METHODS AND ARRANGEMENTS FOR I N-SI TU PROCESS MONI TORI NG AND CONTROL FOR
PLASMA PROCESSI NG TOOLS BACKGROUND OF THE I NVENTION [Para 1] In a
conpet it iwe 20mvdoesop semi conduct or devi ce manuf acturers megEwSt@onimrte ze
waste and consistently pr oduce high quality sem conductor devices to

v o e PR Y S B0 e SESERS EOB s o PRog s Soadir I ReDARET ot &

processing. Thus, nagyhackiyi Mok PONRARLeRMDareseedirerijed tinme and resources
to identify met hods and/ or arrangenents for inproving substrate processing.

[Para 2] In order to pr ow\déx(tsiiglﬁt“*ﬂé@ﬁttﬁi:%lil’bif‘v’ tNBI(P¥ ocessi ng envi ronnent,
characteri zg{j 8 the. proce ssin $/| rogggnt maé,be reﬂqid{jed.._ To. grovi de
the datA?Ftlbe ‘}PGUEWQ?%H‘E%\E%\’T SEB LY v BRI BETRR ATedP PARBP SR essi ng
chanberyss&ensiais iR P rog iR 1@&@@11;5;9\, CaRlobh@icRir Qe eR 6! RUnsatadh dedhpgivkhe
execution of a recipe. The data may be anal yzed and the processing

envi r origant §C¢m§m§b aawagal x@téb@pmrﬁgw e@engnmemtmac{x@h@ @mé@ﬁ@e«?\)& [ Par a
ot hac Tl SPR ARl SR R s B e P bR B B by "one
or nor ejieiidlcagicdsadlidntiin@etethady Mmhmmﬂﬂwl Fzﬁprotx inpesudnehtski |1 to take
t he nmeasurenents and/or to anal yze the neasurenent data. If a problemis

i dent i fATERESSIBEI ti onal time may be required to crossreference the

Teas Ut QFRR 2121 Pt HRGAPHORSSI K AR AobO. A LT ILIRe S UIRCRLAS of

probl e anal'ysrs may be co y require expert human
i nt er prigt pxtmenmnvl-amﬁ trhmnemnmv itdteqfan@il yi&i ok lsieus;mdm :yacﬂ@& topdnforaedidwnt 1 | at

| east one, and robabl ?fr%several Erat es have been rqcessed Since the
anal ysui’éﬂ‘rtéb‘ﬂ%ff ‘ﬁ@?‘f%“ *oF“i“h’Usﬁ“’t“uL AGDETSGhERS RAVIRE e ghg‘é R

undesi rablessiBl haG L TRNAUR RN EAIIAC ORI Ok hiy EE‘%@%%‘E}%R&( s) and/ or

t he processi ng chanb nber part [Para 4] In sone” plasma processing

t ool s, ;tsh@saeglsmﬂsnmwbeauhﬂ@bu%&txb@nashtpéy fe.of mhelqa'rs@@@ss} control | oop.
Thus, l.ect pr.ocessi t enployed
L g R R g o S S Lt R e R R o o s

t o col |;g6desRiie TR addbfentHo VRS ,pelft]ﬁn&ﬁ& ikl @RtR Y nidpeidessur e
manonet er Y be enpl oyed by the processing modul e controller fo adj ust the

pr essurdeseethpbinially respirex ampland skitir e threnssasmandnangfortinenglegsihe. [ Para
5] To fnq %mlahxa‘tr%gdﬂl: 5}%‘{}%3@01“ 1E b;%mn‘luf ﬂ‘?\{vﬁog}ﬁ trm):% Ty b Bé nqknr 4?@9&8‘ m of a

processi ig representation
of a pretessk g ahacketear data w 1&11 the processing data to detex.mm& cause of the problem.

Usually, the analvsis may be comaplex and may require expert human jaterpretation.
Furthermore, the analysis is usually not performed until at least one, and probably several,
substrates have been processed. Since the analysis is not performed in-situ and in real time,
damage and or undesirable effects may have already occwrred to the substrate(s) and/or the
processing chamber/chamber parts,

[Para 4] In some plasma processing tools, the sensors may be integrated as part of the
process controf loop. Thus, the sensors not only collect processing data but may also be
emploved as a monitoring tool. In an example, a pressure manometer may be employed to
collect pressure data. However, the data collected by the pressure manometer may be
employed by the processing maodule controller to adjust the pressure set point, for example,
during the execution of the recipe.

{Para 8] To facilitate discussion, Fig. 1 shows a simple block diagram of a processing
chamber. The diagram 1s not meant to be an exact representation of a processing chamber.
Instead, the diagram is meant to illustrate how a set of sensors may have been implemented

within a processing chamber in order to facilitate the execution of a process recipe.
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Instead, the diagramis neant to illustrate how a set of sensors nmay have
been i nplenented within a processing chanber in order to facilitate the
execut i orwof20a/qoes@eess reci pe. [ Para 6] Consi der the siteamiusaomiogrssé n, for
exanple, a substrate Iot is to be processed within a processing chanber
100. Pr é rretrgl ogg tool 102 g |ch may be one or nore

met r ol dén)“t bl )“1 ‘i)‘ %”&h‘tﬂ“&)y §eh [ PBPH prd %‘r’E?c‘@%’éﬁ‘h © ROS8HFE rent s.
The pr QriRfinG KRG MBS TBO pLGLE. t&,@c@;&r@h{&km rgmlmﬂf%mwd hg. 4Rl oaded
via a |ink 4toafabr|cat|onfaC| ity host control 106. [Para 7] To
begi n p‘rrmsmmgk@»smdslmaﬁbett@pimai uawmma)piseppﬂtasﬂnfsabcammwm fldei lity
host caontrol se.a rec for cuti,on A ces,
he. medBtPBERIT LS a0 A Dby EROBsY FisbrPEEM R WPinerd £ bl o3
COI’ltI‘OHﬁl’n1&@6}3'&&;ﬁ[@}n@sﬁuﬁ;hﬁﬂéﬁ@l@pe set points in order to conpensat e for
t he i ncom n%; material differences. In an exanple, the pre-processing
measur dfert 7data beginarenspsng arebsiay Ipalingextrenyt dvarloy FRbrishiyai aility host

?2?{ ggtCe)r gﬁ&f’cﬂ}g t(l}Eh{}(_ﬁ%g?gﬁteébaltﬂgﬂ‘écet%}gﬁft Y}rﬁ%R;[i ma% LEX"H ﬂkéﬁaﬂlti‘gugc%guE%/ ?(I;re

t he knaway @h éﬁx@ibemmmmcattm fs{ubs,timt mm[aﬂazr E;m&b a@h@ﬁth& heigert peinkds been
chosen and the recipe has been adjusted based on the pre-neasurenent data,
f abri catfieie campeisalp thode ikeptipgETiah dilcpgyess dAguenEplechp ST Brosessigces s

modul e (BN Gt &'ﬁcl; b % sx?nggt\é'n VAndi g tﬂujr?lbe @§HQ§&3&%%I%&L ofl gsﬁ\%trjaf?:aded

into processing C r ubstrate 1 ositi1one etween a
| oner ek éa’tcﬁ@nldm’:‘ﬂsxﬁn(t sucipeasd b tlel recpe.ost akdzmitchuc%)xpmdpamtaupcp«em el ectrode

116. Durin roceSS| | as 118 e, fornmed to process (e.g., etch)
subst r ZISKE ii“ ApqeFpL Og]me&l{‘)“ FB?’SB%S‘*éi‘ﬁb SUBStBi%iral ity of sensors may be

enpl Oyq@‘ahpsg“@nl?:@{hetr&%@ﬁ%t&em:h&%ﬁQﬁ&§ie0&1§é"§d§%@n Jc&gste&?b%%%nlﬁ@ and/ or

substrate 112. Exanpl es of sensors may I ncl ude are not limted to: a
gas fl| awe-osaswonpatrdaix Zdyicatenierit e L@@wébr $04 mag semidhd Bfjpe ta apr essure
sensor sel, Qf mat.ch, ntr 128) d| 0 ency (RF)
cont r ol gsey gy R Threp (RS AR S Shaby S Sl 2 Gadeoer 1 15)
and t hgyrbédk@ng bRar@ir e 8ANRLIRafr msu&&&m&qme& BEwRY a bev&aRicubin gl pressure
data within processing chanmber 100. hi another exanple, RF generator

cont r ol {beah aE30 ehstipBrtiGECh adencippbosiedngeridf] Blusing pcpwsndhe pisinaddBi ng
dat a aq%}b ﬁlrl?& tyr&&g@eg, ‘t'g{?ﬁs‘?:g@t%?ﬂ“har nonics and the |ike. [Para 10]
The dat'a-co & f

e sensors nmay be forwarded al ong
comuni{@ati o Diuneg p(z&ucslﬁmaa plaBlity b 2ensdddnayldbemidBad hS0onimnthelsddy of 0 a
control datg hup 136 for anal gsi s.,}lf‘%n one_reci pe set point ne cﬁis to be
adj ust dUOEAEEY CHRBRd PRI B8, pherwibstide A hubramgenlpeasrgmerdigekul t to
Process,, ﬁg&qlo‘?n 50l &K nhQ8ca¥bBed (i B, &3 ﬁ&‘é sPEORES S TREy g gontrol L er

108 may adjust the recipe set point accérdi ni I'n an exanple, the desired
pressure sensor (126), a set of match box controllers (128}, a radio frequency {RF} controlier

{130), a valve controlier {132}, a turbo pump controller (134}, and the hike. In an example.
pressure sensor 126 may be capturing pressure data within processing chamber 100, In
another example, R¥ generator controller 130 andfor set of match box controllers 128 may be
collecting data about reflective power, impedance, harmonics and the like.

