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be configtetiwith snsingde kr wBB twolseparate Rdhpaveertspurces. Source RF, generated by

source RF generator 134, is commonly used to generate the plasma as well as control the

plasma density via capacitively coupling. While bias RF, generated by bias RF generator 138,
is commonly used to 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.
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inlet in a top electrode 104 from gas distribution system 122. These plasma processing gases
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of contamination is usually dependent on the specific plasma process (e.g., chemistry, 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
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monitoring a process in a plasma processing system by measuring impedance.

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
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[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;
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measurddfdpndst for 22 MHowstha V51 probe.faceadiigdo ioge pmhbdipreptelsthe
: .control diagramof a set of blanket oxide etches in a
mventigar i cul ar same pl asma processing system according to
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f
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[ t c i 3 [
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[0027] enbodThe ptes&ft itiveRtiof welhb@be described in detail with reference to a few
preferred embodiments thereof as illustrated in the accompanying drawings. In the following
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.
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excursion (e.g., improper photoresist etch rate, etc.).

[0033] In another embodiment, a correlation can be determined between an excursion
of a frequency in a frequency-tuned plasma system and a substrate attribute excursion (e.g.,
improper photoresist etch rate, etc.). In general, frequency-tuned plasma systems can modify
a set of frequencies used to generate the plasma in order to minimize the reflected power
during a process. As a result, the frequency changes as a response to the changes in plasma

impedance.
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ot or esi st etc rate etc.
contrdlrtbe|plasay densig dlaral abm%hmlc cemmmljn dsyd to smttrodthe plasma DC

frequenci e ed to Iasna i n order
bias s fiiop GombErFaATY eperEd ﬁ{% (AR 13 ﬂa?lo%reggmn@%coupled to
the plf é‘ﬁfrou%th Ifa{cﬁ %wo&nﬁ&aﬁanﬁe t@n{aemﬁ@ﬁﬁpécenw@fthe RF power
anges |npedance .....
sourced to,thatlof Iplasina T [ 0034] In

not her, embodi | on. can t
fo0sshc; ereiipron 9*@303%%% qﬁam Bee TRHGRE VR oigel s e
vo1tag‘eogx)ca]r?ént fl) Qifabe sndlae) fbé%éﬁ Rl B SRR E(]) ofthe plasma,

i bute excursion (e.g., inproper photoresist etch

impeqagce(Z)edelivered power, forward power, reflected power, reactive power, reflection
coefficient, etc. Furthermore, the matching network may also modify a generated plasma
frequency within an established range value envelope in order to better optimize the plasma to
process conditions. As previously state, a plasma processing system that can modify a set of
frequencies used to generate the plasma is generally referred to as a frequency-tuned plasma
system.

[0039] Delivered power can generally be derived as follows:

Power= V xIxcos(0) (Equation 2)



[0035] In another enbodi ment, a correlation can be
determ ned between an excursion in a self-bias voltage
wanwed3ebstrate attri bute excursion (e.g., | NPCOSR005/034226
wphot-or.esingky et.ohwrates etc.). [0036 ner.al .an
[0040]5, ¢  JTRP§dARPY ARG By 8?%%6381?@1?%&%??’84#& of the
substr ate fvg/g):,Rlp ween the substrate and the pl a@gtion 3)
which will allow plasna ions of sufficient energy to

where Barib dredvaltage stifiwdamental @eakoniagek hostheasirrsat atfn¢agnental (peak

t. ,_the. i i e
e R S S AN BT D88 S0 o
is the ¢oamsien edaceincé. h€omiphstreadtance ds &t éxpeessioplodsivrexitan so which an

However, since a volta tential diff | so .
electronig gqm]ygtealé épprf:qng;/dme};gﬁgpg eggrgaeg%é:’[}%é:ug:qat %{%ﬁ\&&tﬁg%ﬁc‘tﬁa@ ith each

- A6 AS, ; ich may
AC exPRUEE; Bl LREAR R LRI e LBl by et ot &
[0041] i . e. , wdbdrdmeipgulaa fiegpency pé theedi grel s geoleratedt try. the voligge sources, and
sel f-bi%f, v Itgl%g EUSt al so have a substantially |arge
can beggpresented infie fTAke to these surfaces. Subsequently,

a problgmt Fr&g% tend to affect the plasma, an@guation 4
hence t he s%géstr te?Y)vvouI d also tend to affect the(qu )

