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employed to selectively remove material from predefined areas on the substrate surface. For
example, etched features such as vias, contacts, or trenches may be formed in the layers of the
substrate. In both deposition and etching applications, multiple steps may be performed to
achieve the proper deposition of materials and/or the acceptable etching of features through one

or more layers.

As integrated circuits become more complex and their operating speeds increase, circuit
designers are packing an ever increasing number of devices (such as transistors, resistors,
capacitors, and the like) into a smaller area on the substrate. Furthermore, in order to achieve
even higher speeds, circuit designers frequently resort to exotic and expensive materials to
deposit and/or to etch the layers that form the resultant ICs. To accommodate these
requirements, plasma processing systems are also becoming highly complex and expensive to

manufacture and to operate.
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reduce the cost of ownership of that plasma processing system is to increase yield, i.e.,
increasing the number of successfully processed substrates per any given time period. Under
this approach, the cost of acquiring the plasma processing system is viewed as a sunk cost, and
25 if that plasma processing system can be optimized to produce a greater number of

commercially acceptable processed substrates per unit of time, the effective cost to produce

each commercially acceptable processed substrate is lowered.

Yet another way to further reduce the cost of ownership is to increase the utilization of

the plasma processing system, e.g., by minimizing the amount of time that the system is taken
30  out of production for maintenance and/or upgrade so that the system could be employed for
production for a larger percentage of the time. Maintenance is a big issue since the process

involved in, for example, cleaning a plasma processing chamber, in diagnosing and replacing
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customer. If the substrates show an unacceptable level of defect, specialists may be called

upon to troubleshoot the plasma processing system, and the cycles of processing substrates,
examining the processed substrates, and troubleshooting the plasma processing system based
on the data obtained from the processed substrates may continue until the plasma processing

25  system is brought into specification and is deemed satisfactory for production use.

While the processed substrates can furnish certain data useful in the manufacture,
installation, and qualification of a plasma processing system, there are disadvantages associated
with relying primarily on substrates data to guide the manufacturing, installation, and
qualification processes. For example, if a process involves multiple steps, each with its own

30  gas mixture, gas pressure, RF voltage and power settings, and duration, it is difficult to
ascertain exactly, by examining a post-process substrate, which parameter in which step did not
conform to specifications and is thus likely to be the source of the defects. In metrology, one

can refer back to the log file to obtain more information but the process is not integrated and

3
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exam ned agedeptable hibhtnemibsemef dafeets hrespedidiat may be called upon to troubleshoot the
20  plasma processing system. An experienced specialist may be able to guess fairly accurately,
based on his/her experience and the data obtained from the defective substrates, the possible
sources of the defect and to perform the appropriate maintenance steps to address those
possible sources of defect. Once the maintenance steps are performed, one or more substrates
may be processed, and the output substrates may be examined again to determine whether the
25  defects have been remedied. If they persist, other maintenance steps may be performed and
other substrates may be processed to again ascertain whether the defects have been remedied.

The cycles of performing one or more maintenance steps and examining the output substrates

for defects may continue until the defects are remedied.

Occasionally, the IC manufacturer and/or the system vendor may wish to upgrade the
30  hardware and/or software of a plasma processing system to address a problem or to improve

the system’s capabilities. Once new hardware and/or software is installed, it is not unusual to
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SUMMARY OF THE INVENTION

The invention relates, in one embodiment, to a method for controlling a plasma
processing system having a chamber, the chamber being configured for processing a substrate.
The method includes providing a first sensor within the chamber, the first sensor being
25  configured for monitoring a first parameter within the chamber during the processing and for
outputting first data. The method further includes providing logic for analyzing the first data
obtained from the sensor, the analyzing being performed during the processing. If the first
data indicates a fault with the processing, the method includes outputting a first signal

responsive to the analyzing.
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Fig. 1 is a prior art diagram depicting how statistical process control (SPC) is employed

20 in the prior art.

Fig. 2A is a simplified diagram showing, in accordance with one aspect of the present
invention, the integrated stepwise application of SPC to various steps during the

manufacturing, installation, qualification, operation, maintenance, and upgrade processes.

Fig. 2B is a simplified diagram showing, in accordance with one aspect of the present

25 invention, the integrated stepwise application of SPC to various steps of a production run.

Fig. 3 shows, in accordance with one aspect of the present invention, a logic diagram
for an improved automated control system (ACS) that is integrated with the inventive IS-SPC

methodology
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certain 104, and 110 are typically production wafers to be processed in a plasma processing system
112 to produce processed substrates 122, 124, and 130. The processed substrates 122, 124, and
20 130 are subsequently employed to create the finished IC or flat panel products. A data log file

140 is produced as part of the substrate processing.

In the typical prior art case, SPC is applied to the data log file 140 that is output after
each lot of substrates (which may have 10, 20, or 50 substrates) is processed. In certain
cutting edge prior art systems, SPC may be performed even on a substrate-by-substrate basis as

25 the processing of each substrate through plasma processing system 112 is finished. By
examining the post-production substrates, it is possible to ascertain whether the processed
substrate contains an unacceptable number of defects. If an unacceptable number of defects is
detected, the post-production data log file may be examined to better understand the cause of

the defects.
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computing environment, administering of a database, and integration of SPC with log file

outputs are generally not part the core competencies of the IC manufacturers.

More importantly, since the prior art applies SPC on the post-production data, if there
had been a problem while a substrate or a lot or batch of substrates is processed, such problem
25 would not be detected until the next time SPC is applied to the post-production substrates or
data. Depending on how often SPC is applied in the prior art, this may result in one, a dozen,
or multiple dozens production wafers being ruined before the problem is detected. Since
production wafers, the processing gases employed for their processing, and the plasma
processing system run time are expensive commodities, the prior art approach leaves a lot to be

30 desired.

Furthermore, even if the prior art applies SPC on a substrate-by-substrate basis after the

processing of each substrate is finished, the post-production SPC approach means that at least
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preferably e egra rol sys e 20
pl asma pra@pl&sﬁbm@f SP;Bsthetmdlptcsferhtﬁly bd" hnt@ratal with thoadtorasttd tantrohsystpmi forthar t
appr %8(: h p asma ppocgsm % system itself. This is in contrast to the prior art approach of applying SPC
to the output substrates/data via an add-on SPC system independent of the plasma processing

system’s automated control mechanism.

As the term is employed herein, statistical analysis or statistical process control (SPC)
refers to the analysis of the statistical behavior of a measured parameter or its derivative or a
25  group of measured parameters and to compare such behavior with historical statistical limits.
Such statistical analysis or SPC may yield information regarding whether the measured
parameter is within an acceptable range or whether a particular subsystem or system exhibits

behavior or trends indicative of a particular process state, of failure or other problems.

The integrated stepwise application of SPC relates in one aspect to the recording and
30 statistical analysis, either in real time or near real time and either substantially continuously or

periodically with a high degree of granularity, individual parameters of interest during the
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therewith to take action timely to prevent the unnecessary destruction of a substrate or the
potential damage to the plasma processing system. In a preferred embodiment, multiple
measurements are made for each parameter of interest during each processing step and
statistical analysis is preferably performed, in real time or near real time, after each

25 measurement is made.

Integration refers to the embedding or combining of the stepwise SPC system into the
automated control mechanism of the plasma processing system. By integrating SPC
functionalities into the system’s automated control system, it is possible to use the output of the
stepwise SPC system to control the operation of the plasma processing chamber (such as to

30  immediately stop the process in the middle of a process cycle if a critical problem is detected
with one of the measured parameter). Conversely, it is also possible to manipulate the control

system and/or using special recipes in order to improve the efficiency and/or accuracy of data

10
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stepwise manner so that if a statistically significant deviation is detected with any measured

parameter during any step, the process may be stopped immediately to remedy the problem

found. Since the inventive IS-SPC methodology is integrated with the system’s automated

control mechanism, the subsystems may be exercised individually in a manner tailored for

25  efficient and/or accurate statistical measurement and analysis, and it is much easier to stop the
process, to isolate the source of the problem and to address the problem immediately even

before a single substrate is processed and/or possibly wasted.

Once the plasma processing system passes the tests without plasma, the plasma may be
struck next to facilitate parametric data measurement and statistical analysis with the plasma
30  turned on. In accordance with one embodiment, one or more test substrates may be processed
using one or more test recipes designed to facilitate the efficient and accurate recording and

statistical analysis of relevant parameters. Because the inventive IS-SPC is integrated with the

11
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RF power supply may be recorded during the manufacturing process and provided in the

baseline database to allow the SPC logic to quickly diagnose during production that a RF

power supply has failed.

