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TO DETECT FAULT CONDI TIONS OF A PLASMA PROCESSI NG
WOEARTTERIBACKGROUND 5 Wth each successive  PCT/US2007/012581
sem conduct or technol ogy generation, wafer dianmeters
tend to increase and transi stor sizes decrease,
resulting in the need for an ever higher degree of
accuracy and repeatability in wafer processes.
Sem conductor substrate materials, such as silicon
waf ers, are processed by techniques which include the
use of vacuum chanbers. These techni ques i ncl ude non
pl asma applications such as 10 sputter deposition,
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are subject to a nunber of specific nodes of failure.
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SUMMARY
According to a i)referrcd 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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WO 2007/ 145801 PCT/ US2007/012581 results in an

interpretation; and, the issuance of a status report
w@na70ss8ear ni ng based on the interpretation. RIBEI®07/012581

paranmeters such as ion flux, plasma potential, plasm

density, electron tenperature, ion species

tenperature and el ectron-neutral collision 5 frequency

can be neasured using various direct probing nethods.

The met hods include the use of a probe wherein a

sensing surface of the probe is exposed to the plasm

and i s substantively coplanar wwth a wall or conponent

surface within the pl asma chanber. Exanpl e conponents
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20 Ccurr oot esntbe sl vy pfer AGRTAbfoy] ffberyeen 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 partiél recovery, to indicate the occurrence of a loss

30 of plasma confinement.



WD 2007/ 145801 PCT/ US2007/012581 In other preferred
enbodi nents, where the detector is enbedded in a
waeo7aemo1 Wi t hin a pl asma processi ng chanber, PEBUS2007/012581
detector may include features to enhance
conpatibility with the surrounding wall surface. For
exanpl e the detector may be tenperature controlled to
match the | ocal wall conditions. If the wall contains
gas 5 feed through holes, the detector may al so be
constructed with one or nore gas feed- through hol es.
This woul d be done by creating at | east one gas
passage fromthe sensing surface, through, to the

back sur of pr Qsi tj on [oxi
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7 shqows an embodi nent of the diagnostic neth
detbe PreigTBE RGO TR B PEv OB SX R TisABEEEF ! te detector.

install ed el ectrode assenbly bolts. FIG 8 shows an
enbdlEnIFnt of_ thed| agnostic nmethod of detecting a

105t BRIEF DESCRIETIQNIF THE BRAJVINGSs an enbodi ment of -

the di aghest oWkl gy %ax‘ﬁ'%f‘&fétfhﬁlge@aluﬁﬁin%ﬁ%@.sna

stabilization rate. 25 FIG 10 shows an enbodi nent of
t he di agh§st2 @Mtammemlmtemmgem of a8 POF prqbleasrm

confinengpt . 3 ijogs and e§(g,g,§far€?c o'?% ri’]tJF grotfe dnd'y d representative

probe disposed in an u
pr adeemitiyng chanber. FI G 12 shoms an alternatlve

enbodl of .a PIF pr ob O upper
el ectr odglt%f‘i' shoyys a0 CB’P "gII'PHP?BQF node;Ayyn
2007/ 1458(&. f&&ﬂdé&%@%&xﬁégéﬁa at 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. 1
FIG. 12 shows an alternative embodiment of a PIF probe disposed in an

30  upper electrode of a plasma processing chamber.



FIG 13 shows an additional alternative enbodi nent of
a PIF probe disposed in an upper electrode of a plasna

w@emcassing chanber. FIG 14 shows an enbodi neptT/0820P1/612581

5

probes di sposed in an inner and outer portion of an
upper el ectrode of a plasm processing chanber. 5 FIG
15 shows an exenpl ary plasma process chanber

DETAI LED DESCRI PTI ON Sem conduct or substrate materials
such as silicon wafers can be processed in a plasm
processi ng chanber using various plasnma.processes that
i ncl ude 10 deposition, etching, and resist stripping.
A pl asna processing system-can include a plasm
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as a given "plasnma 15 pro
C o mpl exi Elﬁ riéghpwe an wkemplarypldema psanescehagber.or
manuf act uri ng equi pnent, typical plasma processing
systens are susceptible to various chem cal
el RETATREDIDESCRIREHCON NI cal failures. These failures

i ncl ude, .for I i nsuffi |en | ean ocessin .
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pl asma 20 confinenent. Oten such failures are not
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rovi des, met hod for_. detect.ing and.i dentif t hese
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met hods whi ch detect directly and nethods which detect

i ncitmoespheye contrad eqeipment tiorscd preneps fepeatabiigy, @ndtlpsspf plasma

1 ARG (k! LB MECOLASIR eRHER uAR1 2 S 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.
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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el ectromagnetic radiation (e.g. optical frequency or
radi o frequency radiation), and nay require certain

w@s®amsdons in order to extract plasnma par aneP@r/sSionoom25s81
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the signal, decreasing the reliability of the
measurenent. Direct nethods for detection conprise
positioning a detector such that it is directly

exposed to the plasma. 5 Interpretation of results
fromdirect methods can involve fewer assunptions, a
sinpler analysis and greater reliability than
interpretation of results fromindirect nethods.

However, the requirenent of inserting an object into
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particular) is preferably reduced by surface 20
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sur‘tﬁ%ctg IP% extensive with the wall or conponent
surface. Preterably, a fault detection systemis
oper abl eAtardumiglte atprefearsdrampadiaret,ex methat af &mlwkbtéctm for use in
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interpretation step conprises interpfeting the plasm
pareatboe¢orapenenbyurfacet eri ng, 30 subjecting to an

o 90 Lo e LR 9P S paramerer

exidata aggwelk he eedloate dist plasmaparhimetey data fanindications of a fault
condition. Plasma parameter data can be observed, characterized, compared with a
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, subjecting to a mathematical operation, and/or

comparing the plasma parameter data to existing reference data, resulting in an
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WD 2007/ 145801 PCT/ US2007/ 012581 interpretation. The

interpretation step further conprises issuing a status
wo e@oni#ssoand/ or war ni ng i ncl udi ng the inter prePel/Us001T/@12581

a wafer tracking systemor to the user. Optionally,

the status report and/or warning initiates a

corrective step in the system records the event in a

| og containing wafer history, or stops the processing

of the 5 substrate in the plasma chanber. An exenplary

nmet hodol ogy is indicated in the flowhart of FIG 1.

The information thus extracted for fault detection is

not used to nodify the process settings for

sequenti al. processing of wafers. A preferred.
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chgn‘oer such asngrobl ens Wth the gas feeds or the ,
150 dawlf Aetgrtionsysteny Bits CQEPTiSes igHRtBgRIRIRsRAprocessavithin a plasma

detainBEr, 'oﬁfaﬁliﬁ)é ﬁfﬁha'ﬁli‘arﬂtb’?(dzﬁf h&d ARICRBR of ﬁv\n}:é_' fF%m_the plasma,

probe is a | arge-area planar Langnuir probe which is
caadicvplyating heplaseep parametep Jajg fpsimdicaHonuef ¢ faultHeadition.

probe s 16998 UE Fltifer 'chisBRRH G @%Ar“bérqﬂlgﬁsr antd]@ggtefrhﬁults.
e.g., the plasma

pl asma sheat h during processing
s heGhambrea yaul sragethoso faults tthat Dcown ascepsyl tiofap ool dlsinethe plasma
congditions)., Duri.ng the .application gf RF_bur st
20bi ot am\ll)g stsaaléa? 4 dg%(/cel}acr)lbbeeg %5 a %egéa?lﬁ% pé'%lﬂﬁﬂ, vanereas Sys%em faults
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rovid a voltage sufficient to.bias the collection
o U Rrebles Hathy 5 gas fesps orhe cleetrioal BAVETORR oSS ma. | 1

t he bi asmicheeritodfrhéit! the Aetehirey £ PRanaP I FIuRIPH) Pbbe. A PIF
as "ion saturation" the measured current coll ected

du rgrﬂléc srdargegnea plapard-angmuir 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 S 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”
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-6 WD 2007/ 145801 PCT/ US2007/012581 portion of the
di scharge phase divided by the area of the collection

we7ae8ogi ves a neasure of the ion flux. Furk¢EUSNE)12581
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as the voltage across the biasing capacitor decays,

the collected current will also decay. A plot of the
voltage vs. current during the entire decay phase

results in a characteristic trace which can be

anal yzed 5 to obtain values for various plasm

paranmeters. FIG 2 schematically shows an aspect of a

PI F detector for nmeasuring an ion flow according to a
preferred method. Probe 20 is conprised of a planar
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conti nuous, preterably of constant 25 thickness, and

of suppert &rdhe disk2daridivprtigaliwall &7eend isof suffigienly laege diameter
eNSUER ez arstkrz 158 surrb eatbgqg | ¥RAD7 RGudl ng azsdalﬁusy%mmesa

guard ring. The guard rin us circu ntla
s urvedigad sylutm;lqabhaﬂdmv shadt off sylfﬁmntdm U:rgmmncodxamemto 20ntain
but ulated fromth

an <euysPEEL G S asEafiigd The'ehetd Bk RS Sspmishi pdfotghc piece
di fadhoemsd dsishbwd. in FaGEeRitor Ny condsifse4¥d, ortrﬁ@‘eeeparﬁte pieces in
Conlent Tcorel’t%ct. lg:e ve.!rtslcal?er ?l 2'17 almrglct?c{r Z%Elta H %ase 2/8 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
thickness, and of sufficient integrity and dielectric constant to ensure electrical
1solation 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

which is herein incorporated by reference.
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the present enbodi nent, as shown in FIG 3, disk 21 of
w@emba4B01 i s connected to node B. Node B is predBUsSiIDY012581

al so connected to a high inpedance voltage reading

devi ce, such as an oscill oscope 34. The other side of

the high i npedance reading device is connected to

ground. Between nodes A and B is 5 connected bl ocking

capacitor 31 which is of value Cm Guard ring 23 is

also preferably electrically connected to node A by a

capacitor 33 of value Cg. Node Ais also connected to -

a first node of a radi of requency (RF) vol tage source

32 havin W_out |ca 1

A secondﬂln cggrﬁpcﬁglfgoure@?gm Od%n et 2‘8%%‘ §w§ disk 21 of
r eaprobe 204d tehnected t6 hodaB. MetB)lsEpréiéfafbﬂ}eﬂee connected to a high
pot enti al ?neral ly the 10 ground (shown). _For

pot ERedancefoltage rggdine davicey sich asamaSrillopespe 3o Theeother side of the

pr omgh uﬁﬁ&f‘d%é ?éadu@gdev%ce% %B&s&kédyto%baﬁﬂn Be#eBert Hédes and B is
Sg / An optional [ow inpedance current

nea@nneﬁeﬁblq%mgd@psetqrs?lpr@pbm@ﬁ walupeEmt Guaering,23 frealso

uféé%&; g?%aﬁg g aJr %;noc(&g]rAr gﬁ? %Q]k??ltgﬁ gﬁj [’g?l&e C,. Node A is

pr odisso 6cmnemed$<m aé’m;ntodefof plradintreqamayr€REY woliage source 32 having a
15 f d.t h th d.B
ot RSO e an Se ity 3O G R erad FofE GLRR hrec32 i

pul aﬁfhewdli o thegespi@nwalid (noe Eﬂ(ﬁﬁ;])eﬁxd Rba Sd:if@fbﬁﬁs potelntlal, generally the
exenpl ari shown in FIG, 4, The mean of the pul ses

