METHODS AND APPARATUS FOR MONI TORI NG A PROCESS IN A

PLASMA PROCESSI NG SYSTEM BY MEASURI NG A PLASNVA
WO-REQUENSY BACKGROUND OF THE | NVENTI ON [ 0001] AdTEUS2005/034312

present invention relates in general to substrate

manuf acturing technologies and in particular to
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as one used in flat panel display manufacturing,
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is c\émmong/ usad go control the DC bias and the ion bombardment energy. Further coupled to

source RF generator 134 and bias RF generator 138 is matching network 136, that attempts to
match the impedance of the RF power sources to that of plasma 110. In addition, matching
network 136 may also include a V/I probe (not shown) that can measure the voltage and
impedance of a current transmitted to plasma 110, as well as the ability to modify a generated
plasma frequency in order to better optimize the plasma to process conditions.

[0005] Generally, an appropriate set of gases is flowed into chamber 102 through an

inlet in a top electrode 104 from gas distribution system 122. These plasma processing gases
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I npedance of a current transmtted to plasma 110, as
well as the ability to nodify a generated plasma
wo eguerssy in order to better optimze the pl aBtEUS®05/034312
process conditions. [0005] Generally, an appropriate
set of gases is flowed into chanber 102 through an
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of cpgtaﬁfqag%ﬁtuéuaﬁlgldepen%ent on the spec1 ic plasma process (e. g %emlstry, power,

and temperature) and the initial surface condition of chamber. Since fully removing deposits
may be time consuming, a plasma processing system chamber is generally only substantially

cleaned when the particle contamination levels reach unacceptable levels, when the plasma



substantially stable process conditions becone even
nore stringent in order to maintain a uniformetch
WO 2a10e/041l68@r ove yield, etc. [0009] Contam nati oPCT/US2005/034312
particular, tends to present a substantial problem
The degree of contam nation is usually dependent on
protdising PBtant inQst(be apeRd ¥ RPRSSa {dhs@inabl€HAIRISE (e)p., ddBBAg, etc.), or
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[00£6)NS UM NGkevAseP hA8WEre RERABRHINIsSKRIRFHE PRBRAatiE.SAs plasma
generally only substantially cleaned when the particle
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citfipfaf B sl Toe ool B oL R IR Qe lectrial
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g‘%ngonglﬂti Qf a plasnma processing system may be
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MORISEE [BPFSASSIN aPHEMP PEpsARing spies by meswiring aplasw figguenoy.
the electrical characteristics of plasma processing
system conponents. The creation of sinplified

enpi ri cal SUMMARY OF THE INVENTION
[0015] The invention relates, in one embodiment, in a plasma processing system, to a
method for in-situ monitoring a process in a plasma processing system having a plasma
processing chamber. The method includes positioning a substrate in the plasma processing
chamber. The method also includes striking a plasma within the plasma processing chamber
while the substrate is disposed within the plasma processing chamber. The method further

includes obtaining a measured plasma frequency that exists after the plasma is struck, the
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nodel s may only be done infrequently, and only by

trai ned personnel. [0014] In view of the foregoing,
wa bes/ed4i@se desired nmet hods and apparat us for nECE/USR003I@E4312

a process in a plasma processing system by neasuring a

pl asma frequency. SUMMARY OF THE | NVENTI ON [ 0015] The
medsié@ PlasMR fie@leAt e Falud vtz fRBh@RIMRigh thel Plasthallé AHBM and at least a

processjng system to neého for in-situ nnnltorlnp
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fre ugg%x val.ue eﬁéglope. %O?lG% The i nventjon
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whé&Vthé fItm4 B aBEenBaHUM RabtS sbUndivAtug Uifferdi®RbinQhd MGt Palue when the

process in _a plasma processing systen1haviqg a plasm
plagmayis peessnig f theapagered Naemadspaengy yalue dxoyitidesofz nfﬁcffﬁ§e<bwlasma
freqiefdyl vaflidl i Gel&peS H}é%};}?éﬁtﬁs fuRthEhfclided TR afd HC8RSIafik the measured
chartber. The apparatus further includes a neans of
plasma fir¢querryavapieagtheanvitrinuta of the ppsicessma. pr ocessi ng chanber
while the substrate is disposed within the plasna
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IRy B0 B e U BNE BRI ASE ! SSRHET ML tollowing
figyreequency val ue having a first val ue when the plasm
is absent and at | east a second value different from
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reasured bl asEr PRLATTINR! HF Thf: GHASIERT @
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._reasure | as requency.value with an attri bute of
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ref@ht@Sifiilar d1EMENS A n Whidh: be described in nmore detail
bel ow in _the detailed description of the invention and

001 conj JiEt | ShowriastmplHied dineragmplrgcapacitirescoupled plasma processing

system;

[0020] FIG. 2 shows a simplified statistical process control diagram of a set of blanket
oxide etches in a particular same plasma processing system, according to one embodiment of
the invention;

[0021] FIG. 3 shows the simplified diagram of FIG. 2, with the addition of the backside

He flow plot, according to one embodiment of the invention;



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0018] The present
invention is illustrated by way of exanple, and not by
worrye/ofiéisi mtation, in the figures of the accEqIarsznesg34312
drawi ngs and in which like reference nunerals refer to

simlar elenments and in which: [0019] FIG 1 shows a

(0032l i fi e diROKS4Re @fm ﬁ@@@@ aPnI df?ll(g ?Wfﬁltﬁéjad?llltﬁﬁn@the
processi ng syst en shows ‘a si npl

meagugediimpedagee ra%é/%z %@m /éproée agmﬁmfo @negmboénment ofthe
invBlippket oxide etches in a particular same plasma
proceSS| ng system accordi ng to one enbodi nent of the

vent i [
oo 9 L OREHREL e PR By SioppE A
mepﬁumd impedaneaiiond MIdz afrike ¥fHporbe rasnerding to bree dnmhodimént of the
vangZZ] FIG 4 shows the sinplified diagramof FIG 2,
W th the addition of the neasured i npedance for 27 MHz

ot Y. B S T TR0,
memsfurdalf@quéhcy Wort27 NMHe atttiel VT ppobepiccbtiéngne asuembbdnmaﬁabﬁmee

2 MHz at the V/I probe, according to one
‘"VS‘?H?Bdl ment of the invention; [0024] FIG 6 shows the

o2 5, R S o B S R

meauEArifipEdint OplRABEarRIeA tha e brobé, acdiding westel eibod if¥ARSM the
. FIG 7 shows the sinplified diagramof FIG 2, with
inveRonai ti on of the measured i npedance phase angl e at

the V/I ro e, accordj o one_enbodi nent of . th
[Oqzﬁl\/em i gﬁlaowscposglg!) 1f% iaggana pfamethod fqﬁglllq ipysih momtormg ofa

pro@és@,%@dlfhﬂ& t@onEdniRMihédk of H€invBntht U NONitoring of a
process, according to one enbodi nent of the invention.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
[0027] The present invention will now be described in

det ai IDEFAILEDPESCRIPTION QF THE PREFERRESEMBOIIMENTS

O 20 R LSS SR RS v
prefeetediembodimgnis ¢gherdafias Hlustratest id ¢re acoompapying drawingso do thgtfollowing
description, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps and/or structures have not been described in detail in
order to not unnecessarily obscure the present invention.