The baseline database may be employed during the installation process to make sure
25  that the installation is correct, and in the subsequent qualification, production, maintenance,
and upgrade processes. Generally speaking, the control-integrated IS-SPC logic or algorithms,
the test substrates, the specific recipes that accompany the test substrates, and/or the baseline
database for the test substrate/recipe combination or for the production substrate/recipe
combination may be furnished by the system manufacturer as a package for use during the

30 subsequent installation, qualification, production, maintenance, and upgrade processes.
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The system manufacturer would typically build a baseline database for the
various relevant paraneters during manufacturing. This baseline database

i ncl udes wioasanjreet ed data 15 ranges for accept abl e syst eaTpeos/ossamance and
may be created for_ either a test substrate/recipe_conbination or a

product i on suE’S‘f‘P&t“é‘Pu"’é@F& SE6ris et arpHed BohowninFigata Duingt ers, vari ous
expect ed ;sd Abli&t br6 é/var = ?Ae%meﬁlcatfaﬁ iPLAW AeRure® agh statﬁf{@arl@gﬁalyzrég 8Ra_ Maxi mum

m ni num upper I'ng lower warning limt, |, the i ke). The
basel i ne SMWEsba@enmmslraltlmbasﬂumd@t@basef@pé?ettesmtmﬂr%@fgfélpﬁﬁfn@bmﬂqncm theo al | ow

the SPC 'Ogehmeagabqge tt%ﬁ ¥ Pgopﬁcg@gggb ggeﬁ%c rc%meQ&(fnzp%eqéMa?the%s&%E drcul ar

pattern observe sl gna aracteristic o
fail es IialFocpgviecor&utprﬂxmemr&waMemcm dfddndilarly mgasuied andhstatisticsliyranalyzedr ocess

and provided in t edata S o. all wth CIO|cto ckly

di agnose 2§8pst SﬂPﬁﬁﬂgﬁe e Wseéu%@"%ﬁlm B‘BIO&%WEE' ge %asel i ne
dat abase 1H§¥te?@15@iﬁ§1|1&y@di dg'éﬁdhrb@biyﬂeml1@@16&hdea,tth@éhgﬂfea§@Sﬁorirﬁ)ngr‘tﬁé(e sure 25
that the installation is correct, and in the subsequent qual i fication,

product i dnstalleomean aiskly deteghricprofiern aprbisplats dhesorise ofghydroblem fawpd aki ng, t he

control-integrated 1S-SPC | ogic or algorithms, the test substrates, the

speci fic reci peRady@besBmGRIMRARYN & chieBd detdeRAlahdfchfedicdMGthett v&ab@ngaasel ine
dat abase for the test substrate/reci pe combination or for the production

substlf at esingtecsupsratedsiebiapieicass wh&p thseproblenm issisiseredhetpredhaipgedisipmeist act ur er
as a pac l%ﬁgs?raIeQEtolﬁ% hngBér%g béfgr% é)r aglg '1%|r ﬁﬂ&' eRbbleRS H&LJt&f dng rt‘he sghll?{drﬁ(s' cation,

producti on, nai ntenance, ocesses.

PCT/ USOS/tﬁelcdtMcanlalsmbngddedm tzlnle Idatabasmo Hufld SP(heﬂqso‘a@égerbaa@lpgarémgagssxeb&mvm in
Fig. 2A D.{a ?thel 4 Jlatgqﬂnt.g)r ess, Qnm etrrlac tﬁlels again
nmeasur ed BAYCRTEF ‘?"E Yrpe AR 95, ?Sﬁngrm%io va'se anner © Using t he

basel i ne @atutlfse if @ﬂeﬁt&efont@@mp&uﬁﬂésﬁ@toe{tmeuu@ﬁtmmbmt foafinizé Eetain

basel i ne dat abase for the production substrate/recipe conbination, to
ensurlé t Hagtallaen et MthaffBh 5 process is correct. Since the parameters are
i ndividual l'y measured and statistically analyzed against the supplied

basel i ne dat alpasiag sathprcdttionl iy, 1$13PCaSdgalnl dpplicd APaRY theadfreric dariing
recorded in a stepw se manner and as each subsy stem is exermg % t he
engi neer sm??é‘f‘rﬁ‘?)r“ﬁi"t‘fb‘a'(l}ﬁ@‘d statistically anabgrd wﬁamﬂm rgal fuper Shortly pites beiRe and

isolate t e IFjat i on
error car e B B e e o P st rat e

(such as 2B¢hersis ehoximesn exeraplpryaindassn Hiaging direccstepd: Beit brsteptZhand saroduct i on of a
;ggs tZR at epl{lrg{ng otfm as%pe‘fr’lnnc?t% er%inigg {ooar ;?artﬁ)clu?ﬁ g?rarinthJ I{’lé)pt;p madgra?{?}ngsr%o%%em ed
as shown. These measurements are input into a statistical analysis module 260, which employs
a reference baseline database 270 to ascertain in substantially in real time or shortly after the
measurements are made whether the measured parameter falls within an acceptable range. Of
course, in the typical case, multiple parameters would be measured at various times during
25 steps 1-3 of the process. The statistical analysis results in a signal 280, which may be input

into the automated control mechanism of the plasma processing system and/or the user

interface module to apprise the user of status.

Because the IS-SPC logic and the baseline database are supplied by the system
manufacturer, the amount of effort required on the part of the customer/IC manufacturer to
30 implement SPC is vastly minimized. Further, because the invention integrates the statistical
analysis system with the control system for the plasma processing system, if a statistically

significant deviation is detected in any measured parameter during any step of the production
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therefor can also be added to the database to build up the know edge base
regardi ng possi ble problens encountered during installation. This

i nf or mat iwo wsays2be | everaged by the manufacturer in order PCajusShan44exanpl e,
redesi gn certain subsystens in %per tQ rrinir(p'.ze q?rtain 5 installation
errors i QK- theporcess may OF fgPReY bRIoRT Warties pyrpddifipnal fie gegseedingwith 31 appl i ed.
Agai n, 1t hgeRBIHRABIVeIpfocBRLAR bbfSre fIRRAS WhRShe ndiovdud udbthet sahdsehabfthé i cal |y
anal yzed subStantially in real time or shortly after being recorded in a
st epwi se piasma@rocesgmgAxstem.-he suppl i ed basel i ne dat abase. Wth reference to
Fig. 2B, there is shown an exenplary process having three steps: step 1,
step 2, and S{ffe dase ¥n&PthRlpHbinl fsYe@lteBRASH HRFRVeS Rshf Blehdd hit/&
particul ar paraneter may be nmade at tines 250-266 as shown. These

meas uf enehefose the plasmpistigniitad,sheapredustipws substedte mmabasayved. dhelpioblemgedetegigdc h

enpl oys a.referen basel | 7 LR antially in
real ti meW'E)hrans1 O ¢ §ar% ?terrdu?'ﬁ%g%ﬁg@%rgé%b%{'éseq%f%%n% égls \%ﬁét @?{p&? e neasured
par anet ermdasirtdinwi stepivise aranaa e statistieal lyanglgzed @gainst thersspplied datalwse t ypi cal

case, nultjple paraneters ul d be neasur t variqus tines during 25
cteps 1-ipferipb hFGEEGE S PREh T vdta airastn B pleREs Bulind e B, Gnar 280,
whi ch mayilRirt fehrtichlat gardni@erdif tG¥BInede patitlR subpabanisoael witheugl asma
processi ng system and/or the user interface nodule to apprise the user of

stat 8. BuEEiFss A depatiopler steRprevenae sbesteppl aiPrricu gLRTatraS HeRY Ndlippl i ed by
the syst Efikan{ LR V%l@@ﬁ iR %o ddvitfe ROR I exPlotdithide! THROMITrAGiRtah DRLIPEFLqd Of the

custoner/1C manufactdrer to 30 inplenment SPCis vastly mnimzed. Further,
because tupghé mpanproess forallewtle Masntalpsoosssing sgst¢ne & behreught back dyfe produationh t he
control s(%glsctk m for the plasma processing system if a statistically
significa t*“devi ation is detected in any neasured paraneter during any step
of the production 13 WD 03/105215 PCT/ US03/ 14474 process, the process may
be stopped befDurieg pmdidtio, thesecardel paramealic datawhinhonayduélude manyistatisticalal r eady

defective process or .before further damage nay occur to.other bsyst ens of
the. 151 i BRaRRsdledg it etuntisid preBoa ARmAT RN B e der Lot cd

bef or e t heanpiradessionpsRzhaliie) bethe dsbdtiand/andlysiSthbrebfan®y didochepplidegina thes
ignited, the production subs}rate may be saved. |f t%g?imb emis detected

with a nelshrsdo pipasysemmapyiaciigersiogngre pleyhvaindestand the degradafipnirond, o net er s

ar e i ndi viseldtkddMyith Al s86ky5tBma ThisSPWirbS1ichRY RYwrAn ¢S LB hiasdriosaishy TARal yzed
agai nst the supplied database substantially in real time or shortly after

bei ng r eciofodmaiiontaewsithe exstosn magiferserer te aptimias thrmpaintenance cycle over time so

20  that the right subsystem may be maintained and/or replaced at the appropriate time to minimize
breakdowns as well as to avoid performing unnecessary maintenance, which unnecessarily
interrupts the production schedule. This information may also be leveraged by the system
manufacturer to redesign certain subsystems if the degradation trends indicate that certain

subsystems are consistently wearing out prematurely.

