CAPACI Tl VELY- COUPLED ELECTROSTATI C (CCE) PROBE
ARRANGEMENT FOR DETECTI NG STRI KE STEP | N A PLASMVA

WEPRIOCEGSBNG CHAMBER AND METHODS THEREOF BACKGRELIMDSI0B9/049757
THE I NVENTION [Para 1] During the processing of a

A R b Pl RO LT B P ERS RO ST AN C s paprapBE
ARG RGNS ERT BRI BT b ANGS BRIk S SR it A FehSha
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certain etch p@gg@k U‘\fl?ﬁ?ew pl asnma needs

to be stable an T-charactert zed b ore t he act ual
{Par ae]ti ch stepingele frecgeinf of Eren&)mmenhehqulbﬁmf prioeessihig chamber,
niti atie a,stabl e a d well - ﬁracterl zed Ias?g
Sdt‘br%‘ﬁgh“a“l“ t3 @E?Ib‘%q}%’ﬁb% ta%mgmsqfrt ﬁk%mg%éésawg&nb% hé&r]?%‘fﬁcuidﬂ}’
true FRTRbAYE suddis d%golthbﬁ' e&th'idalf @le§ﬁ1§9 et@, el AL b¥elelkoh
as pressure is enployed in the plasma processing
manuthambeoedtro hegisdmeitp lnsgmraied guittiison. Radi o frequency
(RF) power is often kept low to prevent inadvertent
{Paraddmage It thetehecisivb ot caten ant porcet e, fohambgie. conpaneniseds to be
Th rike ste s that the plas ndi t.i on
stablegig WG GaE REoIe ﬁé“ﬁ? Q¥ Ay e E@‘E‘?’&W&W iéwf%»m
To nlIl?lﬁlf&ers%ﬂ@@&H@Jx IBLEREAG A S Xl%&ﬂh 3 48R RN Sasd strike-step
hi gher RF power) begins on the substrate in accordance
recipans hhuaupph)x cdéf Dneoy ém:shnkemqpaxd‘ﬁhu@v bt gee mhem’stw ¢rkgoved

i the B g b S i B P B e i S iRy (R power s
often RGN 86 REH @SSt FndlR b Mot IROR &SR thS L@RhI® BASHIHNGamber
satisfactory etch results and high device yield per
compaigey rldwett ﬂ{aw@mn@}m Hat He Nhshwrcogiitions h@hg;irwk@l seagpes some
e B B S e P TP AL PRI AR ek
poweBbind be tl&t%b&ﬁﬂ@tiﬁﬂaﬁﬂdﬁﬁw O h gret-gadinedkelcy redipd. r oAl witile the
det ermi ned bef orehand .based on feedback data obt ai ned
strike §iep RADESYOl4 B EE PR LORITHRRE (18! d65 Bl HIEED B &Y Sheaqtid eiching, the
qinlm%?%gﬁ/qyﬁ x%ﬂ }8@%3‘3\6\@» &he t}tcﬁl‘?g gﬁ! et Rf:meéﬁﬂpxlcﬁm ST high
or a five secon e step to ensure
dnmfexlakahslreuh\gm;tl on and stabilization of the plasma
prior to etching. The entire five second strike step
[Paral ] typieakiprioperfar sRdte sichesSpRal dxeurald atrh@ﬁmtmﬁmkqmad of
has been |gn|ted and stabilized in the first, seco
time ip ppgaidasics poliemegETERinebesHmopnvae et SR dIdYr die owke step

dura tl[)ll? fia{t@p!@xli\l ém{vlﬁﬁ ilﬁ\l @L 1 u‘?ﬁ l‘m fjtgr% i@'xngd 84 ?th L%%Qm\/&ﬁﬁm 2

I'ned s
from Iexi Qubqnaies and is e\ecuted be{’o;e the execution of each etch recipe. For example,

some BKMs mav call for a five second strike step to ensure reliable ignition and stabilization
of the plasma prior to etching. The entire five second strike step i3 typically performed
irespective whether the plasma has been ignited and stabilized in the first, second, third or

fourth second of the five-second duration.

[Para 4] I the plasma is ignited and stabitized very early on in the predefined strike
step duration, the remaining portion of the strike step duration represents, in essence, wasted
time smce the plasma has already been ignited and stabilized, and no useful etching occwrs

during that time. The wasted time reduces the overall throughput of the plasma processing



step duration, the remaining portion of the strike
step duration represents, in essence, wasted tine
W@ R010009BE pl asma has al ready been ignited andPCT/US2009/049757

stabilized, and no useful etching occurs during that
S\»RlelgfichH;éggﬁeqa[\é\{a é*&%b%lggée‘]’%@ )Z f.ﬁeh O\é}‘et%@ (llag)g glrn?ﬁ%gﬁ g? *Emitn‘c of
devic€ OtnQld; OPRSKSHLR:, ﬁ@rm Mlﬁcdo&ﬁﬁ% e 9&%@% a}cfi%%emma

of units of device produced). Furthernore,
wasteg me@eme ihoifestipy éxeatrﬁmkf@rqﬂieaesmtmm of the cbhahﬁse.pmunmgf thereby

tes

neces g BRPEGRYY Br A £ REN A AMD B LOPOHORES) TEKgrgayoues (o the

unwaiteg 6@ Bink Al kG ubRF e hf@gueniorekeaai D -anEk ifReHiemang®ved
cycl es) "and/or contributes to the unwanted etching of

and/ox feregsdsubERe MoEHBUWM: a correspondi ng benefit in terns
~of inproved and/or increased subst rate production.
§Pam[‘|‘»1>ar a 5]11 ton otheehotdhdrthhplagna fadls thampl as may faitdiged dier the

st a ust ai ‘after .the, e n_of
sy ok Sy i I hitinae pEleareis AEh HPrn Breciales! P
charadtBgzcBR3RRGS Rh rdulE kil 6AERGH &td Hedrpt asma of ten
results in damage to the substrate. [Para 6] In view
(ParaQf] 1 Nepf OLRAGIRD il RELEL em@%ﬁ'k;&%ﬂnipmrt_g\{&@)mques for detecting
téchni ques for detecting whether the strike step is
whethsutheessfeutepan swesstigrandion fninzinngizingshe lime ddutatirgpuired to
& ?—% N@é operformthe stri ke step. BRI EF SUMVARY OF
periorp e S PON [Para 7] The invention relates, in an

o e LB ok B gpgt a1 e

processi ng system The nethod includes executing a
gPamS'f]“ ke T8t 8RWMidlichid NG B QREREHBE, ﬁ%ﬂ@ﬁx%d%& H&RRTALS
pl asma. The strike step includes applying a i
<tabxl@@sbsham mauhlrya hlogessgashpmbestfnepluimapmedshies pysoes Shagiethod
ow.radio fr lency (RF) ‘
inctudiy SR g R HTEREP S BLE b SR Bl bR e b g The
strike s itk Q%es QPPh MY NGibaaPi AR e ash 3r0ss6R! | BiGh i HiBEesOhg chamber
characteristic parameter measurenments during the
and mpgigias tley, radindregrae &R‘éa@mb@.\w@ln@ iheapraenspifis ehapbarhdhe
hiv r i) l lr”' F LI( U acterls i L4
me iht fﬁ)& eﬁ%tﬁ?’lngch tgitﬂ?( ﬁ ] gmgb@ti@ gt g%aét { s&c)ﬁ}%dhfg_\{\é%{ﬁﬁgamm ter
meamfrunl the tium:m:dhki dﬁ'ﬁ@&ﬁ‘ljﬁp&ﬁ ipaghet Head deing oh achatacsiahe ptoc e‘:ﬁ ing
par apret er measurenments agai nst a pre defined rangr
&hdﬂﬂme“ baeinghe gkce &t wirhigS ibS‘f PEPANEY & 2 peRvaceHEtes 18 method

funhe\‘v'n{umdgs E%\ggﬂzﬁ F?%%%?g hdr 95}91‘?@{H#Jéﬁatﬁét@rq{éd\&%ﬁxem\ 2R st a pre-

exi sts. ove sunmary relates to only one
definagfratde Idryeerbhddinentse pambier mnyentmhons divedliogedre-defined
__herej .a%g is not intended to limt the scope of the
range; tﬁ%éﬁgﬁh& i P\W%ﬁ“rté set forth in the clains herein.

These and other features of the present invention wl|l
[Para desami BRGe summary relates to only one of the many embodiments of the

tnvention disclosed herein and is not intended to hmit the scope of the invention, which 1s set
forth in the clanms heretn. These and other features of the present invention will be described
m more detat! below in the detailed description of the invention and in conjunction with the

folowing figures.
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in nore detail below in the detailed description of
the invention and in conjunction with the foll ow ng

WO pyoe3BRI EF DESCRI PTI ON OF THE DRAW NGS [ Par@r/$20041¢49757
present invention is illustrated by way of exanpl e,

ccompany! g APPHECRIZHR iR M ABTGRS, once

nuner al s refer to simlar elenents and in which: [Para
{Paraflf] Fi dhe presugvaveatoR KafpHE CE Propets APl ek by way of
hm;ta¥ Fﬁ‘ i@ il o és%{’ ke 5’&9}9@3& iRb axt'xfuC?xfn.st 8 ik Qur’\z&tmfe%f‘erédpg ﬂumemh

per unit area ver sus

refer Waheildreldrimanpaidon vam:h. [Para 12] Fig. 3 shovvs, |n

accordance wi th an enbodi nent of the invention, a plot
[Para0fo]t he Fion seuwt enbxdnhind CIRoPSRirAlbeinear €a per unit of

time) versus tine. [Para 13] Fig. A of the DI SCUSSI ON
[ParaSQWs @i SbrRb&s §?R§ @Fﬁi&o:‘ﬂﬁg&@%@fﬂu@ 0ftik 88a Bbr dhit of time)

pl asma systemw th a radi o frequency (RF) source
versnc@pacs tsidpek o dbewpicedit o a reactor chanber to produce

plasma. [Para 14] Fig. Bl of the DI SCUSSI ON shows a
{Paragh2dph &fg Vohbagen versdsict bith aafandodand i of HerigentipPar got of the
S 1@% fl _} B2 of .t he DI SCUS?I(]\I shows .a graph of current
1on ity ‘&‘ }"eE%"e‘tP“aﬂbl?“émF% &‘H‘ér?b%““{‘ﬁ&%a 16] Fig. C of

the DI SCUSSI e current versus, voltage

ii’arag]@éph T ’\defg\l Lt b]!%( ) ‘xﬁg)l\ rr'{)% YA FEEE SRERAEC RRSB gtt'x portion of
a plas é}g%g %ﬁﬂ‘i\l tfh gtdxcﬁrgf[ueh@\e AhSGheek %cfth‘%& *alfp%hdgfg @ reactor

nven lon, a si
chambdr luptodlatd plgsttdhe overal | st eps for automatically
char act eri zi ng plasma during substrate processing.

8] S| ON sh [ : . ,
Paraglfog FehE 6T REBNGUSRISR ™ etk B ATSF {ERt #9p 2fer o R

charggleterm ning the rel evancy range and the seed val ues.
[Para 19] Fig. F I of the DI SCUSSI ON shows an exarrpl e
of current versus tine after a RF burst. [Para
[Parapisy. FPupB2HehOPEEUSSHON shiovis arapleshrpiast é&tawllktca@eﬁhm
RFLI%QISUS time after a RF burst.[Para 21] Fig. F3 of the
ISSCUSSI ON shows an exanpl e of an inflection point.
[Para 22] Fig. F4 of the DI SCUSSI ON shows an exanpl e
[Paradf6]a cBiy €-46fithe DEYCEPPIOE dhdves @simple current versus voltage graph fora

single time interval between a RF burst.

[Para 17| Fig. D of the DISCUSSION shows, m an embodiment of the invention, a
simple flow chart llustrating the overall steps for automatically charactenizing plasma during

subsirate processing.

[Para 18] Fig. E of the DISCUSSION shows, i an embodiment of the invention, 4

simple algorithm for determyining the relevancy range and the seed values.

[Para 19} Fig. F1 of the IISCUSSION shows an example of current versus time after a

RF burst.

{Para 20] Fig. F2 of the DISCUSSION shows an example of voltage versus time after a
RF burst.

