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BRIEF SUMMARY OF THE INVENTION
[Para § The invention refates, in an embodiment, to a method for characterizing a
depostted film on a substrate within a processing chamber of a plasma processing system
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[Para 24} Fig. F2 of the DISCUSSION shows an example of voltage versus time after a
R¥F burst.
{Para 23] Fig. F3 of the DISCUSSION shows an example of an mnflection point,

.

[Para 26} Fig. F4 of the DISCUSSION shows an example of a cwrve-fitting applied to a
current versus voltage graph.

DETAILED DESCRIPTION OF EMBODIMENTS
[Para 27] The present invention will now be described in detail with reference to a few
embodiments thereof as iltustrated in the accompanying drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled i 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 m detail

m order to not unnecessarily obscure the present invention.
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[Para 32| In accordance with one or more embodiments of the present invention,
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204) gl:ikt! by @ug n%ql\é{?&ﬂ%?rn 18 é)‘ﬁgaé@y% gggﬁél %@%&ﬁ%f@ bgi?\tézﬁ%h%n?t% nge of
R 1E1ARP Im drtriostalNe. a6k 0i£5718¢ 8hichnd mimlrekdmﬂ tne2heBROD i n

~_the US Patent Ilcatlo 12/ 477, 007)
comp O B S IGLET PP SOCSSHERTKE oo Bk tgiess of
the filfil &hd 1% SRAVE d 1e¥é’*txﬁ%¢e@;’h§iﬁ@&eew @J? 1@91&9 ﬁ’@ﬂﬂés@ﬁﬁ%b@fm&&ﬁ?&mem
i nvention, a circuit nodel pr obe
capacipr, e nbargédiey {hetiRtgecararp délle ;mqetnrﬁetﬁd@pérsmw filink ypsulis i a
ROt | type
potenil G PPt itint SR Gy BT PRESh! MrEPBE, ) C
[Paral3Bgr e Mhe by@i-gahl yrcliR akagenGH IFie ntwiRRdn i as fHel mtwcmﬁ
nmodel ed by an RC circuit (reference 204) whereby the
betwepp SleghepsuRpenhpoipk? %Ja’wdl gregndgndny s teapaitige grorcrresmthe film
with YZEJ%L{ t?i)ﬁzgéagé Eé\ég‘l gtﬂhm_q be %u&tm &,S s%heisbutt Qrmtx. I'Er% dg&hmnd from the RC
lnodet:tse\ﬁh&rdm:alssedm& tion of the dep03| ted f| I m The
7paC| tance value of Cfilm relates to the thickness
{Parac¥7lt he It M ARBRIETEPS ar@rﬁa‘tqf\/e‘n@ﬁﬂ BHBELHFICE VRWE R§-Ethewegp 1 1
L o
nF in %em%;éﬁgﬁ g&?a}gﬁ%i%e@%gﬁi@é éﬁxs ltcl)xg ?x&éé@xﬂ@rﬁ)@ﬁr@gg%%ggﬂg#&@f iy
In tlmj@qsmsthet é@:aﬁ iskrvor esuing snd miawp cigenls ifall o\dnm padbel bveentation train

are zeﬁgg{ﬁé u@gf] aﬁ*ﬂhxy&!}glf sgaﬁn?s1%r r E\Uﬁ‘t ﬂcﬁg gsﬁxgkﬁ ge%qafcit%ri \:gﬁgeztr?é Um, the V-
1 char¥i&h @iy hsakhery Bicﬁségxﬁnq{e%tzﬁﬁédf\@@{bek hecdRasss BNt 6. This
poi nt 206 and ground and Vfilm is the voltage drop

Vi coaenpgsntihed fo thmiwidtion dekpeot Vi O Hpopiity 20871 ) Mbiokmin values of the

not be di tly measured bu educed from
fon sof RS GBI 4B HERTO R SeUSen Mol RS Ppaial. Yopnd fhe
slope f‘rh@'ﬁ%@&# R - ‘leéu?xté \fzelﬁ(xriﬁ&axheltm% QQ{}H&;Q@!&‘@\ Valdifoteristic
(
e.g. between 1 to nF in an enbodifenty is
curve imiyt'ﬁeaﬁitzyrmi‘ml tb@/ﬂdreﬁmmut&hﬁi s upﬁmﬁbn dapacitapdOm

is case, the deca ur.r ent
Paracii® o PfsalinnalShd srr s G e DR e et Bnbe
employed for Cm in order to facilitate the calculation of Ry, and Cypy. In this case the
observed VI curve is distorted, as seen in curve 604 of Fig. 6. Fig. 4 shows, in accordance

with an embodiment of the invention, an iterative technique for calculating Ry and Chyg.

G



are relatively unaffected by the filmthickness. Wth
the smal |l capacitor value for Cn the VI
W@ bEonae9es i stic curve for the CCE probe may bePCT/US2009/049762
obt ained, as seen in curve 602 in Fig. 6. This VI
rve is th fitted to the function .
P am| 0. [|In %ltfR/SC? )anégx(lﬁel(%x\gs }{T@)'m{dé Sybie R Ides) e ipitial guess
may rE;S}@se'nQ %IS@\LM&J R @d&%&rdeﬂﬂxs HeRed &x\h@aﬂ%l{ :@ﬁ;t f Bhked on theory, or
enperature, Te, the floating potential and t he
bageds:m]@leei @mpe ol ﬁa’ttﬁe énr stﬁaﬁ&ﬂ dlfe nfial valvescior Rey, aad (Eurétlh employed

a regardipng th char tecistic, cur be .
to w%ﬁb@*ﬁ. AR b s PORBRFisar dReoRB RS TR hREatues L.
.V Ghd Qf?c%t&ﬂﬁﬂed 1? et idud v 1@%@@#@&@ ¥C rﬁ ﬂnafegﬁﬁte a simulated
capaci tance val ue (e.g., 100 nF and hi gher) may be
mitase:rtph@ylsdtf‘ati)an in order to facilitate the cal cuI at i on

vl 3 L 200 L D Rk GRS R B iR
differ&NRMBquatiBn AETIAL dANEuIIhE BsiAd 2 €HMOESH NBBvn @F MAIRL, by The
invention, an Iterative technique for calculating
"hﬁ?‘ﬁfﬂm*mﬂtaﬁ?‘(ﬂ@qMM}Para 39] In step 402, an initial
|Pamqﬂz L msult nm ggiulaqi luﬁ & 8’[ P(? iqm Q@,Qm mﬂg il t T‘rﬁ;s madeled
Ss may rep cat ec

V() gba&ed simw;empet I‘ﬁzﬂ;&ﬁm ehiasﬁd @ns élhﬁ@foym dah ebﬂﬂeftpmaemzm
ot her enpiri cal data._In step 404, the initial values
experigntahly mepsuieH yales anh\ {5 éhg,ipm b%’&‘- VETSEH e mggsured at point 206
Shiyl | ir:@QU . Heerdind
of F :‘,__C‘o;gsk ffn ?)&Q% %%w%{n&g %E}Eﬁ‘%{ ao?x s agigl gﬁé %21%@}: g:n cea: RinddMstep 406) and
c:omp:nieﬂ ar mitnedioplie wicpudRy [nht rrar sfr&:ls thanal preddfne@riyresitold, the valoe

o R e B8 BT AL Y NS g B

is s.tru%@ml Wk gad hﬁuﬁz‘hﬂ!& HS1ANE DUl ;i»f%ﬁm;laalm@gH@F&u&m&@&m curve
i ncludi ng using a software known as Matl a by

muwmg)rwhmhmmkkwUII nciefiog tiatiuekor Mo af®lna (419). The

{Para\@ju' t i‘!ﬁlﬁ 1&%& ﬁ% 6@@3%%(? {;%/’gafﬂl% dlbéxgéﬂgmtemﬁg%o exegu(géteratzon

throu@Uih¥ €eBOBE Fill 4. THe abSotFheWsar6 UkM@iB0dkrat@pl @88 Md dibr is
‘experimentally measured val ues for V(t), whiich is

belowb pregelivask tbipshalil freestmasif el alichpont thp e lugfRami apd Qi are
decmnigPloeBuaa S aEId LM BIPLIAIEE) ' hnd compar ed to a

{Paratdd] eshokd 7ianhetve pind08rddifce e &Y dlﬁtﬁodiuﬁuheﬁ shel i@ghiRAn, the
predefined threshold, the valuye of Rfi and Cfilmare
wlc*mérfpidag;@ép i} BetWRE Gee Soryad the trehngsy (41125 the é}%mt HE Gfgseen in
Fig. 74 aﬂ@:maﬁt éi.tanﬁi ShELE s|1 R « uglalto%ﬁc Q%u&r&@ﬁyw}e&if A dl\ wded by d
a Levenb erg- quar non- i near
W hucs:iquarasuw thedilfn thtq]«ngmast gmnrﬁmmﬁusuéumL oymittt\m reéfthm(éck ctric

val ue. for [ 10 The ne
materig b ORIFC B Ty &) GO SSHB U Sl B 4 B B soipmr B, and
&y I eyﬁé\é&ﬁyﬁﬁ ’Jettﬁﬁ@@ihﬂﬁ' frrongh dbeghens7ofr "_Ihgaiﬂébi11TQ!91211§3xilat1011
f} ? are executed iteratively ‘until
the Td@*r* ﬂ ﬁ fejis eqpell bwbe peoduceefat prkd atzwd@céhmlw qlszmta‘smw mx)@;)m
since e ArBrE® e ERarkEbERSiin RESuapl FhENR AR frea ot e

probe[sBaahdR] ( AFlag welAs SKOYSmithiti t@@ﬁﬁétd%&eogM khow@ the ratio of dfg,
enbodi nent of the invention, the

can be readily determined. See Fquation 7A-2,

[Para 44] Further, the value for g (relative permittivity for the film) can be provided by a

process engineer who has some knowledge of the film or by measuring the film capacitances



relative relationship between Cfilm fromand the
thickness (d) of the film As can be seen in Fig. 7A

WO bEa0oegeaci t ance value Cfumis equal to the prpcits2009/049762
eoand er and A divided by d, where d represents the

MRTEA P T R KL P a—

using kA€ wd 'mlnmxt '@hd’? &BhE ?&n-t\s?mbh%ﬂ%ﬁfm@ﬁ? 8RN Al RGLPE, ?@ﬁmu
sensor and” eo represents the permttivity

pernuftpvely igxp@g é;imgem la}u;a@mtmd? fat ialucho; al (g@\@m\aa ;@umtm ity for the

film) bar\ﬂ x%t ps%%té)rf]axd)&fxa Flva«dxgas Cgéf’ iV p%xglbwéig *}mtéﬂx\%l\ éxe Cium for

any pe@&tdﬁm ptﬁb@@tﬁl%@h\eit@ RAE sERDE ReadakrsteA Cf i | nean be
ascertai ned Ssee above), and the surface area of the

ip‘“‘ﬂphbbe EindBrshpwadn payordancetith apserplingipe i thei ipyengiogs the
calcul aﬁ&?fq‘?‘ﬁ’i@e&%mﬁnée xag‘xr%ofgg gnt he\q (,?l 'hg.?%fnzlg/ (l; ﬁ?ﬁfbjeﬁue for Ry

Equat i o

equalﬂikl‘e trﬂﬁmx itt Her hakite of dheede diselnad (danpeiwiddd bwviht yrdsotres of the
film can_be provided by a praocess. engi neer who
probe ﬁagd Bomet ERBHIRIT iogxiqiﬂgbqu tmt!bialdwn‘rfgzag%apﬁ@ by e permintivity

of he% %1(% giﬁaﬂ@l?lk %lﬁﬂﬁa@ﬁ@nﬁ@n@ﬂ §é¥dﬁﬁﬁﬁﬂg$ HF%' Ly f’iﬁﬂ Hx'EthQ %hd ihl éc]:%e of the

ness ness of neasur
ratio afSi'ngoangqiseoh Akglecldsiaatbmn @B o heseamrbh @mduct of the resistivity

