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metals and the 1tke may be formed on the surface of the substrate. Conversely, etching may be
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. Jn 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



involved in, for exanple, cleaning a plasma processing chanber, in

di agnosi ng and replacing 2 WD 03/105215 PCT/ US03/ 14474 br oken parts, and
inre-qualifying a systemafter maintenance for subsequent production use
is very time consuming. In one sense, sone maintenance is unavoidable to
keep the plasma processing systemin good working order and to mininize
the nunber of I C defects. However, unnecessary mai ntenance needl essly
reduces t hewamswatisof tine that a given system can be 5PEREPGYE f or
productlon rs Jieorre nval s on
certain %gHFgﬁgndﬁﬁ‘P %%nn%wgéﬁgﬁg gg%gﬁgggHﬁ&§wégﬂg§ﬁgbg?%cess|ng
system and/veny tighe SdnsOYyingrAMynNe sensp eITed mentmamtli'ﬂm‘@sdab‘? #? kewtthlas®y, equi prent

vendors and | C nan fact NEit BE nhRE 968 QekectS Yhstvent es for
evi dence of"ifact Ll b"lgg&g% rg‘gf%bl{&é‘r;ﬁ&(ﬁ'ﬂn enpl 03 the information obtained

from 10 s umh\ecemrmmsamam neestiefsbiredygesihej amopn éf‘I%Fri'Eﬁ‘ A BRI EStem GBOY| | at i on,

qual i fi gati ' ﬁgloy‘%g&r sl @B, ‘@'9}@6 RO RARiRERER PRERIures &hd/oL it Pials €n coptii@ or  nor e
substrafes rocessed as part of the system manufacturi n process to

al | ow an equ&spﬂmm'\ﬂ@délbﬁﬁwtf%daé%mﬁ?ﬂaﬂ%a Fﬁ?‘i‘iﬁ@%é"@ﬁm aag{pRRy g’§" and to
determ ne V@%@.Q?Jsuﬁsﬂﬁcsﬁa”‘lf actured plasma processing systemconforns to
predefi ned system specificati ons As a further exanple, after the various

parts of the 15 nmanufactured 1 I ed to a
custoner site aﬁ&“ﬁ"é&%’s‘e@#\ﬂ"&'g Yo ors a“dgb%rrg'?%dtg%f)?%?gﬁﬂrértr}geymbesgﬁr ocessed

t herein, arndbstrhtes fmfe@massefdmwhmbkealbéss o breplexdbginfoeeptippobiaiesd PR ne whet her
the pl @%&%@%Atl@ga&&ﬁ@ mn'lﬁémg%ﬁ&ur‘égﬁﬁa%&khyﬁﬁiﬁﬁﬁtgoﬁ (Ypl:@bning t he

cust one SI anot her exanpl e, -durin icatjon cycle for a
particul ar lmgmdﬂamsessqseﬁqrpeamm enecr mﬁﬁﬁ@“&%ﬁ"@? N lé%“?f‘ﬁ‘!/ast?é“ phibrcessed to

allow a pr Og&éém?{&ﬂfcﬂ%rprécgss%%ﬁ% Etﬁxp%ﬁnt%%h@@xam tﬂJ pA6cBReddr OCessi ng

system can satisfactorily performa process required the_custoner. |f

t he subst r aubstratstrodtogtenmescrisperhs wanupetaed E)'anﬁé?f"é%sfmg SR P Y may be

call ed  upQRedefnch RIAHREMHCRIond N aFBS BRarfIQ 6fsS e REHoaY e B thand the cycles
of processing substrates, exam ning thegfr ocessedteség(gst r at

t r oubl ehoonanfetemd!pma siosesHPEYEE A hinRrd oA R & re?sﬁ%“bg%toﬁc Sbt ai ned

fromthe pr,ggr@%mitegHmerpa;ce@edmelﬁemthm&eumsubstrhtlaﬁn:m tasmmﬂacesm ng 25
systemis brought into e'rsllgem fication an sat I sfaciory for

product i on ¢péEningpether o asﬂ’i”(?f?é?%’@%ls@%gﬁspﬁﬁﬂ&m@ﬁ%ﬁ?ﬁaﬁmﬂ| SH Certain data
useful in th@oRBR a6l heother bxagibk] dusihd thaquatifteitiopesdlé foi Tpearticglar mécess pl asma

rocessi ng system there are di sadvant ages as | yi
P Prert | v oty e s pE o iy O AR PR AL A Atk Wablnketl VLRI

20 whether the plasma processing system can satisfactorily perform a process required by the
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 ¢xactly, 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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unacceptably high number of defects, a specialist 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



25 defects have been renedied. If they persist, other maintenance steps may
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maintaining and/or upgrading the plasma processing sysiem.

20

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.



processi ng system having a chanber, the chanber being configured for
processing a substrate. The nethod includes providing a first sensor

wi thin the chanber, the first sensor being 25 configured for nonitoring a
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i nvent i on iisthic étailed deatriptiorinf theanvestfon endainvpdngnction ovith the fdllpwingfigeses. | i mi t at i on,
in the figures of the acconpanying drawi ngs and in which |ike reference

nurmeralyg refer to sinil ggripfpERERIFTIONOF fHMDEAWINGY. 1 is a prior art
di agram depi cting how statrstical process control (SPC) is enployed 20 in

the prior art. Eig. 2Ais.a siplified di.agrams i, 0 i rdance with
one aspect of tﬁ@%b“r‘e@%@?‘ﬁm‘oq 'ﬁ&@%ﬁ%h’,’ VoHE e’lglunnf{epgarngg (\g&'y g”ta ’é%@d’“?‘%‘%g‘p’& i cation
of SPC t o \th figntesofsheso@mpanyinggjrapiregs and in which like reference numerals refer to similar

elements and in which:

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 processcs.

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



manuf acturing, installation, qualification, operation, nmaintenance, and
upgrade processes. Fig. 2B is a sinplified diagram show ng, in accordance
wi th one aspect of the present 25 invention, the integrated stepw se
application of SPC to various steps of a production run. Fig. 3 shows, in
accordance with one aspect of the present invention, a |logic diagramfor an
I nproved aut OF%E ad. @@EHa&'thré&cﬁﬁ&éﬂt&é@s sﬁ&ﬁh%ihﬁeelefﬁr@‘lﬁ'rﬂ%ﬁ%c Wed h t he

inventive | S-SPC nethodology 6 Figs. 4A-4C-2 show three different matrices
showi ng t hivmésheddordStEiGuse. alope Wik the &pecied Yalies hed for 1'S- SPC use, along with
the expected values. Fig. 5 illustrates, in accordance with one enbodi nent
of the present Fighy BRtia68, in hmstdardaiwahmlelnﬂbcdlihqemwm;zpntas;mpievefnmmmi n a plasm

t hat S-SPC. 5 DETAILE OF THE
PREFERRED (SSCHINENTS TN PEL AP R0 BREIONE QEPT THOE0 “GSari bed | n detai |

with reference to a feM/preferred enbodi nment s thereof as |Ilustrated in
t he acconpanyi n@ERAWERRESAOR] . WPR L £ erous specific
details are set forth in order to prOV|de a t horough understandlng of the

present invent fQipredeht 1WeHuonQﬁllﬂW€5 @é@éﬂbedﬂﬁ\ﬁ@ﬁdﬂiﬁmhi@eraﬁﬁoﬁlﬁdf pe@rmeh the art,
10 that the pr esent invention nmay be practi ced wi thout_ sone or all of t hese

speci fi c desbaiments fhgreobaspllistrytgidp é%%’mpi’ﬂé(lng dinigs B eps and/ or

st ruct ur esgHaRol AimBERRpLRR AbhiRek et foll indrder iobrovided@Nordughnot  unnecessarily
obscure the present invention. To facjilitate ?‘I scussi on of th@tﬁ 1%vant ages
A Be

of the pregdprstandingsythiegrrsentinyentipn.j wil bsappspent hpwevgs, togng sille g how

statisfgi C %atm'iegfé‘s&ﬁ irfveftioh Hay bhbetictdSwieim someer alinftHag sﬁd’ciﬂtl’detaﬁst. m Ge ner ally
15 speaki ng,

SPC is plied in the prior art oth %o @ g
subst r at esOgANsERss, ‘&"?Wf?ﬁcfséte&’h%{'fﬂoég%‘r‘fﬁé fvagot %6% ‘%P '[“l on
subst r at esarddd fbt e QRBRbIAreMedpresdnt ifvB@log. are shown substrates 102, 104,
and 110, representing a plurality of substrates in a |ot. Substrates 102,

104, and 110 are .typic i.on pl asma
processi ng systﬁ‘8 rﬁc}l%"zﬁfca%bdr?lé’gglce BHaRas stg%iéreste@s]?‘r%gl%‘gﬁ%slsﬁg Rﬂé& aﬁand 130.
The pr ocesdigglars dlé;ta&itmghc@sstﬂtmqal frBekss cann:bl ESPCIBi@n’@thedSlu Heanioka: ICVH@FH)/I oyed to
create the finis I Lfo 40 1s

pr oduckd a¥® %&gt gﬁfxs ¢ eheé‘l'}t% “0 %p%rﬂb Laloflpmgﬁét@s ab%lg‘ga ¢ pr ior art
case, SPC tha aaqopipbrécs th@ostlfmodﬂaioa shiugatf:s lVélthlrti@retlmo Figsl.therqeashave er  each
ot of sUbShLALS: %oz( e, &Ja 1B hepAUind 2 glu?aﬂ%o%ggr%téw.bﬁgfe a%xgs:tgatg% poprocessed.
substr at e- s mdbm araty@nchjhmr@iuqu 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. _ln 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.