Lk



current versus vol tage graph. DETAI LED DESCRI PTI ON OF
EMBODI MENTS [ Para 23] The present invention will now
Whe01006980 bed in detail with reference to a feRCT/US2009/049757

enbodi mants thereof as i I I ustrated in the acconmpanyi ng
, wi ngs. .l.n_the (e} descrl ption, .nune
{Rar *‘226 ci f & éfétﬂéﬁ*f‘fs ’L\%lé Pt“ﬁ fﬁ“r?\B’F‘B ofeg "Hﬁ%f"d&"‘é“

t hor ough under st andi ng of the present invention. It

[Parai2]| D@ 2PRIT AR DINTAEVEIN sHosQR&xEiblel £E dufv el i@in@hbplied to a
that the present invention may be practiced Wi t hout

curey gRBUoFoliek sofplt hese specific details. In other
i nstances, vveII known process steps and/or structures

have not b %‘H bE%? PRl Al E*Lx%ﬁlﬁ?éﬁ@ not

unnecessar scure present 1 nvention. [Para 24]
[ParaB2Bpodi W‘ﬁﬁh&xﬂff mhauumwelmtmmmt,rdeka&edﬁ:odétﬂ&mﬁm fence 1o a few
apacitive oupl ed el ectrostatic (CCE) robesto
““b“g“éteéb‘tfhf‘”h “s*?ljg%?é’“s‘éf%‘dp ﬂaomp@vwaﬁnsb@* “f"?fér-"s 11? thedoleips
descrig@g.ﬁ . uﬁféﬁﬁsqﬁgé’%é 9N PeeY gcﬁ%mz Y &del © JTBAGYL %.m% %@Fﬁ
rocessi ng paraneters. probes are ‘known in tHe art
under a‘mxllidsebfaﬁh}: sravayt iveenabt aiined Hﬁrfmmiputb howeyer avaminla abilied in the art,

erature,.incl d|n for exa e US P
that th. TSR THOITIEASE P TABT TSGR S e S i detall. T
other 1IRRBnEOWel R FPhasen’ stn{gﬁ%ﬂ@ St »t;LQ:sﬁn@;QQ'%)e’l}ﬂ‘f\'ﬁé&rﬂekéxbed in detail
i ncor porated herein by reference. CCE pro es of

in ordgmpigyioa st sigely, obispiot thi pigschbmventampl e i npr oved
detection sensitivity, mniml perturbation to the
[Parapldd s ma Edbedtmeerthel thaadvenshzelof withe uﬁaﬁfsxapagimcmﬁpied

eiec%%%s(ﬁ{&grawwf%@efe,%ﬁ%?mﬁ%a%ﬂ P e g i@ P! T probes

have lBh'a&;@x drAabNA SWhdage p@;fuﬁal}ﬁoéeﬁﬁ@ barGRAReR t(e@E B&UIRIR known
he sane” material as that of the surroundi

n
in tixe@ﬁ@mﬁ@pt%ﬁah1a\ bedreding fam phidiclyivviteblzi tngapes, tum%mw 311]

e PAATTS T35S VRN ATBAE B RAFBE1) B i

n A }ﬁﬂxnﬁarkeﬁahlm sPRAKE g isdnsSehoRf-ab ek FARGERBAL CCE probes
i nvol ves a plasma-facing sensor connected to one plate

offer yprogadragees. ﬁg:hg:g%mrfe@@mpim@%ﬁéﬁ@e@@g rYpPelty, minimal
pum;ﬁ[ur (%nt%qgmglgs:&}% dﬁ'&p%\’m\, 58&1’?%:\%}*} nt‘Lyh\Q% zﬁnp Ld Ln{}fF ﬁ&mﬁng on t]I}u
sed 1n a“wal

amm{&ﬁ xmh}an‘hemdﬁﬁ) to Ips m&m pkpdito ende pdzrabeb&ﬁ4§ ahermore, the
nmeasuri ng capacitor 104. The ot her gl ate 104b of the
plasmyd g By lbeézggb.bsw semolie louierf thpsape metepal a4y of the

surromd]; a%aﬂ‘x%%:x& &mﬁhcﬁﬁ} YRk l,ti?@lgﬁn ARWiIEEp %léllgﬁb'ﬁg 8 %ecﬁ%;! ¥a. ihese

suppl i es oscilTation trains, usi ng the probe
advanbecomekan€§at pruetsyhigitadediabinith neas seementecaE ar dm&{u 8.

performed across the neasuring capacitor to determ ne
[Parat?®@ r atenehllc gpakideos COUr ol adkisehangeavoinvedplatied-Yacing

fol l owing the end of each RF
sensor connectad 90 one plate of a measuring capacitor. An example CCE probe arrangement
1s shown i Fig. | herein. In Fig. 1, plasma facing sensor 102 {which 1s disposed in a wall of
chamber 130} is coupled to one plate 104a of measwring capacitor 104. The other plate 104b
of the measuring capacitor 104 1s coupled to an RF voltage source 106, The RF voliage
source 106 periodically supphies RF oscillation trains, causing the probe to become
negatively biased, and measurements are performed across the measuring capacitor 1o
determine the rate of capacitor current discharge tmmediately following the end of each RF

oscitlation frain. A current measurement device 120 is disposed in series between measuring



oscillation train. A current neasurenent device 120 is

di sposed in series between neasuringcapacitor 104 and
WERROV9aPe source 106 to detect the capacit orPCUDSNY/049757

di scharge rate Al ternatively or additionally, a

renent d 122 coupl ed between
capaciipt BT Sliog SRS e e AN Db dr ooy

AlterREQDS oli‘ %@@lm&%ﬁaﬁh Lsi zfp@rrhelb{k ARuf ke 2%@[;)@&&90@\&&11 plate
arrangement and CCE probe operation are discussed in
104a fmelamzﬂ @rmwmﬁé@pc@elt?épeﬁw pRebe 18:283Bcmil8 pantadningtd the CCE
usse her e

Pmbeﬁeml enan b EE R0 RS eus s el PhuRemionsd Yp Patent

No. 5bso instad Wetndibedufifi@agasell hbhtgy.chanber. A short RF
train is applied to the probe, causing the capacitor
(Para(ZP T AsGRANR8dR AR A8 nside LG SoRfuchDenRIPRE:T u?smiled ina
acquire a negatlve potential (several tens of vol
smtdqqe)g A shembit. hA ﬁ}@gp&&nmmmgsppuwwp tlw@gqobgwangng He c@n@tl@f {Cm)
o chapg i Pt s S SR e et e BhEPGEL TR epEigs of vois
newt@& WM 1@ 4hebn® ROLRNT FalloveiR@RgaS I F 1R BHIIsBRH: Pitehil® of the
pl asma characteristics. During this discharge, the _
probesigen el toghe {ipetinsy whentgt ay Smrbarbateed W wiq,@mba@ethe potential
S e gULrent. foll ow LO et i
ehanr{_h% %[&%gﬂgng%%{hﬁﬁﬂilxﬁghar&qgu{n Cy. %ﬁ{x{t%&%&%ﬁ%@# :(’,}\.A\%tifl%‘f?bﬂﬂdi of
the prbﬂ?te\ Ewﬁfx@ﬁm cABRAGUF GRS tncdﬁh‘uﬁ@ﬁlﬁ@:m The sedmwesrVit Jollowing to
are used to construct a current-voltage
the pi@%@%ﬁ@%é@ﬁ@uﬂw i eRsired vHE ﬁheawew@aawfﬁe% dgyisg 120.
@ . dat 3
e oRESEIOK) DAL LUORUAET, LA R DERS IR i
then aVﬁL\ szl 8 sit:oxl gt da@rsoc U Arsoade! I{’ma:tma m:iﬁtedcétotih@a dam points,
nperature,Je. Further d R’%I be found in D foctr
pmdutlgebétﬁta “h@o“a%ﬁlll{%%’f %cﬁerghaF Vi1 18R Sﬁfl\,%‘f’ﬁ%agﬁ?fﬁ sat and electron
tempeﬁ&%ﬁl%nﬁl | GRkhyr SRalagietd BlRgida 8- éﬂﬁnax aphik 8hnldik@ed Brtethods

in the US Patent” O fice (Application No.
tor memmat?@ﬁ!@ﬁ)amm:zm eflagune flzqﬁ? 20O 96| HiBhe S Panent Office

o S BRI 2 e A e

2/479087 Pk Lied i€ iRikRd iBRtsi Sof q@n@vnfee@ent i nvention,
i nnovati ve techni ques are proposed to enable the

iPam% SCt Kx@ﬁkc‘éﬁd«ﬁx&ew Bl %ﬁ@ %?frﬂdk GROMRN Gk B’[ gk é)tn,hﬁnﬁh\( dl®n,

is realized yt he 1 nventors
mnf)xmtgsm rpvdm;mges tutpepr me,gﬁ It\umdbl-x the deiatticst ] ph&chap:a@tué mmgpﬁg,t}on of
L _fl | aspa i gni i, on e lhon flux, data.nmay be. o siomn
the s Bl o s SR opL B ST A By BeauST T e By o siemal
step cBABEMARR AWM H: IBAHINST Be iENER PAASTR eGRickiea ﬁksi‘f@%ppmpi tate
occurred, the ion flux may be nonitored for a gerlo

Sl"tl{ifdﬁf?@@ﬁ‘im" STRGET AEIWVETS rpdigr birdppes. @@qaqhsgﬁépmtmn as occurred, the
1on § 1121% ﬁ’[@fﬁt}nq f@% g;lrﬁ%in% tmg;nlﬁjmozgc)tlirpx%z %f %ﬁ WQI{ ] tg in

s,harattt@n@ﬁeﬂﬁalahhﬁ idigoe ﬁiaakbb Ipshhﬁmid mftluﬁtn&é aﬂahe \t mme fah;m'x ighition
observed vvlthnthls wi. nd time
may b grpeqtyl Pecspanf f}’itzfe’éblaﬂ’émﬂﬁ%f -srtrﬂf' é@l&i‘fepmw@&déeméahiﬂ this

winda 8@&%@_}:{% plasma s said to be stabilized and the strike step is deemed successful.
Thus the successful completion of the strike step requires both the detection of a plasma
ignition event and the determination that subsequent plasma parameters tulfill certain

conditions for a given period of time.



Thus the successful conpletion of the strike step
requi res both the detection of a plasma ignition event
w@rdovbe3det er mi nati on that subsequent pl asma PCT/US2009/049757
paramaters fulfill certain conditions for a given
[ Par, Al ternatively or_ 4
¥ amg?giél ti &gf:}wnﬁfﬁéag 188;3‘}11@,{]{]?:@ ‘gpgmmée zhtﬁx)g Py be monitored. By
momtﬁﬂﬁkk hRre&GeroBYe ;H&%z&ﬁf hl‘i‘gd&:n&mﬂ 85408 (i@s%%ﬁ@‘ix%% @llable to
additional verification data point may be available
\erxhvé¢ d¢tyctediplasios eutitesh pleasma i gnition event. [Para 29]
Alternatively or additionally, the floating potenti al
{Para(ﬁ'&* | t he Apreohe viigad addiyiolel yirdwi floatieg poBytiaiof iteqroinghdatienay be
n% ot nt h a Si gnal step char aict eristic Oif
momim; S ‘é’ FoE ngﬁhr O 7O :&étz @SLﬂa $t FhIFACHASHC h‘ﬁ? appa
mmmq{astiﬁ% B6ats Jﬁ%zﬁ@p%@@ﬁh@t{)@ d8le0RakisiRk QS&% Hig q%ﬁit ;ﬁﬁéewnu
sof tware afn hardware. Once pl ashma ition
systerg el m@dndph bmﬁh@a?t |(Mgbmﬁamxgmk§(}nhys Murmcmibfoﬁednﬁ,qm&mm?
may bte mp %m oe.gh!g)f at BE ?(? %{mlvr hgtcg tggc QR$ Igg)rlésg.g‘g D{t% x’%@ent e x\txf‘ilglldgw of
time, ﬁlfe%bis HaZ€ shidRdnd fghiskdd £Q B Bk Stefl IR UGERSTFhUIAS in the
in the case with ion flux nonitoring, the
case ‘@db@éé@lﬁm‘o@b‘mbeﬁl? arecefstylfemplation e gieayrilreen yeauirgsdioth the
o de X I Nk, 20d. ate
('M"'“‘éjg’t %rra réiﬁsg{t{ gﬂmﬂ% a('t‘?ugs%d ggﬁu&e %%ﬁx}m‘?ﬂn%\{ﬁ A n@tu{t gﬁbma parameters
futfiltfchidib lcbndifibdisfona @Q@dlpth@@&f fi@e. a gi ven period of tinme.
[Para 30] Fig. 2 shows a plot of the ion current (ion
[ParalIPX  PELy URhbwRE @bt BEIHheUBA Emﬁfut ol Bsx \RF Shiarkh (B @8t dSime)
done in the prior art. In OBOI nt 200 represents
versug Wae g% ssrdonéﬂn thagrior pit kin Ereeb pﬂme? |rﬂﬁeq@émtb@ st phdertrike
step. gﬁeﬂ 535 090§ ?‘, oe2h p{ n%’l(% amﬁlugﬁte{}%) TERIS ms&.n S at.éfﬁﬁt%k t”"%gaé{“l’ 202
reflecBsl }@&ﬁlitﬁﬁ‘s (ﬁ’@l@enpih{hﬂzl B m&a ad v belsasni iaL b reddyplhsna already is
stabiljzed starting at_ point 204. Since the prior art
stabil BRQUMERINES! PRt 204 | Bek BABUAY a7 PR RRIor a1 XEhaMSYBILQ! time after
the »t%f (rf!]ft l{i}ﬁ tsﬁ{l&‘tiﬁg ’? )e(t@g %?&Fré{eggsr ?lg a{ éﬁeto%xggmaiﬁhx?hléa‘t ﬁg ié&xm
n\p;ﬁ@&@pmxm 2 He Gnd mahnam eadichyil ﬁﬂﬂﬁﬁcmtat}&u t}i’eatmft paidd oewveen point

