METHOD AND APPARATUS TO DETECT FAULT CONDI TI ONS OF A PLASNMVA
PROCESS|I NG REACTOR BACKGROUND 5Wt h each successi ve sem conduct or

t echnol ogyw@sasididypn. wafer dianeters tend to increase@iikonrn12ssi
transi stor sizes decrease, resulting in the need for an ever |g%er

degree of accuracy and repeatability in wafer processes.

Sem conductor substrate materials, such as silicon wafers, are
processed by techni ques which include the use of vacuum chanbers.
These techni ques include non plasma applications such as 10 sputter
deposition, as well as plasna applications, such as plasnma-enhanced
chem cal vapor deposition (PECVD), resist strip, and plasma etch.

Pl asma processi ng systens avail abl e today are subject to a nunber of

speci fic nodes of §ai . n If £.1, cul

prior to processi m&‘ﬂﬁ%ﬁ %%@#@3%@?) ﬁgﬁg@gfa%A%FMﬁlﬁg&S

m sprocessi ng of the wafer ORA FHASMAPROCESSING REAETOR St t 0

di agnose certain aspects of the plasma such as the ion density or the

electric field, insufficient methods are avail able for the detection

of faults. A nBACKGROGUNIh ngs, this calls for plasma chanbers with

I nproved uniformty, consistency and,self diagnostics. |nproved ..

ol asma. sendd ng. t echHEPEASR RHSCERTYE FETIGOPARLE PRRPoloaK EE0URIR, WaCrditmaters
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enbodi ment, a pethod. is provided for  direct nonitori of | asma

process whi ch H48F éé’mlrﬁ‘@' anddppeatabilingiin water processgs: °?)‘F‘E’EE’§§“b5"ate

within a pl asmhaefaRbeich a®kliddd Wi bR ProcesdbyREhiqhas ¥hivh ihélade the use
araneter data.for

pl asma 25 process, and, eval uatjng the pl asna

i ndi cati ons of® vaP%lﬂPfh%hﬂ%-tT%gmgP@W lflﬁlédgv%%srww'éﬁmsofawﬁ s
obt ai ned by usguetbr pBEibE, eI iGis PlAnRePlicions) siaCh pMsmidéhhansdae i s
exposed to the plasnma and is coextensive with a wall or conponent
surface wit hi n°hefucalvaRgrep ECVD), resist strip, apdplasgiafieh of

eval uating pl asma pRaSAEpRtesdpdyaams bitilabReoddytiré Bjddi e slatmbaddbon a
conput er -r eadabl e _storage _nedi um system filtering tﬁe dat a,,
subj ecti ng t hesPagifig masien af Rilyesr M sughaades ws SiEFTIAt datest BEPRI o
exi sting ref ergaeasidaha actthll delice wafer, and can result in the misprocessing of the wafer.
15  While detection systems exist to diagnose certain aspects of the plasma such as the
ion density or the electric field, insufficient methods are available for the detection
of faults. Ainong other things, this calls for plasma chambers with improved
uniformity, consistency and self diagnostics. Imprbvcd plasma sensing technology
which facilitates the achievement of these goals is in great demand.
20
SUMMARY
According to a ijreferred embodiment, a method is provided for direct
monitoring of a plasma process which includes the steps of initiating a plasma
process within a plasma chamber, obtaining plasma parameter data on the plasma
25  process, and evaluating the plasma parameter data for indications of a fault
condition wherein the plasma parameter data is obtained by use of a probe wherein a
sensing surface of the probe is exposed to the plasma and is coextensive with a wall
or component surface within the plasma chamber.
The method of evaluating plasma parameter data can include storing the data
30  on a computer-readable storage medium system, filtering the data, subjecting the

data to an algorithm, and/or comparing the data to existing reference data, which
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results in an interpretation; and, the issuance of a status report
and/ or warning based on the interpretation. Pl asma paraneters

such as i ogfdybbiaqsddl @asma potential, plasnma density, el egd# 0897012581
tenperature, 1on species tenperature and el ectron-neutral collision 5

frequency can be neasured using various direct probing nethods. The
met hods i nclude the use of a probe wherein a sensing surface of the
probe is exposed to the plasma and is substantively coplanar with a
wal | or component surface within the plasma chanber. Exanple
conponents include a grounded showerhead el ectrode, a confinenent
ring, a liner, a gas distribution plate and a substrate support. 10A
preferred enbodinent of a direct sensor is a Planar Ion Fqu (PI'P)
type. In other odlne ts Sensor. ¢

non- capaci t i vel® 3s/u Coupré e??rlt%tn%n A ype‘Ssua‘ﬂc'?/\fl'faa1 355 rch YL BPTiRg asgd
appl i ed direct&ythedntetpeetpti@be surface by a DC power source Wi t hout
use of coupling capgcitor, and the curr asured t her
enbodi ment 5,  det ec T BT pEPERETAEn fien oy HBEE PGk Spifes
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| asna i nterfagce and neasurin | asma density. on the b f the
Do hae ne SR (e Tt hemB Srat i Brret PR ng desthods” the fyeipa

change in the mthgetefustbea pabe wWierdihiperginguafaPo R fioby ickpasedo the

i ndicate a buil d- rocess by-products in the process chanber

20b) Can ooct | | HETBRAHS BT HE e T s YARGT RERPSlEa B ager REm e
about 5% and apledna cavbet. EXenpibsethptiRniéahdleded glonfddd shswerhdedeleétibdeOa
indicate a heIquhleak % an, os |Llat|on |n Blasna density of

anpl i tude | essSOPAEFMERLTHE: p linery g7 IR RI2tE 3 G URREELR BRI o5 &
than 5 secnds, occApkéfBgedérhbidithba ofb dir@fm'cni& id HPlaf At 16n FUOEPT) ek, In

systemre-tunin nt, 25d) stability npl i tude of plasma
density after ‘?fg?"é’l’i“ HP?ﬂjSta ISR ci"hgf'n" BBPn amacﬁa'ﬁ}y ‘é’éE’&ﬂ&a“ng

before returnifge,liR which DVRPAE vemgelm. BplieadRetthf to th@pioBe k&dice by RO C
occurrence of a poor stabilizati te, and, e) a sudden

drop in pl asnePQERSPYRGe Bthaf usqe ‘F&“P PR SAR3FITen,aRd the GUFrent Tugagyred.a yet
absol ut e val Uegthér@imudanflerty, detePddr dyslemk EONRHY Tyb& dfiidice@bitsysiehs include

oceurrenc e1 SOf a? sylst%?nsthgto pr?)fduc%L 2853%“%0‘52“% ra]lte zrnrglralaﬁcctnc plasma interface and measuring
the plasma density on the basis of the surface wave.
Indications of fault conditions include:
a) achange in the slope of the post-RF ramp of plasma density data to
indicate a build-up of process by-products in the process chamber;

20 b) an oscillation of plasma density after the RF ramp of between about 5%
and about 20% of the absolute value of the plasma density to indicate a helium leak;

c) an oscillation in plasma density of amplitude less than 5% of its absolute
value and of duration less than 5 seconds, occurring after the RF ramp, to indicate a
matching system re-tuning event;

25 d) stability in the amplitude of plasma density after match tuning takes more
than about one half second before returning to its proper equilibrium point, to
indicate the occurrence of a poor stabilization rate; and,

€) a sudden drop in plasma density by an amount greater than about 15% of
its absolute value, followed by a partiel recovery, to indicate the occurrence of a loss

30 of plasma confinement.



In other preferred enbodi ments, where the detector is enbedded in a
surface within a plasma processi ng chanber, the detector may include
features t@eRpassconpatibility with the surroundi ng yelis5sdiaGE-
For exanple the detector may be tenperature controlled to match the

|l ocal wall conditions. If the wall contains gas 5 feed through hol es,
the detector may al so be constructed with one or nore gas
feed-through holes. This would be done by creating at |east one gas
passage fromthe sensing surface, through, to the back surface of the
probe, positioned to approximate the overall gas distribution pattern
that woul d exist in the absence of the detector. 10 BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 shows a fl ow chart of the fault eval uation

schenme. FIG 2 sho Pl P
FIG 3 shows and eﬁnn%ﬁ‘ér%f *S ‘gﬁé‘??@g‘gf' \ rE r‘g ec"%{r{gemgedded in a surface
representati vewtithhmjplhszya pbeEslsﬁig oﬂamb@y\swalatceme mayamqtudaﬁ‘esmgasaﬁ efliahse

de A FIG Fl 6
S hons o embodtuBrRE o 7 RARSReRe i wllicd F st ample he oie TRy be

for a chanber mhﬁﬂl‘ature control]cd to nﬁtcﬂitha ldehlomﬂ] md&t‘dﬁ@.dlﬂfbﬂtvaﬂfcohthﬁls gas
di agnostic ng Helium 2 ' to i roperl

i nstal | ed Pergg ‘ééyté go mayaso “r‘ljg'ﬁgh ane & B‘Eﬁ’l%ﬁ%éd'
of the di agnOSﬂirﬁjgl’fﬂ'toﬂ‘EQd ms \d@ilebé uﬁv@aﬁymitmg atn@sﬁdﬁ&%'hs pasegde from the

FIG 9 shows an enbodi ment t he, dj agnos t hod of dete t| n a.
mat ch/ pl asma sYERBPESYHR S Wr?‘%ﬁhem tﬁ%b‘? ‘iftéces PLoRe-5HEN oxXipate

di agnosti ¢ net ihe@veraligas eitrivd@ioh patfer® thapvotiliRexG0 it the @bRRte of the detector.

10 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a flow chart of the fault evaluation scheme.

FIG. 2 shows an exemplary embodiment of a PIF probe.
FIG. 3 shows and exemplary schematic of 'a PIF probe and representative
circuitry.
I5 FIG. 4 shows an exemplary RF signal pulse at node A.
FIG. 5 shows a response signal af node B.
FIG. 6 shows an embodiment of the diagnostic method of detecting the need
for a chamber clean.
FIG. 7 shows an embodiment of the diagnostic method of detecting Helium
20  "light-up" due to improperly installed electrode assembly bolts.
FIG. 8 shows an embodiment of the diagnostic method of detecting a match
"re-tune” event.
FIG. 9 shows an embodiment of the diagnostic method of detecting a
match/plasma stabilization rate.
25 FIG. 10 shows an embodiment of the diagnostic method of detecting loss of
plasma confinement.
FIG. 11 shows an embodiment of a PIF probe disposed in an upper electrode
of a plasma processing chamber. '
FIG. 12 shows an alternative embodiment of a PIF probe disposed in an

30  upper electrode of a plasma processing chamber.