[Para 18] The data collected by each of the sensors may be forwarded along commuication
lines (such as 140, 142, 144, 146, 148, 150, and 152} to a control data hub 136 for analysis.
H any one recipe set point seeds 1o be adjusted based on the analysis, control data kuh 136
mayv send the result to process module controller 108 (via link 138) and process module
controller 108 may adjust the recipe set point accordingly. In an example, the desired
pressuare set powmnt according to the recipe may be set to 30 millitorrs. However, accordmng to

pressure sensor 126, the pressure measurement 1s actually 26 millitorrs. As a result, process

fa



pressure set point according to the recipe my be set to 30 mllitorrs.
However, according to pressure sensor 126, the pressure neasurenent is
actual | y ®6 2nitdoegoorrs. As a result, processnodul e cont POTIGSR01008450Y
adj ust a pressure control actuator to bring the pressure back to the

desired r Para 11] A uni-variate Qrt ogonal rol schene
is typi'8 ‘ﬁ% 0“&”@%@@%‘%‘%8 B I"'?%P'étﬁ"’&ﬂ%‘rﬂcﬁ“u‘%ﬁ1’ Shent @d“%%’c‘%é@hlt fedrpe set
poi nts C@.@ﬂ&;&g QLS.pokfd Ot her words, a recipe set point may be associated
with data coll écted froma single sensor which is considered to be only
responsli’asz iy atsu-nghaepah&mné¢qz1tm5télenwls$ e(pméloifa ;ymaaayomwier sensor is
usual | %g gon #H det ermmn%3 g speci fic recipe set point
is fol |f8 8“‘“?1:% e“ﬁ"é}te CPRE S gF Oé’H O, “‘t“ﬁ%*” ‘hﬂ%’%fr“B‘rdés Ngtad

adj ust %ﬁ:nh@ﬁ’fﬁ%e(lﬂqé&lﬁe(ﬂahﬁ dRQhgask BYmll 8886k SSERERA islafsidertdraking the
adj ust ment, process nodul e controller 108 may be assuming that pressure
sensor fn%mgmm@\mawmgieamwn@tﬁe %@ﬁaowdtfmrt apy edsurEsednsBRIIZ6t i s not

sufferi i Saand/ionRart.. ver., ssure sensor 126 has
act ual Ic§gﬂ FFe d“‘%‘ ﬁ'ﬁ“mﬁé"’rhé YR NLPL ¥‘€pﬁm 2 Qeis?g"“fri’t)dul e controller 108

in an gPuenp?) Ixﬂthbrekmgpite hﬁ@@ﬁfﬁlﬁlﬁm@@nﬁﬁfﬁlﬁﬁblﬁﬁﬁlkﬁ&ﬂ dajellendbs dsgdrsidide may
result in undesirable results on substrate 112, and abnor nal condltlons

apper t AVATRGUHESCIHE |ehdRBEkiygaibe sl mperennedyneperaiier it AR madibeg t he
sensors, %h@ﬁg paY@?e)%mgB&EEi PECRIR ﬂ&;ﬂ% un"ié'ﬁrﬁ%}@%'rp%ék@{@e%rw% {PRAW NGS

[Para 1 sent Invention'is i and not
by way ref sikfifmidgatdrodsific and‘hepdri gerre $lafeveh &l jmeconpanyirigé diaﬁwmgls and in

whi ch | l%e fer“e.nqe.nuneral.% refer to imla @gm&nts and |2 whi ch: [Para
14] Fi d‘l”tt sHEWETES IThiiee bl YeR™OdTagr Lo"f*"“éf*’{ﬁ?‘ J8PRGEHBHS Ying s o 15
Fig. 2 shows Ldnextﬁﬁ &@P%&x@ﬁ&ne@fﬁatté‘ﬁa{ Fééﬁﬁ”n'l QfbesRatit PRLRs B Q@kesliags am of
a processing chamber with an in-situ control process arrangenent. [Para 16]
Fig. 3 'vszki@imsmm*zrhCsarﬁtmrts@@pmmmgm thh@hmnb@n’taigm:ldaom)emea&ﬁvcmm@a!

rel athns }éﬁ" p}% Sensors. [Para 17] Fig. 4 shows, in an enbodi ment
of the' & Uh “6’5’0?{ PE¥PEw chart illustrating one inpl ementation of

the in-si tu GRNEF P qroeesonn®et fod: $oviRerf ermyem VT HEUaR ArBiNGE ogy. [Para
18] Fi % 5 shows, in an enbodi nent of the invention, a sinple flow chart
i 11 ust riRarnilanhe mssereneatpor 1Bastamd rvay eleseowms and pridoesay oo provi de

real - tiyre Q0 1l GARRDLE LY ETALIER RESCRLET) O OF EVACOLVENTS [ far a 10]

The presen FAvent 16N W escribed in erence to a
f ew enheflr peninslat flemest aadin whigki rated in the acconpanying drawi ngs. In the
fol |l owi ng v

{Para 14] Fig 1 shows a simple block diagram of a processing chamber,

[Para 18] Fig. 2 shows, in an embodiment of the invention, a simple block diagram of a

processing chamber with an m-situ control process arrangement.

{Para 16] Fig. 3 shows, in an embodiment of the invention, a hierarchical relationship

between the sensors.

[Para 17} Fig. 4 shows, in an embodiment of the invention, a simple flow chart iHlustrating

one implementation of the in-situ control process method for performing virtual metrology.

[Para 18] Fig S shows, in an embodiment of the invention, a simple flow charnt illustrating

an implementation of the in-situ controf process to provide real-time control capability,

DETAILED DESCRIPTION OF EMBODIMENTS

[Para 19} The present invention will now be described in detail with reference to a few

embodiments thersof as illustrated in the accompanving drawings. In the following

description, numerous specific details are set forth 1n order to provide a thorough

understanding of the present invention. It will be apparent, however, to one skilled in the art,

that the present invention may be practiced withouot some or all of these specific details. In

3



description, nunmerous specific details are set forth in order to provide a
t horough understandi ng of the present invention. It wll be apparent,
however, wo20n®0%400l |l ed in the art, that the present i neemitsononsssbe
practiced wi thout sone or all of these specific details. |nother instances,

wel | knovvn processei ps and/ or structures have not geen descr dﬁ
et ai | QSIS o NI OUAECRSS PR JPBSELF B hes HIudErt IPRU B PG Par a

20] Var:h%ﬁﬁ:r%TP&%H&QR@M%%&&%%& %@mﬁ%%mael ow, including nethods and
techni ques. |t shoul ept in nd that the invention m ght also cover
arti cl §®aof 2haNufiact ankoduhatts Bwolea«dé‘sed@ewm@mvermﬂrie@dgbiedmiednmm on whi ch
corrpute r eadabl e, i C L odi rrent of .t he

i nvent i b ﬂf%hnitah‘éﬁgﬁ?éﬂﬁlﬁw88“5 gﬁéﬁ}fdwg? R i&&‘ ISEVHAITCHRT Sy i ncl ude,
for exanmli€cu®emhE QaURE QeoniBEPakhtissie ﬁﬁﬁﬁﬁﬁ@lﬁ‘@ﬁxi&mo@ﬁﬁd&@é&d{a@f& ot her forns
of conputer readable nmediumfor storing computer readable code. Further,

t he |nveﬁtu~:*@ﬁnmymng@w @Mb&@pp@zﬁa@h@@smfe@mwah;ivw fig sentsbdilvent s of t he

Lp\égp;:ﬁ%gu ttddailglg ;x&. m) ;}{I@an gae, g(?rtegéxlgr:jlxrwﬁu!a%n%tén ucl }x m%,gm? ({p?tg] e
i nvent lrﬁmxeﬁfxaj@mbﬁmm:hauﬁhn@mzqﬁm wmb&ud@ecﬂug é@&t@iwﬂﬂﬁﬁ@m r&Qiput er

and/ or a dedi cated conputing device when appropriately gran’med and may
i ncl udevde.c bsichals gy eBRoRmaY Asa caYy clanehatewgﬁawp%@néﬁﬁhﬁ ments of the

dedi cat;gd/ progkar LB ;{1&U!;1EF1lgggg&%% d%sguag%’cg%}d\/& g)l (Qkﬁmhﬁﬁlﬁs ok xtxaduﬂ' ng to

enbodi ment s "of "t he Invent i on ment i oned, t
cont r oltadh pbhani pac esibbdigreamvifniznmestticns Fdresipie,a folf euumlptpnﬂars mcduqlrsf form
substrate processi q%lﬁWth onsi.stent results., However, reci. Ee adj ust ment

typi cal4CBLEWHOMF RIS SPHRT & dedifdd P I5F SR “PETOBENlN occasi on,
fal | i bligoghiitdhanAanaRIS: BRYHRSLNBCALIAN R BAKRARE RS Ed did y Lo mul L] pl e

paraneters, dr oveér time, and beconme defective. [Para 22] Those

skil'l ediedmateki@wamar}éiemné\s mhatedé“MEpamanm%wemymeu robedipbrafant i n
t he cha}[)act erization of a substrate than others. In an exanple, the ability
to conttol*'th&™el ectron density as a processing parameter may provide a

ti ght erjpaent 110l s QY8 BUDSERRIRI D €SB @F R deSsib i aflitdd@edbisldetiabl®
control the pressure |evel whichis less direct. However, not all
par anetis ety pa&ra wé&itatwmaea@uwe@wtiﬁué@é ee%blys dHeversr.acapnadpsinent

addi ti g{}?um} basH m’?%@\@m T 5Lnﬂ$~y§dplqw9%&\ it &, (}%X)L@cf’s%dﬂnghgb g'tn\%gtth RhySI cal

act uat contr g8sUre X reasured by a

pr essursensmnoagte mac{ﬁhu@ haxfe :,Exlmauxprvetsswi&plmaﬁmmﬁmmnfsm@m;ﬂehatd ‘$the
pressure has deviated fromthat is desired, a pressure controller nmay be
enpl oy dHCPBe SHCHEYE- t he pressure in the chanber to conpensat e. However, the

el ect rq&‘alifﬁ'ﬂ' tHodeSicBicB3A BBLEL e LR HRSRRLREE REL ABASUBARE any a

si ngl e 'sensor
the characterization of a substrate than others. In an example, the ability to control the

electron density as a processing parameter may provide a tighter control over substrate
processing resulis than the ability to control the pressure level which s less direct, However,
not all parameters may be directly measured with ease by a single sensor. In addition, not all
parameters may be controlled by a single direct physical actuator/controller. For example,
the pressure level may be measured by a pressure manometer. Thus, if the pressure
measurement shows that the pressure has deviated from that is desired, a pressure coatroller
may he employed to adjust the pressure i the chamber to compensate. However, the
electron density 13 a parameter that may not be directly measurable by a single sensor,
Instead, to determine the electron density, complex computation mayv have to be performed
since the electron density may have to be derived from a plurahity of processing data points
from one or more sensors. Further, a simple direct physical actuator may not be available for

controliing electron density daring substrate processing.
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Instead, to determine the electron density, conplex conputation may have to
be performed since the electron density nmay have to be derived froma