25 the processing of each substrate through plasma processing system 112 is
finished. By exam ning the post-production substrates, it is possible to
ascertain whether the processed substrate contains an unacceptabl e nunber
of defects. If an unacceptable nunber of defects is detected, the
post-production data log file may be exam ned to be%_t'er under stand t he
cause of t cts. 0 7 WD 03/105215 PCT/ US03/ 14474 oned, in

t he i deal ng)eogﬁd;g experienced specialist can fairly qui g@ﬁjﬁ{nﬁﬂ%ow down
the cause of th&s enkiBifel Sn 88 flic4) Adike, AR B p¥ridnbed sﬁaan@p&mnﬁqmryrr@@m ve actions,
such as the pr opr riate [gal nt enance steps or the replacenent of certain
subsyst enms dot‘iﬁ 5 cqupRf L dplaets ang gan apply the arproprigle FOTieY® akias BFLH I i on

substr at es afrépriple@Resaate afpdoithereﬁlmmeﬁsadrtambﬁ)tystamesorfmthmddectﬁeas their
data log fil es are exam robl em has been
correct ed. s FHERE 0L ?ﬁdﬁ'é’g&lbgt[ ies a'SP??gel’ss 3'r'drtec r?c\?sese%%’psl?%ﬁssasr‘raﬁ be

under t aken,as dividlddidleg filleoireexaybbdagnio pemtesiain whethdr thelpeblomdibd teen qoseqt@medl ed. It
has been o e Joach

st fors. 1 arg Banerhitd chB R Ale3elsft b behRklch Sndit BRaPbb BBREDSR 1 on
of a SPC syustildim poblarmhierepeditd. 10 production data | og fi I es and

post - producti on substrates is typically a long and difficult process for
the 1 C manuf aCtMﬁ@b&noQ&ﬁ:@dEﬁﬁt nmearaﬁme@mmemsbmgmsmtoemsiufferdedd, ver ed,
installed, and L qualified, hI? custgrriﬁr/ | C manu glg(%ur er gr ocess enough
sanpl e sub<SFiR 'él%"“i"hd"f?fj‘é?ﬁ'i"‘getso or GXAMPlS- fipinieraligor & ?yStF'ETDE Eﬁ%s data to

i mpl emapt tplﬂﬁuﬁBﬁida&a/lsg ﬁl&%ﬂxﬁpbéﬂ-&o&ﬁﬁdﬁnﬂﬂbﬁdﬂﬂk typjnallysudfug'amdamﬁsulmmtesdat a log
file. Furt t he 15
post - pr oduct gﬁﬁfﬁ'&f’gja?"éaﬁl B%ce ﬂfef?ias pem s"ﬁ Sﬁsrﬁm a 9C%V°redsé'5tﬁ%?] Sag]ﬁnel to

i mpl ement a;ualﬁqunlmpnmcamwm nonfciienguse pro¢essenomgh samplesulsstiatenin sderto t he

dat abase, t O Iate r ke ite data, and
to int egratbe Bac'gmlr%%u?g?ﬁm" qﬁlé"peﬁﬁh%%ép %%/tgrwn{hpgoy{ érgﬁlg{rll ous anount of
del ay and eﬁlfsmms apddata/lpg tilal lftythﬁe:e@mwlet@imm!a@qmﬁ@Sli.’(l?léfsiafd@ﬂ&ﬂ SPC system
even 't hQug fied for

ot oduct fon. PR E e BERS Rt e e R L |

i nconveni erfPmeting envirppmeat oradministef @ﬁéﬂ@bPSﬁﬁP EEipilale Prersssaecings IOGB%%Fl ng

envi r onmentyq Afdap $des ?nﬁ%at@fhc@atﬁiﬁgﬁnaﬁ[ﬁﬁhe@@ sh ot @ fréthén@élis houRlb&s Wi th | og
file outputs are _general not part the core cor&ytenm es of the IC

manuf act ur eelay a“l‘?/lﬁff@" s %GPliyd'ﬁ‘ieFSW ‘%W@é“”f‘ﬂ@ afdd-pP Gpratem pysh feeghdisc on t he
post - pr oduGhdsaapra@tsing shstent RSHIRady been qualified for production. For customers/IC

20 manufacturers, the burden is highly inconvenient since the aforementioned implementation of a

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

outputs are generally not part the core competencices 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



had been a problemwhile a substrate or a |ot or batch of substrates is
processed, such problem 25 would not be detected until the next tinme SPC
is applied to the post-production substrates or data. Dependi ng on how
often SPC is applied in the prior art, this my result in one, a dozen, or
mul tiple dozens production wafers being ruined before the problemis
detected. Since production wafers, the processing gases enployed for their
processi ng, WG MSAE pl asnma  processing systemrun tinme é'f:gng??ﬁéﬂél ve
commodi ties, t e rlor art a o d

Fur t her mor &M ¥ wf’“'f'ﬁ%"%%"p‘ PR ab’etl“%e '§°e%ﬁ&8%?\"h§°su gfh rgrﬁﬁgﬂt;c@eesubst rate
basi s af t enhetpheblem qurdjxedstsate;dg Swfe r&@cblmosubbﬁtsmeﬁteépqngvef tha bRyleEEFaryt he

post - producti o Ll abB32 15

PCT/ US03/ 1Aflﬁs}'2fql°3n§e%"§'ﬁ %g{"bgg;?v\ou?rdg {t}g&%&;lgtlggﬁmh@éﬁfgﬁf l3;16?‘!0Ief ective process
cycle and b@cunmm&tnmef@bsﬂrlbeﬂmswth‘tmeceﬁrcm aith WoblFd WoRldaRtbect ed. Since

product ison d\é\@%t&rb?/tﬂ% ﬁox%%‘t%&%bo\dﬁcuoﬁ§!ﬁtA{;be%%ﬁtm{exénmegﬁa&ersuﬁgtdyaa;sof even one
productl on ater s still undesirabl e robl em

occurred duishry. dneande aprrrsiated py these faé‘t"é*’ﬁ?“i‘ Pi‘e f%coﬂ?‘{?@ég’g”s@gle ‘?gs uch probl em

woul d not Reofetfated t&%r;&ﬁh&t@&dt&{ an@ FdmedOSgroduttind pabiemnis IBEAG appr oach unti |
the enti redg)rocesm ng cycle is finished. As can be appreciated by those

famliar widBPHEWni conductor industry, the long cycle tine required in
the prior art to detect and renedy a production problemis highly
di sadvant ageousSnHSﬁrtHef abroblemanith a givpr whiyeem max duss fythoedemageling/asr 8% may cause

further,, sg‘%nstlﬂlr!r%{t&ggs lssalﬁgy\lf_?_ld]tg coli ﬁlfc%ﬂﬁl chihpiitldf PHOE 8&ausk Plasdlal OWed to

cont|nue un is 1s because plasma roce55|n9 i nvol ves
hi ghl y cor rrossessiag ieeless highiy carrpsive gases. efiegimesdieh denpityplaseandysey Ne8r vy hi gh

vol t ages ar\fqltﬁgs RPBE Lol £ Yeob1$ - ADGEREIF Iaflude in Ghelsabisysteiemdyha@ilomlabsy st em may
have a domno " effect on other subsystens if.the process is not stopped in

time. |n cofeq aether subsysiem ifitheprogess st apRGdHn tipe. appl ying SPC to

post - production substrate or 15 data, Fig. 2Ais a sinplified diagram
showi ng, in accmrcdﬂnaneoﬂu’:prinrarn@pmqjeﬁappbzingtsﬁ@tqmoetsewctmmbetrﬁﬁ%n t he

| ntegraped ghanph ﬁoagglif‘c@&:'a%?m How 7 Aort A P1fonS LGB of i iR N1

manuf actur i G, sta ation, operation, naintenance, and
upgr ade pr onesmrasthe ihtegrated sjmwwtc@pnhmslpmv@l’ﬁaq eerighsatend %\'Flllgt}“ it is recognized

by the i nventngfaaur g ifededh atﬁcmatiuﬁflﬂ:ﬁno%t SRMichEmaiftPRhdeCal hpgfadebrosistes.s houl d

preferably Be i ntegrate e automated control systemfor the 20
pl asnma pr ocedss forigprayestawpranelarisy.fit is rperignizqddy the invensers besgin thef thasiePyiss or art

approach of apﬁ’tf&%&‘;'of‘ﬂ’csslﬁgﬂd preferably be integrated with the automated control system for the
20 plasma processing 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



to the output substrates/data via an add-on SPC system i ndependent of the
pl asma processing systenis automated control nechanism As the termis
enpl oyed herein, statistical analysis or statistical process control (SPC
refers to the analysis of the statistical behavior of a neasured paraneter
or its derivative or a 25 _group of neasured paraneters and to conpare such
behavior with historical statistical limts. Such sf8tistical anal ysis or
SPC may yi eP§ ¥ mati on regardi ng whet her the neasur e CTHSPUHE er i s
within an 3eeenlailieh AAGe: GHIRL vinBRIGHEH AISHRS UL R SYStem
exhibits behavior or trends indicative of a particular process state, of
fai lure orPFWFﬁ@BaEﬁS'db'PSé'%OT ayelugtion atppteaice d e eepsdirsmayhs pefemtd wiis.of  SPC

rel ates in N3N0 064 orlnford BRorls QBRI iR the Sibehberdbhils tha bihiStital MalyaD@byei S, el ther
inreal tinme or near {eal time and either q&lbstantlally conti nuously or

peri odi cal |RFOMeRvseniopfrenRigPRRORS R GPRRHANGRA PPy AT SOMBYENYSFat anet er s of
interest during the 9 WD 03/105215 PCT/ US03/1447-t process of testing a
chanber 5f or coningheraneE testing la cipmbeldri cofdrmepeoiof sulstiete masbedrvolied butg t he

ProcesSi N9 kS SlosBHASLAL Bl pRoRKAFGLD A% BHASLLAY ol GaarAA N9, MY be

performed usin nor e 'sensors posed in the chanber
whi | e the stpsncmrs!mdc,swrstmmay@ws releygnt puamqigss Ysing $BE mgthpdndpsies.olp thexeasarpf e,

appropri at epr&ggmg&&us%@}!ue Ginbi brodieonQbsBratE, QHRH b2y bémﬁrmbséatéte the case of
testing a chambef for conformance, no substrate may be invol ved but

various subeipss @aer aspeeilaulsiragivdaclitradiasnhypdly Keunt MEAPuIBRe r ci sed i n

certai nwwayp?odesae&ﬁ.@ hthélf%sﬁa@?@&@su@rs@smsﬁ aithk SdruBa Islthe ppdtadshig 6o €l evant
par aneters us| ng nmet hodol ogi es case of processi ng a t est

substrat e, Pé"dHGF?“ ﬁ?bé‘&%f”f"ﬁ% '"§‘?.h'f§ f”r‘:éif"'é’r}am‘? RHOHRYSIBE Bl RRROcE st rat e to

reduce COStsuR¥ratd sH@RE fo lisc SlRedutiag @e fitisHedll driffafiagel piofiicei ent and/ or accurate
measurenents, is 10 processed through the plasm processing system The

contrast is the l&%&ﬁ@%ﬁi\sp?@ca&;n dtspe Fe?gﬂggécgrgln%m%ta& ﬁ’an \M@is ghhé nvol ves the

use of a produc Ion's to create a cesse ibstrate suitable for
use in produaenaiyc tdeusiig$Pe methoddvgiss S@thtla&anéﬁal lp?wwgﬁefﬂ?é‘atstsepw se

appl i cafs Or}céatde§PQrJeﬁe‘o§{.ék1§M fﬁqvfhgﬂhg}gheaﬁﬂl‘;m%t@%éﬁﬁé&%ntlﬁtﬂﬁk%%!§ of the

paranmetric data usin hodol ogi es subst anti al Iéaé%'n real tinme or soon
after the daleangs In mtrﬁ%@dhedwermpwvbﬁvhfr@ﬂéfmpaqévﬂs'/% pg BlE 5 dfidEher t he

paramet er R ashilin&bn with Melchichisioh drAWRIES cycRl 64 ARGEY s:ai;gmcﬁgtaﬂernaﬁas the the prior
art approach erei.n the Productlon data log file is obtained eg

conj unct i orftsRIVishaRPHestiR PG SFs8TEs 1t the Mg P §m'8§>tﬂ? @‘adﬁﬂatﬁ?ﬁ\'&%'dz
statisti cal duMn@ﬁrB&fsW@éﬁtﬁprcférElﬂy dfhe Mok pajaalslhg atp 1@ whigh thoReaser@mentes that the