FIG 11 shows an enbodi nent of a PIE probe disposed in an upper

el ectrode of a plasma processing chanber. FIG 12 shows an
al ternati vgoeighpdidggnt of a PIE probe di sposed in an 30pMpP&ho7/0123581
el ectrode of a plasma processing chanber. FIG 13 shows an
additional alternative enbodi ment of a PIF probe disposed in an upper
el ectrode of a plasma processing chanber. FIG 14 shows an

enbodi nent of EIF probes disposed in an inner and outer portion of an
upper el ectrode of a plasma processing chanber. 5FIG 15 shows an
exenpl ary plasma process chanber. DETAI LED DESCRI PTI ON

Sem conductor substrate materials such as silicon wafers can be
processed in a plasnma processing chanber using various plasm
processes that incl 10 deposit.j.on tchin and resi.s tri pRi Ng.
A ol asma. pr ocessi ngf 83 J3SRPRERT RdifiL SR tyR Himt S ndrE B 5 b bk BisPhes
gas source t hain suyppkr ésctaidelof a plasma @rqpeghgschagher.i nt o t he chanber,

e, A o vedcsamenti e BUR SaRo R RosR B Mgk Bigpi 2
processi ng a Wpdr€ibn oEarfupgeFeRO@de of@dfashlapibeessih@bharhbef®S, etc.) can

be referred_to as lven "plasma 1 rocess”. Due tqQ the conplexity
requi rements of rmggﬁ-ll'slgﬁ{‘ﬁgﬁ?fhﬁ’fe&p??&ﬁ?ﬁsﬁ‘@ﬂ’ﬁ?qeﬁﬁg@ﬂ'&ebrrent, t ypi cal

pl asma processi ng systens are susceptible to various chem cal,

el ectrical and fajlures. These failures include, for
exanpl e, insuf cessing environnments, |eaks in
vacuum and at nosphegé@nicomductr sabitaRRittriall Qfh 205iliR6R WRAFHs can be processed in
repeatability, and | oss of plaggg 20 confinement. Often_such failures

are not det ect 2BI3sMR ProcessINgrHAMBET YSRE-YRrigEs plasme Brogesses thapinciude

processed.10  depokitioR2scHISE Andl dsik BippRg! RAYlai@d Prabéssidad§48m can include a
paraneters such as ion f] ux | asma potentjal, plasna density,

. p . .
el ectron t enpePlaiit} BRoCeS§ESHRBPYs2 Evniouros tint suprlisa akleatt onsiprorest gagiinto
col I'i si on freqmeRE¥mMERardhndneRs s8ue thi bodSRRG dlhsnd BHiéedeiziA the process
Detection of these and other plasma paraneters therefore provides a
met hod for det &t “hgVemirareRssof SiPhnd HBYParamAterssettings for processing a wafer
pref err ed. embo@i gTRI poweh Gra 11868 5RarPlimps, 3R Feah ?e ?ﬁ@ﬁe& tPRIERVODIdstha

e

carried out without detectable perturbation o pl asma bei ng
nmoni t or ed. 13  process”. Due to the complexity requirements of modern semiconductor

manufacturing equipment, typical plasma processing systems are susceptible to
various chemical, electrical and/or mechanical failures. These failures include, for
example, insufficiently clean processing environments, leaks in vacuum and
atmosphere control equipment, loss of process repeatability, and loss of plasma

20 confinement. Often such failures are not detected until a wafer or batch of wafers
have been processed.

It has been determined that certain plasma parameters such as ion flux,
plasma potential, plasma density, electron temperature, ion species temperature, and
electron-neutral collision frequency can be associated with specific faults.

25  Detection of these and other plasma parameters therefore provides a method for
detecting and identifying these faults. In a preferred.embodiment, the process of
plasma parameter detection is carried out without detectable perturbation of the
plasma being monitored.

Methods for detection of the plasma parameters during processing can be

30 classified as methods which detect directly and methods which detect indirectly.

Indirect methods comprise interpreting signals emitted from the plasma, such as
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Met hods for detection of the plasma paraneters during processing can
be 30 classified as nethods which detect directly and net hods which

det ect i niylyeRhdMsgeh Ndi rect methods conprise interpretiggygéHeaisss:
emtted fromthe plasm, such as electromgnetic radiatlon:?e.g.

optical frequency or radio frequency radiation), and may require
certain assunptions in order to extract plasma paraneters fromthe
signal, decreasing the reliability of the nmeasurenent. D rect nethods
for detection conprise positioning a detector Such that it is
directly exposed to the plasma. 5Slnterpretation of results from

di rect methods can involve fewer assunptions, a sinpler analysis and
greater reliability than interpretation of results fromindirect

met hods. Howev t r i of . rti ' i nto,.direct
exposr e 1ot ravsonefHd R LedsAIRAbLAS, ot e lenc PRl e
to the pl asma, mancequirelcessin assneptiaid ¥ drdar to exttachplasmal patarietdrs fomaks s

nmoni toring. Thus, it would, be advant.ageous to e h Lth .
The pref orred TEihselReyE ety BoReetiinninl Yo bR totetctsion
unobt r usi venessonairise pasitiening daleector such that ielgididetieeiposedtopheplasmed
met hod co [ direct exposure to the plasma.wi thout the insertion
of an obj ect | RIGPEIEOPR AL REmAartgePor R AtelVs e ASBEPHRTR ® o
met hod of faul simgkk afdlysis afidgrestserelibilify Bapindspriapion Of seungfromdndiedct
such as a plasmm e#cgﬁé inc#ﬁdes directfnnnitorin _usiqg a sensor
mount ed wi t hi nMEPPISSHEVEYFL B FeaRPmensof TS AP DR ARCLICAT Wi direeh exppspueda
of the sensor the pixsiabeihgdhbtitidd/miPrestiteind gatiRbatioa tb b fhsasd)ansRaassh
that naturally exists_.in front of .the chanber wall or,gggﬁﬁqﬁnt

i

surface. Pert AGEPR frgoptine ppustrial propsss paRitgsings RhusH
particul arjp i sadvamtbgécushy hiviinetodwithud prefrid@ réibility 8Y dirfit deRBSINhd

devi ce such that the sensing surface is caextensive @1 h the wall or

) h
conponent  sur f¥4g greterred unobppgy gResgph ndizect deipetiofe R EPEHIMEPES 8 RTgfYTed

operabl e to cahttf6d cohnpassR diREHFBbRke BahepRSmEBithodtSthe wibHidh ®f bl 6bject
pl asma paranete&gﬂat for indications of a fault condition. Plasma
par anet er dat dMCHACB&®S88ser ved, characterized, conpared with a

25l i brary of known Agidrditigto & pfefrRAGmMmbdaintnt, a He@bd b2 BRIt defe@E@SfoRUse in
or analyzed in any way to reveal a specific fault. In %ﬁfreferred
1

embodi nent!? t HePlAUPHB@CHTSINGARARTRET SHgh BHeP3FmR AighgrdRelnatsetireghmgnitoring
i ncl udes st or i fighgl enBbrARSBEPWRRR S astiRl RaRBePwRIP BPSS RS oneRA IR B Bing
Storage Medl U o o o ha Sensor & enposed dircotly to Thd plasms via the plaba sheath that
naturally exists in front of the chamber wall or component surface. Perturbation to
the plasma (and the plasma sheath in particular) is preferably reduced by surface
20  mounting the sensing device such that the sensing surface is coextensive with the
wall or component surface.
Preferably, a fault detection system is operable to collect plasma parameter
data as-well as evaluate the plasma parameter data for indications of a fault
condition. Plasma parameter data can be observed, characterized, compared with a
25  library of known faults ("reference data"), digitized, processed, or analyzed in any
way to reveal a specific fault. In a preferred embodiment, the method of evaluating
the plasma parameter data includes storing the plasma parameter data on a
computer-readable storage medium system and executing an interpretation step.
The interpretation step comprises interpreting the plasma parameter data by filtering,
30 subjecting to an algorithm, s-ubjecting to a mathematical operation, and/or

comparing the plasma parameter data to existing reference data, resulting in an
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The interpretation step conprises interpreting the plasma paraneter
data by filtering, 30 subjecting to an algorithm subjecting to a

mat hemat i Cylp APRLAL ON, and/ or conparing the plasma pargRi®pAaisa; t 0
existing reference data, resulting in an i nterpretation. The
interpretation step further conprises issuing a status report and/or
war ning including the interpretation to a wafer tracking ystemor to
the user. Optionally, the status report and/or warning initiates a
corrective step in the system records the event in a |og containing
waf er history, or stops the processing of the substrate in the plasma
chanmber. An exenplary nmethodology is indicated in the flowhart of

FIG 1. The infornation thus extractedfor fault detection is not
used to nodi fy oce settings for uential processing of
vaf ers. il B0 e BResoiRER R e St oy st feor

sensor to rreasa:rdeorayaahlag Reec loditig@ the ti s rprétborpioabea fe Strabk fipayedmdrith ke 1iker.
pl asma chanber wal | 10 congonent and can .he §05|t|oned aft, %lther
5 radi o frequelBUoReHE the S SR andlar JRTRIE MutiteSe CoriRctiNE sep fruthe system,

reactor such tfRaérdatheenentig adeg éagdAndl vidfe lﬁ.{t@ﬁri}eoﬂ ot e dsihpldTéhe
pl asma. The fa@t detection system furthe zes the resulting

data. Such Janaftpsyate i thg plasma ghambers ARy "d‘g‘jﬁ‘@%’% nisthodglogy, isindigated i H’ea

pl asma processfid\gchafaFFIG. ﬂUThdﬂﬁférhﬁnﬁﬁtlﬁﬁ@x@icté@foﬁfauﬂkr&&%ﬁ& RGhot fsed to
met hod used by the 15 fault detection sl%/llstemt us COfT’IpI‘I ses

initiating a pPadRathgPERIESSEllings foF sgapantialRrocesHaRBEW 215t ai ni ng

pl asma paraneter dai areferéd drbbdimem cdmmphisetusiigdBrbb&ord RH58 to dtsure a
eval uating the plasm paraneter data for jndications of a fault

condi tion. Faul! ?Sé“"c%ﬁ'ialﬁ%te‘ﬁ urherepbeis disposgdawithis a plasmaehamben wall e
system faulgt s. comiRABR! arfddah b pasifohdiaitha Jaamtﬁb@.he&gqn!w) BRsdl Jreas ul t

of an error within the plasma 20 chanbers such as a dirty chanb

a nmechani cal pFe¥dehsuifprs veithin hedeaston wigh that a pensing syefagegfthe P’tcﬁais

occur due to aéi(ﬁ%erd% thePlisndt I 1 Rk aétg&u;nhﬁst%%ﬁﬁé 25193 She Al4GINAS
problems with t as feeds or the electrical t}()ower soufrces. In oné

enbodi ment, t H#tR YU eBlysis allows abtime gireppsiscol fmilyry modsyin a plapps

probe is a lar 6c@§1ﬁ§réil:1%i‘aﬁn$@ﬂﬁ%h{se BE QRRr PRIcERirpS &éﬁ%ﬂ%yﬁyme
coupled to a pul sed RF source. probe sensing surface Is

pr ef er abl 3| arf@@lﬁ detpetipnsyatery) thlgsr@mpnses initiating a plasma process within a plasma’
chamber, obtaining plasma parameter data as a function of time from the plasma,

and evaluating the plasma parameter data for indications of a fault condition.
Faults can be further classified as chamber faults and system faults,
Chamber faults are those faults that occur as a result of an error within the plasma
20  chambers such as a dirty chamber or a mechanical problem, whereas system faults
are those faults that occur due to an error initiating outside the process chamber such
as problems with the gas feeds or the electrical power sources.
In one embodiment, the detector is a Planar lon Flux (PIF) probe. A PIF
probe is a large-area planar Langmuir probe which is capacitively coupled to a
25  pulsed RF source. The probe sensing surface is preferably larger than the plasma
sheath during processing (e.g., the plasma sheath may range from 1 to 5 mm
depending on plasma conditions). During the application of an RF burst, a bias
voltage is developed across the coupling capacitor. When the RF burst ends, the
capacitor then provides a voltage sufficient to bias the collection surface so as to
30 collect ions from the plasma. If the bias is sufficient to achieve a condition known

as “ion saturation” the measured current collected during the “ion saturation”

-6-



sheat h during processing (e.g., the plasma sheath may range from1l to
5 mm dependi ng on plasma conditions). During the application of an RE

burst, a bihgSuyRlst@ge IS devel oped across the coupling g3Ra&EEA12581
When the RE burst ends, the capacitor then provides a voltage

sufficient to bias the collection surface so as to 30 collect ions
fromthe plasma. Tithe bias is sufficient to achieve a condition
known as "ion saturation"” the neasured current collected during the
"ion saturation” portion of the discharge phase divided by the area
of the collection surface gives a neasure of the ion fl ux.
Furthernore, as the voltage across the biasing capacitor decays, the
collected current will also decay. A plot of the voltage vs. current

during the entire de hase results.i,n a, characgteristic trace which
can be anal vz cRPTEPD LI ASBerEe BRGE phypdcshs b 8rep R S FoREF Somp e Eives 2
FIG 2 fs?:hemat MGiﬂélfQ/oﬁth@% fux. fa&meﬁnoeé,aﬁﬂ? Foldg% ecbsy the Brasmgaspucgagf
an ion ow accor di to a preferre thod. Probe 20 is conprised o
2ol anar di sk FernAkalsdel byrer aolalin corvs A PRROLE apRastar Brrerhe
di sk 21 has a &fiiythgestiteidacs phase reklilshin 8ichaaétbysticafRl wWischand heensI9sed

the ion flow and_has surface area Sd. The disk is 10 preferably
surrounded i t % ORAIR XYYES 107 XS PIPSR RITAFEISTE [ educe edge ef fects.