25 Referring back to Fig. 2A, IS-SPC may also be applied during the scheduled
maintenance times to detect whether other subsystems which may not be scheduled for
replacement and/or maintenance may need to be addressed. By using the supplied baseline
database for the test substrate/recipe combination or the production substrate/recipe
combination, and by measuring and statistically analyzing the parametric data in a stepwise

30 manner, the maintenance engineer can quickly spot problems and apply any necessary

maintenance.
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pi npoi nt the particular paraneter of concern, the particul ar subsystem
associ ated with such 10 paraneter, and the particular step or even the
sub- st ep wio @/1p#nsi cul ar process step when the paraneter Pealusesfeigins to
deviate fromthe expected range. This information can vastly speed wup the
repai r procesS8incothgltgsbsybstrase/isFine printinasion aad thg basphincdptabaseiierpfponghyicldack

into pr th’f%ﬁa?fl&ﬂ ggféire‘}%h&gttg{élé 2??1351@[ ﬁ@l’rli?.-g?@ dulifiEprb@EAbA Gk rﬁé&é\nﬁ%{é’%&:&-i ¢ data

(which may I nc many enent’s assocl ate each
measur ed tiparappii¢adon sliSHSPLS partixilarlythe maintenanve-timeeppligation et ISiPArwingdhd at i on,
and the |ike) or /t he der'.vatti ve or. an lz}'dsgﬁst tegﬁasr qlgn;narrlra a59| césebe0 grﬁsed to
the dat &BAY Stlr%e’%fﬂp&ﬁf“gg’fg?gﬁl RRAUF QTP EF SRR ot €4 E8FY yUider st and t he
degr aglat ingdy beldeféted atir@QidtRed Withdut vaging @Binglehasy oit groductibi subssatsiergnof i cal |y
shown in Fig. 2B via arrow 282, This information al Ieﬁ)vvs th? system

manuf act dhehroblemdpgsterieddn eenaeqtion Mt ASHR STy OIPEOEFEAS IG5RE YP'BH2t hat t he

right subsygdBmridYarfife R4 ARG ANMOhaihRRINGE 8Ging kit theallPr opri ate time
to mnimze Dbreakdowns as well as to avoid perform ng unnecessar

mai Nt enarsubstratglicadpe Unrerredystion supstratediceipe. uy lsp he agred doithe database ineddire. Thi s
informati I ] esign
cortain SonubfBeeaReRfng GHEE AAERA foi SR IR RMLP i Fince 2yt
subsystens are consistently wearing out prematurely. 25 Referring back to
Fig. 10A, | S- SPGystap mednyfactyeer map bérédmcnupgrgds lea refersaeiunlestha piedesingnance ti mes
to detect t her ot h u e e

r epl acenesx%,%@rgﬁraﬁgrfack)éf%qdzrﬁgf%%ﬁ%%?mﬁgkeo {%P%%ﬁb;a tg?@gsgg@e %g%sf?%et he

suppl i ed dpamet.i Oece thiadyatbaseaniifactuteh & shigsfied sqith stierpimde, dodap duredirticuagraden or

t he prodyctjon sybstrate/reci pe. cqnbi ngtjon, by. neasur i and
statisti g‘éf‘l“ﬂ?r"a‘ﬁé Ogr/i‘?fﬁ'ba“f ?féﬁoﬁé‘fcé{’r‘?eﬁ?’?gcw ?“5“?4?@%?%5%% aﬁ‘ba nner, the
mai Nt enang@ofing ia%@d’daﬁé@ RestldtibSikohe/resi %tto e Rl 2oBera fofadipiatela Uk ARG 6EREAS Y
mai nt enance. 14 03/ 105215 PCT/ US03/ 14474 Since the test

substlP at eypgeds pethe Betdi R wrerda Rerdyare apd{eretoftiareauayisarsialiehep BEGHSORY Syi el d
informati sggferq iah /61 B0 Ep%ﬁd@?}tésm%?odgpﬁ(ﬁx: sg_ﬁs%rsfceyrgabé ﬁa}ﬁ%céxg?hrtéc?ﬂ g{%r oducti on,

t he mai nt énance- tine application of , particul ar

mai nt enamigomeeriesyatoml arcdSiSRNE rody HeSppiid toquinlgy spnd and isslate auppioblamepr eci pe
conbi nat i on, i stopart' cul arly advantageous. I n nmany cases, these problens 5
may be detePfEddREFOr addressed without wasting a single test or
production substrate (e.g., if the problemis detected in connection with
a step prior tWitlpiSeSRS sin gpgradesireasan terdetettad amal remedied without wasting a single

20  substrate (such as the case when the problem is detected before the introduction of the substrate
into the chamber or before plasma ignition). Further, since the manufacturer supplies the
updated baseline database and any updated test substrate/recipe, the amount of time and effort
required of the customer/IC manufacturer to update the SPC system, as well as any
concomitant interruption to production, is minimal. This is in contrast to the prior art situation

25 wherein even if the upgrade is correctly performed, the customer/IC manufacturer is still forced
to invest a substantial amount of time and effort to upgrade the add-on SPC system to correctly

perform statistical analysis on the post-production data log file associated with the upgrade.

It should be noted that the present invention places no limitation on the type of
parameter that can be measured, the frequency with which measurements can be made, or the
30 specific steps in which measurements can be made. As is well known, different types of
probes or measurement arrangements may be provided with different implementations of a

plasma processing system to measure different parameters. These probes or measurement
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ignition). The parametric data nmeasured during maintenance, using either
the test substrate/recipe or the production substrate/recipe, my al so be
added to woe3daizabase in order to inprove understandi ng ®CTIUse3/degs adat i on
trends and to optim ze future maintenance cycles. 10 A system manufacturer
may per f GFAREsMCnts gredendily available rerpmprcially padther pspatie may basfpoundimthey t he
factory aiglalill hampECofRBLRRMIe hRaiLAifi a8 viRIRpREAREIAE iiRkabase for
the wupgrade. Once the system nanufacturer is satisfied wth the upgrade,
it can f uelatedhr fidveralgieft pacanetéra(stohaasdhealrdinmgas pressigr varignelproeess gsi pe, al ong
with the e | in i I t
substrat é)? %ggrlgspg}e?‘tg @S‘? ﬁgﬁtﬂ%ﬂ@??ngarcé %B%eﬁsggsll)’l ‘@B glkse/y%afg%i at':{ E}ggfégqg%t (?ci ent 15
upgr asle iparaireeerd (egl, doltagbccuttpgy pooher,rad chedike), saribhio tempefatunaredatedpardnestarnst al | ed
on the custoner!s system and/or the upgraded test or prqduction

oUbst £ at dF BebEk LS deavattpelhpao s crutseors 2oy Bed e M - spc may
be appl i ghsta-rolbted KANMEBQ (e. 2 hrioBOO LA etidbion nRtabiRémdn®y, ioneREifaEdrd thed
remedy. Wth | S-SPC, an upgrade error can be detected and renedi ed w t hout
wast i ng dike)- fgck of these pargmetersiaay bsegasuied vitea single MERWFFMIREIGYISIOr BYn i s

det ect ed rﬁﬁﬁ@é Qeville _dismb'ixf%lg:'émain@ﬂs lgéatfonéainst?]’é);ﬁﬁsﬁrﬁtﬂ?ocegsmg%ygtgﬁ. chamber or

before plas ignition). Further, since the manufacturei supplies the

updat ed basel i ne database and any updated test substrate/recipe, the anount
of tilfre and efWidyregard tathe freanendy af Hata migasussresnt. pdighaniiamencyeenerally affsetst e t he

SPC syst %ﬁor@%et%éd{ri&&re%?%e nRQEQ kA er] MR m@:eiﬁ;%@f% ﬁ@@@%& 108 1 S

m ni mal . IsTs 1ncontrast to the prior art si erein even if
t he upgr add prsessing repirbryente rHovaver dats steragaiztdoompiting pesveuisantxpemsiveiasd st i | |
forced t.o invest a suba%anti al m)u,gltn oé tisggeqn% effort atoetet%%grade t he

add- on SPEPIYLESHFYEYER °é8?‘P‘§/SyS%8‘Pf‘ PAY 8% RAsPiEleie MpasHie g RALNCI G SVrh o

post - pr oduw nifites]atedy magtef évedy ReGRCH@EaicHisédond, Reery pgioaetend,lor essaeuérgl be

noted that the present invention places no limtation on the type of
par arrét erPigassrone 4Ad Y tH’éea@L?PF‘é‘if?“ ﬁﬁg’én‘f‘%’%ﬂh}é‘ﬁ’&?uw %WRHH?%PPW&%%Q‘%’H% s can

be made, (@hay f€andife SpEBilifylof th2tifaSuring i MBI MRAERLESNB RS the GBRloRpiBIE. AS S
wel | known, ‘different typés of probes or nmeasurenent arrangenents nay be
provi ded Whigthongiof freremeasprapeetpradit bermasigsong for moregneasyramgito®ay B¢ Madesyst em t o

nmeasure dj r . r . 03/ 105215
bt Usos: A afiRte, A A bth Subsl 6 s i pES o8 exdi e Wi ing 2o dRDSY 108
i nf or mat | smbstrageyintoedut thanreald remdviak befbre} éuranigLand aftérqaoqebegs oflcasg dsforeabl e

AR O T it R R RS e R T T
9% Fig. 3 shows, in accordance with one aspect of the present invention, a logic diagram
for an improved automated control system (ACS) that is integrated with the inventive IS-SPC
methodology. With reference to Fig. 3, the integrated IS-SPC/ACS system 300 includes two
main modules: a cluster tool controller 302 and a process module controller 304. Cluster tool
25  controller 302 includes most of the user interface components, while process module controller

304 includes the logic for performing IS-SPC, as well as circuitry for performing automated

process control.