reasur ez% p 00 m?tcg m%r e?’ ttoal'mérgvesdtataa'tg}ax%lz!\rﬁ)?' zlmd¥o engb € X-e contro] system integrated
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, afier 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



during processing and preferably during the sane processing step in which

t he nmeasurenent 20 took place in order to inprove data granularity and to
enabl e the control systemintegrated therewith to take action tinely to
prevent the unnecessary destruction of a substrate or the potential damage
to the plasma processing~system In a preferred enbodi nent, multiple
nmeasurenents are nmade for each paraneter of interest durr ng each processing
step and sPW&PBL4¥REal analysis is preferably perforned, ﬂ']*"‘&‘é i ne or
near real megspc! il Ry theefers to

t he enbeddr%?m%fmrg% ﬁcg&malgs? ¥Ee gﬁﬁg\?\?gneég%lgc Sy spfé‘?nkﬁ(?r‘?% t he automated
control rrecdwamlssniemfrellemﬂplcmf/&*@@é tptarfras e B‘Hﬁie“@aqq\’l‘f‘%%ﬂ“atr ng SPC

functi onal Iéxb%se 1I{.§P@ a?nh'ﬁat%ﬁ&i ﬁﬂiys"is @Fﬁc%ﬂﬁ{g%d;erﬁﬂ&t%@sy@e&‘rﬁﬁﬁm inkdgrati®z possi bl e
to use the output o e stepw se SPC systemto.c t he operation of
@i%e-%myl%

the plasna P¢ Waﬁﬁélﬁ"%"ﬂfﬁ’ﬁ’a’éé"gt a0 ey ﬁ'tt e\%"oé"[“Op the process
in the mddle of a process cycle if a critical problemis detected wth
one of tshe neasuéfadnglaablam@ﬁ@m,.thmms%sm which fsgntedratest iplo dhsicritre! t o

mani pul ate the contr ol st.em r NESodell gorder to

i nprove the y%?'?. e asma Bmy ore 35 aF bcgg‘#@gdlﬁﬂg%?a%ﬁgj& %%326 15o

PCTI US03/ 14tﬂr?#asrrgatobﬁsmgﬁgstandligt,anné’FﬁO@aﬁ"k'agléﬂY}Péﬁs@a OTEUANIR @I AETCESS: t he
integratio QJUbﬁg’&Jamgétéd%@hlegsﬁraﬁmks%&nédbﬁ‘;or&%tbﬁ@darfaye‘r.h@d’ﬂaaﬁl:I eves the
custorrer/l acturer fromthe burden of %rrrn expertise in SPC
and st at i st4ndiat tes hahyrishssubpyptomeigiaopiomnes wWipadeiined Seeicyarernd of

int egr agd ngtcstﬁ@%eng:) CnS¥ St GHoW ddistichRlcResit askcREH Gith edoh Addstred Ranfelet € as was
require prior art. 5 Referring back _to Fla 2A, the inventive

| S-SPC, whi zrrfﬁrra%iy wﬂf*e’grwﬁdﬂr&ﬁa@ YRET LRI FOr WG iegrs AIHESs Besiiiiva
processi Ng syieh 84y BERYmERNAPRLdsEE the dckddd niakiguiinlitrded, standag dm’mmesasd of the
pl asma pr ocessr n syst em Here, even bef Orﬁle,#g runni ng

any processthe lfeplihg YToUsaes PRESSWF S ASARREE 4R helfird O?f'%syﬂemm%ﬁe in order

asure
to build a hasebimna datanage resﬁcmda/paﬂa:me@tb tHehiampiag vouge, Sabsiystfiowshd or

confornmance, Wi th predefi| eci tion 0 SEensors
measur 2? Var P& mﬁ p?%ﬂﬁ"i tg e‘ﬂ‘ﬁ%“: F’eﬁ% Tgrata S 63?:“'“’3‘1{-3#‘8& e '€$ %ntgc lfr(rgg%sur ed

par anet er  furthdr exampleythaRiF tystph enay batemedinmiextde weastre the épwarfl REpprendhess. For
exanpl e, t hef]%ﬁxsfe i %(\:vgrsﬁle% n'{sa&:hl[ ‘r’rmﬁﬁé/e oﬁ%tﬁqp{e IRE (t)%gr‘:s‘gthf)&déro measure the

aver age, I'frum — st andar I'on, and I ke of the various
gas pressur mentiord han owhiemxmphimné otherioedetsef ¢xaentionat patginypesidlnimigroe  turned

on next to m [ = Lespanse pertaining to the clanping voltage, the
hel i um f 1 ow, eel%pgs [ um pressure the I eakage flow, the wafer

tenper at u re d ur IItrl]sglim%gr%nt to ﬂote %at the parametrlc Sata is recorded and analyzed statistically in a
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  tumned 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



further exanple, the RF system may be turned on next to neasure the forward
RF power, the reflective RF power, the RF match tuning positions, and the
| i ke. O course the order nentioned here is only exenplary and ot her
orders of execution are certainly possible in order to neasure the
parametric data. 20 It is [pportant to note that the pararretrlc data is
recorded and analyzed statistically in a stepw se nmannef t if a
statistical TV)Q gll{b%ﬁl cant deviation is detected with anypcr?:zlgsgt 27

par anmet er dgyktenrgairdnyatitcSiirol haanpn@@es@ndaw1mtmm¢psdagummeﬁmmhy to renedy

the problem , found., Since the invenii.ve d IS integrated
with the sy¥PdfeLen 3%8%?%W'p%oﬂlf"}sb elﬂl&%ﬁgﬁf‘gﬁ? ta%eﬂ“S%' ﬁﬂ%@%f‘em; may be
exer ci sed i mahusactokenakd tytkaaﬂvaatagammrautblaatédmésjmﬁhﬁcd%n:&’rfo_fsneeerlt and/ or
accurate st %arac é[rllstclzcgl ssorrcela (<] m?ﬂ?&r}% St subglraégl g’lld%?{eﬁ’re %gtolglfobk ﬁmﬂ?(jﬁ‘ﬂl easier to

stop the process, e source of the emand to address the
pr obl emsi mmaiinapreteyszm/seﬂem belftoesting si ngl e substrate is processed and/ or )
possi bly wasted. Once the plasma processing system passes the tests w thout

plasma, the pl aggEafR¥ril Qata Sdifektd knd @XttichiR shafed inﬁ)aél@wlﬂﬁ:rs?dfﬂﬂ{ ric data
neasur enent and statistical anal %rfs]l stt?with the plasma 30 turned on. In

accor dance WPRAYREO SHRSE hraplicatignnof e playps rogesdie SEELL PRFPLHES be

processed Ur%lh&%aﬁ&&mﬂﬁlyf&lrf@‘sﬁlasﬁltyffmhmﬁ:eﬁGsl‘iagrneﬂnsidllc)\i:ﬁﬁt dyittrat € t he
efficient and tgccur aﬁe recogﬁi rll‘g’ t '}E stl an% SIS :Qf nrme evant
par anet er s. MEULHELC {REageirLstgipE ey §”§W’f g"’"?ﬂt’ asﬁ}aé’fo WERPHE® 11 wo
03/ 105215 Hﬁﬂ'ilﬂﬁﬁakéﬂ&?éxmmFMEsnma eratstlatcomnt reahuck lesteapepsitdiane i s no
e e | frodilfon BIeSEEE S\l i hIG, L LUERLARcr R RBY 181 610001 Pr OTUE! O

reci pes. e ration a manuf acturers
to take adv;ao:tuagaepuusumtmdammmmedmmnsaﬂmlSrSHCeteFtlnameq' if dofiredpeci al
characteristics associated with the test substrates and/or test recipes to

probe limts of the@sté gbm&r@wm@%mgbﬁmuﬂm:mi%ase &ﬁtﬂeﬂ@muﬂ'he
parametric data gat her ed and s he system

atistij cal | y. anal al | ow
manuf act ur eFleYat RRprisrdugingdnanpiarwrng: PBﬁ aé ing it %ﬁeé"fhga %]Peoeé%‘:gg? ﬁﬂ&' systemto
ot her prsocessRstor z{caelp&ere s¥shai petformahddahdmdy®s treital foS&iﬂhérabetst dubyratb/pdcipt he process
at hand. This al | ows S em msmuf turer | ever a ge t he devel oprent
i nvest ment FOHPBHE" ST %%’Pfﬁ‘%‘%&&*&%‘f FF@'P%SPE@ DAY ht P %(@?ﬁ B na'kets, for
exanpl e. Fuépdred smisecal ﬂemeﬁstarcsudnSded 27 am@ge bm:amn(ahmiuas mnmmp:e mepeve t han a
producti on subst ? factiper may al so
enpl oy a pr od%‘ﬁ%ﬁo“ﬁgs{? mé"t[ %%thgﬂ@ 1(]‘3 %?m@%sd%tg%m%usﬁ ng the I'S-SPC
t esti ng peréxpas knb¥ledigsnforedtion to allow the SPC logic to quickly dxagnose a failure. For
20  example, a particular pattern observed in the reflected RF power signal characteristic of a failed
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 instalfation 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 the expected data 15 ranges for acceptabl e system performance and
may be created for either a test substrate/reci pe conbination or a
production substrate/rectpe conbination. For each data parameters, various
expected statistical elenents are provided (e.g., average, nean, maxi nmum
m ni num upPervI1eEd¥ning limt, |ower warning |i mt, and PFW@SWIRE’Y The
basel i ne datab R ration to all ow
the SPC | ogic f‘?@)unnmﬁ?éa%ﬁanﬁrgllggﬁégg&énaﬁ é%wwﬁggeggﬁ}%t@ a particular
pattern obsmtaﬁeiwmpwce{sndlerp@fﬂhﬂut@ullmap@mlreéﬁl@rﬁpst@ﬁé’raa@%‘i’ it ic of a
failed RFes%B E BN s}f\g'ﬂF o rd@tgl%éjl‘éndfhéjfé&kd%gcrafteh@clﬁ@dahlﬁﬂﬁfohlw g process

[

and provid atabaseto aIIowtheSCIO|cth ckly
di agnose dLhﬂf-eht}F dotebagefor heprodugtian substte/reigpRambEAing| ¥ ehries “?aé‘hF wEfallad4ele pasel i ne

dat abaseg nq:}(ocps% lsecGPJcp)S‘?rQe e barfiBetdr1Be inﬂﬁﬁi@dllkﬁifeés@r@d MdGEaaSallyQndiake sure 25
t hat the installation is correct, and in.t

gﬁﬂ rﬁs ualification,

pr oduct i on, agﬁﬁﬁ‘WF%HB!WE@”E"%HHHWWEFH@“%'V '8%0’5 of fﬁ’v’% 2498 ng, the

control -i ntlﬁgﬁtaiueﬁ tlareSiG 2t Q@gh GibSEtem is@Rertitdd/TBe engindees fedfainimgulizst r at es, the

specific recipes that onpany, .the te ubstr nd/ aor, t he basel i ne

dat abase fo‘PStaﬂiﬁté’“tc@scl‘"cglﬁg"st%EF %‘7'?’88’?%%" aie tfﬁﬁoﬁ ‘i?ilafl?’ %mb o the product i on

substrate/reci pe conbination my be furnished by the system manufacturer
as a pac kage f oln magecashsran fingtatidtion SEr sanbs defertad and raedigd vAthpyvastigal i fi cati on,

pr OdUth ' 5i 'sﬂﬁsﬁﬂ@(@&ﬁ as tA0ChsdNRHRh 8 GroBlRGERRRS befol@th%r@cﬁ{ctm5%-5
PCT/USO 14 During installation, 1S-SPCis ain applied as shown in