10 s greund F%‘OVBFt Eor the potgatip] of fhe eparddingdh repaip 30%& the probe

dur adtbmihl 1Y, i§lprefRRBly Sfosef sach Rt ERN, Yl 85 R}i o&ﬁonal low

The RF oscillation frequency 1s preféraﬁ ly different
f r cimnedenco@yirteat measuremeicieyicedys is peferablyrmainRaned in the discharge
ex t S
L A S S U
chosen t Usbef 4 PIIDpidue .forT: ineammpemsxﬁ pMsmaquemﬁbtetfs i$ b@metimes
dr|V|n ul s

SoschS fef ®gs gl?egﬁg?tg@pdﬁ{gﬁg\gme gﬁ.&th Jn gbgprazfq&g wigh this method,

f r espRNE Ys @ilskd With aaBGudiiaNseri¢s b RFZedmals, bkéifplatiBeshown in FIG.
effect of the RF pulses of source 32, and the effect

of #h&hemean gfths P“tl?r?é IH&A5T9 VoK. e ANRIEPAS S LIYRRY Yoo their
t hegRa@&ELY Mt érﬁi th¥ delGRMSedn uIsR Y T | B RE oQémhﬁbrY frequency
i ons, cau5|n he charg@ng of ‘capacitor 31. The nean
pot 'érmfatabbf FFE“ a0 wltwrm@neﬂgélhpplm diprexample, if
nt | '

20 g xRl IR of e pRnBR0T) S AHE, HE RECscllb®R frequency
curmenbe choseartobe TROMHE. t he end of a pul se, mhen t he
RF signa 30, e gt rons

ff
Fovar do. T FsPss 3 oot B TRERV g Bl at P Do FIG. 5, is an

W tdiscilhftmgeigmaf bDtve 8hme amplitude V.., the same frequency and the same mean

o

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 Vyias 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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positive ions. However, Vbi. is at a potentia

sufficiently negative so as to inpede -8 WD
wWQe®M7n14%6801 PCT/ US2007/ 012581 the fl ow of elBct/Usmwg7/012581

while attracting ions to the collection surface. If

Vbiaz is sufficiently high, the systemw ||l 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

linearly with tinme, and a determ nation of the net ion

5 current per collection area (ion flux) can be nade.

Thi s can be done by determ ning dVB/dt Vi a

gsfr g f %vgcgfgeg?c ons vgf 1f:ehar%t|r§ct1%r } t?srttoltgff ollec %g@g?cge{] .If Vib‘ is

Thi suffieitetiyrhight th@I’Syﬂéml vallt Beain aseate kRowa ad “icresaturgtiorl”. The

t he di.scharge rrent. \l ternatively, .one my .
i ntiFeSies ngt 1Pamwéa%wﬁ e ARy ¢ iIRGNEGA dhe pejential of
i N 4R BlussbacdanillY 1REarhARAR Y, akla dokThhifatibR\0F¢e net ion

provides a direct neasure of discharge current as a

Sf urfarieahper colleption a1gg (ioa Alusdcastegimade.y Fhisganibsone by @etermining
as I et

Us e&g?/&tgw .°%§E'tg?"t° e s?gr ‘g‘rlriezﬁt ?PK%X)E H)%tagfo{?g@ %cf{e tE’lEel'rrenngcordmg to the
t heequatielar ge current consi sts of neasuring the val ue

of the current during the ion saturation state.
Additionally, either the voltage or current data can

be anal yzed to determ ne el ggtr@pdvegmper at ure. \Wen

the voltage across Cmdeclines to the point where the

20 systemis exiting the ion saturation state 51, the

di seRiadeRrfiNati6nof Y then Serbedista MBasd e aRldidhatdek@rrent.

decay until such tinme as the systemreturns to a state

wher e t haltamatively cenermay intednema Iawiepedagee purrent measuring device
col t d

i & e Sl oS g BRI BP G ShER Y URYDroyiEHE  Bect measure of
di sdischagge aureneas a ftmctlbh ef tinlet argiecanalmrmé a@v)ihdzamnb:é' or as an

perfor ich results. ] el ec

150 o Y EPERR ok tht gl & ilerialiof TAR Ui o R ¢t Rt aFftemiEht technique to
pl aﬁdﬁ&nﬁheﬁiemﬁmﬁfgbaﬁh%ﬁt ¢oigistd sfahédrgripg tivdlad ofMhe curtent during
singl e RF pulse and cut-off sequence is therefore
sufthe dmetaturgtion 8fafeect a  singl e measurenent of net ion

flux or AlBRInIIYSBePRE ITRARS or chrfellt datBRaS BE %Hﬁ%ed to determine
can be nade over a wi dely varying period of

r arfJPHEPf tEmREERtYrEy Wien the welsagescress qmﬁ*@}é‘ﬂ‘ebéﬂhé @eint where the
OZotr ygtl)éc le%tu%et?ﬁé %lflélrtruelm#rg ﬁta{el ﬂeg{glcggé#g?&_rﬁgﬁen%lﬁgghlblt an
col éxponérgialdike slesar urgd soéh tilne 3 theesystenerstunns 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 Cy,) can be performed which results in a'measure of the electron temperature
25 ofthe plasma. In this state, the plasma sheath approaches the floating potential V.
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



-9 WD 2007/ 145801 PCT/US2007/012581 during the course

of processing a sem conductor substrate can provide
w0 pdoonssmoi on for the construction of a graph BET/ES2007/012581

given plasma paraneter as a function of tinme. For a

gi ven pul se and cut-off sequence then, the PIF probe

directly nmeasures ion flux. In order to determ ne

pl asma density, the following relationship is 5

consi dered. According to plasnma theory, for an

el ectropositive plasma, the current is regulated by

t he Bohm condition. The governing relationship is: J;

= gnvB (1) 10 where J; is the ion current density

(i.g..1 flux s the fundangntal cha
b1 sErinedPe potdar opSseinkn s aRiRle? syt Erapafpy e information
\M;] | thTHeS:ogtmﬁmoh)bﬂa%rapH kthegll\/En) i;lasméla))araxﬁéieﬂeraefunireon ef time.
the elecfron tenperature in_the p
o s sForREveR Buiss PRAEHHT m‘é‘w F‘I‘réh% Pg%ﬁ@ba éwgrﬁy measures
andoh fex WSH& b h&ehﬁmte lfoih%nﬁ'd%hsﬁ)(, WSEoT Wik SEIMBInshiD)is
20 Thus, in order to determ ne plasm density fromion
5t | wengidered. Accarding/to plagna eoryk fonan elpgtrapositiyemhasmag the current
t h “?s #Héc? l?erﬁgolﬁn %8;1(%{1 nﬂlé ggvé}gﬂn-éq'eﬁagn&?p f@d e
ysi S given above, . ~can be
estlnated. For exanple an estimate of 4 eV can be
used. I n another preferred enbodlnent the detector is

of a non-capacitive type Ve 25 the case of a (1)
non- capaci ti ve sensor, a voltage is applied directly
to the surface by a power . source W thout use of

10coupharads i Qrfaleptcerrenwresmlteaw flux)y fanthe fpndamenta] charge, n is

t hepl&’sfn%"éi‘r ioH!deRilly Al VIER WY BOhmVARHRS, WHi@ '8 BiNen B Obe
theory can then be used to analyze the resulting

drawn current vs. voltage data. Aspects of Langnuir

probe theory include a rof the |-V
characteristic of the p?ﬁgﬂg&gﬁg that is, the 30 2

current density flowing to a surface in a plasm as a

f t ta d th heat h.
15 e Hsse oF o Rt s, e Rt AR SR 4B VLTS 2 fop, - The
SUGBla@iBnship Betieer AR plhéh S @dndiy ndIROMEAQEES B lis thus

anal ysis include the electron tenperature, electron
density, and plasma potential. In certain

ci rcumstances ion densi ). yylg, )yl LRy ure, and 3
the el ectron energy distri bgﬁ%n Pu%gﬁeo? can be @)

determ ned as well. The preferred geonetry of a non-
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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capacitive type sensor is planar. 5 In yet further
preferred enbodi nents, other detection systens can be
was@di4588uch as a system whi ch includes producP@mus2007/012581
surface wave at a dielectric plasma interface and
measuring the plasm paraneters on the basis of the
surface wave. Exanple plasma paraneters that can be
extracted fromsuch a systeminclude plasnma density.
Such a systemis disclosed in U S. Patent No.
6, 541,982, the entire 10 content of which is herein
i ncorporated by reference. - Additional exenplary
detection systens include electrical methods, such as

t he " C vl ' ' t . ' ' .
acua 515 e Y A Hon PRI Weioh @ikint Mol ldsina potential. In
Sp asetta s mmyns(dHceion. denbiey, ity ol termpemturendtbs electron energy

coaxi al sensor _.inseried into the of chanber

oh s PbpaG Aol BT b et ASmsll” The PretPmed St mptpgof a non-
Herdaph&ifivd B pebigsl ig:ﬁglanﬁet erm ne plasnma paraneters

such as electron collision rate, electron density,

Sand bul KInpeshéirther prefesedempedimeatn OHCREPECtiamiystaRs 3 be used,
t hUQich Q8R5|RER WRER RlchRis ?I(')c{dtui%n a ﬁlgﬁgte Q*a@é "4Pa dielectric plasma

par'arret er 1n real '-tl me, p east one
pl dptesfapeanthmeasuring the plagmae tparamesérsonithe basiglotthe suagegwave.

th | ot I ' tif h [ system .
¢ auare Blasfi Hafard lers Vol cal e EURIRES £fin G¥RAThim include
conplasnetldémite lS'uEii asystérh i?di@?ﬁ)sécﬁiﬂgﬂﬁs. Patent Neﬂﬁ,iSﬂ V.98 ahe entire
associ at e ault, Onpce a fau is detected,. the