T g
resmt%ﬁ%lz Y&k ‘Rw Snd (cﬁﬁ"{&hﬁéée\ BRI Bl el By friﬂ:r pe‘i;’ﬂﬁﬂt b B9 r&Bdhace

be can be used find the tF]I ckness f or any
Since g tebisaher v Thafp&ﬂrh teanetayed wdueCt b phid thﬁawympam\f @fuik@r%paw £
head, ar ea.

are k:rgméa a;;)%&g ﬁ%g‘g\ e {fﬁﬁlnﬁgblg\f gwéﬁpeef) w B R He BRRE dné]ﬁtt e%?mﬂi% e&u the

film chﬂﬂ%@ﬂéﬂcﬁﬁxm& Renicied enb@lticOmheh@dal FAR S flcaae val ue
for Riilm As can be seen in Fig. 7B, the value for

[Parapkl| m leguemrBodimenk aswsrhabia sapprgiorapanaaiant i rpyidsd with
Lstan Y, LD 0 [.€ . Ay
mum;q %ﬁx ﬁg dadx))ih@inang \éibx‘a@:jlgg 11}% T 9‘{%1%?11} yl?xh éﬁ‘ g%?ﬁ? probe may
be nnﬁzlnd@‘ﬁst@ia sirBeeqliat foo thebyedstvenper aiphditor It{ﬁ yendér the e@sor reading
ace eoyi el ds, the next equation. See Equation 7B- 2.
lelamgﬁ wesnsybitigo ik ththg,s§e()bqﬂ<pﬁé!l‘f Stirgeotargriky mpyrhe switched in
to fwcﬁ\%{@ﬁ{e%kpﬁ'tﬁn%ﬁk“ = m’r:fﬂé" m (‘m? ﬁng’m%;ﬁ\gﬁtr ﬁ!erlaué@ for Ry and Ceim
product e resistivit times the
obtained wielefadrrger ¢apetiaticy ealpe [*mf;teﬂ n‘wﬂ thy mbowur ctth@tf:agbw)tm are then
equal s .t ,ro ct of si. st ance, val ue [ N
emp O&’ég ARG XI%R‘HS% > ét @him@lu\}ﬂn%dmﬁpc {’ﬁé“”ﬁé]}‘fﬁtt“ﬁ qViY 9 cggve. The
R zfnﬁ@am PAGR B theh ﬁ@@mf RS ed BSctceN 68 tM@%u‘é@mBE bk me film, the
capacitance value Cfilnjand the permttivity of free
lmasxg‘@a@é Ué@kaﬂew%n@mmimdc théu rigl 81 sveh gu Hietrpgaginey vilyes reflect
thme# 3? 0 ’éﬂ} e b an“ uﬁei utl I rtx hre Y esistivity for the
FI O8N pe PHat Erthed” \/\?ﬁ"(’?ﬁ P@fects the chenical
[ParanEl e- Ups Sfothdieudtioliierk RRE 46 bf R A, afld gt yRNmplaved to
swi t chabl e capacitor arrangenent is provided with
mformpyifierapsradorcl peciopbaiolgichofay phie dhigkses e pahiesivaritieot the film

that 15819 eﬁ 1565?1%}61 eaagm{ég dﬁfﬁ% %&Ef}ﬁ?x S10) g%wéjstn%'})ﬁgioﬂﬂré&ger By

posttidbiiag densoyor heabiiiog: thehatubwedty, it nq;@mssﬁ}le ity Ry tmn vf:lH mne degree
t hi ckness. Occasi onal | a_ l arger cagam t or

of accgiicy AHoiokAE P 311 AR CAIER PROSREPRUFALT diF TS, ﬁM\amp!e
[Par a%{ggl g lalsMn kB dﬁ%ﬁ;@g{@@ AP ’.foxtt»g@ing,auﬁ’&)%ilJl@x{ib R db 1nande
provide methods and arrangements for calculating the quality and thickness of the deposited

film. These calculated resistance and capacttance value (Ryy, and Cgy) may then be



obtai ned while a |larger capacitance value is used for

t he nmeasurenent capacitor are then enployed to
w@2a010bxse the effect of filmthickness on thePCT/US2009/049762

nmeasur enent of the V-1 curve. The Rfil mand Chilm

val, ues %;? hen be e {1 ed to orrec

emplayed L aR0 Bt e RECHRINRT R e PR SR Bt ‘%?‘ i [ﬂé‘ «i}r Upsigr time on
the &Q%%‘iﬁkq{&d (;?rﬁg‘i orl :Qay QE empth) L@Mﬁﬁuﬁfﬂ@ﬁ JrhadBasHr &d

val tes reflect those that would have been measured X
charagtetize the Ble é«rxr ;pr)@@eamfmé Par rme]» dx marendee permem ik the use of

val u
the RE 8 bidFe i BmG o ebae e Listip B wr e B-GFE probe
head feh@ HbeckRARSS RNEsHIRS Bish¥d Fith Ofe doh@uhdibIplRdh-th&ng stuctures
intentionally deposited during a processing step for
of theplasswayOwsHRE Shan poaray 1By e gadisticoiirng Prols sseigotormed of
the s'zhx%%qargmqsﬁ ﬁ;at? pl% ﬁéﬂgﬁt ff;éﬁr@ *.:?rh OF e?x{apc»%ﬁ% tﬂa‘?y rﬁ:?
I'ckness

[Paraad®] quay in;teyth&fm*fdnlnﬂh bm rm@:ndkemﬂbleﬁ edteam t}fl&x Suabpiefatd,
for exanp Para 48] can be appreciated fromthe
nmbuqi;a}r_@@@ﬂ%g, dré dﬁ’%ﬂ?‘é”ﬁ*dtl@ﬁé qﬂﬂ\ygﬁfﬁl@ﬁtbp?. Wigh dig! within the scope
ls A .
of thi TR BARR. 3OE <RI AMBRUPHE Moo} ENLAR ARG BRI ik pon
hineariesi suaromranitticgphor rt}am&&rmﬂhue o Redcl g, ©fid Crg.. me
t hen. beer;rgl oi!ed to i nprove the acc rac of H}\he S(EQ .
APPTOYIEEEOR FREPRGUE FEY R SRE ohadde dh&b"wér“‘t‘r Yritppas lﬁegf’m“‘
Vit) cBRQPEs Pead Sk haf e sRSuldRY . BE n8RBIQY ﬁgﬂ Ah L SE RN RN ve ways
or additionally to characterize the filmfor process
of impomentoly hoppdeds avt aprsrnesnahde }W]@U@ BENtiow t‘iﬁthvhgh v wus
_ ‘ : mnim p ) (
examilio 8PS CRRE Rkt e e GistoTRleaBF Ry 8 o
§imitit$d‘7ﬁhh reﬁ?@ctb@tﬂgﬂﬁhﬁkrhﬁd flushed with the surrounding
asma-facing structures of the plasma processing
PRNoﬂﬁnber\Ma He e avanprp Rggwavifethatg ngrotraverpigaad should
not baf I]Rr Hﬁdaﬁ%ﬁﬁlaﬁiigﬁonen Ellu‘?r}& Iflﬁuﬁhﬁh%% &Q[%E;‘aﬁr‘%t ﬁé‘]ﬁttbﬂ in a
hig hi\Wbblra thd Sorbonandny pavided helée for desamidned andithize Bimilid)ﬁot
;{eral referred enmbo rﬂlments, Wgere are W_i tions,
uﬂpioge HUEHETBNS, ARGV ISR WHICBHS PEITPSSY tHY fndrlﬁes If the
term §§t®@% e érot&! ﬁ?‘é: V% {Bx 18{}1 1S 11 &En&?&%ﬁ%&@e rt@r,({nlﬁﬂfﬁgb ubﬁ@istoud
terati ca cu at1 on nethod enpl oyl ng non hear
mathelnewsnl mseuaretocoraeefd, bhé g nalrg dﬁmtdnmmmr tenpl: \iy&edt 1t antended

calgulate Rfi and Cfilm an ap ion techni que
har il e et RGeS RET 4T DB B R o
pezmrﬁtidn@ Jrﬁi%xhh%ny( rts)hﬂ? H*itﬂﬁrsrh@fmg biGhrit And afwﬁ@ 8t t'h@ Sreshit invention.
should al so be noted that there are nmany alternative

{Parafdys oflhi MIBERBM (NG tive fvedod soanadinp paplanisiestited

Metib:;]ie)vag dgs gﬁ%p%@i\é e(xlta:r_, WOLQ%:;ﬁI}# gg%ghq Vg eﬂo Uﬁsgia{@l 83 Ithe & gatem
Officd {Agpgiti@id Ne @neySneR) hbdriifeti Dgnaie 3000 @s pRALS bmﬁtrteﬁm

i nvention. LParﬂa 50] Also, the title and sumary are
(ApplispEon ¥ed! Her ePe s a@dﬁv@ﬁ@@fﬁé&\éﬁ@f@h@rrfeenhot be used

0 congy SNTHORE: 1R85 ai! (Rurther,
par R SN R OB ST it AR IR a or
Mamdil Riprdvisdedaksrei n f or conveni ence and thus shoul d
, be
[Para S3§ Advances in plasma processing have provided for growth in the
semiconductor industry. To supply chips for a typical electronic product, hundreds or

thousands of substrates (such as semiconductor wafers} may be processed. In order for the



enpl oyed to construe or limt the overall invention,
which is expressed in the clains. If the term"set" is
we@ppbogesd herein, such termis intended to havRCT/US2009/049762
commonl y under st ood mat hemati cal msani ng to cover
one, or re than o Al so, it

mamxf'smuésﬁaéampﬁré\t toESOPRRREYE: :2?§ BY ﬁgd]éxén ‘foa’[’ﬂiﬁ%“ Bxgedq to be able to

procestheLRLRLRH RS qiuﬂﬁ‘l Wdhie Qn(ﬁl tor %H\C;t!uaxk kﬁ hﬁﬁ:‘n@x‘l‘ émucsbm g time.
pernut ations, and ‘equivalents as he true

Pmasﬁ#li rit Iamﬂalémipén@pimsme pma@s:e!m prcﬂ:\}@m m@ﬂ aliﬁ@anmmqrame the

substrg 8 BB Theror S Ve HBUE PRl PBReY ARy e ualie of he

substrelRafeant Bbtidds theRliasiBitseltl ith oflied NGV BuITRAOBd4A 14 Adilyze the
US Patent Office (Application No. 61/075,948) and

plasof; Jegeprg tige be enpbogditp celivst pIScpamaskiaghprteach substrate. The data

ot 9B 6PLA0 2L AT SO L S MSRIREGELS DL,

[ParaAd] %%%h%tmiﬁ%il ANGh Ay PLAGIR @[cF?aﬁamScﬁha.mm of a data
Advances in plasnma processing have provided for %r owt h
collectipg prbe di mveﬁﬁ*&d%ﬁ*@ﬂd*ﬂmus%w% 98 é’ PPRyY %Hiﬂri% tpgmay mclude a
radio ¥r¥€t e‘ﬁ@{ iglL 'ilfc%ni Q{}pr%‘ag?lrlﬁaj&ilﬁk”ﬂgl QQS?Q{I egp»o“é@%& Qgi‘aa(:im ely-

st ra such as sem conduct or
couplpt m»eerszscﬂdx cHamber der04fopraduenminsbact-Udé. Ny heo Rpaoyrceov-Hel s

turn agbm%% Ibftw Ibfa;./@g d%E g%{qr{)g ng{}%g #g%@%n:iﬂo n‘gatd%é&ef{g\s uth;ch may be about

26.2 &ﬁ@%&@ duiot oh a@'@w 588, R¥ 548l m 118! B AEORE iaNthalll HBst of power
[Para 54] Typically, during plasma processing,

{e.z.. plobragakermyvayifse miHatcandy (Caudwut e swibstqaadﬁs'mmg)@m nal

capn QBT EE] pesRE S TREARPL b R0y Lbe Ml emains

on exteR@] PHRASHR Alsehfith 4 foididanc Gah@yBe AUl fo i¢ beskd @aﬁm&om
anal yze the plasma, sensors may be e oned to coll ect
As thybige beltiza geams ahapoives %?a“é?ﬁ‘«’@%ita‘*aﬁé Tt dapay be raced.