Guard ring 23 substpnd.i2uehémitanP shvss 2l sapett ofla PIF ddtediar fof hdasificigfah R
below. Guard ring 23 has a surface 26 of_ surface are_algqs%é‘,i copl anar_to

sensi ng sur f acko¥gccarding ia Prefsrredimething: frebo gl sfenyeis Rlangralisk 2l

is preferably amika¥ebyWeoRdYR6tiC A a 1ephinaPB. MAY ARG 23 HASh 9brsirpiebface 25,
that the upper surfaces of the quard ring and the disk 15are

copl anar . whigh diracthy regeives angspises s ion Howiape hansurfige areo Sayfhe disk is
provi des pitysi sigfersbipRatduntied withe cdhdilttivd gaird _n\sg rzg ilts fddubBbdgedficc@nd

Is of sufficiently |large dianeter such that dis _I.s surrounded by
vertical wall Gyardangd sebsigptslyqugguadsibnas disk 21 axfatly aad from belevi cal
hol I ow shaft Ofusrlirink@3eHAk b ¥urfAed® df SelceHrA R &dpldriar &PRNShE surface 25.

Coplanarity of surface 26 and sensing surface 25 is preferably achieved by a vertical
wall 27 having a height such that the upper surfaces of the guard ring and the disk

15  are coplanar. -

Guard ring 23 comprises a horizontal base 28 which provides physical

support for the disk 21 and vertical wall 27, and is of sufficiently large diameter
such that disk 21 is surrounded by vertical wall 27. Guard ring 23 also comprises a
vertical cylindrical hollow shaft of sufficiently large inner diameter to contain

20  conductor 22 and an insulator 24. The guard ring may comprise a monolithic piece
fashioned as shown in FIG. 2, or may comprise two or more separate pieces in
electrical contact. The vertical wall 27 and horizontal base 28 surfaces of the
conducting disk as well as the conductor 22 are completely insulated from guard
ring 23 by an insulator 24. The insulator 24 is continuous, preferably of constant

25  thickness, and of sufficient integrity and dielectric constant to ensure electrical
isolation between the disk and the guard ring. The guard ring 23 thus
circumferentially surrounds the conductive disk 21 and the conductor 22, but is
everywhere electrically insulated from them. An example of a PIF probe and a
method of analysis is disclosed in U.S. Patent No. 5,936,413, the entire content of

30  which is herein incorporated by reference.



20 conductor 22 and an insulator 24. The guard ring may conprise a
nonolithic piece fashioned as shown in FIG 2, or may conprise two or

nmore separ@ioSbiAses i n el ectrical contact. The verticagl shorf{2sapd
hori zontal base 28 surfaces of the conducting disk as mé?%ﬁgs t%e

conductor 22 are conpletely insulated fromguard ring 23 by an

I nsul ator 24. The insulator 24 is continuous, preferably of constant
25t hi ckness, -and of sufficient integrity and dielectric constant to
ensure electrical isolation between the disk and the guard ring. The
guard ring 23 thus circunferentially surrounds the conductive disk 21
and the conductor 22, but is everywhere electrically insulated from -
them An exanple of a PIF probe and a nethod of analysis is disclosed

in US. Patent No. 936,413, t entir ont ent. of , 30whi [ her-ei
oo por hed by ¢ ef B gt wifl hoSHehCart Rt ARE, QlondlH ity £ R o}
enbodi ment, aspseibeZA is connkdEed ) nolie B 12ddedB iyprefombAlalsscamneied tea high

node B. Node B.is preferabl sqQ, _connected to hi gh.i dapce .

Vol tage readi niPERATE O aR ireduE AR AR AT SUERE ORI Re BPR EIReEFids offhe
thg hi %h i gpgdpig@gme@aiwgedadiglgldeﬁi_cess mﬂmgttgﬁgr%xmdg&gm@nsrﬁﬁ?me:lﬁd és is
noaes an IS CcO Cle OCKI apacl | | .V u

Ol S ar s B SRt RARREkRE cBpatrtan PO ERBat bt Py GmriTa s Y s SRS A
oY o oRPaC g Ditleranly eitcuialy coPeAtd Sot 0y SOARCHLATS Sivatud {f Mode As
e dance. | tunfish ForeBE o fbtee 184t S AR Hiea ety P isleg ot ZhRe o
T ol o e Ly . b O e L 1o
uard ring Lo remere by e sl el g Eoubiamls a el St abagpl e
chosen sucio t hgioub@ (shony: K the Satentiid oOfhieigaiidl ridgQy/rériain 36 € the piabt

nmeasur enment device 35 is preferably nmaintained in_the di scharge path
of capacitor O™ ig Pesterably & ?S%&@h{*@h@n&ﬁ Sajﬂ%- s erfiangklow

current. Use Ofmgedihde RRREMERIreRRABIGHETETY is plefBhIy MRaiMamed®i Sk Hidcharge
Somet | mes path of capacitor C,,, capable of direct measurement of the discharge current.
Use of a PIF probe for measurement of plasma parameters is sometimes
15  referred to as the Booth and Braithwaite Method. In accordance with this method,
node A is pulsed with a sequential series of RF signals, exemplarily shown in FIG.
4. The mean of the pulses is at zero volts, the amplitude is given by V., their
duration by T1, and the delay between pulses by T2. The RF oscillation frequency
is preferably different from the excitation frequency of the plasma. For example, if
20  the excitation frequency of the plasma is 13.56 MHz, the RF oscillation frequency
may be chosen to be 12.0 MHz.

The response at node B of the driving pulse at node A, shown in FIG. 5, is an
oscillating signal of the same amplitude V., the same frequency and the same mean
value zero. Under the effect of the RF pulses of source 32, and the effect of the

25  plasma, the mean flow of electrons towards the probe initially exceeds the mean
flow of positive ions, causing the charging of capacitor 31. The mean potential of
the pulses at node B gradually decreases until reaching a saturation negative value
of Vy;us where electron and ion flux are equal and the mean current is zero.

Then, at the end of a pulse, when the RF signal is cut off, the mean flow of

30  electrons towards the probe is once again restored to balance with the mean flow of

positive ions. However, Vi is at a potential sufficiently negative so as to impede
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15 referred to as the Booth and Braithwaite Method. I n accordance
with this method, node Ais pulsed with a sequential series of RF
signals, e L showmn in FIG 4. The nean of the l

zero volts, t léﬁlg!r;r% itude is given by Vcc, their durat P%Erﬁlgséodlzﬁuﬁglnd
t he del ay between pul ses by T2. The RF oscillation frequency is
preferably different fromthe excitation frequency of the plasma. For
exanple, if 20 the excitation frequency of the plasma is 13.56 Mz,
the RF oscillation frequency may be chosen to be 12.0 Miz. The
response at node B of the driving pul se at node A, shown in FIG 5,
is an oscillating signal of the sanme anplitude Vcc, the sane
frequency and the sane nean value zero. Under the effect of the RF
pul ses of sourge 32 d.the effect of 1he | .as t he flow
b ol ectrons. 1 ki ofFEctian nBue ffertta ygione BaTRiiR sielfeer Folomors
posi tive i ons, suffiviehthghighethe kgsteh ngdll bé ircagiateiknown 34 “iohhsaturmian”. The
potential of the pulses. at. node radual | y decreases .until reachi.

O satur ation nEgubPe2E0en feSGirinlp lsagies ebabi il Bititeintr PAERAIOF
equal and the nedeB dedresns, inifialteligearly e, tié, aha detdimafatian pEihs Qet ivhen
the RF signal is cut off, the mean flqw of 30 .electron owgrds the .
probe is on%e ELEN] p?re%"ﬁlﬁ?té"& e @%ﬂ é‘ﬂ&éaﬂi"f H’afiﬁe%ﬁ’ééﬁ“ g? gw\,‘\%y determining
posi tive ions. d¥ig¥evidloscilbicops 33, swiidh i8 phsploeiinabto thel idn @irRAf dc¥ording to the
negative so as to,.inpede the flow of electrons while attracting ions
to the col l ect ¥¥"8%rface. If Vbhias is sufficiently high, the system
will be in a state known as- "ion saturation”. The resulting net ion
flow starts to discharge capacitor 31. In this state, the potential

of node B decreases, initially linearl fﬁvﬁ?’hd}’ %, and a

determ natign of the net ion 5 current per collection area (ion flux) .
can be made. T{]"&is can be_dogte R%‘ determ ning dVB/dt via oscilloscope
33, which is propdreErinafion of sithen sgryes at# Bgesus ehaidngharge syeent.
equation ][gt; Cm dV.ﬁitd;hatia@y,Uabsnag}eﬁt%dﬁw%uct@nnpétqahéel qRAt BdsvMARg asvide
nmeasure o e . dis rge current. ) ernatjvely,  one_ nay

i ntroduce a | oﬁd l"rfﬁﬁaﬁgl?ég%?ﬂﬂi‘ Qﬁ?apﬁ@%ﬁff nyich @ ferise prpvides aylirect measure of
di schar ge pat hdigdhagaagichO4s A JunctRIAGT titned BYd &R RN \R¥E 8E6alRlatlbd 8Cbr as an
measure of discharge current as a function of tinme, and can be used

as val i dat}%on ¥Jternatg to, theaboyedeferminglione The usq efca RS BRI ERGAL FRghigHE to

The use of a didisdindBRALCBARE burk &t B SO firRe MBS tHeRaIeRE 1 REBA Rfing
current consists of measuring the value of the current during the ion

saturation st affigion saturation state. ‘
Additionally, either the voltage or current data can be analyzed to determine

electron temperature. When the voltage across C, declines to the point where the
20 system is exiting the ion saturation state 51, the discharge current will exhibit an
exponential-like decay until such time as the system returns to a state where the net
electron and ion fluxes to the collection surface are balanced (not shown). During
this exponential-like decay an analysis of the discharge current (or the voltage
across C,;) can be performed v;rhich results in a'measure of the electron temperature
25  ofthe plasma. In this state, the plasma sheath approaches the floating potential Vy.
A single RF pulse and cut-off sequence is therefore sufficient to collect a
single measurement of net ion flux or other plasma parameter. Such a measurement
can be made over a widely varying period of time, ranging from a few milliseconds
to longer periods. For example, a typical burst time might be 3-5 ms and a typical

30 delay time might be 5-10 ms. The collection of a series of these measurements
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Additionally, either the voltage or current data can be analyzed to
determ ne el ectron tenperature. \Wen the voltage across C declines

to the poi @i hefiseeihe 20systemis exiting the ion sat Ui @0oshake
51, the discharge current will exhibit an exponential-like decay

until such time as the systemreturns to a state where the net

el ectron and ion fluxes to the collection surface are bal anced (not
shown). During this exponential-like decay an analysis of the

di scharge current (or the voltage across C.) can be perforned which
results in a nmeasure of the electron.tenperature 25o0f the plasma. In
this state, the plasma sheath approaches the floating potential W

A single RF pul se and cut-off sequence is therefore sufficient to
col l ect a single. renent. of net ion. flux. or her pl as . .
paramster . - Sucliineine s e o prteshifg o Blicendliist Suilee] iSHEs ingoronation
period of ti mefortlengnsigudticanta graply ofial giveagiBncpatandiarngarfupaionad sime.

For exanple, a typigal hurst .tinme m be 3- a a e 30
ol ay 1 me i gt bet &8 VALpuikd e i Pl seincs ety e Pfoby Brflyamcasures
measur ement s wufluxg Ih balee eudaantific plasmedaisitg the HHbWOG @latioaship is
substrate can provjde informatjion for. the constryctiaon of, a graph of
2 given pl @t GaKaiRS; dIecRE o plsRdhecsy. 161 fLclectropositips plagm; iR furrent
pul se and cut - Birégissediby a2 Bdtam coridittonP | Thelgoodaingirelatonshigigasur es i on
flux. In order to determne plasma density, the follow ng
relationship is 5considered. According to plasma theory, for an

el ectropositive plasma, the currenf=igavg equl ated by the Bohm (
condition. The governing relationship is: Ji = gnvB(1) 10where .1.1
is the ion current density (i.e. ion flux), q is the fundanental

char ge, nbi 06 PWR&BY, i9thd i0h cOratideNsig{He.ibh f16x), §& tBe RidYaleAl éhargeMiii€h
'S grven by plasma or ion density and vg is the Bohm Velocity, which is given by

vs = (KTs/M;)' . @

15 Here, T, is the electron temperature in the plasma, and M; is the ion mass. The

relationship between the plasma density and the measured In is thus
n=1J;/(qve)=Ia/(S4qvs). 3)

20  Thus, in order to determine plasma density from ion flux data, T. and M; must be
known. M; is known from the gas used, and a determination of T. can be made from
the analysis given above, or T, can be estimated. For example, an estimate of 4 eV
can be used.

