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conhsaﬁ%étf RGR-AYPOSBE tPthd pRkAS B LAt Prodk. Wh@;&k]ﬁﬁ%d%hﬁ i
substrate’i s pr ocessed by the plasma. The met hod
mdmﬁumq@émm ngod tise §aat. tler vae ghay: wmatmn‘g »zailm@ Henigyd thg charging

}&Sg@?%ﬁgep[g ﬁmer’%érg%)&giw‘ ng?!ﬂ afhc,nrzg A ﬁcr% “E}F‘ @¥}Frnn6$%v0:c§ the
plasm@RBEGY efild the PhasRotital bihge Blabmar cm@ m{ﬂaﬁ ARt iReddes

additional |y
ascertaining a probe bias voltage at the time uine, the probe bias voltage at the time fone

representing a second potential difference between the sarface of the PIF probe and ground at

ih



i ncludes ascertaining atimet jFjj,, the nne $E aattw
represent in g a tine during the charging phase of
w0 b@7RrPsheasur enent arrangenment wherein a fi rBCT/US2007/065890
potential difference across the plasnma sheath equal s
to a plasna potential of the plasma. The nethod al so
the at 'tﬂctling 2, a§ ?ﬁ Rk 't%q &hbs %ﬁ:d@h%‘%u\f& 298 ¢ Em e thn time
las vo tage at “repredenting
Qmmnaeme@mhdgp@ﬁ@nhwmgtMaﬂﬁemempmhb@tWeéﬁthﬁxwuﬁwubﬁumﬁmnmﬁ

W hcrnﬁb?- ,s{t;!gg %}9?8%@ a@gu%{x%gingag% Wv\lpﬁ%ﬂgsﬁ?t%\}u pa I5a flgpting potential, the
i namfgllﬁdi&ﬁfa} 1&%&1&@¥M2M‘@ﬁ Aeg pRERATAIBIAE: frbds IR ma@m sheath
t1ne t he chargi ng phase of t he PI F neasur enent
dmmgﬁw@ﬁ@@mz hasg when no cipvent 8gpe depegnigie £1 prideddhp method als
d| fferenc acr

mduﬁ ngmtgunhw : ]Ehmg%]b g s. Ol gzg_.f:?%hzttlumc tﬁﬁi’ ‘@n ]aru L?)Hi\ W 0112100 at the time
T mmbfrk eratdntige pokieti pc&énthéﬂﬂﬁwt bagvean theahi@codf e PIF pidhbe and the

potential difference across the plasma sheath durlng
groung pbtheRa g tivge Iplreis e Thihwsting %I&Wéwuc%qs aertarmough eraree

e. s Al
betw e@x ﬁbeg{i 9@%&1% b Paé,e g?ﬁgtg ?1?1 eat*M o aﬂH ﬂfe' rﬁﬁ?@bﬁ 9&% @ Eﬁl@ o  tpois
The mmimda geludds sbeiadingan tlpoi aﬂt ftemszsum epf é’&&pﬁﬂ%lﬁmgisﬁ} gtbm riif fﬂ ence
fferenc bet wee e surface of
betwesiz ggeéng@abig%\éc&taézp Suthg e b h‘é ag  thequobs lﬁ:ﬁ% v ?ii{;ane agtpre te tpoint3
and a Iﬁ@uﬂ%t; &9&*1 af Ut llﬂie ry Heﬂﬁl’tﬁg@fiﬁﬁép ﬁﬂtﬁb{‘bé@ﬁf oA ﬁg '3‘3‘0% @Erk‘?sﬁ]a to
bet ween the probe bias voltage at the"tine tp,
crealetdd écapir(@tg:ewl kgn akn mollnt.i agemam ot bretheisalpsttatdarsassing gra)ca'»sTh éu.
: ? ert g cpg an el ectron tenperature
bﬁCWﬁ}upﬁgﬁwwggﬁﬁngwﬁ FHEE “HF' @Y ence  be"veen the probe
as voltage at the tine t he probe bi as vol e

joorsh, °; he HFHEN S S fireR A G PR CTT PO B! B SECrE more
dumiEQﬁm”%tiﬂ@gumiéat ddsdri ;ﬁ?@n'o”@ﬂ;éi%éztgﬁr&ﬁ& at b&}%@m@@ Rktlﬂ'thw following

si gnal . create at |east one of an alarm and
hguﬁﬁran3|t|on in the substrate processing process |f t he

el ectron tenperature neets a predefined condition.

[0016] " ThedgRBHUDESORIPTIER! (M eB B MY IROGEsent in

sention will be described in nore detail belowin the
[por7¢let ai | glic dasertiiptan@dn ofilibhenddinents anc:anthid, And not by way of

conjunction with the foll ow ng ures. BRI EF
i;mtmp))n e et 1@@&0@9@5@}3@\@%%5[@31? \x-hﬁél lﬁ*{éggﬁqﬁu numerals
refer (MR Rndiy dddiistinal ed, bynay of example, and not by

I'n the flgures of the acconpanyi ng
raV\/lns i.ke refer.e merals refer
oo18f %4 nifed" @v%ﬁe&n@ﬁ&d fi dweﬁarfﬁmt g
}'()(}I‘}k Iolouit AL e?siazﬂuzl :a}csﬂgk ffgﬁt@@fag% (P}p‘a’”? DL cd uéljpréﬁlwi of

dsrzmt%nﬂenl %c&fz@ltﬂ@ [TRASMBENRRE: ofah AREGIENL, according to an
mbodi nent o6f the invention. [00201 Fig. 3 illustrates

{002(}&{ Sg; FREALAL MG UL RARTANE LB o &l A AL (Y curve)

experienced by the PIF system.

{0021} Fig. 4 provides a representative example of current data collected by the

Current sensor

{6022} Fig. S plots the same data as presented in Fig. 4 but as a derivative respect to

fime, according to an embodiment of the vention.
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experienced by the PIE systein. 100211 Fig. 4 provides
a representative exanple of current data collected by
w0 b@7/1z8T ent sensor. 100221 Fig. 5 plots the BERESHAT/@65890
as presented in Fig. 4 but as a derivative respect to
time, according to an enbodi nent of the invention. 6
2 200%{ L 368 ac & the
002 okt & o7 S bl R Gl g (U (e s [ Or Pupesr he
same tomEndronsthie ohsamgicconadipts dwsplogedintiogobtaidn. t he
exanpl e data plotted in Figs. 4 and 5, DETAILED
DESCHIPTILEN OERCREF PRERF ERRBDE EVBOD RENT EMBODAENTES
present invention will now be described in detail wth
[o024§ ef er enge pt@ed ihawioR kel ahked jerhedi eadsi WhareRfendd o a few
Illustrated in the acconpanying drawi ngs. In the
preferres) grafpdgents diseqal 8e ilbwtratad rﬁetih@ dscosiieer medranenas. (18 therfallowing
desm?aﬁsan H?lgl}ep%{b bb@ i &e{iﬁgﬁ)\ Rk gée/t nf retlll %{/ nérﬂtgrr 1%';#}95\ %ie 3 ﬂ}ul: mgé:

undersppéngof the pk{,\@mi@ltmn ii%ldﬁ:@ @kﬁlﬂ&hi&ﬁﬂ\k &vek he cae Mu led in the art,
that the present jnventi iced with

that t}gcd}%scgymé?r}twg}fmcphlgsggagb.ég Rt ’(‘:’“H%’E‘&I «;pr ?tqf ﬁhC\btPf‘é,FflC 3%3%5 In
other lrﬂﬂx@&cﬁ‘%}l KB, gl&@&%p‘q et ecftt%pisand%h%h&alles ggxteex tHeen
I or structur have not been escribed In tal

demnbnjuwﬁﬁm mawﬁ@ﬂonnhﬂwmasanﬂyybﬁbﬁmmeeumhﬂ:pwmﬂemt

invention. [00251 It. is recognized by the inventor
[po2s8herein 'ﬁh;h &t&otﬂﬂEbLBﬂ?‘Dﬂﬁ$& cmaﬁlink,tmde;pgmld@1@1@@5&*@&16&@&@:&5&@@ the

‘ ich. ionize ecies are delivered to.t

rate "Ts‘[‘nB’V\TF%?%’f?(%’“ sDCcisgft fAreTed o g YRyratd-e. d%%@s‘@é%m As

dt%uf@(i bdy ﬁév re%&l%“&t i UE@;'@& wE %@S S&E&Qﬂﬁ%@kﬁ% aggm%a{m ely

epend sensitive ener gy
upon the ehhg\ sllﬂb&tr eatogths &ui‘mmmcsetib@e hwmnwe«ﬂ gﬁgwe&pﬁml met. The

act. .The ar case of anion limted .
partcpb e 5 (i RS b A OGER of 1O BRI heChT G Sb £ dgpoessing)
providts Q%k d&h &Q@zp&u%hzﬁ%ﬁﬂwa@d ;ramtch@tw W@ﬁ‘@&ﬁ; m% wiPEhown to

ener gy in his case are well knowh to cl osel Yy

closelg sprreloat settmtth rase g ﬁkat—,eman’r@ tﬁh@c g@bn%pwﬂ@& opygction. The well

ecBltched . profil e, cross. s Q NOWN . o

imomé é{ﬁlgsﬁ»li L@ic§ S:/m 8?,}1 gfﬁo%fs iﬁw (,% Igé,% ggu,% m"lﬁéirt é % g.leo zi\ ggﬁ a desire {o

detectl AAAEINI A S GM s Evhlfcﬂ):_tda)&&tﬁa a@iilRikdre of churglRitspedicainthact energy.
nmoni tor signals which can serve as indicators of

{0(}26ghar ged RARGLESnk AP ChinRI AT O easul QG odiohddl Eiz omtm arrival
enefit is gained if 'nma easurenment of'ionized

rale cgplecingdementipd amulipagoes cah tb%nmaﬁpwexmteeméﬂcmi @faﬁ@mw species
moacb i, e nionitoring of, a. i
:mpd@%%x,rg}é S 1! (ﬁﬁé{&?r d&tn{g%&%}d Sg‘r(‘ﬁ%’% 1?1&3&% Ltflli,lé._,t‘b el% 8 gllﬂa g» quum,d b\

durin@ ROGHES thdPREH QORS GY¥ shiSstiafd, IRFd deldBOQIar Rebc DY rrdpEidagee
transit of the sheath above the substrate, there tends
betwepp chysaed! Hiepige tmst pesponbiie subatbeh oRPEEd speci es
i npact energy and the substrate sheath potential .
[0627} 00271 Lums@muﬁ\atderkyi mefispoenhebbont perntialis shady mot practical.

Howe® gt &l %‘?It\a houbt ¥ n()&lillalhaXubs fateP srh%i%l paﬁmiai can be derived from the
difference between the plasma potential and the chamber bias potential (1.2, Vipean™Vy-
Vemmbervias). 1 he chamber bias potential is a readily measurable quantity. In instances where
the chamber bias potential is known to be of fixed value, detection of changes in plasma

potential can serve as a good indicator of changes in charged species impact energy.
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However, as previously noted, the substrate sheath
potential can be derived fromthe difference between
wo b@7pt@msna potential and the chanber bias potReCL/U81007/065890
(Le., V ,t,k,tr,W; r,6 \?c}aanberh a). The chanber
bias potential is a. readily nmeasurable quantity. In
I I

\km&;r@ﬁ?ﬁ@i&%ﬁpﬂp}“{(ﬁ? t\;g}laggy &ggg*g&gt ;Ing&r;] a%t h%gttggée% bltkr?ﬂb %\’Q%CUI’[ and
imprapiotad firinadnvdadussenr vaclms aa agplocitiomdi dateor arof mokandesidlly useful

peci es inpact ene 7 87 .
REIR Lol S v L G R R e g%fl?sg‘ﬁblsy
_ use in_the prior art has typically been very dif
10028} hg | &bﬂﬂéeﬁ.ww dghe eResgy { g YREY ! s { he Sbeirace
surfas;%@»?!\ﬂu Crﬁtah QOSF v ﬁz&eWh@B%LmEf%Ub ngﬂ‘é%ﬁ n@l:} ¥ Wedled iknpamm, the
me fof a relative nmeasuréenent of plasna potenti al
substragud z@h t heeeboerey beddiesd ralpd e IEOBD28Ey Dastaldtusl Function (IEDF).
ctice. . the ener vered by each ion inpacting ..
the d *ﬂ@ SEOBEE Meveerdgry dne TN S Romngete (s et of e
ati pEVBAY E2EBst A relRQaAMRBE hraRfich Alibile&l RS ATTRBELENY 14 Rfow the
substrate with a. Rivera energy is defined to be t he
cwmphemieg\br@thjlgﬁr | 5Mfi¢loﬁ iFoitat Suoci ¢t EDEYoW thtreean ion energy that

one t‘%‘%is% :g&wQ@ ?’ néw ur%r})\? arllg‘tﬁ? o;ﬂggﬁi{ ﬁ': )u;g(ﬁ%cgltihom the

discueﬁﬁh_@iﬁbt @lchhikelOsinesl TAUIBILAREE Be OffePéBCih clndetiehe@Shean
it is not necessarY to know the conplete details of

value ph geidyiEpencodstwess the plapga geeatial s ﬁh%qh@mbuf BHakpigniahg o,
V g;,g«mgﬁgw legurj . z?.g)fe rhg%‘eg%{?‘%%ﬁ:\:’ﬁ%g il%oéﬁla Eﬁe@@x %é l(éi?!é\ dﬁYﬁ ?io%]ﬁé) an also infer
such admiasmémmnhm&aeymthebmnge@oﬂemm cb@n i on energy can be

inferred .fromchanges in the nean value of the
joozogi ffer @nﬁ@n\b@pm@;@ﬂmtblm iRhasmRipedente al isant: mh Betection of