I | ec a d t. h
Pmac"giuse gﬁg?&h };@3 I%g nchygx gmﬁ tggt?rﬁ[?% %a@ﬁ:g[ﬁ{(ﬂ? ah Wectrical
pri Obed*liﬁﬁﬂﬁﬁidﬂlﬁ;mﬁbignarAmSkt@Vt&i"itamﬁd rpbesithnbe npding e wgt afmeafior

a data collecting probe in a portion of a plasma

chamiy &-atd- AbioeA- bl s AR e dn P OB IR DTHERIYE: 8- 4di o

emm{lﬁﬁe%‘ enGYedRRA \§5P{41rﬁciﬁi'ﬁ&ieggd by k&ﬁh}&% 130 H\HI\ %@t’xhrﬁgfﬁ: Since
frequency generator, capacitiverycoupled to a reactor

certaie hamemvﬂcm@ﬂa non—pnmrﬁmtzaw ptasimnAavel 061 1 AWNbdr Rposwdnogrobe

t d I d
A0 et Re BRR R o Colfect QS Freafur s PSR g BRSeskilied
in the RANRE é'\ll adshde rl@i F (ﬁi@na@@mﬁ‘i@%l 8be FAbRIWRG 0 Pe L&Q%tdﬂi&))éspltc the

provide a small burst of povver (e.g., 11.5 negahertz)
non-cendicying éWLﬁ‘NOIRIIiQ@@ @mdis thedity pr obglsoltmd isvet raqkited sobpgg)direct

ter acitor A-108 to be charged. Wen
“‘*"‘“ﬁa@ﬂgé ?%‘é‘%ﬁmfgf “r‘%'“ UPFEY of f, a bias vol tage remains
[Para®T] eXt EnBAlrr&ARAS b1 WLA}L&Q&;}V}J it PRI L IY iSHelsdriBly other
probe A-1 10 is biased to collect ions. As the bias
sensogpo g g¥EnRie e R paregpvidd Iaswisivdmil suppnysensgr A- B2 and a high

unpec‘@HTe &)l&@y sgxnmt &alclidme[eglg)riﬁ e? Q%@EPS@&% g%::u*x%&gaﬁx'd%é bcﬁmge,

are~aware that”’
respe@lveBt rifteaheasurement data collected from current sensor A-112 and voltage sensor

A-114 may then be plotted to create a current graph and a voltage graph. The data may be
manually plotted or the data may be entered mto a software program to create the graphs.
{Para 58] Fig. Bl shows a graph of voltage versus tume after a RF charge cycle. Atdata

point B1-202, RF source A-102 has been switched off after an RF charge has been provided

1G



probe with a conducting planar surface that may be

posi ti oned agai nst the wall of reactor chanber A-104.
wWePe@be0A34 10 is thus directly exposed to reacPOF/US2009/049762

chanber A- 104 envi ronnent . Current and voltage data

0 t obe A1 10. nal yzed. Sinc
(e.. b TF U By abiile 808t BAa g oA el tip B e A 10 is
about @Y, ﬁ{\ A7k r@t@ kO ppﬁmg Q%%éht A@Q’O@Qtrﬂ‘h@ R’ﬁrﬁ Asiidi@ (0Bt al @b hween

probes may be able to collect reliable nmeasurenents.
data pHmmBér’,(Htahéﬁé Hoi). Itbserao tage niverllyrreacheea Hueitng: thiage poPRRl. |

" (_In,' | nabesd 0

s el the PR bebbRRT e I E pePulE s TSR it zero

volt. BblveP&oBR 1BRh8RBolksie Rotenfi@its BEL HaQe &F B0 dhd BGY be a negative
current (DC) to inplenent a measurement. [Para 57] The

or a peutyehies splteo oreage. signal in plasm system A-100 is

{Pamﬁs ur %glngsv(,mr y??; ga"sxfapﬁgg%:%éln?’éggﬁjg d'mv‘(f%?@itﬁ!i: qﬁ%u{ KE charge.

At dataipghn iBIpERRREFS Rk age? beviren shitdhelibit aftd samH chnek e been
measure the current_and the voltage, respectivel Y The
Provigasa dUI BisEHECHAPH IR T - o b Foime errr*rte*m\té@r%ﬁm gilor P08 may

be dm@l%wé’apl l'iﬂg%xi‘EE%Oﬁt i Lndde (B, %«Pﬁ{‘Bbe%M ttc%gekiois abour 0.86
te a curre raph afd a voltage grap he dat
mA/ amayﬂbe evanwhtit the m:km‘t:medhdh difvbadat! adamyobeB2ar ey, dﬁ: Lunmt has

el e SBLLYEEE PLOGEAM Lo create e 0raphs. LR 8 e g
point B 2 EE 6%‘ ahdDofX @23‘3 5 W&xe%b%rt@@t&ﬁau@d&@& eeff- source

has been sw tched after an RF charge has
ﬁ’amb@én pfwg\m épgdr(the gunerﬁg[{iaug@g@tﬁ)e \qiﬁ ¢ Ritg amxﬁ!pti@d ot a period of
r 0SS robe

time, blgl’fff[%ﬁgldg? I @é‘i&g -?f"{?i\l 1}1(%\ hi’. Oeng nj %‘)s})g gEII.HnA tﬁ%éme H 01 d81 w0

climifa®l GE fignel Qridblke$s oSbadv@rds] Mk eru\farh dagtoseened sl b Gkl d
B1l- 204 and B1-206), the voltage usually reaches a

againgt [thynrdiigge d@jppa@@i%tigm(} showy thsipipiescusseapirays solage graph for a

amckgbﬁ)@\tnl i{?’gdi\ﬁ% Q’%Eﬁtﬁg&?{;{ ﬁ]t figl{iﬁgﬁ}t@' 4B ?hk%%%*ii L@e?ji\ }4‘ K& been

SW rtclverdldﬁag&r rant?&ntha&le tdt@@Sempmxhiaﬂe to be zero and rray be

negative or a {trv bi as vol t $tent|al [Para

iP‘“‘“S@]I Si RYISRPIRE T’@ ”B%‘“ fiwe 4 ‘“@r"ﬁg et difigr@hb REdpst plasma

’\~HMPI%I'\J\ SQE@Q&&&Q&E @ﬂ E{ﬁs%@me}a ﬁ‘iet@@t{é oP Ok m%?%i,] + REuration
source A- een swi tched off after an arge

slope, s toe eamigpn mlred @datu@}mimge aotdmﬁy‘mfdehe: bkk)BR:t 28, chinteeterize

ST it g L GerEl el A1 bevbe L
data ngt(.zéizhlt $rh&sE U &80k dthﬁ. @b Qﬁiﬁmgte@@m W{QB@:‘ nﬂ'ﬂ%?ﬁkess that

when the current is l'y disch ar% (data poin
requirB2h 8@ intarkhentionr dent vﬁlataﬂr ethanribeldate hzebagn el dier each RF

burst {._Arrég ﬁ%qrrggﬁlgé %g :Qﬁftu hlée(gg LY dgei an%gf) %{ mégdé%’lé}! I!irfse ﬁgtgrrg‘gasx be fed

into 1 GaPRGIctQkIVER rrama&nd 56 baik9ed andiRPak pra@dm SiaRgRribah R vohgincar
current data and the voltage data are collected over a
fit to grdppee e ppfameterg that e shargepdisthe gloswge Byrchprcivaying dhe

piasmg etﬂ@ /L gger 'ncl:%o{b‘flé &areien%r Iferl%lxr} 4 F@i‘}#er}m r@ee{djﬁn?%d in ordler to
I'me” vari er Wwor d'

mmumw ﬁé}ﬁ(&m&aﬂ Qr tﬁ:@kduﬁgpmieﬂe RElystrbes.mat ched

[Para 62} Unfortunately, the prior art method of analyzing the data for each RF burst

may require several seconds or as much as several minutes to complete. Since there are

typically thousands, if not millions of RF bursts to analyze, the total time for characterizing



agai nst the voltage data collected. Fig. C shows a
sinple current versus voltage graph for a single tine
WO pi1e/00%B4 bet ween a RF burst. At data point C BORUSHBY/049762
source A- 102 has been svvitched off after an RF charge
has been provide Par a % non- Ilng%, .
the plasnga 1052 f APl e %‘ét‘%&’iﬁ f“ieng'“é*aré ‘hR PRIFE AL P not an
effectfe QRod R BEIHRANAG) 8IbGRHdath RorPhhQhs YRGS purposes.
parameters (e.g., ion saturation, ion saturation X
{Paradidpe, Ték ewrmnmte@npe ralf ape beﬂewﬁmdgl geohit agté reference to a few

t
emboRSeSR hilso 18 Huvaien ihdF kP PhaTae Frachs 1 oaoPeg e
descriphad, aGhREdEefedMit Bethiteard abiaoaRid SGted préie: RUALESH of
calculating the paraneters is a tedious manual process
understpading afle PesehureRtiont Ervdie; ”@ﬁ'ﬂewnh@‘ﬁe‘eﬁkdﬁﬁ’lﬂ@ skifid it the art,
, | ch F I
that t}mag%s%ﬁﬁ‘gx %ﬁﬁwgﬁgﬁgwe ;ﬁgélﬁ%ég&ﬂm% §lm dfzgr I&gﬂfg 3 ﬁa{‘lﬁé n{éegmb. In

other Okfahcest hell dadan paychewd@dnition ma:naef hananet bl destrdbed in detail
program The software analysis programmay performa
in ordgolef Hemcefsp i sese él“i‘—rﬁfi‘?é“f wECHKPanet ers that nay

{Par affﬁizr ackgl ﬂoﬁeerhg&i @(lg ARG AG LRI A g ;H&u&xﬂg R Bnd

engi neer eto eterm ne how a réeci pe nmay
technigeesadj *J&tukﬂbﬂ lmpm ndmmct batthainvea@rswhdt alndapdr articles of

rocessin f the substr s. [.Para 6 Unf or t unat.el.y,
manu G RLRCAES HETROOP G PSR EHemaACPBF BAL
mstru@t%n%ttoﬂ%\‘n A 20! t%@lb@@%ﬁﬁﬁ%‘ of SRCRNERIQ e @RiMGR #8red. The

several minutes to conplete. Since there are typically
Lomptlthbwgmm-gmeﬁmummm picludeotts cofmRE. Wurgtgugtor, amxytz(e opto-

maon?t& O%técam Ulﬁgl’( gﬁfﬂgl??gg?‘gg%:{eéé?{gg gleg AE gar n@gdhcomp gt readable
code. ANir@kr, i indBiRAGHE SalfPEo@Pa it R6dk V& fIRIREE dofbodiments of the
providing timely rel evant data for process control

invenjig pOFESPPRPRS 216 3]1dqrq&,:@c1wsétseh ik apdiop pragrammpigey thaarry out
. t. {,
tasks gﬁg&% pf'b nh@?cﬁﬁtnﬁls Pf W}'L 1FH ‘1;1%5 T a?;?njpi -9 of‘#‘cg\é’k]gmdtus mdudé a

ereo

generslramnporg sombntet fved/6iad ﬂ@)\l‘ﬂm degatinptieane x\hﬁlmgﬁugsmtei\
specifi¢c details are set forth in order to p ‘gowdea
F"'“‘“%‘"H‘B“F%d TR e TIPHYNBIONOR @ CRPBSEREOPRVERE FesTFe ang

dﬁd?LEWﬁ!l bmgﬁuﬁﬂ&ﬁé SRl uitsHAURYE For thOv sQEEL s Bk {}ﬁg\;ﬂgﬁ%\j ({‘«ﬁgﬁtﬁtﬂ ments of

present 1nvention may practice
the msomenor all of these specific details. In other

Para eaﬂo%sqﬂ)%\gﬁxlmgmégggmﬁgg’ Toﬂz 0 gf%ﬁf xﬂ%gg%egﬁpl?%écﬁg{c% {6 data
about wmﬁqﬁﬁ@% ¥y BDB&HEShliR@1RA QﬁQE‘ﬁctéﬂVﬁ&bL@&u bhRReR. G
Vari1 ous enbodi nents are descri bed herei nbel ow,

cc:lkcﬁqqioﬁ! el |angn<ﬂ>§fqqg)dglrand’mﬂena‘}mm@;slo} g iochaigbigr :btelhke)ﬁﬁsmﬂznn the

reacmﬁﬁﬂ%}ﬂgegta L\,d:éln{%z Q’ eﬂ:ﬁi@}e 81 S n%n eg%\hsearw igéagagjtulgﬁﬁ%s q(?xmm m Fig.