[0028] While not wishing to be bound by theory, it is believed by the inventor herein
that a substantially easy-to-measure plasma parameter excursion can be correlated to a
substantially difficult-to-measure substrate attribute excursion. Generally, an excursion
represents a data point that is outside of an established statistical range or a value envelope.
That is, an excursion may be a data point above a statistical upper control limit or below a
statistical lower control limit. In a plasma process, any excursion that goes undetected or is not
forestalled may place a significant amount of substrate material at risk.

[0029] For example, in the normal course of operation, plasma parameters are expected

to remain within a particular range or value envelope (i.e., a set of impedances for each plasma
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under st andi ng of the present invention. It wll be

apparent, however, to one skilled in the art, that the
w@e@sentssé nventi on may be practiced without sSOPET/US2085/034312

of these specific details. In other instances, well

known process steps and/or structures have not been
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003y
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the ALY ADB R T TS RO BZOTVEBES GRSl e,
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expect ed® tO%ﬁé“ eﬂthi n a particular range or v&fqyationl)

whe2dX a4 9p@ti€ilardcored pSeihe Aeah, ARG NAN R HuMBEr FREdies.
[00?' asmaf requency, a set qof phase angles for each

| as
HequenklpwexerpplasmaRpeessing egiRetars optipiged fosrand éerwe tend to be

verPiesifive fof e ?R@&X par@meRhsl - MeRFork ook A8 en Eﬂoﬁle}n my}ila%ma

range is often 3 standard devi ations (or 3s) sone
progessipggystsm, pauhstrate giribytoemersionlbh dampionseetratate ﬁtcos:)m b

I
conlBRG pishy faraiaf Slith (RSB e ea i hirtsd iFa
partidylar ﬁemna)n gtegt dihalas.ch mdiculat pohleof wauldalsortend to cause a set of
excgljsf?)hg fntf)%fﬂ Ae gﬁirg% &\g%ﬂ‘e}isttié%sdbgt{#;oséén?mgn gl%s i Cgt.%gés%mg 8roblems
(andﬂhﬂnae passibte, predess éxcuﬂsnmsa) 1mdudtajhatdbatcbntbmina0m, pwsmufstrﬁ&%ll
one tan i ation, of t

dange ot 4RI oS SN a0 B Ao B P er s S forpgpgature

out dfspieéificanion, ikd REhabRee miprapeely 2bmieted 96lQktct he scores are
ndards devi ati ons of the nean. s=

t hi h
lﬂﬂﬂl 2 ‘f[m%(e@eﬁq?atme&ﬁ apprigiainecag bp detgrmyjned beé\ﬁ?e&ran§ée}§r@0n in

the [Hlpeﬂartce Rf AERR poRBicholtck Gt 4 pRtiduFBRudby S5l ﬁﬁstrz{ttg%ﬂute
However , plasnma processing recipes are optim zed for,

eXCUIRION Kt c RN PRYOISESH G316 e88a)-t | ve to, the pl asna
[0095}" 2MBt & ShothkREBE Rt :IQJrre@atlgh xﬁnbeoo[??e%ﬁ{za ibBew el b ERrsion

proceSS| ng syst em a su bstrate attr ut e excursion
of a(freqeency imp freqrencyetuoed plasnes systew.and g avbsbiate atiribwt excadsiange.g.,

1mp?orp9 @%%%ﬁ&%ﬁg‘ﬂtg oertceg Cp ﬁbé}gl Fr%(}u%P?y éuﬁpaﬁ@‘gsnn?ae%y\é@eyg Can modify
a seil'hféfrequmcm upatt tbigendrate therpddsinein wded td nahistzd the ekfleoted porser
durl%g %%trocggs. As a result, the frequency changes as a response to the changes in plasma
impedance.

[0034] In another embodiment, a correlation can be determined between an excursion
in a phase angle of an RF power source at a particular frequency and a substrate attribute

excursion (e.g., improper photoresist etch rate, etc.).



excursions in both the plasma as well as the
substrate. Common pl asma processi ng problens (and
whenee41ee6si bl e process excursions) include chetmbEs2005/034312
contam nation, plasma structural damage and
deterioration, gas pressure |leak, gas flow m xture
[00313’10 bl emn glvaHEbehbéEMBR] édHeRition tarte ®RSMireH Batvietian B@drsion
. RF cable, inproperly connected cable, etc. [0032] In
in agplEbispieltAcrend a subskaie pEIRIG BRuEion (b8 HrenarPhpresist etch rate,
etc.petween an excursion in the inpedance of an RF power
source at a particul ar. frequency and a substrate
003t rib uﬁ@n@ryd@u B elgeiric dield must hgpganerared jirs irofrent jof the sulpstrate (e.g.,

betwédh the s%Bé“tra)ce arJdQQeg]giLsgle vﬁﬁfb‘ﬁt\hg QBQ\P‘&B@%ME of éfficient enerFy to

correlation can erm ned b en an excursion of
bonzbafd thesibntrate.i [Comnfiandygkremanas iselfrbids poltigeahsgrsatemthe pelential
. bstr at ttribute : e L
dlffégrﬁré eé)regxée?gt% atélg('t: e prl%ls g?&?sgp%gs ?ol{age, ghee rg«';%%tﬁé’t%ﬁdency of the
subdtragio @ty plasnedom. dfoveevely sineavsvalapge paelitial/diffesate by also exist

frequenci es,.used to nerate the pl as in order .to ,.
betwseR thi B gsnia dischaver and HRet nsRste SPEERGS & (B¢ plawas Chagber, which may
therﬁﬁmls Hivedt e ;flﬁmu@isqy_ ong hﬁ@g&&f%i.ﬁ, dhlﬁﬁlbﬁnﬁﬂlﬁl@pbﬁ‘@ectrode,
cnanges.In asna | npedance, ) n anqQt he
etc.y foé&‘fﬁ&?t"f’ﬁﬁgedﬁlﬁf #rahavsR S&%ﬁtﬁnﬁél?w%fg&pﬁfeﬁ%ﬂ dbfréﬁtr?ﬂ?éé tp these