. Chanber bias potential {i.e., VSf3 aEtt ::
deviatpgstEmg ﬁ?m ek S@@“F st f “a‘?fdé@f?ﬁh e RSt 81W§%%%“ g HERY
Vv a e

measxhﬁm%rﬂ Aid &‘t&hmfm]‘?&ﬁ & ﬁg« gtcletﬁtgcliﬂaslr&tﬁ( !r;d’? Hfgbgﬂ?&?l &Jéa‘%h he
detectappl’ 1im&hmdmsm@femammﬂﬁmaralmil'zmmmt: a:tatm,o Cirtean Syncamleygytih ému of an

detection of deviations_from ngm co di ti ans, t hat

absolyte Mepn G QICEST MEFHENG, FHeSane. die éﬁ“ & GRS L}Cdih pim,mmi
muid%%ﬁé&[@ﬁe{mx cah be bSedft8ResWkS hﬁéiecnitan&c@ 1&9&?& & nﬁ?‘ﬂ(@,h@hbez
ch shifts in mean energy can det ect ed”
bias \ohw:be uthannpiaewre«hpeblmbw @y m’atramﬂ vke indit@atgort a@ﬁndwecam of
' sol.ute t nean ion energy

plasmhgnggelﬂ.:@ﬁ%ﬁ? ge f-[ﬁblp» fg %Wﬁj*t s Qll%'(f‘g]"at ive ¢ ange- in

1003(}zheat h p gqqtg;]n? lai pﬁgglp dldggjﬁggi%cﬁd%ﬁt%g 16?\»»1%1, } Ih@ﬁzélﬂaﬂedbem eEn

the dc&llﬁ,mtl%nntg';@ﬁ%a\(ﬁla 1,8881iAISng 'Ji!&ai | PRERY ‘irﬁﬁac‘? Ends Q? Whesl st have to
be 1 nvarTant he ‘monitoring o6f an indicator O
be esip&b sbnd pgtiemlﬂaht:@hamgeﬂ}@duLimhndics Gnpeetintig 'sind are implemented
ecti,ve. i ndust
by re PRHER (Bl BRUS e atriseR LR e P iies pe S Bbleds
“fingdrPenidef getasnbhane e gived pRIRSBW @ﬁk@{%q@m sRdegbaggetn a
speci es inpact energy does not have to

fingerpstabitiidheidthasubkh Apphdes @ﬁmblmﬁwé penomukl @‘@n elasiiver fault
mndz{ &9 Rm. c%a'ugl%ldng@ dic,{% ﬁon OfF 1%&&% i % fasma potential can serve as input

for chamber fingerprinting with no further effort needed to link such changes to physical

behavior occurring within the chamber.



by recording relative changes in a variety of chanber
paraneters to establish the "fingerpri.nt" of the
web@nbzrst or a gi ven process. When subsequent PCDUSRSBE65890
are run, a finfgerprint outside of that which has
been established as nom nal often suggests a fault
jpes1gondi t kR o ﬂ\ tclfhh r6EdE HUBERNECE! LR, %tHL%@ﬂé?lfi%%%ﬂgl 11 ion
I'n plasma potential can serve as input for ¢
flux af werg 13 pm akigyg i ddvanpgtasttherveef fiothtd ndededay enliltakeously

momtfnhi}ﬁ é‘ﬁ}aﬁ‘g‘e?‘% ]tggv‘%h EC}(? g_ﬁj}g‘g‘?& v ori %g&g%t%{;ﬂbggég\oﬁ qwcmd to the

substrhR034 nSle B aBo VR AN QLGIHIRH QGRS &1 ﬁﬁﬂn 2h&enihd 2 §ROUR e iicator
be senS|t|ve to changes inion flux as well as ion

of changes | lg}y e rpa enegghdelhvesddody wbstvave i*arfhemé:trmu smnc h

adv ﬁﬂgjﬁ’x Plhs di £ g}b ﬂl(ﬁg?ds !C bgl“ﬂ HE %zﬂ(_{) (ﬂlﬁ!l}nﬁ% httéiﬁnl ‘5« [53Y idg (v{éll HE. CPi tihﬁ eich

pmmsh dn patlesiar alepifg dTotefluabay as;daep@cﬁm mm‘cr ehanges abidlute)
pl asma potential is a desirable indicator of changes

atintqrypls plelepy thsahObme i ygestaipy ebdbitiqnylly Hé ississtdvatiageous to have a
mean gr L RgY ﬂlr%ﬁ %m ﬁlnﬁ of ?te@hxﬁﬁu%@w@\@ﬂ EI‘?Q}%%’.?& ”Ingr mti Qx?ehgxﬁ %%8812%
momiofedtalne p&t; tl:lhs. m‘ p;mcmsst helsabypatet i: Wbahngianpéthn@s ofl dppmratus for
T N W M E R K AT A
pmce@@nﬁl &RaRIer arAdE Bh@ﬂ%&lﬁéﬁcsek bf indu@hisonRENARN-3Q60MS T O

ave a neans (i.e., an arrangenent or a technique) by

i ch pl 0 Y old et
10032?’11 "uf}ur a}att'i\(x 9 s}o tsnl li&gfsbugggg gi%éhjg\ z‘il dgg@lr?%tegti@ hd QUEHor herein
that tiﬁaimn aimxn:gJ» Wi ;enmdn adsmand t}appsaarsmsd shimr in ﬂmmmhtean&misL WCross

e P e o S8 e nS S e AR SR e e ey zed by
the 1}1&5@@5‘@&@&&3 n@feid QAWML hakiali M &ﬁ&%ﬁmﬁ?o% ﬁ%ﬁ%ﬂ@@rﬁpi&sma

ile not wshing to be bound by theory, i1t is
puwltmél ﬁ" evlbﬂzi Bysutiﬁéa nmﬁmmmth of ik pheatthBoratiniger-ollegd wahé RE chamber

bias it BREEH Higber LSO Pty ot FERCHEEEnOSE g raor "

techni@L@Cdahi e RECK RBicSY 28 hBoRubhrsadeyntan RF pul se may be
anal yzed by the methods disclosed herein to obtain a

{{3633?:9 at | Y%r@e&&[ AR f0fofini Shanges 4 191tﬂbﬁ%ﬁﬁ 901‘}1%’53 Siential
I'f sultabl e measurenents of the shéat
and cﬁdndm‘ bmg \»vchage abo pohgbiRE cﬁanﬁﬁenﬂubn aw: zwzmtzag emag;i
plied chanbe |tage are avai l wn
H‘““ég 1?‘6‘?%1‘1‘ K] ““*i“e’i:“ ‘ﬁu“&‘ﬁ%é‘dgﬂ Bt dde @B"‘a@ﬁicé%“ ﬂ‘gd"md
potenBal S Ot Bl A BIBRtuead@033dt doedhBGhalBhd akB@Wked, specific value,
rel ati onshi ps betmeen mean ion energy, plasnmm
but capdeantcubited ig sampmasBer abrisengortag el Propapi ga plasma poteatial
meastﬁ%ﬁgﬁtm &R&?;eiﬁ[&% : %h8%%§1§e 144 tﬁl .;?atl:r‘_g | piagrﬁa ;p)?gﬂ%yl pigasurement
Wever I n nos appllca Fois OF fiaustr a |npor ance,

is tak@ mebltat tveeispde edbicor: afa pkaswizat mpote mid dffefesce between both
sufcient. That is, the peasurenent does not have to
mea, btg'ff%maifmf%ats theshargs @ haplaema pgrid 40 deent daperden

knuwk?frésgntgtﬂé é%ftéigﬁ%u \%CQ, EREBIETE Blaz R LY ntifTUhn §XAMR! & uskll tfinter
changes in the mean ton energy if the chamber bias voltage is known to be invariant or it its

change has also been measured.
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measurenent is taken relative to a reference and then
anot her plasma potential neasurenent is taken
WO 2doati2e7 t o t he sane reference at a. | ater i NBEROS200T065890
time, the difference between both neasurenents
represents the change in the plasma potential and does
[0034@? depeRde8PadiRAIM FOGE (Q{d e }?Jtn%i%[‘ 881 lé?‘@gtcrt umd from an
anges I n plasma potential ‘can, turn, be use
analyiinblethe nohangésollastedvermeanndition m‘c)éﬁ bes v Waueﬁz ahe p anm‘ ion flux

(PIF) P ieag o s i G BRer: REASGREd NG S B Fe
col iecﬁ@k@ﬁ%@‘?ﬁﬂﬁ%ﬁ% mt[c@@;%ﬂ@r ekfenadd 8svadh MeRna dhaRbéd Watl into the

and plasma potential shift are ascertained froman

pl‘%smaﬁé\my%i‘fsﬁelff thet lﬂéb%ﬁ&el@fﬁb@iﬁlﬁé@? e@b%‘*ﬁlﬁ%}ﬁtﬁmﬁumﬁ e the plasma

bhdﬂl[gﬁrr Og{%ﬁ@é Or \égmﬁ%ggh Adg}k Em"ﬁ sg? nth 5 }‘i]%\ﬂ‘#éi ch (ngi,x m)\ai The PIF

probelifP @Rt eth tUaisng phsalrreiihe aRtEC thldR stk ma6®11 @k FLangmuir
probe) that, does not extended be ond a plasma chanber
Probegig| [THisSPEF prbe” pletiswas eeanbet njfpdigridetaiae trigr pptped included
: S{OA 4 t AL o
heret x%%ﬂ}iﬁeﬁ%&ﬁ%ﬁ[aﬁg%téﬂgu?f g gﬁ A Elié”"l %\3(%3 (if?rpiu ﬂl‘?\ ht%lt P s ;{)g@e operation
memwngeﬁmxmdoﬂmnmmanphasmmnchanber mall The PIE probe 'S
a nenber of a class of plasma probing nethods
[0035¢0! | eCRicvRtiys KROWAFRS 1. d-amplifibd fagRnoBEsPIF pthbsis Bk,
probe" nmethod is described in father detail in a prior
acmné;gg Ehin pipkediarert of iy Bventsy. B eeraHcdePudegaeanpnsed of a current
collecBiun Qé@cuu% Fanddo¥RY i, hlGn I@ls@@{?agmxﬁulq{mg b&riRf RB Th separates
operation’ are not gernane e present”invention. -
the coll@@@mldi Redrer sondgetivawattofrbih ghe ihgica is iwipdh i iseshididagt afite region
now h;tc& éﬁr ﬁv&é‘lﬁﬁq \‘tmzfc’ ﬂ?zg,gtﬁmglxh(%ﬁtgq%ﬁgg g%b%‘éa ﬁgﬁg}g‘oﬁg‘gqﬁ g'e Q&’ - 1fqmber
wall & URURE eRund GPELBELIRRISAE U WeSer Ber8 PNEMEGL \f&nﬁ%klihai to the
and an-electrically insulating barrier whi ¢h separ at es
methadhrehicl Woabt irovend bwkedihel donduetticoHepatihyificiom inhethe substrate
region in which it is enbedded. The region in which
he current collection. structure is enbedded is

ypi ca ed by the chanber or the Ep
003eh By naddd eGartep TG eR it RNarse e Reve i S Gentaly
constdubidd %&’ﬂ% REHuckife Littice ARLNOY uRECH QUL & REQUEN i :espect toa
enbeddi ng the current collection structure into t
plasmgwbstbatserfagurihias etmbp@mmu Theeguoiiertioncotubiset |1 @Ghs cmu arin

ctur nd.is enera
area a3 LOSDHLE o Gl ES Bt Py TR f R0 2 LMY Wilapoy £e
attache@Planas: PledREGHHEM M 12115 FESREChud & B-conBh@SBRath 106 which, in
chanmber surface. In an enbodi ment, current collection

wan, i§ CPRBIRHECOPORSipd tgioraisar el ecaiontss Al shovpt baletapeasure the
v Oitaf%%rﬁa Lnsi“%tlﬂ C%gi%ut 1&?9&3*:&1? g?e 183 lﬂulx ﬁ?%esxu:ﬁ A% f.?ectl Po VMH n%lgr Sound as

ection structure

slow ii@ﬁlelnﬁuffﬂﬁﬁmlﬁ \mu@sednuode@mmtai,;mﬁ.a%attm dz@ﬁummn,(z%}.
in turn, is corn nonly connected to power/sensing

[eo37¢l ect r oifmglonatnshovfiont MakwRMIBAIRQudRE path 106 from the

plasma chamber {not shown] is an electrically insulating barrier 104, In an embodiment the

xurfaatc

clectrically insulating barrier 104 comprises a dielectric, such as quartz. In an embodiment,
electrical insulation barrier 104 is comprised of an electrically insulating ceramic such as

aluminom atride, gluminum oxide, ete. In an embodiment, electrical insulation barrier 104

10



arc |ta% and current characteristics of the ion flux
probe with respect to chanber _..round as sl ow
W@ e@n32wset currents and vol tages whi ch char ge BEUS2007/065890

di scharge the ¢ par for rrr: (206). [00371 Isolating
current collection structure 102 and conductive path

is wné]ggféé ??g}éti{\]?/\ almﬁgﬁsfg?}? ﬁgﬁtggﬁﬂlngp%m%ﬁ@?\ﬂ&u b é%ggl Itmmm within

the ua@h@:{ lgkeetmigbdb pyeviensutiag bagrcbareidctivd fuh d Ooped slesna

1 i frlc such as quartz. in an enbodi nmen ,

“amté‘Ir RPN i nsul ation barrier 104 is conprised of an

10038%i £r1 ABSTATETTNAR Bl de: SBPBTed ATHHTEN bBOI PPoRessurement
appar%h?%ts‘kb&ﬂl ack B 9%% AR PR &R @fl@l ik Qe WP @@Q?}ét%{? #Qﬁ{wmba 208
PCT/ US2007/ 0658 I's conprised by an air (7 acuuna
faces ghpnmhh@ﬂl 165 sugldsnenbiighad o @n@‘uléytamtr&&tn@nf mcmdmgm ¢ surface
t he but .l arge enou h to ent arcj