A, daf@Rbvii R clGORYt @t eataiehd Msdrhigdd. ashd @iorGar ¥idag collected
out enbodi nents of the inventive technique ar e st or ed.

by ther*h“éﬁ SHMS I Srdgsaaat wumed! dathst ﬁwbs@ tof grhsianpl e,

ntof?lﬁﬁleﬁo;ﬂ&wglte@ ‘fal{mg Qe {!é& thaf B%Q'E?Qgﬁéclé&f han?x[r{(@@[u'ti\ %'iw the data in
a timetonputera dchebelapl ezme Ihouaaudx or even millions of data points ma} be
collected, the task of identifving the relevant interval in order to accurately charactenize a
plasma may be a daunting task, especially since the data 1s usually being analyzed manually.
As a result, the data collected has not been useful in providing the plasma processing system

with a timely characterization of the plasma.



code. Further, the invention may al so cover
appar atuses for practicing enbodi nents of the

WO pete3i9ah. Such apparatus may i ncl ude circui t BCT/US2009/049762
dedi cated and/ or progranmable, to carry out tasks

pertainj ng to.enpodi nents.of .the invention npl es
Par "&r"fsuc h}é‘ﬁbﬁfr eI H RGeS é’éh%‘rsé‘lﬁe%ﬁ *BH%‘E“’&%Y%&%L&?”@ a
m@ RE Qb et @kﬁ&lm@ﬁwﬁ RQnQﬁ‘ﬂa%aM@ ﬂm@ﬁm QRIHALRLY then
programed and may include a conbination of
the tu‘c@mutrecé foodwapngteriag 2 'i@émm@emarﬁeb e ety dfqbrcg@r &mmbltdence with
adapt ed for t asks

embmixﬂggg,l (ﬁé'l]ﬁ v Ifmt‘lh%“?eﬂv)gr{f PHIY 1&%%5@8 g}t@}gjﬁ?{: ye 1’ilﬁttgi 1Zing plasma

in a raddiRBNE@BH (BResbriddn e nRidtineab er Mt heditmieabaNR o efovide for
to collect data about the plasma that may be

an algggding frondartifiing the rﬁwéaxwa@mmm@mfm@whﬁ Gntgmetnts that may
need i%%%uglg (f;%to‘la‘%eifm o, Qct%%@soghs(ﬁ% 9as dm tﬁsﬁ{ i?é??)} {f@){eigx ANCY

cterize
range @elfféﬁ‘lle B.smAtled det ond@ltd poinBiinge tlteth&seﬁmCm xﬁxﬂmln@ms dea points that
coll ection surface_as shown in Fig. A . data about the

may berearsesd hetiveeRcachay brdo Eﬁ@ﬁéé’%‘é‘f%ﬁfﬁ@‘dm‘FW‘Q"(}*@Hb?r wypvide for

estxmﬂfn o seé&@aig&tiﬂat‘?&zjﬁl {?ecﬁﬁlf)ﬂe@h 4 BEuRE E{i %‘fradepfh‘%ﬁ’é Sﬁat@\ the values
source of data I's aval or ana

for thjmtmltlmgatrédw;a tihepshesinyolrumbtofy (datear gieh&&gyrmygnbe arameters

| ect made anal yzing th tainatinely
that R GRPENEA S5 FRGRC 8 T B 0L B BC 0P eByan i 117 ons
[Par aQ@‘"f; dat f} 1P Al Ss Wac@%uﬁ@éﬁ FehEtesednbh By EQ{%&; zﬁfx\ be better understood
dentif y| ng the rel evan interval in order to
with iaheéfmtattelhy f@hsﬁ%a@ﬁér@pz%msm@mn\rmy be a daunt i ng

para @, BB TR RS e iRl e Rttt YnRl e gharss

illustrR@ig BeeRpy s fabtontaficROMafRG ARSI A IR Y QEAESE Plcessing,
systemw th a tinely characterization of the

C mmémagwu[mam hepyn. KoV eared lias beprepmnitded drany sibstatepregessing.
ne r N | r

Pﬂ"a?"gin o ?\?2\3‘1] e 1?212 tﬁ‘éﬁggﬁﬁg /o% &uh gRo@gE}f&‘ f  an example,

after thB &t soayee hes b@lnl receddn, dohRP chdrge (pube) tsquorided kﬁel the M

aracterize a plasma nmay be si gnlflcantIX’ red ce
6

char "%EW&%HE 8 O f FUSHE OBISRE ARG HPASR ST BRY P8 5™ t“hb lect
data at § h@ u@ﬁ% gg m%‘iﬁ mRkieald Ym?&q{xﬁcﬁﬁxbﬂz@@u@{ @%‘ﬁﬁ)ek Qeail of
a ativel tinme ‘period odi ment's of
the 1eimmefmmbm d@s&fmr@mﬂmhmz& ithee lpﬂ‘ﬁ!ﬂi ded:ftm POBED tﬁhtgmw behmiiected by

for identify he rel eva r neln order to reduc
the seiiies B 301551 hIL DRSEI ) OGSt & BEVSTAry SRS HE0T
thousdRls GRAHAGHLRE @8y Be PHIASHR. ba%c@lkﬁ&ﬂﬁ?%@w‘ﬂ ﬁf&hﬁ, nehNRaltime
rel evancy range refers to a smaller set of data points
analy§iy mﬁlc hémthb&%ahdmp@ﬁ‘ﬂ% |1 ons of data p0| nts that may
Parabﬁi\; ent II% 1%?}1[“%{6 aé/f&%g?rgﬁﬁa%q P8y %8 é{ ?theglt h‘)h&m ‘éfggé;vgl%eéﬂgm ement
data thl @ comRYtel GuapPhdr@idoddictor AR RAMBIrb&a4ingdD Hﬁbndzﬂﬁéu of the

cal cul at es the val ues for characteri zi n pl asma. 3{
mvenphes. sy i eors deteat Fepbizgdibatthe prasurapay é’lﬁ@}bep\h@g@@mh RF burst

does 1&%%2\%%%}“@9& W Q% gﬂ:gllsgyﬁfie ﬁt6|% Q{Fzﬁrﬁctte nzfimae 1:1‘[ ing is

be ca at e UI' es
applicddv antlagesy Mlxg.;tehétlmcé&em_ pannesds ot ey beentydd ﬁeé,rto Lhill’?lLIﬁH.{E
under st Pog o
the plasma may be determyined.
[Para 71} At a next step D-HM, a relevancy range is determined. As aforementioned,
the relevancy range refers to a subset of the data set that has been collected between each RF

burst. In the prior art, since the data is being manually analyzed, the sheer volume of the data
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with reference to the figures and di scussions that
follow. [Para 68] Fig. D shows, in an enbodi nent of

W@ b@aojogssent i on, a sinple flow chart illustratiPQr/ubm09/049762
steps for aut omati cally characterizing plasm during

LOHECS R}S%_kre?#ﬁsgﬂ gﬁ;%%g e i .ﬁn(g?‘g{s};:qdj:‘gghi E?&iﬁi ttaggng? ‘gtér\é\gs{stealuges the

relev ﬁ[@%ﬁé@ g -bel Rk Ay @&]mzﬁéd aypf 1851§B‘vﬁtr > et R0y 1GHEL @18;&.@5 that
and voltage data are collected. Tn an exanple, aft

may exhié NRF bs substantinls eb@emtqddme mmlbsxa i RRagelariyen emmtsle) during

has_ be?n tyrn off, a .
compled s PileSERess P it et v el Sl T et Sy ol hgrtion
of theGRld @Etcid@tcebdked el BBCxa8IP taSpcRtPt &NAE dh@Ahd X be impacted

probe, which may be nounte to a chamber wal | of the

tends rtetaq:thé da@rbativesy. bemollastod enribe exagitonine baembdly defcharaed b
ident tp\%’x Q%}% Y% ﬁ@'tm WX 10*3 edd(f QJljsﬁL ttat%g VR?‘} th gnﬁ ﬁ\@? Ruﬁd tﬁ‘%ﬁ%}r @enl%gm\ sl

from ﬁhe ahensiof [ (hﬁ&)ﬁﬁtﬁlds thé daatmanﬁmmtfs xmilexbﬁ, \mahttemtte dnable
bet ween .each RF burst naking near-realtine analysis in

plasmg ﬁ}éarﬁﬁ;tp%;at@ptto ARa I\xythp%é%g Bibgect [upg;l(éorry @P“‘W} Qtﬁ@tssmn about
how aﬂ{ﬁte@im@ Ez’lwestﬁ%ﬁeﬁ@&eta‘ﬁﬂ éd %yanté’% aﬁxg O‘iq ;ﬁ@t{ ia?éq 2 ¥ B ussion
t asurenent data t i's col dur

of Figs€m conduct or substrate processl ng h| one aspect of

) in , . the invent or herelnralizdthatt

(Paradl e Ot d BT Sy e s ERsEL Vs T iSo be

deten{xi%e@ Gt ﬁﬁ@{%@?ﬁﬂa&@ﬁo d&fisch & el RALAL HRY -2 VAR RE&TRo the estimated
I nstead, if curve-fitting is applledto a rel evancy

value ﬂéﬁg@ittﬂe R @Ie@tamatesretemtmr hierporesasurnbert vatey tellawpk opleke
pﬂtené}aﬁ 'n}&f‘élg?% 12%;}‘%?&6%2& hm%%az F%‘S\a\aﬂ e%?%{lg\t tée est;glalt:% for example,

mp;od;at:@tfmhsastchﬁmafmmermntl oned, the relevancy range
fers to a subset of the data set that has been

Pm(:%‘ll | ectlédrtetaperrmenan ke Swwwkw viREze o peritgpt curve-fiting.
@ma% Q\%q:th (eh?ﬁ'b%é rtg %u[ \gbi%méﬁ& t@@%tx th:t?lt, n]ttjtt?hd’? hﬁ*a%‘ioy ed to

taco cte K& cal cu
determmb ﬁx&aﬂ&yamaﬁﬂgm@;ﬁhﬂlshmim Haas ko utllize pEnymim st ahez&sand
t he rel vancy ran y be visually esti mated,

produpgebssrPRiige tRee o \et;aﬁéy VpBgdherRy weucipg at‘mﬁ‘aﬁﬁ“‘éﬁf‘st“m“
ttemngﬁvythl?tem%uQ@Peﬂﬂﬁé@tn‘ (ytd?lj ‘)%ﬁ@@@gtaf (DL :ﬁ@ﬁseﬁ%&bset of

[ n"an exanple, during onrp ex ‘substrate
[Parapiigces $¥ingtheaclpodnymeange @it dwpsemﬁyaluem ara ot slep me’éﬁae non-
inear € g S AT HH O 1B GF CH Ba P e B D
charadtBRAGLEehH 8RES leRepérfd\% watoa hﬂﬁmﬁ% Lklﬁuﬁﬁjdlﬁt‘;ﬂ esli computer.
once the capacitor has been fully di'scharged.