surfades USabseduehfly, 3 REBIER 1R AoBld¥ndab afféct RRWsmAOAHIIRNE the
particul ar frequency and a substrate attribute

subgtsatqu wvopldralsodeny to affeqs thaself-biasyolizessi st etch rate,

c.). : ' l &L :
0P ) DRSS e SRS, ERL 4 e
somedy peerf & Faproavea saudss tQftenetheretis # snures Rikgruersion psqdeto generate and
cor LR P LRG3 b i gy k802 By s e
biaf andntlhe iofi bombardmbisttenage. ThesgRF shatese artutnhare soinstonbtopupled to

and the asma), . which wll allow pl L ons, of
the B3 oo MRANSE bt vtk ot SR P BPecain s e power
soulkdaownthasf pRbha.bi as voltage, the greater the potenti al
[fference between it and the plasma di scharge
00 alfeddition. mrtEhipe PR m@ﬁweauw Pheraliits can mee
vol@gd M?éurﬁh@@)"’?bés@ RAfgle [4) WEIMRER thS VDR AVY &ldt@8ent (1) of the plasma,
potenti al di ff erence may al so exi st between the plasm

impgdagem e )gdeliyprgd pewess fanypidiparge reflodied pewe. feActive POpPrstiigction
coefitAR&le. FMiRthGhof B Yhe HALHRS Péeﬁg%x%i' xNa%ratlsoltrH@difgfLaageH?raieQ Bfasma

fromthe substrate (i.e., er ‘'wall's, dpper
frequiepqyt withde an establiphediringe yalup etvelope pprderge beites optiinize thegpesma to

oL AL 0L B S SBSEfoy  tor

fre@iehactuste gehasteshe @mthahie paeraly eefemdsbtb aat Eequwency-thnad plasma

Sys{e%r']d to affect the self-bias voltage.
[0039] Delivered power can generally be derived as follows:

Power= V xIxcos(0) (Equation 2)
[0040] Impedance, a complex number, can generally be derived as:

Z= Vio/lp=RHX (Equation 3)

where V) is the voltage at fundamental (peak voltage), Iy is the current at fundamental (peak

current), R is the real resistance, j = sqrt(-1) (the imaginary part of a complex number), and X

7



[0037] As previously described, plasm processing

systens are often powered with sone type of RF power
WGEoh0e6s6X ten, there is a source RF gener at or PUBES2008034312

generate and control the plasnma density, and a bias RF

generator comonly used to control the plasma DC bi as

is tHRREMPRY réaLRANEO MM FIEERACtARE ISR -exJrafRsh JRtheSRiné ﬁﬁwhlblﬂan
turn, are commonly coupled to the plasma throu

electrapic KPRBONSEY WOFdR andheleasaseBFFY as the cyeant pnd yaltag ‘@(ﬂ‘éﬁ%\é‘th each
AC e§clé Qﬁhﬁger&pawm%awvﬁﬁﬁ aﬁ@ur 'ﬁ%&uéﬂf:y Qér%?élﬁg/ $.0038] In

dition; matchi net wor al so include a V/I
[001id obe t bt tl@atngmi@rafsqsnrl@wwf tf@ggnelvgeneeawdr nthe yolyage poraess, and
he voltage (V) and current (I) of
can%ﬁgép?elsgrggd Ql%é,\ﬁ)%ﬁ che (2), delivered power, forward
power , rce#l éZact(Eanp@m)r reactive power, reflecti dfquation4)
[00A??j§f ;: g ﬁB‘&ﬁsg %ggo{e Ff“ltﬁt%?lg%rrrel%{n%edgnrc]g can mabecrg %npe%tl%l\ﬁ'xlegorm of:

asha 1requ ncy W an

est abl i gh val (e eI ope in order to bett .
optimz A'ﬁqg@ 3 p cess conditions. As (%quatlon >)

whqmeR\#iZ)u&I(ﬁ))atdaXeZﬁn(ﬂ)asrm processi ng systemthat can
nodi fy a set of frequencies used to generate the
[0043] asma Refegenpeic loyF1Ge? arsimylified sadstival procpse omyrot dmgdm of a set

em [0039 Dell ered power can gen
of R P B AE NP Py ATRE i85 e B pric S e PRSI T & few
weeks is[sHOWR JactdTdiag 6. enfbodiEAt EDthdMb&ition. TrigengRl q&ﬂid' w a plasma
be derived as: Z = V0O / 10 = R+ X (Equation 3) wh

progggsingsystean igfsrs tggentarmangs Mﬁ%fea}entspSaRf%Prtca@@}erallmefegs to the

degtféa@o GHich %@Bbﬁratefrh%@s%?@-@;t%hsﬂ&q itekeh§ BF dpeciRchtonts lfhea rec1pe,
real resistance, | sqrt(-1) (the imginary part of

Sucbmtww,ﬁ@lﬁﬁ@éﬁ%ewand Xi s the conpl ex reactance.
Conpl ex reactance is an expression of the extent to

[004Hi ch ahn additdan; amy giveropiproriamecesssmey alsp inplyde @ Heggepcaf uncertainty,
alsoel%% @éﬂ*’l@g @H{e?aqp a 344 a\s{éjlln%ﬁﬁ‘lcg sﬁcﬁ%e“ Qﬁr@ctw ctopreﬁ@‘& I?o an
Al na a ar

the g fate angu
cortfespm}dmg m}cr@emntcmal lttyy Some E:ﬂ@dsqu variarse atwoangﬂwdanomal or

acce taebqe Gnd do 8% nteceess% e>gr '?1 f3r a%%nere dcgreeg(argélet hight 4t %f?relgces in 32

our Ces, epresen
mat(tﬁ‘io&ttekémbyr)até Equead lb)omlnrﬁhg [teGdrd¢ probess phadifEerancg blasmi pntob:ﬁ;smg

i.mpedance can represented in the fo
Sys%ﬁ’ﬁs i[ﬁ%ﬁg}?%art Yyempt {Oamatel‘( %lastl%&ﬁoé:ﬁsa}g %5te%ﬁ% 'fnéotlpgr LVvagiations

are @Rosf Eprtamitd odcur. Bthel Baukdh)of variance are out of the ordinary or special. They
are not an expected part of the process and hence may require some type of corrective action.
That is, they exceed the boundaries of normal variation. For example, moisture in a plasma

chamber which can destroy a substrate.

