METHODS AND APPARATUS FOR PREDI CTI VE PREVENTI VE MAI NTENANCE OF PROCESSI NG
CHAMBERS BACKGROUND OF THE I NVENTI ON [ Para 01] Advances in plasm
processi n‘yohauaoesdsul ted in trenendous grow h in the serCTArsdMONI465

i ndustry. A pl asma processi ng system may be conprised of many conponents.

o oMicr Gots AN KBRARC b8 B RSB R b dF RIS rh N 0k 0,
conponent may be as si rrpl e IRAr SIS G ¢ AAGBEIBY be as conplex as the
entire process nmodule. A nulti-part conponent (such as a process nodul e)

may be formed from ot her BAIKGRPAND €8npOhdMENEEh as a vacuum system a

otner nhtt 0f PR EleeS B in SR STnere"e el G sy b Bl or more

conponeghscoRBicieRabuRbl . A Phose p ﬁ*@el;ql}:ﬁgsﬂsﬁni A8y B bordpBsedW@m@ni-hat  wor n- out
conponents may cause damage to the chanber and/or damage to the substrate

i f the AREMADGUS. E@rﬂ@@m@rﬁ@uﬁr@ bt fefiy @@mﬁ@tpﬂn’aoedl be@sﬁé prexehsdo af atomic

identif Y\h one o_| g.using a
fixed SE%H é‘h}f’i xi&hil @ 11} <EF1<1 g{)éaé?%zéi‘ﬁ.t w‘»?‘lgfﬂ eﬁ %Td {\7\%“ HX}bX}PIHﬁ% life

peri od sivayiche ai de@st didd @dn@x b ﬁﬂfdmgﬂél{’ asehe e mparenhedalibe \usa}gﬁazmﬁ each
component nay be tracked and when the conponent reaches the en its
usef ul SOPRenEHdsyshay étPéﬁ“ﬁP-h‘@Hd Ho) wRe b forayd fost pthey Mpl-R heupwrntst he

Corrponqgﬁﬁhngy‘ ‘»Q@Hhﬁ Q{ @?1 sRALd; 10§ mxvg'tf %Qx& él'x' r@%t@}ny ets, Q\qu xth\Q Q"x t?l{n be

predet erm ni n e use |feo aco pl ace/ repal r purposes
has it dotmed ﬁabmﬁm:mﬁmmatt or hh:euusmﬁpdmehusfe of a corrponent may vary
t he.environment surrounding the ¢ one n an exanpl e,

dependi n
o B B O BB s P S BB YR AR e ME B s ence a
i 11 e Gty D1AE R385 A0 ok Tt} Ui e QOGRS KBRS gh@aanmrwment 2.

Thus, conponent may wear ef ore conponent even t hough
corrponembsmmay tihﬁe“ ofi-dtheopanecniake nahixadodplaced. F@amfam@hpd ?I?huis‘-unwztgh t he

pr edet er m ned use life th‘o _unneces cos wi t h taking
B oF ool hE aiTRptis hevs HEednes i ac Ry uBRa sheti iy RbE Solbditrba“ even
t hough thecempoReRbaSysaefaulse ful fig: Faydnedy haveneidduabdar Radag. 1n

addi tion, the predetermned useful life method may not account for the

possi bidonppnestt. e ue@mé ﬁ@ﬁmﬁnwmmtun@i Ye acded agd when Befcor@ordis reaxpiy at i on
of itsp “r‘ﬁ?&éjfegﬂ'ﬂsﬂﬁﬁ' 1;§ @s LRk ,-g}nnlﬁla &l e fLMd‘%‘s%#u&‘h%@%edu”ﬁt %n%&?lpmtmhl?

conponen errora condition sub ates and/ or
even dammgie: :tepiatrifte charrber and ot her conponent s within the processing
chanber . [Para One net hod, for determ njng conponent wear nmay involve
t r acki ,{gaffth egézqu{qnéﬁl\ thc method of px‘tdctcnmmng%lw asetul life of a component tor
replacefrepair purposes has its limitations. First, the useful life of a component may vary
depending upon the environment surrounding the component. In an example, component |
may be emploved m a processing chamber that may experience a different process recipe or
mixture of process recipes than component 2. Thus, component 1 may wear out before
component 2 even though both components may be of the same make and model.
[Para 04] Thus, with the predetermined useful life method, unnecessary costs associated
with taking a processing chamber offline and replacing a component may be incurved even
though the component’s useful fife mav not have actually ended. In addition, the
predetermined vseful life method may not account for the possibility of the coraponent
prematurely wearing out before the expiration of its predetermined theoretical useful life. In
many instances, the component’s deteriorating condition mav result in damaged substrates
and/or even damage to the chamber and other components within the processing chamber,
[Para 03] One method for determining component wear may involve tracking the evolution

of a single parameter, a so~called uni~variate mode. In an example, the health of a component
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of a single paranmeter, a so-called uni-variate node. In an exanple, the
heal th of a conponentnay be nonitored by tracking a single paraneter
measur ablwoliigoes3sensors. For exanple, the RF bias volPCags20mep4dres
tracked. If the RF bias voltage is above a predeterm ned threshold, the

edge rin for exa may eened to have ached the end of its useful
life. pgxrlae ‘0‘8]‘“%?1\?@} ttaﬂatéf‘ymu? tftmt*eva?ft*at’*@ 3 KHF SEPEBS-had q\t‘%‘Pﬁe

lim tatm@rts bsﬁ%nﬁ%%%ﬂ?ﬂ& L&t tmgrfttead@amapa%owdgptrattt%ﬁtéaby tracking
a single paranmeter. However, the paranmeter ted by influences
ot her tthwshalfiehe edgti riigo forakamhle, giay én dc@ngbtwémetaanhtahhemirpﬂs&tﬂteﬁﬁrront t or
t he cor]qulon of an edge ring, the RF bias voltage nmay be nonitored.
Howevert®t he val ue of the RF bias vol tage may be affected by influences

ot her tll“ﬁﬂt BéIs UntdRmedee wid 0g-vaARdinidiRdl alfOkasaXamBbeiont hes Rodhasiowed t age
may al so be affected by the deposition on the chanber wall. Thus, when a
hi gh RR &¥ aswmtag*ev oniigeAtvitiaskingriengi pararpehi Hewvoirt tétg@tmatetﬁé niEy not
Pﬁ(s:tezzgrﬂl Lil.{%w‘; R&%’V i I\.fgsa(;ihi rrth%nh }E‘{.&?(F{%i%?i‘fitﬁ%%é;lgé;ﬁé( 13 yl\%t n“} ai &\dma)gbé(g Io::]g

t he caursmaafr tiﬁeh.&wnﬂft@bkﬁﬁh @&EE ey, itteRE bids editafcRaspbOmbnifned. hetbwat @bihem wi t h
the uni-variate nethod is that the uni-variate nethod can be a "go/no-go"
met hod. Vel SekeRE R yshagaypay e shegtedpeingienies othsr thap st hewdlige 188d to

| dent | ThnfiER. Bof AUblIERERE boR IR, SEASHSS Be EAARLALLAE MR kO be
rep | acer wever, e uni variate me e una ‘assist I'n

pr ed| ctdbagibwhenl! (Tims:t eadn ohighti hes yoltde xm@hpmmhtherfayh ﬁé‘éxﬂaatt@) tbee r epl aced.
In other words, in suct] ? scenari o the uni-variate.netho n&n at best, be
enpl oy ¢ EIMRGEATEESFSY B PE BE S GHan HyE %’F%‘&?‘Et‘“ﬂl\ﬁéﬁ“&%“ BFGHTI® 9., end of
useful hikR), o BRIBIAR Gy el Bl AR SRAIRIHEN %qu;%lﬂﬂ:t@xe?%ﬁ’@@@ﬁmesucr‘ as

t he edge ring, does actually wear out, a replacenment conponent may not be
i medi atieibiylﬂavalbbaiﬂr\emﬁs a result, t he processi ng chanber may have to

remain ffl'eun | i.n r .exampl e.. can be obt d f.or
o o dRar YGAl udb %’ihﬁﬁi%f&%ﬁtﬁ%ﬂ@%ﬁ%ﬁﬁ\? iR i e
repl ac en%tm {SUERNES BI0iREGCorE IR wdkalhelh@hod RigadBt DB e@to Akiverys
carryl ng Spare coO onents can becorre expenS| ve since the manuf act uri ng

conpany~last ot apraiden way exisuressble Misrieyranatse e a@éa wpatleyery. Havei-
Corrponax%ﬁtﬂ‘écath d’:t%lge b ug L t:s }a %ﬁ%ﬁ%ﬁﬂ%‘m ‘i%ht?lr nsﬁad of \\lhrtlﬂ*mﬂ[?er wor ki ng

condi tion: Isde g conmponent wear

i ncl ude:outpolmztmttg xaeemncnbé mpimgd plalt«:ﬁher VAordn ik bk "f‘@emﬁkﬁhe biSi-@diakd em t hat
may be placed 0 conmponent nDnltorlng tch be pl aced close to
the surfPaped Bry t%gt’mﬁp@ﬂ@ﬁtﬂb@ itha P&%‘éﬁé\é‘zﬂ‘i}tﬁtfn?th “‘é’oh%‘@l%\éﬁt €87

conponeny fMaYeRBiEPRSL dengd to be at the end of its useful life if the

[Para 08] Consequently, when a component, such as the edge ring, does actually wear out, a
replacement component may not be immediately available.  As a result, the processing
chamber may have to remain offline until a new edge ring, for example, can be obtained for
replacement. Of course, the manufacturing company may opt to always have replacements
{such as an edge ring) available. This method of always carrying spare components can
become expensive since the manafacturing company has to allocate resources (money and
storage space) to have components available even if the components are still in proper
working condition.