pl ural it ywofoprooessssi ng data points fromone or nore seRSOMS201BOuG4Rer, a

si npl e di rect physi cal actuator may not be available for controlling

el ectro ?ﬁ dur‘i%g ?Hbstrate p;ocesm [ Para 234 I n one aspect of the
i nvent itbAT®R ¢l PRASKPET &1 HEPBYSUPRANT FRENPOF %e*wfm*w Prhly dRiFHe@bendent
data stih&ahiRathRatah %m%ttt}g?glwsmﬁw%ﬁn&k% ARG erRBASALG ‘.hmd@e%@ent of
the direct process control |oop), validation nay be provided before and

af t er rdeicpeotissicogrd doqer fabdatesh minbagdividedbefarhend e rtopstuheges n

par ametEFON T Hag Mol 50 P NATAER BTy e eas A ey “a RIGF PO et or

al gor i tdhoghaaD 484 v AR 1S taBlaQ Mt BNG@IP hayeetel SaRdelidriRd 8Ghpe

adj ustment. [Para 24] In accor dance with enbodi ments of the present

i nvent iagnr lfh@t%a@lé?ﬁ%fdaaﬂkaH@ém&ﬁt@m@ﬂv@’fam&ﬁﬁ@lN&-@S?l aijusprodess contr ol
g‘: g\“pa X’éggg %ﬂl E L \.Léf{ degntx%d}? {,nﬁmq?mmm/\ &F i}u r hgcn?m\ an ({Inl a‘Ehﬂnqg‘\ g‘;nmt rrfa)(;r

i ncl udesrgatanend f(ﬁ@hﬁﬂmﬁrr}@mm pricesl coh@oars ersdded. dmhodimemsdep@adent
sensors. Enbodl ments of the invention also include an autonatic

mul ti - VEY§ROB idtesiry gy st donrppidingcma pdereadons dgg sae 'W@ dnrindpRrnd@hsor s
and/or it stn‘%-e}sln AR h‘;@hﬂf a&%nggcj&&%% ag;g u&i 1‘33{3 SGkbRMmalbR &eb§ ﬁ%ﬁ% WL gation,

and/ or recipe tunin ssed hereéin, cont 00p sensors
ref er tionsehsons of tatinamgoakkso ipdede ..m‘autfhmtmmcies&:m@:nkmaiﬂ {ogogml chmrdt her
wor ds, Eedtafr m the control -1 00 Psors are e Iyedto noni.t r the
reci pe SSBFIHHI RTQHHHR VHYR “‘r"é%“‘ﬁ@* 85<£*é‘u‘f1 alqry 1 prafatpy fgplt gptectiqry, faug

col | ect.@d -9t ggd GOREIRli9ep sensors are usual Iy enployed to make
adj ustments to the reci ge set” points. [Para 26] As discussed herein,

i ndeperifara 2¥ens drssuysed metrm@éﬁédﬁmw fehas gdagpabtsprs iy aroalhonert af genot
part of the conventio roce trol . In.an _enbodi ment, of .t he

v ent Bt REonishe nHE: SERore M Pim i ianvaRiso s BRABEPRSH harber
t o chanBefitor kife R0QE B&mhoarbedii®Necipk RRedulide PaNGe fib’imﬁ@ﬁ&ﬁé gatABYlIRe:d edundant
sensors. As an exanple, an ind epenéent sensor be of the sane nodel or

type adrarhéheproatslioep serrerreare psuaHenplgy el o éﬁb¢ agTiehisthdiepEgpess cont r ol
| oop. ever, the independent pressure manometer is independent of the
process cointrol |loop. In an enbodi nent, the redundant i ndependent sensor

may be [pasi téjonedisoeard hhemcQmiep@idehmpqﬁﬁﬁ&@fmN;tsbrsttha pexgeliy aipiton of
maki ng an i ndependent but duplicate measurenent. [Para 27] As. discussed
her ei n, o8 ﬁiw‘ﬁwlﬁﬁ§éﬁ‘§d@f‘}‘é¥’§f‘§l REBECSS SOUTENEIOB- .Wéwhﬁ@wng@ﬁ%r that is

hot a hﬂ{ B SnE TRPERRA: sehibr@ e SAROMITRA oaliBradeh HHMRLh SRS & ciB¥bePerA

conposite sensor
another embodiment, the independent sensors may be redundant sensors. As an example, an

independent sensor may be of the same model or type as the pressure manometer that may be
employed i the process control leop. However, the independent pressure manometer is
independent of the process control loop. In an embodunent, the redundant independent
sensor may be positioned near the control-loop sensor with the expectation of making an
independem but deplicate measurement.

[Para 27] As discussed herein, a virtual seansor refers 1o a software-implemented sensor that
1s not a bardware component. In an embodiment, a virtaal sensor may be a composie sensor
or a derivative of multiple sensors and provide virtual sensor measurements for parameters
not typically directly measured. In an embodiment, the virtual parameter may be calculated
and/or iferred from a plurality of data sources. Thus, with virtual sensors, parameters that

may not be physically measured by a single sensor may be derived. Examples of virtual



or a derivative of nmultiple sensors and provide virtual sensor neasurenents
for paraneters not typically directly neasured. In an enbodi nent, the

vi rtual paoamaimesonay be cal cul ated and/or inferred fromCa/yshaoalissy of
data sources. Thus, with virtual sensors, paraneters that nmay not be

physi cal | rreasured b sin sensor . may be deri,ved. Exanpl es of
vi rt ual PEPEHET & ‘H‘&V‘Xﬁﬁe 'g“ﬁi&‘fﬂ & RbES 4t tl%lht*‘éy “”‘f‘Sﬁ‘ei&‘x &80 i on

flux, R@Hmﬁn@RQka$$@ﬁ&ﬁQﬂnQ%@$kRYﬁn@Pﬁh%£ate to deposition rate ratio, and
the Iike. [Para 28] di scussed herein, virtual actuators refer to

sof t war{®arnp$] Ieﬁsamiksed%scé heneol, Mens! admatmmgﬁeio@ @@ﬁpi’swewltmemnqbt@mwhhﬂacont rol
of par ageters thatl aréﬁi not i-Ot her w sg f” rect l'i{ tirea_ e or trollable by
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sensor anm@e:ﬂemiahwﬁﬁimh@ﬁawwm Negessi ng data and to provi de feedback to
a proceSS|n2 nodul e controller in order to adjust the recipe set F0|nts as
needed.Pasheflaf g cabyiimeiatithg Bverimogs s é%frfmm@éﬁfeﬁé Bevidpdlayed. In
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and a senso ontother sensors are us ut’i adj usti ng
set poimtassikipdewand t(dlamaxdf.ﬁmﬁumdnbr.m:sstampgs&:tdstmrasmnaymbemdmsuf fdadtent to
verify paraneters of intere As .a result,
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i ndependent sensors. As aforenentioned, independent sensors are sensors

that ar@nhptlopsensers ipachiEaERat o raNsogROIes & oNPIBIPIPISEPNE fasulhrr even
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uni ver sa dent Sensors enpl oyed
t o captastlehsiplegi fic characteri stl cs of the chanber [Para 31] In one

enbodi msnt t he i ndepepdent data stream may i ncl ude ata collected from
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sensors, even though”only the pressure
independent data stream may also include data only collected from independent sensors. As

aforementioned. independent sensors are sensors that are not part of the waditional process
control foop. in an embodiment, the independent sensors are matched and calibrated to a
universal standard. In other words, the independent sensors may be employed to capture
specific characteristics of the chamber.

[Para 31] In one embodiment, the independem data stream may include data collected from
control-foop sensors and/or independent sensors. tn an example, data pertaining to pressure
tevel may be collected by varions control-loop sensors, even though only the pressure data
from the pressure manometer may be unlized, for example, for setting the pressure set point.
Thas, data collected by the control-loop sensors mav be (but not required to be) utilized as
part of the independent data stream to verify the data provided by a single control-loop sensor

m this embodiment.



fromthe pressure manoneter may be utilized, for exanple, for setting the
pressure set point. Thus, data collected by the control-1oop sensors may be
(but not wequiwmeBobo be) utilized as part of the indepemrdgriS2datan4sé r eam to
verify the data provi ded by a single control-loop sensor in this

enbodi a 32 t he i ndependent, dat a st m may be
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virtual sensor_ data for tustl n a recipe paraneter that is not directly
measur dbicenpyrahdasiecud denbke pRebGIEdl  sensors have been created, process
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Duri ng reC| pe executl on, e sen data provi ded by he virtual sensors
may be woppariedwval dlmkxtm tzh:enwin*mmwlat C(zmmshn)pset}»t\pomarm&zttandtutﬂmenmrfdhmr ence

may be cal cul ated. A virtual ,actuat t hen enpl o to contr | one
oY or donid i ek bt gRE s Tk e BLat e b o s Urtee 5 B 5]
The f eaeteh!{o%@hzﬁ@%e@m@' VRaRkagnscat c&hﬁ‘oi RS ae%sémantm%em erpOgﬁg %h%{ can

understood with reference to the fi gur es and di scussions that foll ow [Para
35] Fi dre Rfistbidingneape erdsodime scofortdat fravided bothe xaumlﬁ@hembhmtz@ di agr am
of a process n-.situ on.p] rr.an

hvent 1SGTRERaR Tt £ BE by ek gt ER BB AERE e RREA it

| nst eadwudaht® niyageame &fplaRait dofurbB&iel drin@ire pBi Sel s6hLaBr:a0 agpe ®aRodi ment  of
the invention as an exanple [ Para 36] Consider the situation wherein, for

exanpl elrtgal Seipgiat e 1ot is to be processed within a processing chanber

200 BABAEEsH THORLIBLE IR\ RE P 089S 5en PSS ALAGERANG PBRALATRN It &

(exter ogy

masuremntetﬁaﬁ@ tf;rtt@srmmtsrfﬁidagscutmms B8 Zoimy. be upl oaded via a link 204 to
fabri cat| on_facility host contraoller 206, The pre- pr% il ng measur enent
dat a arl®apbdSlh BRur sBeM 68 PREMBREAKTE Heht HYEREGbA Stppaeinsk didgrae 888 ng

chamber,2Q0Qqind Bh A% STROA IFBRAL cofBY process arrangement. The invention is not limited

by the arrangement and/or the components shown. Instead, the diagram is meant to facilitate
discussion on one embodiment of the invention as an example.