Fig. 2A Dmubsﬁgte intpethq gharmber PfabFf"é’lPl"’tﬁ'i“Btﬁé‘é'g“) Priqle &'ﬁ‘é? prd thed¥PROPS agai n

neasur ed angersgbbi Adoibe added oA HRBSko bhil @ theﬁ&n@vﬂWgS OasBRR#Iging passblag t he
basel i ne dat abase for the test substrat tgpg-pyéonb' nac{)l on or the

basel i ne datrefasEnqeyitereduring igRigiiatiqno his ) HryeeEdnat i on, to

ensur e t hat minhRctirdSh akirad, ifdd BxdmpfR! RERIFH cdrtdin Gabsysraik in odeﬁmemhnhﬁcha-raarret ers are
i ndi vi dual | asur ed, statistically analyzed against the supplied
basel i nE da‘f\:%ageré"éegﬂf)g‘t ® %1y in real time or shortly after being
recorded in a stepw se manner and as each subsystemis exercised, the

engi neers per f oPwinggachimeedudtiprs vl 18-8PE isreeaimepplindi ékeiy: thrgra@metriaddit bl em and

i solate they é}%ﬂgdqul@éuaWd &Et%héaﬁmrfagf%(jmbslaﬁhan?ﬁ\ka@ﬁﬁ@§r:sh&ﬁy dmestied| ation

error can be detected and renedi ed hout wastin 10 sin Ie substrate
(such as thfecoﬁiﬁééla\méws%‘h@“?fra%lsb‘mf"ﬁpltﬂ’éf’%“‘é‘t“éﬂmﬁ’é‘f"or"%“ht’?fére‘i“’ﬁ 9% uction of a

SugstLate 'ﬂi&ekm%h&hﬁdﬁﬁﬁémpﬁky&&mm&:mt&%mpbgsméptil a2, afrebBens det ect ed
and the syrrpt

plurahty of measurements pertaining to a particular parameter may be made at times 250-266
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 I-3 of the process. The statistical analysis results in a signal 280, which may be input
into the automated contro! 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 2 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 possible problens encountered during installation. This
information may be | everaged by the manufacturer in order to, for exanple,
redesi gn certain subsystens in order to mnimze certain 15 installation
errors in the future. During each production run, IS-SPCis again applied.
Again, the paranetric data~1s neasured individually”and statistically

anal yzed sulSt&HB?El |y in real time or shortly after beiP§§/USp8dfided in a
S;[ epw S e Jl@srs t S Esgm§ g&ﬁsto}EMero%mgh}’ aGitickal ﬁp@ﬁGcee&m Wimlagf erence to

ere | process havi ng three steps: step 1,
st ep 2 an@lry@e@ef@twemr@esspt kefost furﬂper é?mﬂﬁ%'a@ﬂc@i‘ré’rﬂ‘@f PEReEPhiil to a
parti cul ar PRRLAPBL &g WR%ne Made at tinmes 250-266 as shown. These
measurenent's are | npnugﬁi%nto a stati sti cal anal ysis nodul e 260, which

enpl oys a reference bas dat ai n antially in
real tine or %l”}e 1gPC & ﬁ?rbtl’ R écm H@ rrflze”r‘?tthsc %5°rc§sg gra%f ok rele?sﬁd'séﬂ%{]e measur ed
par anet er fbaifol‘eshdlﬂldsdﬂa R ignitedathe e:pﬂra;bbresubﬁﬂg eaay \&f savedolflapebleimris detpeted ypi cal

case, mul ol DALATRL E1 3 ML S IBARULAL Al AEERUR TRANSUT 1O 25

steps 1-3 of thep BESY at'l sis results 1 a signal 280,
whi ch may bmaasurqdmta stqutsgrr@rher @zdﬁt@qmtﬂémar@bmdlﬁsﬂ*ﬂ%emnﬁ@ﬁ?t@ﬁ%ﬂt he pl asma

pr 0cessi N9 AHER ANKH e b1 ortPBler bl TREMAL e BRE Ghir80RpIcBp Lhe user of

status. Because ogl ¢ and the base dat abase are supplied by
the syst emplwalnt}hwmw@rpafatﬂh‘éf ARG ‘@fpaé'F‘ff%F subsysieAsposted it e part of the

cust ongy/ | GuaREHE FRLHLEHCNR step b vEMhEIRBp PR Earkisulat piokdsy stéf whefitheed.  Fur t her,
because the invention integrates the statl sti gﬁisuﬁ,nal SI S %l?tem with the

control syse@meFoRlue preinploLSHate FPB AeSERHE 1S3t Uy oaR YA SREf | y

si gni fi cantyp@@\vipak potksd t5 alRl B€ blRthaiphocakiig JyRan t'be dropght daok e productichy any st ep
of the productlon 13 WO 03/ 105215 PCT/ US03/ 14474 process, the process nmay
be stopped‘H@?%re wasting any additional tinme proceeding with an already
def ective process or before further danmage may occur to other subsystens of
the plasma proRedsgprductys themceorded parpmetia dua Githish mah mclydegpeny giptisicaliet ect ed

before ;ihe eﬁ)el;n%ﬁ?%%cgﬁﬁ Gith @z[gf? He%b:%@ﬁaﬁgne?é? cllcRks maﬁ:rﬁﬂf %rﬁmtuh %v&l:g%s m is

ignited, the uctron substrate nmay be saved probl emis detected
wth a neasswl@di dsuietipreand thedike)ionije deriyative Papplyys t&?@ﬁma)selwd@ afdedbtoghe anet er s

are indivi d}dﬁbésymu ktérﬁ%amaca.ré;@mes;eeammaﬁw@m c@graaat.&{treﬁal ly anal yzed
agai nst the supplied database substantially in real time o %rtly after

r
bei ng r ecora@eiated wigh 3 vsE 84bsYSERY ITh@éstyxegﬂl.lca&M F’W)’“ Fig. 2B via arrow 282 T

information allows the system manufacturer to optimize the maintenance 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-step of a particular process step when the paraneter value begins to
deviate fromthe expected range. This information can vastly speed up the
repair process to allowthe plasma processing syStemto be brought back
into production quickly. During production, the recorded paranetric data
(whi ch may WedkgeiSmany statistical 15 eI enment s associ CEYSH T+ each
measur ed par anef.er L3 evi ation,
and the |ike) o$'““teﬁl§%?ifésr“g§%f rr}?em e%‘?%bé"nm‘é Vei's tb %é?‘ o%gﬁaseﬂ%ﬁ gg'egdded to
t he dat abasferntadoradiffepant ﬁmthemohiamdfacmt iSr@leiut"!s mqﬂu@loc,ltllﬁanaﬂycr@m-er stand the
degr adat i on, teraglg%at.oﬁ%ﬁg%etpggi mrmhanmtynmewkwmm ofTB's$c Lsingsuerbol i cal Iy
shown in Fi Ve arrow 285 information allows the system
manuf act ur écst substwiefricive zembtipionyisipartieialy edvaplyrepys- BUBYY £45¢ethess POBTHat t he
right S‘ibsyrﬁéy%ghé{%d BRI TRd s &k &ﬁﬁou@wgﬁ&raﬁ%&lte%p&%a&cubrhﬁlb@@@r(@@nr ate tine
brea

to minimze owns as wel|l as to avoi d perform ng unnecessary
mai nt enancehe pptilashis detgsted dnscornertjop with A siep PrighioPTacess e IR iPBMS chedul e. Thi s

i nformati ong gy, al*héearklﬁenl.&déﬁﬁ&gﬁﬁd Bwrm@hﬁm&)iﬁatc@aamgrmmiimésur er to redesign
certain subs stens, I f the degradation trend certain
ber o T ke

subsyst ens SYpsEAE/EART %‘tﬂéeﬁ’f‘ldyct\ﬂiéé‘ibf’tﬁ& eI 'B?y F%dP Pg back to
Fig. 2A | S aiproveBiderlafdingdsf thd Bedrddeiebn dheids gl tb b;ﬁmﬁaffetdmlnmdnenmtmlenance times
to detect whether other subsystens which nmay not be schedul ed for

repl ac Zlgegtas andj stteﬁﬂgﬁ&?r&%%ﬂ&ﬁ rﬂgﬁﬁbg}age @% SHEAEL SIREH- prdd¥ssi n%' ng the

suppl i el i ase fo e test substrate/reci pe conmbination or
t he productsysem wuiedctan s rund$-SBC thewspriip abiein émUPdaﬁmbawmﬁ%?@w fagieand

statisticalj, a@en%Jnyezmg@stsmmm@acmsﬁsrsatgf&lm mere.pgfa&t.eawmsme JpRABET , the

mai nt enance engi neer can qui ck ppl.y any necessary

mai nt enanc ehardyareggy/ @WW!@OWL@@WTHH’F&P“@F HQ‘?&"“F H@a‘l"‘@‘s(i‘"d

substr at e/ rgGhdgy &9%3!3@-&&:@%5@?&1:&%@toh%ﬂuét&ﬂcr&i@ﬁ'a%ﬁh&iﬁ quite aef diciermy yiel d
information different fromthose obtained froml i roducti on,

i N

t he mai kit erfaedsin the feld o Hhsupgadeherdwige andr sgBware nay F? 'Bﬂ"fq'ﬁgf’@/th? ﬁ’é‘gmrs
Mai Nt enanc esyddniEnddPhk h]ﬁg,@ddkdlﬁbt afprddﬁctﬁl?ﬁbbtﬁdtdﬂgmﬁehﬁy bt estutaiibst r at e/ r eci pe
conbi nation, is particu dvant ous. SES . oliERe problens 5
may be det ¢CFRBCNEREy Y %#%%5’ A RPR ﬁ&?ﬁ“kﬂ&%ﬁ?ﬂ%ﬁ“’%ﬁ"n Brofjiet 0?or
producti on &pibststademedye. g., if the problemis detected in connecti on with
a step prior to process gas rel ease or plasm .