[Para 09] Another method for identifving component wear may include utilizing a
monitoring patch. A monitoring patch is an item that may be placed on a component. The
montoring patch may be placed close to the surface of the component or may be embedded
mto the component. A component may be considered to be at the end of its useful life if the
morgtormg patch bas worn out, for example. H the monttoring pateh is embedded, the
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nonitoring patch has worn out, for exanple. If the nonitoring patch is

enbedded, theconponent is considered to be at the end of its useful life
when t he wontigopseg pat ch becones visible, for exanpl e. PCPAIS20100)046Here are
several limtations with the nonitoring patch nmethod. First, a nonitoring

patch is required for eac onpon t ha rmnltored Thus, if 100
conponeitPOREY SRR ?‘FBP@&@“ of meﬁf# *ﬁ@\@a'e B The o9 BatBIPsE¥EEon
each conRERERt exdhfeONi toring patch method can become very expensive and
time consumng to 1 nplenment and nonitor dependi ng upon the nunber of
conpondiass 1#Hal herayrdeyvemphlmgriéehs x{tﬂamaulfm]nomlgpmtb hetutdi 1Hisaki on of a

noni torin atch | | ncr e se th tamnatlo The. itoring

ot ch_ a0 drsh T naErs B Spctsog maby R WP + HESpifd8lsst ng
chanberconponaitohemmbi ongdorddN € neRndiidd PciPhastiD®e PIRELES blG @hayshes has to
be ti ghtly controlled in order to prevent danmage to the chanber and/or
damage ths mmt@ugwtﬁréts@eﬂusy:ﬂmﬁm@uacm‘agﬂ@w@ﬂ@rmﬁﬁmﬂ RIRRNOG thgnpltiehes i nto

taggl IF'.)lr gdfll:} ?{hﬂi%f Ld‘}br{‘rigﬂ}“ l}tphil Mﬁﬂ{lﬁq ?%& p(gﬂ e(@’l\é‘lﬂ qug{‘{.e}pv be XXOD!E. I’L({ tered. In

it nay have changed

due to {Phex eXi slignde willizikhe c;rftannmwrmg ;ﬁ@h@ﬁ@&nﬂehi@ tﬁe hkieopafmfeﬁmmgx
chanber_may bhe unknown or difficult to neasure. [Para 12] Anot her

i mit aﬁ*bﬁﬂfe}flﬁmé DHSHI T8 O FQTRign SAcE hthiehas de be ﬁide»ma‘t\ i the BEFEgng chwbeior i ng
patch oq &aﬁmg%ﬂpf?&#ﬂ co'h@%og%? ha J,S‘?e's\l{]ve&iﬁ&“gh%&%eq nhhp%oi%’ Qngnt may

be conprom se n ot her wor e mechani cal avior of ‘an e ge ring may
change asti¢rho gravemi deoragage ﬁaatah#nnhnbadd:eddmmd loahs subgtrattihBenitwmbalgygnet he
extent at which.the Fatch may, have al teEed the functi.onality of the

conponeRtIHRJIAPEPYIS ‘?*E*&‘*é’é‘&ﬁ‘%%’ﬁbbﬁ%%‘ﬁt‘* ARET o1 dBRIFS T &’h”’r?é?i}kﬂbmﬁhphue

[ Par a C Fo ) Y/ of ARQRgnt wear
is des Eﬂ?ﬂgrbeﬁeqmé%dlggk 3Iif)I’IXE‘C:SCﬁ gl']“ %HV\&?%I}%E%%%%L&R ﬂgﬁlﬁgk%#ﬁg“%%A\/\fN& [ Par a

14] Thelvpredemxisimgent henmagioring petchatedhibyhaprpcotngxhmpba mank: not by way

of limtation, ures of the acconpanying drawi ngs and in which
li ke relf“gp%‘?‘lﬁgl ﬂﬁ%p%ﬁ“é“‘%é?&r to sinmilar elenents and in which: [Para 15]

Fig. 1jpheysz] WRofRr BAREGHENhe onttBEnd fueNileORd iathal BPhigehl @w@h@fihyg f or
applying a single nulti-variate predictive nodel for qualifying a

conponeMch PR &OTBBINR. dhe Regnows! iummawhwdaﬁ% penponest wpyrpte flow chart
I | lust R%hu &P m‘l“ain cﬁﬁﬁf\% AERRL YL 00| § l%l‘ Bﬂ%ﬂ &'IY{%@H&]& Sl 8 Witha

determni a conp onent . ara

enbodi ﬂﬁdﬁtﬂe@;ﬁlgtph&xlenﬁ}eﬂ(ﬁﬁdmtx@rus.t W@hiéﬁti!hﬂ\t\h(:ﬁlare&tetﬁ :htustttlati‘lel}gtca :ma,t hod for
applying a nulti-variate predl ctive nodel with a non-plasna test
(NPT) . ['P5¢ &' a@"Bit‘ they fgnctipualigipg the GPEIROEMEBY YERBINEE CIREOMBPBHT B O 88 npl e

flow c\r}ﬂg&“{,{g‘l St &ﬁé ng a nmethod for qualifying a conponent usi ng a
mul ti-variate pre |ct|ve nodel and data from a

[Para 13} Accordingly, a non-invasive method for predicting component wear is desirable.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

{Para 14] The present mvention is tlustrated by way of example, and not by way of

Himitation, In the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and in which:

[Para 15] Fig ! shows, in an embodiment of the invention, a simple flow chan for applving

a single muiti~variate predictive mode! for qualifying a component.

[Para 16] Fig 2 shows, i an embodiment, a simple flow chart illustrating a method for

applving multiple predictive models in determining the health of a component.

{Para 17} Fig. 3 shows, in an embodiment of the invention, a simple flow chart ilustrating a

method for applying a multi-vanate predictive model with a non-plasma test (NPT).
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non-plasma test. [Para 19] Fig. 5 shows, in an enbodi nent of the invention,
a sinple flow chart illustrating a nethod for constructing a nulti-variate
predi cti weorrodelo2godr qual i fyi ng a conponent. DETAI LED DESCRISRN0OM46F-

EMBODI MENTS [ Para 20] The present invention will now be described in detail
with reference to a few.enbodjnments thereof aS|Ilu trateq in.t
accorrpa!&m;""h fdl‘&vﬁﬁ{j‘%‘“ U 4 ﬁ@%mesw rfg € HE SR P h iSERpe ﬁ‘&ﬂéﬂ‘é‘l}éﬂgﬁé‘emﬂ

det ai | spahsy ﬁﬁ‘f(u&m@m} d an%o‘i‘:@x‘}t sl QWi dEarfrd IK}QH;QH&hmH&Q%ﬁB%QH?Q&Of the
present 1 nvention. be apparent, however, to one skilled in the art,
t hat t hengrlesenest nvent| on may be pr actl ced WIthOUt sonme or aII of these

struct UPaET L % 5ol d an P ERER of Betuer A sPHdF TPy ot Uiiacetsar |y

obscur gnéthed Riresetuctiny @ Bidh@ﬂanz{t?@[e@m%l]& n\REl M guanbediaisnaite descri bed
her ei nbel ow, including nmethods and techni ques. |t shoul d be kept in nind

t hat the |nvent| on milght AHISY DI PARPNEDE é\ﬁiﬁﬁﬁﬁ‘ﬁbf\é& ure that includes a
Conlet ;:1 ;1 ?ﬂaﬁh rr%(}ﬂt H}\ LH?QI P}l il?p{)\&’%n%u‘t(,?l%% }a{(gﬁ?gl W 1{ 3 f’ﬁsi%'l[l.#gg i) nfsﬁif or

carryi g ou AVERt T ve are

conput esmtrogadaht &mm«ﬂ numu@w;ed hche desonfanyigy ampiges. sSlenheniduetor , magneti c,
optomagnetlc optical, or, other forns_of conPuter readabl e medi um for
st or i ngRESHHGR et EaREre e sl prarsehBrth ip RET RERYINSH thepal so cover

appar atdf;ﬁ&%mﬁaﬁﬁwQurfg%tddu&eﬂgw‘%gﬁgﬁxorI?ﬁ‘El%M &ﬁa%ﬁ 'h%%(‘éﬂ &ﬂoneﬁuﬁndaﬁagﬁus may

include circuits cate r ror e, to carry out
pert ai nhaghd p’g&mwdmrmfm Saphe p’mencmemmmm nomExaﬁbhmemfspsmﬁb dejppar bt us

i ncl ude ener al - purpose conput er d/ or a dedi cat e devi.ce when
appr oprGH ST SRR G R PN ST BB BT REO A e in et

CoMpUt f bERIRYEbNEndRI ey Bduladl pRLalRAgERMEDI e i roui ts adapted for

the various tasks pertaining t odinents of the invention. [Para 22]
Al t houdRarhilsiatipet dlidinoue Brwdel%ttnkbé hdresséutks’edmﬂndtsg metidesands to
faC|I|tate t he ng of the over al.l i nvention
ol at edS0GigHE BREGIERRBRGR vty ISR AR on STELHA Bt ro . be
enpl oy fadufaded:e IRR tickeicIRicB IR &R dabID iRt bE ulha,m el tbatbray be
enpl oyed in performng said prediction nmay depend upon the chanbers or

parts iinstBicved foHeweves oy anboditpeideprsthodtrentiag tealiyqwprtestogal glhe st ati sti cal
model L%;lﬁ&l dr 'x &%kh%‘?\gﬁ%m\q R.dgnguém ??IJ U\mtilxég. L&nnggtﬁlatc ram< ¢ ﬂgk n‘%‘&&v on of

nodel s nd’usage a artlc ar 10

parti cuhaegneﬁhm;nhe;ﬁ amhén fcﬂhaﬁt crmat;mteﬁmds{dabiepmcﬁmﬁ tibrastoriRCIopeukE lw&ahien t he
scope of one with skills in the ordinary art.[Para.23] In enbodinents of
the i nvéfEi Bwtl%i‘héiﬁé“%‘?’émﬁ} 8P él@‘bf‘”f“B?“fé%’é‘és@f %i%l%%‘&mﬁﬁ%liﬁ st at us.

Embodi ML SioRT ShiPadpAMen hNink NGk YAEREHEALM N PrTRAIRGhaBRALS dheh MEX

t est
tasks pertaining to embodiments of the mvention. Examples of such apparatus include a

general-purpose computer andfor a dedicated computing device when appropriately
programmed and may include g combingtion of @ computer/computing device and
dedicated/programmable circuits adapted for the various tasks pertaining to embodiments of
the invention.

[Para 22] Although the statistical model will be discussed in some details to facilitate the
understanding of the overall technique, this invention relates to the prediction of part wear
and bow sach prediction may be emploved in preventive maintenance. The particular model
that may be employed in performing said prediction may depend upon the chambers or parts
involved. However, it is understood that any model (e.g., statistical model, electrical model,
plasma model, hybrid model, a combination of models, ete.} may be emploved and usage of a
particular model for a particular chamber, particular part and/or particular recipe is within the

scope of one with skills in the ordinary art.



As di scussed herein a chanber health index test refers to a test that may
determ ne and/or predict the health of a set of conponents {e.g., set of
consunablwopart®?80ai t hi n a processi ng chanber. |n ot her Pab$g)10A4@bRNTDEr
heal t h index test may be enployed to determ ne and/ or predict when a
conponent i) e?fﬁhl ng ht}e end of it sef ul %Para 24] 1 an
embodi EATR 6 PhEPIIBRES R NCHRY AR HFiE0; “r%‘%‘z?ﬁ‘ééwﬁ&?“ Var Pt G- e’chanber
heal t h 13488 WStus! Bn@RRXIPIEhe Qﬂﬁfnﬁn ;E{Qiru& Blvljférhm\((aé LRhfoRhegdhchivemodel s
may be constructed to performa chanber health index test wthin a

proces slﬂ@swhmﬂd@rem aichivkbertigelt !pmd@x teat tefers hea wsiethatcm wéetenodet gs)omay be
based aon ters i nste a.sin

Che- cnanpir! die Bt adee tedirongy fec caes Bt i R e DR 9 adkafriTanen’ a
conponemkmbBy thaver wﬁ@; QUharhbir h@hlﬁ@mﬁi@{ teRBlch N Ge émf?f@@étﬁ &l de@dtnaiRotd drhe
remai ni ng useful life of the conponent. [Para 25 n an enbodi nent,
const r yBedionivigin acaeonght ir'l%)‘}b\]i%tea%i‘riéﬁﬂﬁﬁﬂﬁ@fﬁ@ﬁ%ﬂ‘f@ life. g., set of

g‘(;: tn'ts S’L??%‘é B aend{n%f_m it q‘%ﬂm %n%g*ném%%e% é1;%\68§cg ggv'\rlei gngd]hgﬁ e:’ﬁr ;g”;

wet cl e:mn@mcﬁeeinmamdaﬁ an eﬁmﬁe ab@lol ﬁﬁir@dmﬂhdnﬁﬁépredhtit@ﬁxoﬁelglnﬁﬁl teg and at
the end of a wet clean cycle in order to elimnate noise within the data
set t hatnisiFgEoreriaied chygnbrdeaighgider bt 6rUPHETeraHBE FIAHAY ehilibt thene

act ual ﬁ%@“ﬁ%&%ﬁﬁ%fwo&ﬂsﬁ a P BPOML RS ‘i‘m@[fprESrah Ye‘?“h @Qai o?QﬁfoeUC“ on of

a set ust I ct1ve nodel s may a ase ata collected
acr oss imﬁmwpi eAxchaenidenke clibatter heegit 100d§dxetc<tteﬁh\d&=rm&ucchmﬁmna viideoifder to
al so elijm nate noi se that may be assi)cgat ed with chanbe Fdl tiaons that

are uni‘tRid & PUPAURRICPTY RVERTB O P Sednr BRKIPRAE PEHigVY? ﬂ‘“ 1 FBY8nent .