100 pontent °g}"§‘§ﬁ§f‘é Pefeahwsworaévi% FrEPeng ggﬂ%aor'?' exemplary
I Nf QeBEidn sy$temb MMdBdIEQACcA IetREdS, Budt® the "AERLIE’" plasma
warning or an alert to an operator, for exanELe b

phsmg onance

di SpPRNArg systerh Marichatsibaseders Self ExpitedElegsam
to j t .
to JReraiEol [SEERST ) Phe HeFult AR Dbyl \Daxif LEMbY ASEted into the
t hewalhpHa oleemilzar vdeeme Bactstasiped of theachamiter walla dikserf the Hercules
syste r_other database for |ater, eval uation, In

15 iR L cctpipaing pISER pargipetpistct S Flestiin plisioB apipegectron
at deasityaad dutlkegowerd t hi n t he chanber can provide a

measure of the unifqormty of given plasma paraneters.
A real - thifePy e RadinpEnisthe methed ﬁhﬁswmeﬁwtw& at least one

adqithdredgdrameiet in 2Q1-t8{eCplotti} the REMERS FHaGhl famet
ing#ovedﬂielf diagnosticg. g?ﬁl WO 2007/§2§g%€$ ameterasa

pmﬁl@ﬁMtM%@gg assEssingthe plg? ot atFtp ddengify plgﬁm?er or system faults.
203 R8P B SERIR QBRI AR i o o
casidentify tiR #speiated fawitisOseh@ thoidtd's idatetted, the wiperator or wafer control
| ocse)l, tie%nis%];)tignic]goi\f\l?grpn%%q T%leei‘rcl: o;‘r%gtei‘oﬁ) I:an e Extgla %‘rmz gp ap \-I\-/'z}l/lming 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 embodiments, 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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pl asma etch systemto be able to collect plasma
paraneter data during the processing 5 of
waemraasoduct or wafers. Wafers were processed uBCTIgS2007/012581
common etch reci pes and data was collected at a
nom nal frequency of one neasurenent every 30 ns
(about 33 neasurenents/second). In these exanples,
the plasnma paraneter deternined was plasnma density,
whi ch in each case was plotted as a function of tine.
Because of the high rate of data.collection, the
plotted data points appear to be a solid line. In the
10 exanpl e plots, data collection is geherally cut off
at about ,27 sec r n1tat|on
Reci pes }l}snél ) ﬁgg ga gs 8@&”% dgéﬁﬁm%m a 2 pL ceﬁsmg chamber
pr ceesisitgg tod prefeirddreenbiaalivgentcire héreby ﬂldstm/tdﬂg In all cases, a PIF probe

‘583@45 erpgided v g%(yeg% Soration RE2 300 qrﬁoaf%gééod%%g%@fan 2300™
gaplanesletch AYstéh 18 BE able3d Qoﬁé‘& ?!as%ﬁ?arﬁhet@ﬁdata 43rifi 8B processing

02 at 4 - 12 sccm 15 Exanp . Various processes can
Spe afsemicandyetor wafers.pWeafers W@Bf&‘}%sﬁg usigiggepeRon €tk Fecipes and

iaﬂddgriae?/'asc‘I:oﬁécrtétpzﬁla%rﬁ[‘n?lctg%@lglﬁcf‘)a{)@o (fyrﬂéé‘sﬁ +Xer{? g%&r Pl (about

pl'asma environmen esira
per¥3angadnotrhenqs/ccmadp slmhmmxanipiﬁsl theypldsmapaxamsiendetermined was
I hanbe bi f ff
o1 A PERAE R Ie B 195 iR oREleH S e Fidime. Because of te

co nﬁ'glld edte of dakd abnecg&mu the ;ﬂ&éﬁﬂkﬁﬂz&bbmwa}?@e&%ﬂ@ 4 dolid line. In the
e 20 ti an.there e redyced. en
lod. fAMPR P‘ﬁFSageﬁ‘é caf getiands ggn livpgutaf%gat %dR?HE%'é §Eopds gue to a
Carfar@FarRUimitstidn) REHR uSERHASampldel theSighu inchRideddleprocesses

process step is preferably conpletely renoved before

begvititinrihe range oé she ﬁ@ilswngWépnso&h@mépreswﬁcﬁib 150 mtorr,
r e“‘z‘Mﬂﬂ ngli%leszd%oc?&ﬁ) \RIOQ?&/@{zellﬂg e ? 700 -?2%? W, gas used:

ocess resi due
cau«slest 2H0i+ 350 sccm,dhEsst ﬁe%ﬂbsmc@; o -a12 sccm.
mafer t qF zg It would ther g %' .
3advant ag'é Plgd: %°“3 Pﬁ%‘ieﬁ%eé “¢3 8@?‘3}%%‘ "H2 PSR OcesSIng
f awhamben dE{chQind Gedi stetiysink ﬁ@cmem@rtypxbalmjaEérf@ﬂmﬂrﬁhraqmsma
is required. Such a nethod mouldtgronnte t he ) .
detVHPRRENLANG isdespble te pertoran he PrecaseRAoasecyffyely within a

V\D%ﬁ’%lébla%ma dhambes °Thd £oilig0% febrf hfrakal p1988a Efdc\e@%g steps in

rocess or device performance 30 ‘and c
corthe ﬁalreﬁ shar@@aﬁ corpidared advantageonsp as pyergll enedegsing ime ("cycle

20005885 an W AL W BFHELRSARHLEB g tcps ar

ivity, ereas cleaning t
[ nfqoeqtcelmbly aaned exlih the sanpr deedsr, thie restdue Ardm os¢ process step is

gg%ﬁ%&%ﬂ)‘? ]::oﬁ)llpﬁﬁcgg 886 Qer&ebe%req) %mnmg re%\é;c Sr%ccizsrs], sl:elp%omplete
residue removal promotes process consistency and reduces "process memory' — a
residue build-up effect that causes drift in process performance on a wafer-to-wafer
25  Dbasis.

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
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FIG 6a shows plasma density as a function of tine
during the processing of a wafer 5 in a clean
waeb@anhessor The data shows a decreasi ng sl ope 61PCT/US2007/012581
following the RF ranp 63 and achi evenent of the
hi ghest plasma density (at about 17.5 seconds). FIG
6b shows the sane curve for a wafer processed in the
same chanber after approxinmately an additional 50
waf ers had been processed. The data shows a very
simlar curve, but the slope of the data follow ng the
RF ranp is flatter 62, i.e. it has 10 a | ess negative
sIope The Iess negati ve sl ope is i ndicative of a

P B Say. LhRE AR AR G er bl proces
pI adrita etch processes and i ndi cates that a chanber

clean is re red to restore the systemto its
ori gi nal AgH aySis At FlATBrPapelsT datefiepiodifed ip 5O Refn and 6b.

t hi 15103 @R @h&W?Pla%Q dbﬁiﬁﬁi dsf VR cGERBPERe baHh th@pﬁ'océs'émg of a wafer
whe he absol ute val ué of the slope of the post

Sy an‘ﬂ a@dfaal abamber- cBhe Jatp shows a de¢regsing slepe 6l fpl!ﬁavlue .the RF ramp 63

Th i
T SO e ot A58 b BEERL L. i o
cl eshoivs mhatssamd quree frera wafeogravessed ;in tHeesasleathembef aftére

t RF dat di cat,or_, of
P eARBEPitoRleh 1 pE LGSy 30 LB AR e PSP ER oA Caashows a very
betsimdar édite, Yub iR sidist ¢TthE 8512 fOR6WIRNETREORE rdfhp is flatter 62, i.e. it has
characterlstlcs In this way, the state of t echarrber

10 57 Ises nRgafive Flepe-a ke less aesaéwmsme.ls mdigatize 8§ a PELYRPESIE,

a fRlrbcdrBoh-BssedBlyLitb@alt@Rdildluip lﬂltﬁ@f)%teésvc?lamber of the type normally
enbodi nents, a neasured anount of polyner iIs

delseBe implasya eigh poedessas, and tnld@atﬂsahas@rchmbhr elgarn isgequired to
pr 'r9£t fhk Fg&%gﬁ?hg%bgﬁla%m%@s pocess. Such a

proce ure con |on| ng". The net hod
det ai l edInew;m:Eemed edibodimenr, tHnEccainmmcbructax mle:htifg acthatriber fault, as

e 0 RF dat a. nune ally falls .
155 PIFrEine aProlfis Yol pt B Bope o Pt pORLRE Seml dpfBiminegicatly fals
chasedh®w afcaithih viahat 'Ehu@ hWBﬁ'Fylh§ ol6this theddd iff ie |i)o§snb1€tt6 Rdentify a
process to be During the course of

perShagiber fi’H?trig‘é f2pss °§ﬁh§r8'?‘:ﬁé’rl°ar"bﬂﬁisr dn other smbgdiments, the slope

Chagigg sodtiE Jﬁﬁxpdda‘f@émbfcq asQh ifdiEa0t Qﬁcha'}rﬁ)%@ 'cfeaﬁ)ﬁness by
upgr adi ng. Since grocess conditions in the plasm

cheavisblishing acalptlo@alro etwgne e Siopshanderracass petfermpansger
200, FRafetertlicd | 8 G e ShB o TR SREERER S obh)bei3u =
boldesemamiumanmwne vilize acﬂaahbem baanitmbamtnt S W thin
R T R L R a—
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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performoptimally. Inproper tightening of bolts in a

shower head el ectrode assenbly incorporating helium
w@amsagmsl or in a bottom el ectrode havi ng hel i BOT/US2007/012581

passages for 5 wafer back-cooling can | ead to helium

“light-up" during plasma processing, wherein the

backsi de heliumis inadvertently introduced into the

chanber during plasma processing and ionizes, formng

a plasma. A second anal ysis of plasnma paraneter data

Is thus provided in FIGS. 7a and 7b. FIG 7a shows

pl asma density as a function of tine during the

processing of a 10 wafer in which the chanber is

sufferin rom I f | k.ch b

o1 g i (o Bhieaht PR Sl B VAN Snder3R6lhg be

datpropdrbytightencal; oftbh & theortdct sadiienice iR rffr foathe chamber to

the order 8 x.109 ions/cnB, abo 0% of ., t he absol ut e

valRf °"Bf°ﬁ“|‘?@‘éfr _ig‘ri’éq?fé Hgﬁﬁei)‘.“gﬂ%itbgiltaé'b? Fhawerhrad¢letpde assembly

pl aﬁé'@p%ﬁng BlliiinPaddagls SR BHom Elebirode/MavikONE iunh Bassages for

same curve for_ a wafer proges§ed |n';he.sane chanber _
Saf tveafer backiepoling can depe 1o Bplivm nbight-wnrdusinggrlasmpy processing, wherein

ti . 2 i1

L 850 TSP oA, R T YN g s

el iproceasieg and ioniresa fogymadga plasmaenbodi nent, this

condi tiop, classified a chanber faul.t., can be us

Co"al or (A spEorR R/ o Hae PR Er Al S B pfed R HiGs. 72 and

c hamb ef1GO 72 Show € plakiha deflityaddasfanctidiuot tify dufifig the prgcessing of a

out this nethod it i.s possjble to jdenti a .chapber .
107 nuAtetiRamFish S char SRR fop hptam slccaps Spﬁggi@h had been

co fﬂﬁh%érﬁﬂ%c;&f&ﬂky\&gﬁiing ¢h MBEIRIm 1dak. IThedf®d §1R0W sCart d¥Rlllation 71
t he processi ng chanber undergo,.the SQPE sequence o
a

f
st eyfier therRE samp i fosrthe pisler 8 adminms/cre], abntn§% of thegbsolute value
pr qﬁﬂﬁglla%rag ﬁ‘éﬁsnhh eflﬁﬁg%iﬁnggg)glotfqge:?lgg}qa as n%PleH&l@G%@arent. FIG.