[0045] In this diagram, the target is a desired mean etch rate of about 110.52 nm/min,
and tolerance refers to maintaining the etch rate within an upper control limit (ER UCL) of
about 120.12 nm/min, and a lower control limit (ER LCL) of about 100.91 nm/min. This
particular set of etches were performed in a Lam Research Exelan™ 2300 dual frequency
plasma processing system, although other plasma processing systems may be used. The

process parameters were as follows:

Pressure: 70 milli-torr



[0043] Referring nowto FIG 2, a sinplified
statistical process control diagramof a set of
whtmskebsoxi de etches in a particul ar sane pl asImUS2005/034312
processi ng system over the course of a few weeks is
shown, according to one enbodi nent of the invention.
PowerqD OMIAL):10008IW4ts i n a pl asma processing system
refers to conformance to requirenments. Conformance
pener(dy MHA)efw09 Wextd he degree to which a substrate
neets pre-established requirenents or specifications
Gas Mixteet PSCCMICH,BS6 SOCHEL.F; 1 8OEECRNGES 2068CCM AR44]
In addition, any given plasma process may al so include
Tedlpgatar:: 86° CRCEP (tep piede) S22BT KPP as vari ance.
CGenerally, a decrease in variance is often directly
PceR ITahed0tseconds cor respondi ng i ncrease in quality.
Sone causes of variance are considered normal or
aw:gpt abl e, and do not necessarily call for action.
For exanple, slight differences in a manufactured

[0046) DSt r aPRt CORIEAdctDIhelctthithtd Of thE BlaBRBXIIE AERMSMRRrs per minute
e pl asma processing systens. That is, in an

i fferenc > { .
("m?frt"SePﬁﬁf rﬁteocOHﬁ? ehseyra! peeksndl yplyeins dindiagrpm Byn qugursion points

may?hRbMe hppa¥ct: 201 peSrniRH Sn A/gURY, HAR0E LA e 6f Yo/200k NEJ
causes of variance are out of the ordinary or special.

previpisly discussegtanspcwnion eaperseipan data pointibats outeids obancestablished
stat/¥BAI PGS 1&%6%5%&3 ndhaf 64 S bﬁf@&&l'f% rs gﬁ%‘?}chhrﬁber
they eXceed the boundaries of nor variation.” For
contagnadpe, plaspiastrueteral danzagp haddaernativhogas \phessune aky gas flow mixture
t t 45] 1 n this. diagram the

proflE 8 HERAD R of AR Parih, il b REI R Bgoected cabie
backmiderlexflowgretk. X ol er ance refers to mai ntai ning the etch

te within.an u control lim ER of about
00470° 15" Rt notiR o St Teeldeichetampt FIERT: eEpmopih the
addiion ot thi BRckSille M fTwplof] Bécdrdddd tbionel bdbodREntQfF 1Rl 8Eon. As

in a Lam Research, Exel an(tm 2300 dua

befc}@lg,ré)zq]gﬁé EF%&E?WQ%%@% g]erpéangwgﬁin mmﬁ@me@pﬁ@ﬁe (nm/min)

ovePIhd SHRsdBfREREA Wtk S S k&iNBe, PRY 208reHERthe {tfesPo RS Reasured
araneters were as follows: Pressure: 70

backside; He floy dwigigesach cheviz) :  1000. 0 Watts Power (27 Miz):
2000.0 Watts Gas Mxture: 5 SCCM CH2F2 6 SCCM C4F8 180
[004850M N2 &s shrovrsech/b/AR04 drthetchtnlet@02 gud lotdie ftew plas g08 show

exchsiBAE 2&4.2@ha@is"3‘55 froHe RoACKe fime }eﬁ]c?c'ed %)ab%%{: 93?§’§c90f, t}?’e7etch rate

also was substantially reduced to about 33.4 nm/min, substantially outside the 3¢ lower control

limit (LCL) of 100.91 nm/min.

[0049] Since both the etch rate and the He flow reflect excursions at the same point,
this may imply a correlation. Hence, the He flow may be a substantive cause of the etch rate
excursion on 4/6/2004. In contrast, since a reduced etch plot 202 excursion on 4/9/2004 of
about 33.5 nm/min at 206 does not appear to be strongly correlated to a reduced He flow as at

point 204, a reduced He flow is probably not a substantive cause of the etch rate excursion on
4/9/2004.

[0050] Referring now to FIG. 4, the simplified diagram of FIG. 2 is shown, with the

addition of the measured impedance for 27 MHz at the V/I probe is shown, according to one
- 9 :



[0046] Plot 202 reflects the etch rate of the bl anket

oxi de in nanoneters per mnute (nmmn) over the
wocous/eressf several weeks. I n analyzing this diragviesmos/o34312

two excursion points may becone apparent: 204

performed on 4/6/2004, and 206 performed on 4/9/2004.

embSdiRERVIF AHShYenBb.C oS 6& ke, ﬁlBt ﬁ)’ﬁq’éﬁe%tsqme &@rpfa?escﬁfiﬁesbl@nket oxide in
data point that is outside of an established

nangmetdrs par arinute gmyaiorovprthg eowsnafiseyseal weples. dapdditons ales dep
refﬁ¥ts‘?ﬁe RFBlno B&ﬁﬁ% 9‘[e§ dl(‘éd‘ 1ﬁtgedacflp 85 VPNt ami nati on,

asma structu anmag and deterioration, gas

B30 ) B8 R0 Pt i i

an upger ogerol ymﬁdERé&Ie)cbf ebdyit é20. bawkiiid end-elofeoogntest mjt (ER LCL)
004 fe Ri

of L I:f@ ﬁe i Meh (%suécf tﬁll:gfﬁgpg%ﬁ?g{] & aEJ) §8 dlﬁ%& ltﬁi%h gm)er

S hOW |on t he
coxih)l llhn‘x\/(/ZM(dt) ofaban I4d]2|Qhrﬂiscand laéowsﬁl‘bmdrcmhnﬂt (@fLGIeof about 3.75

i nvent,i on. ef | ot , 202 refl.e tchrate
ongh Fhtr Btipi Gt e et St R 2y Mt 0 £ firgions both
ardaM@ 04 §1£4/6/2004 &nd065-8\6ar47/ 2008 kencel- ik &wusidn i kmtmal@l&ed

refl ect s%ﬁshe correspondl ng maﬂ%ure backsi de He flo

impgsanGed Waasr abp¥hthe Fd il pr belowg APPEIDIO coppild to
sul%%halﬁla&fcugrpl% tROCIPERL beliéy {he BYR PICR1(1.2 0sh &HR®We excursion).