RN AT R et A R e S
mcnﬂ@sﬁ@i\/\ﬂ]w an %%3&%0@?%%&1’3 deBPraRVR T QoufrbDian RF WSl s8Bfck] 2@ s

di agram of at PIF probe neasurenent apparatus is
cnrmeshré twego shdbngrowdanddhbedhmehet 'b!flittﬁ@ow rieapedion Celr06.
This tﬁ?ﬂ&w w’pig) Br sRﬁS] g@ %g 2!1 gm%tiuq l%l;hégtl(l) gﬁﬂ g & “"g‘% W glg t%‘n&mkmw
mpaaﬁ@ﬂﬂuﬁt\h%{ﬁ nﬁ,‘uﬁf\ﬁﬁi&huﬁtﬁahﬁd‘lﬂim L&Iﬂﬁﬁmﬂﬁaﬁap;\!ﬁddhn@sr shmm in Fig.

recessed with respect to @masna chanber surface,

29)

2). ThesDCrdpshighagacifn Gan Do drhEntim sopgrsd & ﬁéﬂﬁé’ﬁ%w@kp “"03
b 2Q2 o bSoraiCENNS L ¢

Mnghifﬁgt{ng}gc}s rga:kgg(ﬁ H‘@gﬁd Eg‘%gﬂr{i} ngf?r éafez als %E;‘ % g‘k%loﬁﬁ WEERs two
metaltapack toyar@dd 1dPROM ated Tihhinsedzh adier bg acipaaint am&zhbul d

be di stingui shed fromand not confused with the
[0039p| ocki nOplagRpaRhihqbrddeetbRrISl IR diidteiivanatie bhkUaNo and the

which the chanber RF is a? plied (not shown in.Fi4g.
surfacgyof thepobse i wekirhg raspechesh wab r?ﬂd@becwserﬁ HEFPSPGpISe o a
ohtag Ly & RE q Efrred to as the
\()itdg.,p@ﬁé] rés§ élil';‘ @?t x%lntfh&e Fz) gs ﬁ%%?g%gﬁ I‘];]u Mé\{q esﬁ%\tl‘j\ Pséprsegr.ed 10 as the
shemiﬁﬁﬁ{ains {‘c@m] gUreex;teaaSg Een m, mat al shlltea;e pﬁlnatae&dsaepas dtegdasma

i nsul at ed f ach a dielectric
shearth i T ] Guisoh WOBF St SHBHERY (pr ob0. ShEMTRySess of

ptam@%'qxsv‘ilﬁn:l%ﬁéé’\@%tﬁzlﬁtﬁ\ BE ﬁﬁ(@a 13@1‘;\%@ @eti@%rde%%‘.fb%ﬁ@ eﬂ{n;‘}%@%lm
probe. In general,” a plasma. sheath w Il conduct

This aguiposmtial, whes swem‘ai woh siespedlie a]gcanbmngrmsﬁesﬁhan missnd to.as the
ressed oss

A v=ol.t [ .
ph%mf én]\e/}%%}%lgqe légtp‘f H& po%sﬁwzh G ‘Vb éﬂédl‘[r\a/ﬂ cw ‘}i «I-m; aceppsa given

sheat!B RECEhliGatASlupsewRkREs ol Eagel lomhke %ﬁ&@,tﬂﬁé Qs BRI vary in
plasna sheath 213 is referred to as the probe sheath

'zcc:nr%qc(: a@l@ a(well ]@um«ﬂ wiEpg-cufrepgslptipneiphdbsuge). A representative
e\amﬁr%‘ﬁt c%aJ mté :g-g{;zfzétﬁ?agt%m{’ugil %”{d;uﬁt‘e)ta&/ps‘%&mﬁﬂ]e%%!*%m“so r

L.equi po enL en measur 7

[0040] ound% ﬁa&\ HOFE e Mﬁwwﬁ d GBS e P SPRAD Fiffected by

surfadel1 0B in MRIBPOs Slking sdr@oVAKY hBE nsiRAbNan40slsag8vasER8 Scurrent
a given sheath, the conduction current which is t hen

sensopAisis gomginy soq}@qt $red tgrespdgl oo bt ey tangiag yl ophDC up through the

aundio range of frequencies.  Signals in the RF range of frequencies (for example, above 500
KHz) are typically rejected.  Note that application of Kirchoffs current law shows that

current sensor 204 also measures the current through plasma sheath 213,

il



accordance with a well known vol t age-current
relationship ( i-V cu~e). A representative exanple of
wG@om/12108Dl t age-cur-r-ent relationship (1-V curp@BEVS1087/065890
diagranmed in Fig. 3. 10 401 Fig. 2 shows that a neans
Is also provided to neasure the current collected by
[0041 urf ace; 01@»??:5 N Nereh Ry UL HB of BRSO by ’St?@mt sensor
ter of yS|s onveni ence, current sensor
204, Ebﬂﬁﬁﬂhmedeﬁﬂgnewﬁﬁﬁﬁiesp@m@ﬁmmﬁmeQh§ﬁ@hﬁk@3¢%h@ﬂng%wnl

config (_f ?%@a?ﬁw%aﬁgﬁw S{ﬂ%}e{égs ugklfco;? 55213%‘3 ﬁﬁ%& u 1{@%%@?& chamber

RF at @RERb&: teABOUB OO sulbitdie Bh@pet MuRicf 284 Y OlIRE 884 Ry parameters
Note that application of Kirchoff s current Iam13hom5

are defhlatl iz lpbledtbekwnsor 204 al so neasures the current
through plasma _sheath 213. 11 WD 2007/121087

ChamP@THES2607/ 065890 [ 0041: Fiigbout gorniovDdebyra
representative exanple of data collected by current

27 MEeRsQEr Rald: This exanpl e dahpowasoced bretved using a
.La. m Research 2300 Fxel anTM etch system confi gured

Arsrmf Plowe&h g a _300nm substr d%@wtﬁﬂﬁ ’(:E’f’@§£@’n*}’\’as
sustai néd by 27 Mz charri ber at a chanber

CEL pisimeratrure and-substratet gﬁqg LSn £ ?ﬂn“ﬂsp%ﬁner
opera |ng paranmeters are det'a ab

l\ll l= Dy

-

O Chatber—Pressure=T—about—606 nu\ L C’)? Ot
¥ er .Ra IRPe: about 1700 to :>§3W gf*c?ﬂ HEW Rat e-
about--200-1.0--300.--scecm-CAFt.- Fl.oe--Rat-e--about-1-+-5-scch-1-0

apout 2Q sccrn about 0 to 5 about seem Ta ble 1

[00421 As a matter of analysis convenience, it is

common practice to divide the <collected current by

the area of the collection surface 103) to obtain a

determ nation of the current density (current per

unit area) collected by current sensor 204. Foll ow ng
blet this comon practice, Fig. 4 plots an exanple

coll ected current density in units of mM¥cnl as a
[{}{H“’g nctio r\ﬁoafm%tlié;r%i ahd) Qb SdonkGend % i OLsnhBE wf’a@ﬂee Qi Ad@the

esente as & derivative Wt respect

collectanl duinmeBt bx&he camemﬂ ﬁhmﬂles@n&m?a@@ﬁﬂ © dbesi gdegrhmation of the

respond onl an a e of frequenci.es, Figgs.
currenj déiﬁ%“’g‘*%c‘ &t* ‘§Hb%‘“ élﬁ‘ F‘éh‘? X APTEE Pﬁd‘ﬁg %g s*"é’z‘ C’W‘&g *%‘&*
comador! dradie Way ef g6 an@fuhﬁ& c"oh @ctgﬁ: cdﬁ Harn‘é Hez& sl e Maks dith&/cn’ as a

i nterval béetween points | 03 Figs. 4 and 5) for
tunctiphibthmet he RF is appl i ed. Effectlvely, what is shown

in Figs. 4 and 5 is the current obtained as a
{0043} Fig. 5 plots the same data as presented in Fig. 4 bot as a derivative with

Ta

respect {o time, Since current sensor 204 s designed to respond only to an audio range of
frequencies, Figs. 4 and S do not show current variations caused by the full RF waveform
during the RF burst interval (the interval between points 1 and 3 of Figs. 4 and 5} for which
the RF 15 applied.  Effectively, what is shown in Figs, 4 and S is the current obtained as a
time average over an RF cycle at each point.

{0044} Returning to Fig. 2, it 1s seen that there is also provided a high impedance
voltage sensor (210}, As a matter of analysis convenience only, this high impedance voltage

sensor {210} 1s commonly designed to respond only to signals ranging from DC up through




time average over an RF cycle at each point. 100441
Returning to Fib:. 2, it is seen that there is also
w@e@vilzles? a hi gh i npedance voltage sensor (21BJT/USE0H065890
matter of anal ysis conveni ence only, this high
i npedance voltage sensor (210) is comonly designed
P & B 4 5
the ; dn‘d% r\rhﬁji @g %’%}Il 3 %6’7 O%gg%gf ercL[ngba Iﬂg@' ?g zﬂ N above
500 dez)ﬁareegmﬁﬁdzy e@@utaﬁ gﬁaéihsmpndamexmawaﬁg@ml Cf)merqem@ﬁ@ resasire

. v-"r l.e, . 0 are t cte

of thelybljaks SRR BN s JorarEise D antb sty hRb i AE ftpse s

definef o8 @hé/;%&@dee omﬂ@% gpl rechiona by ibReR (3QBhMildbe carefully
respect to chanb %roun is voltaels defined to

dmtmgngtqqgmm gbeéarghma@l momj]l@a?((‘«pmt?[hsemgjlﬂﬁb@t%’i iadi1g.0l. vdiged 16

e caref tlnw, shed. fromthe probe
define tngﬁh pot% ﬁi’ aué[o\s ttj/#p%xsm.as dlh f“ndl cated in Fig_

{0045 h e at h ¥ *23‘1§ ﬁ%?}i%‘yﬂ %ﬂg %Hg‘e%lk S xéa %ﬁe \;\gr osgﬂﬁtgae gf Yb(]‘ﬂgiuf the
same YOHERIR ubd to B%aid tfelRE AL S8 frOTigd BQnd 5S & ER:e voltage

conditions used to obt al n the exanpl e data plotted in”
sensof Zi{ys deggamldosespsivheelyvoke agdo ryeasbiregaicios. idest dersdiot show

¥ oitd%ox &¥ @g’& Cﬁl g@ (%%/('v ml\‘i/’gl W ‘gu*% {it%{' %ﬁ%g E{}" bu%tq lijrﬁ{, ﬁglen?hci ln{ch val

betweBR polv@vESQN MHUEIL A6t ReIBIhOREFSE appliter ¥éecr(dehe what is shown is
interval between points 1 and 3 of Fig. 6) for which
voltagetpbiaiped: 35 pPRYGERES ERF BERF warly 2t sivhory. difenuibe discussion

abov e {l@lg\e aﬂp%%?gﬂl tl?i[g%bé A Qleﬁfee}gﬁebQ&f fo @0 g%e%\y%&l’? v gﬁage

pol nt di scussi on ove
{(Vorots aJ;l§,9} adttBe plasha phenpal gUE i @e of fﬂﬂ@(@idagoﬂ &l at egnl Qut-He.
probe sheath voltage ('r,oE,, and the plasma

joedspot ent rmL pbbéu.ug ©bORF 8r@ XL 85 @0 an Marvaltof 10046 s ~En<r1(,
The e RE source 202 deljvers an interval

frequangs iiﬁ“a‘l}tl fywé.aﬁm @def(ﬂeduem;% iRere) oflgwed hwn Pitgioel cttme which
t
the prvgﬁel gjﬁ §L§il%é %’g%\égxln)ed___gs o s ‘é\@% b%z\f uﬁ&t\- hl? n g{ ; @Tb feQ%Jr{ {;:]lrél. @mbodiment

used tqumb&m:é]ﬂtdmr;irerm&ki)m Fror4the, mamhmemdi\mm H 5 bblddduring
obt ai n .t he sented in

t Fi
the le g’é’db‘é}ﬁéyim \Aﬁﬁ%&lj}eéﬁ W4s [@ﬁm g { ! g S}Hﬁlrnll’mjw tnﬂ‘é’ gpéEen only by

way 0'? E‘(a?r;}plh NhE RYah$sih Qb hiyehrii s B WRBsdHENSHMe liBscent
his instance, now given oniy by way of exanpl é.