204 'ugigcétm 3 lgﬁ ifeg\gi%%gg? %\égl%t OA{% a\%}r% élﬁ?e:. gfgplﬁ}égdécgg frﬂ:sﬁqenq ttlu ‘oughput and
p(‘rtuntxﬂlgo&'»&@@:@ﬁ th@%%a@x%‘i&ﬂﬁi‘*@lth&’ g}gaﬁ{fﬁg @&nfulih%nﬁl{*?l% b8 Heresence of the

he chanber conponents he presence of
strike plremetavicke! Lppéasmaste‘\rénhambermgtmy post stabilization
point. [Para 31] Fig. 3 shows, in accordance with an
[Paraciihodi fants sbbwi he atcavdmie omh aa epibotiinodnt bﬁfheiiom@iun gt of the
: QIOHHHXVE unit area. Z unit of ti { sustlms
ion egfign His Bgriirengir R BsRTuaRy SoreRuiRt ot gt diaght 300
mpmsgﬁ{ i!lﬁeste?ﬁ Sp he SR sﬁﬂz $i&f 1eClBediBie! 1915\ LM 8!‘1\}1@ éﬂ ’F&H)el Folkmmv

| asma. ovv| ng nition event
the it_bmgn nsmttdhsphxbmb rtlzea bag\tns pcmbtabsthz@Mt pdnet méaﬁwaaims:ma 15 s&ibxhzx,d

By m%tpg 2L éli 1{18 Aﬁ%rﬁzgﬁ S gwaq%%%gp t?ﬂ%mgt‘u&eaqr)&r{ﬁ lg%ﬁ%mn S ofential, the

ipnitid§F the plasma may be detected. If plasma conditions in the time period het\\ cen
point 302 (plasma 1grution) and pomt 304 are satisfactory, the etch process may start from
point 304, thereby eliminating the lengthy wasted period (such as the tume period between
point 204 and 210 of prior ant Fig. 2}, Note that if plasma ignition is never detected {(e.g.,
there is no step 3023, the strike step is deemed to have failed. In this manner, the invention

offers significant advantages over the prior art in which the etch step is started at the

G



ignition of the plasma may be detected. If plasma
conditions in the tine period between point 302
W@ pi1890%30 gni ti on) and point 304 are sati sf actPCYUS100%049757
etch process may start from point 304, thereby
el m atin ngt hy vvasted period such] as 1
exprtiopol S8 g héxgg @@Sﬁ ”EBI fatsp 4TT%W8Ct?fO‘ 1e6llzeo;ix agﬁhaq been
buLwan‘hg ty @hrtgcm{d@o takeabii-Rl asma ignition is never
detected (e.g., there |s no step 302), the strike step
|Pam'ﬁ{deem?gné xﬂ@x\éeeuﬁﬂll s M}h&g v%nmnﬂ:agi@ﬂ%cwammeter
invention offers S|gn| I cant vant ages over rior
measiémientn (shh ehichfbixeheBushepts slestar kegeature herempemattﬁ aind/or

of the ;[)redeflned strlke step duratio |rre pectijve
ﬂoauwé{tﬁg@ {thésubzptgéstw R 1%56@;')]1;1%%} \C{é@%‘f}tfp (y Ilgg flif‘%raimuﬂﬂﬂ for the
stabzl@'i‘t%lgﬁm n@setét;ﬁkﬂh ek%ﬁﬁie eldR ar{%c@@ﬂex& BhRQe@MicHltdneters are
iments of the invention, characteristic paraneter
ascer tma@ tirerentet (Guohteaghd dmrzidtwt!n@a@ummtws slapbeeowployed to
nper at ure neasur.enent s alnd/or floatin _E)o(tien,tj al, oo
cc»mp% Z83Pe l}@f'f}lj%")mr}ﬁ‘)} nb%» fé%l YT )v,»b B g(at e tpfl%lgthm the strike
step hRd Wub@@iﬁzli@ﬂmmﬁl@i’eﬂt he stabilization period, etc. in
an exanpl e etch. Once these characteristic paraneters
[Par AQ{"Z as GeELM000 Jrdf . .,11%?QiemﬂR’%tlncs&g‘gh{ﬁtt@&mu {R€ such as measuring
~characteristic parane patterns may be ehployed to
the m@demanr eeﬂaegaeidﬁﬁf pm&am@&emméamem@@ﬂ%ﬁrf@ﬁxxf\unmaeﬁ PEgeassbased
the stri.ke step has,.been .
suike S SeleBr T 1§ huiois S0 Selrs. b Fecbiod RS er v
inven@&l uR8 b PRIQhat TRASHY SRBRLeBE A {IHES o sSMEH: A8, Lioqc to the
measuring the incident or reflected RF power or

wh%tfawﬂv@dam ecgppsbedusithe lanﬂﬂemmamw@@& the plvde awad cgwir» kelated to
the ﬂ lb)n i%g'[ d%e{» Ct( ﬂ‘gfn‘sl}&}%f(gt "ai% Pit%h l‘%ﬂ(ﬂ.l {p{ls%%a??uruml { (1!1 ibglu%i‘ﬁgt

ecause e e |nvent|on uses a

absohdt bRadrymemagbeesort eddi@tiohlsistethion®d Yeede tok tmabslz flux is stable
close to the substrate being processed. Thus, the jon

{e.g, po u%*t&véas*dﬁww infrbiprieshand withersy! wgeblwit betereiicgering the

tranm&é’»\?t 1&;&&,@%% arrives at the substrate surface,
ocl)erl ng thi's neasurenment an inherently absol ute

[Para r%ifutr ﬁlge nc%rectr .{ﬂe{bm gﬁgl% g@?rggcﬁ bn en% g:'pgﬂquueg Slu.p{ as the

afore0&@1dnb@RIFQRS e ek NS Eabitlok lirhﬁé‘tbzm%ﬁo%& tﬂaam SOEntEOBL ol to be
limts before triggering the transition to the etch
more GdpCt POREFETEALS AR5 WPl oSt ettt Rl sasH prsfalse

nctfanlilgl fol§ ?hcosrnl;ﬁ! »t%f éﬁé&ﬁﬁﬁ%}g H?ﬁsmgr%%ﬁmﬁﬁ R'i P&bmm m malag ab‘gluu

orementi on neasu

Pararg%izﬂ: 2\:@ ()ﬂdlfl:rh gfwuﬁ 15 1%}I;18a§| pek;é ‘ﬁ%f% tq I,hg \;1?«3311{1 Sé*rte the CCE probe

head PAS hibé 8t Nd/tRnndidlcelnaghivit eis <f1@rl'm ahii@g plashiFaShe Prructures
detection and are nore difficult to calibrate or nmake

of the ghwgagracessipy ebpsy. sddnay %ﬁg|&|wabnt%@g@g psolyy sertaeg formed of

o P LERE PAGAG A
the sap}gn ~§E*{?‘§EE§&§ Er)r:g hIE ’h)?atsmagf‘ggﬁﬁs xﬂﬁ?ﬁetg (T S l&n\%!% .hpft?xﬁgemmre, the
mvengur COHtbingbpbdsinbe bap idogesdr laclinigesis insensitive to polymer
deposition on the plasma-facing probe head since the current 1s capacitively coupled through

any deposition that may be formed on the plasma-facing surface of the probe head.
{Para 36} While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents, which fall within the scope

of this invention. It should also be noted that there are many alternative ways of



of the plasma processi ng chanber, and may have a

pl asma-faci ng probe surface forned of the sane
worai1e/00¥B0 as t hat of the plasma-faci ng conmponeP@BHUSF009/049757

t he chanber Furthernore, the inventive CCE

robe- e ste det, ctlon t echni
uoplefy %‘é’h‘s’i Vg]“tdfﬁ “BgF‘Wfﬁ?‘ %?é;% ?eti?*ﬁ“r’f“bﬁ“?lﬂé%pl“égmk]ﬁ é%‘]“ﬂ&
*xamgﬂ[@@% pkﬁa&@mqg it RQnéEHﬁuﬁtﬂkt th&%ﬂ%ﬁk& w thétrﬁﬁw’&ﬁ%m
hrough any deposition that may be formed on
iimitilpl aghespeditnghesavdugion. of the probe head. [Para 36]
While this invention has been described in terns of
;‘Parasﬁ\yer alsipr Gf@hl’e&ﬂid@ﬂbﬂ(ﬂi eRtisov itiu%temﬁeiarfex @ty emiaztdecmé should

per tations, and eq ailents chfaII Wthl
ot b3S GRisE et e St Godieghpaliibebd it in o

highty MS i AEE TTRMhaaL hRK ﬁ%ﬂ'l}%ﬁfﬂ‘("ﬁﬁf%@@\@ﬂ%k@ ARG Shduli®not be
net hods and apparatuses of the present invention.
emp %M hzoughnwam lowg tl@xtampi bgv arle:rlpmbmhdednmevsecﬁ m, th t:idns% If the
these np ustrative ,and
tarm rwi:,'[ ht TIH& 0 (? e i.,!é}si.}g,ét U{}b ‘thi}]i 1 ﬁﬁ\}b Ilﬁq LOIII]% L\TIEHP%*\ 3)4?]10 S’{OOd
mathefha$0al thi@ild blc@vantns YRR Yn@E Gl R¥ hetetheRergkd) if i9kntended
conveni ence and should not be used to construe the
that thedoPew ol aphendgil ahnms hemsimretaystipduding BB sestiiestions.s

pmmﬁdl otng ﬂwfd'fﬂuﬂan Qfa ?RJ% (fh??{usb%ﬁ(&}g& B 3%{@1£§tu?§qn‘»&nixon

or convenlence an

to construe or limt the overall invention, whi ch i's
[Paracd8)r es §ad DIRCURSIGNAS @iso fdihdthe cheending epﬁhciasmeamimsxaed
. rein, such is intended to h ve its .co
Metl uﬂaéﬁws%%w%@*ﬁ ' Eft&%lf*%hﬁﬁdﬁa&t &leolrar Ee‘r@@ ’éh‘% UgPatent

()ﬁzaé‘P‘(ﬁ)leﬁﬂ\ 0% W@si afd §Q§d thfe 2 %(K?@HI?HQQ% f’jﬂ@ﬂi {t)@f%e

I"ow ng appended cl ai s be i nt'erpreted as 1 ncluding
(Applazlaholshohl%ﬁ?’éﬁ@’i)m@ﬁsm iperrputastdiborrsferawd hegni. val ent s as
fall within the true spirit and scope of the present

{Paml.]went |[D9CL[SBHDIH (IBMETHEODE FQUSSE M iaCsd.tiound in a
ication entitled "Methods for

ﬁﬂ“ﬁ(ﬁf éﬁ“&l‘lﬂc\%}l‘ ehathtt eri zi ng a Plasma", filed June 26,

2008 in the US Patent O fice (Appli cation No.
[ParaghBl 075 Adagyceafuripipedrogesgehavo poyided fphgowe: pabent

scmmg&lcgﬁ‘ 6‘&@8 (kj % lx;e;péhp H é«%{]&:tgéﬁ 9!0?% ghﬁg‘ 1%5(?&'5' @&Elfgg‘[ &

thouskds MEQW@S&*EG&MM&@&L&)}(\\@MBRI HhNGSA. B ASMA for the
Para 40] Advances in gl asma processi ng have provi ded
manupRITGE SARRATHIO S R WY e R FapIpaRy ﬂé’%ﬁpw able to

pmue&r} [0St Qte@ ﬁké(g%ﬁfﬂ s&ln@&?&fawr%em:&d@ﬁﬁ mul(i}Hﬂi@ ﬁ\‘i@sg {u tn 1.

housan tates (such as senlcon UCt

iPamg} beTQEan(@ Sd?iglh*‘f é{]d.s% %?um S?;I(” o u ag}xi{ ﬂlggnay ilaum the

any u act u
substiiee dsbd wedagyvdb |uﬁpztdﬁcd) r(@m;eﬁ@fﬁ\'hﬁt {aubstlﬁaﬁleﬁ aitﬁttm quﬂzht} of the
qual ity seniconductor devices with m nimal . processi n?
substrpfegging processed is the plasma iself. In order to have sufficient data to analyze the
plasma, sensors may be employed to collect processing data about each substrate. The data

collected may be analyzed in order to determine the cause of the problems.