[ Para 28laPNfeafiiecdfboRhy mul ti-variate predictive nodels has been
constructed, the set of nulti-variate predictive nodels nay be applied in a

pr oductiPere é:pivitr gnerebedihont, guskis¢yinmg aseeoiohuit prasictok tmmYSdhanbe&ofand its
corrponent t.he i nvent hods for qualifying
o oo o e et BRI PE B S S e OB o s,
a si ngligev@akité niakddhee BrcRdulb irver PP MY R ceRAOY R fDiie @Akl ykng a
si ngl e conponent. Tn an ‘enbodi nent of the invention, nethods are provi ded

for apployieeied mdeest ehan besaning ked aiile pad el predilevy syslenp geder foelipinatti ct i ng

the veqo gl UL HOLE: RAGLEADG. L1 48R LALOA FAATRERL SRS aRx [ Para

conbi n%tmmmmt:{kneat m&mean Emabsthhxenﬂdiéthe ieshtiod, RowrecBnboli et robulte NPT

may be ut| lized to gauge when nber h&lth i ndex_ test may need to be
execut ddedigEVEdTeey %iéfddh@bém& “ﬁ HtgeTRe aprest Bl ekachpgbyrs; 4 ¢%at  may

be execiied.pY 8RRk n%fnﬁ@m QWP R s Al uﬁiﬁ@teq{of%@ﬁ'ﬁ nky @Qeafqécﬂgﬁecf \Rgguenm es to

t he processing cha and not igniting a plasma. Even gh a plasma is
chamber conditions that are unique to a specific chamber instead of the condition of a

component.

[Para 26] Once the set of multi-variate predictive models has been constructed, the set of
multi-variate predictive models may be apphied i1 a production environment for qualifying
the condition of the chamber and iis components. Embodiments of the mvention provide for
methods for qualifying a component using a single wulti-variate predictive model. In other
words, a single multi-variate predictive model may be emploved for qualifying a single
component. In an emhodiment of the invention, methods are provided for applying more
than one multi-variate predictive model for predicting the wear of multiple parts and in
determining a chamber heath index.

[Para 27} inan embodiment, a non-plasma test (NPT) may be utilized in combination with a
chamber health index test. In one embodiment, the NPT may be utihzed to gange whena
chamber health index {est may need to be executed. As discussed herein, a non~plasma fest
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not fornmed during the test, sufficient data is provided to approxi mate the
condition of the processing chanber. Since the NPT is a fairly quick and

i nexpensiwe 20u9102806 run, the NPT nay be enpl oyed as a pPETMISS@O/04@6H
chanber health index test. In one enbodi ment of the invention, the NPT may
al so be g.,ltl lized to validate a, chamher health i ndex test. In an enbodi nent,

the dat'a ef‘rfSr‘i‘ﬂFﬁél‘fNF’?“r]rﬁf\S%“%?‘r@P ly'8g Iy aPTist 2Rhe OBALY E1EEfed during a

chanberghealdidy zbrmLe ob &8k Rim¥aldndabl QiR nﬂ%% £\RanRod8la ;}Tkkenmat ures
and advantages of the preSent invention may be better undérstood with

r ef er enpé froet! Werifig gusrtes suhidcidit slotass porvsdedhatpfrokinowe thi I?amanmpi ths

af orenent i oned ne when
i eranees e bl Siee 15 Set Ak fn B el RuRe S W boue eI ol s
t he conﬁm&b&@p;@aﬁ &a @eCltaiieh chaabdmeh Mgt @St MBNe ROWPEHADE BRGe The
chanmber health index test may be perforned based on a nodel - based approach.

[ Par a 30Yenkpg. the! ‘iiﬁIgma\aalgehbwmiitwdéﬂb@kud%mi@xﬁfer ﬂlﬁféﬂ‘a indentertonn adi f f er ent

gﬁ;[}??f}.ntbodnguﬁ ﬁ[x%]ﬁ% q(ym ﬁwn\t.nigf m[d ?‘mé %&%n%ri ;%}1 IL&‘?CL?%ﬁELé‘% 8di ment  of

t he i nw@siberhealh &ld@pkcﬁ;t fdrw&x@él@lhtpui;wsefappl ying a si ngI e nulti-variate
predi ctive nodel for qualify g(; a set of conponents. [Para 32] At a first
step 1d¥ar «al*ilecﬂpfe)‘*—ﬁglnewé@fié@} s &f fregeesal Ry RambRrbe beer pekreray be

ei t her & lgge?tggx&?]stgﬁgé fgtlflgeggﬂl %&zs@&al%gatrfﬁﬁt]l»l ent or a non-client speC| fic

reci pe. di scussed herei n specific recipe is a recipe
t hat rm{y.ibezﬂai% (aﬁ&dmsqn&mﬁj ..ancamhw i:m th sspechiy te saplofatuliagueonjpany. | n
an exar’rP a client- sp |f| C rE I mai/ t?‘g an actual rodyctl on-.r eady

pr ocesSIHBENHECIHED ‘“§ Byesst! “aj BE?& 3 SR PR ﬁ'@“ %%ﬁﬂ%} I n one
enbodi nBAt ., &zﬂsm@phémxna& k28 SH8Ats SPRCHTahbef RGIRGSIRNARES tehe user
(e.g., process engineer) to construct a nulti-variate nodel specific for

hi s/ herpenloedsd bispd rlaaM]dﬁAha@ddspmg'éd herein, a non-client specific recipe

refers t,0 a.reci t.hat si.gned t.o maxim ensntl .10 the wear
Il ¢ T8 sy R B A e UG RS S i
may be @pheal G drhgdre MMt RErigepidaureddRls iaR@h Rt @pmcfnh;ﬁm@mdl tions of
a plasma processing system A non client specific recipe may be utilized by

any rmar@nreedlr Fieg L cbapany ar pabodraynheivbe ph@@*e@smgmdh Hovetsrithatrphave
simlar lkli n~§«§$m‘5’§§cd§"§xh§9ra | fo‘gguﬁ}%%he. “P&'t &m"p%’ﬁi,@pec' fic recipe.

[ Par a 3%] ef'l ess autocl ean

(WAQ) rg@anpﬁ?} Rhe ﬁvtﬁ(;teipei@rzperaame 1be~<en,ur&da:i E@foc&s»@f&dﬂﬁﬁ'ﬂet) NTiekrcipd ey WAC
recipe |s sual | y not . chanber specific.[Para 36] The. type of recipes that
may be & a&cedwﬁywéﬁe%a%gbﬂ A &cing P ‘\)@?’P‘éﬁf‘é“lﬁfﬁg& 8ti%e nodel . In an

exanpl el,i’ahf 33NQs Mblebidse BELAL § RERDLELEY RedRASL (3% AGERFRNRLIbHE! ed

spectfically for a specific manufacturing company. In an example, a chient-specific recipe
may be an actual production-ready process recipe that 1s unique to a specific manufacturing
company. In one embodiment, the gbility to utitize client-spectfic recipes enables the user
{e.g., process engineer) to construet a multi-variate model specific for histher needs.

[Para 34] As discussed herein, a non-client specific recipe refers to a recipe that may be
designed to maximize sensitivity to the wear of a specific consumable part. In an example, a
non-client specific recipe may be a recipe that may be configured for analyzing specific
conditions of a plasma processing system. A non-client specific recipe roay be utilized by
any manufacturing company that may have processing chambers that have similar chamber
set-ups as specified by the non-client specific recipe.

[Para 35] Another recipe that may be emploved is a waferless aatoclean (WAC) recipe. The
WAC recipe may be run after a production ran. The WAC recipe 1s usually not chamber

specific.



using a client-specific recipe then the recipe that may be enployed to
utilize the multi-variate nodel may al so be a client-specific recipe. [Para
37] At a woxb1igese3104, processing data are col |l ected bpCa/tsetoofossEnsor s
(e.g., pressure sensor, tenperature sensor, VI probe, OES Langnui r probe,

andthellk. ..JPara 38] At a next ste Iledtothe
process‘il AEf S%Jt é[‘e PiRes 'ﬁgé?pe\%]?'ﬂé‘m’“tlﬁé"”% g‘i(g'ﬁthgipet‘}gh‘ﬁ%l‘r‘ et‘ “‘p‘r"‘B’&*@sm ng data
agai nstpaale dhodar h@&;ﬁcm&@ quemﬂ@qlﬁmm bnmu@mmét BRMHeen ERGURERMI CLI Ve

nodel |sastat|st|ca nodel . I n anot her enbodi ment, the predictive nodel
is an elsegta¢izal- szrmd'@liecspﬂtlyeatthtawolphélmenbdxgtlenmm\»edtlh@nbx%@emuhv-eanmclel is
a pl asima_ i s not limted to anal yzing one

conponéht®® ‘h‘%{%‘ggje {‘u‘i?‘fefl‘e?@ﬁ{%“r’fﬁ‘i‘?? variate predictive nodels may be

appl i edphenard Ak Recsan® dat proseliduiaanab ¥agecidienneak bhsobodiid b epRRBIure
conponents. [Para 39] I'n an enbodinent, the multi-variate predictive nodel

may be ssmqmﬁsg'tp@*ataae FANOPA. é Iprcﬂwea%\( &m's.z)mmrrx@r@bmm arelikmy include data
(e.g., ntﬁf)\ ng EL{ een nm%inﬂaﬁéﬁlu tg i u&go{\gmg h@m”?lg%lhgh a{a 140]

After t ysi's XtTSte fFctive

nodel rmytemuimumﬁmﬂﬁmwmm d@tﬁfﬁl&'ﬂf}ﬂr‘} 1ﬁﬂﬁha@@mﬁ§tﬁtmebﬁ@m aﬂ;ai yzed. In
ot her words, a data report ma%/ roduced detailing the health state of
each coWBEHEREItHEE ﬁgdgﬁséw&@a Fﬁaﬁ%ﬁ%}i mdel Inanpthey apbadivient B¢ syst em may

conmpar &, %i{l@tl\%%l zﬂl{i@&tﬁuﬁﬁ d@?tilxa«et’&aﬁ)fti% eh %)foglgﬁé‘ﬁ gﬁ@ﬁlegmh@@gx%defr@@

usef ul e thre or eac nponent expert know edge,
for ex a;rminm mbdel afhn dwb adipnidhtis mtnhemushbuha Iwmhe ohdreshaledt. nimymhxé duernt
config a\blme.‘, '_I'hush. the u Sl @ seful life thr sho d t $ adj ust
for t od ML ARSI IRAIETS WY Pe o f%‘u‘@‘ﬁf"’ (PRHEE datsel fRan xeéﬂwﬁa % a2)
I'f the guipULi«dnahéud s outside of the useful life threshol d, then at a
next step 114, a warning/error nmessage may be provided. The warning/error
messagd Praegy 39ldénati ¢xybitth@emaﬁ7@nmle reritiegteieise roaded euvttheuligefdata frithe

e 2105 P LTS ol Bl s SBb D Bt B B RR Lot b

coursetﬁénﬁgéyon that may be required to rectify the problem In an
exanpl e, the conponent nmay have to be repaired and/or replaced, for

exanpl dPapPabla ARy thefanglyeis Sag penmetodard ai %ﬂ%*ﬁm?‘ri 19 Hée peadfaive merdel _

thr esm%n ’01 t&?{% %%nm(%% . HEQ‘m J%@} ﬂmsip ‘ %ﬂxzfég 'h?ot%er.e\ngx%stﬁoddl?' ' n
good wor con ste 8 he
next naaﬁcut ﬂﬂEIhE prmlecfd/@étmbﬁi d‘redxeaﬁili itﬁfemtragcit dfremm&m&ua&;ﬁe&eail bed in Fig.