1 tm“aih éRibwheh thenR B waa lofiwavs s fzmed Xt m@i&cmrrdsl IThe ewswm interval is
t.he cent

LUI“(’)!‘I’%)P;F& L%ﬂﬁ} Ibkzaﬂ (fﬂ()gép&ﬁe f{% gye\..&ié'(}] B)S g&*}w %F(&g e!gﬁ{ﬂl con l“l]t‘d‘(!ﬂn

of elebiib@hABL. THis cGONMBRYI SNBSER dmb@eh@n%eamht thete i§ henet
system "to establish an equilibrium configuration of

fow @icendyqtion snapgebroreh Sesyitni bri um di stribution of
charge will be such that there is no fret flow of
i“ﬁ”t 0 n du c fl”h@ deigils plthe chirgodighibulien sgpsieetmnnlﬁ(dﬂwille Ftiails of the

g fributio deter egg
chami d2hief o] CarefHER SREhk SRBLRORF Toledtia SOV BR e
aysteﬂ/:\ﬁﬂh%biﬁeﬁ@d e eReRb IR Lehdi ﬁ&?aﬁcﬁmﬁ&@ﬂdhﬁﬂm Mbent 1Res and the
voltage across the plasma sheath 213 (the sheath voltage) is satd to be at the “floating
potential” (Vy). This quantity 1s noted by way of lustration as point 33,5 in Fig. 3
{0048} In actual practice, direct measurement of the voltage across the plasma sheath

at any point in the chamber (including the probe} is very difficult and rarely done. In the
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system has achi eved this equilibriumcondition and no
conduction current flows and the voltage across the
w@b@snemogheat h 213 (the sheath voltage) is saiPCT/US1967/065890
at the "floating potential”™ (V1). This quantity is
noted by way cafillustration. as point 3a,5 in Fig.
4 I 6 L6&e ; TNt 40 o
case L{f% tg\{éuéipglcc?%i g@tdhs@ﬁ%?g S‘it%gm QQERIQ&{]ID%%M ?)ﬁ} pgl S’f ﬁqlchlaﬁﬁcx,
acroscibanheth (hnebtuddanget had pre lﬂw achsll vauy offidftingulotenindVy was not

avai]‘aé%rl— dgg/eue)sé)s%t%i 0%&73% %\D WS l%z/ég('iawﬁ;birrénto%(f\éx a@&ms 03aand S
Since GheSTLTNE GhoRNOVIA s ABGhMSE U 110 Qe Borblde phisBa Sheatth® which
vol tage™ "across the sheath was not measured and t hus
there s t@ét*lel}?atﬂmv dioirgs B aphdatof h@ ﬁdb@ ﬁﬁ(’l* @Tf‘m;ij%&“&ﬂ@id'\@?tﬂ\ at which
the prg f,r\hta( dr\:roétﬁ%{, lfr}soc\xém ﬁtt.{] (%g fmnzoptggnh L "%A}L E%Ig Ly a p’ﬁ that these
same pbiafldra@speiant ﬂn&hgl&mﬂkﬁfm@edﬁ el be the vol tage across
the plasma :s}heath at whicl there is no cur rent
jpoasf | ow, paisnh& Lgdgfaccﬂﬂﬂmgp@fm Fﬂagt 164 hENR HSRMHEp HORTE 8RN Rur at
conditions at which gro e sheath voltage has
more fehpe/edh-tdane pfqb@éztasngﬂtmé i3] aDunNoﬂ@ cr;la:hecftmmwall e probe
sheath %&% ctwbggﬁglg&ﬁ)m?%ﬂpéf % Ir xefrl;?%%f %8*&5@ g%b 1:H<5 voltage of
aboutRQicoht kil thdBushdativnfthORE Itﬂ@;ﬂ@ﬁ G’d&lﬁhﬁ L\rﬁ@ﬂb Qﬁ@zhﬂ rth@kheath
nore that one non- zero}probe bi as vol tages (
achieyep dlopigs PHENTH RERYRIT I et GUTESPRIHBNGIOCY 1B b‘é‘hé‘élfﬂﬁé‘ of -67.5
achieves floating potential at point O in Fig, 6
correspondi ng to a pr obe bi as voI tage of about |

<aYOl t. in
{Gﬁaﬂyh e ex?ﬁ‘bf’%ﬁ gmveL uo w,ﬂ. ”ﬁ gals bﬁi(}ﬂé I{\E\g/{'e%b&f(‘ sheﬁ{:l’l ﬁ(}dim*

pctmﬁzﬂtﬁﬁh!_ r @le @plipQioAtof @nd Hﬂurﬁll@ m@y 6@ Lh@SPROBEANMIILAsa The
e bias voltage of -67,5 volts. [00501 The shift

appimaﬁme A 15Mbténﬁlrea%fswbmt Rbeotegy vse@hftafﬁl“'é’ié Rigageoss Hig sheath
H(me%gxeg%gwd%rﬁ%{gbﬁgm apﬁ’lteﬁs%ﬂe% qgﬁ' 1R Gg:t s @uépﬁ Lﬂiﬂ;e’ B0 fthat this

voiis.

be underst oo
nonliapply reatlisem a 6¥C t}h’& iRFebitest poestdltis ammuamlﬁlﬁ‘ia/ﬁﬂ d@gehip given
) V{;;,f}RF appearing across the sheath. .However, as
belowayi denced by pig. 3, the probe is a non-linear device.
It can be shown that is nonlipea rity results in a
| BC shift in the ﬁ 2t 3lpotential in accord with the
Neyatisonshi B gryem Pegldddd - 2
ksheaf hpol epl . t3al [31 EqdéTLon J ﬂ[ 0511
WhercT~, is the electron tenperature and Y i thr.i=1is
he a I|tu e. of the wvoltage 0SC| Jlation across c o
100514 heac nOVARRF 4. 5Pt S0 EPPa st 4 %ﬁreuwﬁé S gahe

v c&ta@vb@?{z aﬁ&?ﬁ@m«%hﬁe §eamt Ings BB &R BlmoMB HEHERER 0RAUSRSy from
‘conduction current to flow throuh the sheath in

the floating potential which then causes conduction current to flow through the sheath in

accordance with the -V relationship of Fig. 3. This flow of conduction current results in a

charge accumulation on the plates of Crpe. The capacitor will continue to acquire a charge

until it reaches a potential of opposite sign to the RF induced shift in sheath potential given

by the expression above. Eventually a new equilibrium conditions is established in which

there 15 no vel current flow indicating that the plasma sheath has been returned to the Hloating

potential. In the specific instance of the example data of Figs. 4,5,6, the system required the
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accordance vvrith fire :1~"" .relitc~ ship of :[fig.
3. This flow of conduction current results in a
web@rgelosccunul ati on on the plates of 'i>.i TheCT/US2007/065890
capacitor will continue to acquire a charge wuntil it
reaches a. potential of opposite sign to the Rp
capach DRGSR § Q alu of hg*?tw’ y of?ﬂuer@ﬁlr@ heGh¥ER v QIE beliB8he floating
expression above. Eventua a new equi |1 brium
poteng@ndi tions is established in which there is no net
current flow indicating that the plasma. sheath has
[0832been r €lousagenityotht hestant hOAIRING appbhEehtindl K bk dobece 202, there
will h§9§§%{ﬁ4$e{qrﬂﬁgg gggl Ofa(,}[ (QE@%)%}& m;ﬁ%)gg%gﬁgfmaﬁ )S 'A.i'ttglee first instant
of bma(ﬁlé %Q@ﬂn@@ﬁ%@ 1§9&Q‘Eh&@ﬁ ah® e@h@i‘%rgﬁng 9% Mﬁit&?a&fws its
.5 volts to return the sheath voltage to e
mmufdMaFunlg,mmm enthi astanl 00B2 % Kbas;dqmnm thgrd the shifsinah probe
heati® Fis applied f"rom RF burst source ?02, there
qmmbwq¥mb a. probe RE vol. tage applled acr 0ss both
Ct)rr: 206 ,trrd pla ma Si, t thefl
[0033] St andn @ a@tﬂnw%qntwnéﬁm p]cng, Ingn\ oligeg app itglé%ibl sgftigently large
10 Iex&lhﬁ{ Q&Q»b@(‘{%dﬁ?(@hgﬁ P <R AP HL%L{%QI &Q}Eﬂ;ﬁ!de E%§ %he :ﬁ]% r_th into the
termhals ernore, at the iInstant o ur st
“electappdatuwaitin megihe reli dmdainélm 3t Homttthe FpgsoBe.5.8 Heatds the instant at

iRk SR EOSRARAD B BRI 5102850 RbdRn.

condueBoRcRFQR 13 Reath (Rﬁt’}@iﬁt | @kheshbld @Ethﬁié‘f;é‘n'nﬁ! @ifked sufficient to
magni tude to bias t esheathlntot e el ectron

achiewgniivanicghe cle @tgm*ozmmrnmm Hreedagmivgs gf the chpgingtcutrepinwill be
otes the instant at which the probe
mm"ﬁ%l’i‘gﬁ““ "{“f’?g’i‘Smﬁ)‘bri’%ﬁuu"%us upon onset of probe RF

00546y 0 ThIBRSH T gl o ERETLIde FTEOEBRA Y ‘2R FpYEHT

contirdehif drCih€ Bhsid ?at aﬁ@@k&%ﬁh@ﬁ@a(tm kﬂh%u@nﬁh Qe QMnd remperatare.
Sat urati on, ni tude of the charging cufrent wll
The n'[j:@haq;:ﬁwn@mcm@ it\h‘e Heh eEstpp mtg;at; O Sl amq nEy ﬁqcemculatg,d are
0{11(,:% Pv nm\ 1) ito é)r%m?%% (9 %t gat igi:] gl r?l%)clg] Ciuéuln a.cif éh; EPU, Hﬁlﬂlt‘shl which limits
the cubr&ﬁi t@ t@@mmﬁ@f galef L iheoileAs iR 19 mtzsuhmhmng el igediion,
density and tenperature, 'The nechani sm and neans by
[pessphi ch ¢@et kRN (PREMIAL I QROIULF BRLcoNBINRE, Qadifdrh afBlbwing from
are generally known to practitioners of the art.
the plegra frartodgerddnt PHgpiobe t Ae coimettélohiant st edromei ahiptesd, with a
posi AL S0l B B8 BLEHEDHR S PG fBE R DR 2o
This chRfeiccat w@n@f apCObR (Rp cal¥esGBOMARE QIR of BleBLHeNSH@Ihg to
f . ow ng rom the plasm and toward the .I11' probe,
chargpEve tt Jesitase.| Swentugly pr pausiihpmg u%wﬁ@(@%aﬁwe&wim cgn be

under E&Bé&l& &Gl 3o &HW@%M‘&Q‘ Ay iR%ﬁa&%ngj zéﬁ%?;a 5 inFig 3.

negative charge a cunul’ating on p at e

{0856 hg;??&gg%&% ;19 %\«8& I?l}s, ge 3%‘2!]'! g‘\yﬁ" Hb‘u ?z}r)szni x&xh%?adzé t&};, p{)t(}lﬁii}i ACTOSsS
Crr dbOreiRE F@aﬁlﬁun@/@rmgai myai ucBTH ot s i e andufREa kd 0fset the

I s achi eved, ' be
probe sheath voltage shift mduc&d bv the apphed RF. Note that to reach point 3 in Fig. 6,

the system must pass through point 2 in Fig. 6, which represents a probe bias voltage which

can be refated to the plasma potential.  This significance of this particular probe bias voltage



understood a.s :r tovenment frompoint | to point 2 and
then eventually to point 3a,5 in Fig. 3. 100561 In
wa@ewoneimsre with the general description gi venP@buosmp7/065890
the potential across OCr?rt- decreases frompoint -1
in pig. 6 until reaching point 3 in Fig. 6 sufficient
Al {88 er REQPEIShERL difi tehbial
wi bEQg@g&sp n g gﬁ“ﬁb e&, atqf%bnrﬁégc %§§B&1 ﬂ)?( {%Cbomf 3in
Fig. 6t the ceystiairamuby Cpadscarhsowghgiple angd t@e Mobfgias Gpt mm 'm;hseveq a
value \@ “‘f“h@‘%bq %t%b%?wgﬁ)?? & Vq—th pé)g:éi 1V\{:,}}Lf1r l&%ﬁ%’gln@r‘ﬂfﬁﬁ?mggef wherein
the caP@difor ebdsad o :AREG Dh@se Mk $e20€0te {ﬂa5nm %0153 188 Capacitor has
CT/ US2007/ 065890 "wi Il be discussed in greater detail
Chﬁfé@éﬁwmﬁﬁ@h ngaeseh mmh@l q@&ﬂnéﬁtheaslmfhm sbgathpoppoiintinguded by the

. £ren ones negligible
woplied . ooy PR3t Bl Moo APERT ue whi ch

Ltesults in the sheat h t.entia
iWi oat i e Baterpiat orshrare A2 i H@*%Lta&af'% BF iRdsedghifgn the
attf UsiERE s BEH IR cahal 88s iNRheintilAL, thpbBl shea@ndithlon,
the capacitor has charged to a potentl al necessary to
deter mma@wheﬂ@aﬁ&m&s@ elerrsHIGf g vampsqoed BHn ot dntlitad isiahgueprgsented as
a dmg%,n Ué_hu%p[g xo;% T ottt R mT%' (’)}S g5@91$ﬁ§% ﬁ:@b- ﬁﬁcéﬁhwfl z:wg 8 cﬂ}wﬁ t0a

makitBod hegatdR2ah& htvuﬁ@ pabbebfas vbii@eRnd 14 1D Gedaldr bdilal oV INE, .
sheath voltage ijs then ren-ioved. At this instant in
The probgghedtly é@iﬁ%wéh@hféfa% Y %ﬁﬂﬁ ayigan tylips heispedh Byo g gndition

i\nowﬁEQE FRLLAL: u‘% btidn x]e%r'}e d%‘?(g M§Q As point 3inl ig. 6.