With IS-SPC, an upgrade error can be detected and 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 the database in order to inprove understanding of the degradation
trends and to optim ze future nmaintenance cycles. 10 A system manufacturer
may performan upgrade to a reference plasma processing systemin the
factory and run | S-SPC theTeon to obtain an updat ed™asel i ne dat abase for
the upgrad®®'%¥fE¥5t he system manufacturer is satisfied Rt HE*upgr ade,

it can furngsikehbi® Ma@%mé@@rﬁm&&aﬁmé%n S Rh S1a@ BfoRld if @61 Pe, al ong
with the updat ed basel i ne dat abase nd optionally any updated test

subst r at e/ rlégdtye) Exagplehefimeasuizble garaip e”i 'BCI'Fd&d’F‘]"IUE &'F%“'&"?i"ﬁ?d@k"%[w efficient 15
upgr ade i n rtihed Jrlﬂewde:atmamae.rs@aa Rafethituntoanpredsae, vaidus pRERs gy be install ed

on the custoner's m and/ or .t he upgr aded .test. Qr. productio

Obst T as o eezs e Tok DB B AT 4 RS o Ac BE, MBIRP Y s spe may
be agpl sed ptﬁ.ametwscal@ ,Yolfepe urdeigl pdvie) lard tBe mayvmoahiexamrafmé-relmgmﬁgersdt o} )
rene Wth | PC, a e error n remedi ed wit hout’
vt i & SFhtiR el BRERERIE ab el R O LB o <

det ect ed bq:ﬁasmerelateé parmhﬂad@(gt, wamuaxfp_utalhemmxdnsxteaatements,ndzroietashtes eixtthber or
before pl aﬁ gch (?a éamﬁ ‘férm be n§e|a:.§%§ wsjtp? H@QH@E%&%MJH?HCV%QI‘HJ I es the

updat ed basef'l ne Se and ny updat e rate/reci pe, the anount
of tinme andntétfpﬂ@etlceSIdétqnbutﬁbaﬂvaﬁou&1h@tiwsﬁfb¢né#8ma@°n§ﬁllﬁ%/et?fnr er to update the
SPC system as well as any concomtant interruption to production, is

m ni malig This i with ﬁg&wﬁttﬁea&huaa@dfhﬁaﬁédsﬂémaﬁtahfgh&rtﬁaque@d} grathieforisn even i f
t he upgrade is correcﬁlﬁé 1ﬁerformad t he (iustomar/IC fa turer is still
forced to %mredeailed RigusE pEAbRTSIFUred PETRECToAIDG e SARENSE P HETEr 8 SUBBE ade t he

add-on SPC aﬁ&ﬁb@ﬁﬁrﬁg@eqﬁﬁd’nﬁeﬁ@tHywevﬂecﬂaftﬁdﬂﬁgshlﬂitcbmhutﬁg.bmﬁﬁahr}espeﬁsrmm he

post - pr Oduqtlro\f'll de%ta ag {c/)r t%OCIItama e DOS 1DIeEom supcga aral eell'f.t, shoul d be
noted that TRV BEHY che%‘ff"lf)yﬁ PaACEY Bflmt R B ERe Y pe of

par anet er tfé;ammaﬂ etrey mmas,wexisecmldeevéry adposeroyd, wehmamse@hd, keasuveent s can
be rm‘del"j ctagf%?nd:%agd rRJQ%‘Ic lA &@e@?@e@gﬂdﬂg%h&@m%@§ néﬁlﬂgggvﬁer Gidls \p fin de. As is

wel | known,? eren es-or mneasurenent arrangenents nay be
provi ded wit¢ bﬂydwrm@hemah!lmféhmamngmswmﬁmawlqbI@Sﬂ#ﬁp ibe Etaecgsfpmgn systemto

measure di ffh?crhﬁﬁ'éor%F@H&Eu?JnﬁntsIﬁ%%%aﬁU BRESmofe nfERRHEATRAY be nfade WO 03/ 105215

PCT/ US03/ 11 arrangenments are readily avail commercially and their
i nformat i orbef?Wyd%ég,’P@ﬂﬁf‘Gf qagh spbpastent {spetivated, fos exaﬂ?lfr?ﬁﬁoésd%*ﬂg,ﬁ’éh%’@’r abl e

par anet ers shlﬁﬁ!ﬁyﬁl@o&{:@t‘dnghtﬁex%ﬁﬁ set&@-duﬁft%,asra%e}rpm\é&k pBeteaEhaled or
flowrel ated paraneters (such as the i um gas pressure, various process

gas 20 during, and after turning on RF power, before, during, and after plasma ignition, and the like.
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 1S-SPC
methodology. With reference to Fig. 3, the integrated IS-SPC/ACS system 300 includes two
main modules: a cluster tool contreller 302 and a process module controlier 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 conirof 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
l'ike), various tenperature-related paraneters (e.g., chuck tenperature,
plasma tenperature, substrate tenperature, and the like), various

pl asma-rel ated parameters (e.g., various optical  em ssion measurenents, ion
densities, and the |like). Each of these paraneters may be neasured vmth a
singl e neasHPEHERISdevice or by multiple devices distrPEIPIIE™ vari ous

| ocations i f;f08.Rb&S emugtgletﬁ’%!'laﬂﬂe@ﬂﬁttrﬁm up]{QeMchﬁgﬁgéjsythnt he frequency
of data neasurenent, a her frequency generally affor a nore detailed

pi cture of Qlister eplgenivoler 3%&“%%‘10(#?0]““%4 15&pg magpeegRt “Eé’)@b’éﬁ?efoﬁ?a“Pﬁ’%er dat a

storage angh JMIAGRS _LiPS. WMbs’f :@@@Ma‘éd oth&?‘&ﬁb’t&ﬁooi datiral iiddarcagewand conputi ng
power is inexpensive and i nproving ever

d for s stens, it may
be possi bl &ngwy ‘ﬁﬁ'&é‘i‘l?'@"ﬂ”ﬂ%‘rbéﬂ“é?r@f‘ 98‘?‘ éWHﬁeﬂﬁtS@"f 3@5%‘?‘%‘ mnute, every
second, sev Gﬁﬂm{ﬂ:&nrp@%ﬁﬁﬁ’té the @\WRIdicd 1Y BB ﬁﬂmd,, forCHka:ﬁ‘Meme 2300 I'Iyans'bBrt pi cosecond,
and any tine in epen ut| ne is
MLyt g Openioas Hem BRI 2 Koot comaaat R PR aient | “wit n
regard to tiferpSiaePheddin Bire®nden Whi ch one or nore neasurenents can be made,
one or nore neasurenents nmay be nade before, during, and after each

subsystemis achlac\/cﬁtroﬁqo td %rcﬁéﬁ‘imhﬁno%fﬂgﬁlemd melﬂlllﬁgolus%méoﬁf)ﬁn%ﬂer sgubstrate
i ntroducti on and renoval, before, duri ntgt and after pr oges LS}gas r el ease,

before, 20 rewpkaigeiudenia ageprdanee Wik PReARES A #‘“b"@b\%fb an gle TTHY, and after

pl asnma jigINi fanRmer Bditof NG, \Lﬂlmﬂowﬁhﬁium&l @ﬁaﬁwmo lh]ﬂlt ﬂﬁ@ﬂif garcgeswi t h one aspect
of the present invention, a lo‘?ﬂ"&j? roved, aut omat ed

control sysmelerdArdy SPéalS-§PC re ea?’?r}a]"t"ﬁ?ﬁ Al “isﬁ\? FIGE | s- sPC
met hodol 0gyman¥iiduhert®dueion e & pdrficulat gocea; rcctﬁaepaciﬁbzeigmatxmm FurBRE/ Ad@Gissyst em 300
i ncl udes two i and a process

.nai n nmodul es: cl ust er
nmodul e cont'f @F‘H@?%Gf?suﬁ”ﬁg&og?ml"&g’fst‘ﬁgo %ﬁ&oér’:ld "‘B‘l‘%‘oz' SPRErG®Es most of the
user int erf:m@emmﬁp@u@emi&zso W’nfohﬁs rmpamms@emum&halousmtched teape ver8i0d | ncl udes
the logic for_ perfor S l @4.M ng
aut ona'?léd 4 %’gé‘??e g]ﬁ?e%?)?ml S @r Py m?:"(')‘?]rt tlpéﬂllgés egbeg%dk’%%egc ude such
famliar cII&SP@purpas@lcammaddytrarMuhcaBi tme lteheleedjseasoqlatﬂttb‘rbae@ nodul e 306 for
permtting uperr%lq d?tQWtR‘Ehgr c '(Pc l'e 8%5@6&@10&%%&&9& Rkﬁ"ﬁx@&ur@lgenpéa%esy ng

system d us ontro al'so" 1 nclude a factory automatl on
nodul e 308 for perform pr oces sched Ilnag rocess se u%} and t he
o}1) for

li ke. There mﬁ'&%‘@@ob@“"‘%ﬁb?q}m heg jnglugl fn PR VISt e

control | i ngnyeRtton! 22 ehnbddgedas-spUGhitAlndRr BBDMAGCH N EonfifurdHEd DBt A0 SR Bre

PCT/ USOS/ 14u£sle7r§nd/or other systems based on the data output by the IS-SPC engine. 1S-SPC output
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 moduies 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 plasma
processi ng system Custer tool controller 302 may al so i nclude a recipe
managenent nodul e 312 for nmanaging the production recipes. Mdul es 306-312
and other cluster tool control nodules are well known in the art and wll
not be described in detailed here for brevity sake. Additional 5

i nformati on pertaining to Yhese nodul es may be foun® in, for exanple the
2300 Transﬁﬁ$9ywwﬁﬂule Qperations Manual, available froffI’EiF&Star ch

Cor por at i opp&@htiok MR talso $RiIAKkronl RESHRRERbRY LAG Redestcorp@dtRh6Nce. 1 n
addition to the aforenentioned known front-end nodul es, cluster tool

cont rol | er Frémont. Gy gnddncepporated by ggtsrencefielele or dance with one aspect of the
i nvention, an enbedded |IS-SPC recipe 10 managenent editor 314, which
al l ows t he hundmaddpien atth afereméntignet kromal badtiend nbdules.eedcpse modwiptaydlir f or

| S SPC. | SyBRC R6 1 RRATHIBUSIRAMBU Bhecitthe bk, o AUSHATSIE C

manuf act ur er custonrze a particular process reci Eg specitfically for
| S- SPC pur podd 830, shichinglades aroenfbgddedl [SeHCaredivralatgbasesiit e FubrddesISFEFamet ers to

moni tor togl; dganadasi Qffrese ThoBitabh & REipes BUARSIRALAbHIRA ardikfbsal SO

perforns reci pe managenent functions, such as recipe version 15 control,
reci pe rel emaed/adibsithy dhe cusiompriGmanufagiarer, figs ugerip 5-$hin f@pssist RéhegeiBs edi t ed

and/ or usegdrha recip: HRCisRIE PRSES, 7 AFeoRkEnck RARbAckspebtat ke thvationllfl there be a
need to associate the | o neasur ement da st%eclf c recipe(s)

gged ta with th
enpl oyed tH“EQFFQH%‘?%CE%‘HP?t?fﬁl%l%tﬁ‘i‘a@ﬁ?ﬁﬁﬂa?ﬁ.te“@?ﬁﬁf'@wd?8@?s UEEF T 1 er 302 may
furthenpi NgeWdBes, bid aAHER fefPRAREaYbLE dbphvdeo ampded of ekipbdte facilinneald | on, an
enbedded | S- SPC %gtgfut handl er 316, which is configured to interface with
the 20 us&FYRBMEF ot her systems based on the data output by the IS-SPC
engi ne. |S-SPC output handler 316 and |S-SPC reci pe nmanagenent/editor 314
may be thought PofcesgsotHecoirplipnits furthenipdyren inaceprdangsevithopgaspeshef or t i on of

the | S SPCiR¥thTh erhbeaded §s-8bE Bibinb ARMHLR 56 ]@n%l?yl sgaﬁing,ftwemﬁs‘crdpdiiss cussed

| ater herein. Process nodule controller 304 incl'udes such faniliar back-end
nodul es as SPhbeseline gzabaspise mry pcladeagy datisiicahelements agoqiatedyyi dhegueaggit r o]