Cluster tool controller 302 may include such familiar cluster tool control modules as the
user interface module 306 for permitting a human operator to interact with the plasma
30  processing system. Cluster tool controller 302 may also include a factory automation module
308 for performing process scheduling, process sequencing, and the like. There may also be

included a cluster control module 310 for controlling the routing of substrates among the
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pressures, the heliumflow, the flow of each process gas), various AC, DC,
and/or RF-related 5 paraneters (e.g., voltage, current, power, and the

| i ke), vawioasdgoiefperature-related paraneters (e.g., chuekTisopesdat ure,

pl asma tenperature, substrate tenperature, and the |ike), various

pl asma- r SREQUSEhHAbeETRfths duster of champgssithal makeyn the plagh? BORessing 84y ement s, i on

densi ti e @diddi @&t@hlwﬁﬁz-ma@%@éa i&me Re&SrNRABEREGE MolBY 3 PEfNRASRd Wi th a

si ngl e measurenent device or by tiple devices distributed at vari ous
| ocat i onghd produstioptesiprn ModdesS39p342 andattharclugter topl donirelgagddles eretiedl f r equency

of data &5 Ull‘netgggllt and? wﬁ'li r%lf'gé d fsclzr’i:"b%al %n%%ﬁil,[gg H%E ﬁ%‘lb){ev fsﬁgedﬁdflﬁ’iﬂm re detailed

picture o YRhE Medsdhed par aneter, a € expense 0 I gher data
st or age ipfofdlion perning to thepd infod aleninsy bd-fowelvias for ebaingplesthe R3PeTransdorc onput i ng

power is inexpensive d inprovi veryda d for s sysiens, it may
be possi W@e“ﬂeggﬁf’é%{?ﬂ? @fg‘a"%@g‘r‘fg’yeet?oq‘ég@? %SQF%W@W@E ,O?g(‘?f&pblt’ h?‘rﬁﬂ'?e, every
second, a¥®FpordChRSE6PRGreREEr Y nanosecond, or even every 15 picosecond,

and any tine in between depending on how nuch conputing power one is

willing to pay for and the capabilit f the neasuring instrunent.  Wth
regard to thelisiddgiogto g‘ﬁéggem‘?? 'OWﬁ’ikc‘,‘ﬂ‘XBﬁ«me‘i“gmd@I%ﬁﬁg‘ﬁ%F @ﬁi‘?ﬂ“gg@éh%e made,
one or MO ABIUERNANSorddR¥e WEh BRARpech&f tRE Rverflioh] AA®mbRAdEdas SLC rédseh
subsystemi's activated, for exanple before, during, and after substrate

i nt r dBuctmanaseareat editeny kil Whishrbews thebymarppemind iaimperand edie ks secipss r el ease,
bef ore, . Ze(;’np(ij(w’eél ﬂgg‘s-gptéh?-ﬁ?géécﬁﬂe%a{égge g Oitgpyﬁralloggggﬁ om{HE! NG, and after

pl asma i gnirti'on, an Ws, in accordance wth one aspect
of the pressficturanventsionrize apartdagyiac pacesg reaipe spasifically fomf§-6R€ gurpotea ratheas

control system (ACS) that is.integrated wt e i.nventj., S-.SPC

met hodol o%%CﬁW% Hhe PispRapens Of ergaieters ,m(fnl\i\g rgﬁ{%ﬁfag?téodl'l %IS‘ICIIE%'\E% syst em 300
i ncl udes haMageniBat/BdifdPd 4 £ pedfofrhdh@tips mhra@emed filncabdsgsucB @reaipelvasipii 0Cess

nodul e controller 304. Cluster togl 25 controller 302 includes rrg t of the
user 1Pnt efontEdereeipislizentogtroland the o drthés ywE! thedemipss sitedrandigbused () udes

the | ogi osfspc RSSdsQ dh BE rdadityXrdeke ol kilerdt Aleb@ W dsfotiakthe RBEdOr M ng
automated process control. Custer tool controller 302 may T nclude such

fam | i ar rm¢aagementidaielwithidhe snetifiprmgie@ekenamoyeddo ganceste suph Bessaeaentpiatl e 306 f or
permtting a human operator to interact with the plasnma 30 processing

system O ust @iy flol EHHAIR 302 ma3erHEPMCREE Gh AdIGIHAIR vAthl AE biedt oRHHeOMBRL I ON

modul e 308 for performng proceSs scheduling, process sequencing, and the
| i ke. Theineentiay anlembedsied 1S-BRC nutput handl¢nd 6 evhielviscoofigunsda inserfe@witn the

(E)(é_rll_'; Bgl) |3|/ l%gr zf;EFH%r (r)t%grt siyg&gmg){)as%&J Ql? {hre %Stg §ut%.1%r)]'Qhet I@%P@en\égepﬁ—épé %Ertgut

handler 316 and IS-SPC recipe management/editor 314 may be thought of as the primary.
components of the front-end portion of the IS-SPC system. IS-SPC output handler 316 will be

further discussed later herein.

Process module controller 304 includes such familiar back-end modules as those
25 typically employed for real-time process control. Thus, there may be included a process
control module 330 for controlling and monitoring the process environment based on specified
recipe parameters, a data management module 332 for managing and tracking the substrate
through the execution lifetime, a data collection module 334 for collecting data pertaining to
the process run. Modules 330-334 and other backend modules are well known in the art and
30  will not be described in detailed here for brevity sake. Additional information pertaining to

these modules and others may be found in, for example, the 2300 Versys™ Process Module
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vari ous chanbers of the cluster of chanbers that make up the plasnma
processi ng system Custer tool controller 302 may al so i nclude a recipe
managenenwomsdod2es 312 for nmanagi ng the production reci pePCThNU8/M£IS4 306- 312
and other_cluster tool control nodules are well known in the art and wll

not be dé&yeratipailanyalpsoavpiladlefempthe gforgmentionsd Lamdeseasghiorperatien of

i nf or mat iﬁ&n&%réﬁhgiuiﬁgor%cga&@ﬁfﬁf%ﬁé‘h&@ifxmiy be found in, for exanple the

2300 Transport M erat1ons Manual, available from Lam Research

Corporation of Frenmont, CA and  incorporated herein by reference. |In
addi tion to tHeadditionsnthapfosmeatigird ko bask-caf modulay Peasess aradglespntiadiss

control | gp4 300 alggg%@%%ﬁ g&_cg@&mé%tﬂ She AGREN HMGRvaMibl) 2R BRbARBEK.-sBE L he

i nvention, an e reci pe 10 nanagenent editor 314, which
al | ows t medelLif@nwhigk iretudes ancenibagded [SS8Cerctiipe databasedé? pBmbesddpd I88RC f or

| S-SPC. | S-SP i /editor 314 all t omEer /|
rana act UFOE GRTCboRPRReR: Repr st SEepsced P S bRk ey o,

| S- SPC purdatdRgitediyahe Astonted I  mandfadnate for e iMESSBCe Mo atsisvin thaeaowioar s t o
nonitor tqal degradatiaqn. 1S-SPC reci ge nagtg%errent/e iitor 314 al so
raRNCh

per f or ms o BPsTECIREm g HRAlEC Pravded: gace PERSPER Of b S1VsRHOMs2L ont r ol |

reci pe rehfRgRd¢9RPERbntrd RenIf€ddtatac 35UN THRitdmPRBINGHbodl BECTsBEAESfordi t ed
and/ or used for IS SPC purposes can be readily tracked should there be a

need 1€ o dksstiseipest end ahgivindergelate maxde aprdies 2 a pamber of repipesie faggite thec reci pe(s)
enpl oyed e&@uﬂgﬂ‘ﬁké&? such neasurenent data. Cluster tool controller 302 may
further inciu e, I n accordance with one aspect of the invention, an
enbedded | S-SPC out put handl er 316, which is configured to interface with
the 20 user &rgtsmaiulsaontsgller Hfsfunbesdaslusias, imeccerdante guithpae agpgetiohthe] S- SPC

engi ne. ienfion, QEEBHédtdE@deéfé ba%&%ead'a&bzl_e,?’s?&’%én%ﬁupﬁ JRABARITRD d8di [sor 314
may be thoug e 6F “as e primary. ~conponents o R4 ont - en portion of
t he | S- SRPGlysdlmmdathGisSPES may incitddraad] seatistchbelevhérits dsgocidtedr wilttethe diesmuesis ed

| at er herein. Pr 0cess rmdihlrfe cont.rol |l er, 304 jncl udes, such fam'nl i ar back-end
modul'ds  REATFEERRNIFEPTESTRT (e FHCENBISRPERN S O 6 JIeatr P S EES ¥ "t r ol .