[Para 42] To facilitate discussion, Fig. A shows g simple schematic diagram of a data
collecting probe 11 a portion of a plasma svstent A-100, Plasma system A-100 may include a
radio frequency (RF) source A-102, such as a pulsating RF frequency generator, capacitively-
coupled to a reactor chamber A-104 to produce plasma A-106. When RF source A-102 15

turn on, a bias voltage 15 developed across an external capacitor A-108, which may be about



[Para 41] Typically, during plasma processing,

probl ens nay arise that nmay cause the substrates to be
womeganiival y i npacted. One inportant factor thaPCHEF2009/049757

alter the quality of the substrate being processed is

., the.pla IL.tsel f n order t ave sufficient

26.2 ngpigfalisa (i 1 AR EHPIS RS Srechs R‘oé“‘é‘rﬁﬁl"b@éd lIggr T abpower

(e, IPT @Q&%hfﬂﬁﬁ dada rabouhiseanhs ﬁ“@sﬁﬁf_% Bve Ms&‘%ﬁ&} caysing external
ol l eCted may be analyzed in order to determne the ~

Lapacu@m&é 08fto bhehqsgaobl Wihen R Rapae 4\2} 025 thaed bitt @b@s voltage remains

On e\%i%g?ﬁ)%%@qgl é-ﬁ%}g ﬁ‘d@]ﬁf ;gﬁév‘%wﬁu% tgg\‘r }Emgfh h\e{%tzs f’ia% ar aﬁ]ec%fions.
As thShigt eMAe ddO)s. Bk asRBs SYSLemMiAFLEORIBY kit Uste; R adl 0
frequency (RF) source A-1 02, such as a pul sating RF
Pamf-{s?que%}ése%@d}?ef 13h Ao m?ﬁ@%ﬁ"ﬁe‘ Y& ;XSI%J Rl 150 :E quél R’g%ﬁ‘ék{%{mﬂi
nber A-104 to produce plasna . sour ce
probe A\-it[&ﬁuﬂglut:ﬂ;mﬁ@mx sar imgaédt\xmxt tag@ﬁﬁgmdévghm:p @d waolk obkactor

cham SH0ET BBy ARPARL RL direc i B R Vel Q5 BR08 Tl, 2

envirdn@tt d€uRer BN holdbestar0fol ROME [:n gitg-A- 11 aRy r&@aﬁeﬁé@ )Since
every few milliseconds (e.g., out five nilliseconds)

certaig Fggengesaues papn-caphichte dewms laysr Bet Bhiarhgelgposngdon probe
‘ 0 i t .
A-1 Mgﬁ“g‘gf@?’ﬁ‘é Ané‘\agsa él?l LPE(%E?UO bl % ﬁ]&.k%\lggffuél?(}« 1 ﬁ%g i Cﬁ n&ﬁ"&t skilled

in the RROBEaard (1 4iFSF Pplasedodt ﬁuC)qh btﬁt%mbﬁ-@ FataAS bt b@l@ﬁ@&implm the
vol t age decays, the curves _as shown in Figs.
non- cgipfgm@ﬁgw%gmprlzg@é gince hggt @g]beﬁhl@fg@e SROf feganw}]tot ‘ﬁé“ a direct

U.Hl(,fﬁr b(ﬁﬁ?n 3‘&@&1&“‘:&“@&1‘1?{13&%? A-1 10 is usuall y an

r| C a conduct| ng pl anar surface that
Pam Tg brtlcn ﬁ&j gl%awlun-,?ghm in ]Ih} ik %sugxségﬁggr{masmuﬁw other
sensofse as teﬁfm;ﬁh apiper R Asoukfd4A eIzl is oniiERt.ofCdirentse@dd A-112 and a high
voltaedata coll ected by probe A-1 10 may be
mpediiel] VHEge sesped- dér HEEAE f@éﬂéfélwyu%gqgséngntmd the voltage,
res—pe&ﬂ@[yc %Q%aqﬂgggﬁpﬂﬁ% Ld lf%@te %o%li clitrent hshPabA 2 mda‘?lQQ%}tIx &ensor
on 1 ot a es may be able fo collett
A-1 Mmhi amm mhaskine mrntest mﬁca’wegmph mh(.h&Sﬁh‘ﬁﬂ&ldﬂi]‘éld Tite dahenay be

manué[};;blgtré%l ag?tagix% I?]%t@ {%di]?l{lté‘g%(g @&an&fﬁlf ;Sg p{qlﬂ@gz)i% tcp E;%gt% the graphs.
non- conductl ng deposition |ayer since the PIF pro
{Paragthene Figs Biohovequraddite ‘%Efﬁawiﬁl“d‘lﬁkeéé%ﬁféd‘?ffr@ﬁf"e(‘webe At data

point E? "'()nﬂpi{? BN &. Wﬁ%@&?ﬂ& mh[cﬁ %@%tfl}.gé Elﬁeghﬁﬂart I}%Ug ng&gm wded

age srgnal 'S measur
{i.e., bft hart}s&ném&an’lme ex&msbemt M@@’Rﬁesoiﬂm&ezcmswﬂmesk 110 s
W t hed o rent sensor A-1 12 and a ]
about; “ﬁia‘lé’dénc & o\}éﬂ f\EQL STR FEEEM A iﬁq_%mrg? i ‘éﬁ'ﬁ\ sayté gmfeéval between

data pUBASHE 204 DRy QH‘ [ARh tzh?ﬁq 1B B Bl Ses ﬁ§ﬁ§ﬁﬂt dorghyp &Ot-tir%%i In

measur enent data col from current sensor
this exmepiv.ahd ﬁg{é!tﬁ@em@@ge wet&ntﬂ;\&l rxmytrﬁtm ebnbee ;gettot tSed oit@ to ghout zero

v GRS RSt PR et RULRIE e Bl nesre

m»apbﬁt;@ﬁass@élta\gy@@steﬁ{&gr amto create the gr aphS-

Para 46 Stauiarly, Fig. B2 shows a graph of current data collected after a RF charge.

: ¥, g g 2
At data point B2-252, RF source A-102 has been switched off after an R¥ charge has been
provided. During a decay period B2-254, the retwn current at external capacitor A-108 may

be discharged. In an example, at full charge (data pomnt 82-252), the curvent 15 about 0.86



[Para 45] Fig. Bl shows a graph of voltage versus tine
after a RF charge cycle. At data point Bl-202, RF

W@ ouomesIre 102 has been switched off after an RECTHS209¥049757
has been provi ded (i.e., RF burst). In this exanple

1M \‘C’I“s ggggt n‘é %ﬁ 5) 1é%g$m\;6 ﬁgfvt? ﬂéa Egz(%ﬁfg §§1§F égl?l%\f)A u;z‘rent has

wtumﬁ@%ﬁfd@‘é Bosa ffﬂ@ﬁ (*%bﬁttﬁe (ﬁﬂﬂﬁd@{’é/ ﬁ:ku@ﬁfdﬁ@?ﬂn@ﬁt&oﬁ@é MySm data
4 and B1-206), the voltage usually reaches a

point E[loaﬁum datagbtrage-Hot Butchpdcitor remavisdisstargstle, t he
floating voltage potential rises fromabout negative
[Parab’} vol S&ck Godhbel t:u:zaaﬁ daraaint! theHowayedata lvecdllecad ong a period of
vol t age pote t|aI ? nlot have to be zero ar .may be,
time, ALY t‘f‘ KS §¢ még R A DG EREr S t{&alg)é)f T Y ;me[nf_:,gyg; 10
ehmuﬂ@ tholifld Bkh¥ie. T BiheBéoRROME cBr8liARA AlieGHA ﬁl%mhe Q@]tléhﬁd
ected after a RF charge. At data point B2:-2
cmanvmlm valage 192 chbside dng sWishohredsiopie &aﬁtcerwamﬂﬁ i@ggagrgeh fora

rOV|de dec B2- 254
singley 35, PR Rt D SR e BVl okt Seh Bany Cor 2R g iy hd RS been
smtcl%'d&ﬁ‘hﬁf@%ﬁ RH dhatift 103081 grovakdf ul | charge (data poi nt

252), the current is about 0.86m% cnR. However,
mhen the current is fully discharged (data point
{Paragifl 256 By aphlyingi prantingpadit feihg daagotiectadign sBa\slé &Fdnust, plasma

A- o&':]'ékg%g %’ﬂauéx‘i&%ﬂd' 38@%{3‘%& dqa; ‘?ém@[@&%.ggayg‘%qg ;ﬁﬁﬁg P Sruration

a point a pol
slope CARAOH tOnpIT &R, ﬁ@ttdt.ﬁ\@hﬁt@ pﬁiend}sﬁ’,&fiﬂ e JikSitha endhathharac eize

current data and. the ge data re cojl cted over ,
plasmg -1 gy ¢ OErmgog NEAEL e AvBloriageosrimp iy bah te
data nggﬁé{pﬁ ’F‘eg)rg /os€ BPEGL DAL gHST, éﬁ‘%mte{e'im;s arie&fngaeﬁm;‘i LQI | process that

el 1 m nat e time varrab her words,
requires hgremt ingavartiool eet ednnay. \Wenrtht dh@(ljaalg.anmsﬂcmeh@ttw each RF

e . SRR 64 Bt e PR B e e

into a@@ﬁ%@@@mﬁlvﬁg pRiSh. TAE (S -gre RAKIDSEs brodPdn nRl p%%fxﬁ% non-linear
A- 102 has been switched off after an RF charge ha

fit to @@@ﬁllm o mggs@leie[ipgmgnmg}hzggmgzp@ tyqs plpsaan &y th;@@@rmplbtthe
aem%otgg ﬁgyg%e a)& e aa?» de egi%}'n %1«381»?% LeeiRe %\';69%@;1‘?& adétost%éxg%lyér to

mininti€e Sibstahird padodtsatd @,ﬁ’thc kebyus@burati on sl ope, el ectron
tenperature, floating voltage potenti aI and the like)

t hat % characteri ze plasm A-106 %e det er m ped.
[Paragd oy SR TpRES Ry, Amifef@rﬁav%féo‘é Hb@%&@%t sdaiifpeach RE burst

may ,rgtgﬁx% £0heel & u‘i he m%f? GESx e&lfl Akl xﬁ»@etéihﬁmce there are
p at

raneters I's a tedi ous manual process t requires
typicabiy namisontserfnentiibnns iR Rhusksaophdy zantterotthemd ditiec hasiernzing

I A R N N T TN

etfe;tﬂ%ﬁﬁetﬂ&%nﬁﬁo{ i8Fhgl My R180h! ¥RY @o@f‘@éeﬁé&xt&[ ehams. The
software anal ysi's program may performa non-linear fit

to determ ne the paraneters that may characterize the
{Paradihs ma Thepresprinacnepn »ihgowhe described in detail with reference to a tew

embodiments thereof as tHlustrated in the accompanying drawings. o the following
description, numerous specific details are set torth in order to provide a thorough
understanding of the present tnvention. It wall be apparent, however, 1o one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures have not been described in detail

mn order to not unnecessarily obscure the present invention.