In another preferred embodiment, the detector is of a non-capacitive type. In

25  the case of a non-capacitive sensor, a voltage is applied directly to the surface by a
DC power source without use of coupling capacitor. The voltage is then varied and
the drawn current is measured. Standard Langmuir probe theory can then be used to
analyze the resulting drawn current vs. voltage data. Aspects of Langmuir probe
theory include an analysis of the I-V characteristic of the plasma sheath, that is, the

30  current density flowing to a surface in a plasma as a function of the voltage drop

across the sheath. Example plasma parameters that can be extracted from such an
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ve = (kTe/ML)1/2.(2) 15 Here, Te is the electron tenperature in the
plasma, and M is the ion mass. The rel ati onship between the plasm
density angdtlepegsured 1B is thus n Ji / (qvB) = 1B/ éﬁﬁlszgmk/@mflﬁ)
20 Thus, in order to determ ne plasnma density fromion ? ux data, Te
and M nust be known. M is known fromthe gas used, and a

determ nation of Te can be made fromthe anal ysis given above, or Te
can be estimated. For exanple, an estimate of 4 eV can be used. In
anot her preferred enbodi nent, the detector is of a non-capacitive
type. In 25the case of a non-capacitive sensor, a voltage is applied
directly to the surface by a DC power source w thout use of coupling
capacitor. The voltage is then varied and the drawn current is

nmeasured. Stan . ' (o e lvze
The: resui ting. SPafbis BRI IHe BLARE dilfintret Bod i dbabf, U5F Blabila BORPHAC In
probe theory i carlaideirqumstanatsyion demsity] the idn tempbanae,tanditlsd ¢lectwh enbrgy
P25, oot okl okl S B Gy RS b B S
Exarple p!asragnm?ﬁnenﬁbsaubak;ﬂamnbetextracfedtfronhsuchtan ;

anal ysi s i ude el ect,ron t.enper re, electron densi a

Sl asim pot oht i al . | YRR Pl e Aot gberagr o STpFs pipe used,
t enper at ure, andhtabe spdtentwhich i@tlRdEyprdiwding Hstirfaoe whaveat 4 disleciio plima
determ ned as | L. Th ref.erred,geonetry of a non-ca itive type
Coneor 119 of nitfertise A mBAS{iFE Hik pISkEa et eR ol st e gurtape WHbE
det ecti on SyStEi@n;ﬂaplabﬁalpSl&ﬁe(tjﬁy?lht &n b2 exytattedrohi sfﬁhl;hﬁdt&iﬂ&&:]ude
produci ng a surface waye gt .a dielectri a .nterface )
measuring t he PPSEHACISEY 2Rt ysism ‘tsﬁégcg’ég‘ik ’é‘stg%' #ﬂé"@u?'f‘sa%‘@&%&v@? entire
Exalrrp:je p: )13 rracqgmaeﬁwarcg i$ lri]lﬁ*éinﬁﬁébr@ﬁal@ﬂ %gﬁ‘@ﬁ:ﬁﬂcé- (rjmd_ﬂiﬁ%ﬁdl eﬁeg)ﬁ%a&ty? mNO

i nclude plasnma,density. Sug systemis_ disclosed in U S  Paten :
6, 541, 982, thed“é?Ft“PPé‘y%ﬁ“EWI@HF%BP%PE‘HW‘% S‘H‘E’r‘”’éi%" Hﬂ%‘ﬁﬁ% 88 by
reference. Adslbhitsritgl systsvhithlis Bake 6h Sel ExyitdERRctrdChlusHea RERGARdeCal

h h t he " | es"_pl asma
et hods, suc gpscctroscopgr_i?élgélllf). Th% I-?ercules method uses a coaxial sensor inserted into the

wall of a chamber where it acts as part of the chamber wall. Use of the Hercules
15  method can determine plasma parameters such as electron collision rate, electron
density, and bulk power.
In a preferred embodiment, the method thus comprises detecting at least one
plasma parameter in real-time, plotting the at least one plasma parameter as a
function of time, and assessing the plot or plots to identify chamber or system faults.
20  Alternatively, the plot or plots can be compared to a library of known faults to
identify the associated fault. Once a fault is detected, the operator or wafer control
system is optionally informed. The information can be in the form of a warning or
an alert to an operator, for example by displaying an informative message on a
monitor used to operate the chamber, or by logging the system used to operate the
25  chamber as "down". Alternatively, the information can be stored in a wafer tracking
system or other database for later evaluation.
In embediments, the use of a plurality of sensors mounted at various sites
within the chamber can provide a measure of the uniformity of given plasma
parameters. A real-time measure of plasma unifoﬁnity may provide additional fault

30  detection schemes and enable improved self diagnostics.
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nmoni toring system which is based on Self Excited El ectron plasma
Resonance Spectroscopy (SEERS). The Hercul es nethod uses a coaxi al

sensor msgvbt._,%ﬁﬁg%g the wall of a chanber where it act&ﬁ@szg@,?(ﬁzﬁg{

t he chamber e of the Hercul es 15met hod can determ ne plasna
paraneters such as electron collision rate, electron density, and
bul k power. In a preferred enbodi ment, the nethod thus conprises
detecting at | east one plasma paraneter in real-tine, plotting the at
| east one plasma paraneter as a function of tinme, and assessing the
plot or plots to identify chanber or systemfaults. 20 Alternatively,
the plot or plots can be conpared to a library of known faults to

i dentify the associated fault. Once a fault is detected, the operator

or wafer control system.is i ona i r med. T i nformati o

b6 I'n the form of Y NEPeR o Sanie b deSElRN in A Pont b ERing e

by di spl ayi ng amotdifigtawmprckercdeabadinennara haabyﬁlwstru&dd I 8l ogpes, at MIF iphcbe
chanber, or by loggin he  system used t.0 e 5cha

Cown At er e GEbSHen LR kENERPR ot 8 PRREBEE AR P PRIt 2300™
tracki ng syst epmaﬂ‘ha eﬁ:hej‘/stdﬁ'ft@basiﬁe fﬁo]leaﬂlﬁﬁsnﬁ\/;ﬁirﬂﬁéteﬂ{jhta during the pfocessing
enbodi nent s use of r al of sensors nounted at vari ous
STas withih t HEeBaroL R QPE se PAarEd SPE FemERel fe ppotand
given plasnma padtaamt esiSscted dt @ domindlErefRATY bﬁowmédsamwmefrpwh{sxam
provi de additignal fault 30 de ectlon schenes and enabl e |qprove

sel f di agnost | tsMmeasurements/secy eSaRtSe e plasma Raranyteredefqryped yas

a plasma proc eﬁlssrﬂgd&mgm\emceecéucﬂ lcﬂ@ W ;ﬂot&ﬁ%fs Qffiediof 5P Gt e B Of the
hereby il l ustrated. al | S, a PIF probe was enbedded jn. the
center |ocatioleBfatg DE feiap PRsBan wh e RIOF e At PO APREATIN boasptiding: 1t

et ch systen t ogenpddpts, Bats ebll@eibn B SHERIIP HESTEAAboGES Becdblids Male k'S
processing 5 of sem conductor wafers. Wafers were processed using

common et ch r ehgrgwaredimitajiony P\%‘?"%\éﬂeﬁé‘&?’@ﬁ‘l’é‘fs Lthrpiigh fdpclpdegich HE%'Fe%FS

one measur emn&xtﬁx\’:&ﬁé/ra%@e OB the3Iing onRAGH! CRMbe/ Hresand)so - 180 bhisse
exanpl es, themﬁg{asrra paranet er determ ned was plasna densi ty whi ch’

in each case |RHt P@YeTa 2690 3889 Vo2 70 Rﬁ@oweécla'f&% 10 t‘NeB‘ﬁl”éPF’

rate of data cm&mw@so dcb@, el taﬁesl_ti@fs@crﬂ%mt&_app&%to be a solid
line. In the 10 exarrple pI ots, data collection is general ly cut off

at about 2P secondsE¥ATRPIEd: Y AQPHPRFESSES G S LIS ORI ARRIaSIARIQCFSAINg

exanpl es 1 thrgiagibep Ei&ﬁ'aHE'?es%E &Epﬁﬁa@‘ﬁ?&%@s@sﬂet@él&lfﬂﬁrf&%&ﬁ 1&Ra
foll ow ng conditions: pressure nt orr Fp

power: 2600 - %@@nwnmls irblacsto-penfr both Prergsses cepsscyelyvithip a
250 - 350 sccngindtd GBisah chamber? Ihd a61Hty R%petfort diffeert pH¥na processing steps in
the same chamber is considered advantageous, as overall processing time ("cycle
20  time") can thereby be reduced. When different plasma processing steps are
consecutively carried out in the same chamber, the residue from one process step is
preferably completely removed before beginning the next process step. Complete
residue removal promotes procéss consistency and reduces "process memory' —a
residue build-up effect that causes drift in process performance on a wafer-to-wafer
25  basis.

It would therefore be advantageous to have a method to determine a chamber
fault condition corresponding to when chamber cleaning is required. Such a method
would promote the determination of an optimal cleaning schedule, and would allow
the user to look for correlations between on-wafer process or device performance

30  and chamber conditions. Cleaning the chamber too frequently can decrease

-12-



15Exanpl e 1: Various processes can be carried out in a plasna
processi ng chanber. Etch and resist stripping processes are typically

performed W RoPadgra environnent and it is desirable tQpeLigionket h
processes consecutively within a single plasma chanber. The ability

to performdifferent plasma processing steps in the sanme chanber is
consi dered advant ageous, as overall processing tine ("cycle 20 tinme")
can thereby be reduced. When different plasna processing steps are
consecutively carried out in the sanme chanber, the residue from one
process step is preferably conpletely renpoved before begi nning the
next process step. Conplete residue renoval pronotes process

consi stency and reduces "process nenory' - a residue build-up effeet

t hat causes drj L.0.-0r f. or ymance f er -t,0-waf er., 25basi s.
o her epiotatdliB] GRERS AEki Al FRUESAR 8 LSS ULy PR
chanber fault dofidition corresponding to when chanber cleaning is

Cl eani ng sohedul e, AV At o AR Retatees 58 i srded Bl B 2f0 gfc
bet ween on- waf EIG.[fiacbess plasmaldatisitg ape fiiretion 0f tmd Qudngithe [paoreesing of a wafer
b oduct i vi 3, ey S B ThE e R A <FUBE 1RT L RURTYE BgRE ramp 63
result in procasbadievbinent of the hightest plasha deraity ¢atabodt 17lSoseodndapr BICR 68!