Thus, t hgpafidRYISSPC pletesd eflpRyiRE 8 p&%ESulardSIHPOkcipdE dk&uiBd 0 Thoémiseaadd ol | i ng
and nonitori n%t he process environnent based on specified recipe

par anet erl§-SP& taggline dafabase iresteratiyelont aomoessasily. sanpdigd Ryths syptant Beryiprgurehe

substr at | |4 1 4XB, : i | e 334 for
col l ecti ﬁdadégg gyg"gjlp y&?ﬁ?ﬁg‘%ﬁkwﬁé’"ﬁ@%@s@?‘ﬁ%%% ulsgg&%%(%-g ??g%gg:nd ot her

backend rpatuiagsocassagmgsttmknown in the art and 30 will not be described in
detailed here for brevity sake. Additional information pertaining to these

%33:225 and OtArﬁqg-SSP@aéﬁgp@ 3%6) nggeie@ute fa%fvem‘e@{m Iar':r‘d asts&?atgd?’tgerMﬁré%a&w Process
from embedded IS-SPC recipe database 352 and embedded IS-SPC control template database
354 to generate measurement data and to facilitate statistical analysis. IS-SPC engine 360
further contains the statistical analysis logic or algorithms to statistically analyze the measured
data against data in embedded IS-SPC baseline database 356. The measurement data is logged
25 in an embedded IS-SPC data log file 362, which can be analyzed subsequently to pinpoint the
source of a failure, to further understanding of the degradation trends of various subsystems of

the plasma processing system, to facilitate optimizing the maintenance schedule, and the like.

During execution of either a production recipe on a production substrate or a recipe
tailored for IS-SPC purposes on a non-production substrate, the statistical analysis occurs on
30  the measurement data substantially in real time or soon after the data measurement takes place.

The result of the analysis may be fed into IS-SPC output handler 316 in the front-end cluster
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17 WO 03/105215 PCT/ US03/ 14474 C(Operation Manual, also available fromthe
af orenenti oned Lam Research Corporation of Frenont, CA and incorporated by
ref erencewbbasanizis I n addition to the aforenenti oned known Poaaksosnd74rodul es,

process nodul e controller 304 may also include, in accordance with one
aspect oftoq! gentiolerelfRinprdertq apprss disdumamopgrionotibrgtug taler e dpmthc | udes an

enbedded °§§?ﬁg&d@?§{§9‘%qai?m%€° Sthe HIB&AALHeSma’C reci pe database 352

repr esent ase of recipes, both manufacturer-supplied and those
created/ edited by the custoner/|C manufacturer, for use in IS SPC. To
assist in theFigsddaf¢ show treediffent matricpeshowingdhree pxemplary testiipeded, i n

accor dan ' c c [ ' Pkse BIAR - 1§@Rt r ol
t enpl at qummé{)d;gfe)ﬂ?) %Qs%h{gofge‘?’r%l}lpg? 'ggﬁégt@n%ggghSSPCsest ratﬁgégjri%g}g If(?S?Pn%O t he

reci pgs, famithed lyithesystemnparafastuneiys bast efiihd haseline database ity dB-SBE usediripeés t o
facilitate the .execution ther . Pr C l,er 4 furt her

i ncl udes,mqnﬁgﬁt(‘ff:l%%’ 31as§at(l:lgt1%, flﬁaﬁlgggeﬁog’s%gg‘{%ﬁ%@ n{ﬁﬁngéﬂaﬁ%e\,/gﬁ \pr %lr'%dg'aqu e%i‘gédded

| S- SPC baberctipeardaixplrasiaespofises e nstind thy premasddontol sydtem ardfentibbell. INBte SPC
basel i ne dat altl),ase 356 .may i ncl udcg man séati sti cal ql enents associated with
t he measdhatin Hig 44 PaYALr &F 2ot ey ire{or lesting e RRRSUIE CAREY SYSIBHY B ni ng t o
the nmeasy;edsdPghasRHemE MhRRiods papididreatldahe dxPectbiaRi26 BRSsubdipdideNs a
particular 1S-SPC recipe is executed. The enbedded | S-SPC baseline

dat aB@ise indicaisriwited noming genfinsmenaingosition 3nd taypies wep pgssuied We\fdem
manuf act ;%8‘%? @Pé%u%}’th?ﬁasél%maﬁggs@ tﬂﬁgislﬁerdqmgfitalls'mnctl\%etdtl{@ stgﬁ{ stiiAkRaRakher ed

during u omone or nore plasma processing systens. 20 An | S-SPC engi ne
360 nmay exseciated vathghose pxpeeei paramptersds g.ovicage dndagphxinems sirdoteduppér om

enbedded | S-.SPC reci pe dat abase 3 nd enbedded |1 S-SPC control tenplate
dat abase V%%48 E’B'tégwgrr‘ﬁ?rgmﬁ’gggtﬂ%dﬁé%ﬁkegat a and to facilitate statistical
anal ysis. 1S-SPC engine 360 further contains the statistical analysis
| ogi ¢ or al goin FigrdB, tti@ retipd arsitexpakddyespoisky foe testing the b immecbolicadoatralgai nst

dat a .i nbedd | S-S b i tab . 356. . Th ) t data i
P e TR AT M ST N

subsequentduirel ®orRdsAROIhB heliuhe cootig E@RmOih adwd-8ieh Broess! Thé st phigts farndesst andi ng
of the degradation trends of various subsystens _of the plasna processing
system tRerametary and dheexppitsdaveiage Pesirefespatserasirdicatedhydhs romind dletflod | i ke.

Duri ng e%ﬁ&ﬁe:mi@ﬁpghok{agm Gre BERAL GO Biksd, Bl HASIRB dRatisOfiGEH-ha§ URSt rat e or

arecipe tailore SPC purposes on a non-production substrate, the
st ati st i ciatludermshey statistisalmlangentsrassociated with those expected parameters (e.g., average,

20  mean, maximum, minimum, upper warning limit, lower warning limit, and the like).

In Fig. 4C, the recipe and expected responses for testing the RF voltages and power, as
well as the chamber pressure are furnished. In contrast to Fig. 4A and Fig. 4B, a wafer is
present and the plasma is ignited during the test of Fig. 4C. The set points for various
parameters and the expected average responses, as indicated by the nominal bias voltage, the

25 nominal confinement ring position, the 2 MHz reflected power and the 27 MHz reflected
power are shown. Of course, the baseline database furnished may also include other statistical
elements associated with those expected parameters (e.g., average, mean, maximum, minimum,

upper warning limit, lower warning limit, and the like).

Fig. S illustrates, in accordance with one embodiment of the present invention, how
30 data collection may be performed in a plasma processing system that employs IS-SPC. The

challenges with data collection and analysis for use in stepwise SPC include the management
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30 the measurenent data substantially in real tinme or soon after the data
nmeasur enent takes place. The result of the analysis may be fed into I S-SPC
out put hawdlosnoRi® in the front-end cluster 18 WO 03/ 1052C5/1RQT144303/ 14474
tool controller 302 in order _to apprise thg_ human operator of the status,

to al ert FRSHAREMNT obdaie Fpwdifferent sepsers prst differapti actugtors ag othgr dataspurcRs

processi ngctadstifhiieital ffclsns Aof&rate BR Melrh afta dinfl R REd toBhple 98E iSHOW Ng
three exenplary test reci pes furnished for I'S-SPC use, along with the

expect ed manerss as tPHaskievertie requised dagagrarudarity fefrfiatus digplay, Br BRE pses prebfoby t he
system t it | - during
ranuf act QPR ST AR b el R R AR R 10, SRR LRliches ples WA O
upgr afle. reed toitgnsmifdata from theehspes, actchtarx,[pad bthdr dasporse® thosPQ agfinerigat he
pressure control sg}ste arcﬁ f.urni shed. .No%e fh@% in Fi 9. 4A g wafer is
not requi P PEmet 08 AnglysIs frapits cauP iSRS FAFBIETs AL ey Y ReTigneg ideteprpate
process. c}l;hgésts@,tanggimkeslcigbm\fﬁ{ei_@uﬁqepar aneters and the expected average
pressure response, as 10 indicated by the nom nal confinement ring position
and the wafer _area Efrﬁ ssqre (tV\AP) are shown. O course, the baseline