[0042Kel f - biThe phadetangle. of[thOpAPmAIMprdentenanlbg represaniasd the form of:
pl asma processing systens are often powered with sone
type ofPhBEeAngker(O}eurta:e’.l(XZRb en, there is a source @guation5)
eney at or _us t eperate and control the plasm
Whereg{eﬁz?%?,(%bﬁ%f%rbi%ég“ég gener at or commonly uged to
control the plasma _DC bias and the. ion bonbardnent..
[0043Lner gy Refiaseing npw 1@ &l co simplitier Hatistical nrerass apryrol diagram of a set

o I8 B ST LY ol BRI s ofa o

weekssiosliees, dcoordigs toaihe phiwdiment 0088 JinventienldInt gamaral, quality in a plasma
mat chi ng net wor k yaIsoincJudeaé{/I robe t hat can
processHgSystemy, qra&cq@r’m%p F%Wﬂul(r?rygnt%h g%fogﬂﬁr’cg gﬂ:ﬁrally refers to the
t t g reci
degre JER 0 G0 HRHR prodRIRHEN R of pebiTRafb@SiTR recipe
such asedrigetss tetbrmmaessgtc.r eact i ve power, reflection
coefficient, etc. Furthernore, the matchi ng network
[0044ray al $wadditbh,yany giesnepladnedprotars meayfalsegneindy a degraé af wncertainty,
est abl i shed rapge val ug envel ope, i n or gﬁr to Pet t er1
also kpown gt yariquee. (1eReinly: dAgreee 45V BRes 1siobisa dirgglly correlated to a
corresﬁ%lgcﬁpg itrdass til?hﬁz?liﬁ?. RbAs MBuRE OF GR RihBYars ¥ohEHREN BbrneABr
[ a set o requenci es used to generate the
accepiabkes amd ils ngemmesdatily cadlf for agbnt ¢Fonexanifle stigbindiffetenoesdn a

| as . . .
manupalcturengi substrate caused by running the same process on difference plasma processing

systems. That is, in an attempt to match one plasma processing system to another, variations
are almost certain to occur. Other causes 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



system [0039] Delivered power can generally be
derived as follows: Power =V x | x cos (q) (Equation
warp@oicho | npedance, a conpl ex nunber, can genecaiusyobe34226

pnedE S o i S SRR M08, HBhenc
plasmatpi€cedsihg Stedt, afthoebbBnératladnReploc&sink 8Rtms Mayshetuded. The

real resistance, j = sqgrt(-1) (the imginary part of a
procescRA@neiRTsnweras) follawe: X i s t he conpl ex react ance.
Conpl ex reactance is an expression of the extent to
Preggvire; 1Y Oamildi-ont r oni ¢ conponent, stores and rel eases
energy as the current and voltage fluctuate with each
Powe& (yWdHe) :dD000eVgeser at ed signal with a angul ar
frequency denoted by w. [0O41] wis the angul ar
PowérgQnamidy).af000eWaittgnal s generated by the vol tage
sources, and can be represented in the formof: w= 2p

Gad Mighike BeSCCMEQIRK, ersdoM 042180 Rurmhase 2008lceEMiAR he

pl asma i npedance can be represented in the form of:

\Rgo Z ' 5) wh R=2Z
Te@%%ﬁ%f@?ﬁb%ﬂi??o?ﬁﬂe%@ ?éﬁ%ﬁ%ﬁ;@?{ef Zer ri (reur;enow to

Progéscs':‘Ti&e: épssi(:gg}{ 'Sfi ed statistical process control
ragram or a set of blanket oxide etches in a

C“p?ji cul ar sane plasma processing system over the
codrse of a few weeks is shown, according to one

enbodi pent _of the jnvention. I neral, .quality in a,
[0046] ) a5 _rré’q& é@i&ffeﬁ& thy etoB e O SieDIRkL GRS oS Por minute
(nm/mgl? BYETROBRBLRe (FIBVRAITPOLS. BRI FihY th‘isecfliggrglkﬁ, Bvd BEcursion points

égree to which a substrate neets pre-es I shed
may bacegpeiapparent:20drpesfoemicl oo 4{6/200s, and 206 poifpmed oncti9/ag04. As

. targets ol erances, etc. [0Q44] | ditio n .
previoys, BRé et ARG eRigrent efHananl B biuge of B stablished
statistitHl 681pk ¥k Riatue élv;%!bﬂé[‘@d&‘m@? b¥ Blilsad 6§ severdl FhdbisYi.e.2chamber

decrease in variance is often directly correlated to a

contamjeptionsplestriariiucerlelamage and deteripwtionans prassiye deakf gas flow mixture
problerﬁ%%ﬂa%%%? tgﬁlﬁﬁ%ﬁﬂg Igﬁf 5f %)ecr:]i%rcgt%nn ga%%ccggfeggt:lp@gl‘?peg‘w%q%ected cable,

necessa r-actio or exa
backsidb ¢ floénees).i n a manuf actured substrate caused by

[0047), O b e figping now 15 FLG 3, the Sniplified diagram of I is shown, with the
addition of the backside He flow plot, according to one embodiment of the invention. As
before, plot 202 reflects the etch rate of the blanket oxide in nanometers per minute (nm/min)
over the course of several weeks. Likewise, plot 208 reflects the corresponding measured

backside He flow during each etch.