1 again, [ Para 44] As can be apprem ated fromFig ppl yi ng the

mul ti - uBRTaf r%édé*fm eruSler higystee Bl ‘é}‘]ﬁiﬁf‘d@fé‘ﬁ‘Fﬁuﬁé‘l f?ﬁté aEafetsRl one or

more CoEpaRedbit rahfdISThd RRARTRILIhYR APIRY component may be based on expert
knowledge, for example. In an embodiment, the useful life threshold may be user
configurable. Thus, the user may modity the useful life threshold to adjust for tool’s
configurations, recipe configurations, and the like.
[Para 42| If the outputted data is outside of the useful life threshold, then at a next step 114,
a warning/error message may be provided. The warnimg/error message may identify the
parameters that have cansed the useful life threshold to be violated. With the data from the
output report, the user (e.g, process engineer) may proceed with confidence in determining
the course of action that mayv be reguired to rectify the problem. In an example, the
component may have to be repaired and/or replaced, for example.
[Para 43} If the outputted data is within the useful life threshold, then each component that
is being analyzed s deemed to be 1 good working condition. At a next step 116, the system
may wait for the next measurement interval before performing the method as described in

Fig. 1 agan.



may not only identify when a conponent has deteriorated but may al so

predi ct when the conponent may wear out to the point of unacceptability. In
an exanplwQ 20tieoeseBput report does not show that the ed@eTnisngoiogosedr n out
since the edge ring may still be working properly. However, the output

report y ow t hat about. 7 ercen of t he useful .life of e edge ring
has beéﬁgﬁbiigur%écﬁa% wm&u@a@&gpmg Y REed eb‘é‘”ﬁéﬁi%&é’ﬁ“’égdﬁ”e‘Wth this

know edge, hd e PR AGALL E}Qaiﬂ&%’%%r HRYe P&»rﬁﬁbxﬁﬂ{b tGs URCHIFUREvE BRALI S-
[Para 45]° Fig. 2 shows, in an enbodinment, a sinple flow chart illustrating

a met hodayf wrt cappldyitify whsifhtalq@kr&n‘)pmwﬂ@tiﬂmemmdémsnmn 'tiﬁeuwhmmiwgththe heal t h
of a conponent. [Para 464 ft a{:%)rstnsteqﬁ. | pe l' exe ecuted in a
pr ocessPRY PBHYMFET YA OH} TdPe PYD ginagechg: gty é‘? ?)‘ée‘rfr‘ﬁi} b e HRE RO

cl i ent -&RE{HTThEwBAIRCzdR rIRGs GO PR iRE il ARB1BLIRRLstSINRGI kg €Ci pe.
[Para 47] At a next step 204, processing data are collected by a set of

sensor $weRerly. H{p‘rmg@@@ms“@@mt m@npbfr\at it abawr s@ﬁrcem;tmf@hmf@mlmsm‘ thangnui r
pr obe, dcaiﬂg n{}hﬁaa )ﬁorx;m&da*u ?ﬁl]m A‘}sz;b rr ¥ ﬂ)§; mch?o %g ngaﬁ, ~§ e&m W ﬁpg‘rxgs s

applie FOCEss] ng S (208,

210, arldxo%lxﬁ])_e Ry nihﬁu&ﬁmkmgedmb&n&ma*{ ym fohfe ppmasmgn@at a. In an
exanpl e model s may be applied toward qualifying the conmponent. For
exanpl d}’ﬂh'bﬂl%]l Fopg shews. b an cipdipoph pisipge *atwttﬂﬂ%anaﬁﬁééwmcﬁf@t nodel 210

may be gi«ﬁn oLl gg@l e fRAE t}lé&cﬁ@ﬁ@je‘%%lmé bl Aeakf oFh gomﬁz’meﬁ ep 206 al | ows

for different trve no pl'ied towar e sane data set to
anal yzd?ﬁhe%ie&lx 3 mmfw;x;bi XoRes mtpbomamnedma plRassaEdanibar. afinelabadiigeht , t he
set of del s may pul | data froma_l|hrar 2 14 The liprary may
hol uadhaiveEntpe SeBha i sp S Rateciity & B \araiidy b6a Tok-slighortiBhe. odel s.
[ Para E}gf}”@fter the anal ysi s has been perfor rred at a next step 216, the
system may check to determne if the outputs fromthe nodel s match. In an
exanpl dPard 41lhat oueputepf Hoopmabssingvdaia at eoiuthel by208t shewsora (90, pesoent wear

on the ¢ onent out m nu t|v riat 210 shows a 75
per cent® U\A%}é)t te‘l’lg?m%‘ae“eé’é%%8fﬁy§n§ﬁt’ B‘E‘}%H‘“&W& %uqf}ﬂglfetngbﬁdata fromthe

nodel s jgharne8] MRk GBxt ddpar(d, 52&1 dffmd(aa ;Q?}E;ﬂl&ﬂﬁ@d&dﬂ&@sixﬁ@mtﬁhﬁ} smeel s do not
match, then at a next step 2 1 the no with I'ess noise may be applied

to the Wt iﬁﬂ@ﬁf‘tﬁ‘ﬁ%“ﬁdﬂe@%‘%%@ aedeél) tllﬁhbawllék%n%ltﬁil\ahﬁéépe PoesHEy be an
| hi gh
el ectrigal z%ﬂgkmﬁﬁﬁ ngi?&-lgﬁg% &;5@%%“ e m{ R%u {18y d&%&‘?cn? ¥&ry nig

noi se IeveI may be | ess

r obust dxumprmymﬁaivmsmmom nmbi-s riuewedhméismdﬁa &ﬂﬁi&@ﬁbd’&éﬁ Bl may be mbust
nodel fers to a nodel that hasfew outliers (statistical anomalies). In an
enbodi “ﬁ‘iim““é“}”é%]s robust but | ower noise nodel (nodel 210) may be applied

to the \@gtR44) QMRG0 PR €, LiQPuS aiRAShy L drR bR dRXRIBlRels TR EELppiicd
toward the same data set to analvze the health of different components.
[Para 58] In an embodiment, the set of models may be pulling data from a hbvary {(214).
The tibrary may include data (e.g., constants) that may be emploved to support the models,
[Para 51} After the analysis has been performed, at a next step 216, the svstem may check to
determine if the outputs from the models match. In an example, if the output from multi-
variate model 208 shows a 90 percent wear on the component while the output trom multi~
variate model 210 shows a 73 percent wear for the same component, then the outputted data
from the models do not match.
[Para 82} If the outputted data from the models do not match, then at a next step 218, the
model with less noise may be applied to the data from the more robust model. In an example,
model 208 may be an electrical model and may be a more robust model but may have a very
high noise level. However, model 210 may be a statistical model and may be less robust bat

may have a lower noise level. As discussed heremn, a robust model refers to a model that has
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208) to qualify the conponent. This nethod allows for the reduction of

noi se while increasing accuracy. [Para 53] Additionally, since the outputs
of the nowel2s1ido28v6t nat ch, the system may al so report rhe/usedéwer@ntes and
mark the nodels for updates (step 220). In other words, additional data may

be gathered to reconstruct .one or nore of the nod an exanpl.e, the
met hod ‘AL RsRERtAIE! guomalisih; Rpngniodyaeny g*@&%@ﬁ byt wa Reye BEYBler f or med
to recqpgikuelo) ﬁi’éﬁtblé a?lbifs{fcﬁ&ﬁﬁ'é éa&'%m i@@"f\lurg?&%«ﬂ{m&'iUﬁﬁﬁmﬁ afipdehbag
approaches) the efectrical nodel 08) and the statistical nodel (210) in
or der t?@Sad; wszﬁfnt the cnopseett.eVbis m&:ﬁhtbbetittw footeetdicgon henaradehde [ Para 54]
Howeve ata output fromthe nodels match, then at a next step 222,
t he préﬁ?‘g‘i"i“\ﬁ'e“ﬁﬁﬁ‘&s may output conponent wear data for the component

bei ng gpralyzgd Adhl?@qﬁaﬂé51ncé\theamﬁx¢ oSthe B2 dollde nRist SNs0BYMGRAPRaALE the
outputted data against a useful life threshold range [Para 56] If the

usef ul Epdrethehideyheted 'm@m@%cféxed:@dleistfnenp@teqastﬁ@if-ﬂ}st epthepeords, sdthiemey/ error

nessageq%%‘aédj{ Er pgiﬁyf’llﬁg?(} r&héﬂ %’é?l {%Z:]m’ mou h?t 1Lé\é(8*é 11 dn%‘gz?ml hiétggl\%lé ei of the

usef ul Y for the
next meRsHiRdBNEig I;‘it(a’tn(:ahnﬂ[ii@aii@@uﬁﬁ}l ia%a}mﬁ ih@eﬁbﬁﬁ@bmamdmﬁm@rwﬁhg 2, the
nmet hod described in Fig. 2 is sonmewhat analo ous to the net hod descrlbe in

Fig. 1 Biespyaddyimal %«a aadi tigrongmepply) S ‘shw\} Hyej ehgeanigl émdelt 08 arddBe | the
met hod sﬁmg@ﬁ%daﬁﬁ@mﬁnﬁhgﬂ g'i Jttzktlthgﬁtﬁ »T%%l% S{télyw?! a1 B n%de}ﬁe n‘DdeI s. By
utilizing nore an one |C|ve rode vali dation nay be provi ded. Al so,
if one w&m R hodels, n‘shd &8s onpbuSon t!}dﬁﬂméﬂdnmuﬁmaimﬁomedﬁs btmy’laezherrpl oyed

to suppl %{mnt th Iess r obust nodel . Para} ﬁi‘ls fhovvs in an
enbodi FEFRCHTE PHELT NYLAPPBhCOPARRRY e dRgdecha com Ppneng PR PR YA dmet hod f or
appl yi 293@3 8zl 7 hakd b gl &&tlﬂ\fﬁﬁv%kpa\ee &1@ R Re8d BhAID RS ANPT) -

[ Par a a first step 302, 'a non-plasma test is run. As di scussed
herein hiaﬁngﬁmb:] aspa test refers to a quick test that may be executed by

The. poukrrregl”lighe B%@ﬁ@ﬂ?%ﬁﬁ@*@lﬁﬁ%é%% SRR A Rt OB P ont 1o

provi den@l\@@t,fme@é p;d)amd(e , I npedance, capacitance, etc.) about the
chamber. In an ‘enbodi nent the non- pl asma t est % be a precursor for a
chanber! PRefTih i thelestpisast data 15 cotsedsroflbe asefulilffe fieshniaT thengihe nexiateral2s,

pOt ent 'tﬁé %81%1%@\ u?ét %E\tv\% %Euﬁgjelﬁ*n? nt&sb% conponents, ‘a chanmber health

ndex may - PeTekEe it a qui ck andfalrly i nexpensi ve test

| n con®aishEl 1 dﬂlﬂbe qlslﬁaﬁmed heal ¥ip. 2 nBexettedidesauded @ Fipe? NRbnasvhat
precursor may hel p @ﬁuce t he ownership cost. [Para 61] |f the NPT
i ndi cat¥s L‘bﬁ‘a"cmal“p%‘f ¢l idafctle abl Em! wﬁgﬁvémdétmm%@hd Sfels "WER g 304,

predictive model, the method as described in Fig. 2 utilizes a plurality of predictive models.
By utilizing more than one predictive model, validation may be provided. Also, if one of the
models is less robust, the additional models may be employed to supplement the less robust
model.