dat abase f ur nihRaersd mplegentaion fhesesqre pndiqr aptiatpss kg erayreflife Larofs s oci at ed
W th t hoSRopX ReeHRtk BAfoRBRIMIS flnBtidhality i@ AFP in ARPMng EGXikMLRIs, 67 Ni MUM
upper warning limt, lower warning limt, and the like). In Fig. 4B, the

reci p& arlecaityp&eeiogroprafsaesandor aguaters sgreferabinpynlphte sbl/Oigedebnt rol 15
system arg, & 4ipsen %s,ug%%{%ﬁceésmgﬁyﬂc%ﬁ gﬁe"l\mlﬁﬁle /& RERREherOks Pl asma

ignition i1s not requlr estirng t um cooling systemin a
t wo- st ep Y92 doegwted Threugwut thosystesn. fiach V@miwluls coptagl kndd2epesfoemslocdh datex pect ed
onse i.cat ed t.he . n flé%w and the

average pressure r i_nd b om nal

o nat e faraReRSEH affor e i acio idRn SR Ree BEips 8o Ur i shea
may al so coupled tode Rk Beamsé, atgiveh i/Oahodulcesvandler 6B may sdardll vénkdrs hidsre expect ed
paranmeters (e.g., average, .20 nmean, maxi num _ m ni num upper, warning limt,

| ower! S wardUAGTS ORTaCted s H o Frst asieney Smpon Tl e breveanisgans giay b deferniBsdddict ed

r esponseshd Aimtesf deRsbrd £1/IREMAbL: AFBR AR ROVSHputiag poW&!dr RS iveR®/oc hamber
pressure are furnished. In contrast to Fig. 4A and Elg. 4B, a wafer is

present anefluldrenisplips 382 pryl theyrequicamedtefired-timgeconteddt of Fig. 4C. The set
points for various paranmeters and the expected average responses, as

i ndi cated by e AR Qkroldr®82 ohBdfed tBl?é:f)ogﬁoQ%&@ho@@l@f&rﬂml\/ﬁ)ng
position, the 2 MHz reflected power and the 27 reflected power "are
shown. OF504goklested datacprpfesablyi andy epdlecitsidata thathas bdsa dhanggd sineedhd Iagtiserde ot her

stat i26t i Cﬁlere a% SR t%vo%a%? % &%%%%&%R&Qﬁ 90%(9&%%%9&&%; W&nﬂrﬁ\dé 804 -
nean, nmaxi num ni mum

aver age,
For time-critical data, I/O module controller 502 may be coupled to PMC 504 via a local bus

technology, such as VME, and may upload the data directly to PMC 504 memory via a direct
memory access (DMA) technique. Using a direct connection 1/O, the latency can be kept low,

in the microseconds range or lower.

25 I/O module controller 502 may also be coupled to PMC 504 via a network connection,
such as one employing the LonWorks (LON) technology by Echelon Corporation of San Jose,
CA. LonWorks technoiogy is preferred because the delay and latency characteristics associated
therewith are more deterministic than a packet network technology, such as Ethernet. Other
networking connection technologies having the requisite latency/delay characteristics may also

30  beemployed. A network connection may be preferable due to the remote nature of a given I/O

module controller or other cabling-related issues, for example.
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upper warning limt, lower warning imt, and the like). Fig. 5
illustrates, in accordance with one enbodi nent of the present invention,
how 30 dwbasaediecti on nay be perfornmed in a plasma proc®€Iiusg3/s4434 em t hat

enpl oys 1S-SPC. The challenges with data col|ection and analysis for use
in stepwi se SPe firther medulats ghepmpagiethdate traosfeyoddepvegs theyapeus/I0spedula 474 of a
vast am%htr&fersdﬁh%efﬁhﬁﬁ‘ e pARY %a&ﬁﬂa;%ﬁs? ﬁ&@ky,%ﬁ &ﬁ{}ﬁ@&l safit datgt s and

ot her data sources such as mathematical funhctlions t operate on the raw
dat a, anchntlfeeactentats,thnt ita'\mlje intkaestediim regeivimg date thag basaemaioedaahhnged dortléreger
required data. granu ) us .di s

f eedback tgon ‘Tn pe”?‘ﬁ%%t Seg% rwthw% t}%ehmg%ﬁ%%eeosfg?encga?%d? %ﬁeatﬂngaf'h

chal | engespeatfiat thstotd.t he 5 need to transnlt data fromthe sensors,
actuators, and other data sources to the SPC engine in a tinely manner for

o P i AL IR ARG ol oY BB PER e B ER oo S,

t he SenSQthtﬁﬁdﬂa@dpaﬂC50@h@fnﬂe;&h@enﬂ&@kﬂd&lﬁ1gltﬁl*e@d MAadihOalBsengr ahkdisr aanar di ng to,
for exarrpl e, functiognality, simlari t% in sanpling requirenents, or

| ocal i ty.dafEfEqm awe;erpoefﬂose%é«’r congratigry fo bepssed #lprg Poysgpipracgmagule 303 ed to
an | /O mogluligplay: %c”e@!a{u% rdaé@@emﬂl-%%@ fordlisplad pURoRE AR IBLRUa R ¥RIAMMITRY have
mul ti pl e UO nodul e controllers di stributed throughout the system Each
1/ 0 rBdul threebhasradowerpris0y ipBMCGiits anddb‘al cotlestign (egtber véxpaling drepentdheengensor s
and/ or ac u i@ to the actuators coupled
to it. r&%gﬁﬁ%Fg?agggg€%gb%%ﬂﬁﬁau? &Bgﬁf er 502 may scan all sensors
and/ or 15 actuators connected to it as fast as every 5nms. The tine between
scans may be det e trimetatatrylth illﬂethn tradeatatag$ ccéleﬁsd)msowhdmherémemgﬂly i nvol ved
and the c r t he
requir ene%?&g%d dr}lg% arig;%ﬁn@%gg ? %F’é}}‘“!s Ac %gé)lﬁt %J& gec?lg (r:%?] i gured
to repor tpréférred (@reQa e&ss m‘fﬁbllére/scmt:dsrﬂlah ar thé ENEPS staileldata)| Il"heﬂaidcdﬂ]aétam

pr ef er.abl col | ec t ed .dat en changed SI ast scan.
D THar e tiednay ngE: b GRS BT P Rt DECREUHON et bce LRt ol | er
502 and HM;tré&éhata iz hatd mgﬁerr;phbm@lm PaCas04 Ufanmmmneﬁmrééalfbﬁhe &8s may be

coupled to PMC 504 via a |ocal bus technol ogy, such as VME, and nay upl oad

t he data ita ebxang embodimentsthe exﬁemthcafoacweﬁt&gtthe iecReRlp M haves Highon
t ech
o o e ALl HORBRS IOy e LABLEL AR50 TRl

coupled to PMC 504 via a network connecti on,
However, a fast trace data collection rate may result in a large processing load for PMC

éfso be

20  504. Accordingly, the operator may filter the data, in accordance with one aspect of the present
invention, by specifying that only data from certain sensors and/or actuators and/or other data
sources are to be collected for SPC purposes. Further, the user may also specify that data from
different sensors and/or actuators and/or other data sources are collected at different rates or
handled differently, and/or data from certain sensors and/or actuators and/or other data sources

25 are collected only if the magnitude of the change exceeds a given threshold or the duration of
the change exceeds a certain time period. Again, data collection may be achieved via polling or

the data collection may be event-driven.

Most importantly, each piece of data collected for SPC purposes along trace data path
510 is time-stamped to reflect their relative time. Time stamping allows the trace data to be
30 accurately reconstructed when the trace data is received by UI 508 for step-wise SPC purposes.