t he sa ration eac wa I'S processe
f | dbsshowstthasdmevgve fier seifef prackssed nathessaarecchamber after the

1S corf R Lo PR rbeoE DR B el Hiet-Ch P er curve

t 0 bt eghostRFrrampIscalation A8ybden sabsiatidlly clisinaRd 72. In a preferred

consi stent wafer to wafer processjng. It js therefore
undi@hadipeRs. this C%pd;sta?raﬁ&sgﬁe@ﬁs a efhf@ﬂe‘;rsfe% 42 hefpispq to alert the

durdpaghtér A8 I8e Béhdifior bf the cRAREG R Gtdréd B BatAbase. Thus, by
constant. In particular, after an RF matching system

f i rrasryingdasithis aetherbit jopossible o identfy gehaatper Famlt duggo a helium
20t Ngesyst em shoul d hold that point throughout the etch

step. Randomre-tuning of the matching system during

an et ch Example3n Forpudaess eonsisteony divim e fqrito eede, it is desirable that

V&th@btossing Chalfibe? WAL S WObule LabERIDESfebS 28 leach wafer. For
yst S of plas paraneter data i's thus
pr exanhptt, iclantgifgdvollages pekferably 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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8b. FIG 8a shows plasnma density as a function of tine
during the processing of a wafer, in which the

woredochissgl systemis re-tuned. In this exanpl e, P€TES2007/012581

SF1 Gampgperiod, eespltiag én p shors @pgiHatiemmin the

re-tuning occurred about 7 seconds after initiation

of the RF ranp 85 and during the post-RF 5 ranp

period, resulting in a short oscillation in the data

81. The anplitude of the oscillation in plasm

density is |l ess than 5% of the absolute value of the

plasma density, and the duration is less than 5

seconds. The event is confirmed in the screen i nmage of

FIG 8b as a matching systemre-tuning event FIG 8b

shows a fi . 83 .1ndica h

2MHz an dj“é[?ﬁié"%g‘% gﬁ fa\% eqd‘g"ﬁ%ﬁ 5y ‘a“gh‘é gV e& FEGS- 8aand
of 8b.nEIG.Badhews placimd d%ﬁilt)Ois % fAmcton yLEm84uting i nlw;bma@smg ofa
t e 2 and 2¢M4z RF forwar ripn Watts.

bd@ P'“a’é%“ ﬁz‘ﬁ ma{ghipg system,d %\)éfjr[)@"ﬁ%b} hssze"éfnpée ‘P‘F Fstuning

c Ofé&ﬁﬁed‘ dbo\g 7 Rcakliftel nﬁﬁ&t@cﬂ-ﬂ@f t8E R rahip §9 #Hd Qtird{ the post-RF
the RF ranp 86 confirns the re-tuni na event seen in
f

tg 81 Adietampitude of the

cl a&s%ilfa'n%ﬂ 1ﬁﬁla§m§ EQW &%gktthancﬁ% dtehe Ji%o“ﬁ@ faih@ oﬂh%rﬁlasma

t he operator  or ing systemthat the

s peddansity, andfthe dlhnatmg is lpssothas éesdcdmis é")bp evéndng eehfirmed in the
oceSS| For

de t%?%:]nrn]g} gg i‘ F%at X Iaﬂcgm sgltstg %nt?xpml% eventéV@ﬁZi éb shows a first

OC Cd¢t oftwd amlem:{ 1nrdlﬁ&tldg the PMHZ ¥hd2AMHE Mfsource frequencies as a

non sequenti al processe can be determ ned that _ a

105y shuaptiany tme Al Sgcowimﬁ .0? PR Crmyes gmﬁ{ igatingshe gMH#and 27MHz2

Pl aRPForwad BOwer MEWERS.CThi RitnPbbRBvedliRithe 2V¥zXBrward power 82 at a

mat chi ng systemre-tuning event indicates that a

hartémacerespending te pbejtieseconqseatisr initiation pfcthe & @mpe86 confirms

oc yeng out this method it is

pogtglég g%l%gm%eﬁ%ﬁ lﬁqgés§£s,1t emfault due to the

occur r enlnea prefaradegnotindigesty ttis condition) wlassified ant system fault, can be

s es er at or processi ng and._ . .

3 i AR eist 1 AREARH BF Tk aBiibe ™ BE T e{ifa Sheegic water being

pr ofressss€dhds experiénted AtGe AR Auridy pedtRSsing SFor example from a
additional . 25 el enents about the system may

us efeiFminatipadhatippichiog sy siemerertuping exenty ﬁy‘cwé faémom ymes during

st afk kblide oPHER- &hﬁalﬁﬁb‘éé?esoft cafl b@'d@ﬁnﬂ[rﬁ:ﬁ@ﬁa‘i'a system fault
pertur bat i ons to 'asma may result in a procéss

er reMists, JequiEas ﬂwwnu@atm qfithe plasea shistery dheetostiop of an arbitrary

20be rq'a't%hfng gwaﬁ?}nfﬂérlﬁﬁlhg Bk E@?ﬁtg& ltlﬁ\f\’a%lgxéw&e le£1ur®br other type of

25

30

e error. Anot esirab
c h aﬁaslulteeqoubi beodourring. gEhuss by batryingtoubthis methodAf isgrossible to

Per il s‘} YeB‘lafaEM%ﬁlg% &%O%fgrrg’nceso? a dg?‘%hm %%tﬁ@tm tu;nng event.

proper &gl ri‘um poi nt. Cessi

r esinaestonse) the d&rm %@HWG&SSR@HﬂUSﬁE@Vd Oihdb¥énance procedure.
f f
PLS;E? IS ggsqr%l?ﬁgf tq% &‘)?(%‘ltegé%ﬁéltsks(t:en%y a?ld cgam er CF gglJI{orstlcs additional

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
result in a proeess 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

quickly return to its proper equilibrium point. Excessive delay in the restoration
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generation hardware. A fourth analysis of plasma
paraneter data is thus provided in FIG 9. Simlar to
wao b@7osdser gr aphs di scussed above, the FIG 9 PCHPK2007/012581
shows plasnma density 5 as a function of tine, but in
this case, the scale is shifted and expanded, so that
only the 11 seconds after the RF Ranp is shown. An
oscillation showi ng match tuning is present at around
17 seconds, as shown at 91, which shows that stability
after tuning took about one full second. The figure
al so shows a re-tuning event which |lasted only about
0.5 seconds. 10 In a preferred enbodi nent, this
condi ti on ish cert

CparbtesSrs S5F eiagtiitticist s RAR e 6t etion of s rlesre

pl aeABrativfi hefdwabelch characteristics may be useful for
chanber -t o- chanber characterizati on and
i dent i fiadPvehanalysinphplpsms paRmetes datads hyppgpvided in FIG. 9.

Chadhhs 1o HRGURS g?zg)h"s t&hs%u&@ﬂ @b&ilé) Bhe FIRE|948@ph shows plasma density

mal f uncti on of ware related to mai ntai ni ng pl asnma

5cordsiarfanetinn eﬂmwu&m tis¢aserthe sende isehifipdsarid expgndeds 6m that only
Stegtﬁg § h QQC gld? %Hélsthg ﬁl l&:ﬁtmél Iikgsél\g{.@fng# é?@ﬁﬁd?&omg nﬁ?ch tuning is

ScCr I on
betpn&m maaroimd lmisemgndsr; ds slmamt atrf In gvhiskesticsvscthat dyability after tuning

estahlished b orrela ot.her sensors. e

ov ok st e Sy 8icoGn The Beiis alscsnDisct SRR g i yhich lasted
datonlphbdR\06S sdcbrddiency, for exanple 0.1 Hz, t hen t he
event can be understood to be re-tuning event

0py car ryinfgPreferisgeriadamensy thiticandition gk ysed te sstabhsh certain
| dedbidclerftisy Mot phdhda sC}yn%mt& Jnhﬁc_im&m 1 pRaA s9£teﬂ°l Such

poor stabilization rate. anpl e 5: deSirabl e
c haharacteristics mapbe alngﬁlbiostcbwnber-tpl‘mantbhe clpﬁra@nazatlon and

ch 6}5@\%\! f?cra'ugﬁ o? ?méeq'ﬁz%honsc f?lni%af% &uaY\@Ttaqnberg &@ 5of Eﬂlgé%ltlon

dens X are I'mary anong
ch andaﬂe niadfinctson cﬁﬁmndi\dara rella&nlbe ma‘lauimn @pbmtna @otfiiement and
durin rocessing in t he ity or .