excursions at 204. That is, as the He fl ow becane

[oos2fluced W‘Bll@gwlsﬁﬁg B beWelvhd B)h@le&& Cthe [@Eﬁon%e‘ﬁ@véé@ﬁat factors that
substantially reduced to abodut )

may sustantigilyaaliey a glasrsp dapadpecegmay @ieseﬁenwma\dw sumtarntlpl ¢hages in
sul%?;ftt]rgé %gm?uﬂt%{;v Eqrcg]faﬁ the[chQlAnge %h&g ?aclﬂﬂg Bﬁ§ th%lu@g ﬁp: d'e@h%raﬁﬁﬁi of

excursions at the same pol nt
chamlyer imapiriplsde.go plleqrcah @nfingdeamt g, e, theurslopwl gasflde gas pressure,

guse, of the e I
or P50 i Clnfo e Vi et P SRR, Plbregp it e v
gemetator, s BR comedtiéh, 2BadiRbfecatd@tt 33.5 nmimin at 206 does

not appear to be strongly correlated to a reduced He
[0093pw as Refepmigmbw20£]G.8, thedim@ifictidiagtaovofiAGp? d};tshbiw, with the

nat a.substanti.ve caus he et cursio
sy St IOROTPRERES Fr AR o Rpiste s PR ReSHinglo one
enfbbdilehf dfekk @l agioaMAebefotdplo22025reBdtevic ctoh Fdic dftBe blanket oxide in
addition of the neasuregwlnpeda ce for

7 at the
naggmetess gefeminute SAM{RIN) QNEE Hie GPIEE ¢ eYﬁ‘i@é?YPSéH Irhaﬂejﬁﬁ!m% plq§ 02
refldd8Rd ¢dPRspoRdinR fle@biBed PfRlaméO@%rneMIgEt s the etch rate
of the bl anket oxi de in nanoneters per mnute (nnm mn)

[omgr t heaG oted Er&fouﬁ?vﬁﬁ aésw\é@?akg%t etth ra?éjﬂ labdu1110.82 ﬁltn/mm with
reflects the correspond |ng nmeasur ed i npedance fo
8

an2ppayicentrql digut(ERAIChY %ﬁaéaut;iﬂ@\} M4Nip and p doveps §prtecd limit ( (ER LCL)
of B0 860.81 Sh/nfiRt $hd JesRPPUEgetihipedsnct I ABbEY 149478 Ohms, with an upper

control limit (Z UCL) of about 149.16 Ohms and a lower control limit (Z LCL) of about
142.29 Ohms.

[0055] Both etch plot 202 and the measured impedance for 2 MHz 402 show
excursions both around 204a-b on 4/6/2004 and 206 on 4/9/2004. As in FIG. 5, an excursion
in the measured impedance (whether above the Z UCL or below the Z L.CL) appears to be
correlated to a substantial reduction in the etch rate below the E/R LCL (i.e., an attribute

excursion).
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an upper control limt (ER UCL) of about 120.12 nmmn

and a lower control Ilimt (ER LCL) of about 100.91
wormodan4mese The desired target inpedance i s aboutPC3/&2005/034312

Ohns, with an upper control limt (Z UCL) of about

4.02 Ohns and a lower control |imt (Z LCL) of about

[00%6f > Ch nﬁefeﬁ%%cﬁ& gy el Otth@&%pm didpPar 8RBT, ©ds shown, with the
i npedance for 27 M 402 show excursi ons both around

additian efithameisperdfregnence 68278Vdnatho Vpuebe irghere, acaﬁrdmg to one
m@é@%{_ﬁ 'E}Bé Flvén'?it% .gﬁgﬁté&@qsl& ﬁ%ﬂ@éﬁcﬁeé%@){: @?éa at ) dsyEtQﬁ‘ls can

appears’'to
madlifg labsttoeirﬁttequﬂncieedwdttcb geme'ratf: theyplagiha in arder¢o rlimizettirerefiéded

LCL, (di.e.. an attribut ion). 0 j | .
porchtg Spiv<Be: BbraT FREN Hlleer hORSIon e e Pl n
plasihatimpealatcer s t hat nmay substantially alter a pI asm

045fP et R o, Pof i el LSS, FARSHAA e P RAGeters per

mih@€ (rﬁﬂi/&llﬂ&)y/exi the bowdse dfitevests weksO Nahdditior) blot BeeelEcts the
materjals

el ectraode, confi nement in tc.),
cog;éea?dgm&fﬁeﬁflregé@qmns for g4 MHz. Asgiated PFGP“OP%}?%E‘? ‘Zf‘ﬁu?%target etch
rat€ RHBO@S 1032 SiHPA I, Iith ah )A?;% comn&ﬁqERmL%fam 20.12 nm/min
surface, problens with the enerator, an RF

ané@#meewrawl ligitd GH LGi.) of ppautt 1‘& . np/yon 3Thergemissd taregt figsmency for

27tl\ﬁ’HEls§bo§t 2714hEs MR Mth Eﬁj n@ieﬁ%ﬁm @hit 'EFIQEQ B o?Q&WE‘N 52331
dition of asured i npedance for

MHz andelovet cqmroblemntéF&EQML) atabontd Tty 029 Mitve enbodl rrent
of the invention. As before, plot 202 reflects the
Bagh efbh plat 2020md theemesisanedt Sequspeyiior 27 Mike@ishew smp@mns both around

po%g&{aeo étqvg/?ﬁoqz)aggéglrntgf g gfag&grﬁigl/@%(ﬁe\m Eh% lllyg?rg&ﬁ dia Hlm an

1 on correspon I nNg neas
exi:urﬁendardeﬁne‘dx’s adoinvbizyonfl 0Gtddarddesstane Bop vEthe plos mgan. t Ilience an

xS b BAretTaPeHED Crabonats e e oy B i bt Lewy
apﬁeﬁtds ta bk ewaeflate@t’ﬂer Substhitidl fed(dtion ifGhy erh ratbbelbw IROE/RILCL (i.e., an

mn. ? desired target inpedance is about 145.73
'ﬁﬁex‘i}\ﬁrst' #an upper control linmit (Z UCL) of about

andal r control. limt .of about
l“‘isﬁ 29 %@mq@dﬁy t7hﬂ5=ts O'H'le&dla@tfzé gﬁ%&%éﬁshm with the
adfmies Uf 86 nchResa Edafneé lé‘&%éﬂ"@)ﬁf&&%&vﬁ%c&@ﬁ]@ to one
around 204a-b on 4/ 6/ 2 04 and 206 on 4/ 9/ 2004,

As
enpbodiment ofthe inyention; & before, plot 2rsflecirthe fish apimelthe blanket oxide in
naﬁ(‘!ﬂ?&&@ BEr tﬁ#ﬂgfé?n&hﬁn%%e%ﬁu@@bﬁ%érge\vék§ qn)adéifﬂgﬁ Ebrlcﬁ 702

be correlated to substantial reduction in
refé‘tcesrthfr eareesprading mq@éur@l phasanglq fopimpedancat t r i but e
excursion).[0056] Referring nowto FIG 6, the
[083% ! i fi Ad stdtedgrevinusly, the desired tasges Rishrate isiabputt1A8.52 nm/min, with

an upper control limit (ER UCL) of about 120.12 nm/min and a lower control limit (ER LCL)
of about 100.91 nm/min. The desired target of the measured impedance phase angle is about
-59.67°, with an upper control limit (ANGLE UCL) of about -58.17°, and a lower control limit
(ANGLE LCL) of about -61.16°.