1G



pl asma, the engi neer may be able to determ ne how a
reci pe may be adjusted in order to mnimze

w@asvesvsar d processi ng of the substrates. [ Par@r/us3009/049757
Unfortunately, the prior art mat hod of anal yzing the

g.g r .each RF.bur st ire %ﬁveral econdis(@o p

Paragfl] N S GBI AR et B ey ingiidiae pprghods an

tcahm@;ﬁ@s tn/tttmt t»fyt pli‘%ﬁﬂﬂtﬁm thé nﬂ@ﬁmm et Jh@ AR O v BRI SIS
to analyze, the total tine for c aracter|2|ng t he

mamz’@trb:smaf mr:luée? @mxpwtmywd'@kaemhfbunmt whichkeupairercadabla

imstroEE Rl S FU SR e o) e Bode ElrEiedR 1PGtedte
comp@eNich@iblPHERAGESay bRAIR, ﬁ@kxéthﬁepteﬁﬁ@ﬁﬁumw @sﬁttwlné‘tﬁk Wikl
now be described in detail reference to a few

magnetith opliGrb it Sthen &rasfof ggmppieuseddtemepnm fos sweiss spapyichipadable
code. dﬂ%?%@ i d‘ %]ttt hxemz(\; MOXX{J&?%;ﬂ}%ﬁ(ﬁ£4e9§$zg{‘m{1ﬂt£§&ﬁt%t%t dnents of the

T e
inv en&tho rouhppades siandilog ofcuihealegicasdnhdion paptinmabletto carry out
w |l be apparent, however, to gne skilled in the art,

tasks perginipg i GrbRens AU BRI Rt RRy EBEIREREt fUeB dPRITEND ficlude 2
CENeTyi- S, @I A 7
crerf R0 by pSSEASREA KA 8 i P Ul
prog mhamed et mbeér: tdb:somntienhu om odf BtL&ﬂip vien conperng devitetand
dt‘?t‘lm ecegﬂsﬂgﬁ%lgéfsﬁgﬁgg&%%g gggﬁﬁs \rs fg g\gtql ”}Igg%ggt;{‘;w%‘ gtgbosd]t'x]nents of
the mtaﬁllegdl ng net hods and techniques. It should be kept in
mnd that the invention m ght al so cover articles of
manuf acture that includes a conmputer readable nmedi um

{ParagRlwhi s ﬂé{@fﬁw@m@rﬂeﬁe@d &bF proba @tetﬂmﬂt thayke tmp lopet foyiotiget data
ﬁh(}lﬁ$‘§ue[ﬁ%\ﬂ ) ic}i!fl t EL I}E{I;]net,dl\pﬁ‘g "tt;i’ I'gﬁ{.‘. OF (.irp‘tdt 11 (fn\ U%DSIEYQI %gd'[d

umrra

colleckRik@ ﬂciazcdoo (e g nngqﬁbb@ mameom;gﬁ%d 1© ch@u@t:teﬁaé the qbﬂasma in the
ot her forns. of conputer readable mediumfor storin

reactog ghgsnbar Adisiaeile etsadic FORUREIR R olaGER SuRcHshowa in Fig.
A, dat%'a%&n“tﬂé’@l(anﬂfé% »«@?&ﬁ 4y be"&@&kiu‘féd”qrx %59);9 RS cﬂ(a collected

i nventi on. paratus nm circuits
by ths.dtéiﬂ) patbed;randkisarrcaxhozgmmrﬁhﬂaa t}mos gati kledut artuhsles

Uinfor %rat | Ellt n%ﬁ {;xgg Slh tghgit glfaé Egp :Fct:bt{]]:r%ggzgte@gglgg%rt he data in
a time HaRherd t%ﬁugz@t &chee Qi‘mﬂ&tcﬁgtr@@éﬁ ﬁxﬁh%@ﬁ cﬁ&%ﬁtﬁﬁ kﬁk qley

pr ogr anmed i ncl ude a conbi nati on of

cmk&@mhﬂmﬁeﬁhﬁoﬁvmtyngﬂmnvkaaﬂamdnabwuné@edﬂpmmgehnﬁa@henxua
circyits a f or t varllou_(ta{sk{s? rtaini ng,

pmsmé %ga:lmﬂbqﬁug tals SSPEF ]Sts]t%.ﬁ t ﬁ[%ﬁ? i ugg]tl vageIng analvzed mfmualh

Az a rod0f, erRRld QNRGked bBEnRIbEPLREE iTBERAEIBY HenRMRbaXedy sysiem
to collect data about the plasma that may be

with aigrselyicbweetedratione! theeplpe®dct or  chanber envi ronnent .
Data collected froma sensor (e.g., PIF probe) may be

iﬁi’ara%ﬂf' oy %x&e@ez‘f hatachs I:diﬂlzd%()'ilﬂg Rl 83 TBeddd ik Bfter to characterize a
plasma are wdentified from the thousandsimithions of data points that niay be collected, then
the time required to characterize a plasma may be significantly reduced. In accordance with
embodiments of the invention, a method is provided for antomatically characterizing plasma
in a relatively short time perrod. Embodiments of the invention described herein provide for
an algorithin for identifyving the relevancy range in order to reduce the data points that may

need to be analyzed in order to characterize a plasma. As discussed herein, the relevancy



reactor chanber. Additionally, since the sensor
enpl oys a collection surface as shown in Fig. A data
W@Rwovovke chanber surface may al so be det er m PEHUSI009/049757
the prior art, the data collected by the PSD probe
vi des r ead ource of data that is ayail ahle f
range SRR ASTALR 5t LA BRIgES T o Rt G s B e i tha
may Wt@ﬁcﬁ@n& &L &eh ﬁ@%u@d?n@»ﬁmnﬁ%qﬂ& thd ﬁn@ﬁﬁ@ fuRhé provide for
ti'mely manner a challenge. Since thousands or even
estimatiny seahsalofs thatramplm mpdediya petheolatied tredlel thhecaladieote values

for chy IR e ie L EXSR ] BNl 180 dBLALS ronce parameters
that nfa@ 9k enfpiRREALINSENLe: i dahabe Salbgbal] Y bei ng

anal yzed ‘'manual l'y. As a result, the data collected has

not been useful in providing the pl asma processi ng
[Paragiddt e miiF dtgey ﬁ*fﬁ%lrc{y)d@ﬁwaﬁﬁf@%aﬁzaw Bryewion may b Bffps undersiood
with rUD é@c ?(J?’Jhu 'fpgﬁ\éeﬁld dts&u&sﬁn@\’}?@‘ﬁ)iﬂﬁt a points that are

nee to characterize a plasma are

| dentlfl ed fromthe thousands/mllions of data points
[Parat¥at miw. beshools| iemtnembfﬁhemt i dhetinnetioeguimmel: iow chart

- har(?cterl ze a pl as,trégmr;ﬁg%;t be. SI’g‘F][I fi ca ntly reduced. In.
HuSUZUEE SRR QLA G pReseTEns %"W‘(h\/‘éﬁ‘ﬁ“é‘ SUAE FEFoEe-
Consillsy {RE S¥ieH wfiRfeiAuh At HaeR! lay b‘é&@ @Qk@ﬂ l4zting sﬁxﬁ&%;éd@s%ng
areatlveysor tlrreperlo nmbodi nment s of
i nvention described herein provide for an al gor| t hm
{Parafiel | déwniffryisieg RHE2rarevaindvalaagdath wwﬂeﬁe@ olydwcremple,
after tbbﬁFﬂ’g[\xéé i gl Qu,% twh\a‘%l Ogb‘% RE ekq,t E.IQ :%ezgq:hgxzu od. ' Q t Ir tﬂeg{F

chargé BhEHRAGYH @mige dxﬁirﬁ&én&‘h@ 2 §ﬂﬁl|&iuersu$>@t n@ak bd @hl@ (ﬂ@llmdi Sc:lku‘
fromthe thousands or_nillions of data poi nts that
data abp PEPRRENBICBES BEIARBTERY bk T, BLPF%‘t“’*d\IE‘Pn%‘é)“GWﬁﬁ‘M%’* b‘fdnibﬁé“ all of

the rek kﬂt\{lecrht]!l)@)@lbf AL Eﬂféﬂ@%;g%&j & 19 RS b iR %b@ﬁtﬁﬁﬁqﬁ{\aﬂ)@@rﬁiegted by

to a mathenati cal ' node
the seosn cmlagm'egzetuhéxe\mdmmsdgfmnmﬁhms,am sngéanes, dupkasivu teByf

lhom%]élﬁé) fté P m:r:ﬁtégx? fly(t\ BéicgrlrlpQb{}gg,ai}gkg;ﬁgggﬁpgmwg%m~:thsmc

m’thﬁj; ﬁﬁﬂ@pﬂ@%;@ﬁ&&ﬁjlﬁ Latiqd. [Para 54] The features and
advant ages of the present invention nay be better

understood with reference to the figures and
{Paradi7d cus &t deprohar. foerbbnnrt Pay éwe gééptt@du fgl a@i*smwg‘xe mggsErgment

data tf 1@& C lngtteg dlolrlil%bignl umﬁmﬁur putist st teb n&x%P At mpcu of the

m\.enﬁhanmﬁ;emzzum@mm aarmadiuﬁﬂ thg n&kmxs@xﬁ@ttehmme@weaga RF burst
Consi der the situation wherein, an RF charge has been

does it yvedebedurlyay! Sunderrackirpieissspingna. [ psead sBqurag-figmg is
qpphé‘d' IF Sitieig ﬁ\@ Piu{g%'f tl%uJaE'f"{gl é?ipgnéftqjs ‘it@%ﬁm@%% hﬁa ed i% Lhﬂld(,t&i tze

an exanpl e, sourc
hepl&mm&{g bmdetasmuREd charge (pulse) is provided. After the
RF charge has been turn off, a current sensor and a

pars B 20 AR P s 3B Baioned
the rem?h&mﬁ FudeQeRorCRARSL WM e @fa set that has been collected between each RF
burst. In the prior art, since the data is being manually analvzed, the sheer volume of the data
collected make calculating the relevancy range a challenging task. In many instances, the
relevancy range may be visually estimated. In identifying the relevancy range, noses that
may exist may be substantially eliminated from the subset of data set. In an example, during

complex substrate processing, a polymer butldep may occur on the probe, causing a portion



the reactor chanber. As aforenentioned, the nunber of
data points that may be collected by the sensors nay

WO 2119003980 t he t housands or mllions. I n sone CBGEES2009/049757
t housands to ten of thousands of data points may be

of 'theéiﬁgz: (5} Frsgtge]l g)e l%mh ew&? af@ﬁ%:’i}%&stt%@%gggﬂsar@{arﬂ[?*gléz%%qe 111;1aued
tends tdbd MG dRfl R vt be é@é@&@hn&o&é §a&i@§£mh§u %kér@ﬁﬁ i?%sfgﬁ*irgad‘ in
anal yzi ng the rreasurenent data that is col
identifjumg thg rélevinep mehget dnta ssberedvathghopely gqengmidqp} vomebe remaoved
the i n nre
from RGEAYHE el B o UGB Tl AP Mo gdtie
plasmB QharBAY 8740 RE caR@ Y Bt hln OEBRIct torablkah A6HEY. | ZRc@sion about
plasma. Instead, if curve-fitting is applled to a
how arrglesyayagngcangel bdetenmaneth for wepamply riveeded tappgn fgyliscossion
n{Tzub? enpl oyed to characterize the plasma may be
“determ ned. [Para 58] At a next step D-404, a
rel evancy range is determ ned. As aforenentioned, the
[Parar¥] evaheyddiange efifysgtie @lsuwbsatngd, ticheecd a&lmmhx a ‘::0 be
t hat has been col |l ected between each RE burst
dete’;‘lﬁllnpé)ratgppt \gqmeém{ahekng%chﬁeg & 1@@%@!};99 lgﬁ%tr@,g@@stmmted
value 'i)h@m San?%rth}! QB R é:k heudaiha ; GPLh@GEGOVITRK e floating voltage
cal cul ating the rel evancy range a chal l enging task. In
patenangnd the tikncBiscutshe abeliehemty seathydussayables ssiisud, for example,

e i d Ilf ing the rel evancy range, noises
is proyi ﬁg‘il“’i‘nt;@%égﬂi %O“rP§3 é'ysubst antially elininated from

the subset of data set. In an exanple, during conpl ex
[Parasatst r The rdEREEeSs findE andthR by e uddtid GHIPIRY pQEGH c\@le-fitting.
the pr obe causing a portionof the data collected to
Since garvgideiing mt:]:f@ﬂk @ggﬁﬁpf@ balpre \'Ify@aq\,i & torstt the mpshods epwfoved o
detemﬂﬂ?f ﬂQere!LgRﬁQIrqgwl WGQ b a?mlshﬁ\éjgvtlﬂlifz? @1§ inB¥n l?s@erhead and
col'l'ected orce the cap ac:ltor has been fu y
produdd sgibay @edire tinsd wahd nmmg atd&ﬁ, thablevadaying angder wabieve-fitting
associated with é E bui | du dP may be renoved
HteratipRoiiREY BhERpEES R e"&?ﬁb‘i"e\/&)‘% g ?%%e%tl‘é’r m nat i on
of the rel evancy range may enabl e pl asnma
i’amcth?r ac e AR418Prk0 rAGEWhd W J%@("Pt'alggd RO %@L@ﬁtﬁ 488, a non-
random noi ses. Distussion about how a rel evancy range
linearfaye. gec@keeé'nmme@m Hegrerfonmek dnplle; mab npg tdeipdedal tatber
d}am?tarézl;?? ‘1"3} ag% %éer Flé‘ilee‘\}eéll’?g))\ 15%1&5(11;‘1 i 'th &8 aeysg%u%é%h«%égmmuten
Unlik@bigQrhe aftethe miinathiioals far ReXts BSEER debAGBerAg ddé fReMsagd RF
herein, the seed val ues refer to the éestimted val ue
burst 9f )etqﬁxgr%wblg@i i (w@x@n@@l@i—}»@.ﬁ} méhﬁ@fng{supséedq Haeqwrng a few minutes
or cu,t%ﬁ(gei*éf q{(oupbntﬁlp%%gté i %Ir}ﬁa Itt.dLnl% \tsﬁqexg%% “?n&m%}cth&grgmv be
applicgisk ipaRbEdy afiomadX ammied sydt@n o ol d&dh&t tndifer dihe ubsam Rlata
of Fig. E. [Para 60] The rel evance range and the seed
during BiREES PEICESSING | | zed t o performcurve-fitting.