[Para 89} Fig 3 shows, in an embodiment of the invention, a simple fow chart iHlustrating a
method for applying a multi-variate predictive model with a non-plasma test (NPT).

[Para 66] At a first step 302, a non-plasma test is run. As discussed herein, a non-plasma
test refers to a quick test that may be executed by sending low power at predefined
frequencies into the processing chamber, The power may not be strong enough to strike a
plasma but is sufficient to provide electrical data {e.g., impedance, capacitance, etc.) about
the chamber. In an embodiment, the non-plasma test mav be a precursor for a chamber health
index test. In other words, 1f the NPT shows that a potential problem may exist with one of

the components, a chamber health index may be execated. Since the NPT is a quick and
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t he chanber health index test may be perfornmed. To initiate the chanber
health index test, a recipe may first be executed. [Para 62] At a next step
306, dat awD=20momesosed for anal ysis. [Para 63] At a next PSTAS2@08404651€ Or
rmre nodel s may be applied toward the data for anal ysis (see discussion of

Para 64] To erformth , data.ma 0 be pulled
f rom a]}Ptag *aweglmeteme CP%“!QF‘%?‘V {Rle ‘r‘t‘?tﬂ ’G’d ‘&ét‘%lff{»éﬁ“é USUEY %%gérstt‘b"')" t hat may

be e”D';}?é’&derQna%l{{é&pﬁm&ﬂﬁe @Q@Jﬁg@){ﬂmr[ Para 65] Once data anal ysi s has been
conpl et'ed, an output report ma provi ded about the health of each of the

corrpondﬁtasa bHi ﬁ"ghahfé‘ﬂ ylzetdat(asthepa Bcttel)na[t Perbde @]a\»/tztusa thfextt ast%epﬂ&iﬁ% t he
system out put t gainst a use esh

nge. WnehGORT ARt pde Bt repF Brdedone EotimB aiseihtst bsfh i T Seper
know qu@;.eflgg fexaaRk&utddd an enbodi nent, the useful life threshold nay be
user confl gurabl e. Thus, the user nay rmdlfy the useful life threshold to
adj ust iPara f’%iomgﬁé@rﬁtﬁt?gﬁ‘r@aﬁmwfs%qrte@f @éa@@hiﬁi guratl ons and the |ike.

[ Para S?’Am Iist Q\?ft ne{tggt tf{ﬂ qm i mg nli'odsnlls ay pl. A YPlE ehiyl \Htrd tleg df% 5h0| d range

t hen at' a ‘nex f Ni ng

war ni ngﬁxer\«rst@mmﬁag@omﬁ%mdanmﬁf’y the par arret ers that have caused the
useful |ife threshold to be violated. Wth the data fromthe output report,

t he usdParedy Topedeus heaspgivaseias may alyp beoabediren cldipiyddfc d Ty hibrary
det er mtﬂtsﬂ&tcﬁzﬁs 45V, get&{\z@% LR ntava&e eggxos%% b %&gtogﬁﬂe }n%dét?fat ify the

problem ‘I n an exa e repal red and/ or
r epl acgtard 63| @ma&m&team[tﬂ’af h&i&ﬁ&}m Ltnnph&:domt putptiedpaatayi he prinidiidmbbhe usef ul

life thresh then at a .next step, 318, the system may wait for the
next rré[%%g?&‘?éh h‘f*ép‘?/‘ét‘tmp?‘tﬁéﬁ“akéﬂ‘mﬁé g%hiﬁ&e‘ l&ppreciated fromFig. 3, the

steps f @tmﬂyal 'ttttln@e AJCQ'@%Q%IEL'I}%}@@%W m@%t;ﬁt&@@aamh egtiﬁa ShERS
descrlbed In Fig. 1 and/or Fig. 2, the nethod

as desdHe b‘edslmiﬂ fﬁiﬂg@ thdeqett&hrirstht@haidqgamhtaatmveemrmahé)@tmefrd drgespredtf yi ng

t he next neasurenent i.nter Sy PT i t|||zed as an
e e B e e i o B A R et e Bt £ 2 e

per f or nRdfigAShRATHE tRPREe fiadbediifriBiidng 1o ReeMbnbK aufiet B eps'sas descri bed
in Fig. 3 nay be adjusted if nore than one nulti-variate predl ctive nodel

i s enplwyplsupiomnecyzicogistatdn ad hpike 70] Fig. 4 shows, in an enbodi ment
of t he nafg’%}' fmhe gutﬁ)‘u({md (;%dt(I LQ {«?&atliué ILLé'{ tﬂ%ﬁ%?d %ngg g atf't%exgnlt!a}l I Tying

a conp ne vari a i'Ve no

anon- pl Hﬁn@.\&tﬂﬁﬁﬁ.{*eﬁt‘tm%@b ot be Eieg;dea ahel uﬁngno ‘Grront mbgszt& @anaknpfiasen

test, the net hod elescrl bed in ifferent fromthe nmethod descri bed
'}

in Fi g PASURGEE R Dptrecanpept the umtﬂtglffz étaatitsn?d (ate aelptegn Winlsthe algtadforaghen
Pr ecur sk Qe C BRNREN (2R LdLd BA8Keel B8 Ay procesd with confidence in determining
the course of action that may be required 1o rectify the problem. In an example, the
component may have to be repaired andfor replaced, for example.
[Para 68] If the outputted data s withm the useful life threshold range, then at a next step
318, the system may wait for the next measurement mnterval.
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[Para 69] As can be appreciated from Fig. 3, the steps for qualifving a component is
somewhat analogous to the steps described in Fig. 1 anddor Fig. 2. Unlike Fig. 1 and/or Fig.
2, the method as described in Fig. 3 pertains to a quantitative method for identifying the next
measwement interval, I other words, the NPT s utihized as an mdicator of when the next
chamber health index test may have to be performed. As can be appreciated from the
foregoing, the steps as described in Fig. 3 may be adjusted if more than one multi-variate
predictive model 1s employed in analyzing the data.

[Para 78] Fig. 4 shows, in an embodiment of the invention, a simple flow chart iHlustrating a

method for gualifying a component using a multi-variate predictive model and data from a
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[Para 71] At a first step 402, a recipe is executed. [Para 72] At a next
step 404, processing data is acquired during processing. [Para 73] At a
next st epwoQ611/es»3or nore nodel s may be applied to thePdatts261004@681 ysi s.
In an enbodi nent, data rray al so be puIIed froma library 408. [Para 74] The
results frogmthe a a rovi s.an outp r epor ep, 410) .

[Para 751pgsnip Rrd hafi‘? iR éﬁsﬂﬁw '*awar@%*émt ke e gmﬂetpq

det er m peeaddii FQNali md Gatib Rk Mﬁ@lt{tag@r%cdw@;g RO la MRINERT Q1N BRY be
required when the result fromstep 410 1's uncertain or has too nmuch noi se.
In an énbedideant instehé of ssupecway the chomparleditagaienststa predefined noi se

| evel thres the result is . outside of the predefined noise
| evel t*?ﬂé”sﬂ@l gtp%étep\;& i HECIPSAS FRRTUBE- required. [Para 76] If additional
val i datjipaps 735 Redwiztgp f0aeProdbssagnRid is SE@Rred Wuringl ui‘dE?Eufmy be execut ed.
[Para 77] During the NPT, data is collected (step %Para 78] The data

from t HEArPT3land athet mﬁ%}é araPiIEPIE r@.@c@l@@w B¢ m;&@d\f@ tiw HefonmRldat dnbei ng
utilizeg tﬁ)féifmulzq (Ed Li m 'ﬁ.gtbagflﬁulﬁ m br< )g the m)del anal ysi s (st ep

418) [Fara pltted as a single report detailing

t he hegiPhka Bé) nheie@am@ﬁa@nhéaﬁalm zﬁgp&ﬁa:leyimdn@st{ﬁmeﬂaaﬁ)ﬁtebﬂaﬁja 80] O
course, if no additional validation is needed (at step 412), then the part

wear i nP8FHEl Of 4 PEFOHRIST Spthy SOyieway BB pif Radt @§1‘&fn§‘iﬂ?‘rg16é‘“l‘«@rbbrt (st ep
420 P
) [ Raligacthlis flqu e{i‘ew@%gﬁ \%%ﬁaz @hﬁﬁ%kﬁ%&@%h&?&?%ﬁ tgﬂﬁhggé @ WL

data agal nst a us res e usefu
each conmmsentn hayobanhhs:emom awpebridninnmvwhedg@m thay anccengooct agantst at he

usef ul t hresh user nfi rabI e. nmodi fy
USer Ul bl dRERnPLeL oy, Be user CRRTLINEAD! S, TRUS o L P el TRY T
confi g%a@w@maed\alamista bé R@e®2] If the outputted data is outside of

t he useful t hreshol range, then at a next step 424, a warning/error
nessagéi’my’?ﬁeh‘mddmoae&jxaiﬂ?hmxwarfmwgﬂehmmwezsssag@%dhynu?ﬁéhma} pet he
pararret ers t hat have caused the useful life threshold to be violated. Wth

the dat3%FF% the out put report, the user (e.g., process engi neer) may

proceedpwtd tr7ic oRbibdarcert nitlekebmMddd@rephgacpour se of action that may be
required to rectlfy the problem |n an exanple, the conponent nay have to

be r epa?’ﬂéd’?%indﬁ@ﬂ’“ﬂémla&?éd\P5‘@ﬂd b ek b phasareaqatated wathdhe DBt et data i s
W' t h' n h}‘i 1H§ oxl.;{nfd%a tf‘é 8399&?[[ E«?ﬁ’lﬁ:@ma&lﬁ‘ &o %E t affal gg’f?‘is $t$& 426, the system

be appreci ated
f rom F| ggarxﬂ?&)}aih@bauﬁbma@ﬁdn@dra @tm\aladadumzrreguakif:tﬁym@ghca&xmnmﬂ&nt Not

only does the robust nmethod provides for nore than one nulti-variate nodel
component(s) being analyzed (step 420).
[Para 86] Of course, if no additional validation is needed (at step 412), then the part wear
nformation {from step 410) may be outputted as a single report (step 420)
[Para B1] Ata next step 422, the sysiem may compare the outputted data against a useful
lite threshold range. The useful life threshold for each component may be based on expert
knowledge. In an embodiment, the useful life threshold may be user configurable. Thus, the
user may modify the useful life threshold to adjust for tool’s configuration, recipe
configuration, and the hike.
[Para 82] If the outputted data is outside of the useful life threshold range, then at a next
step 424, a warmmng/error message may he provided. The wamingferror roessage may
idenufy the parameters that have cansed the useful life threshold 1o be violated. With the
data from the output report, the user {e.g., process enginger} may proceed with confidence in
deternuning the couarse of action that may be required to rectify the problem. In an example,

the component may have to be repaired andfor replaced, for example.