Thus, ther g hRNerdfd rdpebdhdant RpdllaB6ie B&tainfiR i thOmeRMEPaBm3BE WHak a control | i ng
and nonitoring. the Porocess envi ronnent based on. s eCIflﬁch‘igig{:{fe

par anet er s PAHCWE IS TaRiers e FERIOY IR RRAFIEE 8RS -SP G recipg A6 FHE S a ng the

substrat e 14-ErOsagding Mebess &CashdrOR, Yui fcbhdcearilyasupplicd bg ok hyeeminmuiadated e 334 for
col l ecting data pertaini r}]%r?to_ t he E@O{&ess ru Mdul.es 330-334 and ot her
CAIEPFUHOG tp tip

backend nodifl "y bg suppigppn preatiered dENEHSE rom 0P Y %fascri bed i n

det ai | ed heggnd ppdcedding Wistens.sake. Additional information pertaining to these
nodul es and others may be found in, for exanple, the 2300 VersysTM Process

Modul e 20 An IS-SPC engine 360 may execute a given recipe and associated template selected
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 1S-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 ocours 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/ 11174 COperation Manual, also available fromthe
af orenenti oned Lam Research Corporation of Frenont, CA and incorporated by
reference herein. In addition to the aforenentioned known back-end nodul es,
process nodul e controller 304 may al so include, in accordance with one
aspect of the invention, an enbedded IS SPC 5 nodel 350, which includes an

embedded | &5 QBfrdiIBCI0R Q@ér@@%ﬂs&ﬁ&mnﬁﬂ&%@fihSS@BQto slecihphuniat abase 352
represents the database of . recipes, both nan facturer-suppl i ed and those

creat ed/ edpne@éprsgfantfﬁ@m&e%%ﬂ*ﬂe?f/i? oA POSFSTRE APEMeEr use in 1S SPC. To

assist in the execution of these recipes, there is also provided, in
accordance Wi Flgs.cmesas goetthes difftrentinmrnd showing dmee eseriydaid et rec@espc control

B e

reci pes, to a number of recipes to
facilitsat Efuhhﬂled BMBE b0 mahifectaefas pEl‘t ufcmserhmﬁdﬁt@aat}dmlﬁﬁméﬁe daoue f urt her

i ncl udes ccardance with t..of edded

| S- SPC bas@F’?‘& g &BQ@@“@S‘B‘&P&“ i “ﬁ“"s"p%‘%@f%ﬁ%r{‘;gY’ﬁ‘pw@%ed‘ﬁ T m.% SPC
basel i ne da;baéa@sald?e&ﬁecfmyespmésddaesnagwe pestie sontobdystenarpdimisheds St ated wit h
e Mot G L ST S EIR M- EAES AT B 0 Lo

t he measur Iar ess enpl oying a
parti cul ar plo&sSAGe ket Poipie firyardove paramiars ﬁd@hmb@wd @‘di‘ragle BreSRE reragetsidhe

2t abage | RaREAn Hheam B oy e ARG s R URRL bRfp R LG APy 5L E

manuf atl ehent time to a gat hered
during use skfolivﬂﬂ’()ﬁdﬁiﬁrs@,l’thd‘hhﬁeéme gﬂtea:amfu:pxshrdms plsginghpda ethas Stamcakﬂlem@tESPC engi ne

360 may execut lven rec a SEifGh, Sfper f rom
enbedded | §s‘§¢%d wé@t éeﬁ‘é?fc a"%%ﬁs%ggdggﬁ%eegﬁ;éng%ﬂégc controf tenpl at e
dat abase %pﬁmtgd)mgelneeramamu@mlura@cimmlkeaiata and to facilitate statistical
anal ysis. 1S SPC engine 360 further contains the statistical analysis

| ogi c or al gorif hesd %e%éc?ﬁe'aﬁ& é@@dtéd&fes%&ﬁksyféﬂe;uhgtmaw@dlmgctxaﬁta)l agai nst
data i n enbedded S-S basel i ne dat abase 356. he neasyrenent data is

| ogged1®5 F)fﬁtealrﬂr%fﬁlméh@eé@%hgptflaaﬁﬁaa Ve i pregsnelybplasid IBHUREHYe anal yzed

subsequent |y, 44 AR BE ndilf coSlREsFERnTh 2 dwd-abg procss. The bedpbiltefor uaidas st andi ng
of the degradation trends of various subsysteps. of tgiﬁlﬂgﬂ E’iﬁaﬂ rocessi ng

system t oParameiers aditke espactediayqrang PrpreesPAtse 35 Mdisaled e Ye like.

During exegiy hOnfial Bk hlR&hreArd oM Chi Bl sd, B bRt iaRbd3t QfisHed may Aswbst rate or
a recipe tailored for |S- SPC purposes on a non-production substrate, the

statistic apnc@%q:t&p; statissieal glemenypassociated with those cxpected%arameters (e.g., average,
20  mean, maximum, minimum, upper warning limit, lower warning limit, and the like).

In Fig. 4C-1, the récipe 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-2.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. 5 illustrates, in accordance with one embodiment of the present invention, how
30 data collection may be performed in a plasma processing system that emptloys I1S-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 handler 316 in the front-end cluster 18 tool controller 302 in
order to apprise the human operator of the status, to alert the human
operator of any error condition, or to stop the processing altogether.
Figs. 4A-4C-2 show three dFfferent matri ces show ng=three exenplary test
recipes fuWRi%ME&Sfor |1 S-SPC use, along with the expect®d/WaVit€d. These

Matrices My yiPimdttiEdTBAE fro Qifferent! su{s&k %%ﬂ?el%}{t dchiGios U SR BRINSLRGL Urer as
part of the baseline database for |S-SPC use during manufacturing,

i nst al | at i o#ch ag mathpmatisaliffrstions Brigwerete pothe rariait ad ds decd tasopdee lde. In Fi g.

4A,  the reagnRe séido ENREELERGHIRS Mﬂﬁlafigrfoi ﬁa‘iﬁs‘d"b?la} k& SPC@sSaHdgorcont r ol
systemare furnished. Note that in Fig is not required for

testing t hefeqgbask oniral wisqutoyerwasiuing fie PW"‘-’&S“%;% IQEI%t@wthewha@éwlafwe et points

for varisousepfb aiRin® dita 864 tileehsX RAGHAE antMteAGRn saﬁze@swheswcea@mm as 10
indicated b he no nal confinenent. rj n% %EEI ti on and e wafer area

pressure ( Y'%ﬁ“&” YRS despionruRication Ehapnelsdpat pay ?TB‘E"&BS‘%‘E’“FWW shed may
al so i ncl udengaitiae Endédr ditdns¥ fr@mlimsloaient s associ ated with those expected
parameters (e.g., average, nean, haxi mum nninum upper warning limt,

| over warning | fn@p?eferl%@fjnﬁlaﬁen!ahéﬁeﬁlc sehfbrdah@or aél@atonrsgzec FoRSdaRRo Adusexpect ed
responses for testing the helium cooling control § system are furni shed.

Not e that (&Pupsgcordipe mafomﬂ@?le,nf@cm's%mrm'sw"pﬂaaslm f?qgmw%rpn s not

requi re@ f qscafi®Skdch grob}er sBfibrs Wilo? adlatdRls SryRlaBicoupled td PO Pr ocess. The
set pOI nts for various pararret ers and the ex ect ed aver @ ge pressure

response, £8Mofiefi 0%t EHis-B\PIAEHRPILSHHNE SYStemam 4| ewm%ﬁ'f&e ¥eodirfonilletie pressure

arﬁ shown. 5@dlﬁtﬂ}ahit&ﬂhroﬁé’heutbﬁh?s@étdnﬂeﬁadgﬂ@h&ﬁ& Jﬁhl?dlllcrsﬂﬂﬂgerfmys ladabduta i Ncl ut(je
ot her st atl S ca nents assoc] at e t se expect araneters e.g.
6ohe 4/ gled e gt

aver age, o fro ???ﬂ'ﬁ’fs /R ATIRDTS EpvBist lAnt PR afﬁt? W war ni ng
limt, and cbllqﬁedltd; itelor etampl, ggweﬁmmwhheomxenerpm xaaycbcmapeefsmiaudm ponses for
testing.the vota ower s the cha ressure are
furni s%l(gd aFtHat%%n(fn"% %‘f g”&f‘ﬁg” cﬁﬂy %\A?me ﬁ%wm S%Sfmarymggeterglﬁngg%nt and the
pl asma i s itgamiutbet ofl sensongpntiheactuatets m{)lvﬁ agd hE€cdnphhe: metr gddhegiven FOr vari ous
par amet er o AR b B AGELE e AEHAE JFaPAISERraS | A1 cal ed By The nom fal

bi as vol t age nom nal  confinenment ring position, the 2 MHz reflected
power and the 27 MHz reflected power are shown. O course, the baseline

dat abase f ur ni sHaegigcogirelisr 304 ‘i%‘éguf?fi FRIEPOHR? pregesagdulesoniiolsr(BMGs s o ¢ at ed
wi th those sexame&z@idjaaagrafeml%@y éoﬂe@ad,dazawrag&m BRAdRd sl thd cali Ni mum

Upper vvar m’I[I]'lgre are at lteast tlwgvv\%;s t\clyvg'cl;nll’lnllqucate tetween 1/%nrr90d21 e%ontrio er)502 and PMC 504.
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 /0, the latency can be kept low,

in the microseconds range or lower.