[0060] Both etch plot 202 and the measured phase angle 702 show excursions both
around point 204 at 4/6/2004 and point 206a-b at around 4/9/2004. In diagram, an excursion is

defined as a point beyond 3 standard deviations (30) of the plot mean. Hence, an excursion in
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addi tion of the neasured frequency for 27 MHz at the

V/1 probe is shown, according to one enbodi nent of the
woizoeatdsen. As previously described, frequencyermseds/034312

pl asma systens can nodify a set of frequencies used to

generate the plasma in order to mnimze the reflected

theﬂﬂ%ﬁreg Phise Indle PLAAIRS §bov9$heaANG§,E|l§CL Bxhﬁeléw 8RIURUGYE LCL)
esp

anges as a onse to he changes in B asmnma
appeapetd &n cerrelfited B7 subgiansial @ﬂ@ctwp limthe 2@ rate belewithe E/RLCL (i.e., an

a“?&ﬁge{&*ﬁﬂﬁf t he bl anket oxide in nanoneters per
m n) over the course of several weeks. In

0G| b ooneBhfle B A6 € G iia SALEESR AT STRAR Bflhe in-

sital ewmtedmgtcafragmcesst iofa plasme pr@eamuyst@m baGeg aplasmnproggssing

BRI . 9 2Dt

thaplhsmaprodedsingl elsintber] at ﬁqg&m Neeq) a phsiyia isOsItruéWwMﬂn thesplasma
about 27.47680Q er..c [ li

POy eGSR s SR hGLLDF PRITE PRES PR famber

stdpFIBEEQALfdabured pRbas freqibnéydB2 e xIMtiziter tB@bhtsnﬂﬁ ahtdtiols tRdbtained,
and the nmeasured frequency for 27 MHz 602 show

theeases plasmp SeAueREy e 'iz?dmta Frgianal viten Aeeargnpas shgnt and a
leeRPé. ScSnd2 Mucatifrae RURSn f}{e%&Q/%e w'n@n {he %la‘sﬂnla %Sﬁréﬁhleﬁit step 806. If

|agran1 an excursion is defined as p0|nt eyon
themegseieed dblagme ifiganenay velssis oysidetpba pteé@ﬁnﬁémsmmém@n%halue

engﬁg%r, EféL %O@S&Pﬁth@?rﬂe%%%%gi{ O‘;&lapp é/?@@lisgh% g&%\(ﬁtht Deattribute

ofctln:erpre¢eas:, edstttpoS 18. 4fissthent themeasuchdqiiason fiequeniap value ks noticaerelated

el o R.LCL n attrlbute excur sion) .
w?b ﬁt}elpﬁﬁcess( o S?%’ %‘—l? the sinplified diagram

[OI%m;FI G %Vhl tﬁllg (i)nventlxovxl haf %eﬁgde%?lﬁu inqg’m%fof ts%ra\';l\rﬁlae%{‘treﬁd

edance phase an probei’s sh
erﬂmdmmaﬂtsn@etemrmimrambmdxnmnatlooﬁ ahdh equivalents wiioh faﬂswthm the scope

ef ore 202 reflects the etch rate of th anket
of 55 GsEaticPr S RETEIS AUGHER s drese: bRy hog et Sesghioed i
coﬁﬁééhﬁﬁwﬁtﬁ LagMVedsedrch\§iedtsa prbdesafltiéyisiedd (e.p| Bkelat0®, Exelan™ HP,
|l ects the cqrresp ondln measur ed phase, angle for

E’fel'ﬂﬁ U ERE 23000 YAL SR GShe PG PIPOcTSivg Siems By be used
(etgarc%'éltﬁt:ly&oﬁﬁé@ n\cﬁlc@&m}“@ouﬁﬂa@ a%%od%ﬂéﬁ@ Btc. )V\Tl{lbltﬁ‘a’\t%wy also be

ontr ol of about m m n and
usred;weth suhsﬁ@tnebpf \rairlﬁvft dlergﬂewag 0 rame3A0 rmm@etg)l Ihﬁhoﬁidnalso be noted

thdHfs rggé'rﬁazxg alt@nh&8fe V%H;/ Bl\jwﬁx%ﬂﬁﬁém the! nmggf:ﬁn Pfk?nértﬁ invention.

ang els out -59. h an upper contro

[0? N E Egd}aﬁ%ge@a@ﬂllte mv%ﬁn(;'n incldfnénd RRA aﬁ&%ﬁsq}or lnioﬂiit&ring a

about -
process in a plasma processing system by measuring a plasma frequency. Additional

advantages include the use of a substantially reliable signal that can be used for diagnostics or

monitoring purposes.

[0064] Having disclosed exemplary embodiments and the best mode, modifications and
variations may be made to the disclosed embodiments while remaining within the subject and

spirit of the invention as defined by the following claims.
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[0060] Both etch plot 202 and the neasured phase angl e
702 show excursions both around point 204 at 4/6/2004
woanmb/puisnt 206a-b at around 4/9/2004. |In di agPamuS2005/034312
excursion is defined as a point beyond 3 standard
devi ations (3s) of the plot nean. Hence, an excursion
i nt he neasured phase angl ec{ whg§her above the ANGLE
UCL or below the ANGLE LCL) appears to be correl ated
Whas igclaimedisant i al reduction in the etch rate bel ow the
E/RLCL (i.e., an attribute excursion). [0061]
Referring nowto FIG 8, a sinplified diagramis shown
1. 0% mathoe fdvaatsiwomonitreringrgireagssip riplasma prpcefsing spsten dgwing aplasma
a pl [ O system havi ng a pl asma processin
mgﬁghgeggmggbggéﬁkq%toyone enbodlgentpof theplnventlo%
| ni posilidning @subsipse redal plasnagsodessimpedhainhert he pl asma

te ' .