Unlik¢ dermrick yitnidie mishadeilispardoyresdisgegm daleervaissovil é’@% tb aiipge RY

burst J\ueoét? ieﬁ¥ ev\%‘i:(ggt apg)HR.ntbfg tﬁg{m %ﬂn%fm?tﬁ}sc} &%Fté\}hﬂw f&w minutes
or evdnaNPe HARYs ©Hadlees. PhagiRachialacd flalyZatd.pihilig, @eGthod may be

W thout being subject to random noi ses. D scussion
appliedie PRI IKEAR AUPBREY SRHTD! SRTRB [EEPVEE thotusyngen soth relgyarg ata
during%ﬁﬁ%!l Emcgiix&r ovided later in the discussion of Fig.
[Para 7 51 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 in relation to
Figs, F1, F2, F3, and F4.
[Para 76] At a first step E~-502, the data collected during each RF burst is automatically

plotted. In an example, the current data that may be collected by the current sensor is plotted
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[Para 72] In addition to identifying the rel evancy
range, the seed values may al so be determ ned, at a
woeub/oeep D 406. As di scussed herein, the seeRCTWHE200%5049762
refer to the estimated val ue of the slope, the
: el ectron te era he ,ion,saturati on val t he
mito aLPEERY R i S 13%& k. SHP e opRE AR P e e neher
exam@BAHE vHRW e é@i@&ad’ Blaves p‘f@%d b o@slolaRt ﬁ%u«ft%g graph F2-630,
exanpl e, 7is provided ih the discussion” of g E
as s xq\minléxgsi“ Thighough ehmdmrenmapgduamxmlheLr@eéﬁw ¢ paer att. ainlike
the p;}% émt 16 dlgt'iﬁgﬁ?x&?(ﬁé cimg E}F'ﬁf&g{l\t f.Ftéi 1n&g)gpe ﬁg& es;qcéjrtrz)gleam]xgn{}mlt
requirifRt eGs @rployes haedat el (e nlehQiré8he ARG IEaBYoes not have to
and/ or seed val ues have to utilize m ni num over head
be plogied  prvudcbe dauesy hetad dapalycnbsie pglyhiepopmar. fisgead, the
2 lUES: ! e e . of e-fitting
graphs @ ';iﬁ?uﬁ&p% ﬁ%ﬁi[&\ﬁ%ﬂ@éﬂ% teﬂT% @egg(@ﬁ%\e{r to achieve a

[Parardpi d Cofikeriggnie art[ ﬂﬁamm‘é@m%t Iy dobendteledvanaier angecterize
and the seed values, at_a next step D-408, a _non
a plaspay, dagtesd; ¢ rC(ke\ agey x@& Qpéichr{ngtpqqlg)ﬁ ﬁcrg@kp@ﬁ f‘é“r“ﬁé‘ﬁ\ fange, a
peiceﬁtgﬁfﬁ&x ?5‘1@? m@ % $t h)@ éi@ eﬂﬁﬁ@dtﬂ a%\f:\j?@(f AGhYr '%?ﬁxt%%‘éﬁ Brein,
out requiring an expensi
the pdndeghrgedde qunutieh&rs toithd &ea plvet zpm toch amto;;;trhéx :Iiett hmm,a} red 10
allows for results {)r'c‘)m q decay i.nter v? due tq-ﬁ;(i?
a am%xp ﬁ)gquém@ge B LrER AL g, AN EBOS URER S BHFOR eép)ypomi may
represéft b bhd SEGORAS thiBSLEADOa8AY I BGxGmbRWIELR HESF Qurce is
even a few hours to process.” Wth near-realtime
SW ttdaa@}aﬁyshl@u@@p‘atﬂiwt tqylbtmtﬁe‘%(rmw@d mele \taéuealp pﬂn%‘m‘iﬂﬁ§ bp arctﬂta

. 01_-ap ;aut om temto p | ec
point {62 oL - Gof Yt g ey Qb BB Bfroem
of the E:Jr@naE\ 80O WSg pm&rﬁﬁuﬁﬂﬁﬁﬂkﬂf@&tc ta€f pdiler 1-AVE RHI ks aBout 0.086

nPI e algorithmfor determ ning the rel evancl\)/ range
mAlcaind it Hbersseds b prssentggeglecyy pRipt mpe byfatewsigediby WP*\ mg a pre-

dgfmcfc L Llnprla ‘inpga ggl%maﬂlaiuf %imﬁ?’zs x%ﬂlq of the dau&%[mdi %mm%ean the RF

a collecte each
sourc:burss.txtchai {a“lﬁ todrafeisgstbinyis plnahingdo ah mq@ehbﬁmmpitae Intdrezmbodiment,

current data that nmay be coll ect ed by the current
the pesesnEsr 1§ ETpPGENedIATERY. ¢ bt 4resiP %linsrdsmﬁtﬁ‘iebwawﬁvﬁg
pﬁ&ent@s@@diﬁy 6Hinf® éeﬁ@rzﬁ%et J@ oy 11}@ d[i"sgmel:\ al, th aﬁg)ﬂ\ gggt derivative

he voltage data coll ected
of thmdatwmﬁemeditta@ec!vﬁféaussttmlsréaegahpiatdéz 650 as shown in

[Para ‘@?t he%plx@t}thsg%)?fj - 3&@ @Hga%pﬁé?le%?s{%n%tz gog;{ngna% )ngsimeu ‘ai,
whichGe kiiee({%ﬁae@bk& @Hi&ﬁ‘%ﬁa &akihy vhBR dhBhQedd¥@ RBA) Ysihe As discussed
program w t hout reqU| ring human intervention.

hereinatleapn az!mm@rny intgryal iﬁtﬁsisvrtémmmdétfbu pwrdnespheedbesonee at

W hzd{}?\'—;g {bﬁpo EHF RS P]Lgf?’éxﬁgﬂ y EF qlbtl: 8@&1&&?}3&]:1'1{3 t% gmtl(nﬁ émtentmi such

that ﬁ@kﬁﬂiﬁ%m ane PrRvirdedisasglviibkialn 8X%a8Ebe shel @r@XPbahdplobe
gorithm [Para 77] Unlike the prior art, the entire
mcrea@ea*t ‘éﬁ\é%tﬂ“ﬁémﬁ%ﬂ‘v WHATYFEIneh Rieddye pYewinr Hoaddiigethy ion

satur a@!a??l all 93 eex‘@grnfeaﬂt v»%ﬁlv ﬁ@ %Ym x%ﬂzg@? 1% §uﬂ1€ e%ﬁU‘nQ ea(i’n ‘e W quh respect

r'm ne
to the floating putentmi such that th& pmbe w zli miieat all the available tons m the system. In

other words, the collected current “saturates™ as the bias voltage is raised sufficiently high.
Also, as discussed herein, the “available 1ons” refers to the flux of ions impinging apon the

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



per cent age decay point may first be determ ned, at a
next step E-504. As discussed herein, the percentage
welewaodi nt refers to the data point at whi chP@TES2009/049762
ori ginal value has decayed to a certai n percent age of
. [ al In an enbodl t he percent age
Par “d@Za ﬂfg R?%F ‘hﬁ&“ ‘zﬁfl‘é’s%*Ht“‘f‘H’e‘“B*ﬁ‘d‘ éffﬂf‘F H&“dg% *ém?’lﬁit’@rﬂ?éﬁm -
602 ahdPF P-%QQB?!EW ed. 1l & AP QKRR B MOBR dobS (%: nﬁﬁw F@d@té'mmu‘i by
sw tched off, the current vaI ue i s about
takingThperoeitags afghy @mie@entu@dl fbydzaa ganak béﬂh)t [FF amesmpi@nﬁ the

ﬁecmxxggg%‘g‘tp’é{}%qg z(é{??ub(}ﬁ Bg*ﬁ‘f“‘é‘ﬁ ti}eh%méxly} Sg §1e th, %888% % p%mt is about
0.81 REFBENM o d@SAY0IROF NKNE)S Fadncdah@idRChittatioh-iB0Aal WG theSoriginal
about 0.086 mA/ cn2. I'n other words, the percentage
value @@@wmpb} he0heg tyescgecbdarpn o nbyﬂaaﬁm;@q Hgb®phete that the second
decay 37%F se?qf‘rtgg lgt%gltugig a} Oaiﬁ@@%%rﬂcgﬂnrﬁl«b(}ﬁ A &E\q%o%pm“g decay point

{data §(Whi Ehemwﬁmamottmpawm des"ur @iy, tengedi@ d@bay point may also
uilibriumstate, In an enbodiment, the percentage is

be bassphgigs stk yraeiErheiien. ancmbariremol %ﬁt‘bﬂqﬂﬁé‘ﬁ‘eﬁ}@ Rgfcentage s
S /il percentage decay point to determne the
emp;rgtﬁgi g%(éenﬁ]é@%ata interval, the peak of a first

{Pimdﬁﬂi vatinetlgfion bmmzlatnann@hhiém& bdesf drtereacdt, mmmmpﬁaws th

l.culated. [P 78] At st E-.506
stope (7 g5 IeHAS Wlgradat Br prmabs HuinRent s SPERHOTaR dleripe (5) and
the m%ﬂxtﬁﬂnb§ (ﬁw‘hﬁ‘e @% ar aubssaisebel Mﬁ%ﬂh&thﬁa\%é ij'ﬁéxh 1/ @lﬂﬂﬁlemam cal
a second decay point. As discussed herein, the ion
medeg@mummn Shelowt &y degnmes @p} 333{a@xe[dq@Iing@iwt@ffeﬂh*éwma In an

exam g BEog & SR ellehufidS S Byl g T e PeliE ot

embodih@at, tRG:1P1EA hay 158 8fefiiat tHiBn CAB&EHR Ny ¥ thUkkin® thdBrerage of
robe is negligible. In this region the current to the

the dﬂpﬁr%@ew hybreeasias pad y-C4Rand FAd8Pl y wi th increasingly

Pmaq'ﬁ?at ' V‘?d@)%((t “héé“ éﬂﬁm tﬂt %&g\/\}]{n?ﬁmvtdhl% 19}@ tﬁia%lﬁggﬁ 1 Qum, which

er va as vo

is the puif kodleiok the metg:&ﬁ u\ mem amiﬁhmrsessgpxe dh aly @nﬂabémﬁdlm ahet mjiea,tmn point
otenlal chthat the probe w col lect all

may g Al SREifiD é—’rtt'ﬁ‘e"‘é’%lt"g‘rﬁ?“‘? o e ek giye of i current

¥ SRt O| g 3

'1Iue§r7§%tlg gtg; g)%lilé%fng@é ec%@?:«H 1@%%\?{}1&@&&1{13{&@\? Su\ét : ‘itoggg?tnﬁe Fig. ¥3

showt the fitavdaiitabkef ﬁimluaséwémesnta@etdﬂetatk decagfpolm Kig3-664) and an

origingCPRiA Pae OFh fulGT Fer U CRar e Skt PpPRs TR afih i dara

point 9f i€ rhrmfcﬁ%mk £31500), SabH BkiaQRIdertires ¥at wSchiPhd an indes value
interval fromdata points Fl- 602 and F 1-606 of Fig.

of ZZ(Has shawn in datrdpodit frerittd). {Telctspardh G‘&W“‘{Z’N ﬁtli nﬁymﬂg\ value 18

mappv? tled,‘réxw(zr;tqu&m 8%? i an mh? gﬂctg%tga W 1&3&%\6 n 'Iggea %)J%th{? Ig];gti
derivaBE6 ONEafleday oM idns! BDOE, l&&nlﬂ@{tﬁﬁm.j @fis U.h%@, Ok QA as

val ue, the second decay point is about 0.81 mA cn?
showig py é’“ﬂpala‘fﬁ 396Pnt F1-606). Hence, the ion saturation

Pam"gﬂt]e“’ Oéqz&&ﬁﬂ?eﬁ@ﬁ el e%ﬂ@'xaﬂ Al ;E?%igl ta@ b x{aﬁ?&_ﬁb%gsn the

19602 econ ecay
originhbtaud faltthé heleseaopend emyuml intoi laBﬁrheﬂiWﬁra felent decay
i and t he percentage

thresbg&r%i {1 g% ﬁ%ﬁé ?g 5{ gﬁaé%f O}I ;g%te@%gf %*g,ifmng. 1 ghe stngesttﬁél pomtg inan
emnyfg}?,&%ﬁfg 89 ﬁelq‘@;(ﬁ%éuﬂ%(ﬂﬁ tr 1)f{3@§)e§¢%ﬁ8 g, 1&191%@3)’ jPthBi‘i icHBY determined,

the relevancy range may fall between points F1-602 and F1-604 of Fig. F1.

e



be based on a pre-defined threshold, in an enbodi nent.