2 Functi on of - TIHE BTTTe R0 SRETAPEE5A T REapr Chaher 208 oo
55 and achi evenent. of. Che. AL Ghost nl ashe (oS Ly Lot abaut 13 e s
Socondsy i & SEBe v tirde dane of MRt fSHgte R rie Brar b7, ions hes
sane chanbHy a tess napvONLPR FeYlehegatiliel slopras indibatid 6f Spdigmehigen

Dt Tor ot ne RO STt Bl b o St noy
negative sl opeseed replagifisetle grcesses, ahd RrlidatesithiaGhkmy& cMands RYLIEETD C,

fl uor ocar bon- based ‘g% roduct bui.I%- u(g%i n tlae_ process chanber of the
type normal |y 'S&8F S)zﬁtedgﬁ’a’t%?’@i“ PEEESSEWCIUGRY | ndi cates that a

chanber clean is remu preféntd ekibsdificat, tHie ceMi@NdaheddotiSy # thGhttalfault, as
process co this condition can

dition. In a preferr epbodi nent ;
identify alrgc ha\‘fgﬁé"r the ah%c’élﬁe é’\%’“‘igg &ﬁé'ﬁ’l’? REthgnosh RY empatangnerqally dpllype
of the post RbhdiéwR cdadia vABEThER by Yaddihl Sub@lanétBoL R id fsBibleab identify a
Thus, by carryi ng]bgg}aptsglgs method 1t is possible to identjfy

i a
chanber " faul t a € or logspf hambey ddeamipgss s &n other gipbppdiments, the slope
enbodi nent s, t&f&héb&ﬁ’ﬁF ramp data can be used as an indicator of chamber cleanliness by

establishing a relationship between the slope and process performance
20  characteristics. In this way, the state of the chamber can be monitored and a
determination made as to when a fault can be anticipated.
In alternative embodiments, a measured amount of polymer is deliberately
deposited on the chamber wall surfaces prior to implementation of an etch process.
Such a procedure is called “chamber conditioning™. The method detailed above in
25  which the absolute value of the slope of the post RF ramp data numerically falls
below a certain value, could be used to identify a chamber fault that a chamber is not
ready for an etch process to begin.
Example 2: During the course of periodic maintenance and other repairs,
plasma chambers may be disassembled for cleaning, repair or upgrading, Since
30  process conditions in the plasma chamber are carried out under high vacuum, the

proper assembly of the chamber after maintenance is critical. During assembly,
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of the post RF ranp data can be used as an indicator of chanber

cl eanliness by establishing a rel ati onship between the slope and
process pewigofirss 20characteristics. In this way, thep@qt/@gzﬁj']ﬁﬁ&z%he
chanmber can be nonitored and a determ nation made as to when a fault
can be antici pated. In alternative enbodi nents, a neasured
anount of polynmer is deliberately deposited on the chanber wall
surfaces prior to inplenentation of an etch process. Such a procedure
is called "chanber conditioning”. The nethod detail ed above in
25whi ch the absol ute value of the slope of the post RF ranp data
nunerically falls below a certain value, could be used to identify a
chanber fault that a chanber is not ready for an etch process to

begi n. Exanpl epglis Wi w&caﬂa%%&a gr Sd eﬁeﬁgwahmr@LM?ehmet her
repairs, plasma chanbers nay | sasse for cleaning, repalr or
upgr adi ng. Si nerePSly pgme@@sf)ﬁ@hmuthﬁ emeect sequénsepinpsdar forthebkamber éo

d t un u
it er el nt enopar P MR ARG o ARRE R K rerh i SRR Lesembly
t he chamber anidcetperating deliim ipassagdser ohabdstom eleomode liswingrhetioml passages for
ti ghtened, oft By
pertor m opts el P opeieofl bfiflend EMRNAC e dlFlne pPlepls MothAR Sheldin
el ectrode ass elhblbyclisrdcdlebumas lmgvmhtl]a intpdsssaige® the chamber dotingphasma

el ectrode havi ] i fer back-cooling can lead to
hel i um "fi ght - @g&%ngfﬁﬁh?@qﬁ%@%@%nm g q’asW%g, wherein the backsi de

heliumis i nadver t eﬂtsbgondrmabsiaoépllasma parginetec Hataiethugiprov igd pi BKTH 7a and
processi ng an ' ] . . A 869 anal.ysi s 0

pl asma par anel(:j7egr Oﬁg}tz 2§ Fl%&?msl g“g"r%\?? %‘g%%nﬁwftﬂ gfge P Efmysm')ga0
shows pl askﬁa dwafer hwbishdlefuhaudnénjasuﬁerhigrfmndhoﬁwrg eleheoqlrrh:ﬂtss'&hwtghadfbean
10 waf er is.sufferi.ng,fro b

bol 1o whi ch il TpdoBRARE el hRE i 1o Tne bl 3RS &F pictiion 72

| eak. The dat aa%hdwsREramm bnh &temder‘Bk anmydxﬂ:featﬂ%trla‘bﬁbﬁﬁh absohifeevalue
order 8 x 109 ips/cnB, ,about .. 10% o ute val ue .of .t

Gonet ty. T o SAPpETR: 8RR Thiy S liaddi eI Rt peE ity Bpedtert Y.
FI G 7b shows Tthshosanie: same/mrécfor a walkdr rocpssed &s thedaint chdigbez after the
chamber afﬁ@r

élgc?rode bolts were corrected for tightness. The data shows a very similar curve,

but the post RF ramp oscillation has been substantially eliminated 72. In a preferred
embodiment, this condition, classified as a chamber fault, can be used to alert the
operator as to the condition of the chamber or stored in a database. Thus, by

carrying out this method it is possible to identify a chamber fault due to a helium

20 leak.

Example 3: For process consistency from wafer to wafer, it is desirable that
the processing chamber undergo the same sequence of steps for each wafer. For
example, clamping voltages preferably have the same magnitude and are applied for
the same duration each time a wafer is processed. Gas flows must achieve the set

25  flow rates and durations, and process step durations and plasma conditions during
those durations must be reproduced to a high degree of accuracy in order to assure
consistent wafer to wafer processing. It is therefore undesirable for a parameter of
the system to shift during processing if it is expected to remain constant. In
particular, after an RF matching system finds a desired tune poirit, it is expected that

30  the system should hold that point throughout the etch step. Random re-tuning of the

matching system during an etch step can result in uncontrolled process variation.
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15el ectrode bolts were corrected for tightness. The data shows a very
simlar curve, but the post RF ranp oscillation has been

subst ant i allpyo@ldsggonated 72. In a preferred enbodi ment,pddiHon7012581
condition, classified as a chanber fault, can be used to alert the
operator as to the condition of the chanber or stored in a database.
Thus, by carrying out this nmethod it is possible to identify a
chanber fault due to a helium 20l eak. - Exanpl e 3: For process
consistency fromwafer to wafer, it is desirable that the processing
chanber undergo the same sequence of steps for each wafer. For

exanpl e, cl anping voltages preferably have the sane magni tude and are
applied for the sane duration each tine a wafer is processed. Gas _
fl ows nust achieve

step durations and Iﬁﬁngggrgﬁzg%%aﬁ@%%?iﬁdur étgldda%{ssgﬁﬁ %g?fi%gl Iflrugsgt?g%%d
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vari ati on.
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FIG 8b as a stemre- i,bhg event. FIG 8b shows a first
set of two cup@ g@%%%’eg'éﬁe%{j’%lﬁ’gsiw and 27MHz RF source ‘
frequenci es as a 1Onfapreferied embodiiment, tids corlitiar olassifiat asef sy&ﬁ&ﬁl ﬁunvm be

84 indicatjng th and 27VHz RE for owe WAt

observed i ir15nt h’éseg m@"%&‘?waﬂ%rowaf%fﬁﬁg Sy ?tﬁ‘é‘ té% rﬂir‘]ee?ﬁﬁ'&iﬂ eb& ng
about 7 secondgroedskeY haskpérithteia eftuhing dBAng privesitngs Wk Exdimplt, f’tﬁam a
re-tuni ng eve seen.in hF G I'n a referred enbodi nen t.his
condi tion, cl a‘i%‘?'ﬂ"éaﬂ“’% "é%@*&@ﬁwm -tuizng eggnts occur at random times during

the course of non-sequential processes, it can be determined that a system fault

exists, requiring the examination of the plasma system. The detection of an arbitrary

20  matching system re-tuning event indicates that a hardware failure or other type of
failure could be occurring. Thus, by carrying out this method it is possibie to
identify a system fault due to the occurrence of a matching system re-tuning event.
In response, the operator may stop processing and initiate a maintenance procedure.

Example 4; For process consistency and chamber diagnostics, additional

25  elements about the system may be useful. A desirable characteristic of any system
is stability. buring the course of an etch process, perturbations to the plasma may
resultina proéess error such as a variation in the etch rate. This could be due to
malfunctioning mass flow controller or other hardware error. Another desirable
characteristic is a fast stabilization rate. After a perturbation, a system should

30  quickly return to its proper equilibrium point, Excessive delay in the restoration
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15 used to alert the operator or wafer tracking systemthat the
specifid wafer being processed has experienced a re-tuning during
processi ngwoFiraxseipl e, froma determ nation that mat chimgs2e)/mh S8
re-tuni ng events occur at randomtines during the course of

non- sequenti al processes, it can be deternm ned that a systemfault

exi sts, requiring the exam nation of the plasma system The detection
of an arbitrary 20 matching systemre-tuning event indicates that a
hardware failure or other type of failure could be occurring. Thus,
by carrying out this nmethod it is possible to identify a system fault
due to the occurrence of a matching systemre-tuning event. In
response, the operator may stop processing and initiate a maintenance

procedure. Ex : ' :
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seconds afXler the HndARanfered esibodimentithioemiditical danrbesedviontgtabiicdertain
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identification of imperfections in individual chambers. Causes of this condition

include malfunction of hardware related to maintaining plasma confinement and

15  maintaining the set gas flows. Upon detection of this fault, the wafer processing
may be stopped and the wafer scrapped. Differentiation between match tuning and
re-tuning events can be established by correlation with other sensors. In the event
where other sensors record relevant matching data at lower frequency, for example
0.1 Hz, then the event can be understood to be re-tuning event. Thus, by carrying

20  out this method it is possible to identify a system fault due to the occurrence of a
poor stabilization rate. ‘

Example 5: Another desirable characteristic of any system is that the plasma
characteristics remain constant wafer-to-wafer. Plasma density and ion flux are
primary among such characteristics. Should a chamber fault event occur during

25  processing in which the plasma density or ion flux shifts, adverse effects on wafer
processing may occur. In particﬁlar, it is known that etch rate may be affected.

A fifth analysis of plasma parameter data is thus provided in FIG. 10. In this
case, the graph shows plasma density as a function of time for two wafers processed
consecutively. The wafers are referred to as "wafer n"”, represented by data curve

30 103, and "wafer n+1", represented by data curve 104 (spurious data points for wafer

n+1 have been removed). The curves are overlapping and effectively
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10In a preferred enbodi nent, this condition can be used to establish
certain characteristics about a plasma systemor an individual plasna
system Sugip Rbersggieri stics may be useful for chanber -g@Erchrastagsss:
characterization and identification of inperfections in individual
chanbers. Causes of this condition include malfunction of hardware
related to maintaining plasma confinement and 15mmi ntai ni ng the set
gas flows. Upon detection of this fault, the wafer processing may be
stopped and the wafer scrapped. Differentiation between nmatch tuning
and re-tuning events can be established by correlation w th other
sensors. In the event where other sensors record rel evant matching
data at | ower frequency, for exanple 0.1 Hz, then the event can be

under st ood to Hﬂzsﬁﬁ%ﬁlbﬁﬁbwﬁ&ﬁ% ,gm{{m%pmebwh&@astxw n€20Y kedolis tﬁ%pgapﬁle
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n+l as shown alhaﬂaﬁdmﬂg plasma confinement or gas flows, dirty chamber conditions, and a wafer

with undesirable material on the surface, such as a contaminant in a resist film.
Upon detection of this fault, the wafer processing may be stopped and the wafer

scrapped. Thus, by carrying out this method it is possible to identify a fault due to
20  loss of confinement.

The analysis of plasma parameter data can also be used to identify lack of
chamber matching in a group of plasma chambers running the same process recipe
on the same type of wafer, or for ensuring that a new chamber or one that has been
cleaned or subject to maintenance matches or meets certain chamber qualification

25  specification. For example, a group of process chambers may be structurally
identical and operated by the same process conditions and it may be desirable to
compare the performance of such chambers under operating conditions using the
data obtained with the PIF probe. Thus, by carrying out the chamber matching it is
possible to identify a chamber which may not be performing adequately.