15 ormpRiERee  BateyeUaps SebaiatoliRramilt b Al pgeessing
mMaymMEBE Stoppét AR th: mlf&rscrdpbed SDkfféréhitidtival be@ivedh fmaich tuning and
may be affected. A fifth analysis of plasnma paraneter

datrgtHeing cyents can, bejestablished by cqeelamn m@t %ra%esorﬁ hin the event
gr apkere RS s&s@%c&r@%ﬂe@%tf‘i‘ﬁat&lﬁg GQfa' a@ Nowodr ﬁédﬂénéyo for example

two wafers processed consecutive he wafers ar’e
r ef®el mdtheo theeventitan bmundqrepwbyebﬁt led'unngdmeat cThusebgoarrying

201O%ut ﬂﬂg g@J it i %)ols%lbleg t%ﬁ&%&g?a%gsht%ﬁ tggl&/ gugg&eﬁl% o]cgf}rrence ofa

(spurious
relwoed()abxlfﬁheormtatc/es are overl apping and effectively

-16 VO 2]9)%%3141'%8 %noeg/cy esira Qe c a]i%c5t(8:nstlc 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 particuiar, 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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i ndi stingui shable fromthe point in tinme where data
begi ns, at 5 seconds, through the onset of the RF
wo 200p/148hown at 101, which occurs at about 14 BeDUSINS7/012581
During the RF ranp of wafer n+l, occurring at about
17 seconds, the plasma goes unconfined, 1i.e. a leak
of the plasma through the confinenent rings occurs.
This is reflected by a 5 sudden drop in the plasm
density, shown at 102, followed by a partial recovery.
The drop in plasma density exceeds 15% of the absol ute
val ue of the plasma density. It can be seen that the
remai nder of processing for wafer n+l as shown at 104
OCCHH?’tm lSl'%b O%&l GIRL ?3&?{%&&%'&%% Haqg bggfl at% g@onds through the
ccurri € processin
f oroﬁséteoﬁherRFpampodmma an‘ﬂe)lptvmmSL&caﬁqm anmﬁ ln(chod&s. During the

bl f 10 h a de
de?@% f%i‘(‘el? 8{1 “1? Ocfu 3 ucgt@g’%? ﬁﬁ&gﬁp as%ggq.s unconfined,

I'n je. Qﬂﬁl@ﬂtﬁgpﬁmﬁ%ﬁﬁﬁﬁ thel dUninEABAK fidgRbecidi] clil‘nsﬁﬁlireﬂected bya
be a chanber fault or a systemfault, can be used

5estsa§d¢rsﬁr0@en th plagha dewsityy shovimeat 19080 fnloavedi by mraeﬂalecovery

t
c h o rrSP ?IIITE% %éﬁg h%{r%g%%‘selr%lr}% g%’ Ih%ﬁhbg@(xt%lﬁ'é gf #L: IpflagEna density.
| deIn tarf b@sﬂenohatohe rmnd&mlf ipoorsssing fordvafecral asldhown at 104 occurs

condition inc f.ungt
o RATONEr RSN B o HEHHAT (05 P BHY R isuipocssing of
or g&fer h feviie sathé pyried anthe preeidsdquems, 108NdA possitile butcome of
with undesirable material .on the surface, such as a
10¢ o iugh d5pkingG 17 plasmadensity jis apoonly,procersed OF Mispregessqd wafer.

faul't, the Wafdfed¥nMBRbnd tHiRYoritic, WHRGImay @etarb‘ﬁamber fault or
waf er scrapped. Thus, by carrying out this method it

i s ostemfaslt ean brewsadity establish ceriainechagacteristics gkousfan individual
h
Z logﬁ!a o ustén e} §u @t%&f?&téﬁlﬁfc[% %M&ﬁ{ﬁ&%h@;@q‘%ﬂ@c%ﬂbm

a gmacqgtenfzapbmameﬂ laa tﬁdnedmtrfwanom of irhper@tlampmodwdual

R TN TERMTEE AT AT T

subhgigtainifg Phishiacioafiaememt 6ilpas flokvs n&ﬂ’é{&:hﬁﬁl’b&ﬁd:dhdxtlons and a wafer
chanber qualjfication 25 speC| fication. For exanple

a gvithypndssiablsanaterialinnthe surfagey syrh @tqmlapwn aresist film.
' de(%drp&éte&fb% &Rﬁfs%&]@' ti?é/wtahﬁ % 91%9 Htah@ﬂﬁ: wafer
It desirabl’e to npar e mance of
s umr@maﬁb&gs brcrerry spzeud thin g1ec§1m1blut is mraslblmongenﬂfu a fault due to
dat dh the PIF probe. Thus, by carrying
20 lefsﬁ hﬁﬁgmmrmtchl ng it is possi ble to i dentify a
c hanber "Tiltnei mlqu/oﬁwasmepmnfemr rdatagpaaddqulmt sk to Bi&ntlfy lack of
ap rredt nbodi nent % E rretersaeobtan
wbGF B < v o pESTE sBRRGES chring M pRedors recipe
t hEbri the 84irn6 typef ofav 4tk R S forcdmstility thabi dewh&8mbér/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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WD 2007/ 145801 PCT/ US2007/012581 preferably wherein
the probe is enbedded in a chanber wall or conponent
wo@Roorhessopl asma chanber, such as a grounded el PCT/USIHO7/012581
A exenpl ary schematic depiction of a PIF probe such
as that shown in FIG 2, enbedded in the inner
el ectrode part of a nulti-piece showerhead el ectrode
assenbly, is shown in FIG 11. The probe 110 is 5
preferably positioned such that a sensing surface 117
of a planar disk 113 is coextensive (e.g., coplanar)
with the showerhead el ectrode 118, so that the probe
will have m ninmal inpact on the plasma. The probe

conpri.s a.condyctor, 111 e . froma nater uch
rEIFt?ﬁ?qﬁv PH"SFC"Q Lié&i?‘ff’?%‘s ‘1“?&‘338% i g ghazaberjyyal ‘PF ‘i‘ﬁ‘@"’“"“t of the

eI %ﬂi{rhé? é‘lllarﬁtberrcéﬂch a@ﬁ%?&ﬁﬂ%& et&tr@ﬁ@r ﬂte&eh%ﬁlrg rs@lhz@natlc depiction of

such as shown sc hematically in

el etPH nrabe émdhatmhowa in F&Gp?.cmebeddod erutbteonnerplectrode part of a

e BLPPlcte LREAARR D SRERIRL E RN IR 11, fiBprobe 11015

5vva| preferabiy positivaesisuch ftied o-sehsing girfare ldﬂmfeaqjlanar(dmjtt 113 is

skil.led,in art nd r and t
or GHEXET B LY P SHRIRGR) PAAPE st o 3" el e probe
c orwitblipvedainirfaldhpaat ordihe lpladina. arkE srobél U@rhpﬁsek:hlconductor 111
corre nds to conductor_ 22. 15 Guard ri.ng and
in s‘BF‘?ﬁ %Pm.’fﬂmﬁfe“?]l Yehas éB‘\“Flé‘s‘Wcﬁf Ritendp I°é‘?%’r‘° g4teblish the

FI Gledtical iRl hetddkary 1d obéra&lfihé BHﬂﬂe ShdRYasaRat&h6~h rsbﬂéﬁatlcally in

insulator 112 to electrically isolate the probe from
10t hF1£1. B¢ an el¢etrigabeanpedtion t9dhe arabe, qanguptor 4l & peafengbly traverses the

| .
nactamebe RudlinbRab ot iR E EhAbaiE uluc B chdp & frough o
Perwall,baindow, varutiinefepd-tisaglaodcdrinecior amtmhs‘hn)it Thass skilled in the

prefer reduced. b ki ng the planar, disk 1

T GHif PR udad=h g haf Biawe 0RO handS « e 2nChiBratik 113

el afirfegplénds3v @hmasmsk Ri caidl condaétoe 1 NP ESrrespbnéd @Cdohadaor 22.
118 is doped t given resistivity, planar, disk

15i 5 %%rfiérrwo?%/artﬂio-ﬁ&&a% 24 gk F&%n%cwé%ﬁpgmi {q nsulagnyl 1?{&9 F1G. 1.

al so be é@ﬁ’&ﬂ:t&q lq lg sdr SirRed b&%ﬁ'e’fédtt‘{éél Ynsulitoxdﬁpi tBec‘i’ectrlcally
For exa quartz insulation 112 is

periselatsi nﬁg Diahe fram Sha fctes sy iy e
betfr&ﬁ aﬂ ﬁ% fzte ltsl)?xcﬁ agg R4l ah? fsf?xrffa | nprkthe the back of
ateftal sucfl o evel de

t hat el ect’r od
118he pfome%lllr ditrtutagiop to e plasﬂna:ami the plasoma shdathris ptdfemably

urf es an /or nsi surface. 117 gcan
205 W8 ee Y GAERE s lafdr il L LB S sk bt b Bimatce the
t hﬁlhgp]gﬂmfa e[tlrcﬁ'cés,i‘suﬁlga;ﬂﬁ[idd)ﬁ [ Mﬁherlﬂllo&, if élbﬁrdﬁeslkl 8lid doped to a
cou e of alu r all oy with an
anddY SLEFsISEyRY: W%@%‘ég i§ pre ergbl.w JPRsH R Fhe 3te fesifidyity, but may
achilgyBe abpidBla diffeeat reeifsnwgf iPASRAOFol BRarRpIaSHThe filketz
tenperature of the probe and the gas fl ow around t he

pr Jpaulatien b2 1sgerturhing 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 pfobe 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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-18 WD 2007/ 145801 PCT/ US2007/ 012581 particular, the
probe is preferably heated, using, for exanple, a
w0 esopassmour e control  conponent 115. Conponent PAW/BSaT012581

be an electrical resistance heater or can be a tube
for circulating a tenperature controlled fluid which
can heat or cool. An electrical resistance heater
coul d be powered by an AC or DC power source (not 5
shown). Heating can be controlled by a 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 normal |y

OV|de b feed
G et o BReGRRR AL SRt e BpITR semperature contro
di s:bufpbamel 1550 thhﬁpcga:at 11 Deanstiechrt dletricdlGedikrandd eaer orean be a
prefer mnimzed with the leg of . one or

optF®hn P cljsdleraga tempeaLe Fetielied fivid whigheap,hgptor cool. An

CT @dchriichl fesSiidndearRargColla b% p%mﬁﬁﬁﬂml(lﬁetpouﬁeﬁ‘ Q¥fikke (not
that supplies gas to a graphite backing plate 119

51 oshown)- bHpating cande congrotledbe a tearnperatyrg ¢¢fémlleg érpt shown), set so
paSt A9 %ritﬂret &eseﬂg E&rfi&sll'ibqg ﬁ{e S%H‘l% fre Pénﬁ%%ture of the
RS are

rmconti nuo
prshewaﬂieydphsﬁbdmned to apprOX| rrate the 15 overal |

Aheence Tie it BRIk g BV gnt e Rimish holke 11¢vgam be

gadifabeadas t@ffR fresente 6NaE probe. MEhediStafhanbe tethelpay flow and thus
are normally located in_ the shovverhead el ectrode in

10; hehe plagma ds aqefqrh@ygveaelzes&“g@ﬁéﬁﬂﬁ of epsRTanpLsPRtionglgas feed-
eXEingugﬁ Ylof%'sth Br?ﬁ‘hiev;?roﬁ RALAER ka Bas@a%:él 6 a dUn%Sn plenum (not

ded i n the iInner ectrode part of a nulti-piece
shohewhkthat snmhtes gaieto maabmeelmﬂlqng pateHd@ro¢ated-behind the