[Para 62} Fig. E shows, in an embodiment of the invention, a simple algorithm for

determining the relevancy range and the seed values. Fig. E will be discussed m relation to

Figs. F1, F2. F3, and F4.

{Para 63} At a first step E-302, the data collected during each RE barst i3 automatically
plotted. In an example, the current data that may be collected by the current sensor is plotted

into a current versas timme graph F1-600, such as the one shown i Fig. F1. Inanother



Since curve-fitting has to be perforned before the
next RF burst, the nethods enployed to determ ne the
WO 201606898y r ange and/ or seed val ues have to utPCT/E82009/049757

m ni mum over head and produce val ues that are close to

the fi | ue t her rreduci ng nunber . of
examply e ypi *t%ﬂ.c{%@* qoflerty Pﬁhé‘eﬁ?ﬁ&i@w ORI T hegPRER-630.
as »hd\\% aqhi ave ARk %&%Afﬁlﬁﬁﬁﬂﬁﬁu [iRaracRbhs Wtﬁ@ph@@art unlike

rel evancy range and the seed val ues, at a next st eg@
the prPr408the alammiibqtnbaraufqmat(ce hgfed iﬁﬂg’rth%alfaij SR mg\;mn‘ay;t it
requid i R PA i H A SO b e R DR b B it ipes not have to
be pldt@@UirsteRd, @B deXPeRSIvRd Birghhenth GOBRIYEY probiint Kendidg, the

prior art, the method allows for results froma decay
araph pregrvaredie ipus! asamiiel e erplabhs plgootise characteri zed

in approximately 20 milliseconds instead of requiring
{Pamaﬁ ‘&ew 'ﬂ? m\”‘ R {Qfmeiﬁe{}'u @n&%‘%p%ﬂ'f B ntQQ %Q§§8rdw ohcémmctcnze

r-realtine fanal ySi's capabi
a pidbﬁﬂp lhsechdas rparhcpfange isatetamiddde mmm ﬂilms&s tgemfmo» range, d
provi de the eng |ne§r wi th rel evant dat during pI as

peuelﬁfa&@gg} AYIE Pph fsstdspetergined R iRgt stﬁh W,Q—ierﬁg CHaseg herein,
the pePlentdd® dbONGRENQBrer ﬁu%ﬁ&?lt?p&kgﬂ Uhhﬂh( Q}EWQ% &4 ¥ﬂé ﬂ!:ﬂﬂ‘t aved t

the rel evancy range and the seed val ues. "Fi g. W |
a ce;tzbe pdxcsmag@efdzhe pripwhhtibon [mcaml@m@mduﬁm tl@@petﬁ@mmLMpmm may

represg L ak e bR R 5B bdn ey Caspurce i

switcRMATR R ceR@t GULE @Q&b@&fﬂ & hhadmiTayhdecok kestRatelhytdhBia
current sensor is p otted into a current ver sus tine

point 5}-@@}% oplzraph00 -0 iast i Hé therpereshgn deepyRiognt iFpet 1o fen percent
of the olug% dﬂ Shi QHLY cmé:l?%uag po%gqs S{a{dﬁl Cﬁml Eeic{;]&géﬂ%%d %bout 0.086

I'fito ver sus

m/ Xfcﬁxh ommha Fhids, tﬁe?peréédtﬁm&ha\t ﬁﬁnﬂtﬂ&ﬁbﬁ&@t@@nﬁ;ﬁé&%@ﬂppiwm a pre-
simlar graphs as the prior art, unlike the prio
defingder@atad soteesieas! revao v \@gmt heerleqtinei Che s fien the RF

soure A[A%k&(éhéd &'%919«5 ARV RQU LG LD i gﬁ Bﬁ{‘xe nisBhEN éeé\te'nﬂfbd;mem

ternative t he neasur enent cted does
the pckkamatft: Gb Shﬂplrll'. ﬁht aéxdernlinst ehdyn ¢rhilediab@, mayadeof freploying &

pe’rcelgtiiaé;g Cay pfléx%;% I?%ggx?eating 3&2 Bgﬁrhggﬁfédﬁtleb" qit}gead ogﬁﬁlrttﬁgm ative

of tlla@ja&Qr(ﬂ}Eﬂgﬂl f([r%@ﬂ?RﬁﬂxrsltJﬁ{ak ke dﬂhﬁ aRigi or art, the entire
ta set 1s not analyzed in order to characterize a

pI asma. Instead, a relevancy range is determned. To
{Paradéq er miié mh@ﬁmﬁ@@éﬁby dh&ﬁ@@l H‘@zs pietncx@mak}ewde@@ydtm interval,

wh_mhﬁé ti&f d&é’t é(zhga& BEhpeen r;ifje (tnl;'w:em'xi Y Ig u’g ﬁitné ac:b; é} deca\ ;[E( gcf dmuxssed

erei

hereid, thet ibe sglataBiop ot al&tfc\xmﬁﬁhz, fdﬁﬁnmﬂ e &&kcn‘(-&blﬂ@gh&ﬁ) curve at
decayed to a certain per centage of the original value.
whichy e gipbe pesaipeh tuilicivatlp spading Rg@ ragwaiiopi %:tﬁaﬁymmmai such

that ti{e%‘?&%%ﬁ r{*ﬁx\tt{t? %xee} V\gb&olfs ntebl?ﬁg@t B thidl &Exgﬁ‘lt hel QR %A Q{;%SQ-

he ource Ts
micreases slowly and immriy with increasingly negative potential. In addition, the ton
saturation interval is the regime at which the bias voltage s sufficiently negative with respect
to the floating potential such that the probe will collect all the available tons 1n the svstemi. In
other words, the collected current “saturates™ as the bias vollage s raised sufliciently high.
Also, as discussed herem, the “avatlable tons™ refers to the flux of tons impinging upon the

sheath boundary, which may enlarge as the bias voltage s further mereased.



swi tched off, the current value is about 0.86 m¥ cn®.

The value is represented by a data point F 1-602 on
w@e@aphoPie 600 of Fig. FI. If the percentage dePCEURSNNG49757

is set to ten percent of the origi nal val ue, the

Pam?{%@ﬁte n%v B@%Lamﬁge i(}iﬁ?ﬂﬁ{iﬁi@?f o ?@t tthlal: énglgg@é:\é\t?lléid@ ponts Fl-
602 aﬁ’c?ﬁ a¥0Ref Ple. FRYLDS: det&himtRete Q}&,a@aﬁlﬁlﬁ‘é\%:ﬁt laﬁyem determined by
defi ned percentage to the original value, which |s
talxmwapmeem:fvﬂdieheermaanfrlux@we (chadage poneh!-Che). R a8 suprople] i the
<ec«:m§ t 15 abaty 9’» welgent ttem lasx { et]tf tk} ge g W poipt-is about
Q%W.%’m d?ﬁ*%‘i LU R PUFR é’ ErnBbaRteAte: Ph ﬁé’&? BHYAEye
0.81 lﬁ ARinfi(cal dita fEHEF Msned . Hdnde aRe madwﬁntsmems tsereceh Qfe original
nmpl oyi ng a percentage decay point to determine the
value éafxﬁga ot heodatta thaespndadiecay Reinpelaie pntd 1 9Q6gt Note that the second
deuaygj% {Yatt)ét.\( gffl 12:& (}Pgm%\t g%{&iﬂtaep%nﬁgxl{ t%? ﬁ‘& }dgjzéi.%H %E {igeax point
{data @blgolﬂ bmm Ry ighebel@parecitie deosy @aﬁw sietsmmdl det@f ;v«;ahn may also
ch is the data subset between the ori &Xnal val ue
be ba&éﬁ&ﬂa* medshtedetalolponit cnRodHRGEu et RRIENAT. trgercghtage is

nterval refers to the region of the
emp;r%fygﬁt%ﬁﬂ]\r}g tage (IV) curve at which the probe
~ potential is 'suffl ciently negative with respect to the
{Parafd7dat | ﬁ@apdteem paiiragoie nterhalthas heeredlaarriont, fif axext etep lie308, the

S ne nthis re nthe curr
slope B9 8BS 1icier SuEoR ury a5 e FIoHear Ky I R gty ) and
the iof CAakki%e (IPPHEBLH af the liRuraded {AIQR thihBay BNapPREU (AL h@fhematical
interval is the regine at which the bias voltage is

modek(iatpigrehbelpwhbgdaierosnaghe mﬂwese@e that ehardeeerfaegatlesmp. Inan
c\dmagttﬁ lbﬁe '-3 lijxg:ﬁig htc { ntmm,dew gwb%n mmﬂ Iﬁl&lﬂl t%gtmsmn Itn a%othu

Syst n ot her words,
embo@m{elne @m@ezdu@wmﬁﬂm qiS@ﬁaemms thedi8n tdrer abh@&s;MW staﬁ@g theSaverage of
rai sed suffici ent’ly gh. Al so, as di scussed her ei n,

the dagenielughbgt e daty Mﬁ%m Fr‘é’fﬂer’-@dt‘: 6-®he flux of ions
i Npi ngi ng upon t he sheath boundary, which may enl arge

[Paragﬁ[\t he ARi;33xMQ @9‘?{}' e LOHDES 11!&@?1&@3?\?&91@ B V;‘;@\,zﬁﬁﬂ pdift, which

er wor tHe ion saturation interv
is the pnineavabich tlmermdiaiw}x poienthends-si0Anan anfﬁedm&@lﬁ tb:f inflegtion point

may b&éﬁ%f‘f‘ﬁ“ﬁ@ﬂ{ sg\]m?[gww E‘%“%SSE}SS ;?;ggfgihg :&?}éé \g}t{s].glung?éummt
valueVBdti8er the QerceialadRal BBmF}ﬂ@@\g)smdnﬂ APy AIP NS il firak D Fig. 13
second decay pornt is about 95 percent "of the origi nal

shows/ ik diest detheatsgod it %d@se;mpmmﬂ pesceatsge tle@y @il £AR4) and an
(mumg fngeném \}(}j‘d%(\ ? % %‘ﬁ;&qw}kﬁk ?n(gﬁ)n ﬁ & ;%H?Lé;ép é)UBlg 13 tlt[k: mm:ma} data

point Eflt-hé @2yt degvithe (seeony x\d@&ﬁmb @amnk dfdana pol/ah” fukk 608)ex value
Not e that the second decay point is between the
220k ghevsk by drtaeord 5@&%5.% d*—#lineezt)‘u Hibectiprevigee. denidge value i

mappg:?&a&m@f?f J'J'n gﬁ)rt @’%R)%bmln f[% gpi“i‘)&) ?lglé t&rmﬁ& E{lge of the first
deriv oﬁlhs (03 ;laep;ﬁﬁse dw@mtatmab&: Hebd, mlaﬂmﬂbdftﬁsmmd, 18 m?am m 35. ent, as

i ment an enbodi nent, the percentage is
show ‘e{;\%ﬁ?‘f‘ &amt V"éﬁg?er m ned.