Aisis also represent e a d| scontl nuous junp from

{eeasg?: Cte n%?&) matz{u?udc utﬂ%gu{uangﬁz\wp mn,g By \thngum r;]s (g«:)nt}mgzé’\ IL[SU‘“I ed 1o

as thtV@ﬂl s&ﬁurﬁﬁoﬁ hﬁ‘riﬁﬂ% ahe,. J{?laﬁﬁ M@t agay antieingad S8y olBdd (VLLu pos i
probe sheath voltage. achjieved is

to whtcﬁ)ﬁlpetgmpgh ,.éafi'f gi;(ﬁ Aty 8 chpigs 1 Wé*‘hg REstvRitpgewshigh occurs when the
~0 Q
RF is ﬁRP%J b ﬁ,[ x%g;%%iht;rﬁ (iFfind 3:] | {x‘nd@%‘iﬁz : ﬂ%xﬁ%ﬂg ér??{g%a;?%aﬁ%s@gs of
the p ¥tv{m(gﬁmh gl el20i8osi &:mmyrmhieyz ;}Eﬂ)ﬁtﬁe r ékhetroechasistshedi Iymm b» which
saturation curren ‘1| q i,s conmonl
ciﬁbif%%[ﬁﬁ%ﬂbb}f?{{é}é gy %’Pi’ﬁ cp atalddlr%erztg ltyﬁ‘é‘“)?}’?éﬁph“}il %gnqr%ui tha, art.
Furth& deV@ih O h 8 ERANGE 2 e aﬂ)uﬁ’eﬁﬁmtlﬂ Qﬁ 8 \éﬁiﬁd@g&)t%hﬁ Bhe to
occurs when the RF Is turned . |;. ;4a represents
undx,raaﬂzdingtmng\*fm@nm tion conti ngent on the basic
paranmeters of the plasma such as electron density and
{6059 enper atsulg. 20bhegme ahdise ﬁuandwmamwhy» Mbuige WV, ddaicéregrm Mo
satyration current rray be cal cul ted a

decay P Rong 18 Agleqrepiine sy dBf“ ki frﬁ%’“eﬁ’? PRSTERy { ‘Hphs g’étI ﬁ“l‘*ﬁ}%‘&‘mm‘
curref@frelh ¥g§&1&aﬁl’k R @l @mﬁﬁzl‘.ﬁ% alkan a@fmt Q'z@xaefd Lﬁcﬁw'p?uﬂ%‘oslhcam

gernrane to understandi ng the invention.
poten@pyil i@@@d@@@lsﬁ she It’bmdlmsmhmng gle\'i wherepr @)bre: tbnagmdt@lr tagant
deca u tin

flow, gthg gxﬁqcfm&ii r&hﬁpp@m pxﬁgcfpl Lﬁ\ gm (dlé tﬁg, G 31&» votk age can

be andPPAAUE bh@M various parameters characterizing the plasma. For example, the linear
portion of the current decay from point 3b to point 4 can be analvzed to obtain a measure of

the ion flux incident upon the current collection surface.

{0060 Additionally, the non-linear current decay from point 4 to point S may be

analyzed to obtain an estimate of plasma electron temperatare. The method by which such
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current relaxes to zero. \Wen the conduction current
achi eves zero value, the probe sheath potential wl|
whawe/ 121087 eved the floating potential Vi; wherRCHUSIVET/@5890
is no further current flow The functional
rel ati onshi p between the decay current and the probe
aly Rk 3R AT LAGRFLRT wllfd RDRHERAsd Rt OOL A VAN Srior art and is
By QRN R S PRI B eri g
well Hnoweat pragotiticonoiohistadne curr ent decay frompoint 33b to
poi nt 4 can be analyzed to obtain a. neasure of the
{0861 on f 1 @ecilhbhddningupoRthaest turerveln thedtil lseabianiisiisfeaceti! point
s in Fhgy o0 S bR e s ot P F 4.5
the syS2hi TR S RIRSH O 26h BRAT O SLENALBELAL e 3, BBt 2 represent
Sy P et U VISE T AS BEEARWE 3, St 2 represents a
she atiPGiIfta&iSW,Q?&t @65&9@(19&3’1@#: y»sss oiamaﬂhcunnqaj emeiteda sna” welthe plot of
Fig, ~docunent ed aspect of Langnuir probe prior art and is
Fig 3uel | known. to practltloners of this art, 100611
Recal | that during the | rst |nterval the Pl 1<
;ﬁaezgy st emP WitHp URIHES gent T owzfsn : CHCYIRSI GG v«énql;\ t@t sheath
pr)ie11ﬁ£ Q:a%p@rges e-[}tdﬁ d!,tnly SLACIER aﬁﬁ% g@@*ﬁﬁﬁ ved, hbalgd of P x’%@&ﬂﬁ&@i’h'}h nt 2
stem nust pass
of F!&péJ tht: lznaeh RFDQSU’\egﬁdhﬁllﬁam.A?m theany »ramrEli @Qpe:x i}t th@o:mntnﬁm a

nts a eath v Ita ,
funciipR B BFEa THfEen iR EOH U KPR FiHag ' 1 hEe Bt value
of the% obéxl(ﬂtaué%at WP s Mouldtnd HOLALE FQBOEha tpE- Bfffh% HGGH e are a
he circunstance in which the sheath enti al
re bult@é@omw@mw@ﬁ eneragiog tvfféﬁmf émmtcmlemoi e, iul}\@ﬁt@h‘@mm

behav };\?’ (%%Eba‘ﬁﬁ 23 e e\/‘g’m t%ﬁ"“ g %E ¢ éi%mﬁ: Hnttgﬂtéd cub Vad(t,gdrlié o?g 1 %xéc)r d%?g effect
are ndt BEMGMEREMe 1B%er@onf uncti on of probe vol ta4ge. This
di sturbance is plotted as point 2 in Fig. 4. The exact
[{iiiﬁ;}z’al ue PhecoRRings Qhﬁ a QLﬂc@Q@t tﬁ& pyahm Bidelii Sn, ARG WSurBRie, ploited
the details of the sha hi's di sturbance are a
as poipes iy 40¢13ﬁbvém%®¥ﬁph @hfn‘emkar@éhra@m@u@r pede cwemtherla with

rmpcgtt ﬁfeﬁ tﬁ%lhs an Oﬁsl {hg agm Ie aulhqm a ~11 <rn§xP\\ qg ﬂ%w %zmaﬁl\{u .?Hl 5@ umu

enabliglgtppli@tiohs uth as avemadt pgxe&seﬁ,}hm) apel-pehtgesIRaa fhdt detection,
the invention, [00631 In accordance wth an aspect of

e¢. the present invention., this disturbance, plotted as
vgomt 2 Fig. 4, may befurther anmplified bytakln?the _
iﬁﬂﬁ4 eri vat»\twmrﬁ‘ﬁetthe:tx@uﬁm ém *sw}gﬁ‘a;blowttwn‘nﬁélgpe@ﬁ etobig. 4. Fig. S

uhxbrﬁ* %nhcag-yb ngm n@&iﬁ%} at‘i %STQ' ‘é"rpa%]i‘tl A é\%i{glp(g P %Rnidago fe
disturBAIED i &hecaubhQARE hbtep raO 66962 GORl 0l No8NEaBisHblNQ,occurs during

systemfault detection, etc. 10064 An exanple is
the btgm@ﬁsﬁ of thg BE. 5.athe elpipine piasers the B Qaetrenwzd gmerplly ocours

betwelh G Bne SR bttt?fmgti om%uluyl y$h tenanl shabl \?LRE ke pt plasma sheath
Fabel ed as poi nt e

corresponds t
potential equals the floating potential (point 33, The pr nbe bmx \ oh:age at which this occurs

1s found by consulting Fig. 6 at which it is seen that the voltage of point 2 of Fig. 4

corresponds 1o the same instant in ime as poing 2 of Figs. §, 6.
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di sturbance in the curvature noted as point 2 in Fig
4. Note that this point 2 occurs during the burst
w@bmwsa2w87 t he RF, i.e., the chargi ng phase of PCEURIBF7/065890
system and generally occurs between the tinme the :|
.F is turned on (point 1) and the tinme during which
[{)O(Swz)he p| %F? §ib§@1tibﬁ% EE’P{F £l n“? 8l ifechfifisTubodld cﬂg. x&hnh a
otentia ((p0|nt he proe ias vo tagea ch
relatistehbeasosoupsasmiagotagindniyy be padal Thagetiod. m@uammmummat of the
fall i.s seen that the voltage of point 2 of Fig. 4
@ O‘EBTresponds to the same instant in time as point ' 2
|ﬁ(}66§) 0065 1%@513@1 ;6)@1 ng' ;t Warh Ilzg\?,;éu% ég}j?%iég I(Y:T?.F(,(gsﬁscz eggiz,‘{g glisc*s}g{ gbu current
dmmgf‘?& R RE AR em@'; SQZMSI\M:HH‘E‘ %\, %ﬁ& @ﬁt@&ﬂn% ?ha”iﬁ@ﬁé‘ E&r&k with respect
asna potentl al Hod,” in sunmmary;
to timie gnd hmaimmt' fohghe foall hm/vpm@ in 1&&(1&611 aﬁﬁ f,m,{ thheurpoit ptciating during
g \NB tg.? Mi a break in the curvature of the probe
fre ApPUFFIEH P40 Mg the burst RF phase. This is best done
di fferentl ating t‘g"h{brob current with respect

10067F anySBAFEH HE' POt e REPaK &8 BT GUBBRKE §a5 plgtbed dbove)
e uﬂgﬁﬁ ¥ahk 3&19\%?&&% Citaf E\‘?J‘ﬁpi qgé’é& i\qguﬂylrn' tﬁgmut&@ (, er V\)n&mﬁ plot).

|cat|on urst. RE. 1 067 time at
10068&2&?;?%3&%5@ L&Ué “‘Qrfe M’%‘tzggk%u(a%ig&e%%é aﬁ?‘i’;e%@%ﬁe\mma@
as detpedked bumdp EnWdheowe tiéit’x&fﬂmd.@limyﬁtﬂ beey’ ;W\Lng“) Sy L\QQ681
| nspect the probe voltage as a function of time to
[posagiet er niTRe itketoPbaR& Y Blat BArolRSISLESRE NRGd Y 18 PRciure
V¢ now define this voltage to be Vprasenrte Aia -
abovedis prel pidrgopasTiveotiphasem otenial. i 16 testetlato! tveshpath elitsesagn also

be ciﬁs(,\(ga&'h%@ ?m tff?;tzfr\l?lug%i HB%{. z{gcx%ﬁ%,g]et 18 ?ﬁﬂm ctag it <o l%:?t{ ‘%ﬁe&\@oium.

Rmaismeatim \ap;lwltcagen OBRF &l s ahe baicas gdl dajuhed pﬁ @;ﬁ Wik Solmad ¥, ..

probe bias voltage the nethod can th be made
(pomta«ngﬁxmqg atw g@é@ fue th sheath ip tt@p}déﬁ%fu ﬁb@fﬂ \ﬁmg:g potentpl.

ias the syst em wi Il acquire ar probe bias voltage
[0{}'7{}}4 t While qqyaiisiiing ® berbqap@ by §)eosi. tighingentoiad sebeligees that the
oundto be at, 4 at, t.i.al 0}

dzﬁe;?[}%%%\ﬁmﬁce ABE WEEH éﬁlg \)b T, Jll!s&aigggt%iﬁg%ﬁgsul% ﬁ'i HeQeterence
betweken iendhedth a]cﬁ@mb@dﬁt i snd hﬁtplztsha pueimﬁ]ﬁler ameeib,extxmem

r xst pow, zti ar . al so represents

advi m&i%&%ﬁ@ Brdroris wrg %F‘éﬂ@é *Mﬁéméléﬁufl RhENGREAPHLE theoty asserts
e PR PRIBE A O R ARLACLRNES) Ol 200 1?%g%gzﬁtg@tﬂgmﬂw
potenSalndentbot e blcaestdibh tﬁms&mﬁctﬁam}gi »attw nerez q:me bé&hishelatignship is

. asserts e follown di £.f

show gy ofion R ABGHBHERC 1S Ba? TGS Va) RGP bl ey - 085

belowPot enti a=l when both are measured vvlth respect to the
sarne reference. This relationship is shown in
Equation 2 (Braithwaite, et al . J,7Phys. D Appl.
Phys. 130, (2@62)1 gis}:___iﬁj___ 2844); | Hekow

e 2o [ ( k1

{0071} In Equation 2 above, M is the mass of the positive ion species or an
appropriate effective nmass in the instance of multiple fon species | T is electron temperature |
and m 1s the electron mass. Since the PIF method can also be utilized to obtain a

measurement of Te, it is seen that Mi can be mferred from difference between the sheath
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" I Tlra: r trrt., cl e l\2:nr kit 100711 In |;
gua.tion 2 above, Mis the mass of the positive ion
WGEp@eiiz®sbr an appropriate effective mass in tPEI/US2007/065890
.instance of nmultiple ion species , T is electron
tenperature and mis the electron mass. Since the PIF
PO ¢ I ToTo IR I t Hbe o
ﬂudﬂ%?&&}%i:a %*?‘”P%L‘igg%“%‘* lﬂﬁz\e‘c g‘nz% éemlgﬂ g@e f{frﬁﬁh‘fﬁ:@@’ﬁﬂﬁl the
methadl fffter emewidpati weewdihevesheath 19 WD 2007/ 121087
PCT/ US2007/ 065890 fl oating voltage and pl asma
[0072pot ent Takre aFhinang phdsatengeichibonsiol elbbimesietE@ning mabl®n herein,
fraomthe t hod of the invention discussed Igbove

particylggy $9r epRER mgrlé\uhgﬁst,c POSEFIR PTEsHY thabgRIALS ypsma in a plasma

procc%ﬁpp@ﬂa%@ st aoﬁnﬂ%il!n@‘{@ﬂl O RN By parP& d t&HJztﬁ:r dr¥cds@Eontrot,
controlling a substrate processing process

end-peimtiinpl oy stephras meetitoriag plvaismel aulp decassi, mg. f@h*ambmr,.toghecratt an

alarm Cgrgéég‘lgltifbt%npg%{m in i %E{r%%{sgf ?}hegt?a;ﬁﬁ{c{ﬁ\tﬁg%( ﬁulténg{;% gwamp :
smnatﬂm@ﬁnﬁ@&hﬂ&mcﬁMS Rdau i and@lsehi &MditRInGs déRcB®NAL Qhather
to0 generate an arm or to affect a. transition in
examplpg P frogeise M g} d m@ngqumugpd szy( hHandlingdey mceﬁiqrf: igxdapt eondition
is detéecﬂt'(’.&l[ %ﬁl{xoi%g n%‘%“%% "'xtnl'ﬁgxéﬁg) mapgm ‘S‘g%g‘# g a m,w mr?p&lk’en of the

plasmb h@ﬁ&&ﬂnﬂieﬁé 00 h0.B8 YndyItaed ]Nﬁi%ﬂhﬁi il @k k,{tgn;ﬁszﬁ»&HiﬂiL detected using
handlln procedure if a fault_condition is detected,
tmbog&gacgmf’%}@qfn@%g}(ﬁm fall withen ¢ ppdetingdonindaysisiced! geor falls below, or
ﬁ,&wegg @ﬁt‘iéfé‘%énf&@% ub-step of the plasma process These
transitions nmay be perforrred if. for esarrnple, a
altic_ detect dusm ts of . the invention -
{0073¥al | w‘Ph?‘n*“éP? réa@tq ﬁéfdﬂb tﬁ%n& Tef %‘C‘éai}é’ﬂ“"f BICpoing2 a(H point
2in }*pﬁ]&@%d B wh&s feqqéaksu(ﬁqﬁ?ﬁn‘%ﬁgmﬁ . ?‘(%el{%ne ‘ana[m feQecurs and