{Para 36] Consider the sitnation wherein, for exanmple, a substrate lot is to be processed
within a processing chamber 200. Before a substrate may be processed, pre-processing
measurement data (external data) may be taken by a set of metrology tools 202, The
measorement data from metrology tool 202 may be vploaded via a hink 204 to fabrication
facility host controller 206, The pre-processing measurement data are not required to
mnplentent the nvention. However, processing chamber 200, in one embodiment, may
provide for a communication Hok {204) between metrology tool 202 and fabrication facility
host controller 206 to integrate metrology data into substrate processing if so desired. So
doing provides a basis for compensating for variation i incoming substrates and reducing

undesirable variation i outgoing product.



provi de for a conmunication link (204) between netrol ogy tool 202 and
fabrication facility host controller 206 to integrate netrol ogy data into
substrat ewprote®ssong i f so desired. So doi ng provi des aPbadiSe010.010456
conpensating for variation in incomng substrates and reduci ng undesirabl e

variati oi.ng product.[Para 37 in roces , a recipe
may be ! éﬁegﬂe Qg‘y“f‘gw?ﬁ@%ﬁ‘ﬁwﬁ‘?ﬂﬁ? Y eﬁ%g&‘ﬁ@{}nﬁ)&qﬁ& “*2 E‘?
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the recipe to account for the inconm ng physical variations anbng
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controller 206,nma £ess controller 208
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modul e controller 208. [Para 38] Substrate 212 may be | oaded into

pr oces slafrgerchansde oo faiBifsgon Scditp hostpayireléer 386 bd piveesseedaesrarotioner
el ectro,q]% 214 (such as an electrostatic chuck) and an upper el ectrode 216.
During processing, a plasma 218 may be forned to process (e.g., etch)

subst r gPar?3®. SiRame B mdy i eddd e Bhessing ehanbayobe sanqmwm ey Boni t or
various paraneters pertaining to processing chanber 200, pI asma 218, and/ or
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and 224 pressure “s nsor a set mat c controllers (228), a
radl o] fsmbﬂueen?.y’ (RF) controller (230), a valve control l er (232), a turbo

u c tro (,234 nd the || n exa erature sensor 222
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speed of the punp and | ow rate. [Para 40] ease of discussion, the
af or enelnwmh@dﬁwn@m@a‘amh@c bupwd npolgaithdio, a[gds ﬁqme cheradigéli®r known as

control -1 00p sensors..As ssed herein ensors refer to
sensor SorRganEs STSHE AT B G Ees ISRty PRV ah G RaTERERo
traditiong kycxc&ﬁfﬂl:‘?)é@d\ eryaRtb 0 (RR®. § eeivPeosalileP it S it figha T eci pe
execution. [Para 4 I'n addition to the control-1oop sensors that are part

of the gopBe ”cﬂn@lﬁbﬂw fibopln e pwiid EnepSHERSGEBSE 8% maydegoligdmg thnd 264)
|
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tradition otess Cont r ol ependent

sensor sLrayawvias yol letmaﬁdm*em‘dtimpéecbcﬁ thdpuibp wedthicdlow tdhe | ndependent
sensors may be mat ched and cal i brated agai nst absol ute standards and
bet weer Paretle F st Bt dicrssieB by atosspertioned sy 3 SHUMSEPLRBTARE e .

hereinafter known as control-loop sensors. As discussed herein, control-loop sensors refer to
sensors that are part of the process control loop and have been waditionally emploved to
montor the recipe set pomnts during a recipe execution.

{Para 41] In addition to the control-loop sensors that are part of the process control loop,
independent sensors {e.g., 260, 262, and 264) may also be provided. In an embodiment,
independent sensors are not traditionally part of the process control loop. The number of
independent sensors may vary. In an embodiment of the invention, the independent sensors
may be matched and calibrated against absolute standards and between themselves to give
consistent results from chamber to chamber,

[Para 42} In an embodiment of the invention, the independent sensors are chosen and
provisioned such that at least a partial overlap of daa is provided for some or all data items.
In other words, data about a specific virtual sensor parameter may be captured by more than

one sensor. In an example, independent sensor 262 may be configured to collect data

e



[ Para 42] I n an enbodi nent of the invention, the independent sensors are
chosen and provi sioned such that at |least a partial overlap of data is
provi ded worzosionwesoor all data itenms. In other words, daraTalseu/oan4speci fic
virtual sensor paraneter may be captured by nore than one sensor. In an

exanpl e, dependent , sen 262 onfigured to coll ect data(including
pressur@*th@a&ﬂa@ﬁwﬁﬁvg& ol e sdEr Ty 5T 1 lﬂp\’/ﬁ*ﬁ‘ﬁegrﬂé‘ssure dat a

col | ect&,ﬁeg&gg{&%%@gé}e&s s ?(ngggﬁ exanple. [Para 43] In an enbodi nent,
t he i ndependent "sensors may be redundant sensors. For exanple, an

i ndepenr#tars 43ehsor emhyinhxemofhetlm&psmi podels nag ktehexitpmbsm@nmxraﬁmt er t hat
may be e process
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[ Para 4ddy I'}@el@fiﬁ@\»MQHé pRIEss chRRoli IBSlE PEPRIERT, he NERH& dBYscR&r¢RBRI&ed Of
sensors that do not have a direct overlap with the control-loop sensors. In

an exanﬁ)k@wv@ﬁﬂfd@éhﬁy?&lé@nﬁiBrf@b@ WWHQD@rrpI oyed as one of the independent
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cont r ol okt GO @@ﬁﬁ%@eﬂa@y&nﬁeﬂé%mide &neng. COMMRNANGA, Ix@had&elfd’l@&n(@@b@ as
240, 242, 244, 246, 248, 250, and 252) to a control data hub 236 for

anal ysigay &g splared & prios fheaptgpentiont SeRsps oployHdn 4auanetiogivthdei ndependent
Sensor S, £26Q, « ; war ded al ong conmmuni cation |ines
(270, %g%ﬁ%r%@%ﬁ @&gt%@%ﬂ%ﬁ%@ﬁ%@gﬁégg data hub 280. In one

enbodi nPaty 4ﬁer’ﬁlaida&ﬂaaﬂiaued)bt det@dirblylobhecicontmol bd hopasled siong may be

forwarded from control u t sur. t. .sensor b, 280 vi a
o GO RS el i3 0n e R Aol R a2 o cprigt FBTBR by t ho
oA o PIFPYBRISA Rl BP0 9 b NESHIEIIL spgnsgg kg, 200
opt i ondPHY, *\@ér "fi@rﬁfﬂh gms efre berferprrduegsinepriaskisaticgdotes 857002 Gl taall 27 dr vt

be. | o uRELE (e S 4 M Rate nae Bt Be bt E 23 eBNBTET 8 Bsmuni cat  on
l'ine 284utrbRicap seikbadhaEiy fordatiad aehl @ptetdy hithesconhéRhrehRapssensors my
al so be forwarded to anal ysis cor‘rputer 282 fromcontrol data hub 236 via a

commmt&i&t e 80 viea zeemupwahw Uy 206 Teamoter apbrdivicat ol datasailedted $othegoi ng,

a high v f . €..con s ) nd the
3 o RlMBaRlafal AP BR £ALL FOLE P RS ONELPhal S0P S E0RRL %uf
i ndeperiﬂlerj:tmsensors may be highly granular data. In an embodi nment, analysis
conput er. 282 may. be a fast processing npdule that may be confi gur ed to

handl e Baraige: %r ERhscBRg aiatdam “PHOPHEPY! \rw%%éﬁtmmfﬁ« BECESF U @¥RSt he
Sensor Wt AWMk kdrittar AMVERAS Ghe data may be forwarded to an analysis processor which

mayv be implemented within a separate dedicated computer 282 via a communication ling

284, In an embodiment, data collected by the control-loop sensors may also be forwarded to
analysis computer 282 from control data hub 236 vig a communication line 256,

[Para 47} As can be appreciated from the foregoing, a high volume of data may be collected
by the control-loop sensors and the independent sensors. In one embodiment, the data
collected by the independent sensors may be highly granular data. In an embodiment,
analysis computer 282 may be a fast processing module that may be configured to handle a
large volume of data. The data mayv be sent directly from the sensors without first baving to
go through the fabrication facility host controller or even the process module controlier.
Application Number 12/555,674, filed on September 8, 2009, by Huang et al. describes an
example analysis computer saitable for implementing analysis computer 282,

[Para 48] o one embodiment, besides data collected from the sensors, analysis computer

282 may also be recetving metrology data from metrology tool 202 via a communication link
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go through the fabrication facility host controller or even the process
nodul e controller. Application Nunber 12/555,674, filed on Septenber 8,
2009, by woang/mesoal . descri bes an exanpl e anal ysi s comparTars2&ios@se e f or
i npl ementing anal ysi s conmputer 282. [Para 48] I n one enbodi nent, besides

data co] ]l ected fromthe sensors ut er 2 alsob

recei va ﬁ%i‘? 8‘]“53@@%8& RosEy et ‘Sf“d e EBS%HE‘@E“\)?C@ U&n% ‘bfét‘%b‘h
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fabrication facility hHost controlle 6 may al so be f orwarded to anal ysis

conput eong8Rr 2¥hosy ternahiigired t;oimmdteahe Ecsaiermlwbeem olnft ingyriede peviamld e t he

reci pe ,adj | revi ous, en perfornmed by fabrication
facili tti‘ﬁ#ﬁb%’:fmg&qthﬁga#’ré?mé@éami tP§P§ 48 ml}l% §§ enbodi nent, anal ysi s conput er

282 i s papf igunesh LOHARNALNZ ndlhes aﬁﬁ&ﬁ@@m@w uqﬁmz@tzb@maéwmet he results
may be sent to process nodul e controller 208 via a communication |ink 286.
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conputer 282 may include virtual sensor set point adjustnents, faul t
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t he processing. i ke the prior art,” a

non- or tshognnmd;L&onmnalfmﬁcﬁxﬁfm]<mytd bétsshmtmmedxd muiﬂ&ﬁmmx n,gd;mhm reI ationship

between.the recipe set points and .the sensor nmul tivariate

non- or IGGONAE CBBhHRTesDS. Havs: Pt Brranacie s rydth i ondpeadonon

one-t 0-ROErk&@ll onshi p between recipe set points and virtual sensor

pararreters, and "(b) parameters frommnultiple sensors are used to determ ne

vi rt ual {Peensr Upakaﬁv@tpems art] pmgltherriagorasortzogossl getrskewchpot maery be

associ ate ura of sensprs. Unlike the

o or artblosdindf e B s RERE b bRt B il Ry R Wb e ne ebndent

j ust  onadiateacaritegbed sthentchBa RAkN QL ch@AB S QNS 0§ theldis e A e- l&l@t}@- col | ect ed

by the |ndependent sensors (and in one enbodi nent, by the control-|oop

sensor g¥laashiebapiopee apamentarnd WriganeRTs PResmeire.ane ke rerestels fiasop
sensor fle: and c amer.pk at, Lates.

para Sty RS SEEER PE 00 e RR Rl it Mo R REEA PSR SHAS R SiT The

I nvent iygint dayhbicasadcdhed adth rdaiaat»iiemsmtrpmbﬂtimen éﬂwnmﬂsmm{e&@% pebONS.