Pl aen&lirogla S lfh% %gllﬂgﬁr Cé’a%g)%%ggf L tﬁe gﬁ%&c %ﬁ%goqsalnh tl'?e planar disk

capaci tance nes € Ssensing
su rlflacferm I?bmmuousl igak pds%ﬁgdsamdaare pudfeably positesreidao aﬁlﬁﬁmmatc the

adate ve a rk co ratively with

e oA Byt Slfeet Bk pon Rttt i e dhshhtrat ths pypbe. Ina
Pl éferréd $ibbdinéiitihe @aslpassaies %?@pos‘i@éﬁ&ﬂh@l@é Probe where they are
mechani cal |y and electrlcall¥ hr ough a conducti ve

| edror@plly jgatedgn thesshawerhead os!zsn mesa@swsroé\t%pr@as €
of assermlsxhenﬁmc %TE,lneofamex BLy Bfferh Fye c‘g?g(gc?ﬁ{éﬁfs&ta PIF

renmoval of planar 123 vv| r enov
p amrsbtmmbmsiep o B, mn@ﬁi@mmdre\parttdﬁ raeauieeplb@d shopzghead electrode

208N aalgge%ﬁ)lgqg %l%‘%gr[@ f1 2P lP%H% d%ksllﬁ %%g bé C&?g%ﬂ% a%&uce parasitic

for any wear et ween
ex papadtasce by oa‘ducmgrthadﬁclﬁﬁ:?s ofithe séxcsnhg)sngfdcer Iﬂanar disk 123 has a

ST RN WIS TR A —
an teprdmétk aligh®ehodrid cobd@uétaitydPlanar disk 123 and conductor 122
communicate mechanically and electrically through a conductive leaf spring 125.
25 Leaf spring 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 preeence 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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advanced or retracted within limts of expansion or
conpression of seal 127 to -19 WO 2007/145801
weEO/WERO07/ 012581 thereby nove the surface 207T/U82087/012581
desired position. To ensure that gas feed-through
holes in the probe remain in alignnment, one or nore
keys or pins 124 ensures that torque supplied to
pl anar disk 123 as a result of advanci ng conductive
threaded bolt 226 will not rotate planar disk 123
with respect to insulator 223. To install the keys 5
or pins 124, the surrounding dielectric material 223
is preferably in two parts which fit around the

ext e n.22 I-ef .pl a di sk 3 d
ortby FRGBIRE Sitarg do7 16 A HEHRE! Sasilert afS st af fasTBbe-through
Serhaés inGh€ prybe rer@iainl ifl aligoinaitg ofid 6PMoIeys of PRIEUCU@nsures that
122 and threaded bolt_ 226 from el ectrode 128 and

gr dprAvesuBalisd RPplagdisk 123@s a syt albadvapciag capdyctiye thygaded bolt

el egig WiPhotGblafplinFLLEESBRY With Qes‘ﬁ@@tr Blifsulldir Pﬁo bEo indfAll the keys
10 el ectrical connection to the probe through

5c o rRILREBS 1/%4 e suarpuading| dielectsic praterial233yis prefereblyda éwe parts which
n t
out SI glﬁ%’ter}cs 91:3023 ‘;Prgfé\xl'\éatﬁf Iﬁ%\nﬂrﬁow 123aacr:13 conductor 122

f ecure Shnrongedchy ioohatec22i wbmdxtsesxhs\m klecmuy #dotate pide 123,

1 Sonrb 124 g PPt Bl 3R ek s, PEF i irab it backing plae

| nsmgatlaroraéiﬁobktushmﬁ@uesﬂscaaclbaﬁkneck&aswfd‘mteihetﬂrebe an
prohe 121. Electrical isolation of the probe from

10¢| lestaeR) conuestion|ty thespre'a?rﬂar%'e%ucwusmf'eshrmgﬁ Pa&t 8?6 preferably

22 2ravilides thd éhalribel BontainaRAt, Hord ifsydd i ch&mber tBRBtsdd fRe chamber,
an upper shoulder which fits within a recess in the

uppéroughdewai, wadewnpcupmalieed-fhrguginoseonnestor §10s shetem).
on i nsul ﬁkgf?&&%\%ﬁl Fs%tsér\%Q t(g Ena?l'hﬂéﬂ f% an(af aintain 1ts

i nsul at or e 1 nsul at surroun Isin
i ntormmutationanwacts the ¢hambes intetior. Iﬁeulﬁfm 2231thu5rcomprlses a back

|nsuI tor 22 extends.,to .and 0

St toi Bie of ik Rrot (11 ik dRRo S oL e 0% SORuREgrroce

su rafs&ﬁﬁblglzg ;c;ﬁpretd’dlg))&)m&&uﬁlﬂa{o@ 22D, ewgicasm the thfcpérof a cylindrical
i nsu at Qr ca erlec we Advant ages o a .
out@pe Wit Anpnper Qweiff}a ? ‘éd’lﬁ'?l%‘i“&fe?‘i?sﬂ% ePPEr aﬂfaof backing
CO'"EHL@XIQDY P2%inRF ts@oma@tonrmﬁla@e 208 P AC AT UPptiOsheBRIer of
resulting fromexposure to the plasnma enV|ronnent 25

Gasinfylatar 228 whilcougiHaton 2 suseunds asdiig it wémgje gamtact with insulator
20f e%t %&Hﬂ&s@l&%Zg%gten sCQJ Ari A rt%"i’ﬁp% £ ax‘i rvﬂ ¢ lower

holes int equart2|nsu at or orm
corsurfagoof elgatsocbawggléss,ens?ihg sgdaceids al@;emgaen@osure to the plasma,

Pr e{u%r 1?1%&/1&%955% {:grp gxpte 1%{1960\9{3 OrXIA'@ fa%ep 8{ ovglgtgtl‘ 1n5191atsor include a

d ‘&1
of xbuectmmhehe $ime and mm;ﬁlexntﬁdf parothhtanét, betrhﬁlagﬁSdue to wear

pasrséglggng ?rro?n g opsgStt.lrle 0 ?he 1')125&1!1] gmrrll;gnbn?env’éher e they are
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. In a
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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30 normally | ocated in the showerhead el ectrode in the
absence of the probe. -20 WO 2007/145801

wEFan/WERO07/ 012581 O ring 127 is used to nai NPEI/IS2007/012581
position and electrical isolation of the conductor 122
fromportions of the showerhead assenbly. O ring 127
and key 124 are preferably nade of a nonconducti ve,
heat -resi stant and mechanically resilient mterial
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 :

TR e e N S
enhwddecor 122 friemopurionsedfthe slasieerheddt as@émﬁlyn”lﬂ)-&'ingrllwmd key 124
shower h el ectrode aSS&‘I‘FéJ‘)é is shown in Fl

The QBT GRbD TSR 1 Sone g BT PSS And areapipelly resilicnt

12 hakristSRich s tlﬁﬁoh nﬁ%m%kn%ﬁlrE QQ&rol%ﬁlﬁbﬁEﬁ@Tl can be an electrical
nmodi fi cati ons have been included. In this desi

Soptregiptanceheateras @ tubs fmgrrcw@tl@g a fesoeerpeEncaTalleddivid which can
Ad &n?cl '
ad&g%teneﬁéﬁg? ppghgﬁm H&%@%ﬁégg$agﬁ%ensate for any
di f f er enAischematay depéutmntmiawaddlttohel eeocpwéad adtetriative embodiment of
surf ho rhead el ec ur f ace. hay,
Do P BBE arB IR AREF B R B Rfic8 Wowerhead
adagiéerbde asdentbly és hvasintfIG. ¢ApThe tleeﬁ@els sirildr foathe design shown
t ubul ar. extension 136B tqQ r ecel ve an

10¢ o Jp&G: 14 Erryusgiin thecigperrlecsrode by C%alﬁmfﬁfleat&msgmﬁ%h?en
andnelpasd Cin mistdes@%%l 8P@6nal baKfed @ GtoubR RolRX hEVSh&h oksieed.

and conductor 135 are surrounded by T nsul ator 133,
V\:hl Additienalbs dewgile g eptnlcrr@émeyns fos afivansementef plarer disk 136A to

or SRy TR AR08 ) et Rt 27
pr tea‘ndrsabwrlrgad wiecprade syiave davhbedn dmrlttsdg_r 0 E n (i 5 GFA u gg IOI ar
157 nt af mAP ELT T2 RPmet SR TSGR PR toRafs paresidt Capacitance

I NtAdilag a thhat éxteddion S3Mto ©@Bei0é and1@ofk &hﬁaeﬁ'ﬂtmﬂﬁ With conductor

electrode assenply is conpl eted by external_ insuylator
133185 tmremotealigmenband cqndugiivity, %W}rrﬁ’éfﬂﬁ b%.é A pifhextension 1368

Wi tthd@dndRASF 139194 stEouNdEddY inbdidtopi 83 WhikBS888s tdlelectrically
backi ng plate 25 132. Oring 138 is used to maintain

posiselaterprabriard eendurtos|! 35 fmmathe surrepnding elesade ¢ 39 pnd graphite
20135040[(91? 1!&9 138 n%é?ﬁ’ﬁ& Fj3 frsrg)?efgltﬁ? R@@‘g ﬁa%gmlMch fits around
de o non

Oring I38 i's prefera uctlve
heaubulas extergion 436B seoh smsmbﬂy:lares diskéﬁﬁA angltraaingin its

S gf(.frleerl)t at%%ftlo%grc%s'&hé ﬁa{rﬁ@ér iIcl:t%lqE)l[. ollilegtll—iggleis&ggioril of {hrcle 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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30 graphite backing plate 132. An RF feed rod 134
establishing electrical contact with the probe is

wa@ bwan4iser pendi cul ar to the plane of the di agreem/us2007/012581
enbedded within -21 WO 2007/ 145801 PCT/ US2007/ 012581
conductor 135. In order to establish the electrica
circuit necessary to operate the probe, RF feed rod
134 preferably traverses the chanber contai nnent, from
inside the chanber to outside the chanber, through a
wal I, wi ndow, vacuum feed-through or connector (not
shown). Planar disk 136A nai ntains good el ectri cal
contact with 5 the conductor 135 through t he use of a

l(a\)e({%e Héﬁ’(%thln g% (%rggrdtﬁ%ﬂaal?sehs%ggetle%klgaq rcu c%gﬁél é)eQ'ate the
of prokbe, Rt feedfrodilMpmﬁrhlﬂgdraemﬂ’ﬂieychhﬁfbeV\ﬁbmhnﬁﬁm from inside

i ncl ude one or e. probes i g shqown 14. The
shdtie Fhamberde ﬁﬁ&sr%éée gharber, e qmyé Vrisdapyevagpum feed-through