“vari ations erence
time iL LB (8.5 Boin} 34 FIE 4 &hd 3)RE1RS therdtd @ volla@N@hR)es the floating
Where the break ire the burst RF phase pr obe current

potengalrdvangtle lug:mmsp}aaacl may ibeenippoiedtes 2 pfexy fgr ¢hapgenin'the plasma
. Figs.,4.a t he robe heathvltaeachleve
fon ened” 68 6 B e BBPRGed RETh R B BGEIRRh o
takindBe R RYE 8 AS adsdRh @XFigf O TERARGESflchnth 8P b SMBpale@Rgainst a

“ener gy. As di scussed, this break may be detected nore
predefiggd samdyu 3 atm@h’ﬁmqﬂmg ugifccargin dakingihél thi me energy retlects

an accuabie pen | it om c‘ otesy step has bechi reached, if a
ASLHNA G0 38,8801 1 o ur T R.LITE i blar enae

plUuemf@d@u}iﬁh1FK}fﬁl€ifza\tﬁttu&&_ @mascertal n, for exanple, if the
i on ener<g an acceptable operating condition, if an

[0074€NdPOI PaRzodsl PRGEESSsSH BR HASHDELH! fe Q@&lﬁd\m ﬂaia @0: responding
process fault condition has occurred, etc. 10074

to the Anest B@aﬁ@wpmﬁwrﬁm bresk ipaing frehiglgribe u@@a@fm vhigi q@ﬁ bbe
volta s ondi n bur st rob
correlging GRE by f»b ﬂgiﬂfﬁtwf%w@hf% oy S PaES a@%ﬁ%ﬁ&.@&? ove
af or enent.i

curren gblur{}gﬁir h’v‘l ] ﬁi f{ﬂ“ﬁR{: iB |t}ébd%r8b(b¥ (% { iléré CBI]‘} S%Iég} 1& ative P) *»Dﬂlﬁ.,
reference voltage may also bc meioy ed as a proxy for changes in the plasima 101 energy.
The magnitude of the probe voltage corresponding to the burst RF phase probe current break

point may be compared against a predefined window or a predefined value to ascertain, for
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current curvature with a simlar tinme t, in the probe
vol tage curvature) relative to sonic reference
waelvagwsnay al so be enpl oyed as a proxy for cPERyER07/065890
the plasma ton energy, The magnitude of the probe
vol tage corresponding to the burst :R ~ phase probe
exam@bE ﬂﬁtml@g%\.’\%\ rPRLA L TR Ipp (EQRANELAGRLASE aRendpoint of 2
redefine ndow or a predefined Value to ascertain,
processortep] hanOe@0GRL K21 08 DriRET 1ISRCOTE0658800ccawahple, |f
the ion energy reflects an acceptabl e operating
[0875¢ondi t Kerpoibbr aplenttpodfivntotiimentpoite 8s.csti@p thascheemnd
.. reached, if a process fault condition has occurred
differgicg, a@mvé@mﬁm@umfm Ghiec AYT PN b BAPIRER] & ditect
Lhdl}%p% thp f‘a@ﬁnh%ﬁmnﬁﬂ? 1§E§£ﬁ& dﬁ%@ch%‘@cﬁ?s{&@%@ssgﬁtdﬁ@ﬁﬂm may then
piaskFSF s rx taF tial - ,,, over
be an@ku»eﬁmmgoabiudtmnd gtobek m@«lpamges { sunh tih éctpﬂnasm& wlhm a U\\ en layer is
eiciw@}k[\é?ﬁwr &I%zﬁ{;‘gcu g(gwtxg)%ﬁ%stgg'z%g:nngw ;pp aﬁnﬁlé};‘ Svsdemp ﬁaaﬂi
detecish, QRQHROLRE el el SUCNRENECEERHELNVNG, ISR, B JNEN .y
|l ayer is etched through), automatic process, control,
represepisalinteewand eherdiaienos M*geera&hd/sbfraﬁs fgastrgrnoteitipt and the plasma

potm%\meﬁg %Fn? Nhe mgangq %étsw ﬁgn i”!rahf. ﬁ}’l {1 F%)%ﬂﬁ hﬁg‘&fa %g& g}clf)%bma

potenfigipEiese Eﬁ el WBASULE ﬂ'@lﬁs% i»ht@y Hst;Lf dierende obet wWoek, § Bnge in the
sheath fl oati ngf{ otential and the plasma potential.
&

effectivg 1piupass Mdtegiseherane el Batmeant heve A& Athaf ByFR{HEpring the
dxﬁe:éﬁg%@ ;;mﬁw,%qggf’fge Jﬂl aw, mbmﬂ% G L}?ajnﬂg ﬂatfu@éﬂ “&»E%\ mass can

ect quat 1 on er words,
be asarieinat e vsaut the qfceé;ﬁaﬁtamw apgicatigss M af f ect s the
value of ri~i:iwsF,s t>ut.:t~iesr --rrr.?rt: a ad By

{{)OTWDni t Omgn tiBodiglehf] BTROERe@ive idn hassSHItS aﬁi&péndttﬁﬂvs@tmazmd
=1'~and 'L r~_ttYa, over tinme, changes |

changes Flie FIPEIPIDIOIFRSETTE 46 Tho Bestsaeanriad ﬁﬂbffuqaﬂseaqdrf ¢ Hidference
betw a@{) eﬁ%&{n fﬂ?@? IQ; oﬂn & %ttlﬁls {sms(l\}li as[énot%%gz[mx%ln(a@p%lf 7o, ﬁ&ﬂatd’ relates
to thealSifaet@itrageen Vz}l&an geSial fonl drel ELegk r: bﬂsmhrmﬂmlk wergs fethe

B S NN G KL

is an 19{&)‘0@@5{' @k nﬁé’f@[’ ©MoRSr Wﬂﬁxﬁ\oﬁ\%g@as&el ates to the
ference between ' ,gdga tf, .=t . FaisaE -

iﬁﬁf?? —r ol x Cﬁ‘l@g ?’Bi'lca %ﬁ. a;etal ﬁ}(}éﬁb §u9g1* o Fg‘?«? LER] OPEf of tﬂt,e
nvention p ique for de ing c anges In
drﬂtl‘kh@‘s exlsmkafcmbotermgrmnmum-ge {iTee)iye wini odks, dlectam temperature, etc.)
ortant parapmeter to nonitor in man esses,
derivegiry 11 G ARPTF PAEPGHS 4 P RGERbIATe g fhe probe
witd@cxﬁmﬁsm@ﬂﬁd\%ﬁ BRARvES iotrB@mtd?@Egaur}ﬁ§1ﬁ§§c&idﬁﬁ9§§s%ﬁtl of an
“above (e Ton enhergy, e ctive ion mass, el'ectron
mwmt!serr{aematamtept ogtan). Adenitetly ﬁwmitfh‘@ th@bmrveRﬁlpamrobe
potential  (whai Hlas tent ial rela es t > probpe
cunerf i RL ke R eSS PR s Mg e & st B PRESS:
condi GORINRET QRAANLHRA B aRRdice plopRin OBud hdnoring may provide
raaai nt enaanc, e program Alternatively or
inforraaignttp 6ﬁeafmeyatmt ahdppipyra RECphitseYpeoby theurranstagnd terplasma

chambd} an{? ML S%Fﬁf\:ﬂ »E ‘-.g)cp!tBQ%p\(&nm%qgfngﬁ}{amgp&ﬂ/ 8 nQn need to be

perforned.



condition as part of an ongoi ng mai ntenance program
Such nonitoring may provide information to the
woperazos7 of the plasma processing system of tPEI/US2007/065890
current state of the plasnma. chanber and"' or parts as
wel | as possi bl e upcom ng mai ntenance tasks that may
~ofeed t f e 10 .
T 300 BBaBaq T OB YBL Vet by S e e Phred
embo@e‘@mﬁdé@m irb eijemm«mepmmmiusemd ahpuipalefierviach fall mthm the SCOpE

of thzsez& i,n 5:111 ﬁ‘ttog aw,w ﬁ iIGPl [ fgﬁrﬁ( t};;f.gr;% &Bfggﬁtrggtﬁn?%iﬁ? may b2 cmp oved
for asbaMe@ihd @fertehﬁw¥ @i‘fﬁ@'ﬁ(ﬁt@n‘ﬂ Mh h&ﬂ&lagte RitHeFBbESRN A the
arrangemsnt th be enp Oé@ for ascertaining the
nventiel, gtliey éffmewﬁmfsp@@ e‘ﬁ@ padsitily cﬁema}ﬁcé igpashible to eml"?m a
\rdﬁdb%.f uolg}gg 80%: 8‘3@ I‘thxsh semﬁé% Yg 2;4};%[3 észlebt L % {SESEQL%BT na§ Supp va
variet@ P o-dpendid Sbl@omed (kg8 S0y, rtﬁiﬁmhﬁlarbiuﬂ&o&iaﬁ faﬁcpthl@c%uid be
Th| s varli abl e voltage source mray su% variety
used gptlepiper Heendent PHaY bIOREL §.Sagaid Selbees. Ma‘« aﬁgmyapmwbk
arram% ﬂ%ﬂ&%t{fﬁl‘.m in?i o 'Jcthxtaé %ﬁﬁwngn@% ay Loiéa%q}e Ref cﬁ %ﬁﬁx QP_Jax voltage
to smﬂlgé\mali oge asdatyf;z aﬁ\umpwbhlﬁmuah t am;elmnﬁ g4 mfn 1|s asploved for

s 0SB RS UE SOTRANCOLS, Y i ALeg Do usel Lo RRRLYS ey
also b@ll‘i dhorahiHehs Slieh ARRLLS @Eér@rﬁré e SR m)ﬁeih&%rare many alternative
illustrating the invention, other applications (€.g.;

ways df lﬁlf;émemhntfybesmﬁmdpbh@mztdetpommlruon) may al so
benefit fromthe invention. It shoul d therefore be

{0079? g,tp le g n%{' ?}tn ﬁ,tcp stuﬁﬁosgﬁé 3 ‘H"%;ga % ]bu%hﬁmn ergg\{lﬁtt bf)NEX’E é"'ﬁ‘f na)(}dlﬂcau ons and

variat{d9Q AR bldax\{ctcﬂgo dicshisosed c@@b@&f@i@t@ﬂﬁﬂdﬂcﬁﬁﬂh& aftblintthe subject and
best node, nodifications and variations may be nade
spitit phihe ey eaii o pokded b iR REAYSSMENE. r emai ni ng wi t hi n
the subject and spirit of the invention as defined by
the following clains. 21 WO 2007/121087
PCT/ US2007/ 065890 CLAIMS What is clainmed is 1, A
nmet hod for controlling a substrate processing process,
said substrate processing process being configured to
process a substrate using plasnma in a substrate
processing chanber., conip.rising: providing a PIF
(planar ion flux) neasurenent arrangenent, said PIE
measurenent arrangenent including at least a PIF

probe that has a surface exposed to a plasnma sheath o
f



said plasma while said substrate is processed by said
pl asma" alternately creating a charging phase and a
w@ioeszwst phase for said PIF arrangenent usi NBCHOS2007/065890
energy source that is configured to provide energy- to
said plasna via said PIF probe, ascertaining a tine
tpoittt™ , said tine t poi at;: Jﬁ@presentlng a tinme during
said charglng phase of said PlF measurenent
\Rhm@ggﬁgg%qgnt wherein a first potential difference
r 0SS sald plasna sheath equals to a plasnma
1. ;ﬂ}ﬁﬁ&mg Fors cg gl[h[nﬁé %{}f%# &%ﬁ%’t"?'&g"’%s eh%lfiﬁ‘ge Syrae %ce\qmu
pm{tﬁ\ttfch M@k Gre@Rap@icBg 2 Pbaste ofing plabink il FsUBRASKHEIRMing
arrangement wherein a second potential difference
Chm“@%{@ﬁ%ﬁ“%ﬂﬁ d plasma sheath equals a. floating
Sg&;g ’P}}$ SJ gnaﬁ %091 ngf?iggrirgglte éta“lé ‘C arnggx{zgrﬁe& d(h Bﬁ' ;%eaﬁuiement
arran @:hﬁﬁt hamdhﬁ;ék@ l@aa dPEhanid gt phRasarfaben m&gttumr;ﬂMnd sheath of
flows through said PIF probe; and generating a contro
said pé‘l‘@ﬁa‘t?h‘ SRR B IS TeteOgH B PRl ar m and a
t LANSLE]ORed i oSG SUD; hlg@%.lgi ProesRy O;ﬂﬁb@{ RCEIPIF hrrdngement
I me dlfferenée bet'wee I'me an salé’tlne t po”
uﬁn«ﬁnzmﬂwwaanseﬁmpmedsﬁyneﬁﬁqwndﬁeemﬂgﬁzu%ﬁhpﬁmn&h@&a@ﬂﬁF
claiml wherein said tine tr,ws LT is determ ned by
anal yzing at least a tinme derivative of a current
t BaderthinBus, t‘%thﬁ %ﬁgh %§z§'tﬁnﬂmu@ﬁ@@‘%aéﬁﬂﬁb A% nfAd HineRaTiaihRging
phase, said time ti:o,,, t2 bei ng ascertai ned" b
phasedésdd PR gmasxp@aknq -:ll‘mng{a]i’lfd’lt ]}\ihﬁg‘lfd@ firsy @mm@al off feraiet across said
plasm s{ i% & uaisht > a pl sn @ m‘u 1&% g Q“PI probe; said peak
TGRS D mé@ﬁ % t4 %% Wh 55 ﬁarglng phase begins
aasieaaﬂndmta fBets we.sgdm thin2 L d regid@niiBg B@ichOdur ﬁilﬂ'a;.hl@ charging
wherein said energy source represents a burst