Thus, even if the communication channel between PMC 504 and UI 508 (shown by Ethernet
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such as one enpl oying the LonWwrks (LON) technol ogy by Echel on Corporation
of San Jose, CA LonWrks technology is preferred because the delay and
| at ency cwaxrmab®nsstics associated therewith are nore detpemmiSes/sid7¢€ t han a
packet network technol ogy, such as Ethernet. O her networking connection
t echnol ogPRsctienj I3herpReEcTcayaongsstien oraelsndh e sigme H%?P@é%rwtétercgsﬂmgr falso 30

be enpl oygd 6w e r%'ro 6ERARS SRl aea,ram wih &ls ﬁ@l&l e rﬂerﬁwteanrem@mre@mt e

nature of a given e control bl'ing-related issues,
for ex anprlaeousmcmfmﬂaltfﬁﬁﬂﬂl P‘@WS@JS@B#‘ tbd@atlvewethrwehe thervededspicses e anount

,? L edgfv% tsr ngr(}c?sgt m?tgagggfr?é/ %rl]y Brgw o%tr?es%gggasgl lers and the PMC,

m sone sensors and/or
actuators, that it is only interested in rece| VI ng data that has remai ned
changg&d f or Iﬁ)mgeme dath &tinee-giarupad, the iritegdityodf the daty is presetagdaaridothe tiech t he

rragnltude of nge .| S reater f a55ec t ol d. The data
recei ved SPP E‘i/E‘a (5‘3%i ayttheéhb%dﬁ%’gg egﬁgfggtnagnyé ‘85"‘5’{% r?tel?or FRETROSE™ pat hs.
For the Isb@d examgRrt e fidelstdnipRd trace daadefeportensd Uy sékeett 1 segotdhr ead obt ai ns
all sensor and/or actuator data fromthe vari ous UO nodul e controllers to

be passed al o user i nt erf u .9l nce status
data i s enpl o@&#? M3} a3 Sp ?V&ﬁ?)%o %eé &ﬁlﬁg’ g?"érto gura%#%ragl}?é’?h?rf fg 10 thread
has a | owRswiPs téhirol datd patiPbA3, SBth nitf Be dallcdted tldepdidem bf (r&detdagrcoNdctiopaid i ng or
event-driven) proceeds_at the rate suitable for display every |

e.q.,
seconf F%‘r‘“stdﬁ@ cprl%c&len dkeATsssensy gl dnta ?q%lécttopéerecoa%?la)urpgse&rveé@% FYMERY ough
anot her 'J&H?&%n%mhin)g wh%‘?ﬁ@ﬁ%' ¥SQQp$rthh?t%ciIes§9§h SHERLPYES for RO RAPES .-

Accordingly, a faster data collection rate is preferred (e.g., 100ns or
f ast er vswithla geenonasoashangest he case of status data). The data collection 15
rate may, however, be configured as desired. Furthernore, the execution

e oS a8 8 R e s BGRSUBE  f AE 504
execut i ondifférers dahcfiomal paths, @@tdatag;otlmom aralqEoadaKineg gy assecigedhwhh thaser  pri or ity
gxg\l’/‘\ﬂtj hanqtﬁtfa’ent 511‘10 lr Oﬂl}\ge}gé ga%g)e}rehé%[ateﬁ ngalilsgeﬁl% a(l’]g% ttnléac}s f?ne(dvg? Iré:nli] I S al SO

ace ect I on rate hmay result in
a |l arge puegiesswilgut oaswheminghe prédssitiicapfitg of the Y., Fdrkansddphayor may

filter the data,. in accordance w th on a ect. of the pres ntion,
by speci F9VAPrOARCXEHIPE Hu aP?BFﬁH"é‘é!Flﬁfi‘?‘Yr Jatallspiongag cBsurey f&m@%‘? Snd/ or

ot her datRt oRPWhEAEd. S SPC PafhoSQ! the Ehe6kinyQhiresifas AWigh @xﬁ;ﬁﬁmﬁm&r@dm the user
may al so si)emf that data from different sensors an actuat ors and/ or

ot her dat®lledign sasisatse festar) ut the datamagibe fillerechby thg ppesates. Accordingly, the trace

20  data for SPC purposes is collected with a higher resolution and lower latency, but in a manner

so as not to overwhelm the PMC 504.

Time-stamping the trace data allows the relative time information to be preserved even
if the communication path between PMC 504 and the SPC engine has an indeterminate latency
and/or delay. Accordingly, the invention allows inexpensive and widely available packet

25  networking equipment (such as Ethernet equipment) to be used despite the indeterminate
latency and/or delay nature of such packet-based networking. By using accurately
reconstructed trace data instead of the status data for SPC purposes, the invention facilitates

highly accurate SPC processing, which is important as process geometries shrink.

While this invention has been described in terms of several preferred embodiments,
30 there are alterations, permutations, and equivalents which fall within the scope of this

invention. It should also be noted that there are many alternative ways of implementing the
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handl ed differently, and/or data fromcertain sensors and/or actuators
and/ or other data sources 25 are collected only if the nmagnitude of the
change exweadgao®igyi ven threshold or the duration of the ®carnges/emceeds a

certain tine perjod. Agai data col |l ecti.on nmay be achieve iia polling or
the dat a "2gPqds atdq 2pRaraiyges g“\?\?é‘ﬁfmd‘i“ie{}té‘m I thersiorn Sysngrd t,t(g%&lﬁwg\gece of
data col lg6dn@el £1fis BEfntddeRA 28 McRIMB A kicAGRedAM, fedh tatiSnsOarldqbivalBmst anped
toreflect their relative tinme. Tinme stanping allows the trace data to be
30 accur & é&lywithie the sue sritieandapeps of e praserd énvgaliod. i s recei ved by U 508 for
step-w se SPC purposes. Thus, even if the comuni cation channel between PMC
504 and U 508 (shown by Ethernet 21 WO 03/105215 PCT/ US03/ 14474
connection 512) experiences congestion or delay, the tinme stanp associ ated
wi th each piece of data allows the data to be reconstructed accurately
with respect to the relative tine between various pieces of data. For SPC
purposes, it is the relative tine between the various pieces of data that
is of utnost inportant, particularly as process geonetries decrease. 5 Once
the data is time-stanped, the integrity of the data is preserved, and the
time- stanped trace data nmay then be reported to U 508 at any rate
suitable rate for SPC purposes. |In one exanple, the tine-stanped trace
data is reported to U 508 every 1 second. PMC 504 may al so enpl oy the

coll ected data for control purposes. Thus, there is shown a control data
path 516, which may be coll ected i ndependent of trace data collection and
10 status data collection. The frequency of data collection for control

pur poses depends on nany vari ables, including whether it is inmportant to
respond qui ckly when sensor data associated w th a given sensor changes.
Since the invention separates the data collection and processing within PMC
504 along different functional paths, the data collection and processing
rates associated with these 15 different functional paths can be regul ated
to satisfy the different needs of the different functions wthout
overwhel m ng the processing capacity of the PMC. For status display, a

| ower priority executing thread and a relatively |low data collection rate
ensure that PMC 504 is not overwhel ned. For SPC purposes, the executing
thread has a higher priority and the data collection rate is also faster,
but the data may be filtered by the operator. Accordingly, the trace 20
data for SPC purposes is collected with a higher resolution and | ower

| atency, but in a manner so as not to overwhel mthe PMC 504.

23



Ti me-stanping the trace data allows the relative tinme information to be
preserved even if the conmunication path between PMC 504 and the SPC

engi ne hawoaw/ibsrdet erm nate | atency and/or del ay. Accor dipagigsos/idaes
invention all ows inexpensive and wi dely avail abl e packet 25 networking

equi pnment (such as Et hernet equi pnent) be used despite the indeterm nate
| at ency and/or delay nature of such - based networking. By using
accurately reconstructed trace data instead of the status data for SPC

pur poses,Whddés dlaimeddist on facilitates highly accurate SPC processing, which
is inmportant as process georretri es shrink. V\hi |l e thi S invention has been

descri be |n ter‘irfﬁi (g{ g [l i}eferrroeé:lsmenb LS ch30 thserde Lal Ber
alterations, RGP BHEONERG PEGUT Varenls® 1513 champer RGRAMET 5 he of
this in\bemglc&iﬁgufdd thﬁUde@su&éaS@bb&ttd]@dr@;ﬂ‘lsiﬂgat there are many alternative
ways of inplenenting the 22 WD 03/ 105215 PCT/ US03/ 14474 net hods and

appar gt uses of t sent i .t is therefore |nte ded that the

ol o ng. - ap PR 3 esoh 8V PRt Shaspes g T cFisd Fipee e o

al t er at i QRghitoRd ABisBpdranider vathih SELdhRbadusing &d pratdssing brtd for duitfirigUfrsts pi ri t
and scope of the present invention. 23 WD 03/105215 PCT/ US03/ 14474 CLAI M5
What is @ined is: 1. A nethod for controlli ng a plasnma processing system
havi ng a chanber, said chanber being configured for processing a
substrate, co vlcﬁﬂglgglc%r%ayilﬁig Al firstf dafaSdbtasRid Fm id RhddrSaiddanaliaimper, said
first sensor being configured for nonitoring a first paranmeter within said
chanber daingmgrferaicd dprirgaidnrorgsiied for outputting first data; providing

|l ogic for analyzing said first data obtained fromsaid sensor, said

anal ygi ng behmldnﬁgtfd@famcmralm Wit Qidprecesssd, B0iputhif hfﬁrssﬁgﬁhlfl rst data
indicates a fault with said processing, outputting a %I rst signal

responsi \respt)@ﬁl‘éﬁatpaaléﬁ%ﬁlxlzflgng 2. The nmethod of claim11 further conprising
st oppi ng said processing prior to conpleting said processing responsive to
a recei pty of gk i%efh'oﬁ%?cl§1h9ﬂﬁ1hher%om§ﬂﬁng'ﬁém Qld frb@sdMglprior td R&lpiiagPr i si ng

storing said first data 1n a database.
said processing responsive to a receipt of said first signal.