[Para 69} In an embodiment, the relevancy range is defined as the range between the
origingl value and the inflection point, Additionally or alternatively, a percent decay

threshold may be set {e.g., at 35 percent} wistead of calculating the inflection point. Inan



[Para 67] Once the ion saturation interval has been
determ ned, at a next step E-508, the slope (s) and
W@ baojerescat uration (i o) may be estimated. As PCT/US2009/049757
af orenenti oned, the slope (s) and the ion saturation
xS e S b Fohe SRy aprminec.
the m%%@f» Tafl& Ikﬁhemmﬁ,@m%{m& palsos hﬁ& a%@& @8 Fﬁ" asna.
In an exanp e, the slope (s) may be deternmi “ned by
performng |linear regression. In another enbodi nment,
the algorithmnmay al so determ ne the ion saturation
(io) by taking the average of the data val ues between
data points F1-602 and F1-606. [Para 68] At a next
step E—51 , the algorithm npy determ ne the inflection

pgint, whiichjis t{hg poi nt, a whi ch xhe §i) st

der i d Vatahy _ igh.u Asn T | fEpsation 1]
i nflectio be cal cil%t 1d Heifyi Jn t he

m ni mal vall bes Jfirst rl\[?&ltl\{, e(fér ent

val ues between the per cent a@e decay p0| nt and f He

second decay point. To illustrate, Fig. F3 shows the

first derivative of TeHet:fatspesrbllimden a percent age

decay point (FBpf8aN.aTdamygrhgi gl pornt (F3-662) of

a current signal E3-66( " The inflection goint is the

m ni mal data polnt of t{RE™FPEEEerivati e (F3-670),

whi ch has a valwg_of - \Qﬂ;&bnﬂb@;a@ and an i ndex val ue

of 226 (as shown-by-datia &-Po-pt- F3—666)-—10 determ ne

the inflection{value, th é' ﬁg ‘3( val ue_is {mapped to

current signal | pl ot F3- mi.fﬂnlmn}xhiug exanmgl e, when the

i ndex val ue of “ttefrrst—derirvative TS pped to

current signal F3-660, the inflection value is 0.4714
[Par aW{ C ML @512 RO tiBY podt AleRGHEY, 13:1888m bk ﬁérﬁtu@eqﬂm{ Bean

nbodi nent, the rel evancy range is defined as

nstmmat_h gea betiseprE-th2 Bhé @pﬁa}n A eratian thay e chtmﬁizted bl, onmploying
Equati) ](J)]xlr le%%ﬁwéf}g‘itk}gi;mbean é%(é ceiéa% td%{agj?lt illéglj i.lﬁétéﬁlf{% E%nggg%%emt‘ure
is witGigheUlralsting thReval REtigCc i R IBOMRN & bx@baw@@m HessWtBsk than

the percent decay point of 35 percent, which my be
the 10p mppmp;@gp]iyc:ueﬂlémwxnb@hn@n@ thgé]xm@in@!yclp Hegarmeiangiapltage data
is mu%ﬁ{t\éﬁné Reﬁg)(SH'L }Idrfél (ﬁ ﬁxé an?fgu.?gj!( PR ﬁl Q t xgxcuiq\n > ’lth %Bg%lug&g}llrﬁlm of
the cureentéifage di- vV barv ehe@taﬂ@}ﬂm@ﬁfﬂ@hﬁt Uﬁﬁcﬂﬁe}ki@ﬁuﬁﬁf&hﬂiﬁ@x&zﬁd& isa

at a next step E-5 12. The el ectron t enper at ure may
ratio (@s‘tmh*a%‘-‘éfd’a%w hﬂr‘@?ﬁﬁg E‘q‘u’é&‘i yrethapyiaitay %‘UP‘P‘&HP“ “‘»‘L data
coll LL@?@Q?’QA Reggdal. ?nfﬁ& lchdy Zﬁgn&&g?@h&q hAl&oh Egmﬂ)@ el &R ent-voltage
nmperature 1s Wt transition 1 nterval

curvej tﬁe usmadxthyo;m em:he@rtbktmm;sbed:reqml fibtol gessrasuthe emubmhammunal.

the i on saturation current. In an enbodi nent, the tine

h the e nd, val.t age data is

[Paradl]) oo ORGS0 S0 Erid B plsbPitsR TR Rt oBF RS ite

potendidle SibliRctibameRRiREe Rftential is determined based on the voltage data

collected, the floating voltage potential may be determined without first having to determine
the values as calculated in steps E-504 —- B-312. Those skilled in the art are aware that
floating voltage potential is the electrical potential at which the probe floats afier the external
capacitor has fully discharged. Typically, the floating voltage potential may be determined
by looking at the signal that occurs right before the next RF burst, However, due to the

possibility of polymer butldup causing distortion, errenecus data (i.e., noise} may be

e



the current-voltage (1-V) curve may al so be enpl oyed.
Since the electron tenperature is a ratio of a first
walerppetdswve (as determ ned in cal cul ating the PCT/US2009/049757
percentage decay point) of the data collected for an
cotefi s She Bt nTBs e L S B Pl glace
val uc@atﬁﬁ,@ﬁ@%& znﬁtthcnﬁ‘)ﬁ th@ 1d &q Kbfi&dpdiRdgen @ﬁ éltllgﬂalhﬁ nf‘ lt'l‘i@r%a ting
Is mnimal. [Para 71] a next step E-5 14
v oitasalt@mmhmwaw{deuleuemnw dhe poinbBe-ohg (tho Idmagvemt 'xt which the

e at 1,n
voltady et EHBE Dt tornal3e S gt N s 2 L34l hbauBionfs righe
bermef theabkgr ¥okh agahpehen ki@l My ahghdeh®bolinied e HBAMHL voltage
first having to determine the values as calculated in
patenggliany Rt eezrig e ferplaghodeesskiiin agvingpw hé-6apt which isdpgrted
)ett\eg??rtta log‘?l fp%*fy% LL?Q%%P Q&%E&k’s? 1 h% f“’he (iﬁt(&ﬁrﬁ%m window
Tt he foat ? ]

F2-650 aymachst @‘Tanh ake fw tdny Itlmhﬁﬁgﬁd)etjﬁ)t rbr:ﬁaaé th)e prioh puise has decaved
floatlng vol tage potential may be. deterni ned
more hgBRP wgTeapt (R @ﬁar theiat! BEEeie, @rrpmbeflmcémrwe the floating

\«'eitagﬁgféa'tenﬁpi A Pé detERNRYE frond %m‘iﬁlgtx A& p‘?&siccfésbdn “Mey'wgfxaiue with a
pol ynmer bui [ dup causi ng tion, erroneous
low stpindaad devigiioe(eroaly becol I ect ed thus the fl oat| ng

vol t age potenti al rray be cal cul at ed by aver agi ng the

{Para\é”g’hlt ng\is\éﬁ!x gg ?rprg gutat'e rgﬁa &ﬁ,ﬁ%&* the {z}:eéhqdﬁ %rgtqeteérmmnu the
relevahf tAQE aﬁ@ﬁﬁ%étﬁl BB e ﬁh%ﬁbﬁhﬁ@k thiamd@icar Rahe burrent,

F2-6S2 (the ata fOlnt at which the voltage first
\oitaqe@adr@eguwﬁ voltagst (g qaloteenﬁ!r a panenlel ok ol dmm@macm at
the en(i nl?eth %I%trao I&ﬂm v léxgiw ah ﬁtéttt{ﬁegtn?c r.u?m St%( %ivtm Wr T%\;)lt, levancy
range fah@ el gl V’Qhé%&@@ ipetreiats &l wimyednel rbﬁ&ed e rtr:h,eac\t@t Hhate

val ues within a w ndow F2-656, which is |ocated
procegiiiigneen dat a poi nts F2-652 and F2-654, as shown in

Fig. F2. In an enbodi ment, w ndow F2-656 may be of any
]Pams’?.ﬂe a%n'cg’ ¢ 2R t&? A Qqﬂ\ﬁ\’bpé%tﬁ1§tthﬁftp{tt% tgtl.n clﬁtli,s hd's(, been

pul se has ecaye nor € percent an s _
akumwe M$XE\pﬂﬁsb‘ﬁégﬂmsaaﬂnx@hEsmeédeEWﬁaﬂmhsﬂhéEaﬁ&ﬁgﬂhms

and um b\;}? g‘&s‘% ﬁa%} ré& éo 6&?&89 Stlt‘]t‘e)h rf]ér, qe‘%\ﬁ{ 5[0 g;n a gg ?,X‘fmr; e, a pon-
tinear @@M‘c"ﬂt' QR 68 LERIberd-Paf@iark iﬂt ADBUERMBELARIM t‘é‘@ kB8 fhrm the
fromthe foregoing,” the nethods for deterntnr the
curverfglingy aﬁ}: gcmﬂg‘g ey q—hgmga@@jﬂmém@ghmt@g ptedftues to the
Ceur current

{ n t e Toved fo
nmthegtdgz). & rm% 5 "’8% {th%ft agrrm tpe foué Em“]“ﬁte&*n‘%é‘x ré%;b}}ee empiayed to

ahma@&h&ﬂﬁ{pbmmh@u@tﬁ&&u@@ﬁﬂﬁ at the end of an RF burst.
However, by applying the aforenentioned al gorithns,
t he rel evancy range and the seed val ues are inpervious

to unexpected artifacts that mayrgccyryduring
processi ng. [Pana]§$t Eﬂcertpe ﬁgigﬂé} range has
been deterni ned and the seed vaI les Thavg been [ Equation 2]

Table 2: Parameters defined

Parameters Yariable name
H Charrend
o lon sawration

S Slope




cal cul ated, at a next step E-516, the current val ues
may be plotted against the voltage val ues and
weerweeFBati ng may be applied to generate grapPCHRUSHBD049757

of Fig. F4. In an exanple, a non linear curve fit,

such as Levenbetg !‘v"arwe(r'*t at-gor-thm—ray be applied

to performthe| durve-filttiid. By generatiing a

curve-fitting gFaph ang F&p@igyﬁh%g@;t@h:&&ﬁeed val ues to

t he mat hemat i C:u‘y nodet F{Jé{r{ﬁi&ﬁ)»%}édlloll 2 bel ow, the

four parameters_that nay he enployed ta dharacterize
ii’amt’m pI a\@wan haypirecidiet dom aedor eilsicedodaandnes the siesem

H}‘\-'t.n% élnél 8‘611 %il}i‘(@f(}f Cﬁ%& dbtanilgglp? \lﬁ‘i\)é‘el{lﬂ% H%Sglﬁ Pf{)\.ﬁ%\ﬂ & ] 3

providid! BRdednigihadeibaincs halgeahe hiséd dTGe@] AsiR, fldsrhfgharacterization
pl asne processing is provided. By determining a

may oCRpSVAHYY hadng K HAesa tywsangs o5 sulfopapidea penidwyg are usually

collec; cﬂia{l %gtri] é\g%}?fh} B{h{ng%% & &gaa%%hﬁg\:ﬁh ttga?it (;?ﬂg Il?eeQEj)g;SR%?dmux and

manuﬂqﬁd}@@t &b af seomatisianigthat ey bu psﬁfouﬂéla‘ie;;x,zmkﬁ@m&t cﬁﬁcxenﬂx With

net hod. transforrrs a evi ousl y. t edi ous and nual
data “Bt“é%é?é“i Kesthatorspehiene F‘ééﬁ“lﬁﬁéﬁ”‘rﬁéﬁ“ Béﬁ*ggwtémeufew

millis@Wn8k Hﬁ’asﬁ{SQh%deL%ﬁ%z 1¥a» M.’ én&f&%é Janak iﬁﬁkxﬁ rocessing instead of
significantly shortened few m nu Brreven a
beingfigysth QURh):tumopmtéﬂeWTmi h‘wls‘emd;)riais m;wl paisyIde insights into the current

phsmg Fg{::géxtggt{plé.ztfﬁggsegxg? é}m gt’é.pge?gn r(]gg%{ ngz:sgxgeﬂjigl{qq%ﬁngt and waste to be
mininREQcess. Thus, relevant data may provide insights into

the current plasma environnent, thereby enabling

reci pe_and/or tool adjustnment to occur and waste to be
ParamiShi mi 2eilc thipameenris] highbqes demirded s ohsehag! peéared