Consi der _the situation wherein, for exa l e, substrate 212 is bﬁl n%

pr oces SEHSIRCST BB §1CH~§; eheptperR 0w lopgsdedrrerigntipe angags adleciedby 8 i zed,

reci pe g%ﬁ&oﬂ%h@tsém@ RGO @@ﬁ%olﬂ%&@ec{ ﬁ%@ﬁﬁgéncﬁﬁé Rhsor@{alih ggét' onal l'y

dependent on asurenments fromthe control - op sensors. Traditionally,

pr ocess:nmgithent, by the control-loop sensors) may be employed alone or in conjunction with the

tlrre

control-loop sensors to determine and control certain chamber/plasma/substrate states.
{Para S1] To faciliate discussion, Fig. 3 shows, 1 an embodiment of the invention, a
hierarchical relationship between the sensors/actuators. Consider the sitvation wherew, for
example, substrate 212 is being processed in processing chamber 200. When the recipe is
first nutialized, recipe set points are provided. The recipe set points are traditionally
dependent on measurements from the control-loop sensors. Traditionally, process module
controlier 208 may tune the recipe set points after a substrate or substrate lot has been
processed using the data from the control-loop sensors (block 3023, For ease of discussion,
block 302 may be known as vector S,

{Para 52] However, as previously discussed, the data from the control-loop sensors may not
always be accurate, and this may not be detectable especially if a uni-vanate orthogonal

relationship exists between a recipe set pomt and a control-loop sensor. Thus, if a control-
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controller 208 may tune the recipe set points after a substrate or
substrate | ot has been processed using the data fromthe control -1o0p
sensors (Wbhaok/@®e®p. For ease of discussion, block 302 may/useoloomse as
vector S. [Para 52] However, as previously discussed, the data fromthe
control -1 oop sensors may not aI be accurate, and thi,s

det ect ABPRSWEHETS ‘1*1‘39“‘??’“1& SO g3 ihp & 1 &t%tg%aw'ﬂf*@mfieﬁgﬁw eéwgf g
bet Weer},oans;e&;bp QorBl ROk kAL 30 Hod@ FQRLGRL 1ds@RRn Sl danAUS sullsfra@ and
control |l oop sensor (such as pressure sensor 226) has a imal f uncti on,

r el i anoeaosredalmape cwinted chypedesiscont rol -1 oop sensor may result in poor

processi,n sult and eve strate and may even hanmber
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the pregsit @@l e rbQpe XN K¢ phRl QEELLEIAG HHELE BOLRRI PHESSLG RS et

poi nt, additional data nmay be provided through other control-Toop sensors
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for the speci SSion,
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g)ay varydug sbe. ?ﬁg‘tﬁ( g(f)eigh' i _15911 &513!?@'& %’E) S%dﬁ”@dq‘i k&x@&b&ﬁl%a’ ngﬁ&hkdﬂxc(!ve‘:t or

bet ween vecto vect or tend er specific.
[ Par a 583y Asy dhorementihamady toblraalk, t’&@én@yah&iﬁmh oy édxcton (Ydreikayent he dat a

provi ded by _th ,ﬁ,c trol -1.00Q sen bI ock 302. In an exanpl e,
i ndepené&it "’ééﬁ"s) GRa By O’ngyf @P&Wi é”?l‘af APPRIEPRSES not validate the data

provi dgg, by sfyr A EmeARRLl. 488: ﬁmﬁ&t G@émmw@m Je%, gRat@aeRneViiEedy

i ndependent sensor 264 ind i cates that” essure does not need to be
adj ust egngvielsop h@mgh‘ ipbbxk e @em@mm n&wm&e@t sate Qﬁﬁhmwiigezde [Par a 56]

However pa such as ssur l) or
mal 11 prbelF g s 08, BT e BT R Pl SR rpBHEE S R 2 needed
to drivgodibed subatsatienaltl@nct MRliRiaINa dopkhardesk hetna&tiab Be adjisied der to
nore directly or nore eff|C|entIy drive the process to the deS|red st at e,

vi rt ualeveeihvoek peseire pengpr FfanapbdirateorBetdse. be provi ded (bl ock 306). For

ease of eghﬁ%ﬁs ?i'eg{“mb}u%}ﬁnﬁg% FB&I?&%V\’”%&%‘{E@%MU eL? Z(}xam%?t%)}éa‘s

di scus ereln Sé‘hSOI’ ers nsor

der i vatdixerttonemiiribipp@asersomsy hivgirovnidy algasditepeedad & dmretthaakumﬁm@er
paramet er s that may not be directly rreasured by a single _sensor. Instead

the vi ridar tEaawd fﬁé?‘aﬁéﬂ‘eﬁ 8tafpay0 9t &0 ewria@twﬂaﬁamc pifcERRedrive 819 dat a
froma pluka d Xdst;re RSONFrua ARk s8Ryt %hmum %&m&é&ﬁm%&ﬂ&y piRg! ude but

are not Imt e or exarrpl e, lon Ion energy, el ectron density,
et ch rate).t bor ease a’f discussion, block 306 may be I\new n as vector R,

[Para 87] As discussed herein, a virtual sensor refers to a composite sensor or a dertvative of
multiple sensors that may measure, in a virtual manaer, parameters that may not be directlv
measured by a single sensor. Instead, the virtual sensor parameters may be calculated and/or
inferred from data from a plurality of sensors. Examples of virtual parameters may include
but are not Himited to, for example, jon flux, ion energy, electron density, etch rate 10
deposition rate ratio, and the like.

[Para 38] In an embodiment, a phenomenological relationship (vector M) ntay exist between
vector R and vector V. As discussed herein, a phenomenological relationship refers to a
relationship in which parameters may be related and derivable from ong another even if the
relationship is non-finear or highly complex. Thus, to establish vartoal sensors, an
understanding of the phenomenological behavior {such as the underlving phyvsics) of the

recipe may be required, and 1m general may be expected to yield improvement over a purely

11



deposition rate ratio, and the like. [Para 58] In an enbodinent, a
phenonenol ogi cal rel ationship (vector M may exi st between vector R and
vect or V.weoxodimessssed herei n, a phenonenol ogi cal rel at ipomdaise@oned466s to a
relationship in which pararret ers may be related and derivable from one
anot her even.if the rel nship.i.s non-linear .or highly hus, to
Gt abl ISERS0FY pUAFIS BigSRae B g g ‘%Fd‘f‘heisb%é?%ks‘ﬁe‘ﬁg}g’bgf s

behavi q(}b(gH&J;lma@tﬁ@g,pgq@igfdcgéhng physics) of the recipe may be required,
and in general may be expected to yield inprovenent over a

pur el ydPars 8§%li badn fa‘nlawg it oot of ghdt dhenidmd érd yitagf t’mctelmhméﬁwaimdihﬁy As
a result, vec Cl p Para 59]
"' an debipree bndee Bhaer g BY. hESbsksie PrevEitouft PRetiinluni o
parts, du@ saaeHRemef alt BRILEAR thé AW BONikebl®ss. AhRrASCWARKnPhetibe
pressure controller, ‘the substrate, and other similar data may al |

i nf | uerfbe distebitinm 1 @kindiinprceuet sl of m@wmﬁv@w@ ol &k bl prsnp! @m md ux
glo?r;)Ir ;)%H%y tﬁfgaﬁé%mtﬁkngngﬁ?w%\ er A58 If‘rg OHO% km:rg Iﬂ rén?ﬁgshl(’jnn r11<1})§b%?f§ e 31 pla Iogglh?/p

may be td@fﬂemﬂemmmﬁtlﬁfm h@ltmaa@r:mmamt \txttesda& e&@dttzagemai@dataué rent al ong
with some electrical nodel of the processing chanber and the ion fl ux

measur eWRFESIRE clpebar gedilicdnn AEY MBESERBLEYE 8¢ CHErT Y Phpioyedil desisRsor
relati f}HeWrukp&nﬁdltégmuﬁfpQ;SMEEgO@rekP 1@ 60] As can be appreciated from

Fig. 3, traversin | 'ock ock 306 in a reliable manner may
requi rdPﬁhefiNnaepmmﬂempzdfaatad $itorelaim {pravvistedidy bbiahc:k)” I¥pckBasadfrom t he

i ndependent data stream nma bee dto calcul e neasurenmepnts for
e i e aNle aHGs e ATk SEBOR! Gk oty o E prhat o F Bug
capabi |t haBBMhIPS: &EME@&QI}N@@@&[?E\ st l%r *%I *%Wt@@i% n'ie%k@ﬁ:-!n@ﬂé I%ipthlz $1rﬁf%9ver sed

from bl ock 302 to bl ock via b . [Para 61] In an enbodi nent,
real -t isgpsopy deesk H¥ntin othee apadi tdat ymﬁmen@émrcewtdbu mhele previdaed shse
hi erar ¢ _relati.ons exec Ied e system
fr aver B8 FRrafi sURTSORR b Tarae s oiteR B SChiosBa08 wadlfhoi: Pt
act uat qpard8y] bBead fMbRIWBLE hal-AnfePagechNont@C LAR amlmmn beParRdR whddan
el ectron density (a vi rtual sensor val ue% may be identified as being

out si dénwirse eragdsial edatioaniye is Tesutgdplibethaieeprds, heh@etbe potan trayestsriomm
densi t Yt Q\d’fféh(g }{l{,loi'i(t léal\ m l}i%?&t K{?-{] aqetn ‘\tx%uﬂ %ltld?to &, ﬁﬂ%l%{ lﬂtﬁ% tulxn onée

enbodi nen sensor has al cul at ed

gap may x@&cqm)l @yed\:imypié hie vﬁeftmadienam Uatiataltondod meluéh@mpb@(z&ﬁshécbaat he
desired set point, However, if the cgnt rol -l oop sensor has dri fted slightly
(as i ndqtefartw%ye&fhedmﬁréﬁ@ﬁaeﬁ he gaRSBIPEYD Heret RANCUsABdeBdp gy have t o

be modifi) &Qeké’tr{%ﬂiﬁ {q R%&%%%me daPlushbie 18bAd ém@c?cfu%& L*H-?e L&loPdpS tuned.

[ Para 62 In an e lnen the virtual actuator e actuate |n snmal |
i ncr ementsy hiss @an dr;fted then the calculated gap may be employ ed h\ the virtual actator to

tune the process to the desired set pomnt. However, if the control-loop sensor has drifted
slightly (as wdicated by the independent sensors}), the calculated 2ap may have to be
modified in order to account for the drift before the recipe is tuned.