I n an enbodi nent, the percentage is enpirically
waeleqienodoned. [ Para 80] Once the ion saturati onPCHUS00H049762

has been determ ned, at a next step E-508, the sl ope

(s) and the ion satugation (io) may be estinmated. As

af orenentijoned, the sl ope (8) and the i on saturation

(io) are tmojof the four seged val ue @ may be

appl i-eQg:Hk ’ tii-calpsnmodel  (Equati r)? hpl 0

deté%er m ne t[aﬁpara ters th i @marac erizg a pha

I n an exanp| €557 the sliope (s r‘ray eterm
per f or m ngt Heaw regressi on.* | jiano’t étre wﬁ@gvment

the algorithmmy a { |on saturation
(i0) by taking_the Earvag?gg‘e%“?}‘f‘ﬁk&‘bﬁ | ues between
data points F1i802mend |F1- 608 IiPams 81] At a next
step E-510, thaya gori Qﬂhgﬁng@gﬁrn1ne tthe inflection
poi nt, which i s-t-he—point whi-ch-t-he—f-Hr st
derivative chaw@es si gr Vojiy “”8\’1‘“’%‘?ﬁ50d| ment|, the
i nflection point may be (Ezalzm:mhuat ed by i dent i fying the
m ni mal val ue eft—the—ft L?mm”ﬁué LrMlulmvc of—-it he current
val ues betweenithe per age _decay pointi and the

second decay point. To |Ilustrate Fi g. F3 shows the
waranSt Sek At ﬁﬂ’e%t;@fx aBﬂ?;%ﬁlzﬁ&@ t@%i‘é‘@ﬁ»‘i\ tém?ﬁ%&:?é‘&ﬁgﬁe

decay poi nt ( f an or|g|na pol n

estimaed @t & eatt »sapg:nali " F“BhfﬁﬁectroThempﬂmhee triagrve pwmnmeeﬂ bv kh@ oying

Fquatvwn]cﬁa O 5’2 ﬁi ?ﬁgt& \ui Iﬂ{llgii; ' Sthé:ﬁggm tubfv I\%g:ztgg?r\;gl)t%gpemmre
is withif (R2RadsBRnSRRWAL RVhidRtsais AN hdtdr H062 is Qv HRUEKTuABHT than

the inflection value, the index va e is mapped to
the g sgtpabvn Shageml hpmmzml:@h@@@t therjinphitsvigriahs|cerrenityend violiege data

s mel A i D0 b osBh bt e ST RY el siyppint o

the cufRAC R tapa $1- ¥ oWRe Bay Adiodb ROty 3-SR R. th HafeoB@inpbanadis a
embodi ment, the rel evancy range is defined as the
ratio alarfget gt Weehi 2 Hetegpingd n“aﬁtaiqp&atu@ thperepisagafieraepeibi of the data
| n \'4 . - as

coll “E%h fm ’m ﬁgq}u}st qg'ia 11¥ Lgfm% B&%E}‘at‘% g%‘q;!lb%kf\,gg% ?ﬁ}? §£Eheudr.glﬁ%¥\: voltage

curveClabk th,ﬁtxmﬁ@mﬁ b&rhﬂfdl egtihonbpeinied bneagaexhapli@berus iigmal.

.. Lhe percent dec t of 35 percent, which may b

i*’*‘*‘ﬂeﬁ%& ri cf‘él‘llf’y“oté‘fl’ggﬁl getg" At QﬁlétWél@@ﬂﬁwn%ﬁ%‘egﬂzﬁ?“ﬂf‘?é‘ﬁﬁw

pmmg’zﬁt WHRA tﬁoﬂs@{n%ﬂ QQ%)(@&glgiFgS L@Qﬁmgfgd %'age,d d: 1 id B feeHata
Paraneters def |ne ar a he 1 nfl ection "pol nt

colleciediptitei fidagdg v tsihgcejuemtmbnmt bmixﬂcmwrde“ hyutBesidet ingad degrmine

t t, st 1 | t t t
the Ve R REoRg TERBYCy R "Bkt i DL GV TS PR

floati@Nehigb %}@@ﬁnﬂ a4 e ldelricabpbibRiat al CRLRUR JiBB: 8bae Iai"t&rihe external
tenperature is within the transition interval, which

capaciter s dally gisdinegeda Topsbly. e paiangltes sﬁtcm'ﬁ an tetdgrermined
by 0&\?&%{/\%?@ S t?att 09 ur% HL t(tg}%m %iﬂ: ry Ft%% \Ex él & t'orgﬁe
hoE ecrren Faeda srreas

possiERGEPRBMEEr Waillug f@singideatibOrerRobsls. dafd i @r, ﬂaist}\/tﬁhxybe

the inflection point of
collecied; thus, the floating voltage potential may be calcalated by averaging the voliage

r{ﬁi '(29!()?? i

values collected toward the end of the collection pertod. In an emubodiment, the floating
voltage potential may be calculated from data point F2-652 (the data point at which the
voltage first reaches its floating potential) to data point F2-654 (the data point just right

before the next RF burst), as shown i Fig. F2. In another embodiment, the floating voltage



the current-voltage (1-V) curve may al so be enpl oyed.
Since the electron tenperature is a ratio of a first
waleriowerdsve (as determned in cal cul ating the PCT/US2009/049762
percent age decay point) of the data collected for an
urst. at.a tine corr on to the inflectjo
W‘e"%ﬂﬁ‘t\ Rrbarb O feroHELs, i %geq% VEndRES éraﬁpn@a{ Foffgated
betwe@N Ak %Fﬁﬁ bﬂt’ﬁﬂ@ﬁ/d b‘e-ﬁ'w QUish&dn LPF ﬁefﬁr ﬁLﬁr ItmxﬂHme\“x indow
is mniml. [Para 84] At a next step E-5
F2-6581neor et qrrmmye detems e whidow begtnis @gfwemeavger puise has decayed

tial oat ol t ag ,
more (b &P e gt B4E0 s e WFel Rt Ra e Bt EBbafinepiaghe fonting
voltagdel jRAMEAONYObE agerpatenbingl wimiwhBatdes Qi Medeiipl ROME with a
first having to deternine the values as calculated in
low signdiypd devigiiop (erfBr)5 12, Those skilled in the art are
iPara (r:tert\ tmEL @ Fﬂgﬁe}{?)lntﬁ v\ﬂs iﬁr% ﬁm";ﬂ!—z g{eﬁmd 1deg:ﬂng3ring the

reley 'i‘nhe gk aﬁcﬁl&ie s@ﬁbﬁﬁudu%cmﬁﬁ fdr lﬁklb\&l‘%d&“&ﬁﬂﬁ’ﬁ@@&cm in the current,
Ty |caIIy, the floating voltage potential nay be
¥ Oitd%erﬂé REWEENP RGOk g Rt est r%%«r%rrgwark tﬁ%&’“‘é&é‘diﬁ‘é{?’ pRyREcur at
[T i i
the engg)ggfrgfl l:ﬂt["?;/t g%%t\pcggyner ﬁ%iaf;mﬂ@)(@gedgﬁign d@grrgl‘?thms the relevaney
range @nd dneousd vdatsaré imgeryionoicselexpayedoetifots| teatred; oct! hm;:m g
the floating voltage potential may be cal cul ated by
PTOCeSN&r agi ng the vol tage val ues collected toward the end
[Par ané;t he (0l RGELOMRE Rk R s bBePd &FRAM FRNhe :,éeHQ alyes have been
| 0ating voltage potential nmay be cal cul ated from data
Laicuip@r}mt apex68ey LtHé, Qﬂrgt,arrgm viatues mayihe @l{plteti@wmsitthg ecita ge values

reachsrtsf oat 1t at
and st B PG s St R ee PP S Bl g 1ERaR R slgte, « non
linearRUASLHL, soRB as D) @W?xbhﬁ~‘ﬁ|ag nak® aldofitian ahehe zﬁiﬁﬁ@@l kd i"mm the

the floating vol tagepotentl al may be based on t
curveyling gy yenendad ehvniging sadvwwd2ppbee Bhﬁusehl ¥ aéue» to the

ath 10' r%%%lrlqgo&. t«\ﬁ@l? 9&?&‘309@'% Qv Fl%: %?fpﬁ%grﬁ &o S i g'zmé%g" rﬁrgg loved to

amheunefthapyxsmamwe’t& decongpirged. t he wi ndow begi ns before the

prior pul se has decayed nore than 99 percent and ends
when the next pul se begins. In ong.egbedi nent, the
floating vol tage: p ge@tlraLmiayL » i ned from agauarion 2y
wi ndow t hat prOV|d s an average val e with a low °
standard devi ati on (error) [ Para 85] As can be
appr eci at ed fronrthe preg“mughuﬁpednethods for
determ ning the reIevancv range and the seed val ues
account for anohakingsrsthat ﬁaymdcmmn i n tihe current,
vol tage and/ or fgurrentI QL Lage (T=V)Tturves. In an
exanpl e, pol ymer-bui-ldyp-may-gocur-at-thg end of an RF
burst. However| by appl{y#Hg&i® af or ementli oned
al gorithms, thesrelevancyssange and the seed val ues
are i n‘pervi ous -+ O UeXR q\‘D ,:d artifaet-s—tHat may occur
during processing.. [Para 86T _nce_the relievancy range
has been det er ivned and Hdhegseled: waliseés Have been
calculated at [ g Text cgggmﬁiggﬁggghe—current val ues
ma | otted ;mm nst.lthe. vaol.t age val.ues and

ii’ﬂrac&?ﬁ/ ve- f‘rStCﬁP he apriyciped At prapiaogerded et aiphe PESBRO

.mvengrfm, 2h Qutobihred Hedld ?ﬁ%@?&laweugmg ?)ﬂrsma during plasma processing is

provided. By determining a relevancy range and a set of seed values, plasma characterization

may oceur without having to process thousands or millions of data points that are usually

collected afier a single RF burst. The automated method transforms a previously tedions and



linear curve fit, such as Levenberg- Mar quar dt
algorithm may be applied to performthe

weerweeFB4ti ng. By generating a curve-fitting BCHPR20891049762
appl yi ng the seed val ues to the mat hemat i cal node

mmu%gng%%;’ Bﬁg%%th&gﬂ%&r tgglt &a 12}3\ E@g%a@\e%gl éijtltgttem@yw ith

data 258 et @trﬂﬁﬁantﬁaﬁto@u &d Fahanely eﬁﬁuttetme@n EE’@( Ao ttﬁ:sfm\
cah be appr eciated fromone or nore enbodi nents of the

millisproede plasiavdatacenizatng ma mé@nﬁé@hnm flopma proce ssing mste%d of

characteri zin ‘ dur.i n asme p i ng Qs .
being B30 GGy Biabe i Hindt 2 e 2y P SHEES ARG taipe curent
plasm@kensie@thdidl (HeShy Pl-ASHR r&hRr AR b AlijudithdiBIb QCGHEnd waste to be

wi t hout having to process thousands or mllions of
miningagdh points that are usually collected after a S|ngle

bur st o, et LB,
§ParaF§:& ou?' iztitin dtﬂﬁ i %}%Hﬁt}xg )J«!E dlg Lgthtgé ﬂgf‘lﬁ 35 gege_{%;@f'h%téa \
embmﬂlﬁﬁ}énﬁ;&ﬂtﬁ&r ét@&liadtuﬁmt p‘éﬂm\tm@dh Q‘tﬁlﬁlequt@m&h&f wiith Halbatthin the scope
ysis signjficantly shortened froma few m nutes
of ﬂM( et C‘t—ftﬁ‘é‘n Iashoaly Heuiesotethyt g av PR JBERYSC Wividia
mnpl eﬁ\@ ﬁtrn@ptth@ TRl ds Cmd a]g'zgﬁ%eQ %rfftl%rﬂ@@ngﬁ'ﬁ é;ﬂgmpl 'ﬁﬁﬁ% gh various
cessi ng 1 nst of bei ng
Lk&t‘ﬂﬂﬂfzt{)&e PEOV 1a’dfai,t&rcunek w’amnd«iﬁhaz th&ye q&nmykd ee Rih&trgthtcsaudnt(m