3. The method of claim 1 further comprising storing said first data in a database.

15 4 The method of claim 1 wherein said first parameter measures a pressure within said
chamber.
5. The method of claim 1 wherein said first parameter measures a voltage associated with

a structure disposed at least partially within said chamber.

6. The method of claim 1 wherein said first parameter measures a temperature associated

20  with a structure disposed at least partially within said chamber.

7. A method for controlling a plasma processing system having a chamber using an
automated process control system, said chamber being configured for processing a substrate in

a multi-step process, comprising:

providing a first sensor within said chamber, said first sensor being configured for

25  making a first plurality of measurements pertaining to a first parameter associated with a

24



15 4. The nmethod of claiml wherein said first paraneter neasures a
pressure within said chanber. 5. The nethod of claim1l wherein said first
par amet erwoEados2¢s a vol tage associated with a structurepditapoyed7at | east
partially within said chanber., 6. The nethod of claiml1 wherein said first
par anet erSrHeEE disaesed at lgasheartial lyrvwithin st ehamber, sacppepfofing said tisgt plradittlfs posed

at | east patirbdédtybeifal fikBmd dricP2BRER step/of sAid WRAMNSEp bRJcegONt rol ling a

pl asma processing system having a Chanber using an autonated process
control system said chanber being configured for processing a substrate in
a nulti-step proidingdogie fmsnalaingsaidfirshnlyplify ofmeasprements pbginedifremisaids ai d
chamber, ssfofl il b %%@ﬁﬁbﬂﬁ&d%ﬁﬂﬁéfﬁw helify; 25 making a first =
plurality of ‘measurenents pertaining to a first parameter associated with a
24 WD 03/ 105215 PCT/ US03/ 14474 structure disposed at |east partially
withid said clfsaidanalyzeg gidinst ualitygf maasyroments indigatgs a|faultwigh saidpasur enent s
bei ng per [We j : i g - Rrovi di ng

| ogi c forJrgc%a 2%{@‘5@% agﬁngér{ t 1%%%?‘3‘% ;[oisﬂfg% n%&é%??%@%# %B%Ee? i?or?gﬁ fromsaid
sensor, santtolaysdny.zi ng bei ng performed during said processing; 5 if said
anal yzing said first plurality of neasurenents indicates a fault with said

Bt omat e pr odReeiBlt da! 1 Shordh 3G nd ERRD Bk Ik ol IR EERRE 075

anal yzi ngaidsnyiestepproeebsdur i ng sai d given step of said nmulti-step process.
10 9. The nmethod of claim7 further conprising stopping, using said

aut onpt ed, pro n L: > eSS I eting said
rocdlsi . sang eS8t ain ZXELESondRlL: REASRE SRDRI Bimbth SO 71 O
si gnal . 1dntrdlRestemetshid grazkssaigairior ©® colmpleeingsasbproceasind, yzid sppiag pand or med usi ng
a statistical , methodol o .drr’LS 11. The nmethod of claim 10 wherein said

anal yzi ng’eiPBHstqtgééeCE’(BﬁfJfg%l Js's'$Pk st value conputed fromsaid first
plurality of measurenents against a first baseline value provided in a
basel i ne Wat alTas methsdbflclhinr Sivhdreiashid agalyzdgue pditirmed fisiigd shedceddy a

manuf acturer of said plasm rocessi ng system
met odoYogy. P P g sy

15 11.  The method of claim 10 wherein said analyzing comprises comparing a first value
computed from said first plurality of measurements against a first baseline value provided in a
baseline database, said first baseline value being furnished by a manufacturer of said plasma

processing system.

12.  The method of claim 7 further comprising storing said first plurality of measurements in

20 a log file.

13.  The method of claim 12 further comprising employing said first plurality of

measurements in determining a source of said fault.

14.  The method of claim 12 further comprising employing said log file in optimizing a

maintenance schedule associated with said plasma processing system.
25 15.  The method of claim 7 wherein said first parameter pertains to pressure.
16.  The method of claim 7 wherein said first parameter pertains to voltage.

17.  The method of claim 7 wherein said first parameter pertains to temperature.

25



12. The method of claim7 further conprising storing said first plurality
of nmeasurenents in 20 a log file. 13. The method of claim 12 further

conpri si ngoawpbzys ng said first plurality of measurenent PAVUdaIeram ni ng a
source of said fault. 14. The method of claim 12 further conprising

enpl oyi ng8sai dn|a5@mafe|d@rQCﬁss(yg{ltrqhszqteﬁgcogf'gwﬁii Frr sptrRtlinecrotiasing| PEOcsESEBC i at ed

w th sai % RLARTEN a{&faﬁl%ér' pﬂda%%%meu?g%o&égu@@r ﬁ%&é@gqg Rfursh@e™m 7 wherein

said first paraneter perfains to pressure. . The nethod of claim7
wher ei n saingrifing:st paraneter pertains to voltage. 17. The method of claim?7
wherein said first paranmeter pertains to tenperature. 25 WD 03/105215

PCT/ US03/ 14474 g sl§ensé¥h Ee%%’éh‘?ffjsaﬂf&%ﬁxﬁé gawﬁ,rspéen@ys nﬁé‘b&;‘ﬁ@ﬁx‘e@‘ﬁred for

controlling a p asSma processing system having a cha Sai d chanbe

bei ng5co nﬁakgwaefdstfpcbwralpy ot msssuregients pertEtingtos, ﬁrstharqmetes laﬁgmatad withgt sen s or
dlsposed .said ¢ anb sai.d first enso co u fo
nmeki ng a ?g? gF ?§n8 LA %@?"% |ng % 3 Fﬁg pHQEXééeter
associ at eﬁleagurerhems beng pegfotiiei dilmag)@saaplroaassnhgasstaldmbmaml | y within said
chanber, said performng said first plurality of neasurenents being
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first | ogh@d fheiswe B&fgdoﬁﬂg&éd fop analyargysgid st hurality bf éasiremeh diinheahid
neasurenents during said 10 processing; second |ogic coupled to receive a
firstl0 si ghe*s¥eom said first logic, said second logic being configured to
stop said processing prior to conpleting said processing if said first

signal indicatesd ﬁ)lgfc%hﬁled/\totr&eﬁeladirﬁrs%ﬁﬂ&ﬁirrﬂﬁnd 18t lodibSarRb@MBIGG Process
control system of claim18 wherein said processing conprises a 15

pl ur al i t yoesne canfigyaedipistor said pepcessipg Priettte complatingraidqvoarpying ihsaihfigt veighber ,
sai d ana'%ﬁ%ﬂ&aﬁ%ﬂﬂ&ﬁh E Eggq%durlng a given step of said plurality of

st eps aut ormat e rocess control system of claim 19 wherein said
analyzing is performed wusing a statistical nethodology. 21. The automated
process c¥nt r dlhe gytgmatgd process amﬁoizwsmmfélam 48 vdergaspigAirergssingraompEaes a 20

conpgyk In g) !?l'alf tg P gteﬁ’s‘%ﬂ‘f@ shid @Rﬁéﬁr&g 1§c Jl%e%avlllguﬁ éarlcfséhambw ?zllc'l gﬁélﬂ{ngrﬁ%ﬁlg urements

agai nst
performed during a given step of said plurality of steps.

20.  The automated process control system of claim 19 wherein said analyzing is performed

using a statistical methodology.

21.  The automated process control system of claim 20 wherein said analyzing comprises
20  comparing a first value computed from said first plurality of measurements against a first
baseline value provided in a baseline database, said first baseline value being furnished by a

manufacturer of said plasma processing system.

22.  The automated process control system of claim 18 further comprising a log file

configured for storing said first plurality of measurements.

25 23.  The automated process control system of claim 18 wherein said first parameter pertains

to pressure.

24,  The automated process control system of claim 18 wherein said first parameter pertains

to voltage.
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basel i ne value provided in a baseline database, said first baseline val ue
being furnished by a nmanufacturer of said plasma processing system 22.

The aut orwDad/ip20€ess control system of claim 18 further eorusosisgsa | og
file configured for storing said first plurality of measurenments. 25 23.
The aut orfdt ed Th? dtesaedyaessprongpkivatamef c'emaﬂ W&gmﬂﬁ@ééﬁrﬁ pargmgtef perigins
paranet er, pertatps to pressure. 24. The automated process control system
of cl a|n138 J%ereln said first parameter pertains to voltage. 26 WO

03/ 105215 PCT/ US03/ 14474 25. The automated process control system of claim
18 wherein said first paranmeter pertains to tenperature. 27

27