P haqegg gpa &I measupprgent Wﬁﬂgﬁliqﬂt m\éqe;g it FeSphe Peiepta éi,:fgerérpf@ragy)w

i S B BT g BB, S PR BRI e o

poienfialwhiderenae ﬁ&isd satdpiabhehyoh tage: sodicleeging phawfiigumedusrent
" _Mto‘ggv W?F L qependent wavefornms, 6. The nethod
fRlows ghropghysaid PIpePeiidsai d predefined condition is net if
S @érqeféﬁfﬂ@a uﬁix'tffo[ %rn%ﬂ ‘E@ u‘eﬁte% felibn@ PR IREH RS 2 WaREOM: B said
value. 7. The method of claim1 wherein. sa
wbstsp’tﬁeuieifq%ﬁ selpooadiit @ brme digemete hebweai did timet.di Anfleridioee o
exceeds a predefined value . The net hod
mcu%ﬁp%égﬁ%ﬁfﬂﬁﬁé?%ln sai d predefined condition is nmet if

2. Sahe nddii® of claim 1 wherein said time thi: is determined by analyzing at feast a

probe,

time derivative of a current that flows through said PIF probe dunng said charging phase,
said time tuae being ascertained by detecting a peak in said time derivative of said current
that flows throungh said PIF probe, said peak occurs between a time when said charging phase

begins and satd thme themsa.

3 The method of claim 1 wherein said energy source represents a burst RF source.
4. The method of claim 1 wherein said energy source represents a variabie voltage
source.



difference is equal, to or is below a predefined
value, 9. The nethod of claim1l wherein said
W@ p@ns2t08DN represents an endpoi nt handling prPODESINE065890
10. The nmethod of claim 1l wherein said transition
represents a fault condition handling procedure. 11.
5. Thee BREDRG QU aih! Bl Rrely cadBEGHR \28LSE SLhLARIL Eafflyred to generate
represents starting a different su%%tep of sachf
time-Gypbstanapevgpoeessi ng process. 12. A nethod for

. cqontrol ling a.subsfrate proc [ .0cess, said, .
o cabseried BBl e BB E R Ry R Rt d e
differBfcRGES R SMBSTRE Qi H&IEf Pll@sma in a substrate
processing chanber, cernp:rising providin a PIF
7 ( phanemado o) i eihisedeTed apbhemis meaf wibime
aitferJRASUERIPR or RLLANGSIEAR, LGkl ng at | east a PIF
e SR h T HAS I8 PFRsEre%%d to a plasma sheath of
8. sdhd npiiasing chinl lewbatieh sldngtddaired cendif OCBISE M Hyd 8@k d
... plasma a.,lternately> creating a chargi ng phase and a
differgpigpe asepnt togiaskelpym wadedinpyl palyer angement  using an
9, e‘?ﬁg 9%’51&%%?1‘{&%%&1*‘1%11%%&8%&@ gyt ,r&ﬂ-e&ﬁ&"ah.de%dﬁ& fil 19%(@};&59
sai'd plasna via sal I probe, "ascertaining a tine
procefne@, ,;gf "; said time trw st2 representing a tine
dyring saij .hartgintg . phase of said PI_|I .
10 rlbe GRS Brrei s FERat iy 4o piegts fyBtlsfppdiion handling
proceflisbf erence across said plasma sheath equals to a
' pl asma potential of said plasma; ascertaining a probe
11, bifas nedicdagetan isahdeini vl saisdioprabescbisatrvad ¢ dgierat substep
N ”.@ai d_time tr ;>FF)é\L1. 2 representing a potenti al
of said SESIRIE DLOCeRUPGREESai d surface of said P: 1F probe and
12, grometiodfos@hfolfihg 3abistiadBrobssing bidess, sandulgenarabiigng
a control_ signal to create at |east one oofan alarm
procegpieg qonlggictitopracasssaubistr B BERE Bloamp Hot BDSITHY PPIEEERS
kL sald: probe bias voltage at said time neets a
dm”mllb&r["e‘“d)g#f‘gﬁe{&“ condi tion, 23 WD 2007/121087
PGS0 6 PAID 68820 i onlBux ) thesmeileadcirefeohaitmal@ Pithaecelirement
said ti {ns tiAl, Ujs determ ned by analyzing at |east .
arrangemen] et ugis &) e P prabe gt hassesuitges f:>ﬁ3|méqﬁ£totaﬁ}l Jbﬂgﬁhﬁheaﬂi of
g whikla Ry UL PGS CHRY 9ihg, phase., said
said p?ﬂélr}% \ghﬂ]e]\? R‘bégl?ﬁlgggéc@%%?gga%%gi 1%';5{?12%“ ng a peak in
saliduntelyecraemignathisggnofhasand € yuiegrbt plabatorkiidWIF agangement
. Jthrough said 1°1.1 probe sai(% peak occurs bet\/\zeen.dal'}._,
usIng i SRETRH apRTEG gt léﬁgpfgs;lﬁ Mg‘@ e energy fo said plasma via said PIF

probe;
ascertaining a fme tyoim:, satd time L representing a time during said charging

phase of said PIF measurement arrangement wherein a first potential difference across said
plasma sheath equals to a plasma potential of said plasma;

ascertaining a probe bias voltage at said {ime e, said probe bias voltage at said
HME Lo Tepresenting a potential difference between satd surface of said PI¥ probe and
ground at said at said tme tpuimg; and

generaling a control signal to create at feast one of an alarm and a transition in said
substrate processing process if said probe bias voltage at said ime ton meets a predetined

condition,

b
sk



begins and a. tine tr,;ritt?,, said tine
tr9s.representing a, tinme during said chargi ng phase
w@boo74zi0s7 P | F measur enent arrangenent wher ei NnPEI/E82D0TION5890

potential dillf rence across said plasm sheath
equals a. floating potential, said floating potentia

1i3.r Q’BE %ﬁ%ﬂk&' R V@' \U r&?ﬁaﬁq}nﬁ L) alig dgzk&ﬁ;ﬁ&fﬁ@% \19<§§i least a
sai d pl asma sheat uring said h gl ng phase

time drm» atem offal comgnt mlhtrfbwgehthgms_ﬂ saidIgE memmeiunma ﬁﬂhbanyng phase_

of claim wherel.n said eneag. source . . . oo
sid s SAe SR TRACLGPE & PoocL8 A RGH b S hrhrent
that fidds \Whes@l Qiep rdm@a@ KO (RO BEE BREESENESe A NeAkhidRh& ging phase

vol tage source. 16. The nmethod of claim 14 wherein
beging g V%ﬁﬁ|t;a®hwe§%Iim&g@smsd’@ﬁf@éﬁm@”@GWN @Uﬁ‘eﬁcﬁﬂt@‘ arging pha%e of

said Pgllenmﬁ,?autigm%\hl;gzr éf‘%f’“g"a‘"ﬁ‘ ax%ﬁsrcga% ?cf(’r(fmgi ptté tdii %— n,mg, Lr.{ h s d plasma
sheatib@judispy Dhe&ink g@ﬁi}tmok&@g@atﬁk saditiat tc@mémmura@,»dh& i o itdhtial
a. predefined w ndow of value. 18. The nethod
hﬂﬂ%ﬁnmaara»mm 4 phrspp shaihdwHigsasr daurphabpse 9ian 0 6HTeE Heses
o be bias voltage at said tine tr,o;ltrais
throug] Yu$§10i§§gexceeds a predefined val ue. 19. The nmet hod
14, oﬂ‘ he batimd1® cidher i€ whsaindaigreaded isnade conelichisarbur s Rifetource.
15, o dUAMAs A T N 5P BB FIe Sa Hesep o jabTe VDltage
sourcdet hod of claim 1.2 wherein said transition
represents an endpoint handling procedure. 21. The
16, mdihh miiioﬁ Qﬂchiirm H2vinheneind saible tvobas splor 17 eprigsadtls
o )ﬂF”f § &_ handl ing procedure. 22. The met hod
genergf gjey ‘ﬁ?n‘ftmﬁé 8" said transition represents
17.  SUREbletin@ & il €1 eRdeis RS PRiciabd S@dki b Siet Alid probe bias
processing process. 2 a. A nethod for controlling a
voltageuh 83id A0 iprotesshing pedsdiass widiivaolsibst r at e

18. g Sgg ?r?egi{ogiqg S?IRWS"C gzlsxg é&gz 59;%{ é‘g‘g {é{(} n?(ltj [Lsgh 3R rn?e(f ﬁss%;(ﬂ)mbe bias

roce
ottagel aaﬁ?ﬁé imeCQFgiis @piabm or LEC@V{B d Ipngkﬁnuﬂiﬁu( pl an ar | on
v Tle Measur enment arrangenment, said '|F measurement
19. g4 |h§ ﬁ&é{}ﬁgﬁp‘ of i) gy }ﬂf‘gagtqqudé)ég({ei1&@@3}@1%@(&% M Hrsapy olée bias

mim&%%@@rﬁgﬁﬁé% ea{ { & Pl o5IBwSNRE &Jﬁg‘é’d vhiyeSal d plasm

aldSubstrate Is processe sal d plasma; 24
20, WDh2 0@ 287 mPCT B0 GFHA65H890n ¢ @plz tennabehypengatillg

_ char gi ng phase and a qui escent phase for said PIP
pm‘:'f*"g‘r‘rr‘:angerrent

21, The method of claim 12 wherein said transition represents a fault condition handling
rocedure.
22, The method of claim 12 wherein said transition represents starting a different substep
of said substrate processing process.
23, A method for controlling a substrate processing process, said subsirate processing
process being configured to process a substrate using plasma in a substrate processing
chamber, comprising:

providing a PIF {planar ton flux) measurement arrangement, said PIF measurement
arrangement including at least a PIF probe that has a surface exposed to a plasma sheath of

sard plasma while sard substirate 15 processed by said plasma;



using an energy source that is configured to provide
energy to said plasnma via said PIF probe,
w@s@ent@msning a. tinme trz,k7{a said tine t,;,,rEYUS2007/065890
representing a time during said chargi ng phase of
said PI P neasurenent arranger- ent wherein a first
p‘%ft&ﬂtitkﬁj ngdt{11tr%ra%gﬁ@zic a@@ §m§@£ {MU se BRSRUPIEIHR Sement
to a plasma potenti-al sai d ﬂ asmm; ascertaining a
u§napn@b@abﬁ@sc&é%tag@n%@»&&kdﬁhudeenpéyqumdBbmdapﬁobéfﬂF
bias voltage at said tinme tpoilin representing a
“second potential difiere nce bets. seen said surface
ascert@ini 2l @B, PrOBGimANG, GbQefGhiAl a $@lchiRing SRl hbioi®y p ha%e of
t1:cus;. 2; ascertalnlng atimtpoitft.<. ) saidt t1 ne
said PR ﬂ“@aﬁém‘é@@ﬁtﬁﬂ%@‘%ﬁ wiherpn @l first ngtestai %ﬁﬁ%rﬁ@cm yreshay e rb’ﬁma
\m,am &l o )l A& npoi Al 4 §ment wherein a second
{éh‘t é\l‘g @i }dfp |K N Al 'd88™ s ai d pl asma sheath equal s
a afdearaiilmyg: pobeblak abliages@kdd tihral |.ngapDiebE biab voltage at said
representing a value of a third potentjal difference
tme tgep SICERI PFASHE POKBEA K pndig esure seangrerOiphiselF probe
and g?"ﬂﬁ@a{‘%d ’&%?’detﬂﬂe{ Imc))jvvs t hrough said PIP probe, and
al ni ng be" bi as voltage at said tinme
t pscefthil)iQ; a Sak qur obdd Binas,.welre@geenghy saine: ditringsatiphisging
phase L S DTE b o i 2t W‘glg;en»?ghgsggg%ggg@g R e cross
said pﬁ@!ﬂq s@bat® @d]idi {4 ﬂ@dﬂnfg’ wo’lén'nﬁia s#d ‘ﬂ%aﬁﬁ:, ﬂdﬁ’t@tﬂié@;é{# ébfeﬁi'i@n&@ﬁ lue of a
bet ween sai d probe |as voltage: at"said tine t,a
third nchtebildicrprobeoki wsl Wl@hﬁa@fs&&tdt@m@dm&;ﬁ aiveryiingy }E;aaw: w hm no