[

emhu‘?ﬁﬁe%[x glr%% “g flﬁgﬁ{ﬁmhéexﬁﬁt\/ﬁfoﬁ%, apld%éi%\[ﬁ%gt mgggg iﬂf\\hﬁm the scope
of thisnh-ehichali shetdulse ﬁd}m&cmaah@;fe drdirant Avepithenvavstof

shoul d al so be noted that there are many alternative
impl efglngy ﬁxelltpﬁblp@ﬁéﬁfi Ftwgqrftﬁga r?éflﬁda?’e&hfﬂ“ ﬁ’ﬂﬁ‘é‘f attiwagh garious
examBiPEaR RN HMENE aQ\ﬂtm@Mﬁl BeeMRLIBHS hEXARRLES: Al 1oL
provi ded herein, |t 'S i nt ended that'these exanpl es
himiting huhhﬂf&:@tm\zet}&nd\mmtm.l imting wth respect to the
invention. [Para 76] Also, the title and summary are
[ParaptedVvi dedsdneteaitle dfodrsuconve ﬁkﬁﬂ@ﬁdﬂhﬂ?i@}hﬁhﬁ ﬁmm@;tmm andetould
to construe the scope of the clains her Furt her,
not by ihgd hetpHBt TR soqns ditmclpmsdieriign Fyrasp 1@@!}%{3@@% g in a
highly ﬂ‘g}r%s?a@é R?{deﬁg fo&h d?:dfhgfen?ﬁm(ﬁm e%%@ EALRARY E‘iﬁrﬁc@x%&llﬁ
e enpl oye construe or he over al
empidm&? &ﬂctarﬂmle w‘iiiimh thesovexpl assathnl Whtches @t;ﬂe%ﬁd wlthe thens. If the
set enpl o§ed her.ei n h termis intended

term tb‘ H%V@p “ﬁ*‘s‘ ShotH" ‘Hﬁﬂ%‘r‘%‘{“%&‘ P et reap gt god

math &191{3@%\/}5%1 é}'g@f 8o Gmer bnlRY: SudrD ARNQRE RIS A1) O ihibnded
IS i

that the following appended claims be interpreted as including all such alterations,

permutations, and equivalents as fall within the true spirit and scope of the present invention.



that the foll ow ng appended clains be interpreted as
including all such alterations, pernutations, and
we@oubsedoent s as fall within the true spirit aneCHUSI909/049757
of the present invention. CLAIMS What is clainmed is: 1.
A nmethod for identifying @i.atedsilized plasma within a
processi ng chanber of a plasma processing system
. __conprising: executing a strike step within said
“‘hmbgr‘g}g‘g? ihg chanber to generate a plasnma, wherein said
strike step includes applying a substantially high gas
1. A RE@SEYEE AW TIIND oS REQERASI Withif HRRRGEsin@Bhmber of a plasma

mai ntaining a [ow radi o frequency (RF) power wthin
procegglaypiedt egvpngnghanber ; enpl oyi ng a probe head to
collect a set of characteristic paraneter nmeasurenents

SRR B a3 P3RS AL IH RS BEIE, B, e

said seikefsapandlgdasi thin cl ose proximity to a substrate
surface; and copparing said set of characteristic ,
par amefRRIYREASUPEREREY haghgtidressuis e tid P BEPCRigechapber, and
sai d set .of. charact ek sid.G.Rar o BRSHLE, S, cdiSe
o) » Rl SR B B SR GTE DS RIS chamter
eximplegings prohe hawtthadliof actaiimhimberiginpsandepmolperements

duri (pga@_ii a ‘catgacﬁé\t hvgel%gicog)pl ed Q,ecttps atic CCC)ZOE) ber. wherei
uring sy sirike Stega i RIC RS BB IS BTRRE FEINC BIICESPiEgamber, wherein
said shead i %ritﬁi;ﬁ!‘!@ﬁ_e'cpr@ﬁwiﬁﬁo aWIRG Bl @Bl aggR- f aci ng

surface of said probé head is nade froma nateri al

skphpamg widichef clpkadamtt aeiangta omporentsts ofaisyiagre-delined
range PR GASSI G SHATDSL &, The Rt N of, chal mAWhRr 6l g e
angegd P9 SROt PR R RE P PR EETEY 'S Re U R h RN ETpgd fpnee.
said s@O1iz0d pla9fa bk measurenent. 5. The nethod of claim

1wherein said set of characteristic paraneter )
1. Thgepdhndefeiniat § whereepidarrobs badrnpp ceiwperehremgled electrostatic
coeTEagyrenents. 6. The method of claimlwherein said set
{CCE) g Lo :

characteristic paraneter neasurenments is a set of

3. The healiddng qhoenthakinn@abpoBaRaidSs a dmalldeviogtiaeiok plasma-facing

claimilwherein. if sajd set of characteristjc raneter .
surfacieh SHF SRS & Mgt Nt il i 1y BV ingeE components
oz“sai&@%o@ea%k;@?dgﬁ:-n?&:nOt stabilized and corrective actions

I'S applied. 8. An arrangenent for identifying a ,
4. The natthdd dedhipl ashwen 1hi wt al grovessiingavhenbercaaficaents is a set of
. 'PI asnma
1on FHIX measurement,
S. The method of claim 1 wherein said set of characteristic parameter measurements is a set of
electron tempergiure measurements.
6. The method of claim 1 wherein said set of charactenistic parameter measurements 1§ a set of
floating potential measurements.
7. The method of claim 1 wherein if said set of characteristic parameter measurements is not
within said pre-detined range, said plasma 15 not stabilized and corrective actions is applied.
8. An arrangement for wdentifying a stabilized plasma within a processing chamber of a plasma
PrOCessing system, comprising:

a substrate, wherein said substrate i1s positioned on a lower electrode within said

processing chamber;



processi ng system conprising: a substrate, wherein
said substrate is positioned on a | ower el ectrode
wawaibioesosmi d processi ng chanber;a radi o frequePCHUSTRPFY/049757
power source, wherein said RF power source is being
appidietreghierady (R Riwg@oneice W kidiein ssidi RIP progesaicdds being applied at
chanber; a.gas_delivery system wherein a gas is
a low éféli?"\}’é?r‘é‘d“’i“ht’%‘}§’é¥‘~8‘qﬂ‘r‘~d%‘é§@?‘ﬁg chanber to interact

1t< t},\ §§h@r xR SR‘QIWth &n QQQ@E%;Q\ zHL@ﬁ{W:ﬁu@ {LESS%W cﬁmmbu 10

oR
nmodul wherei n 'sald préssure nodule 1s 5 ppl 1 ed
interastuipslt an:ﬂi%ﬁl;joymhngha&temmswat hin said processing

chanber ; (g; (? arrangenent , erel n said Eéﬁ:‘ge v hicl
af PERGUFERRIY o TS 4T BreasivaPaiie iy dind 61 4 sfgtapgatly high
force HitBROSRANORsRing hias&: of said processing chanber, said
surface is wthin close proximty to a surface of sai d
sapsthearepewhartevhersiai Saidm! @w: amamg@rmﬁtxd&@ piwm imn" sensor
to collec charac

and is {13?,; gh%tjcmr a5 hgg;% Pgﬁ‘g% prmaﬁ}nﬂ C mg}%élt f'i‘“f(l ém‘i%u, I8 Wit é& B (ause, p: oximily

to a %ldﬁtc@ OF kOA simRedlcewhWRBT Rid B Grrelpehi @raomdyé@w 18ast to collect a
configured to conpare said set of characteristic

set of ghprapapgic }%ﬁ%?iéﬁéht%“&@&lﬂh‘é‘@*gd“EFLe A% pped range, if
t : is .
Sﬁkgre%&‘;n Qhd 81@%((@%3%' ne@x defecPAR ﬂ{lﬁﬁhg 3 ?Egﬁfzﬁ %%&,ﬁ}gééﬁ.a;d set of

I'n sal pre range, sai
chara@uiistepardnerdinecanrcargamgpinsof peldetinedranpe riéei;.,ﬁti saiofl characteristic
pl asma-f aci ng.sensor | s a capaimtlvel gﬁ (ﬁ
par a”‘éf‘é SIRGEPAL ¥ ey spidape dplngg rangs. s ém FahperBR et

g, Th@ Lot A D BF QL § ‘%'hgrcﬁ)sll @ﬁ?gmﬁm R Gn S SRSQH is h%a&;ﬁﬂ%lx‘ coupled

device, wherein a plasma-facing surface of said
Lmnmtfamiffﬁqmﬁg igedisor is made froma material sinlar

0. ThRuBEh B SRR SEL0, Copncn 8 o, 2l PLCETaNL. e
plasm@8hciff sGRREAELAH hRknG- fﬁ@ﬁ@ﬁ@l@@r is Rde Woalk ﬁ{a&dfiﬁs:ﬁnﬁﬂo other
of ion flux measurenent. . The arrangenment of claim

plasmg-foting epmpeshts téémd@m@hame}t'@mﬁst i ¢ par anet er

nen S ratur
i1, T%grsx‘%nr%mm{ af ¢ i!g}ag Lf‘ lLeA bglr brdé(,?]‘wt,gr;fen%a!d er ‘1%%._ pmagx Vﬁ}] Int,ecl }]iiﬂ'lﬁﬂf‘w 1S a

set of & ﬂluwse;tga@fregﬁémr acteristic paraneter neasurenents is a
set of floating potential neasurenments. 14. The
2. The pamysmmsht olgfla] Hirhrginked & f S tistic PRSRGTSRRFE ements is a

ofgmoﬁ%rf%%%%sb%éa 1o The &/fangersnt of claim
3. Tdetenmgenensal daist fihhbiczedipiasireharanrisec phieeas tihamwrsments is a
set c_r{'lﬂsaat%?gp;l'}cgtgmiai measurements.
14, The arrangement of clain 8 wherein said detection module 1s a software algonithm.
15, The arrangement of clain 8 wheremn if said detection module is unable to deternune said
stabilized plasma, corrective actions is applied.
16, Anarticle of manufacture comprising a program storage mediom having computer
readable code embodied therein, said computer readable code being configured for identifying
a stabihized plasma withia a processing chamber of a plasma processing system, compyising:

code for execoting a sirike step within said processing chamber to generate a plasma,
wherein said strike step includes

code for applying a substantially high gas pressure within said processing

chamber, and

20



16. An article of manufacture conprising a program
st orage nedi um havi ng conputer readabl e code enbodi ed
w0 bap®di930 sai d conmput er readabl e code bei ng coPdT/{jsr0021049757
for identifying a stabilized plasma within a
pr ocessodrgfoc hamhginingfs lawphdsfrgpeaegBE) pgrvaysitiemsaid processing
corrprl si ng: code for executi ng a strike step wthin
sﬁ‘fﬁ‘ﬂﬁﬁlocesm ng chanber to generate a plasma, wherein
sahdh St E:tlﬂlﬁ%hﬁﬂt'ﬁgml(% MAES:iGR! ﬂﬁ flﬁ?[marﬂg R during said strike
substantial l'y as pressure W thin sai processi ng
step bg mamgarpmianmmm d mmbﬂh«miti&urm oge surfaowof edd pradeeegueerhanber,
1 ? g r.within sqld’groqesm rk? chamb er ?de for
wherelnpfid gy IGVERE CHSC ORAYIEY &9 RSPl AP HAkt AR
”@M}@ eab& nd*ui‘ﬂ J‘Qﬁt §?¢H§c1'§:§fﬁ iske pﬁ&zﬁﬁte@méﬁh&%ﬂs REARE a pre-
head, said probe head being on a surface of said
deﬂnq@rr@m sisngt @h@h@@r&atm\h@r pRrAmsEl thegurfmens issvipliin lipig pre-defined

a substrate surface; and code for
rafge "6“ F“’g?ﬂ% dsfg%“ax ‘t"‘l%f characteristic parameter

Tl H@ﬁﬁi&[&ﬂﬁﬂ&ﬁxf@@ﬁb B tladn P6 1REHH B8 pfoddBead isfa @padSRY-coupled
of characteristic paranmeter nmeasurenments is within

electradgtis iﬁfﬂé‘}d’éﬁﬁm’hed range said stabilized plasma exists.

18, Thd méﬂ;ré f%”q gurg of E'Bﬂﬁ'fié%thtlﬁe?n ’Ild Qét%ghﬁgctwﬁc%anmetez
sai d probe capaci t1vely: ¢

measieb@cits ash@taf s¢ Q@E@m fnobeaad8netdihesant blebrorofenperature

—manuf act lfll‘e.;Of | aim 16 wherein said set of

measEHHPHE REFASET o FRUERBPERIHEREMERERs i s one of a set

19, TRE adeRD: Jf*xH&u@ﬁﬁ%@ LELBRM: 4 (}Q\h%ﬁim afcafl LELF a‘?xﬂnﬂﬁ%ﬂ BlrikiBrer
measurenents, and a set of floating potenti al

meas: msassua ementsthi gid feededimtd cinge ohidpmfactot galotizel aidmorrective

$ ﬁen if said set of characteristic paraneter
"C“‘mrbréca%‘ﬁ Bhents is not within said pre-defined range,

20. Tﬁ@hﬁ‘mﬂ:‘ FSABNIER 1RO bf ShaRi b haRthiR O] 6O RE EdMBarBGLdf QRS set of
is applied. 20. The article of manufacture of claim 16

charagiprstel paraadtel noderehpnt guphrdit greofelvgll crrgets pfrformed by a
ducuuma](}a& ierl stic paranmeter neasurenent against said
det'tned range is perfornmed by a detection nodul e.