[Para 62] In an embodiment, the virtual actuator may be actuated in small increments. In an
example, instead of applying the entive calcolated gap to tune the recipe (in the above
example), a small value may be first applied to insure that virtual actuator does not
madvertently exacerbate the problers. If an analvsis after the small change indicates that the
substrate, for example, 1s moving toward the desired state, further adjustments may be
applied toward wuning the recipe. Advanced non-linear “leap ahead”™ adjustments such as
steepest descent techniques may be employed where the parameter space is well behaved, but
where 1t 1s more complex and ill conditioned a himited step-by-step approach mav vield better

resulis.



exanpl e, instead of applying the entire calculated gap to tune the recipe
(in the above exanple), a small value may be first applied to insure that
virtual awoOuatigo2gboes not inadvertently exacerbate the pcohiseomo/okd45an

anal ysis after the small change indi cates that the substrate, for exanple,
is nmovi t d the desired futher ad ust nl i ed
toward | Egg‘ﬁ‘? gga Ehre“i* e pel ﬂ‘A&]’v‘gﬂ 8’@%‘6{& BF Fy8RFOh: Féé@éﬁ\‘@&%‘&dﬁ%‘p‘%ts such
as st eec@x@%ﬁn@%ﬁ%%%nh@ﬁh%%ﬁ‘éo;ﬁ?& pp&i’@mhﬂxg%;%%@nﬁbgﬁ@@fﬂ ARLRIgySpace is
wel | beh aveé where it is nore conplex and i'll conditioned a Ilmted

st ep- by%vs:ﬁzecpha;sidmosannma:}l nitelieketarero mesluzmgsm{marme@&}ma:mgiudmfrsihmms in
an enbaodi g&nt of the 1 n\{.%nti Ol & 'Sizﬂxpl e L w chart illustrating one

i npl emdivt SEFG TBrasPRbl WY g CIREPD IO BRERS TR for perfor mi ng virtual
met r ol q@¥ra Aﬂ di: 8 CLSSRY J0er £tddipeVt BéWRbadRIdndd QP cbeIBEEIId Sord@Ub NinRE
measur enent data including those not directly neasurable w thout performng
t he acthamph:eé@aﬁ@m@w@uit[»ﬁaﬁatmqoilm 2 mpy SRSt IEpIPE ORProgeP S | s

downl o nt | ntroller. In an exanple, fabrication
facili ?Cd’ ﬁ%s‘tr @éﬁt“r‘gq‘ﬁ%%m“?gg”ﬂ“& g@nd a recipe to process modul e controller
208 vi a;;’afwﬁqnmahzbmtépm 2bQor daﬁamaﬁahm/{\t ecBorl@xib padvefedd Q4 ansensor
calibration data_ (vector le provided. In an enbodi nent, the enpirical

rel ati cHENKEIEEL %EW‘PFH@‘ & &OP&}W P es BlsorEO g spsoTsiEg Pandésierdeits or s
i's proy i » [Para 66] At a next step 406, the
downl oalgﬁiﬁ’(Ei &%ggé%ﬁéégﬁggg%}ﬁﬁwégﬁhe recipe is tuned to the recipe set
poi nt (|Rard 66li dabeds qm;vbi‘r(l&ct&m&[bg)ﬁmzﬁﬁ%arew;ﬁﬂ} effuadnexitthstepedd8mnedat a i1 s

acquired durin r.ocessi.n y sors. [Para 68] At a next step 410,
t he syéfbﬁktiﬁegk‘g"“ﬁ‘daﬁ%‘f@m% ’é%r e process has stopped. [Para 69] If the

proces Su’%%ﬂohﬁbeﬂ%gy 468h§at§Y“S%%mréc?élxﬁﬁ{‘sgx@@i%&n& gx MERn4RS to continue
acquiring data However, I f the process has stopped, the system
pr oceed$aroo8t e\@wm step H@t éwwﬁe&mc{heﬂﬁe@ deteimiad ifthe placeisdiaasogpnkd.  To

make t hi,s e nation.w thout m ng_actu measur, nt, the

er ar ARPERTO LIAE PiEnth e B aof e et Bhe e g aRENeATES ca
nmodel (a¢g&tiak dMh. is applied to block 304 (vector V) to calculate the
virtual neasurenents (vector R). [Para 71] At a next step 414, the system
(such d&agn3lly Sioy ew'nﬁahwmg@%zjmw‘ypmnﬁ@ sEStem@TeepdualsterEddn dekentis”

agai NSty B eRES ?%fxluﬂﬁpmt QEI% 011'9 mi\{;t};biémﬁ fRiont »t"lz'l 0%1\[ gtr%(@?trqﬁ%ﬁ&?w ew the
process results to dat Focess rasul he control

li m ts.médRaremen hd if;exfah&u@l mczﬁs:&»mps;w\ﬂ& *@p&edt\mt\hinmh dentesbmudialddisal then at

a next st ?ﬁ) 416, anot he
model (vector M) is dppllcd to block 304 {vector V) to calculate the virtual measurements

{vector R).

[Para 71} Ata nextstep 414, the system (such as analysis computer 282} may compare the
virtpal “measurements” agaiost a predefined threshold. In this step, the system may review
the process results to determitue if the process resulis are within the control himits,

[Para 72| If the process results are withmn control Himuts, then at a next step 416, another
substrate is loaded for processing and the system returned back to step 406,

[Para 73] However, if the virtual measurements fall cutside predetined thresholds, then at a
next step 418, the system may trigger a warning or alarm {(typically the distinction is made
between a warning which will alert the systent and operator to the need for adjustment,
diagnostic investigation and maintenance, whereas an alarm will halt processing pending
corrective action to prevent substrate and or machine damage). In an embodiment, triggering
of a warning or alarm may lead to fault detection, fault classification and/or tunming of the

recipe.



substrate is | oaded for processing and the systemreturned back to step
406. [Para 73] However, if the virtual neasurenents fall outside predefined
t hr eshol &0 20tigno2&ad a next step 418, the system may tri @gensaomanIseg or
alarm (typi cal I y the di stinction is made between a warning which will alert
t he sys tor ta t need fo ust nen di agnostic y

i nvest il @,aﬁ Cangon ‘?ﬁ?@ﬁ‘é‘r‘f&‘é?“%‘e&eﬁﬂ% LiSonl Pocemptoy Sedegher

pendi NG, L OkiEG ?é&?‘or%& AR QiR RMSR R HD S ﬂ&% @ﬁem%r m&%%:@a&m}%} I'n
an enbodi nent, Iggering of a warning or alarmnay | ead

det ect itamg tf btetookd Soit the akdrober and hensiredhingg o phydial ne@mb:e\ [t@ér alIuZzL] As

R R e R A T

art, thepsubstmat Lﬂo&isoﬁfé:iqno‘(isé" aveyitQa B tf RHBYVEHabliONMk P SuiGRANRIES raanek
measur ed using a physical netrol ogy tool. Thus, the virtual metrol ogy

capabi Ithe ymﬁr%awf@@uubyreamre iﬂmﬁéﬁﬁﬁ\?‘?@f@}fﬁ{mwhav ﬁea@rb@mz lrdrsetis Bt

expenS| LSO I¥t ge 8 % paj Yy
subst ani qm i@ ng ort eh&a iy 5Lm_1nmtn A raélél a;racg%st%a tth:. Q& (Sﬁ"m ah iil {r ﬁe\g?sol ogy

anal ysi :@mplum aideletdrgrie) mahbiaomiiggradiat omaumrdaﬁmtlﬁnme fxﬁnml hi&esmaaaur ement
and analysis. Instead, the system (through the anal ysis conputer, for

exanpl eftamyoicalne iy aidaetd sdurtee oA Bermierds brablity tiaiervasa Surisgent
data ayf gnpli C“aa}}u,eydewﬁ@mﬁ\gﬂaﬁ} R08L R OMAN 898 Qf LG LOVER.08hd § dhBigioabI ity

to intervene during process. %nce eV| ations from t fe norm’can be
det ect edn dumiodg on@dwpl&x exaauiii:on praegdaningt rfocahe befuradercomvandtét her to

continuge a cess or not tge_{or_e the wafer is |rrecoverabl1 damaged. In a
ot of Groebb 68 1Sutrietss harFrURONHE HEe SFI CITe B RIRL M Hhe most ar e
usual | y,L g ﬂﬁ@%&n&?@ﬁﬂx L8P he WQ?& ‘!@tﬁﬂﬁeb& eﬂb‘lé {hrSRAIUEEADE &etd%( RHQ@}SV e}/vor k

if the deviation is detected during the nmask proceSS| ng step. [Para 75
Fig. 5 @h@Wsi ilulf!malmmﬁﬁqm}mmm@%fﬁpt he invention, a SI mpl e fl ow chart
iIIustr enentatio situ contr row de
Feal -t BRMDAIC Bk SRR T of BB Bafmeb St hpiR sy TAe R HAET L b
recipe msn@mﬁe@mmﬂm i9-sRuRbACSSS o R o tiap kb hRIprodds aiuexanpl e,
fabrication facility host controller 206 nay send a recipe to process

nodul e ep#tibBl | er 208 via comunication link 210. [Para 77] At a next step

504, g[@’?oa[ 76 al, Qrf t'« % at ?w(e QE 8&&:@1&&&1 F}'%(Q?{ bxd)%d«» m@dzﬁn_ edoei‘{?%ggxl t he

enplrl ons meen "N ependent

Sensor Sxamy ebélbpm:mnﬂeckhtxohcﬁnadmﬁﬁlm wquut 9&‘1‘1&2&2{:1;‘»{3 Raplme?@]mfkhzlea next step
506, the recipe is executed and t,}he recipe is tuned to the recipe set point
(as i ndiFEEPEY 20F Vi gurmapegtion Luk 210,

[Para 77] At a next step 504, sensor calibration data {(vector Q) is provided. Inan
embodiment, the empirical relationship between the control-loop sensors and the independent
sensors may be provided to analysis computer 282,

{Para 78] At a next step 506, the recipe is executed and the recipe s tuned to the recipe set
point {as indicated i block 302).

[Para 79} At a next step 508, data is acquired during processing. Data may be acquired at
different time intervals. In one embodiment, data is acquired at a frequency of about ten
Hertz, for example.

[Para 80] After the fivst set of data set has heen acquired by analysis computer 282, at a next
step S10, virtnal measurements may be obtained. In other words, the hierarchical relationship
may be applied in which a phenomenological model (vector M) may be applied to block 304
{vector V) to calcalate the virtual measurements {vector R).

