dsalfdlfﬁgi'ﬂl@hﬁlecégm%l; &d 19§ou?l%ﬂ th daRMREvable §6hdr elErd R, €l evat ed

and | owered . The nmethod of claim1l urther 1ncluding at |east
col | ecti piyd a:atnrai %&ﬁcoaw&r end issaypigdae a cempanertiof s3id plavna Rresessing ow and

anal yZi nghapfed “%@Jem%dﬁﬁmfé%ﬁ&&to\‘is%o§ﬁgu¢edqsbn%ﬁd% 16 [nfepélidnct Gurflat er m ne
when change in said current flowis outsid predefined threshold. 20.

The met hawh betwesnssad meyablg lawes eleptrrde gebspid qqamemeﬁgo%spldwéaég@ PEPRESSHE

al ternat gghvedahent (AC) signal and direct current (DC) signal on said
coil, wherein said at |east one of said AC signal and said DC signal is at
a different fiPpeassBndsteqingaument flaythapeah Sagélseplgtcewem ﬁalgaxeenséarrrent f1 ow

through a@bdlinf iRKidReQt RAIREE Afached to a detector circuit. A
9. The detection circuit arrangement of claim 8 wherein said means for detecting said
current flow is pre-stretched to enable said means for detecting said current flow to mimic
conditions of said flexible connector as said lower electrode is elevated and lowered.
10.  The detection circuit arrangement of claim 8 wherein said means for detecting said
current flow has a prong configuration,
I1.  The detection circuit arrangement of claim 10 wherein said prong configuration
includes at feast two prongs.b
12.  The detection circuit arrangement of claim 10 wherein said means for detecting said
current flow includes a set of passive components, wherein said set of passive components
includes one of a set of resistors, a set of inductors, and a set of capacitors.
13.  The detection circuit arrangement of claim 8 wherein said detector circuit is
configured to analyze a set of parameters collected about said current flow to determine when
change in said current flow is outside a predefined threshold.
14.  The detection circuit arrangement of claim 8 wherein at least one of alternating
current signal (AC) and direct current (DC) signal is induced on said coil.
15.  The detection circuit arrangement of claim 14 wherein said at least one of said AC
signal and said DC signal is at a different frequency than a frequency associated with said
current flow through said flexible connector.
16. A method for identifying discontinuity in a current path during plasma processing,
comprising:
providing a plasma processing chamber having a movable lower electrode;
providing a flexible connector having a first flexible connector end and a second
flexible connector end, wherein said flexible connector having at least a coil coupled to a
detector circuit, wherein said coil coupled to said detector circuit is configured for at least

detecting current flow through said flexible connector; and
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attaching said first flexible connector end to said movable lower electrode and said
second flexible connector end to a component of said plasma processing chamber, wherein
said flexible conductor is configured to provide a low impedance current path between said
movable lower electrode and said component of said plasma processing chamber.
17.  The method of claim 16 wherein said flexible connector includes at least a slit and
said coil is wound around at least said slit, wherein at least a portion of said slit is disposed in
a direction parallel to a line drawn between said first flexible connector end and said second
flexible connector end.
18.  The method of claim 16 wherein said coil coupled to said detector circuit is affixed to
said flexible connector using an adhesive, wherein said coil coupled to said detector circuit is
pre-stretched to enable said coil coupled to said detector circuit to mimic conditions of said
flexible connector as said lower electrode is elevated and lowered.
19.  The method of claim 16 further including at least collecting data about a set of
parameters about said current flow and analyzing said set of parameters via said detector
circuit to determine when change in said current flow is outside a predefined threshold.
20.  The method of claim 16 further includes inducing at least one of alternating current
(AC) signal and direct current (DC) signal on said coil, wherein said at least one of said AC
signal and said DC signal is at a different frequency than a frequency associated with said

current flow through said flexible connector.
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