0ptdrQBaheds bﬂﬂxd@ﬁﬁb ?[anlﬂalsﬁ 98 GA%alh%xﬁJfoncH?ecmcal contact with
el ectrode 14 10 a'thermal control plate 141, and

5t ophe Fenductord 35‘rh@ugb hepisarof aleaf spainshad ﬁpr@dmﬁ@mmr goating
ﬁ¥§3 Rgychanber. The top
gdgpﬂ%%te&éﬁ%m%r?e er g{)ﬁ%‘?@%ﬁl %des an inner el ectrode
merrber ]ABphmmiwaiepmJtonmf anedalfarf asdhewertedd asscmhbyellOO which can
nner el ectrode. nmenbe 4 r.ef er a
oy PSIUPE ohf Ofofe HRhE R SpORMATFIC g < af G eofhprises a top
desdl¢strbdet1A8 ahdag loptioth] Gdtleing eetntarAde Secidbd tolthé tepélectrode 143,
be 15 nade of @p Si nﬁl e pJCece of materj al
late; 144 an

CvD
105 |3 thgrngl £opirgkplats; 3 {on plptei46; ddys top Pfa&t ﬁ‘@? can form a
SUi bRV EL 18RS Watlof a PRmAPreEesSin@chhfBer. "ERDRP cletfroda 43

be a continuous nmenber (e.g., a poly- silicon or
s| | preferably insluties ga pner elestrode g@ng)cr iLA%)and@n aptional outer electrode

e angeégdnl FEMRR ink&- e%cgm%e ﬁine,ﬁﬁ&%@t.sﬁ&%&ga S eylindricg) disk made

naring con uration, suc as s
Si rtg'lsmglé)cxysgai;mhboml Ifi desxred theninapbard] ootert ﬁe@ﬂ'tﬂilee i145,t 148 can be

EHX T ORTRL AT R T ——

edgﬁsotM|sghab1eyﬁrtérm each other to protect an
under | yi ng bonding material from exposure to plasna.

A pi asnal BoPHtEheremdemembasiddisnpe@gantigpengpember (e.g., a poly-

Pr efis o rsiliion @HIES mchfber, %HEI? ﬁs & hﬂgf fo? ‘A%egrhgﬁe& ﬂ'ﬂ:@d’ber (e.g., 2-6
el ectrode nenber 145 cEreferab i nclCudes nultiple gas

25 SSRAFSIERESMENtS Angechinecting gonfiguraiien; sughnas segments of single

202 Fgcc sthl I}e 1@%‘3‘%{)8&?&&,&% ?fr?it(}gé to#’@l: H ec#eg?tgtbﬁﬁudes a multiple-

f orsegmanpower elckitrigle memierdid 7t the spgmepts preferablyt llmye edges which
O SRR B P i p R PR SR 8re o
6, Sldsnt 7A pldvenaldohtinemetitring assbmbly (ndt 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

-22-



hereby incorporated by reference. 30 FIG 14 al so
shows an exenpl ary enbodi nent of probes of the type
wGebamrn4ssdin FI G 2 enbedded i n shower head el ectror®s2007/012581
assenbly 140, which can incorporate -22 W
2007/ 145801 PCT/ US2007/ 012581 one or nore such probes.
Si nce probes shown in FIGS. 11 and 12 conprise
optional gas feed-through holes, the top el ectrode
143 preferably corresponds to 118 and 128 of FIGS.
11, and 12, respectively. Al so, backing nenber 142
preferably corresponds to 119 and 129 of FIGS. 11,
12, respectively. For exanple, probe 148 5 is

a1 IR 0 BTG St ArooR) o, i T Cqrfape optiona

t hegaR fedRths PN hO1Es, leGop iecHBES 1 ADbrefeablyi coeregpends@6d18 and 128
throu h hol es, outer electrode 147 preferabl
corq ESndd. and 12, sespeRsiyelv: 3bises backigz mgmb erAlfg?opreferably

o er"%'r" Roto; 2110 9'19 %@ﬁ@g i',f‘lllcﬁ& elfle‘iﬁ‘tljeype%fi{/éﬁs 7P @ﬁarﬁﬁle probe 148

contr ol ate . For exanp
5pr ab erdd@blyscqmﬁ’gﬁmdabiﬂy gmﬁ:ﬁdgh,megh hpbh.cmtargﬁst prebes depicted in

es lke t he be sh
ex e@ﬁ- g?%ng:}ﬁlﬁr 1% H‘°§ sheneabt oy ‘“%as‘%a‘ﬁ’ﬁr?é‘é’é‘g%m&q“ gas feed-
c hafifftighiiolesaoaier eletesdeni 47 prafepatdy ebm'es@oﬁdi)mblﬁafddel 189 of FIG.
shown in FILG

5. The d t ed .
1o hltacihermey Sonfpreeec Al ipra A, CaRpARG OBl control plate
sysiane@Me. h18birer et L;ﬁ'UbB@W A PrifefMlY e6¥ig12Bd withdut gas feed-

system 150 i ncl udes a chanber having an 15 interior

101 5 7threaighthelese ke thezprelessshosn inddGuddpr essure by a
vacuum p
of the rég%f( %‘?‘glag gﬁﬂﬁﬁ-} ggéﬁ‘?’%ﬁg& % HLE%J“& gn%‘%gs as ma
r eaarcordahcowith agaefefred ckrr(bndtmem dsshownAnrfEH. Um d@lnsiep'ycted system

pl ag gam leg(f’[;g% tég,‘%ms;'{x]ﬂéqurﬁs Ctsgﬁg%ﬁ%h&goo system available

s OUfr6@ 9 and B@sdaScEOpRoridnl [Theughtem 15 iabludgs #ehabér having an
(not shown) tqQ a, powered | ower 20 el ectrode 151. The

RF 9518 é§)7 mmam@d%eﬂﬁs'teénwg%m@aeﬁsar%% VICURE Bee 158

at hnedEd 304 08t1dR the MOMOMESS the E‘Eﬂ%’i&u EEtGHHE gﬁ@is‘ supplied to the

of different frequency sources could be use | asma

co nmlammtqrsfroaxs giges tagd (fpotsbawnh eﬁsgmdlum@@srm plasmy is generated
upp t rode

P Dhe B b ol b ferl HARELAN SuleReifi MINEREEY ot RE sources
sh omm is suppldzdchhnmghtmalchmgrmmtaki (ootcihooin) ¢ESPpwetss lower

gh b
20T 1 DiereE SOpeR B Ao gD bR APl pply RE power at 27
be Nﬁbéjancﬁzlm‘lil&lom@er e ANE Yo iiBinatiohs 65diff¥ent frequency sources

capacitively coupled reactors where RF
pcould be usg/d Plaspma confinement is assisted by coggnement rings 154. An upper

1

N

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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supplied to both el ectrodes, such as the dua
frequency plasnma etch reactor described in comonly
wowmed4d80s. Pat. No. 6,090, 304, the di scl osur epof/ustvnTn2581
is hereby 30 incorporated by reference. Although
preferred enbodi nents have been di scussed in
conjunction with capacitively coupl ed plasma
processi ng chanbers, the -23 WD 2007/ 145801
PCT/ US2007/ 012581 enbodi nents al so apply to
i nductivel y-coupl ed pl asma processing chanbers (such
as Transforner Coupled Plasma or TCPTM pl asna
processi ng chanbers from Lam Research Cbrporation)

8: o%rllég élhl%gtsc sCollﬁoﬁé)ﬁ 1y lgg\}ﬁrll% \é}%%s%lgg%a Rrocﬁs&lg e]!tjrambers (such
shoysTRhsPahePCOlEd PrAsHA 00 TI'QIPGG pldsnéa pra&;mag h:ﬁﬂrdbers from Lam
el ectrode, a probe coul d be |ncorporated in_othe
chaRessarghLrerporation);jon glectram cyslpen sppagce (FER) Rﬁa@e@rocessmg
to ¢higngkasma environnent within the chanber, such as
awll, aliner, a confinenent ring, a focus ring,

Sl ect r odWhilgi the &neg@ag Fifat 1%@@%@1@@3 paobes rltlmctrewd m a

pl aécl,% g e?é&%ﬁ éro%é‘ P,{i’t%tbe iht Ph&ARa iRoARE &!mﬂnﬂ@ arts
Isposed 1nt tral part of an upper electro

| n progateditie prbe sudaqel 1asmapse¢m thegtlans glveeneot witbm the

substrat e, sposed.i n an out er, art of

cpptntsr sueh afa el A Aon Gheipfitofil & fosinecea pietrode
abow@heutgabsutledk ga gdgdigtributiéhplatecdidarkiubetiite sdpport. A planar probe
(ﬁlurallty of the Erobes are di sposed_ such that t he

en®AK ge disppsgcinghe coniral pat 9§ am HEPST £lqcigde HEordst {9 peAsure plasma
of  SarBmeRABCIGHABRRE suthtraf, B Mﬁ?bhﬁyspggedqh%tﬂ%t&?d%tgg the upper

provide information related to the uniformty o
pl aglpetrodgrsodha| ldlspmw%ﬂhﬁlﬂmb'@bﬁa? a rsebsatam/e

cali bratypn rﬁfé"r eﬁ;s@am 1, ?g‘@ef*@@ obs %r sie8§§ that the
at or near e center o e an
ad dsdnsmgahrfpce)dnfethe poahek drd)ﬁscqngshet interémt oa“ta ;ﬂlasiriae:ﬂmntber A

ad|| fro cent iti.on within the sho

1 ol rte OF byBeE R breRs S nafiot TRk 1G Ao T it the
det pliabm drh:onﬁf;ﬁbemeenhmeaﬁl ﬁd)ﬁWédaﬁbﬁiﬁbﬁleBEBiﬁnple a probe could
thereof it will be apparent to those skilled in

ar t P Pagitionss)at O Bear i HRer #{Ahe Hhever bend Sleeirods AN additional probes

mid@oul@ Bd pSgHbl‘{éi ﬁ%ffer%maeﬁ 2fobm Meldapisk pogﬁgﬁ Withftthe showerhead
fromthe s%Ng t he appended clains. -