25 IYO 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 detay and latency characteristics associated
therewith are more deterministic than a packet network technelogy, 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 /O

module controller or other cabling-related issues, for example.
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Fig. S5illustrates, in accordance wth one enbodi nent of the present

i nvention, how 30 data collection may be performed in a plasnma processing
systemthat enploys 1S-SPC. The challenges with data collection and

anal ysis for use in stepw se SPC i ncl ude the nmanagenent 19 0 WD 03/105215
PCTI US03/ 14474 of a vast anount of data fromdifferent sensors and
different actuators and other data sources such as mathenmatical functions
t hat oper at WO 145k raw data, and the need to sanpl e datPATIWBAHdanner so
as to achieve the ata for SPC
use, and for fl(ialeglg %‘g‘% rofmo‘g{ﬁg @%]5%%(%% r%m:\t ﬁaﬁ%s’q}roggégg%l ng | ogic.
Anot her chadohteaiige arrdehfaltl‘é@, tiePMG eoftvarg aayl alﬁftﬁpsmfa,rfsfrﬁata f@a‘tsam fOWISt he sensors,
act uators, :ﬁlﬁﬂr LLEE, it t?so%%ﬁtgr@ edtn(t)rel:,ehﬁn e t1RNRHs RenalnBa Shanged fElYgeBNNET for
anal ysi s despl e conmuni cati'on channel s that may experience indetermn nate
congest i on tdysiven pesiod plsimef pralatadar iwdich e miagnitude of thy cings ig pTeEY HARpI enent at i on,
the sensorsg,ancliYf.sRfd uators are grouped into various groups according to,
for exanple, functionality, simlarity in sanpling requirenents, or 10

| ocality. Each S or act r gupled to
an 1/0 nodul e %ﬁ#‘géﬁcf’é‘?ﬁg%%‘sspﬁﬁf MR RrOSTRS B Alont ‘?tcl)e(?%st‘go %hgen% t% iE?naty have
mul tipl e 1/1e nodude pnh)m&aml1hdz:psmderﬁl®2xechtmgmrebdmlminsmhlsaaghm acttweorsyst em
cach 170 Mg BntflVafidls 18 0%9@ HEHAR! T8 JOERLIAAL Brer GRIAEGRAASORT OM L e
sensors and/Oor ac ors -couplé data to the actuators
coupl ed to fotdisplagr Sleocamyb dqta acgplmd fmsmmmse&dm steiis data egOgtingpy scan al |

sensor sy andgary o, @%g) %ﬂ;ﬁlm&'@f&mﬁé 9ou'eét.oﬁ&,tﬁa% pBFnENl-R By The tinme

betvveen scans may m ned e nunb sensors and/ or "actuators
i nvol ved anmoqemafdkmptaﬁmtn@e &omlamgstﬂﬁw@i;ﬂ\?@ﬁ‘ UO modul e controller 502 and
the requirenent of real-tine control. 1/O nodule controller 502 is

configured to regeltrateia pith GﬂﬁﬂﬁtrﬁﬁadbthBc&&ﬂhdthl”dugfanblﬁbrﬁ)depeﬁﬂbﬁtl}col | ect ed

data, preferab onl ect t he | ast

scan. 20 Th‘@‘F“é’l Pﬁeag deg‘gLof’ edt‘\%c)kp%&ﬁ?o?e% c%%r?‘n?}ﬁi?’ cagf?nsm Bﬁ{‘&;‘ﬁ “§rif" t%%rmdul e

control | er ﬁa‘arr@mdg Rmﬁwaster ¥501 secondes io thickcase af stahastdata). e dachallstigont r ol | er

502 may,be cou d to 04 4\, S " s VME, and
Sb arﬁ H‘B& {)wevac rec ﬁ‘? aé%ﬁ)%dsgnﬁﬁ rn‘Bl‘é the L)&&ni’aﬁ) A@&X fo &HQJE

may upload nofy via a direct ry access
(DVA) t echnihguass ddtishaydraee adllgheUtloquiM@ PWrthan/ige, exechigon tbm@rf@fyhe@&ﬁls be kept

low, inth J%’%Séﬁ'ﬁ@]@%& " &eufdn tﬂar@ MIGSr-colfecting ok (R a‘%na@‘ﬂéve Lalghgr 502 may

al so be coup via a networ connect i on, such as one errpl 0y| ng
t he LonWr kgw(tb’@@ thap e seritiobifrepd th& cpnatols the @evaiss @thich s 2P sl inigga)-
However, a fast trace data collection rate may result in a large processing load for PMC
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 Ul 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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CA. LonWrks technology is preferred because the delay and | atency
characteristics associated therewith are nore determnistic than a packet
net wor k technol ogy, such as Ethernet. Qher networking connection

technol ogi es having the requisite | atency/delay characteristics my al so 30
be enpl oyed. A network connection may be preferable due to the renote
nature of a %l ven 1/0 nodUle controller or other cabling-rel ated issues,
for exanpl eWOIHIIS03/ 105215 PCT/ US03/ 14474 To furt her HB3tHIPAHE+ he anount

of data trapster ﬁ?fb w&@ec rlcg@sg,x,%r'dgassm%ﬂe b hSocRA Wit edch pReciRd the PMC,

the PMC software l'so spe from sone sensors and/or
act uat ors, dPtheiiO“iSﬁheldStaG}rheyecplmfeqt@ﬁfe'ﬁ“ﬂilyr}”‘?héﬁsé?%f%@ relativg s BetVERAs r emai ned

changed for NahiRDS8es ofld@NF& @C\ﬁﬁ?o @ft'ls,Qﬁle ﬂﬁti\k'tl%betQ'Ecndﬁ"et@m;lQEle%bph t he
magni tude of the change is greater than a 5 specified threshold. The data

recei ved byt 'sefetmest Reiinp PYHRLER & REIEYI §eBeIcRdRsta¥wo di f ferent pat hs.
For the status data path 506, an independently executing thread obtains
all sensor and/@fce axeﬂuatsmme~sd&bai the regtith of thadata0sprese/vad, motihd teneeontrol lers to

be paesed ”ﬁ{a % draf cl’é? dnag'ldlret gé Ieacgd M%!ﬂ‘q;’g&ate £u%blg ﬁe%n@f’c ﬁpgs%? status

data is e rposes tat us ata execut | ng 10 thread
has a | owern m:lemnpﬂfythﬂ numn&@zlracednfdlsdaloaedd@Ul &Btevan 1 gespndher  via pol Iing or
event-driven) proceeds at the rate suitable for display, e.g., every |

second. For theppit s¢Bmsalss eﬁﬁbﬂhééemectédhﬁta tor aﬁﬂoq:'&t'p@sds STIa®|thecit ed t hr ough

anot her |ndependentl executed thread an

Accor di ngl yhovag awaewégatm'@'é’d’rhweaw o} iﬁ‘fcg indg °“‘8¥b‘&ér?creéiata ]egf‘O"E‘)T%Orrs or
faster 1¢s. slatus@fOHecHsN. lnetﬁh@eﬁo@seda&fcom‘cwnlfsr cdﬁtoaburpo'ﬁsneieﬁkaﬂsa:nmhi ection 15
rate may, ho ver, H g é ﬁure : ‘e k@ A er rmﬁa astsorg;e xecution
thread for & ‘e%é’lcl 198 wogteer 5‘8"'83&%“5"&9 WARRY “eniy priority in PMC 504
t han t he examuigivemnsehdor éhmskef.or t he status data. In one enbodl ment, the
execution thread for collecting the trace data nay have a higher priority

even than the CQHLIe kiRlinvehticR @&altaﬁ?-ﬁle Gdohilish nb Ero@tﬁ&h’gax{uﬂﬁﬁPM@@O@ahbng s al so

shown in Fig. 5). However, a fast trace data collection rate may result in
a large pr d’éf@!i?éﬁ fypstiprsheptiiscthe datgollestionsnd progessing ratpsagiosiated Wih %€ at or nmay

filter jshe gt fuhdo FHsEA KeGesMalell 1RRBAARNE Srer@heclid W tRldERAAL | NVeNti on,
by specifying that only data fromcertain_ sen S s _and/ or ct uat ors and/ or

ot her dat a frstys (‘;"é%"“é?‘@“’f"ﬁ“'fb’eg tRONPoETSINE PRy OSPe MGy pYSEYs ‘F—’ﬂ?yf Ber, the user
may al so sp&ek porttcutl@d Bredd AR rethitil dElow dita sIBQDA sataadndjr@matamamm ors and/ or
ot her data sourc a ected at differe
di f f er ent | Yo AHY ﬁ%i"e‘{i ggtoé&% E’)LIW"éeér %?xﬁcugﬁﬁ{éﬁ?‘éhaéﬁg‘%bcf préé‘tty i g're ?qand/ or ot her
dat a sour cesllection 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 lower latency, but in a manner

50 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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25 are collected only if the nmagnitude of the change exceeds a given
threshold or the duration of the change exceeds a certain tine period.
Agai n, data collection nay be achieved via polling or the data collection
may be event-driven. Mst inportantly, each piece of data collected for SPC
purposes along trace data path 510 is tine-stanped to reflect their
relative tinme. Tinme stanping allows the trace data to be 30 accurately
reconst r uctWa 0#HEH5t he trace data is received by U 508PFHUSBHEGI Wi se SPC
pur poses. i v O EMwin04 and Ul
508 (shomnTgy%%fﬁgr %%&“5%ﬁ$@?%§#%g%g%%qﬁ%ﬁ?ﬁ@%ﬁ&?ﬁﬁgg%ggBnnecﬁgon 512)
exper i ence$prended elsinisdn ingsrpreted ag jncludipgalt suphealterptions, perawBtonst adcqiveiit®ach pi ece
of  data all pySidiltedat Sirk ndBoge BEROSLEMGHEFioACCUr at el y wi th respect to the
relative tinme between various pieces of data. For SPC purposes, it is the
relative time 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 tinme- stanped
trace data may then be reported to U 508 at any rate suitable rate for SPC
purposes. In one exanple, the time-stanped trace data is reported to U
508 every | second. PMC 504 nmay al so enploy the collected data for control
pur poses. Thus, there is shown a control data path 516, which may be
col | ected i ndependent of trace data collection and 10 status data

coll ection. The frequency of data collection for control purposes depends
on many vari abl es, including whether it is inportant to respond quickly
when sensor data associated w th a given sensor changes. Since the

i nvention separates the data collection and processing within PMC 504 al ong
different functional paths, the data collection and processing rates
associated with these 15 different functional paths can be regulated 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 |ow 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 nmanner so as not to overwhelmthe PMC 504. Ti nme-stanping
the trace data allows the relative tine information to be preserved even
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if the communi cation path between PMC 504 and the SPC engi ne has an

i ndeterm nate | atency and/or delay. Accordingly, the invention allows

i nexpensive and wi dely avail abl e packet 25 networking equi pnment (such as
Et her net equi pnent) to be used despite the indetermnate |atency and/or
del ay 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 inportant
as process geonetries shrink. Waile this invention has been described in
ternms of (ggugral preferred enbodi nents, 30 there are alterations,
permutations, and equivalents which fall within the scope of this

invention. It ,s ! 3 BEES GEERmTBMheal hehB@! ke ways of
i mpl errengi ng ﬁ@%ﬁ%@%ﬂ%&ﬁ%%&#ﬁ%@&& 141%7%% et hogs and appar at uses of
t he pr esehimbédrbeimngicontiguréd fos ptonesseigarsebitrates noleprisikgit t he fol | owi ng
appended clains be interpreted as including all such alterations,

pernut ati ons, and,.equi.val ents . .al it hi S L %}]m cope of
the present i H{}oé’hql?%ﬁhmgéen@ra‘?”}r@ﬁ S%ackal%r{r“éet&%ggi ﬁ%ﬁseﬁgﬁﬁﬁggf {)Jﬁl‘fli g a°§| asma
processi %n%ﬁﬁh%ﬁﬁfh@phrﬁﬂle&r ahainoald chambet duting mitestin siep gndfon biriguttiod f or
processing a substrate, conprising: providing a fir ensor within said
chanber, f&gidgta; W%F?@%@rb% Rgt ‘%@ﬁ'gﬂéﬁwn%ﬂoceﬁfoﬁsf’@rﬂlﬁama first

par amet e ré!é!eésfi}ig}y'a‘t%indan%% SerfOiiddGitRdut 88ikinBa phisaia viftn §0d clemitent ti ng

first data, said testing step being part of a manufacturing process of said
pl asma processi ng system and bei ng perforned %%hout, striki ng a plasm

within said chpeviding logicdor anabxginesgidditsigfataehipged Hgmsaidgersorsiidgat a obt ai ned
from sai d sensor. | Sai | P LGk Ml O AR o OO A1 iR B Baid
statisti ¢af y%lﬁgfﬂflsq%g{ erfgjglﬁat?}éésr&gt“}l ata aur i ng Ssai d tgsti ng stgp in view
of a ref essting etep asakbwnd adefbmbastsclinedlatabassaat first data indicates a fault
during said testing step, outputting a first signal responsive to said

Corm nat e sai 8 PRLERRTralstes PR Gpfl s Sl STy ARERRBANE T (2 o

schedul eCi'eSfpbﬁ&ﬁm d&hidenallykiAR to @pbResNirolgneditleofkaibplasm procmssinp aystemul d have
occurred if said first., data had_ indicated.no fault.. 2. The thpd of claim
1 wher ei o texmipats sai teﬁ&g&@teégwﬁglgg alsgl'gedal(gfi ftegwlr’,aﬁpg hme, %imp Schodut

termination time representing a termination time that would have occurred if said first

data had indicated no fault.