30 In a preferred embodiment, plasma parameters are obtained by use of a probe

having a sensing surface exposed to the interior of a plasma chamber, and more
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at a |lower plasma density than the plasma density occurring during
the processing of wafer n for the same period in the process sequence
103. A poswiozberasdogone of 10 such a decline in plasm eEmes0y7/015s8
poorly processed or m sprocessed wafer. In a preferred

enbodi nent, this condition, which may be a chanber fault or a system
fault, can be used to establish certain characteristics about an

I ndi vi dual plasnma chanber. Such characteristics nmay be useful for
chanber -t o- chanber characterization as well as for identification of
i nperfections in individual 15 chanbers. Causes of this condition

I ncl ude mal function of hardware related to mai ntaining plasna
confinenent or gas flows, dirty chanber ‘conditions, and a wafer with
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mat ches or neeteextmsivai(age mmar) \qlﬂathefshménhead déctsyde dil 8, soahatahm: probe
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and operated by
to conpare thempees fromrmmatenaifsusiuaﬂn]ndnmmemsgmﬂd&r Impﬂfeatd embhsh the
condi tions usi datﬁl obt ai ned WI

carryi ng out t AECERE AN RERRRPNE SrEH s B, Piehyas v {phghaticaly i
chamber whikh Ffify 3nai eletripalrdoanduiing tathe Grctiectondudidt 11 Bprefeefidy tradkrses the

SCECRARIAE o0 W ST TR X AN SRR
preferably mhewell,rwhhwpvanbﬁnlf&detﬁhﬁﬁﬁed cériheatot [yt Biiswnya Thosy skilled in the
FRCHNRT 3 CE KT T RN T T
FIG 2, enbedd@iresportdaeo pranardied BG bfid tehdaaot 10f caredpbidstdc@fductor 22,
SO e e ot e eIl S b LG L LIS P B8 400
di sk 113 is coext enSchBJc(de 101 is ga&ahﬁdbarb)y anl didt e irSiRWR N2 adlelectrically
el ectrode 118, 1sglgtettnc pro e%ropn t%c electrode assembly. Insulator 112 is preferably made
from an insulating material such as quartz, and has a surface comprising the back of
the probe 211. Perturbation to the plasma and the plasma sheath is preferably
20  reduced by making the planar disk 113 from the same material used to make the
showerhead electrode, such as silicon. Furthermore, if electrode 118 is doped to a
given resistivity, planar disk 113 is preferably doped to the same resistivity, but may
also be doped to a different resistivity, if desired. For example, if the quartz
insulation 112 is perturbing the RF path, a constant RF path may be better achieved
25  with a doping level for disk 113 that is different than the doping level of electrode
118. If desired, the pl:obe 110 can be mounted in other chamber surfaces and/or the
| sensing surface 117 can be covered with a dielectric coating compatible with the
plasma processing conditions, e.g., the disk 113 could be of aluminum or aluminum
alloy with an anodized layer on surface 117.

30 In order to further achieve minimal impact of the probe on the plasma, the

temperature of the probe and the gas flow around the probe can be modified. In
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wi |l have mninmal inpact on the plasma. The probe conprises a
conductor 111 made froma material such as alum numor graphite. In

order to egtoahbiaksoihe el ectrical circuit necessary to mperebe g1
probe, such as that shown schematically in 10 FIG 3, an electrical

connection to the probe, conductor 111 preferably traverses the
chanber containment, frominside the chanber to outside the chanber,
t hrough a wall, w ndow, vacuum feed-through or connector (not shown).
Those skilled in the art will understand that probe 110 corresponds
to probe 20, planar disk 113 corresponds to planar disk 21, and
conductor 111 corresponds to conductor 22. 15Cuard ring 23 and

I nsulator 24 of FIG 2 correspond to insulator 112 in FIG 11.
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resistivity, For exanple, if the quartz insulation 112 is
perturbi ng thehﬂ%gﬁle?ﬁgregﬁ%%nstant RF path may be better achieved
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condi ti ons, g,ulta Sig &L\; 0} d?e ofaumnl{mor alumnumialloy
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m ni mal i mpactshedn) that supplies g3 td A graphite Backinghsate & rrpedoatewbehiﬁﬁ thdre
probe and the f.lo nd the probe ntBe nodi fi I n
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51 verall’ gas 1stribution pattern that would exist in the absence of the probe. Ina
preferred embodiment, the gas passages are positioned in the probe where they are
n_or_mally located in the showerhead electrode in the absence of the probe.

A schematic depiction of an exemplary alternative embodiment of a PIF
probe embedded in the inner electrode part of a multi-piece showerhead electrode
20  assembly is shown in FIG. 12. Planar disk 113 has been adapted to reduce parasitic
capacitance by reducing the thickness of the sensing surface. Planar disk 123 has a
tubular extension 225 adapted to receive and work cooperatively with conductor 122
to promote alignment and conductivity. Planar disk 123 and conductor 122
communicate mechanically and electrically through a conductive Jeaf spring 125.
25 Leafspring 125 also improves ease of assembly, for example, by enabling the
independent removal of planar disk 123 without removal of other parts of the probe.
Conductive threaded bolt 226 enables advancement of planar disk 123 to
compensate for any differential wear rate between disk 123 and exposed silicon
surface 227, due to long term exposure to the plasma environment. Due to the
30 preéence of seal 127 of compressible material (e.g., an O-ring), the bolt 226 can be

advanced or retracted within limits of expansion or compression of seal 127 to
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tube for circulating a tenperature controlled fluid which can heat or
cool. An electrical resistance heater could be powered by an AC or DC
power sourwe pmotisgs1 shown) . Heating can be control | ed bycmus2007/012581
tenperature controller (not shown), set so that the tenperature of
sensing surface 117 is the sane as the tenperature of the showerhead
el ectrode. The gas flow normally provided by gas feed-through hol es
114 can be disturbed due to the presence of the probe. The

di sturbance to the gas flow and thus 10 the plasma is preferably.
mnimzed with the use of one or nore optional gas feed- through

hol es 116 in the probe-creating a gas passage to a common pl enum (not
shown) that supplies gas to a graphite backing plate 119 | ocated

behi nd the el epletdfGnovEife GRECL B8P :Qé’e%lt@@?§ﬁﬂ&§ BdéhshiR tﬁﬂegagf’&ﬁttﬁmugh
i nsul ator and the planar disk 113 form continuous gas passdges, and

are pref er abl yhplesinthe pepe remaip pr dignment onper IOEkayalor pigad24 ensures that
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alternative enbodi nent’ of el’ectro
part of a nultfit ?}'Pé@@thswmmauﬂe# é%i rm&r@ﬂyadmﬂisy 123 asﬁmducmr 122

G 12 P anagedsburdktd b) 4R Reen 3 9ARIPAA & b SRUERIRABRI dibbe j23.

capaci t ance by re uci ng ckness e sensing su
di sk 123 has acqngibgﬂoailﬂemdeh@adnﬁ 52 26caph etéctrode BScindegranhdte hacking plate
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conducti vi ty. - B naRade LOIAL fod Qe B bl SR BB the probe, an
mechani cal 10/ aeldctabdsonnestibh fo thia pobg hhrauglocﬂiw@cmwhreeéefd b 326pref2ably
25 Leaf '
enabl ing the | Rashst YR HeFBEAARARE, omBRIRIBE s e FEATEL e e,
of ot her part sthofughlewgli stindow, vacuum eddmongly er ¢cdmector@otrhiown26
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differential wear rate etvveen expose I con sur"rsace
227, due to Iomgiprlta;iomtewptdsﬂwe:hambtmatepbaslmaulemﬂﬁbmnd;mprlilweaﬂ)eclt he

30 presencg of 51§ é@\z} nge Erphﬁa%ﬁ-wl?il ol”ﬁ&? { ﬁffﬁe pf'cﬁm EIF Peckbf9) -

the bolt 226 can nce or expansi on
or conpressi onassémlslead; cdifpleted by outer msulator 222 which is in the shape of a cylindrical

tube with an upper shoulder which fits within a recess in the upper side of backing
plate 129. A similar shoulder on insulator 223 rests on the upper shoulder of
insulator 222, while insulator 222 surrounds and is in intimate contact with insulator

20  223. Outer insulator 222 extends to and has a surface coplanar with the lower
surface of electrode 123 and sensing surface 227. During exposure to the plasma,
outer insulator 222 can experience wear. Advantages of an outer insulator include a
reduction in the size and complexity of parts that must be replaced due to wear
resulting from exposure to the plasma environment,

25 Gas flow 228 through the probe is effected by gas feed-through holes 229.
Collinear gas feed-through holes in the quartz insulator and the planar disk form
continuous gas passages. The gas passages are preferably positioned to approximate
the overall gas distribution pattern that would exist in the absence of the probe. Ina
preferred embodiment, the gas passages are positioned in the probe where they are

30 normally located in the showerhead electrode in the absence of the probe.
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t hereby nove the surface 227 to a desired position. To ensure that
gas feed-through holes in the probe remain in alignnment, one or nore
keys or piw® d@hasssures that torque supplied to pl anarp@igdeoctds2s8p a
result of advancing conductive threaded bolt 226 will not rotate

pl anar disk 123 with respect to insulator 223. To install the keys
5or pins 124, the surrounding dielectric material 223 is preferably
in two parts which fit around the tubul ar extension 225. Preferably,
pl anar di sk 123 and conductor 122 are surrounded by insul ator 223

whi ch serves to electrically isolate probe 123, conductor 122 and

t hreaded bolt 226 from el ectrode 128 and graphite backing plate 129.
In order to establish the electrical circuit necessary to operate the

probe, an 10 el ectrpo@ls FONRESI 8 ndifaih s195199§d£l@5t9\!§hs&mﬁé’e
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resulting fr ormadapomllyedtt@ﬂs dst‘eognbaaimaemfurladmneelhentmﬁmaf Jhelavlmeto

t hrough the probe | b f eed- ks
Col I'i near gas ?omepcf n rooﬁgaﬁyﬁqfeéml%?wf’ e mte efnl%hsupo?ed St °° SpHace 227
pl anar di sk foamhshowbnhnameisctgak spa"awetgee;bceﬂmmgaﬁ passages are

pr ef er abl yISpOSI ti Onﬁgm ]ﬁ(_uaHB anar Esﬁ lég chaﬁged t? g%délcd gx:[agl Qlélgé%ag&ang&

pattern that woul d ‘exi's sen
enbodi nent, t heddms mmi;agﬁ&:nama lp&B td reoaedand]wbﬂkecoppedaavam emh cohéctor

are 30 norml |yyd QRS A8 alph e SARUSIIEAF SLE AR 15BA R, BRSNS 8

and conductor 135 are surrounded by insulator 133, which serves to electrically
isolate probe and conductor 135 from the surrounding electrode 139 and graphite

20  backing plate 132. Insulator 133 is preferably a two part piece which fits around
tubular extension 136B so aé to supponz. planar disk 136A and maintain its
orientation towards the chamber interior. Electrical isolation of the probe from the
electrode assembly is completed by external insulator 133A, which is in the shape of
a cylindrical tube with an upper shoulder which fits with a recess in backing plate

25 132,

O-ring 138 is used to maintain positioh and electrical isolation of the
conductor 135 from the remainder of the showerhead assembly. O-ring 138 is
preferably made of a nonconductive, heat-resistant and mechanically resilient
material such as Teflon. A thermal control plate 131 is in intimate contact with

30  graphite backing plate 132, An RF feed rod 134 establishing electrical contact with
the probe is shown perpendicular to the plane of the diagram embedded within
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O-ring 127 is used to maintain position and electrical isolation of

t he conductor 122 from portions of the showerhead assenbly. O-ring
127 and kewoladrasseipreferably made of a nonconducti ve, pcT/us2007/012581
heat -resi stant and mechanically resilient material such as Teflon. A
tenperature control conponent 221 can be an electrical 5 resistance
heater or a tube for circulating a tenperature controlled fluid which
can heat or cool the probe to match surrounding part tenperatures. A
schemati c depiction of an additional exenplary alternative enbodi nent
of a PIF probe enbedded in the outer electrode part of a nulti-piece
shower head el ectrode assenbly is shown in FIG 13. The design is
simlar to the design shown 10in FIG 12 for use in the inner

el ectrode, but gGrintRE M33OM drigab bﬁEIﬁ:sBQN@eIQ&ﬁEhI 'c%ﬁx?é&@ssafﬂotd&h%te the
design, optional gas feed-through holes have been ontted