. urrent ﬁlasna environment, thereby enabling
‘”““? %ﬁ ECSRR/ B BYUAR) ust ment to occur and waste to be

[Par arﬂ(ﬁ' m Z\QQ} teRRTe @8l @retlﬁbﬁdéc{‘h’&@ﬁﬂi@ﬁc&x@&n@ﬁ%@nﬁ should
escrl bed in terms of several preferred enbodiments,
not bt dred &0 amestrag thersarticordhe @@Wﬂh@aﬁtit\ ohsitheanide ebuii agpiserTiteEn in a

nish i LD plad e TR B b i<dioni RLIBE dy g be
emplddY o QnstriPbEMBR RO G NBintBItRAIGHRADs @gRakal HS8S cRfms. If the
the present i nvention. Althou h vari ous exanpl es are
term ‘Spiovs eeplobied RITAD. fuchiterm wikipeked to hare fhegenenswpilasopd
matl tcjnlalntﬂﬁtt{agn nvetg‘%qgm%gfo A}wgn otz Ilha mcﬁt b %Q@ﬁgu:ﬁ%ﬁg ht 18 mtcnded
that t &rteumdﬁﬂ 'xbpﬂ&i‘eﬂ clabns bo nmﬂ'pte&nhﬁ z&ttddlsgt all Imt:hnﬂterda@nsts ed
to construe tFe scap, f the clains herein. Furth
permipienypndregeivajeats it wilyothe teg gmrtg,.,ngb%p@fvp%@té @lq%&li&trﬂ]\,iﬁil(}ﬂ.
and is provided herein for conveni ence and thus shoul d
not be enployed to construe or limt the overal
invention, which is expressed in the clainms. If the
term"set" is enployed herein, such termis intended
to have its commonly understood nat hemati cal neani ng
to cover zero, one, or nore than one nmenber. Al so, it
is intended that the foll ow ng appended cl ai ns be
interpreted as including all such alterations,
permut ati ons, and equivalents as fall within the true
spirit and scope of the present invention.CLAI M5 Wat
is clained is: 1. A nmethod for characterizing a
deposited filmon a substrate within a processing
chanber



of a plasma processing systemduring substrate
processi ng, conprising: determ ning a vol tage-current
w@bavmeesi stic for a probe head, wherein a neRCUDB199/049762
capacitor is set at a first capacitance val ue;
applying a radio frequen(;él&g train to said probe
head, thereby causing sai M3ur i ng capacitor to be
\;,;hm@g@ﬁ;g@q% wherein said measuring capacitor is set at a
second capaci tance val ue, said second capacitance
- A wpgihod i@enlzﬁgiagers@axgewde&}hawds‘*axrwrfa ?Lé}str@ap‘a&mt apmevatg;éﬂmhex

of a PR er Rt pisteat i FRET P Eesie Frh@iEl Ue for

sab@ntepesd Inﬁ&ué-&hﬁkm%ﬁﬁh@ﬁéhﬁ& ®ah grdtRiteh@lwic@sSh 8 thade@ing
val ue, sald |n|t|al aci tance value, and said

CWWW@U@&@@@U@@@W%&W l@?rl stic to generate a first
sut‘r}‘g ’ié{t tﬁeaggz%& Ag%%?tlﬂ'}x is ’satg % dﬁ{e@e@{l qget@bw’:{ugﬁw said
mea:awﬁia.taﬁgmﬁol nﬁ}mw.&dr eheresentd mgaeanp@t:@mtmai 18 eleftrapa second
across said deposited filmfor one RF train;
capacyifp A usgPashicgORd FAPRCIEINGE N it HEIE IRt ReE the 1%%%%‘*% tance
said first neasured voltage-tine curve, wherein if a
di fference between said first simulated voltage-tine
c urm&ha@ dn saiid rédintstce vehs dpedid/ddphaiget filnnedcur iweial sapacitance
Pan a edefined threshold, enploying said
value {‘quf“i‘la‘ “?‘F’%gﬂi?“&‘nce value and said initial capacitance
f @ﬁmmﬁgﬁkﬁmrﬁi RGispRE Q@@ cs%mt i@ial Hﬂa{mam Thege Rilhed
of claim1l further |ncIu ing If sald ference
v oitaqye:ttmemlgaitwrﬁtw gt seraed atied smmlatac@eoltaﬂnvém@&mvee and

a

Bl TR R B s ren gl P oA B F O3
curve SEHSS BB WeeRi g dit JIL%%Q&@QP«%@&@ manBﬁ&&Ckw asinshance

val ue and a_ second ca aC|tance val ue; enpl oying said

sé%@ﬁ@ilr%@Fﬂkt‘Iéh@é‘l%¢ oltaggitignssaEenie ‘selpael memeed voltage-time
curve, x@ﬁ&em ifl Q;fﬁ?‘tn‘%a \c{fQ W2l ?m? Lf%wte«ﬂfn ltxiﬁhﬁ r'»%ﬁ’is?*r t]n’?xE' ucfr\ QI}% sard first

rate a secon curv

measzded edsimumtrmgz alrsetsdmi thmasm&ﬂnmdlﬂmgﬁﬂd |etf@ic:§:sumg/eud ardkl

ring,said second.sinul ated vol tage-time curye to
“—‘b‘b“’s‘ﬁé? élaI eéth ek cappciigndedgett ?%%Eﬁ*%ﬁl gitgst .

2. dhfdRienSR Rel upaR: paidigecond siml ated voltage ti e

curve and sai d second nedsured voltage-time curve is
| essiddifforesat etpradedd fisd :,mhﬂasch oblthy eem]rﬁ @m agndsmidifirst

,\_s‘g‘fo‘gd resistance val ue, and &)IS ﬁo aci anxce
I‘r‘:ed%‘i ﬁ‘é’F églﬁ%&}t*] }? ﬁg\igzﬁt?t d \ca“bfb Pite 1;6‘ ﬁ)\ IAP}'} él o a non-linear
teast Bk %ﬁnq&rcbﬁm@@ Perf@hidl 4 SELAR deditmtl %@1@ M@l lkeGRuchPR tance

curve and said
value:

value:

employing said second resistance value, said second capacitance value, and said
voltage-current charvacteristic 1o generate a second simulated voltage-time corve; and

determyining a second measured voltage-time curve; and

comparing said second simulated voltage-time carve to saud second measured voltage-
time curve, wherein

if a difference between said second simulated voltage-time curve and said
second measured voltage-time curve is less than said predefined threshold, employing
said second resistance value and said second capacitance for characterizing said

deposited film, and

20



second neasured voltage-tinme curve is greater than
sai d predefined threshold, applying said non-linear

wo eashoguare curve algorithmto generate a thPETUS2009/049762
resi stance value and a third capacitance value. 3. The

ot i GateRyee b et d B anhe BT RS G e o Give and said
VL8 Sk kTBd CHEAE- ARG ORALERG (82 Qm%m:ﬂﬁ{a%%re«heid
vol tage-time curve agai nst said neasured vol tage-tinme
c am!emwmdl noa-litiefof lgas ﬁ@@nbemvé elgogting tosgamatagt ethird resistance
‘ e, cur ve and sai d neasured voltage-tine
cui“!\'f% %QFE’SC%"“PW&W%%‘HU% edefined threshold. 4. The
. Theetdied @fcihal Mr@emheraing @Riuthiehiag8a@dRHRMe-time curve and a
characteristic is generated by nmeasuring potenti al
measyged valgieed4inge Fre s q@};@@pg@mﬂémx@i@edépgwﬁ—tr;me gurve against said
i'neasxRQ({ E‘Mu@ nn‘iea&ﬁx é’&mﬁ Qﬁ{%&%ey@eﬂ%z{*@ m%{e ngm%‘#{({ eoﬁ‘;rau@?&%% Rirve

and %‘ﬁ@ﬂﬁ%tﬁﬁh{ﬁtﬁmé&nie cdirs@hafqgehmﬁampt‘redmameﬁfaiccI aim4
wherein said injtial resistance value and said initjal
4. The gl A rEEm Ay e Br @ UBYRIRRT-CMITPRS CRMREIGTEHICaY Bomratyh Ry
fe@&gmg )o?é;ﬁgﬁélc%x%%‘?h&s%ﬁfﬂu4@%%1 +d5t§§ﬁ1§& aGRntial rate of
ue an sal nitial capacitance va are
chanzc:hexoir etically determned. 7. The method of claim4
wherein a resistance val ue. of sai.d deq05| ted fil n}
r BlRAT B SN A I‘*ﬂ‘éé?ﬁﬂb%‘r“iﬂi BRAGET L fieeipoa rate gt capacitor
wrregtldllsr@msgl d resistance value is a function of film
resistivity, distance, and cross-area of said pr obe
- Thiy @mﬂhoc@n che 4reheroth sofd inital rastawhe rdinaed vep aeial gppeitance
value Y& ” iﬁ qj;l ‘gef‘ngSI ted filmis related to at | east
v f’I"FeéWlé §4%0 el deposited filmand relative
6. Thelin@MRGE &l GaiReMvhibiei Jaltl in8R1 hshbPas bilan 61 Mad UG itance
function of permttivity of free space, relative
filueE@rih?qwﬁ“\ﬂ“b)ﬁgmfﬂfﬂeﬁm dielectric material, surface area

T‘hQ m‘?l?ddjm‘pg vﬁe-% Qﬁ&gm P]ndy,{-‘;hi{m f}ht!u 8#&'3%%?@0%&{1-@“81 ,[T%}QQQ to

hemﬁw dooiyabitien of Etad Idt*;me;tad fi quammhmmtdn 'aﬁmsl ikia piumlon of film
pacitors, wherein each capacitor of said multiple
“—‘b‘b“égba‘ﬁ%tﬁ%f‘smﬁ{a%o% ‘Hi»f?*e‘-r"’éhf?mg‘ab‘aﬁ tance val ue. 10. An

Ih@rhl(if't &ﬁ QUi FBPREACHY &ps ol E %RQO%M ﬁ%’fo AT Iﬁ A%8ated 1o at

avi ng conputer ‘readabl e code e erein,
least thimkoess ofipaid €epasead ibh end mﬁﬁubeﬁz aﬁg:tno pémgumgd sé«;d capacitance
aracteri zi