to perform conponent analysis but also includes a NPT to validate the
result of the nultivariate predictive nodel (s). [Para 85] As can be

appr eci atwo 2brignoegoBe f or egoi ng, the nethods for accessi rgTaISeHamipens heal t h
status may be nodel - based approaches. Model - based approaches in an

enbodi e based n el ectri cal ls, pl del, statistical
model , ﬁrﬂaﬁﬁa Hiheiompricr Gt iU Hedte Pt Srerhaaran Faiggy ER ALY PEBL ed,

Fig. 5 @laom%wgr&mu&mpfur@ﬁmm%nmmmw;&n a sinple flow chart
illustrating a method for constructing a nulti-variate predictive nodel for
qual i f yPaga &Icﬁm@xmémpm{s@aﬁéhaeﬁ iat 4 @ by tmeghasips 502;dec¢idnpqmélmmt pf e dat a
is provided. Th 0, life functional and/

phyo! CAPTIRALT SHEREE Pt Meriee Bb pURERT L Mo omd b B T Ee e SBREEnent

i s brand ppgwm thepaRYSGakiTRASID SRBRtes NS el divia R RYVicd@to bie hRgt- _
manuf acturer However, if the conponent is not new, then the conponent life
may be ‘dep@mmediceyodeii ng actual measurement of the corrponents [ Para 87]
'g‘fl 2n'[] sf)le% I%:?ll é%?é’% b éépergglnﬁ%d %1%,116%6‘?0%%}1;}% F‘(; mr:.e}g)!d[%) ?ormaywﬁg (1 thmbf‘ oss

aut ocl daalkh seak pexy tfeQﬁo@mmldeapp{oﬁalﬁa 88c}depemadp@@aﬂ@@nntahenmamnemerrent S
as set by t he user process eng neer one nor e of

af or emeReY Blaged ae Flﬁéw 9’;1@@‘1%93}%@%&%&t“é@b’i“n‘l 510@@# of %)halaqmnpéi t A& data
necessa}ﬁxq[t{gge \«\gg}zﬁ\g'éﬂ%'iwg@Jv;lsftxﬁEtegggL':f R, ﬁxa%oéﬁgmﬁﬂém%fr D ;R{aﬁﬁﬁS' ng

chanbe a next ste rocessing data is collected during
pr ocessi sugpleFhev procdissrnggdatahodiorbengaptioy e dridy- \amsepndﬁmsemmmsimAs can
be apprecj.ated fromthe foregoing, the nunber of sensors available, the
type ofq"ébﬁé‘&%‘%c%{)%‘?‘?*abl e, and the specification of the sensors may i npact

the ampgty, ﬁﬂd}a%%‘ﬁ's?erp' 0¥ &fmlﬂfn@ﬁﬁ% l4Rg 1981RiRa! BELEdpoRRANR! 8% by

sensors that may be enpl oyed hin a processing chanber include but” are
not | i miwtlede the futcbionaeadpl ghy qmir"égsraweeis&znsbw the enpamanyr é sieasomie, if

vol t age; current al em ssi spect r 0s.go OES) and the
e SEEn e P 2P tne IOk R Bieathl SRERATERTE U0 screti 21 ng
t he br aaghandueut Paheat, i$PRGhponédieasaRehethedthd BRhfonbAI e Ria§ He

Al ternately, conparison of the full broadband spectrumfromthese sensors

coul d pltfencgdsitaking petaplansrsiugmepialhe 0OPPEaEn enbodi ment, steps 504 and
506 mayphe, & e?&tr't ﬁgﬁa\&&eng ?;ﬁ’}%r&:prf&u fﬂt eﬁx‘(‘:}"iﬁ dﬁﬂrﬁgga%h%kp&l;ﬁa” cycle in

or der to acc cur urin cl ean

cycl e. rkdipe examplign @l@e;ﬁstr&ﬁpe ey . qqutﬁ@im@motihmmmm@m@m\am@uch as an
edge ring, has j[USt been installed. The steps may al so be repeated toward
the mi dERER BHd DEREEHENRIN R ERGHEEMEME TS lslﬂé uS‘T‘hﬁé SarB 0PRSS SPSIBE h CBYai | abl e

Lo consfrych 8¥ﬁx%a%ﬂeﬁx'ent\{<ﬁ{eti@é pé‘ﬁgé‘é mQ\e @Qe%u@ﬁ i Bﬁief‘%ﬁﬁw@&xetd sfs that

steps 504 and 506 are execute can be appreci ated fr foreg0|ng,
t he nunbesssofy it cres thhatbdslt iepquﬁ@gﬁmgndoﬁ@ﬁnmw bereexeouyt @dnimay depend upon
the [Para B9] At a next step 306, processing data is collected daring processing. The processing
data may be captured by a set of sensors. As can be appreciated from the foregoing, the
number of sensors available, the type of sensors available, and the specification of the sensors
may impact the amount and granularity of processing data collected. Examples of sensors
that may be employed within a processing chamber include but ave not limited 1o, for
example, pressure sensor, temperature sensor, voltage-current prabe (VIP), optical emission
spectroscapy (OES), and the hke. Specifically, the data from the VIP and OES may mvolve
discretizing the broadband output at specific frequencies or their harmonics. Alternately,
comparison of the full broadband spectrum from these sensors could be the basis for analysis.
[Para 98] In an embodiment, steps 304 and 306 may be executed at different time intervals
during a wet clean cycle in order to account for potential drift that may occur during a wet

clean cycle. For example, the steps may be ron when the component, such as an edge ring,
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benefit that the user may derive fromthe additional data in constructing
the nodel. [Para 91] Since the paraneters may change after a nmai ntenance
event (e.Wyo0,201am0280Bean) is performed, paraneters that areTAfSb@ovedeby a wet
clean may need to be identified and elim nated or conditioned before

constr ctl.n t he t|- arlaterm I n an, exa te thetra spar ent
wi ndow 'f JET B *?t‘@c‘éguln I\éﬁasfﬁéférm”ﬁ‘ %’I%d‘ﬁ!ét‘ci““‘t‘ﬁéf‘g&igm‘ % F“h‘tl Hsertlpt g sonme

wavel engls.ab ye i@nvﬁﬁ%o{mﬁsz@ﬂ%mblzinmq,roqﬁm %@hm&umﬁﬁ Mm Q@m@et ers
that may be affected by a wet clean, steps 504 6 may have to be

execut e thﬂI\uin1p¢re)fti::mslzfa(steos sﬁdhwbw(cmeanewyidl e\s(da@&:)z apprcateddnivo tienent .

[ Par a d onal | ernati e s 502- 506, may ,al s xecut ed
hor oos leseBesth g st TG T et el B bR et TR ¢PE3arPS Senmdel
that may,bg iaRRhé 8y BGKARE P HOGARS bAGHSNARRNS cd e d fe n&Ae/ si m | ar
chanber conditions), paraneters that may be affected by chanber-rel ated

condi t iI8ArmBll hige ﬁted‘f’ib@?@t@”emm*i\‘fq xeaseaﬁm @m’lmtﬁmmea epent Cogid Vel daad is For
exarrpl fer fﬁrmccgtpﬁ%m ﬁmerl,'md?igck ggq cm nna ¥ m: ?) B’{ lq§ ﬂn.qluai ' fying

reci pe*ru oce “d&Vel op rul es

for transfiensd ogeadhsned Mhmﬁ«:ﬁuﬁlﬁmmam@m@hamme m@danmﬁ beexarhlusafgat chi ng
the outputs on both chanbers. [Para 93] In an enbodi ment. of the invention,

if thet feﬁ%ﬁpéma?wénwlﬁﬁcﬁe*dn%eﬁngf@ﬁ%b%@ﬁzdg%dn% NHBTUIHAINETEEY BeSPEpeat ed
acr oss @m‘é@etnﬁﬁxlsﬁ% al?%%kﬁﬂﬁ@%ﬁ{neprh? fﬂ%ﬂ m?zg @a&hﬂet@f«gﬁ& hQ @ i mnate

changes to pdaraneters at " nma e re ate onent wear. WMatched
sensor sﬁﬁehmd logt ared¢twiaant :han%)rtmndb@@ hutydhavatous: dmcmsd)mhdﬂé iimedachanber

state. ured chgﬂg [ e(\danpe__ for two identical chanbers will be the
sane |f“‘”{tL 3Hﬁf%‘hé SHSBREOFE e ed. [Para 94] Once sufficient data has

been C%’hf*‘:?fbgd Ad 61&1"55'11% GiV*@feh?Ju@eNDQ&l»s “ﬁﬁyw d@a‘%n&xf 283 Bed el hlel 09 nponent, ~ at

a next step he prior art, the multi-variate nodel is based on
a pl ur girpeeysiog Llp;anta@rrmtvéﬁs imededd cehiem ismhw ceiapramane ttt .nusﬂwo@phethi gh
vol ume of data aﬁnq)/ﬁ \@ﬁ%h r,anul ar . dg a rr_a¥ be 8?1 | ect ed %/ IPe sensors,
a fast WSF"G&&%%FW et R dt BB SISy SRS AR PR Rt a
proces smngmamfoaﬁaaw@uﬁmet felan] enladiaea bavkae bRed-pased piPassshRg oki Me, the
data may be sent directly fromthe sensors to the fast processing conputing

nodul e dppdivened. fior stanidsithrydate cofdectadrdiuigh cxsratipapf b sardad apaldingtrocipost

cont r ol gs an ?l cﬁi”fgﬂ Ll gxéep B gﬁg%%g?%g%go@% g [1%'@ ) E)rmk%&l i 1§¥m AL Nber

12/ 555, escrihes an

exanpl engfutd fienfastchprbaes andstgescempuwmgnmmélmh@umﬂ iabh ehduaiserbandl | ng
dat a. [Para 95] However, not al]l data col]ected may be reI evant to

pr ocesdPara aﬂaifi I THRe MRS Shretir eution. Brlrereniys PHEREFRSH BT Wﬁaﬂ&n%}f\er s
t hat ”%axbi%trh%{@{o%& oS QTRONE ALy ?ermd NISNES, o&!ski 18 Tch@nBBY iP&aaPRl 1 ed.