[0048] As shown on 4/6/2004, both etch plot 202 and plot He flow plot 208 show
excursions at 204. That is, as the He flow became reduced to about 33.5 SCCM, the etch rate
also was substantially reduced to about 33.4 nm/min, substantially outside the 3¢ lower control
limit (LLCL) 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



systens. That is, in an attenpt to match one pl asma
processi ng systemto another, variations are al nost
woentcaBes2b 0 occur. O her causes of variance ar eComS2m5/034226

o wt e of di Nap rwepecial . They are not an expected r
about 3%% émaraéééggoeg Y ADREAT t ﬁ%{r@@éypgﬂg Wgtf))gﬁ%cs%]edlp{% t{ow as at

point 268Ta' B&ldeM $12G4W A probaBly dota suBSINEECRASE sMBe BREPEBEL&Rsion on
of' normal variation. For exanple, noisture in a plasm

4/9/2008hanber which can destroy a substrate. [OO45] In this
diagram the target is a desired nmean etch rate of
[0050] about REefGrib@ nowitoi FIG. dnthetsohplifieitdiagefreoFIGH 2 is shown, with the

.. maLntaining the etch ra it hi upper c¢ontrol )
additof bl TR bt 2 L D14 3 el POVS iRFHawPogeprding to one
embodiafat bOthe lihvEntiod. ERsng_f%reof)lo@Q@ZJI‘eﬂ%@@-tﬁeletemrﬁb Bf the blanket oxide in
Thi sparticular' set | et cEes' wef e performed in a Lam

nanomdRers par winuEx Gira/min ppve3de cdusk of sevgrad mepks| lnsaddition, plot 402
ocessi ng,.syste l.t howugh ot asma processing
reﬂeasﬁbg?‘gﬁ?p n%&lea@f&a 1%?83%}983@2? B@J’Zarret ers were as

follows: Pressure: 70 m/lli-torr Power (2 : . .
100511 10010, chs it EDRHRGSIY 39 HFApd el i b S0P 10 Bpgin, with

an uppet comedl i BRW ¥ 1289 296PMiN2Sd 8 MRy @oMréRimit (ER LCL)
Tenperature: 80 C at TP (top piece) & 20 C at ESC

of abouPrl 6¢.8% anfinine: Tig: desiraddagst idwedaicqd 9@U16)t 38 HOhmgwith an upper

concol G EEL 29 8B 2T BB R B fone 7

Ohms. 8B efth PMREI2-andl fha RdaYidred SmbEdance FRPT7aNIHZIA00 show excursions both
excur si on &?l nts may becone 4a;gﬁarent: 204 perfornmed on

around 206 pp e 20¢hand 296 3k ondr 920046 nHanwg; amerrursien i e msasirgd
. , t i
mpeash IRG08f B LRIED: bABGBFZICR) bR RpEL ok

substaritial tédueriviein ahesticlaidtertryovo eheCBRSECL I e.say stiributé exaduesion).
(i.e., chanber contam nation, plasma structural damage

[005212nd deWgié AERYikRe B3 RUAE DY iRedrfake iffi@ftol boNével Watfators that
&;{obl em chanber tenperature out of specification, bad
may su

anféablyenlter arpleoparimpedaniee ey dlsodpndto asksibgantigd changes in
I tC, 047) . Ref erti N
substrageI % blu es. 8 c]aiagg}eaer#cg frgtﬁ] Eheg,gfiagt%s 1{1)1\%5] ’Frlc\%ldteﬁh? gée]cgnoratmn of
chamber materials (e.g., electrode, confinement ring, etc.), excursion of gas flow, gas pressure,
or temperature, changes in substrate types, changes in the chuck surface, problems with the RF

generator, an RF connection, a bad RF cable, etc.