2. The method of claim 1 wherein said first parameter measures a flow rate of a

process gas into said chamber.

3. The method of claim 1 wherein said first parameter measures a flow rate of

helium cooling gas.

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.
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process gas into said chanber. 3. The nethod of claim1 wherein said first
paraneter neasures a flowrate of heliumcooling gas. 4. The net hod of
claiml1l wherein said first parameter neasures a pressure within said
chanber. 5. The nethod of claim1l wherein said first paraneter neasures a
vol tage associated wth a structure disposed at |east partially wthin
said chanber. 0 24 o 6. The nethod of claim1 wherein said first paraneter
nmeasures a tenperature associated with a structure disposed at |east

par tial I ys wi t Ry 5 melrwh em’%aﬂ?‘fr&%%aﬁtfé’fer%ﬂbﬁr@scé {4hipBGnRe Pl asma
processing system aV|ng a chanber, said chanber bein conflgured for
processi raysaiaedsitln asmctmemppgdmgleaqupomaﬂy withtn saidshainbery of sensors within
sai d chanber, said pIurallty of sensors being conflgured for nonitoring at

s o PR i A PSR APSAEUR gl A e Ruidppiee ourno,

of a manuhamberbeig thﬁgmdfmfprmsmgad absmatErcomessingg system and bei ng
performed wthout striking a plasma within said chanber; providing |ogic
for analyzing sai.d fir ata and se ond aobtalndfro said plurality
of sensors, s&ry” mggtpﬁgglﬂ o S§REfs WIHT $AS %ﬁmﬁ% F?gpuﬁ%%ﬂg%egf’orssal d second
data perdegighionfigired SintbrSOAAH st 1DRE 8Bt paramaar mm@hm P@arhéred withing

perform ng, a. st statisti a&l anal ysjs of said, first data,and said
second dafid faamg?rguglagat%%g 2 Opigng st dpiagsaidiesting oep N5ingel | o

dat abase; af’t’lﬁa'nﬁanﬁﬁic&rﬁ@?kd%ésﬂﬁ sénﬁ%‘lé&ﬁ%%&ssﬁ@@yﬁte&%nﬂ%91n§%bﬁoﬁﬁ‘eﬁt Ing step,
out putti r‘F first SI? responsive to said analyzing to enable a control
modul e oleﬁmUtIStpklas gsmacethin padd shambem to ternminate said testing step
earlier than a scheduled termnation tinme, said scheduled term nation tine
representing 1%1 C df as@lcgqf i rst
data-and sai d?)g%‘%(ﬁ)lﬂ%n%% Bpﬁﬁd I n%%?a?égwtg a\éﬁ?@q?w‘%&g“ met hoégof claim?7
wher ei n s;ﬂlilrdhtbnorf setnsparmrhﬁtst da’tea@tmmsgmsfaidﬁvsirmmmr seid gpcomdbdata gas i nto

sai d Chanbﬁ t 1@ S nd arameter Isald analyzmg 1nc'|uQ[1nsgaﬂegfo];rlmrnsgta sPe%(N?srer:Et er
measur es P ?IPB’\% P EpE SEpPndp

statistical analysis of said first data and said second data during said testing step in view

of a reference baseline database; and

if said analyzing indicates a fault during said testing step, outputting a first signal
responsive to said analyzing to enable a control module of said plasma processing system
to terminate said testing step earlier than a scheduled termination time, said scheduled
termination time representing a termination time that would have occurred if said first

data and said second data had indicated no fault.

8. The method of claim 7 wherein said first parameter measures a flow rate of a

process gas into said chamber.

9. The method of claim 7 wherein said first parameter measures a flow rate of

helium cooling gas.

10.  The method of claim 7 wherein said first parameter measures a pressure within

said chamber.
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hel i um cooling gas. 10. The nethod of claim7 wherein said first paraneter
nmeasures a pressure wthin said chanber. 25 0 11. The nethod of claim?7
wherein said first parameter neasures a voltage associated with a
structure disposed at |least partially within said chanber. 12. The net hod
of claim7 wherein said first paraneter measures a tenperature associated
wth a structure disposed at |east partially within said chanber. 13. The
met hod of claim7 wherein said first parameter neasures one of a set of

par anet erg;, S 1-% nz%{f&g(?}‘c@ﬁ&%ﬂ&&n@ﬁﬁ%gtﬁ)ﬁraﬁ{é%%ga%ﬁ%ﬁ Q%lﬁgté ggsg‘?gted

parameters, sal parameters consisting ow r a process
gas i nt o wil d sicivturb disposad &t loest partiellp vithinedeidomambed i ng gas, a pressure
wi thin said chanber, a voltage associated with a structure disposed at

| east pariq all V&IIQ j: (. e L.ated with a
structur efidi sp%hs?e a(t(p?fzcgdsng par |lgIsfugqgm&tp%#\n%s%?ﬂcf%%%gasn%%fﬁlig%@éA met hod for
pr epar i nogassocidtabwih psiocass didgossyl at Bt paniapy odthisdaiiyhambst r at es, said

pl asma processi ng system having a chanber, conprising: providing a

plurality,of nsors W Igai.n id.cha r, sai luralit f sensors being
P ont pgur St or TR et 7 Pheif YT e ppiiefes Beibfed ok b s8R0 S o1 et o
wWithin  sakfindtdiasarirse€bndipaginfitdr @fdabuies Sloter anchid QX oPpHrHétbisNGid det 64 dat a,
said testing step being performed without striking a plasma within said

chanber dERRers edsisting of & flpw rate gf a prpsessgps e saidehamost, adlovpatsdss and a
qual i {1 Caiclig BbREESS; a HoQiterliin kG haci O, PRHaYEAG:isR Hith isfthet! @ and
second dat_a1 obt al ne T%}%Jrén s_ai_dl _Ipl)l uraﬁ?tyrb sé‘%sors,I sai ét fﬁisrs% ata
pert ai ni rijsposedsa ledstfpartidly pyethimsstid chamibgt,dnd e tomperatareassopistadavith g t o sai d
second paraneter.. sai d;anal vzing .,ncl udin erformng a stepw se
statisti ng?.lctgll;]eaf{ls solsegd agfleagté?%mfﬂ?’%%lth%%?%c *ai d second data duri ng said
testing step in view of a reference baseline database provided by a
manuf act uder o msthiod fa paspaEing a plasms iprgressingsiystom fanptocdssisgsabstratad,y zi ng

i ndi cat es faul t during s id]%testi te outputting a first signal
" osponsi VAR RO SR R Y MB R ANERE BB rmaul e of said pl asma
processing system to termnate said testing step earlier than a schedul ed
term nation tipaevidis@a glusading dfdeasbr? &ithin said chamber, said plurality of sensors

being configured for monitoring at least a first parameter and a second parameter within

said chamber during a testing step and for outputting first data, said testing step being

performed without striking a plasma within said chamber and representing a part of one

of an installation process and a qualification process;

providing logic for analyzing said first data and second data obtained from said
plurality of sensors, said first data pertaining to said first parameter, said second data
pertaining to said second parameter, said analyzing including performing a stepwise
statistical analysis of said first data and said second data during said testing step in view
of a reference baseline database provided by a manufacturer of said plasma processing

system; and

if said analyzing indicates a fault during said testing step, outputting a first signal
responsive to said analyzing to enable a confrol module of said plasma processing system

to terminate said testing step earlier than a scheduled termination time, said scheduled
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termnation time representing a termnation tinme that woul d have occurred
if said first data and said second data had indicated no fault. 15. The
nmet hod of claim 14 wherein said first paraneter neasures a flowrate of a
process gas into said chanber. 16. The nethod of claim 14 wherein said
first paraneter nmeasures a flowrate of heliumcooling gas. 17. The met hod
of claim 14 wherein said first paraneter neasures a pressure within said
chanber. 18. The nmethod of claim 14 wherein said first paranmeter neasures a

vol'tage @sHaghdl G i@pwaelﬁingta&&ﬁﬁhﬁtﬁn%%%%ﬁom hév%%%él.%r&%riff bR fige W thin

said chanmber. 19. The nethod of claim 14 wherein said first paraneter
measur es @ata adreidsecond datestmddindicatedl wi fahlta structure di sposed at | east
partially within said chanber. 20. The nmethod of claim 14 wherein said

first parpgret efherlﬁffiﬁw &%}8&9140»?he?ei§§£id%frst Rx%ﬁi%{@?h%%fmessaaﬁé% PREQNY paraneter
nmeasur es another of said set o pararreterg, sald set of " paraneters
consi st i noaks gasfihowaklahembér. a process gas into said chanber, a flowrate

of heliumcooling gas, a pressure within said chanber, a voltage

associ at wth a ructure . disposed. at |east partially.wthin. said
chanber. i Ahednghidi i ASURRER e fintntaee g e I B0 ) cast
parti al | yheliuinhoblig@ga. chanber. 27 o

17.  The method of claim 14 wherein said first parameter measures a pressure within

said chamber.

18.  The method of claim 14 wherein said first parameter measures a voltage

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

19.  The method of claim 14 wherein said first parameter measures a temperature

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

-20.  The method of claim 14 wherein said first parameter measures one of a set of
parameters, said second parameter measures another of said set of parameters, said set of
parameters consisting of a flow rate of a process gas into said chamber, a flow rate of
helium cooling gas, a pressure within said chamber, a voltage associated with a structure
disposed at least partially within said chamber, and a temperature associated with a

structure disposed at least partially within said chamber.
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