The filtering criteria, 1n an enbéegl ment, may includeparaneters not

r el at ectlinonse wednged egpuroyaks thdtmanat he reiﬁazﬁ)adamw);enrm trevlnfedsanb@si a may
should retarn the same absolute value for some detined chamber state. Measared chamber
mnpedance for two identical chambers will be the same if two matched sensors gre used.
[Para 94] Once sufficient data has been collected, a multi-variate model may be created for
the component, at a next step 512, Unlike the prior art, the multi-variate model is based on a
plurality of parameters instead of a single parameter. Since a high volume of data and/or
highly granufar data may be collected by the sensors, a fast processing computing module
may he employed to handle the data processing and analysis, 10 an embodiment. To jncrease
processing time, the data may be sent directly from the sensors to the fast processing
computing module without first having to go through the fabrication facility host controller or
even the process module controller. Application Number 12/555,674, filed on September §,
2009, by Huang et al. describes an example of the fast processing computing module suitable

for handling data.



al so include excluding data that are chanber dependent. As an exanpl e, when
using a VI probe to nonitor a specific 27MHz pl asna across a wet clean,
sonme har rwoi2e1100eg08nt greater than 100MHz wi || oft en shiPCoT/USe@n/0ad4ber
closely tracking parts wear internally to a vvet clean [ Para 96] Once the

rel eva pa ters rel ate conpo e been i dent.i.fied, one or
nor e nﬁhér {’ﬂa”@i%é\%toﬂ%ﬁ*dg&aﬂ*ewﬁ h’“gﬁﬁ\,\@ ff‘ﬁéﬂﬂ ’eﬂ%‘é‘eﬁ? oleue ?wgt-’ fata may
be utild, n&:ﬁ & %Qfatoqdé{tﬁg Ak ﬁ@dm&p.cé%m gi@z‘ r@ﬁmlt&@bmw%k waid/ or a

pl asma nodel . As an exanpl e; the same data can be used to construct wear
i nf or neiiicomy moitkelagndolre appkitd. p'IHee Ghenrpenitpa, tisan e_mh@ameyt degouphdang part

b i shy t ]
L - SPER A SRr e S Rds SR OhFy iSOt R SR e SR RBRI Y od by
each plasmBeciulPaicdufifd dih tek aradAmBBARheRRS: Do &hfPledheh DEngYSlIEM MBY

check to determine if the noise level within the nodel is acceptable (step
514). ThebHoi @t@nmy spreitoi zmi@mat'h@ﬂp Ayst clghn. rems drenent soumi/crattthe

i nherent n t sens ) g 8. J.n an e l e
noi se %&n fe)(')z({ﬁﬁftb an p(g)n r}nit ot tu' dg Ty thar;rtg\tpdﬁh m% ﬁwm HI ot SRLF b\:;i\{;f? ds.

conpongRhr ey @@t@ﬁie&élie(?'ﬁxt m;ame&ﬁ ;vretﬁuai mmﬁmsmaeeaofmxtmeﬁ adepdfieditonet he
mat eri al conposition of the conponent, the configuration of the conponent,

and t hef g “"Uldhisdﬁ"\e'%a&ﬁﬂ”@“t‘fqﬁeme‘é}gé"}of HRETLASE BRCBFEREES Py E%aw%ﬁ A and
processj, ., &%&%mﬁ 5 si%eer@c'ir‘?wgﬁlotdFﬁn «'%{J'% pldNENSTer. 4G én%ﬁa hé. he edge

ring in processing |ar ger than th
pr ocessking dehanhér uB.d iSicoosr ztche eQiONomendn tméd@ mmomdnpim:aamhtn pmmtsmay be
i dentifj.ed, cqnponent -t 0- co onenk%{_ﬁ?{rl ati.on may be accounted for in

e
the noddped ‘*‘rfpéﬁl“ PEAATIERE Canybe 36 SVURPIRLRS P Ay TRy, 1 f
the conpopemts ;ﬂ@mﬁﬂi’ﬂ%@@:@@ﬁghvﬁﬂﬂ il %ciﬁ?‘c &%%ledﬁaﬁx%e& by esnqlishnf.ange, the

system nay have to ach|re additional data in order to construct the node
[ Par a qg‘}wmat Hélter slineatef bas teoh smtmiythbe» e npay dhiaek fonbeatviing i dnt fiset he
conmpon an exa t.he edge ring 4m oi se
ot n b il e SERRP s B LR ey Pen i mBe P bR UGS T ana
the el agtfipehrhisenghyale inhi@wavREse Withih HeSe@@Ps, V& x@sp&ONg processi ng
chanbers, the electrical characteristic of the processing chanbers may

vary. R8Ara P8ls In wneempla nole eutvolest fanigeconmynp-teseapbpngiaariatian. the
differ egﬁ‘? W 1%@9‘&3%;)9%? *h {mﬁu%sp{i eﬁﬂgogwr cﬁﬂqgmﬁﬁ%&tﬁ%@ m;% WRy be

acquire der to construc NeXt step 516,

t he consitetigtcomposifion bEithaubivipowain i thé eonfaedtioh ! ﬁmmalnqicmdnt[ Katihe 104 ISt eps
502 -516 may be performed to create one or nore nulti-variate predictive
model s %}dr\d%@pkw H\gn@‘% HRP SRl rocssigg phagher nandspeesyie shinia Bayy pem

enpl oygg ot gy LhLARL %JH»Q&! Wb A h?é&%’ &l M%x&@%@ﬁﬁ(ﬂi MbePhNGhy GOUR gﬁli‘%”t S:

[ Para 102J As can be appreciate met hod describ provi des
for thdageedtn dr ok i@ pnmmwmmmesp tsmzte chid acenprmdat-totdoatpomayt viakeed nt o
accou ntmz(t:nolg]edzj dE.‘lllt?{?esd qxe mmpon 0t ;gggmpnnem variation may be accounted for in the model.
In an embodiment, an acceptable threshold range is defined. If the component-to-component
variation is outside the threshold range, the system may have to acquire additional data in
order to construct the model.
[Para 99] Another sowrce for noise may be due 1o the installation of the component. In an
example, the placement of the edge ring may cause noise within the model. For example, a
gap may exist hetween the edge ring and the electrostatic chuck, However, 1f this gap varies
among processing chambers, the electrical charactenistic of the processing chambers may
vary. For this reason, a threshold range may be established. f the difference is outside of the
threshold range, additional data may be acquired mn order to construct the model.

[Para 100} At a next step 310, the construction of the multi-variate model 1s completed.
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across different environnental conditions, such as within a wet clean
cycle, across wet clean cycles, and within different processing chanbers.
By col | ecwOngiidmese3i n di f f erent conditions, non- conponelrCTAS2010/0&048% ed dat a
may be elimnated. Thus, with a predictive nodel, the user is able to

optim [ usa uce wafe rap, and red| ct coni ng repl.acenent
event sZ@ﬁ b‘#ljr'cfﬂﬂb%%upc 2’.‘%‘ PR W%’edfﬁ%‘ﬁe‘ﬁy’“g 86&‘8}%‘6“ ﬁ‘é‘f@bﬁ‘sﬁf‘e jflive

owner shjpteld f%@[z%mlﬂ%\hnﬁﬁm%n (ﬁ%oﬁ%@rzﬁg kahedadh Hamnthee tﬁ?ﬁﬁ@& ReredfBt hods are
provided for performng a health check on conponents wthin a processing
chanberlmliBy\wmlwydmlgwonedaﬁ‘r forrother mzmpm!\ﬁam ate predictive nodels, a nore
accurat S e conponen provj ded. 1.n .other r s,n_b,.

e o A PP PR BRE b 5 PR sr PR e L icsiotmy be
enpl OyQﬂ“ 1txﬂuiﬂ Sitak AR ﬁe{ﬁﬂﬂ/&fmxﬂﬂ aei: 6lay thie fo@mbé\hﬂ FostB e oflal ogtdo®of

conponents w t hout the need for exteéernal netrol ogy measurements. Wth nore
gr anul mercaﬁdfffeeeg epvirenasinia cordifive surdasttititna et ehetkgle. aciesy weicdem

effecti N& S QVi 0 entl ; onents.
ThUS tCﬁé £5. dﬂ? ‘n\l Y(})\%ﬁ{é,%(_s\r%#)l’ﬂu.%&gﬂ gc]mm ‘}a}w )ﬂ\f\.gJ G iﬂ'ieésflgi II}CLeQEYCEIF {Jn(lal (:O(i)ltr)fponent S

are V\Iaai(ﬁ(—i:oafp@h@ﬁt veamegedd d.{ttﬁ’a’(*@ bQdiniMhed. T En.hl sithRyeatitor heas:l hBenser
described in terns of several preferred enbodi nents, there are alterations,

per nut &t R0 OBIHEIZE Gty WERTSIUCRATER FEIPI ai YR UremiRnbiselasemeicyents
i nventiag. giﬂ %PR@n%ﬂépﬁP? tﬁéi@i‘iﬁp\leﬂﬁc;ﬁhﬁle%gﬁ"df%%%ﬂ%{&' n, it is intended

t hat th exa ustrative a not mting W|th respect to the
i nvent |wnm Iwrz’&} &5k sppsoiatdiifeort el feraanohgs vwerimgd ymar;m\ptieai/fodeeh*{‘dmne«z n for
conveni ence and shoul d not be. used to copstrue t he scape of the cl a]

pi 3 b

her ei n. PR ERSK ONCRBIPARBRTS WEPI APIRFISPRE AOFRDSL HYGIIRIOWBB PRY PLPRH PYim and
IS provjded ﬁ?@:ﬁ@t&xﬂ: xfn@&ei&‘ﬁ@x‘(&@ hEQERe @&qx stll“#s}tsth% Q%bgné&%t is B&n@c@i‘ QY et O

construe or he overall 1 nvention, whi I'S expressed in the clainms.
If the w@dmh*fsetlfmwsiaeh@myreduhlerxeusms §1sto:|hamécimaa§h brlesdefediay behave its
commonl rstood mat hemati.cal, nmeani ng to. er zero, one, or.nore than
o NS R e ST Rt TR RAR doRif B SRRl RV e emya of
i npl emapty /g &hendreidnodsanchsaRpRhGT WSES nRte LRABUIRF 8REREs ibVEWN HRfbet t 1S

t herefore intended that the follomnng appended clains be interpreted as

i ncl udihwgltaindes geavkaly wpgtcosmifecher wathad ropreydad doradentveine thesstaig of &wzl _
wi thin d.tﬂgﬁ'm% ETH? %ﬁlﬁ h}t(, &%qqﬁ§)%%%h3;ﬁtl h 1 kf ? Rtﬂ“t Xlg‘r‘% aQ}'a GS;IEN‘H nmés IS

cl ai asses sta a process
chanberare @@ﬂeui msdn:g&aneme@utl ng a recipe; receiving processing data froma
set of sensors during execution, of said recipe; analy2|n saj d processing

data utl®Ar&ibd WP T v R 135 B lsctddn sy o ppgel grefered

embodiments, there are alterations, permutations, and equivalents, which fall within the scope
of this invention. Although various examples are provided herein, it is intended that these
examples be ilastrative and not limiting with respect to the invention.