Addi tional |y, prebeiREfest redhlIdapraferapbytaverses t%m&kaﬁ@ewalmerm fierarinside
di sk 136A to c r

exposed sili coﬁlggg g%rgo%gfyld@'i%e gﬁg{vl\)gf Elgggggll?%?r‘gé@ surtace %CE/@?OUgh
been omitted. a5manggoring shown).pPlanardisk BoAI®siatdins gogd slegtiicabcantattiwith
parasitic p &R C

and wor k cg%pgfrﬁg:cl vel §/°r\?1m§tg ﬁmg%tgﬁ%;d g‘%&%lg%s&?ﬁ?gmt e a l%egsr?:;alﬁfxe‘%’f\régng
conductivity. #indindto ektensiamcBiaButtinterfaqedddi on 136B and conduct or 135
are surrounded by i |

probe and conduct orﬂ%gg&éér%%rﬁé ? %no}gﬁir-(g%un fgieﬂsghltogleﬁleg‘ggg%@gu 1}68 A b
graphi te 20baciiclde phapemmaanmbqssmﬂm»\mmﬂe 14 Preshomailiegd eornpwsepatop
pi ece which fi ' t

Dl anar i ok 1505 8 ahdf B bBordi bRt T3 Betied @ ol WRRiceroae 143,
interior. B eca theua:tl costblgtlateri 4 bfant lagop platrel 46r rhettdpeplatedcdibreanl form a
assenbly is co | r i i e
shape of a cyl {Eﬁl L@gl &%Iﬁg%gﬁn{ Fﬁgrgﬁ Bﬁ%%%rn% qr]#%%é‘e Mv%ﬁ%gﬁle?tr%ds% l\f4vlgt h a
recess in bac kprn@rqiilmwhﬁﬁi&?inncr electrode memgbei 385, |aadase;iti¢mal owten¢le¢trode
position and el I atipn of the c

remai nder of tlﬁ'gmB o@gr ﬁllé% T gfe%c ?Jc Ferolqgiﬁgr e:ireé'a 1b§¥ af % qcaﬁ%ﬁmade
of a nonconducdf siregle brgatal sihsins tIﬂdésnad,cthemmhﬁmcb@Jténewmdésl 51 147 can be

(r:nca)';te ;L? | WIS h as Tetf aI s%]glc p1echef maten OsQ:E: CeJDasﬂecon carblge smgle crysrml sehcon

or other suitable material.
The outer electrode member 147 can be a continuous member (e.g., a poly-

silicon or silicon carbide member, such as a ring), or a segmented member (e.g., 2-6
separate segments arranged in a ring configuration, such as segments of single

20  crystal silicon). In embodiments wherein the top electrode 143 includes a multiple-
segment outer electrode member 147, the segments preferably have edges which
overlap each other to protect an underlying bonding material from exposure to
plasma. A plasma confinement ring assembly (not shown) preferably surrounds the
outer electrode. The inner electrode member 145 preferably includes multiple gas

25  passages 144 for injecting a process gas into a space in a plasma reaction chamber
below the top electrode 143. The outer electrode.147 preferably forms a protruding
step at the periphery of the electrode 143. Further details of a stepped electrode can
be found in commonly-owned U.S. Patent No. 6,824,627, the disclosure of which is
hereby incorporated by reference.

30 FIG. 14 also shows an exemplary embodiment of probes ‘'of the type shown

in FIG. 2 embedded in showerhead electrode assembly 140, which can incorporate
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30 graphite backing plate 132. An RF feed rod 134 establishing

el ectrical contact with the probe is shown perpendicular to the plane
of the di agioawentwdded within conductor 135. I n orderpdpuesiaitissh
the electrical circuit necessary to operate the probe, RF feed rod
134 preferably traverses the chanmber containnent, frominside the
chanber to outside the chanber, through a wall, w ndow, vacuum

feed-t hrough or connector (not shown). Planar disk 136A nai ntains
good electrical contact with 5 the conductor 135 through the use of a
| eaf spring and conductive sputter coating applied to extension 136B
at interface 137. A schematic depiction of one-half of a

shower head assenbly 100 whi eh can include one or nore probes is shown

in FIG 14. Thg, m;gg;ef}ﬁaﬁ &gwrslﬁﬁrabésgﬂo& ﬁpin@gqﬂaﬁ& 1§r&gmﬁﬂse se optionsl

opti onal backi ng menber secure o the top e trode 143
t her mal cont r ogasfeed-thraueh hodgsdthg topelegiased 43 peeferghly qoa]ssrmnés to Mc%mééﬂs

forma renovab f 0 op

el ectrode 143 lf)fl:e[;dso Wdl 2 %Elgglgaﬁﬁgnoé?%@egﬂ? E refﬂ%%ﬁ% and
an opti onal oucca'rcspbmbttocm%ambtﬁ%afﬂ% lmﬁé,nemn\fdbrefprmmme 148
145 is prefegrapl I

[ desi Fod, 1 nd refampl ool tEbil vl & iy BORYS oS e pongS bl o

a single pieceFI. IitendrHIGl mu&hcaﬂae@ﬂbeshbwnmﬁﬁhrlblcbes neti qogipeise gas feed-
crystal silico t her sui ta The out e tr

menber 147 can et Rolth Rt HE el 21 Pletdtiply SR BROE RO oG
silicon carbi dm.nﬁlﬁ:empnmlmbnm plate ﬂmgj’rpfmb]ﬁc&m}pamsetd thamibcontel plate

2-6 separate s r in a ri confj at i

ceamente of si hel O IO o Far SemAk: BRoEe R oMBBEr S atral S e P
el ectrode 1613 thielghdmdesalikaiht ppibe-shews ireFIG. 401 er eI ectrode nenber

147, the segnents prefera hav I C verlap each other to
protect an underlyifi§® 58‘?154 \é’gs‘ﬁ'ﬁfg#gﬁ% g W&@S%?B‘%PBSS ATRE M A

pl asma confi neggbtdahtd@ith apeerBiryd ¢ibd dimBe s shodireih HIGO 1 §. S’H«Eﬂfpjﬂdﬂssﬁsfe&l

r el r Th
?nljf f i pF ee;;s Odﬁ; a para Iei pﬂite p]gslrr?a? sEyrstcc):(ljnel sqlgﬁ gs &14%&1‘}&{1@ 9!36/0 slzyg&:muavm able

from Lam Research Corporation. The system 150 includes a chamber having an

15  intertor 157 maintained at a desired vacuum pressure by a vacuum pump 158
connected to an outlet in the bottom of the reactor. Etching gas is supplied to the
plasma reactor from a gas feed {not shown). A medium density plasma is generated
in the reactor by a dual frequency arrangement wherein RF energy from RF sources
159 is supplied through a matching network (not shown) to a powered lower

20  electrode 151. The RF sources 159 are shown configured to supply RF power at 27
MHz and 2 MHz, however, numerous combinations of different frequency sources
could be used. Plasma confinement is assisted by confinement rings 154. An upper
electrode 153 is grounded and is connected to a heated top plate 152. A substrate,
e.g. wafer (not shown), is clamped to electrostatic chuck (ESC) 156, which is

25  surrounded by hot edge ring 155.

Additionally, other capacitively coupled reactors can be used, such as the

EXELAN™ HPT series, or capacitively coupled reactors where RF power is
supplied to both electrodes, such as the dual frequency plasma etch reactor described
in commonly owned U.S. Pat. No. 6,090,304, the disclosure of which is hereby

30 incorporated by reference. Although preferred embodiments have been discussed in

conjunction with.capacitively coupled plasma processing chambers, the
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25 passages 144 for injecting a process gas into a space in a plasna
reacti on chanber below the top el ectrode 143. The outer el ectrode. 147
pr ef er abl ywioanwemi4ssopr ot rudi ng step at the periphery of pdrueheanzade
143. Further details of a stepped el ectrode can be found in

comonl y-owned U. S. Patent No. 6,824,627, the disclosure of which is
hereby incorporated by reference. 30FIG 14 also shows an exenpl ary
enbodi nent of probes of the type shown in FIG 2 enbedded in

shower head el ectrode assenbly 140, which can incorporate one or nore
such probes. Sinpce probes shown in FIGS. 11 and 12 conprise optional
gas feed-through holes, the top electrode 143 preferably corresponds
to 118 and 128 of FIGS. 11, and 12, respectively. Also, backing
nmenber 142 pr efeﬁibﬁ@ihiénfs%sfo%ﬂ@ﬂ@%d&n&él? cﬁﬁiﬂcdgﬁsrﬁﬁ plok&sSing thambers (such
respectively. For exanple obe 148 5|s1% referably configured wt

gas feed-t hr oughTrrgplogmer; a‘go"dﬂl@ RlpsnaercHelR"™ rdpimea rracqsping Fambers e Lam
FIG 12. Sincepebgrdy @&ﬁoéﬂ Not dedtdd cydidntf fsofttce FECRY dﬂ)l§§n‘9ﬁr%cés§ﬁl‘é
t hrough hol es, outer electrodé 147 pre?érably corresponds to

el ectrode 139 6hambers. 13. Also, thermal control plate 141 preferably
correspondssto ther e,
probe 149 is preferggkvﬁggﬁ#%£ﬁ$%gk§fﬁ%gﬁ?pﬁhﬁighgéé“Tgﬁ%ﬁﬁéﬁﬂﬁl
holes, like t héhq}’}’f(sb@ds’-ﬂmwd%ﬁ Pl coulil be incorporateddn ethet ehrambst pagtsi f i ed
schematic of a Rnlv?&ﬁ%@%‘aﬁ@a&fa%@ se'drlo %&2;955%1 v irBhenbnt il frﬁer red
enbodi nent is ghomn in 15. depicted systemis a parallel

pl ate pl asma sgkaneher,1s9oh g2 iralsa hm, xmiingment28@02 forys ang.anaidchbtie
from Lam Resea

aving an 15 | oo eR Bt Mkes MRS BN 4 HHAE ol AT0Ehar ppcbe
a vacuum pl@p B8 bedisresaddu theceamalmart dftan jupperiedeciyods imrarddr to mgasure plasma
reactor. Etchi I

feed (not shomﬂ%aggéne ?%ﬁ? enS|FhRﬁF£§1 tﬁ 8%§?ggggu%£ %%3?@%2
by a dual freqglsn@deasprtba’cgteesrentSIlth@dénrnctmb@Meagtybstmwm RF sources 159

I's supplied throughyp, AREEHLABJHAENCS Siukdlf) of the Bbel QreidhONe S5tk AV

sensing surface of the probes are facing the interior of a plasma chamber. A

15  plurality of probes could provide information related to the uniformity of the
plasma, or could provide an internal relative calibration. For example, a probe could
be positioned at or near the center of the showerhead electrode and additional probes
could be positioned at different radii from the center position within the showerhead
electrode. While the invention has been described in detail with reference to

20  specific embodiments thereof, it will be apparent to those skilled in the art that
various changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.
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20 el ectrode 151. The RF sources 159 are shown configured to supply
RF power at 27 MHz and 2 MHz, however, numerous conbi nations of
di.fferent frequency sources could be used. Plasma confinenent is
assi sted by confinenent rings 154. An upper electrode 153 is grounded
and is connected to a heated top plate 152. A substrate, e.g. wafer
(not shown), is clanped to electrostatic chuck (ESC) 156, which is 25
surrounded Qg SMED s 155. Addi tionally, other
capacitivelm‘p‘?"g%rmrs can be used, such as the EXELANI m HPT
series, or capacitively coupled reactors where RF power is supplied
to both el ectrodes, - f P tor
described in cog]’r'mnl ?ﬁ%@fowgﬁlﬁg@g& phgagg&gésa’,Jggﬂi@?ﬁ%l%g%eé%?fgsure
of which is her ehiat8@ a Hasomporcatsedthinya pledner chamber; Al t hough preferred
enbodi nents have been djscussed %ndcfn'éurglgti@n Wi th ca{\)/gci.ti el
coupl ed pl asma. PBUNA PRYTE RARESIS ditntr R RBRCe ARG B et
iC(r;du?:t ijvg : ypai‘mmér&ﬁég!?aﬁﬂﬁn@lr Peessong s@hganmﬁfaﬁti)drs EIG)? (RIF) Eifo%@ g‘&f&fdﬂiﬁﬁh
upl e asnmg_or S processjng, chanbers from Lam Researc
Cor por at i onJ*"S!%% S%%g%?ﬁhgl’ﬁy@p FSW%%%‘B?I%%“’(%)‘S prexehdvpV e eefing
chanbers. S5¥olBordenesutRELY@I N thepldsina EHantdeR\WRd Pl anar probes
i ncorporated in a showerhead el ectrode, a_ probe could be incorporated

in other chanmbersVHa#ing therRIvsmadgramsier dite fi indigationsofp Saultepediden.t o t he
pl asma environnment within the chanber, such as a wall, a liner, a
confinenent ring, a focus ri ncg, an el ectrode wthout gas outlets, a
gas distributi ot pl ailbe asthod oSuPginr &t whergippbe methadpifaavalvatpigotbe plomany
be di sposed J.n. k4 : per. . t i t
measur o pl oran it ieBEREfte, RAY borthindhn 0REA, BE'AHE pelrflidl Gl B s
i n an out ercopputer-gfadatihe sxppeer neldewnt raystlems diltehiag the  plssnmotpasinteteat dath,
directly ab a substrate, Ln_a_further ,enbodi,nment, a

ol ural i Ly oS el oBll Pammeter gua il b M by Sy LR N s maherameterof
t he probes datetof amathgmatival opeiaivhcandabmpangabeplasthaphemeteAddd to existing
plurality of .probes coul rovide information . related to the

Ot or m £y G1oFeRE Sppadsh B ot oy Bl Rn el e Shinee o oy report
cal i br at i onandfo®ivagXatabel, onahPiheBietadt,. d be positioned at or near the
center of the showerhead el ectrode and additional probes could be
positioned at different radii fromthe center position within the

shower head el ectyr odeThiWieliad P& 14V E iRl h@splm%aﬁjﬁ%&idﬁﬁdisidﬁfalined

detail with reference to 20 specific enbodi nents thereof, it w be
appar ent t ovitHysabsRitivelypertybingdheqlesmahat vari ous changes and
nodi fications can be nmade, and equi val ents enpl oyed, w thout

departing fromthe scope of the appended cl ai ns.
4. The method of Claim 1, wherein the probe is positioned in a recess

extending into a radio frequency biased surface or at a grounded surface.