[Para 81] At a next step 512, the system may check to determine if the process 1s in the

desired state.
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[Para 79] At a next step 508, data is acquired during processing. Data may
be acquired at different tinme intervals. In one enbodinent, data is

acqui r ed w0 2a11faoegpoency of about ten Hertz, for exanpl ePCRse@IBOJ45Af t er
the first set of data set has been acquired by analysis conputer 282, at a

next st i rtual neas be obt ai ned hi er words, the
hi erard r‘{‘:‘hé%r Ht: t PERSHiD R ‘ge Q Haé‘éﬁ e‘i‘?"‘v‘%Pé‘ﬁ“é‘%h%‘ﬁoﬂ@n&j%‘@i‘%‘a‘i model

(vect oreyMi ﬁ&%ti@%n&ﬁpl}!ﬁﬂm&b QAH%KL(§304 (vector V) to calculate the virtual
measurenents (vector R). [Para 81] At a next step 512, the system may check

to det di’m‘m&’ih i tthSLpWOEgﬁébﬂf!Bk exectied. des iheagsisraney Pﬂéa*r:ai 182k td flep Hes
process is wt g c%e ired state, then at a next step 514, the system
may chd@REYBed ?Bﬂﬁgﬁ % he process has ended. [Para 83] If the recipe is

still hehrgsexeputed, zﬂrﬁ@aot&e heY ShSBAMBY B 2688 dieBaqk he sed@n sRPS to
acquire the next set of data. [Para 84] However, i t he process as

stopped}mitﬁh@h at a next step 516 the system stops processing. [Para 85]
Referri b ste h rocess. i.S t e desir st at e,
o ﬁ ¥ Y 5
ﬂ'Qrd @ﬁe l R {%irm gﬁjﬁg \t;n iﬁ ?thp\% rcch\ st 04 nn 1¢ Bcksnui biélgt e 1?(;

t hen at “tem rma c rmne if a

faul t h@&t figen] zdatmmeh mB«Ppéx&)raﬁ;} clidek @0 H@auiniinb &% helehadatcackrdiedt hen at a
next step 520, the s¥‘stem nma tr| yger an alarm and at a next step 522, the
faul t riﬁyu«b%ﬂc Hastapk bagboeppgiegted 7homatiotat step F2Rdhe siiptam Higs UBSER ABet ect ed,

then at,g. gtn@p{ ‘:Jaglea(gmpﬁ @%ecﬁgliﬁg{i set point may be cal cul ated. To
determ ne the V|rtua ‘act tator that may applied to adjust the recipe,

t he hi dPar<&Ticalowrodelf ImWibhasam:ph Ideiﬂckdi nhanatewanpttep W’\‘a&za aﬂmmheam;u

collected from tE ‘@ﬂ I -I and [ ndegandent $ensor s %{jdl tion,

vi rt ual3*5RHEOPYY Hatecy ‘“ﬁ*ﬁ‘é&l‘@o‘dg "Gﬁ’ﬂitﬁé“%gﬁa d]ﬁ’P’é QFUHIE ¢ he

phenongpotogicCak hﬁ@%%haait;ﬁa&aw B RbshedahuReR. PR, Lndepopdanbida e Stream

and the control -l oop sensors. e virt sensors have been

det er mifred thedeatrol-loppabd sahs@rdewb@swe nhm@tmyw ibmabwrmm bevedgaiinst t he
|rtuaI actuators to

oo el Platfasdd' S ' dofr OREERY R 0 S B R oRs B Pl oot

not be geheeaahd aldeMaliv dakha&:cﬁﬁz}émﬂ&h@@ﬁﬁmhﬁxﬁ}h,@n@ﬁ\QC@&& AP el eaRdkol | er
for tunl ng a recipe. Instead, consideration may also have to be given to

any pothaxe begn drsiraenegs therifyal senser Breasyerpaiigery e conpapdpsredilpedessed poi nt .
[ngr a 8\ ]mt t"l"ﬁc d P. m@eﬂntig %l' gﬁxpﬁc@éd BOY }F{te’y Clﬂﬁ‘ﬁ aQ@t%Paﬁ) gﬁ;?&tﬂ%}nﬁﬁ. epaSﬁ ogegg)(t
m)dul e §¢‘Qﬂt 88}| l‘x@ brev musiy memmned_ the raw dlf}‘mences may not be the actual value that
may be sent to the process modale controller for tuning a recipe. Instead, consideration may
also have to be given to any potential noise or drift {(vector V) 1o derive the new recipe set
point.
[Para 89] After the new recipe set point has been determined, at a next step 520, the system
may send the new recipe set point to the process module controller,
[Para 90} Atanext step 328§, the recipe is tuned to the new recipe set point.
{Para 91} Once the recipe has been tuned to the new recipe set point, the system may return
to step 508 to acquire a new set of data.
{Para 92] As can be appreciated from Fig. 5, recipe fine-tuning may be performed during
the execution of a recipe (real-timee). Unlike the prior act, the tuning of the recipe may be
validated by an independent data stream. Also, the set points that may be tuned are no longer
limited to parameters that may be directly measured. Instead, parameters that may be

dependent upon multiple parameters may be calculated and employed for set point purposes.

—
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[Para 90] At a next step 528, the recipe is tuned to the new recipe set
point. [Para 91] Once the recipe has been tuned to the new recipe set

poi nt, thWOogystm@esonay return to step 508 to acquire a n@@TABRO104@aE a.
[ Para 92] As can be appreciated fromFig. 5, recipe fine-tuning nay be

perfor t he executi o of a reci Unl i ke the prior
art, *‘f‘h%n&g“é ¥ ATHEOPQES Pl waw@%ea}riﬁa%%@wwnaﬁ\f iiphlEpehaieie! dat a

str eammﬁhw theli h@txéﬁht:?&k@txﬁ nfrH Ak CRY% mumgegf @& PhQsikANGREH na &ag to
paraneters that may be directly measured. |rnstead, paraneters that may be
dependempicyron Intitis ﬁphwmana&semnmonag(a:hxbumadeéu‘»l me@ﬂa&ﬂdewﬂbyed for set
poi nt mted to tpe physi cal

ot e IPLRDSER S EREBe Al udE FroRthE R REStp fufet satre Bob e 1, P e

act i vat@sviaingladraatdulatic9h-sRb PRIce R SIrsRIcha6E BRLASSdedTeWiBeneiR@YR™essI N thi's
manner, process nonitoring and control is essentially de-skilled. [Para 94]

As can @étlaﬁﬁh@@? deddimg mﬁnme%ﬁr@v@gbmgomﬁw@w ahdrag kathgdpdieds for
PLOZ: ?an g@s%g}g“ré‘lt% 'ngf p«;’&%kt m"&i%es m n)én;ﬁtan il sﬁ‘u ;mﬂ& §e°‘{§m%‘%'%‘é‘ggl ﬁg

each subsit ﬁﬂ&ﬁwﬁ@nﬂhﬁmdﬁ%tf@dnrr@ﬁltm& s;uasb ghe bhetd d’dm&lal pmpafs@msqarmné rol may
al so provide an in-situ nmethod for perforning fault detection and

cl assi fihe Bel vitthivwriged glreejoes capghdlyy fondeterRuaing ghectiie pb PRICsBES 885 Hpr ovi de
t he togh i « e he state of a
pr ocesggayxﬁs%@s‘g\r%&g@ ﬁx%g?ﬂ)’iﬁ%ﬁﬁgﬁﬁé}’}l (%e{égn?f%n&ﬁ]a@l Eege%ll described in
terns ainisduseal, tlpﬁehﬂraitedmenh@dnmnmfms $hisrgeialaatabbahabil onthin the scope

perrmta ons, and e ents, which fall within the scope
TR W T I TR A B S (R

that t@%&p%%gﬂhﬁ%ﬂ?@e %ﬂd‘ lﬁﬂzhﬁ*ﬁﬂ V%ﬁﬁ@&p@&% ltieMtdgaW th respect to the

i nvention. [Para 96] he title and sunmmary are provided herein for
conveni ié‘nme%né%h thétltdiem@ﬂ %bx@llusmtetm‘mmeme t‘@hmnsttuge:t'f@ﬂd thaild hef tres

her ei n. th abbr evi. at orm and
s br oViGLls HEFEIHE SRR b e deirit T Sd ofaR S igh Blah o

const r ugbakididdMotmlh@ oMt akd heMedt t@Nenbhi£ond BuLRPLRSER e k@:ﬂ}pkﬂ@d@d ai ns.
If the term"set"” is enployed herein, such termis intended to have its
conmonlspugifgardrGbtheraerbratansan. Weiahisryprasselov she deir, Tovhe ferst “sebrie t han
one menh ?ﬂ’ ove dt QQLM %l w3 gl‘la'cnr}l% e }}&ha}{% &)Pﬁ%(ﬁha{u?dtm&%ﬁ Ahdsh, QE‘L( jjve ways of
|nplenen I'hg Tt appara i nvent on It is

t her ef Qﬁ@mmitera:deﬂ ;atehﬁbné hﬁ ni«:ﬁé timwmg naemﬂ:end edslr@hm a1 lendied @npthedeade as
i ncl udi ng al 1 such alterations, pernut ati ons, and equi valents as fall
Wi t hi n THE %‘?‘Uémébi"‘r“?f%ma‘ﬁaj ‘s‘B‘d}%‘“ gpe ‘t“h@olé?é’ bHPaTaEn o] BR PESRIVE VHER: |

cl ai med, ls%her%ﬁwrﬁﬁt&(dé@ﬁ&?ﬂ%% 19 ' FPARIEE Blal I &b AR i fethdlng hil Yuddr OCESS

cont rol ene during
alterations, permutations, and equivalents as fall within the true spinit and scope of the present

nvention.
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execution of a recipe on a substrate within a processi ng chanber of a

pl asma processing system conprising: a plurality of control-|oop sensors
confi gur edoanilmas®d for collecting a first set of sensoPCiatSawo4d4a€i | it ate
nmoni toring set points during said execution of said recipe, wherein said
plurality of control-loop sensors b ing}{)grt of a process control |oop; a
set of independent sensors configu AIMY east for collecti ng a second set
of sens‘gf,l‘.ﬂq%ﬁt.n%ﬁiqd set of independent sensors being not part of said
process cbntr'o? TOOp; a hub configured for at |east receiving at |east one
of sai df.firsin sefngefnesefns anpldataignt: sahduseaond ppedesoforsenstendali:ging an
anal ysi s computer communi cably coupled with said hub and configured for
perfor ri‘ixf;l‘g')“‘éﬁ‘?ét‘lf JFeHdPoEN AFulSHASVIgHR A GrOCSBIIRE $hamder 8Be PIYFMABINSEYS'Mat a and
sai d secopd sghp@finsensor data, wherein said analysis conputer includes a
hi gh spéed processor for analyzing a high volune of data. 2. The