{Para 105} Also, the title and sunumary are provided herein for conventence and should not
be used to construe the scope of the claims herein. Further, the abstract 1s written in a highly
abbreviated form and is provided herein for convenience and thus should not be emploved to
construe or himit the overall invention, which is expressed i the claims. I the term “set”™ is
empioved herein, soch term is intended to have its commonly understood mathematical
THeRNing to cover zero, one, or more than one member. It should also be noted that there are
many alternative wavs of implementing the methods and apparatuses of the present invention.
It is therefore intended that the following appended claims be tmerpreted as imchading all such
alterations, permutations, and equivalents as fall within the true spint and scope of the present

mvention.
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generating a set of conponent wear data val ues; conparing said set of
conponent wear data val ues against a set of useful life threshold ranges;
and generwOi2ng/@m28arning if said set of component wear aaraSe@EbOes6s S

out side of said set of useful life threshold ranges. 2. The nethod of claim
1 further including pulling data frqip @Li brary to support said set of

mul ti-variate predictive nodels. 3. CrtEMiet hod of claim 2 wherein said

reci pe whglivdgsnQne- of a client-specific recipe, a non-client specific

reci pe, and a waferless clean autoclean recipe. 4. The nmethod of claim?2
wher ei ni. saifdmpthod desisagselgthaalitsstanablz poctypingrophopengompfisingt nulti-variate
predictive nodel of said set of nulti-variate predictive nodel. 5. The

met hod of 8?‘%‘1%353\%"@% n said processing data is anal yzed by enpl oyi ng at

| east two mtetiinyglobabRoRhedh&hiave: IRERcss AlrisahdodRin Fhal@ubdibe;vari ate
predictive nodel. 6. The nethod of claim5 wherein processing data is

anal yzed byndiphpydidgrasesiipsdatnutiisiva peod npledpsat pedidtelmadgisgenerat e a
first set of component.wear data values and enploying a second

mul ti-vari g“F %m%rﬁe‘?d‘? & U }g}ﬁ{‘t‘%)mg{élﬁle&rﬁgf%’ a second set of component wear
dat a val uesopmplrisli et e eanpxicat whatdseernhsaiagaibirasiet sRisenf licompaheldt wear
data val ues and said second set of conponent wear data val ues, applying
sai d seédd: dl ti-variate predictive nodel to said first set of conponent
wear data values,. MeLGidis Sé?lh%tfdfrc%x oofdnt Q&feapﬁ’ﬂygﬁgggis‘éﬁ@[de%%ﬁg}‘é@éﬁ es has
| ess noi se“than &aid second set of cé)rrponent wear data values. 7. e

met hod wtfutlifd theRhetllesseien said set of nulti-variate predictive nodels

includes at. least one .of ap electrical nodel, a statistical nodel, and a
bl ‘asme roadine Satberk ramoh e B b b Fudiad g §Pomm Pl at o
predi ctipygunmdahs pr&igrRihgied to anal yze nore than one consumabl e part,
wherei n each consunabl e part is associated with one useful life threshold

range of sdihd ngshodofl dmef Uivhienesatduiceiph odudeanges! a glienThpecnie fvogrect claim 2
wherei n sajid set ,,-9‘1 useful (i f? Lﬁhrfe}shol rangfes,_)i s userconfigurable. 10.
The metH8e 6P BRI S Pu bR a S P L HE PR PO RY sai d assessing of sai d
heal t h st atjg n@lh&BHILIAMIC RESlNGRNATDEEIna AN AnPRRT WY IRMGyihDE EFyal
wherein said neasurenent interval is determ ned by one of a predefined

peri od rafitityapateaerlipyvearedahof pyd seted muybli-asne peaskicive modehe met hod of claim

2 further '1;9.8 | ﬁ%cg ALY Z NG R AL Er%%ﬁ%ﬁm%ggqg Ql?ﬂ%/?gmgrcpﬂﬁ%%y gs to
determme if validation I's réquired, erein said validati‘fon occurs when
sai d seatvoohuldonpargntdivwarnadtacimaldiesof subit@iatepreficavamiodd. | evel
threshol d range; executing a non-plasna test to validate said set ?f,
conponéht & inegdoh R e Whegigin processing data 1 analyzed by employing a first muiti-
variate predictive model to generate a first set of component wear data values and employing
a second muiti-variate predictive model to generate a second set of component wear data
values, if differences exist between said first set of component wear data values and said
second set of component wear data values, applving said second anulti-variate predictive
model to said first set of component wear data values, wheremn said first set of component
wear data values has less noise than said second set of component wear data values.
7. The wethod of claim 2 wherein said set of multi-variate predictive models includes at
least one of an electrical model, a stauistical model, and a plasma model.
8. The method of claim 2 wherein said set of multi-variate predictive models s configured
to analyze more than one consumable part, wherein each consumable part is associated with
one usefid life threshold range of said set of useful life threshold ranges.
9. The method of claim 2 wherein said set of useful Iife threshold ranges 1s user-

configurable.
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correlating said set of conponent wear data val ues agai nst a set of

non-pl asma test data values to generate a conbi ned set of conponent wear
data val w&e,20mees®BnN sai d conbi ned set of conponent weaPCuatSa0vAlkM6S | S
corrpared agai nst said set of useful life threshold range and said warning
i s gener at I set,. of conponent wear data_.val yes.is outside
of sai d“)setei%{;‘)f“%*é‘g’lf‘ifl‘ﬁf}’i“f R’t“ﬂ%@h H‘Lrl'é‘ﬁ(jgm%fﬂ‘ AR Of %f“%r ArlAtett ur e
conpri sig led%r&@gﬁ{a@m%m @Q&* JTEQAMFE&%Y LRGSO TRLLE! s&@@ﬁg@.l?llra%1&f? dgeep00di ed
therein, sai'd conputer readabl e code being configured for assessing health
st at us :@ﬂeianwnatbﬁ gyl cpraddtered peungof Binngnd bpdeecitng exerpidsmg tetr eci pe;
code f r r cei ving process data froma set of sensors during execution
of sai ﬂé@dﬁ i ‘ah‘é‘l%’z‘i“ﬁg‘dg]m d processing data utilizi ng a set of

nul ti - var i @hﬁmhedazateetv@ cORgehS Weab@atd 05ugenRkal e iavARLIe isGogmARent
wear data val ues; code for conparing said set of conponent wear data val ues

agai nstw l@r@eﬁa@ﬂahé@mocpmrﬁ@lxenr»wﬁ@uf@iqnmge@u vetidapdalupor cybidrdi ng a
war ni n o ﬂm%o Qoumcorrponent wear data values is outside of said set of
usef ul t?ﬁem’tﬁhr es] ,dr nges 13. The article of manufacture of claim12

further ineksditing sodeldsars ipukd Liglactadaal fot oM anidrbmakyardaasupperdadsai d set
of nmulti-variate predictive nodels. 14. The article of manufacture of claim
13 further *PHeRUR Fd S8 a6 cPBpoTsat P S LA ST AGPYFD §awt%£e<bm h

stat us Of 58l B RENCE §§;'nﬂ1gne§ g@c %5111&@:&&% w@a;%%l?égg@]heleg; faIE nhiIBLET N

sai d nmeasurenent | nterva eterm ned by one o perl od of
time and mepeummeﬂn@um\nomipbam;meﬁas&m»tl&ad sdhe’ {aet’fui bteat m:f:&xqﬁﬁmuf:amhﬁre of

claim 13, further. i ncl udi ngcode for anal zing said s t of npone wear
Gl R A s bR R S ol Ao o BT T R Sr B PIA o

occurs qm%tgﬁnghg%e@,jehgg@gg@%m wear data values is outside of a noise
| evel threshold range; code for executing a non-plasma test to validate

sai d selZ. of\rcohplo né nanuRatrdaspnsa e progtane stovge nfedrung brvieg atihpigesai d set

0o oomaphEle o8 Lu R (I ROt e e Bl Whaf 8OO R PR B af g g 1

conbi ne@aBRktafb o€ QPRSI MRabedabmpuahes is conpared against said set of
useful life threshold range and said warning is generated if said conbi ned

set of conpodelt aeatingatacival ues is outsi de of set of useful life
t hreshol d rLaRg

for receiving processing data from a set of sensors during execution of said recipe;

code for analyzing said processing data utilizing a set of multi-variate predictive
models;

code for generating a set of component wear data values;

code for comparing said set of component wear data values against a set of useful life
threshold ranges; and

code for generating a warnimng if said set of component wear data values is outside of
said set of useful hife threshold ranges.
13. The article of manufacture of claim 12 further including code for pulling data from a
library to support said set of multi~variate predictive models.
}4.  The article of manufacture of claim 13 further including code for performing said
assessing of said health status of said processing chamber afier a weaswement interval,
wherein said measurement interval is determined by one of a predefined period of time and
by executing a non-plasma test.

15, The article of manufacture of clamm 13 further including

',._»
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16. The article of manufacture of claim 13 wherein said recipe includes one
of a clientspecific recipe, a non-client specific recipe, and a waferl ess

cl ean autwol2emmoesdsi pe. 17. The article of nmanufacture eCtalsaémnod®@eswher ein
said code for analyzing said processing data includes code for utilizing a

first multi iate predicGti nodel of said set of multi var
predicti vetﬁ%‘ﬁéﬁ* ““‘%8”‘1%%% ‘T-‘t‘i? EPBPBPELHIRET Htd h‘ﬁée‘df’ defegpme sy Qkﬁé%‘? K said

code fq&é}g{@' ¥RbRg Stladuh QCERSING CRE ¢ bf‘@lﬁ%‘%nﬁ@u‘?d foabel b 2l g at
| east t rrutl-varlate prelctlve rmdeso said set o multi-vari ate

pr edi ctifweronedetel tm@sh{ﬁﬂm;zmtl cl e of manufacture of cl a| m 18 V\/ner ei n code
for analyzi ng ai I’OCGSSI ng data i ncligf C$ {or {

mul ti-vari &P efﬁ’? 'f*fl"é“ﬁ’é FEPTPIYENET B “FFIH 8 *‘E’@%D“STF‘ ‘E‘b B‘ﬂéﬁ ue§\aear
data valpyes and code for utilizing a second nulti-variate predictive nodel
to generate a second set of conponent wear data values, if differences

exi st bet weege ’émdwtiﬁm; sasbset of C@@mtsném%mmmr\ Aies agviabiuest ebrbrspipdns econd

oo o B Ve £ R L A Y P e B e o
sai d sa@anﬁamhtmtmpoam waedithies irdelhaRdaigh@sisaRioies 6f ddoan ligai d first
multi-variate predictive nodel. 20. The artl cle of manufacture of claim13

wher ei Hhgghadd sgree gpd Rif parvag iatcacigrddl B¢ vembipedrg of peppaEst weandsist one
of an el ek td GRlialRAGk of &Rl Shisdle ARde! . and a plasma nodel .

16, The article of manufactare of claim 13 wherein said recipe inclodes one of a client-
specific recipe, a non-client specific recipe, and a waferless clean autoclean recipe.

17.  The article of manufacture of claim 13 wherein said code for analyzing said processing
data mcludes code for utilizing a first multi-variate predictive model of said set of multi-
variate predictive model.

18,  The article of manufacture of claim 13 wherein said code for analyzing sawd processing
data includes code for uulizing at feast two multi~variate predictive models of said set of
multi-variate predictive model.

19, The article of manufacture of claim 18 wherein code for analyzing said processing data
mcludes code for utthizing a first multi-variate predictive model to generate a first set of
component wear data values and code for utilizing a second multi-variate predictive model to
generate a second set of component wear data valoes, if differences exist between said first
set of component wear data values and said second set of wear data values, code for applying
said second nulti-variate predictive model to said first set of component wear data values,
wherein said second multi-vanate predictive model has less noise than said first multi-variate
predictive model.

20, The article of manufacture of claim 13 wherein said set of multi-variate predictive

models inctudes at least one of an electrical model, a statistical model, and a plasma model.