) § Z'I}% a dep{)surt{ed f)l m on. a sub Strat € W-H“H”-»w
value feifp 3dBaR 0! ERANBERDGH [L6° SPaSnisi 5 eeduting Vegfditisfiicleetric
mater ﬁm SUfifcSHOB b AlEpBEORERIS LRDfilnt AMLS, ng: code for
determning a vol tage-current characteristic for a
9. Thp rotleodhdadnimwheherien said measuring capacitor is a switchable capacitor
arrangement with multiple capacitors, wherein each capacitor of saxd multiple capacitors has
a different capacitance value.
H0. An article of manufactore comprising a program storage medium having computer
readable code embodied thevein, said compuier readable code being configured for
characterizing a deposited {ilm on a substrate within a processing chamber of a plasma
processing svstem during substrate processing, comprising:

code for determuning a voltage-current characteristic for a probe head, wherein a

measuring capacuor is set at a first capacitance value;



measuring capacitor is set at a first capacitance
val ue; code for applying a radio frequency (RF) train

W@ 20184039349r obe head, thereby causing sai d neasRCT/H§2009/049762
capacitor to be charged, wherein said neasuring

capacjtor .is set at, a secopd, ca aC|t said
S Rl Seplie AARUE Trlh ey 6@?%5’“56% st dred dhershy cagping
said nﬁ%@ﬂg‘l \t@:ﬂé:ﬁmy al Hﬁeaha@@éﬁliex\ix@:rcstp{xzﬁyiﬂga’mrﬁna@aé’ﬁ!t&x‘ 1@ ket at a second
resi stance value for said dep05|te iTmand
capacitmiceivaluecaphgicoahewaviginge viloe beiais @i@etp ot sedil ﬁiiﬁt gRpacitance
code for enploying said initial resistance val ue, said
initial capacitance value, and said voltage-current
C badea®t gfdvidih€ at iR REEALR e dafuk TSt safd dApbate@dilm and an initial
vol tage-tinme curve; code for determning a first
capactienss b Votaidéreositadelilaur ve, said first measured
V%{gea%g&gxgﬁw S %ﬁ?q m‘%?ﬂi {ae%ﬁ%tc%gniﬁe F%Qideﬂﬁmf‘é 1@%193?1}@9?&3@ and
said voRARadrRgt &ami:m‘mns to SdoRHtah gkt V@ﬂuﬁﬁ@@x t»iltm-mmf avi;0
said first measured vol tage-time curve, wherein if a
dFPdecion Hele B SRR SSRPAFUFSdr Y g -HOR AU vod 5 grepsyppd voltage-
[ iy £ ,
time C%H < Vig n%gk%]t% S‘Qgén?}? fn%rgﬁ @ﬁﬂrdé Sd‘oc}’ géptn@lg%f Itﬂ#lg?u éHé F’Q‘l} ytl zﬁnté and
s amﬂ: fontdiopdr ;mmldsfﬁmnﬂm shaddrestapetissd whrv ematsn dl {first measured

voltagf S Hi Ve CHET 17 DG BERUE DY CFR FRBef P fssrime curie

and sdif ﬁkéﬂ dedblirkd voRld10hd LG @!%Q%sl?ﬂn"‘@&l@d%eg thiebiRhd, code for
sinul ated voltage-tine curve and said first measur ed
einpk\x olgt mgbinttiaheesitange vilse gréstid it anpaaperegoedefiontring said
demat @5 hol d, code for applying a non-linear |east square
POSEet {é™al gori thmto generate a second resistance val ue
. TAPENRISEGNRILARAGE LRNE 80 Vakie incg@Ee: f or enpl oyi ng
sai d second resistance val ue, said second capacitance
valisaisl diffaneabawod) yoeadyBrs siondaied dlinuadies qurq and id first
meas;gup e& ?ﬂ 8. tfi‘n 38&9@{1 fﬁémltﬂn g:xqurle&gggdttférn&(ﬁ(grc\gﬁu {L@'rzlx plving a
erm nimg a measur e
nm}—imettr\le’l,st @c{aﬂxmﬂﬁ? ﬁl@mmmﬂpammgtesaaaedomﬁeamdn@a \flﬂ]ﬂe&iiﬂdl second
voltage-tinme curve to said second neasured
CapacifgIeageiet i me curve, wherein if a difference between
Sghdk %@‘éx%g%»ﬁ{cf@% PleethdRbkagss 41 qggnlg&)ngqq om@hfbe value, and
secon suréd voltage-time curvé is [ess than sai d
said vphegefirretctamoeshot @b goedee § srcoatphnoyatad velgigd-tsecande; and
stance val ue and sai d second capacitance, for
cﬁ%¢%%¥ PESPIRY SO ES R Ed F PR Mg fyTier 3y o
dichdetoe B68p: gﬁfﬁme@@uﬂmﬁﬁs&m&mm@fkﬂn\&hk%&aémﬂe
curve and said second neasured voltage-tine curve is
measyyed aelmeettnmcw sg, avisredef i ned threshol d, code

if a difference between said second sunulated voltage-time curve and said

value;

second measured voltage-time curve is less than said predefined threshold, code for
employing said second resistance value and said second capacitance for characterizing
said deposited film, and

if said difference between said second simulated voltage-tume curve and said
second measured voltage-time curve is greater than said predefined threshold, code
for applying said non-linear least square curve algorithm to generate a third resistance

value and a third capacitance value.
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for applying said non-linear |east square curve
algorithmto generate a third resistance value and a
W piingdovapaci t ance val ue. 12. The article of naPCE/HS1009/€49762
of cl ai m 11 further including code for cal cuI ating a
i muyl 43I vol, ta and a,.meas
12 T)

$ p;ttjé q}qﬁén&g § Q% Siﬁﬂn g g ey Fm&l&h%?q d‘mstaqhdxifmnu a simulated
voltagRLiH ﬁﬁr‘%g aNPh hREGnEd MR LGHINE: A0/l ARfc 0%@ il &%%Hﬁ@ daid simalated
“Voltage-tine curve until a difference between safid
0 oitasg‘rtnm sitae agohtt a@é .quam ed upmeanne gxgn\ 4 un@lascﬁ; ffgmu & between said

sty s fGe i 9T VS e ERrel R el TS P it
predeer @idhgial d vol tage-current characteristic is
%gnerat ed by code for neasuring potential across said
13. Theask Qig‘tmatpmwrﬁ 6f clpbn detdieriinedd vpRRSE rITARt Ghatastegitic is
Umelﬁlg@g e, and code for neasuring current across said
neasuring capacitor to deternmine a rate of capacitor
c usdeefol n@thschargentiddacrdb saidmidaslhingodapaBinu kadétameneh potential
claim 13 wher ein said initial resistance value and
rate okeheges.ibdi al capaci tance val ue are errpl rically
\Agbwmﬂxﬁgmu - cutB8 R €48 aﬂﬂﬁﬁ%f S %Jte};r‘ﬁ}sﬁ‘é Madof
rein a resistance val ue of sal d déeposite
capamezl atedt discimhem cal corrp05| tion of sal d deposi ted
I} SJdr si sta functi on of

[
rhis s Fiiyh Tt AhEG 1 d et Bl RGP e plaed said
;mnalhc‘%é%naﬁ&-xaTJ@ar@@ﬁzbﬁic%ii?f:ai@ﬁﬁééﬁaﬂ ure of claim13
wherein a capacitance value of said deposited filmis
15. Theraickpfimaratfacdhga st clahi dk wé@gai@ﬁ resgitaed epi@;s pf sdd flepayited film
ve dielectric tyJ
s el P BlenlforiER o g RERahy i R LR B ncion
of filch @dsadhih i@, RQkITel didVirbds-0ba §1 Jafa stoBé B&ldr i ¢ materi al ,
surface area of said probe head, and filmthi ckness
Thy arthreo fpaudcans bf i f Actharean pEagichiee rolugé sel geposited
iim 1SR RAFY ahﬂﬂgﬁﬁ‘&i‘%ﬂﬁp dgﬁ?{)»ﬁggﬂﬂnﬁ GRARL \Aﬁn‘é%’@&r}; hemntwny,
arrang erre e ‘capacitors,
said LE}&{Q&E&M@OML&%&S&I admlmhdn il ;&rmamw st dpase aelgifefienantivity of
capaci t ance, val ue. arr angenent

film dialegag FRRT 2] ﬁ@lf%td*éb@. ‘t"'é*d’fﬁﬁ}? b 21K fﬁ“%fh&rka%ﬁ‘ésm ng
7. TRDIARES o1 9haf R3S TRCRIP $6SHe NG SHS LRALANL! c@ﬁzc‘?{%p Rld Qlifhable

processi ng, conprising: a probe arrangenent, wherein
capacsa drqpgabentarit amgbimwctapa&tmm nﬁlegeun eskif @paator beasd multiple
one EP asm péﬁces& ng paraneter, said probe
f

measur
Cai""cﬁ?‘isz‘ﬁfgﬁﬁgfﬁ‘e’ 1 Aerdrdieg *2"Yt asma-f aci ng sensor nade of a

18, A@lqanﬁu 6&:hMR oG e Rz i@NcPo RATHAT PBhi6 ARRGIk Q¢ chamber of a
configured to be switched between two or nore val ues,

i}ia'%n’hamerr@mﬁrsafls@npﬁtamgawba&mgms%*ﬁsm compitvpl ed to a

first, pl ate of
a pmbe%xtanuemem w f}&; e A | pmbeg'mmmemem is configured for at least

measuring one plasma processing parameter, said probe arrangement including
a plasma-facing sensor made of a conductive material, and
a measuring capacitor configured to be switched between two or more values,
wherein said plasma-facing sensor is coupled to a furst plate of said measuring
CApAacilor;
a radio frequency {RT) voltage source, said RF voltage source being coupled to a
second plate of said measuring capacior, wheremn said RF voltage source 1s configured to

provide RF oscillation trains to said plasma-facing sensor;



capacitor; a radio frequency (RF) voltage source, said
RF vol tage source being coupled to a second pl ate of
W@ 201d/00a6uri ng capacitor, wherein said RF vol PEEES2009/049762
source is configured to provide RF oscillation trains
to.said plasna facing sensar,; a. reS|stor ca aClt? L
AP T CARARFE WL E e R Pt 6’?““&%{&&"@?&‘ EFpiE fofudes a resistor in

paral ;Mrggllt;pgga)a@m&e5| stor in parallel with a capaC| tor; a
current measurenent device, said current measur ement ’
de\s‘cuﬁéntbmwagiemesqo@@eu pand swrdng sncbatroient deaicd bmasimppmgl in

t or, and a wher ei
series AR G AP R P Y R S8 REOHT P et & sy bgd curren

meastd @ﬂn@k tNRARY Y fGfigaRach ke t&ﬂfdﬁﬁﬂi@uﬂh@ ENRALPE JuRbes digtharge rate;
vol t age measur ement devi ce di sposed between said first

pRAPHEAGST MebMPBh LU g SRaaphbetivern s hg&{ olaeriot spivepedspring
capac ﬁ&' gxd Q‘J"iﬁl‘ﬁg & hgﬁﬁﬂl{i & U&N\se qgﬁ'\éhlﬁ i neg‘t c%gn 19&5}%&&@%_ for measur mng
sensor; an

potenaaish‘gmalpi*{aﬂﬁ%&ﬁﬁﬁensmharlﬁl n sai d si gnal pr ocessor is
configured for analyzing said current discharge rate
af A HOFSEEnRe ifbw%sayaﬁ BIUEHRT PLOnHEEd ﬁ@cfmvém“ said
3re ] (S I £ Cs -
curte B R n ol P e e ol
currensleBareciarisal {'d: mxésm}édmimsmsor i s disposed on a
10 Tgt‘larr‘b,e]r wal | g\r oces insg arrber and i.s
BBSERTPIeE! $4F %’8’ E{‘ah RGP Y A HETE BIOT W Pposson &
chamd? v AT JARQSHBRLsiRE nﬁxﬁﬁeﬁnaﬂ@15V¥t\§§t§xkt&§i§%b%iﬁia§%% hRGhAGber
sensor is a radio frequencybi ased (RFB
wall. capacitivel y-coupl ed el ectrostatic (CCE) probe head.

20. The arrangement of claim 18 wherein said plasma-facing sensor is a radio frequency-

biased {RFB) capacitively-coupled electrostatic {CCE) probe head.