B © SER A s AL BB R s B ST b
dispabritwittiresdid pldébPpSedsing tidinibet;he pl asma processi ng
chaggerk at step A neasured pl as f.requency t

8
e SDGAE o HE P R ncY AR En S BUETRF ek, said

méB@eAPRSHS £ tﬂhé}s%ef Ha@ihd Tt viRE Whehsiid Pldsia fsiabseht and at least a
val ue when t pl asma i s absent and at | east a second

segend yalug diffeggng ffpmfslatslrﬂrﬁtmallﬁwt@tl sajd plagmaiieserte pl asma
i s Ws%ﬁﬁﬂéasut@& ﬁitsﬁﬁ’ fr%@@ng’ talﬁeh? otiside bf @&e@éfﬁﬁ@ﬁlasma frequency
frequency val u 'S ou a predefined plasma
vafuegnvelopsy correllating s#id eieapsed pi@snyltfquu@(m valup smithtan @ttribute of said
ured plasma frequency value is correlated with an
PIATtYi bute of the process, at step 810. If not, then
the measur ed plasna frequency value is not correl ated
an tr te.of the
2.y 12 guial S8 1 ettt oL Re offh pRbTRA HGmaghey vatues
mp&ﬂﬁﬂﬁﬂmpﬂﬁﬁﬁfREde@RhQﬂlnEntS, there are alterations,
pernmut ati ons, and equi valents which fall within the
scope of this invention. For exanple, although the
3.Pr €@ inctHddFtlafh 2 MaiRrdneand ERSERF Beguchty BABAHR CINHR.
wi th Lam Research plasma processing systens (e.qg.,
Exel an(tm, Exelan(tm HP, Exelan(tn) HPT, 2300(tn)
4.Ver S delod B &faim Qt\%e)em &qcr‘ﬁfgepkp%eﬂ&oﬁ%ﬁ&ltrig MHz.
systens nay be used (e.g., capacitively coupled
i nductively coupl ed, atnnspherlc etc.) This i nventi on

S SRR SR BB LR Ao Al TSN

t hat there are many alternative mays of i nplenenting
the f,th resent . i.nven
6w ATE YRR SH el 3 AT i PRI i ROUEH inslydes o RF generator
haxfgarvi pﬁ)bé dembmntlog sd'tgmaaspfed pbsMma iflequenpy slo@is performed using
ﬁg@ essi ng system by neasuring a plasma frequency.
sa fal advant ages include the use of a
substantlally reliable signal that can be used for

dlagpostlcs or
he method of claim 6 wherein said measured plasma frequency value represents a

value of a phase angle measurement.

8. The method of claim 6 wherein said measured plasma frequency value represents a

value of an amplitude measurement.
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nonitoring purposes. [0064] Having di scl osed exenpl ary
enbodi nents and the best node, nodifications and
woearsioatésens nay be made to the di scl osed enmboBCTENLM®S/034312
while remaining within the subject and spirit of the
i nvention as defined by the foll ow ng clains. CLAl M5
What is clained is: 1. Anethod for in-situ nonitoring
a process in a plasnma processing system having a
9.pl ashie msthedes slaim 1 vthsraesaid predpbined plagna fsemiengyorflusgnyelope
: r [ [ :0eessi ng chanber; striking
mng%%téd %ﬁl\?\ﬁf{%ﬁ?ﬁ{cgé& S‘F@%"ﬁgﬁ)’gi ocessi ng chanmber while
said substrate is disposed within said plasnma
ro Si C X L al ni | e ele e
1§ QT HPRAREPARE D8RP ARt FEREHE T B it is within 3o
ofagireliefimaiplasach fpdgaems téirp@yakacy val ue having a first
val ue when said plasma is absent and at |east a second
value different fromsaid first value when said plasna
11.S Phes@od df klagfil dvhersus saidEsregdfinsdpladmefteiieasy vahleldvélspe
. outside of a predefined I?sna frequency val ue
ingly Pd%@?méUﬂP%F&Ppﬂﬁcgﬁﬁﬁ‘Wgasured pl asma frequency
value with an attribute of said process. 2. The nethod
of claim1 wherein said_obtainin% said nmeasured plasma_ .
1% ¢ edﬂj@ﬁ@)qgléqf Glagmild “@éfefrbsrarpéaasma EEapeIcy appgueontrol limit is within 3¢
r t claim2 wherein said
ot{a{ﬂ? gdeéﬁ H%pl?%éaq%—‘gﬁg@i@gggg&f "2 MHz. 4. The net hod of
claim2 wherein said target RF frequency is about 27

1 e STElR e Fhreatq foling B Shoh B e (ieigpe

invlndesei plassmi febqpéras hewgpcontes dimitgand y plasmm ifnegheande spper Rintrol limit.
generator having a V/I' probe, said obtaining said
nmeasured plasma frequency value is performed using

146ai drhé/mhetiivdadielaing.] Wwheeeitretidadstedte 3lagemicondvresrevafersai d
measured plasma frequency val ue represents a val ue of
a phase angl e neasurenent. 8. The nethod of claim®6é

15\herBiemcRddcbERAA UTvakrdih S3ABubEHRE14QNT4s paleue
represents a val ue of an anplitude nmeasurenent.9. The

nmet hod of claim 1l wherein said predefined plasna
14." CABR MBI LR 4R ePAE said attribute of said substrate represents an etch rate

while etching said substrate.

17.  The method of claim 1 wherein said attribute of said substrate represents a selectivity

rate while etching said substrate.

18.  The method of claim 1 wherein said attribute of said substrate represents an etch

uniformity measurement while etching said substrate.

19.  The method of claim 1 wherein said plasma processing system is a capacitively coupled

plasma processing system.
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i ncludes a plasma frequency | ower control limt. 10.
The nmethod of claim9 wherein said plasma frequency
WO b@aenieseontrol limt is within 3s of a predef POBRTS2005/034312
pl asma frequency target value. 11. The nmethod of claim
1 wherein said predefined plasma frequency val ue
20 nv dhe pethiod off cldes 1 avheteirssrid flasagpo@ysinggyetencionn imductively
ﬂ*bllhhm%gmbummnnEthOd of claim 11 wherein said plasna
quency uppergé% Mol linit is within 3s of a
predeflned plasna frequency target value. 13. The
33 @ ? p] m@gre n.sai d predefined plasm
e EH‘&}“’ &F g8t b et Lsal ?S&&é%ocgswgasyﬁtﬁm?éﬁméwc
pldsmagrocessivigrsgbtemi M t and a pl asnma frequency upper
control limt. 14. The nethod of claim1 wherein said
substrate is a sem conductor wafer. 15. The net hod of
22¢| aimie hed@ beLRInS Rivdhe iHiald I ga,,s,%[ y
The nethod of claim1 mheré?%ﬁ?gﬁgﬁggirl e@é?%beg%@gyhnmd
couplpd plasinaprpesssing ¥sted.an etch rate while etching said
substrate. 17. The nethod of claim1l wherein said
att i r select|V|t
23t Cap Al SR S HOI Bl B d BRESS R4 Sadn S ESgH St having
a plasgiarpracessing chiambera campartsing: but e of said substrate