nal to create at | east one of
currer] SR EhioEh, B P et 1 et subat r At o

PhQRaSHIHIG RGDEBRS vbitagealk thidiibi-ar en &@:&@m@m@s Salkdbe at said
di fference between said probe bi as vol tage at said

time thi e poRings Sndthanientipl gherarabetvietn sgévatacs af suid PHeprobe
defined condition. 24 The met hod
and q(:,? gfqu%él'{{ %%@&sucﬁnﬁé ngm tim tpoi,Ois determined by
angdenzinng: adifleeast baweti sed gebi %aa&im&a@ a1 Qaid Wint e and said
that flows through said PiF probe during said charging

i’*“*’%‘l‘fé@é’“d“%fél"G’dt‘i‘ﬁ%iptfm*, , Aut 2 bei ng ascertai ned by
g&ﬁ%thﬂxgd ﬁmﬁ%?kﬂghﬂ ioc‘ﬁl'tgtf,t b (s E"Igf ﬁ'af"-zﬁ afu §%’agsﬂmn in said
rrent I ows roug sai pro sa
substroequogsiieg weepssal tdidrdifivhen: baidee kad @rfﬁguph@saveaheglﬂlmnbe
. apd a tinme tpotft:<, ., said.tinetr
vins Pl PTG e 0 O G S PRI st o
pledeﬁﬁédju?uﬁmﬂeasur enent arrangement wherein a second
potential difference across said plasma sheath equal s
24 g I|hgate{thqqi Potantakher ga.a@tdﬂitmtmmg% F}@ﬁe@mmcébx analyzing at leasta

ume ({é,ﬂ? 611\ (6] rg éfz C %FSP télﬁ}glll Bhs t?} d mgll ng grﬁ)b& chﬂna é?lﬁ gﬁ%mmn é) hase,
said tiMRE]),;, N B eBidl b Ettaidekiovsietdehfi @b gbalsiai e d\lirhe Ferpragbeot @& current

that flows through said PIF probe, said peak occurs between a time when said charging phase

probe

begins and a M€ thoim, Sald INE thins, Fepresenting a time during said charging phase of
said PIF measurement arrangement wherem a second potential difference across said plasma
sheath equals a floating potential, said floating potential representing a value of a potential
difference across said plasma sheath during said charging phase when no current flows

through said PIF probe.
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WD 2007/ 121087 PCT/ US2007/ 065890 2-5 . The met hod of
claim 23 wherein said energy source represents a burst
WOR00302008E. 26. The nethod of cl aim 23 wher ei PCHEBIH07/065890
energy source represents a variable voltage source.
27. The nethod of claim 25 wherein said variable
25, Vq{lﬁﬂ ROl B \9 DELG 's’;d%ﬂmtﬂ‘? 50 9?(6@{3&}1‘(» 8 billbé RF source.
ependent vvave or s
26. vvFTéar: eiathoslaifaipmedefharad seidrdetly onuics reyetseivks asaiidble voltage
__difference between said probe bias voltage at said
SOUTC¢ i me trrssif.t2 and said probe bias voltage at said
27 UIWE meid of B3mi S WhdrBihRa \AFestehbnag WRdeveiighalius -
2'. The nethod of claim 23 wherein said predef| “ned
%enef@@ﬁm@tﬁi%)ﬁﬁdﬂsﬁ ﬁ@tﬁ‘fﬁfm‘sal d di ffer ence between said

lefif %{g mrgnie of {“%&ms“a) \afs Qp%l n S ’dB“"g‘{* e nw(gi,ctn%hn ongix msgg.i fsn%_idd difference

betw etﬁ) said PriDeitSaseqltabe §1aai@riee t.eedsdaaip T(ﬁv@iﬁf hzﬁlﬁdﬂwrs hiid time
30.. The nethod of claim 23 wherein said predefined
thower BEYIHIR P SFedeinglipinder dapliedi fference  between. said
29 d'ﬁlg %{s%%deof{&ﬁuwr\wﬁ@hg s[i);rdgﬁgdc@n@& u%Ril (fhgﬁ él?eté tlfsseﬂcfjtgﬁeience
betw ei:n Haadtﬁ'[’m’}ﬂ’er’zn’a@e[\&eeqmdl puhmb ons vidtabe ht}wuhn pe edef amledid probe bias
U The ﬁdof cI|m23¥\,h elnsald
“‘ma*’(er"éﬁ"?ijtm’k?rﬁ“webfr%(gjé PO ENCEHUP ST RGN ¥ g procedure.
30, 3Zhe Tmldﬁﬁii*&%n@ﬁ ChREMsaiddr e 1'11@& Borid¢h & 'i‘iﬁznﬁ‘s%l(ﬂﬂ ?ez ence
represents a fault condition handling procedure. )
betweTheaid ditétrired bofwashabkithi2obalher eiltags ai @id fian siitd onl ‘«cﬂd probe bias
e ERT nts startin abstep of said
voltade LT TR it Skl & chats MR Ru e Por
31. COmkhdang c@atﬁz@l&l fiatia sPHasRSSHA e PERELH ,en§;ﬂhﬁk handling
substrate processing process belng configured to
pmw@ﬁ@cess a substrate using pI asma in a substrate

32 p FI%% %‘?‘e%bniq{ cf ”%ﬂb,; Q mz 8 8 nR;rd Usstnlf}% off rc%;\{sl:a%upgi i%iFu: 1d|giio:n| handling

prowm&asurerrent arrangemet |ncI udi ng at Ieast a Pl F
probe that has a surface exposed to a plasma sheat

3. Sélh. it W SRS TR SaEdtanaten F@"%ﬁe%é%@& %9‘61@8‘%“8 substep
£ said JaF! (creating a, charging phase and a

© Hl(gh‘?%'g%‘ér‘ﬁ& aséblg%%( said PIF arrangement Using "In

34 e r*emgg}mé tﬁmrc@en tiag aissbeond prgursed g toogesoviid eu%&mmegymtms; ng

al asm via said P’il}\‘ng 8 r obe: scertal g
P 1) 1 €3
procefy beahepan CGigi o IR WPSHEBE i BESRE 115 A Ude T oRgsse
‘w}mmlgjé‘lréd’,}@y&ﬁ{nd charging. phase of said PIF n
easurerri.ent arraige ri nt wherein a first potenti al
dpfcf\eche@gé’iia@ﬁ@gzg igelhek ) measurement arrangement, said PIF measurement
arrangement including at least a PIF probe that has a surface exposed to a plasma sheath of
said plasma while said substrate 1s processed by said plasma;
alternately creating a charging phase and a guiescent phase for said PIF arrangement
using an energy source that is configured to provide energy to said plasma via said PIF
probe;
ascertaming a Hme i, 381d ime L representing a time during said charging
phase of said PIF measurement arrangement wherein a first potential difference across said

plasma sheath equals to a plasma potential of satd plasma;

26



pl asma sheath equals to a plasma potential of said
pl asma; 26 WO 2007/ 121087 PCT/ US2007/ 065890
w@s@ent®msni ng a probe bias ventage at said ti meCT/pS2007/065890
f,,t2, said probe bias voltage at said tine t,..j,t2
representing a second potential diference between said
A o ]
ascméwrf &I?r)%@% hﬁgkgigf ot E‘Fﬁ?ﬁ’“&"f‘ “,;#gsfl(‘p]%ggt big %x &8 :‘é a@%m&ﬁn@tmﬁ”
;epleqt:#mm Esond pieatsal tiffdr ﬁncteliwex ahni saig %saacmdﬁasﬂgh mg mﬁa’sﬂ:d ground
id PIF neasurement arrange ent wherein a second
af S‘mio)?)tt*"éﬁttf‘g‘l’ LeitF f er ence across said pl asma sheath equal s
aaddeR@tl 10 PRk N L adaid §ﬁ§b @L)k,im%;wemm@b &M @lring said charging
representing a val ue of third potential difference"
phasead pod Plk aieéwmagml l@ﬁﬁfaltl@f ohlipianga g%ﬂoad ehian @4 m@‘%ﬁwcrw
said p\gz{sggléx \P%ﬂ[}ﬁ Ic%téﬁx a P%t w p&tméza g% ? ﬂé} (318 poégﬁﬁﬁ {Efph%‘sﬂiﬂlﬂé avalue of a
third ;ﬁ)ta:ﬁﬁBdﬁﬁhﬁmB ﬁ@b% iaidi@aﬁlrﬂzﬁ tlage @lingabid chidgim: fhadddhen no
resentiri4g _a fourth potential dif'erence between
@u"‘"ﬁ‘gé ‘ér“éi}ﬁ’fiéléé&“gﬁ%a“@{ g probe and said ground at
SQ% %rt‘ft‘(tm 3&3’4 @é’?%‘é’%gg@% aW\,:h u@%c[eﬁrmt) a%alﬁt lggi’ée glta\ vol ta&:e at said
time tholreeptr ea%ym p@a a:ndmaammudpai;mamnm agweal txad auat\“egamd Pilrprobe
cert Lning in electron tenperature of said

and ‘%gé’%‘ﬁdﬁgﬂﬁ‘ga@&l "Yf Bfer ence between sai d probe bias
V‘Rlacteﬁgﬁn@ita cﬁ%%mlé BBwléh said pvdb@ bARd ﬂﬁiedfu Bﬁzgk?i‘?mbiw@r,ﬁ and said
voltage at said tinme t~,,, rr[3 arid effective 1on

pwbtrms»swiﬂaiwe‘»avdrtdmgaﬁe,r; atindg a contro! §| gnal to create

d\CLTtgllﬁngﬂt 1rl féa?rb)rn 6@39%%‘& % \aggﬂgmliq; u%% 3 I‘Li}‘!}iig%fe!rngﬁ%@w%en said probe

bias vbBERE: kil &@“xd"fﬁ%t >Snd sl petekinned obanditsh ANimSR g arld@ effective
method of claim 34 wherein said tine t#?ouirz is

ion mgwrvalu sl by anal yzing at least a time derivative of

current that, f.lo aid RLlL = probe.
? ‘éz,igxgsrz %tﬁgarag %(?]xg u}a% %gcﬁ?i) Engégtl%:ﬁg Eﬂiﬁé{;‘sﬂg 6)514% Sdﬁé I?lﬁ(g a CE’(%{RLAEQ@ in said

subsna&qemeaiu nedrdoyssdBibd tletigorateparaturt Mesaiathrtdaf@ed condition.
. derivative of said current, that flows through said
35, 1 The mplhqgfisEimei W PR ARYF AR Sooet HBEHIIRSY Pravaliang at least a

time d%ﬁk Ql\%&%L}%nﬂﬂQﬁ%u é’l‘ﬁ&lﬁﬁ @A tp%%‘%lélhh shill Thargin@iidse,

#,,, t3a representing a. urfng sai d
said tm}’ﬂ.‘aﬁ@l“ g nghaa&mcmfe;d bysieiatti®f F podasusadrent dfarwaang emm current

that ﬂﬁf’”égﬁ'lﬁg(’@wz‘gﬁﬁ‘ Eﬁgutsgi gﬁlafxalf 8%'3;]: f%ﬁgg&@?&gﬁ&@ éi“d c,ha; ging phase
beﬂmf« had 1R tROLeRlid ﬂlneﬁTQP ﬁ%&%ﬁéxﬂﬂﬂ A 1M BRI sar PAEERL pRlse of

di fference across said plasnma sheath duri ng sai d
said PHharegiurgmphassnwihesnt mdewir & esvond polastial dife argh aspilss gaid plasma

sheath h{gxl;tg Y fl?rzjunu @"P‘“Bi?‘esde‘n p ggtm%?%?mgﬁmm e C"lg fa Vﬂéuf g?flﬁ]pole:mmi

differoRthodsofai€ bRk sBhinWnatiel 9idsaiathi BN EHQY Wk hi6 Qurrent flows

represents a. variable voltage
through said PIF probe.

36, The method of claim 34 wherein said energy source represents a burst RF source.
37, The method of claim 34 wherein said energy source represents a variable voltage
source.



source. 27 WD 2007/121087 PCT/ US2007/ 065890 3& The
nee hod of claim 36 wherein said variable voltage
waeomwrazio8s configured to generate time-dependReit/US2007/065890
waveforms. 39. The nethod ofclair 34 wherein said
predefined condition is nmet if said electron
38, QIPRLAIIY § dSmWehDheid RRARELBS MNIOW O cHBollfnd 1o
’ 40. Tﬁe rre(“t ﬁo mofF xclg’a?’lmxg\& gr ein sai ﬁFesaieL}éléi!r(?;e e
generglomdictdapandest meretpfmsai d el ectron tenperature is
.o €qual to or.exceeds a predefiped value, 41. The method
39, o E e B S SR et OB KO st g geron
temperdru®at di@heshleaftindiempesabaigués equal to or is bel ow
_ a_,‘[i)r edefi ned val ue. 42. The nethod of claim 34 wherein
40 sdihd methudsiftclan Tephesantid pardednepommlitigrain diat Hgaid electron
i‘emp-*?‘ri%%emdqgue'léo % ex-[ha%'gmrbape%ngq W%I]gi m 34 wherein said
Y ENST tHoh r‘epr‘é%eﬁt? A ant t¥¢sndi tion handl i ng
41, prrae eicel of4fhimThRevh@tinegidfedetiatd condidoie ned: it saRl dectron
transition represents starting a different substep of
tempesHIE 18 GEt Fueids Prloveseriyisdodkss. 29
42, The method of claim 34 wherein said transition represents an endpoint handling
procedure.
43 The method of claim 34 wherein said transition represents a fault condition handling
procedure.
44, The method of claim 34 wherein said transition represents starting a different substep

of said substrate processing process,