arr angenent aofluliai of chnfrok kobp seisoo| codiipged af b ifeatollottidfeaciils toy ocheskor

control(i er pn;,_i_ ured at |east for A.s\elle(ft_i n ,_.sai'g recipe; process nodul e
Sont r ol a8 o griF g /pak e sEbRgint Gprig sl evigugap e e . BECEI BHT a gi ven

set of N@GliReITBhuMOLE) Sins8RBeeSRE Th PRIEOLAEY] kel s configured for
provi ding néasurenent data to at | east one of said fabrication host

control | er argt shindependiy stsosompiiveied ahsestdpncadigtiehovesesoreme ot sadatta i s

avai | ab], A f,,oiri lgtei N | ‘[ltc?ﬁ a_‘t}egr%qit}q ngi *ql,t (rate{ci?per. 3. _;'meﬂgr)r angenent of

cl ai m HiHe B AL B LSS WaT SPIE SRS Gary WBFTE &Pl iy said set of

i ndependent Si@RshSgingd GOt QU Rckil By lankhitdae at sdi@&sd s& Psdsballas@bd of data
al ready collected by said plurality of control -l oop sensors. 4. The

ar r angefighiecstd i af i9reldei n sai d second set of sensor data coll ected by

said set of j.ndepen i .Siicont i ed k. t. . hnclade. a al ready
col | ect ed by‘fnsdg?ggﬁﬁgﬁg}@? gég’;'ﬁg%%?lgg‘?‘i‘fflg%%%ges%\@gﬂjg.dng : ’Sﬁjﬁ%&é{?ﬁ%ngemnt of
cl ai m Zewhenmigrrnsigbid odnalkys bse chnpliiat sdt of sondi dur adl aid jceasd sd of savemei vi ng
sensor cal i_g’r;ati on data, wherein said sensor calibration data includes an
enpi ri CAfA MEERRY SHE R BrtREnerdat i e high SREGAPFSFIBHY welieBre MHl sai d
set of JjJdepsnggnt sensors. 6. The arrangenent of claim5 wherein said
sensor callbration data is chanber specific.7. The arrangenent of claim5
wher ei 2. sai diltenatapgiserg efiplatrert fushgonfliduged at | east for utilizing said

second set of, sensor daﬁﬁ to ve g { _ §a',q fir S,t. _set ‘O; sensor data. 8. The
ar rangenent FOUTAOM S VRAPE Soald SRLEYS bkt Sl TR e at
least for  aprocess module controller configured at least for executing said recipe based on a
given set of recipe set pomts; and
a set of metrology tools configured for providing measurement data to at least one of

saud fabrication host controller and said analysis computer, wheretn said measurement data is

available for being integrated mito said recipe.

3 The arrangement of claim 1 wherein said second set of sensor data collected by said
set of independent sensors is configured to include at least a partial set of data already
collected by said plurality of control-loop sensors.

4. The arrangement of claim 1 wherein said second set of sensor data collected by said
set of independent sensors is configured to not include data already collected by said plurality
of control-loop sensors,

5. The arrangement of claim 2 wherein said analysis computer is configured at feast for
recetving sensor calibration data, wherein said sensor calibration data includes an empirical
relationship between said set of control-loop sensors and said set of independent sensors.

6. The arrangement of claim § wherein said sensor cahibration data s chanmber specific.

',._»
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establishing a set of virtual sensors, wherein each virtual sensor of said
set of virtual sensors is associated with a set of virtual paraneters that
i s bei ng wetermomsdd from sensor data col |l ected from a plparaiSealg/oefs56ensor s,
wherein said plurality of sensors including sensors fromat |east one of
said set of independent sensors and said set of control-loop sensors. 9.
The arrangenent of claim8 wherein said set of virtual paraneters includes
at |east Oneﬂf%fan‘agguﬁéﬂ“f)&‘ dasm SQNREAY saill 8O ‘Z:Q@mﬂﬁ&ﬁ% ?«xm@mu%lqm e to
deposition rate raftio. . The arrangenent “of claim 8 whefein said anal ysis
conput ettilizggcenifiegendest at xehsias}tﬂ"fﬁor\ eabt sl fishimg! senpbrehdmenol ogi cal

rel ati qnshi p.bet ween salﬁgvirguql seqsgrs}andnsaiqﬁseqongng§ gf‘s$nsor
data, wvher ei eSS HETREROREMET JgTeRT™ PEF APFISHE APBPVRLE GaRESHEY M58 "Wne of
par ametQisliiat a ¢t kehal &esordNdhdaindaBt ef@at RatorF aideéd ofrah@y f&esone
another. 11. The arrangenent of claim 10 wherein said analysis conputer is
conf i gue agogintsieddta feppt E@ﬂuéw%%m*ﬁglS\ihﬁ‘ttmhﬁmgré%{gi@mé?ﬁbhﬂlél sebsopdani de

(r:g?rlpljt Igﬁﬁ}ﬂ% frm;x ;ﬁ%}sr&é@v ?f ﬁuggo?‘%r r\%t_ *m mu‘(:i p?mi xty %If ) njs%m 3] rim;'hrt% ésygg%gna{‘ g|SI S

capabi ld tassincessallsbsdtiingspandat b@)ﬁ%@i‘ﬁlafnﬁ Ek&ﬂ %ﬁ@f@ﬁﬁi@ﬂ%@@@s@&ﬂtﬁk@ sai d recipe
if a set of virtual sensqgr values is outside of a predeflned threshol d. 13.
The ar rangergltargnaeneait pf Coindrdionis aid saifl\jesad pagmpstirencludesdiessur ed for

sendi ”Qm%ttg W ol E&{Qn%ﬁ_» %E’%;}’ﬁézﬁ it G Rtd, ;B{e%ﬁé@mmﬁ%é geqtroller,

wherein said outputs 1 nclu east one of a of i rtual sensor set
poi nt aidj ust?t&nﬁsmwdmmhtof diatna@tw lengin chidssdlfiic abthpmer ardnimictd adens dor

endpoi nt EL The, arran menf f. clai [n 13 wherein said set  of VI‘rtl.f |
sensor SEP é‘rw ht PUGIOISPRORta! sEtagshie P ?h\zga%euaﬁfﬂ&eﬂiﬁ@“%ﬁﬂwlé%u 8tle
reci pe «ﬁ%&ns@?ﬁﬂtt W ﬁéem’%ﬂi’a‘%ﬂx@f?&n&%wh@Iré%hi‘ﬁgnﬁﬁdé% FBtdfe Jrn-situ

process control schene during execution of a recipe on a substrate within a
processing qhamﬁsdmtafﬁp‘ﬁém’nm ocessing system conprising: retrieving
said recipe for trate o‘]glesfm n of ﬁal d substrate; providing sensor
calibration ‘é‘&‘}“ée ?YB a’gn%pk)é BP¥herein said sensor calibration

dat a i nal udegcafra@BRhé:iGRb1ahe I 84 RASHEN] BRIIVWEE BoBp B8t is 0bnantd &lleds0RP
sensors and a set of independent sensors;tuning said recipe to a set of

reci pe t@@ﬂ*%@t«m?@iﬁi BenEeheYs Bardvide seabdimeseledloghg a first set of sensor
data frgms hc' XS‘IL& mﬁ%@Eﬁzﬁ%'l Q\cb%xﬁ:‘? D8R LSa N A REO0 stk o SERSHY data

from sal d se ependent sens
providing iE'li thme process controd ;,apa{nhty by establishing a set of virtual actuators o tune

said recipe if a set of virtual sensor values is outside of a predefined threshold.

13, The arrangement of claim 11 wherein said analysis computer is configured for
sending outputs from said analvsis to said process module controller, wherein said outputs
including at {east one of a set of virtual sensor set point adjustments, fault detection,
classification, and multi-sensor endpoint,

4. The arrangement of claim 13 wherein satd set of virtual sensor set point adjustments
being utilized for adjusting at least one recipe set point.

15, A method for implementing an automatic in-situ process control scheme during
execution of a recipe on a substrate within a processing chamber of a plasma
processing system, comprising:

retrieving said recipe for substrate processing of said substrate;
providing sensor calibration data to an analysis computer, wherein said sensor
calibration data includes an empirical relationship between a set of control-loop sensors and a

set of independent sensors;



anal yzing at | east one of said first set of sensor data and said second set
of sensor data to calculate a set of virtual neasurenents; conparing said
set of viwoOuali/awesssurenents to a predefined threshol d; and/tskowas@seet of
virtual neasurements is outside of said predefined threshold, generating at
| east one of a war and an alarm 16. The nethod of claim 15 wherein

sai d anal yzﬁH’@‘“bé@Br‘?‘iIFFgma’t%éOﬁJ’Fé‘é?Ef*‘?tr‘i@&“%| me interval. 17. The nethod of
claim 16 whenLehRinsahe ry‘!]{)t ual measurenents is cal cul ated based on applying
a phenonenol ogi cal" nodel to 18. The nethod of claim 17 further including
det er m ni ng rereiexri stfievicet disewsof dathtficnt sadpa of eontofi-lvey teuadrs reds srengnt s i s

out side of. said .predefined threshold. 19. The nethod of claim 18 further
i ncl udﬁ%ofd’éflﬁbfr‘?gﬁ%dﬁﬁnévgé‘ft GEF"%QFT& BT pe set points. 20. The net hod
of claim 19 drtRera: a6 ddioN gaid €frQ 8 dT sBkoR 4R in@kaill kédoakerd b bdbOiSaf Or

tuni ng said recipe.
to calcnlate a set of virtual measurements;

comparing said set of virtual measurements to a predefined threshold; and
if said set of virtual measurements is outside of said predefined threshold, generating

at least one of a warning and an alarm.

16, The method of claim 15 wherein said analyzing occurring at a predefined time
mnterval.
17. The method of claim 16 wherein said virtual measurements is calculated based on

applving a phenomenological model wo
18, The method of claim 17 further including determining an existence of a fault if

said set of virtual measwrements 1s outside of said predefined threshold.

19, The method of claim 18 farther including determining a set of adjusted recipe set
points.
20, The method of claim 19 further including deternuning a set of virtual actuators for

tuning said recipe.