rep i.for.mt. asur enent _
ot on A bEp AR N bkt el R heEre e Bt 1
Wherreams fsastdklpg a:pllmrélp Mlcithﬁﬁ@idl’rgasﬁm&‘ﬁr@ié’sdlrsg (ﬂ;amberzvg)hlle 'Fﬁid substrate
acitiwvely couple as rocessing system e
lsﬁ%ﬁﬁai 6?“8¥3PE§§aRﬁ%E%FﬁnE§ﬁ ol asma processi ng
Syshenhs fér éhlaihing dGhdavigbd ?lﬁﬁhwﬂr&ﬁermyamx@lrs QR@[Ss%iJ}Qasma is
tr %@&% 21. The mst hod of claim 1l wherein said plasm

rfRyredRItsEYR Teguenty 4plne Bpting 4 rshyadushaprsaideniasmads absent
an8 ¥SIERM seddnd Vdh®: ATRERRACTGH sl AlsMahud WY es'af@l Jﬁ%h‘% iDpRsdip

processing systemis a frequency- tune asng
pr oH{eaidimrgswidplasma frenuengy vabisas eutside ¢f01rpr¢d¢flscd pﬂasma frequency

valiie RhveRipk ek oﬁc&fe%ﬁg Saill %egswpérﬁﬁ{gﬂna ?}‘p&%é 'le%e %&Xﬂ% gl}trlbute

havi ng a plasma procesSsing c

of $23d pieeeskt i oni ng a substrate in said plasma proceSS|ng
chanber; neans for striking a plasma within said
pl asma processing chanmber while said substrate

24.  The apparatus of claim 23 wherein said obtaining said measured plasma frequency

value is performed at a target RF frequency.

25.  The apparatus of claim 24 wherein said target RF frequency is about 2 MHz.

26.  The apparatus of claim 24 wherein said target RF frequency is about 27 MHz.
27.  The apparatus of claim 24 wherein said target RF frequency is about 13.56 MHz.
28.  The apparatus of claim 24 wherein said plasma processing system includes a RF

generator having a V/I probe, said means of obtaining said measured plasma frequency value is

includes using said V/I probe.
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I's disposed within said plasma processing chamnber;
nmeans for obtaining a neasured plasma frequency that
woenicdtmsaft er said plasma is struck, said neaBOT/®2005/034312

pl asma frequency val ue having a first val ue when said
plasma is absent and at | east a second val ue different

29 I OPPhS @hyfhrdthd Hclatia 28 v hefasafPrinéhsiled PiBmA ﬁemefag)emme fepresents a
sai d nmeasured plasma frequency value is outside of a

vapie@f @ phase dngle msasuremeauency val ue envel ope, neans of
correlating said neasured plasma frequency value wth
an attribute of said process. 24. The apparatus of

30| aiTime appavites oficirin 2B dvhstsimsaid mepsurgil oflasma Sragueticy valuqugpresents a

re NGV, [ formed at a target RF frequency.
Va&“?.&#‘ﬁ%‘%ﬁ‘&‘é‘gﬁ ﬁg&g&g{il aim 24 wherein said target RF
frequency is about 2 WHz. 26. The apparatus of claim

24 erein said target RE frequ IS abput 27 .
317, RSt e SRR kel RijusnGol ifenvelope
infludQ uIBa ifeqadnoy lowked cofiroMinit. 28. The appar at us of

claim24 wherein said plasm processing system
i ncludes a RF generator having a V/1 probe, said neans

320 Othe apphir&lGs Sl AmMR aer@slsaid Aadn frdREntS16Werdhtiél lingit is within
i ncl udes using said V/1 probe.29. The apparatus of

3a9f#i predeBnedlastrafreqyeney fergetye¥e- pl asma frequency val ue
represents a val ue of a phase angl e neasurenent. 30.
The apparatus of claim 28 wherein said neasured pl asma

3% r edihernpparatus ofclsimpBasheris sad praflefined plagma Eagplene) vue envelope
. r s of claim 23 wherein
mQE%%% ?ege??ﬁgﬁmgﬁgéﬁgaﬂggg&@hcy val ue envel ope
i ncludes a plasma frequency |ower control limt. 32,
o e R P et G B et i i
3psfadeédefiaed plhasfequesyuargetwatuar get val ue. 33. The
apparatus of claim 23 wherein said predefined plasma
frequency val ue envel ope includes a plasma frequency

331pPerheGPpdratad of didini23 vibreid Bld pReBEnE YRisiAh freq@nGy Balue envelope
wherein said plasna frequency er control limt is

. ICY upp .
ingludesiaplasgyifrequericy daysriseptrq) ligitaAad AR BpReE AT limdfet
val ue. 35. The apparatus of claim 23 wherein said
predefined plasma frequency val ue envel ope includes a
3®| ashhe apparfuepicslaimoddewherein said pubisiraid ts anganicendugipreyafer.
control limt.

37.  The apparatus of claim 23 wherein said substrate is a glass panel.

38.  The apparatus of claim 23 wherein said attribute of said substrate represents an etch

rate while etching said substrate.

39.  The apparatus of claim 23 wherein said attribute of said substrate represents a

selectivity rate while etching said substrate.

40.  The apparatus of claim 23 wherein said attribute of said substrate represents an etch

uniformity measurement while etching said substrate.
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36. The apparatus of claim 23 wherein said substrate
is a sem conductor wafer. 37. The apparatus of claim
wo0280oMaessei N sai d substrate is a glass panel. 3®8T1/USh@5/034312
apparatus of claim 23 wherein said attribute of said
substrate represents an etch rate while etching said
substrate. 39. The apparatus of claim23 wherein said
attribute of said substrate represents a selectivity
41y at hevappagatustafielaim 28 avhgrein ggisk flasma propgssinehwystampae sanasitively
[ ' aid attribute of said substrate
co?%%f@?&%}ég?ﬁﬁg% ?ﬁ&lﬁii formty neasurenent while
etching said substrate.41. The apparatus of claim 23
wherein said plas I SSi S J: . . .
2o R BN 2 MREERA IRt b Bprem i g ndotvely
coaplpdplasmesprofessih@bystedB wherei n sai d pl asma processi ng
systemis an inductively coupl ed plasma processing
system 43. The apparatus of claim 23 wherein said
43p| aIHB afPa8@STFicRPn Y Wherdir Sidyplasiapasdelsig & sieinds BRatmospheric
processing system 44. The apparatus of claim 23
PlagR PERCRSSEE Y Pasma processing systemis a
frequency-tuned coupl ed plasna processi ng system

44,  The apparatus of claim 23 wherein said plasma processing system is a frequency-tuned

coupled plasma processing system.
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