5. The method of Claim [, wherein the plasma parameter data is obtained by

applying a radio-frequency (RF) burst comprising at least one RF pulse to the PIF probe.
6. The method of Claim 1, wherein (a) the plasma parameter data is collected

as a series of measurements during the course of processing a wafer, (b) the plasma

parameter data comprises post-RF ramp plasma density data and/or (c) the plasma
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WHAT IS CLAIMED IS. |I.A nethod for nonitoring a plasna process,
conprising the steps of: initiating a plasma process within a plasma
chanber; obt ai ni ng pl asnma paraneter data on the plasnma process
wherein the plasma paranmeter data is obtained by use of a single

pl anar ion flux (PIF) probe wherein a sensing surface of the PIF
probe is exposed to the plasma and is coextensive with a wall or
conponent  SpikdnR&& dtal @)hﬂ)rlts&ea &h@éﬁetﬁ«hﬁ%@?ﬁn Rﬁnﬂatﬁ'}{@é SAtchBF fhg%lasma
pl asma paraneter data for indications of a fault condition.

The net hod ¥®mB¥rai m |1, wherein the method of evaluating the plasna
par anmeter data |ncludes, any conbination of: storing the plasm
paraneter data on a conputer-readabl e storage nedi um system
filtering the pl7asmaThamatied ef Cthim &, wherbindbe senigs phmephwmenis phnr plnster
ot o A S b0k SH Sl LibaR) BRBR R ameter data Lo a
nathenatlc oper a t A&’ asna paranmeter data to
exi sting reference data, mhlch results in an interpretation; and, the

|Ssuance Of a status epor,t .a or rnl n as on .he . .
e ot o B U ThE B IRy W IR MRS, ahdh 52 byiidamet
par anet er dabdesd ts-srbdirts e therdda@Lthamibtd o ahdliuelkak. per t ur bi ng t he

pl asna. 4. The method of Claiml, wherein the probe is
positioned in a recess extending into a radio frequency biased

surface or at aogr oumeeflethbd bACRIm 6, whereé(a)ﬁ%aﬁ@tlhm Qépe@f@he%o'sﬁ-RF
wherein the plasna paranmeter data is obtained by ap

radi o- f r eqU&RBPlsRE)deptitysdata: isnysed & Hgicale thegkesmy ﬁléanlrtler ?ts@nfhém@ X
P1F probe. pyjld-up 0§pro-£&‘§ ?ﬁﬁ'mgts(?ﬁ thel %c@ésjohar‘ﬁ&ﬁrﬁb Bn b&l1iati B@opih@ﬁ‘ﬁ@ma

paranmeter data Is col d as a series of neasufenents during't

course of pﬂ%@@sﬂé’@hg’ BF\K@mepf betiyyen dhoutpia and alpat a%t@rthed@peluf@mbm@ es
post - RF rarme ggﬁﬁ Lleh o6l fHaftaRNRY: H{ep&@a%atcﬁ %k%ﬁ%ncﬂ%f]%th@ﬁum
dat a conprlse a random retuni ng of an ng system o

pl asma chanteakr and/or (c) an7oscithgomet HedblasmaCleasitn &, amylitudei lasst than §%r ofethe of

reasur erent il Jailh SR ASHATEREL aRPoRuEHARILO RS LLATR: 36, Al Ol

in graph form al'm ereln
condi ti on itse RFbathp,ds uged of indicae elss thwlqsmdhaﬁber|faulttdmed;pbzo(s%randﬂnareber

or a helium|.eak
tuning A8t the matching system.

10.  The method of Claim I, wherein the plasma parameter data is used to
indicate that the plasma chamber fault condition is the occurrence of a poor stabilization

rate,

11.  The method of Claim 6, wherein stability in the amplitude of the plasma
density after match tuning takes more than about one half second before returning to its
proper equilibrium point, indicating that the plasma chamber fault condition is the

occurrence of a poor stabilization rate.
12. The method of Claim I, wherein the plasma parameter data is used to

indicate that the plasma chamber fault condition is the occurrence of a loss of plasma

confinement.
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9. The nethod of Claim6, wherein (a) a change in the slope of the
post-RF ranp plasnma density data is used to indicate the plasma
chanber fault condition is a build-up of process by-products in the
process chanber, (b) an oscillation of the plasna density after an RF
ranp of between about 5% and about 20% of the absol ute val ue of the
pl asma density is used to indicate that the plasma chanber fault

condition is a heliumhé arthod W @sinl €) widieiR Shd Fiaaﬁé phrafbief BRa R B&ABO
density of anplitude | ess than 5% of the absol ute value of the plasna

densi ty andngifatgthahtheorlagmesdhampeimfanlt sendiipasis tacessrrrensg offlackof cchembmr
ramp, is usggchify in¥liuoa t | 1HeQBmk S
a random retuniﬁgg of gl?hg%gab{i %? %gﬁnsﬂg}ss?gﬁn?nghé@ﬁ%@?&%lﬁereﬁg{]ﬂ%gﬂe%?mk
Caimi1, whpetfvafie pl asma parameter data is used to indicate that
t he plasma chanber fault condition is the occurrence of a poor
stabilization rate. 11. The method of Claim®6, wherein
stability in thdd4anplhe nethodfoft Gleinp2astrereibefad ithey status eepontadralfortwaming

t akes nore .th about ..one hal f second, before returni to.its proper
b i Dot crihiiafs R O8O0 b e RGP G et R EBER? pling BuRi B on
i fs tCI he_ OC?:ljm\:hmmIﬁioﬂfi? glchaml mamﬁ@bi/dférzlﬁﬁrdrparéd/;at(e)_ the statu(sj ret]aant _afrddia w?ﬁihg)d
0 aimil, rein e asma . para er ais use o indicate
that the pl%% e@ﬁ%fﬁff&gC&&d’fﬁé’ﬁﬁﬂ?ﬁ?’ﬁ%"h@%’?’he occurrence of a |oss
of plasma confinenent. 13. The method of Caim1l, wherein the

pl asma paraneter _data is used to indjcate that the plasma, chanber
fault condition'Ps t 8 2BR%ERNT BheEosPIng ekmaboda{Litney I nereesH @ythe arohe
group of pliagMBeddbRTOBE SwalllddNh B8y bife STV IRY QnSofedt€6f PEladHa ?J&@eﬁiﬁ@e
type of wafers. 14. The nmethod of Claim2, wherein (a) the
status repdhembgid? growketead pigetiaded itcas eonirmest fingset 9eusingnan plectrode
system (D)wiiddGt sdsa8udes! §RAL Wit plRr MHang sERERE b), th i

i nterpret atviwon i ?]Sa I \%gs' C(F)gr%t ailsnlnﬂd \Ng%%r i stsory angy (ﬁjrt’!][(’aéc))t %E%Obe 8
status repdrettedrity ote warnitswpestwpscontid prrorresyi rig) fe arohefiercapable loé
pl asma cha . : f i f
Qo m 1. anerpemsatng o ditredh BRAUEHS AN BRIl HE pHRE 208 of

t he fol | owiadgcend mpd nerosndifig aundcasofaa phoules siompomdnabewhicta tigh puwbe Head
el ectrode, LI ner ntinepent rin a focus ring,.an electrpde
W thout  gasirstdiiaeBs TG BREEH sibREie T aBeoRn B, Puieh HReRs
support, ( prodebstngohainger] sn mdadtiRdlylyuplsepladmaprbantifg aiamber Sindnradctron
conponent, (c) the probe.is capabl e of conpensating for differential
wear rate B’&f%@hreifﬁ’g'é‘i‘?é’ila}ﬁﬁ‘a§[fﬁfsiﬁ'§ Cg‘T‘T‘l{eﬁe probe and an adjacent and
surroundi ng surface of a chanber conponent in which the probe is
enbedded and/ or %d) the probe is enbedded in an¥ of a capaciti v_eIX
coupl ed pl asna pPocetls mrpari s drlaimy b Wesirin itheel - Rab% Fsednsridasny the
processi ng jghapb&ier3RGradt fRHeeh HARi-H¥E BE K QRe SRR RseRIBS MR
processi ng chanber. 16. The apparatus of C aim 15, "'wherein the
PI P probe is enbedded in the inner or outer electrode part of a

ul L1 pi ece shosr hepd £l gGhi QHBIATSSBhdein the probe i Tocalli % ARRAS

of Caim 15, wherein th%ppr o%e i sa?qﬁoc’at e%elprtl eaprg%eol\%e?cﬁteagng e_cte?%gcg
and the pr cligstredengndi the Prabaeomprises rose gasnore geb- fepd-tuglshHwlesscretiogneisng a
gas passag | r of
The brobe-dadtay o e SEMTlaNGa) (AREh,  HRIAuria® R RO S H) RS
appr oxi mat deadHropghehelbd argassitdingd td dpptaxomatp thetorenall ighadistibutiod pastérs that n
t he absenc e fe t hr,ough | [ .
posi ti onedgfo%ﬁ({%?gf%gg@s \%ﬁ%rogﬁge %/B%v(\)gﬁqﬁg] eog(%%gere eﬁtlgg'ggél(al]% egggetpga'ﬁfnﬁedt"ﬁe
shower head thd pwmbe ederei thet heukbskaeie bk lbdaedpinahe showerhead eleBtrodEhi@ the
appar at us ofb cl a(iérrqjl wherein the plasma paraneter data i s obtai ned
by use of Z°pPEFHIFER°8% probes. The method of Claim 6, wherein an
oscillation of the plasma density after an RF ranp of between about
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18.  The apparatus of Claim 1, wherein the plasma parameter data is obtained
by use of a plurality of probes. The method of Claim 6, wherein an oscillation of the
plasma density after an RF ramp of between about 5% and about 20% of the absolute
value of the plasma density is used to indicate that the plasma chamber fault condition is

a helium leak.

19.  The apparatus of Claim 17, wherein the plurality of probes is disposed
such that a sensing surface of each of the probes is exposed to the plasma and is

substantively coplanar with a wall or component surface within the plasma chamber.

20.  The method of Claim 6, wherein an oscillation of the plasma density after
an RF ramp of between about 5% and about 20% of the absolute value of the plasma

density is used to indicate that the plasma chamber fault condition is a helium leak.

21.  The method of Claim 6, wherein an oscillation of the plasma density less
than 5% of the absolute value of the plasma density and of duration less than 5 seconds,
occurring after the RF ramp, is used to indicate that the plasma chamber fault condition is

a random re-tuning of the matching system.
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