200¢leatnsizo 1 @ﬁ@sammi@s deen wmcgncmmm reference to
20 NElaftk erqum@h{s WdrBSE, f IR B pReRE N ose SR iR thPart that

t he "step
various changes and modifications can be made, and equivalents employed, without

departing from the scope of the appended claims.
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initiating a plasma process within a plasma chanber; 5
obt ai ni ng plasma paraneter data on the plasna process
wobmraissot he plasma paraneter data i s obtai neRchys28®012581
of a probe wherein a sensing surface of the probe is
exposed to the plasma and is coextensive with a wal
or conponent surface wthin the plasma chanber; and
eval uating the plasma paranmeter data for indications
of a fault 10 condition. 2. The nmethod of Caiml1l,
wherein the nmethod of evaluating the plasna paraneter
data includes, any conbination of: storing the plasm
paranmeter data on a conputer-readable storage 15
medy Ll tering the plasma paraneter data,
sug$g§¥i%§k§2ggg?g§§a paranmeter data to an al gorithm
subj ecting the plasnma paraneter data to a mat hemati cal
oper ati on; nd_20 cqonparing the plasma paraneter dat
to exi stéﬁ’@etﬁ%ff EF SRIOHRE A Plasiph BIRCFRSEBRITIAE Y steps of
i nt erpretati Ofitiating, d;slslﬁna Eﬁié_aggqeitmh aPp184rAd HSarhiRROr t
and/or warning based on the interpretation. 3. The )
Smet hod of O afbipiningplasred parametqs|datanen tha plapmacprogess avherein the
is ' It . t [ bj
or 2 et e Qb Ry 3 B0 e X B el sl Surface of the
pogirbboseppsedao tisrplasma ane isdioegtensint ovith a wdll@r component surface
fre n% bf' asedhsug ace, or at a grounded surface. 30
5. 1 HE RETBF AT IS wherein the probe is a
pl anar ion flevahidting)thé pra€mMA HammdieidataforGhdicaedng of a fault
coupl ed praobe. -25 WO 2007/145801 PCT/ US2007/ 012581

105 The Y¥Phf Caim 1, wherein the plasma parameter
data is obtained by producing a surface wave at a
dielectric plasma interface and neasuring | asma

derki ty bre matodefCait 1.wiereinrthemsthogef evalupting the plasma
data i 's tesfhiPlds sNIGE, ol AR BETE D0 OTELT g
t he cour se of stpring deplaggmapavafmeter data)ontdx@mputer-readable storage
15 medium system,
filtering the plasma parameter data,
subjecting the plasma parameter data to an algorithm,
subjecting the plasma parameter data to a mathematical operation;
and
20 comparing the plasma parameter data to existing reference data,

which results in an interpretation; and, the issuance of a status report and/or

warning based on the interpretation.

3. The method of Claim 1, wherein the plasma parameter data is obtained
25 without substantively perturbing the plasma.
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.

30 5. The method of Claim 1, wherein the probe is a planar ion flux (PIF) type or a

non-capacitively coupled probe.
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pl asma paraneter data conprises post-RF ranp plasma

density data and/or (c) the plasma paraneter data
w@orpnisses a randomretuni ng of an RF 10 mat chPemUS2007/012581

system of the plasma chanber. 8. The nethod of C aim

7, wherein the series of neasurenents of a plasm

paraneter as a function of tinme are plotted in graph

form 15 9. The nmethod of Caim?7, wherein the fault

condition is a build-up of process by-products in the

process chanber or a heliumleak. 10. The nethod of

Claim?7, wherein (a) a change in the slope of the

post-RF ranp plasna density data is used to indicate

the plasma chanber fault 20 condition is a build-up of

process by-products in the process chanber, (b) an

osa.| | at Timethodiof (lhias hpwhisini thypa%merpamnd?& daams dYtained by

bet ween abgut 5% and- about 20% of the absol | ue

of the pPeEHEPgasuriace Waveatadicisctrighlasmading co af‘ measuring
pl asma chiaghs bedsiy! dn tﬁ@BQ&l& bPiEe Is@rfRcdWwhie!m | eak and/ or

(c) an oscillation of the plasm density of anplitude

5l ess than 5% of the absolute value of the 25 plasna
density I i

af Chr g elnod Uik, Gh%ehlBPR A RGARamBRE Uk i ollcted as
pl asma chsartesof ﬁrmabmremndldurmg thescaurseaofjonressmgtaumafier (b) the

of the chln 11 The d of

oher or n R Parectss HPla chbanrsis pARRL frofit ol B sy data andror
i ndi cat gc) ttpladira piuaﬁiéaar daardeniprisasih tandenhieturiig bfan RF

t he occurregce of ap stablllgation rate. -26 WO

105007/ 14980 APEREISTOBEARD Plsme chamberrhe et hod of O ai m
7, wherein stability in the anplltude of the plasnma
denS|ty after match tuning takes nore than about one
hal& secbrimgtiodraf Claim v whergintthe periesof gprasurements of a plasma

equi | brﬁd&ﬁ?g%k 08 a FhRHOR B LR 40 Bl onteﬁs gla%ﬁ%nﬁha”ber

5 fault ‘condition is the occurre ce o
stabilization rate. 13 The nmethod of Claim 1, wherein

St pl ashie RRURRaY Ca ¢ whiTaih b ool i of process

of a | osisy-pfoduplsaf e $:06¢ss RAAABEr orkbhelihm TBaR. et hod of
Caim1, wherein the plasm paraneter data is used to
i ndicate that the plasnma chanber fault condition is

t heygoccurkeRemordliofl@8#n 9f wherein (a) a change in the slope of the post-RF

ramp plasma density data is used to indicate the plasma chamber fault

20 condition is a build-up of process by-products in the process chamber, (b) 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 and/or (c) an oscillation
of the plasma density of amplitude less than 5% of the absolute value of the

25 plasma density and_of duration less than S 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.

11. The method of Claim 1, wherein the plasma parameter data is used to
30 indicate that the plasma chamber fault condition is the occurrence of a poor

stabilization rate.
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chanmber matching in a group of plasma chanbers running
the sane process recipe on the sane type of wafers.
w@20015458The net hod of Claim 2, wherein (a) thePGL/HS2987/012581
report and/or warning initiates a corrective step in
the system (b) the status report and/or warning
records the interpretation in a | og containing wafer
hi story and/or (c) the status report and/or warning
stops the processing of a wafer in the plasma chanber.
20 16. An apparatus for performng the nethod of C aim
1, wherein (a) the probe is enbedded in the wall or
in any of the foll ow ng conponents of a plasna
processi ng chanber: a showerhead el ectrode, a liner, a
confinement ring, a focus ring, an electrode w thout

gasi|2out | EHiémethod a$ omlﬁi 7,IvehdréiarstdVidd/an mxﬂ%mﬁde of the plasma
substrate support, theﬁ&ﬁobe i's heated

t enper at N8Ity Bﬂ?rrféi‘mh GHH% § mofe )hapﬁéob‘r%é‘aﬂfssecond before

capabl e QfurhABRS RS ﬁdﬂég e&lgrlblthfllf[ﬁﬁﬁn Hd@dan‘ﬁ@ Hhat tl'i@ﬁlﬁsma chamber
bet ween a sensi ng surface of the rO e and an a Jacent

Sand sur riouligbndjtios inthe eecustenge @ﬁamber stabifipafinermate. n
whi ch the probe is enbedded and/or (d) the probe is
enbedded in any of a capacitively coupled plasma
pr ddessi Tige method affilt4im Brwheteinahe plakya parypherel datasnsed to

proceSS|n cha d an eI C clotr

FcoonancBUishEale by BRSTERYTBHED R B9 e occurrence of aloss of
2007/145@Q§nf§&ﬁh§aQQF/012581 17. - The appar at us of

Claim 16, wherein the PIF probe is enbedded in the

10i nner or outer electrode part of a multi-piece

shoyer hepgl SlRoh 0P ekaiftSH eré{m tﬁe %l%sml'b%ra%&?&f R 1SEd to

C ai m 16, mhereln the priobe iIs ated’'in a shower head
el ect r odedicatt th#ehppbbma@bmpbcrs@glt@nedlupn ipthe ogals'rence of lack of

feed-t hr gy epgla?%hn it earéﬂ ol of pladhaRtBamBers nf.ulian%% - 5ame process

sensing surtace surface
pr obe anﬂo@ebnﬁh&mgmsnbeed“mﬁﬁsugh hol es are
positioned to approximate the overall gas

5di stribution pattern that woul d exist in the absence

of tshe IPhemetheddf Cidiin 2,Rehgein (AESe-stahiniepbrt AnlRS wakling initiates
positioned in the prohe ‘Wher e t hey woul d ot herw se be

| ocat ed 3 FPHIFEVE ﬁm Heysiers éP}t&aétqﬂef repert apd/ep warnipg records
the probge id€rp r&gﬁo@ﬂ%foﬁt&ﬁta@r‘;mgugdﬁp HistoW e (c] IR status report

pl asma paraneter data | s obtalne
and/or warning stops the processing of a wafer in the plasma chamber.

20
16. An apparatus for performing the method of Claim 1, wherein (a) the probe is

embedded in the wall or in any of the following components of a plasma
processing chamber: a showerhead electrode, a liner, a confinement ring, a
focus ring, an electrode without gas outlets, a gas distribution plate and a

25 substrate support, (b) the probe is heated by use of a temperature control
component, (c) the probe is capable of compensating for differential wear
rate between a sensing surface of the probe and an adjacent and surrounding
surface of a chamber component in which the probe is embedded and/or (d)
the probe is embedded in any of a capacitively coupled plasma processing

30 chamber, an inductively-coupled plasma processing chamber and an electron

cyclotron resonance plasma processing chamber.
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15 use of a plurality of probes. 20. The apparatus of

Claim 18, wherein the plurality of probes is disposed
waeemh/1488hat a sensi ng surface of each of the ppObES200%012581

exposed to the plasma and is substantively copl anar

with a wall or conponent surface within the plasma 20

chanber. -28

17. The apparatus of Claim 16, wherein the PIF probe is embedded in the inner

or outer electrode part of a multi-piece showerhead electrode assembly.

5 18 The apparatus of Claim 16, wherein the probe is located ina showerhead
electrode and the probe comprises one or more gas feed-through holes
creating a gas passage from the sensing surface, through, to the back surface
of the probe and (a) the gas feed-through holes are positioned to approximate
the overall gas distribution pattern that would exist in the absence of the

10 probe or (b) the gas feed-through holes are positioned in the probe where
they would otherwise be located in the showerhead electrode in the absence

of the probe.

19. The apparatus of Claim 1, wherein the plasma parameter data is obtained by

15 use of a plurality of probes.

20. The apparatus of Claim 18, 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

20 chamber.
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