[0053] Referring now to FIG. 5, the simplified diagram of FIG. 2 is shown, with the
addition of the measured impedance for 2 MHz at the V/I probe is shown, according to one
embodiment of the invention. As before, plot 202 reflects the etch rate of the blanket oxide in
nanometers per minute (nm/min) over the course of several weeks. In addition, plot 502

reflects the corresponding measured impedance for 27 MHz.

[0054] As stated previously, the desired target etch rate is about 110.52 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 impedance is about 145.73 Ohms, with an upper

10



addi tion of the backside He flow plot, according to
one enbodi nent of the invention. As before, plot 202
woeblemsésrot he etch rate of the bl anket oxi de i RCT/US2005/034226

o PR B O R B e bIG, BOM 3 o s

142.29CHmmESspondi ng neasur ed backsi de He fl ow during each
etch. [0048] As shown on 4/6/2004, both etch plot 202

[0055]and IO'BQ)tﬁ?1 E{%&&h&%@ LAd 1R 38 3hRWiRKeH AR T8s 2 MMHZAh2 sHHR!
is, as the fl ow becane reduced to about 33.5 SCCM
excursivhebeth abpund 284 abn 4eE0& sk 206t anatHY200%d use th Fl6. Sbaw excursion

. 33.4 nm m S tantial | [ de .t he

in the et mprofneS e ot b e 0T R B G 6 G hppears o be

correlaRAtH atstigstitNrddatorindhd dteh Hee bdlo¥w RIE/RALCEXLS! & fisbute
at the sane point, this may inply a correl ation.

excursigBhce, the He flow may be a substantive cause of the
etch rate excursion on 4/6/2004. |In contrast, since a
[0056] r educeRefetririg ppivoto PIOR 6¢the winsplifredodiagyaan 0OBKG.GX islsbowvn, with the

sddiof 3 PP Feat PR 9% Dl ARERT hOVES: B3 gbbepting o one
embodinfsi 6€ theliBvdntion iAS pR&vaRABRI desBigbeda ﬁdqhéﬁ%nfdnw plabReySbms can
the etch rate excursion on 4/9/2004.” [0050] Referrin

modifyrepset pbHfrEquancigs usaddo gengynte thesplasnadn ardesto migmize the retlected
hown, with the addition of th sured | e .
pover 34T ibASB, AV RO, BBk B b RE L DR es n
plasmadiffipedineent of the invention. A s before, plot 202
ects the etch rate of the bl anket oxide in

I
[0057] nanorreA hefoisePloh? W tedogth ferfigh rais f therklanlish pyide dp nanometers per
. iti | 2. re
iSRSl SRR R S sEbEBbe il i
corresphding dngasenet dreghigncytfne ez ekk dtateggireeibutlyy theelesised target etch

rate is Gy L - SR 20N W ROAADTEE (ORLIC QR fbaht 14043 oo

and a ll&ﬁ%eég%)ﬂ Rﬁllté{ﬁg%(gﬂg&ggguﬂ'ﬂoml%mﬁﬁﬁl desd dskel %g@cltfrequency for

ance |1I's apbou . G’]ﬂB, W t an upper contro
27 MHziisralbout 2740630 Mtz bathtandipper contrel dindt FRIQASICEpof abolt 27.52331

limt (Z LCL)..of { 7 h plot 202
Mz a3 i ot Bt (FRAECRoiotbp 302 5 b
Both clgh 0103 OB HPAdRSPSORT 7 ANING SR b arsions both around

point 200R84R %S doAhsk %fntfﬂ%v aldind4/3%5bo0r Irpgieqy’lg eddibflaln, an |

appears to be correlated to a substanti uction in
excursiones é¢firtedraatagpole beywrdiest&dard @lvigtions (3oanf ttetplotuean. Hence, an

excurs1%)r(1clrl1J 5:11865I n%ge?sin'ed frequency (whether above the FREQ UCL or below the FREQ LCL)

_appears to be correlated to a substantial reduction in the etch rate below the E/R LCL (i.e., an

attribute excursion).

[0058] Referring now to FIG. 7, the simplified diagram of FIG. 2 is shown, with the
addition of the measured impedance phase angle at the V/I probe is shown, according to one
embodiment of the invention. As before, plot 202 reflects the etch rate of the blanket oxide in
nanometers per minute (nm/min) over the course of several weeks. In addition, plot 702

reflects the corresponding measured phase angle for impedance.
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[0052] While not wishing to be bound by theory, the
i nventor believes that factors that nay substantially
\Vahmmnnanplasna i npedance, may also tend to caBE®/US2005/034226
''''' is ubstugnt ial -changes: dn substrat e t1
[0059]t he e?gﬁta?%c{%r 11;% e{hF gﬁlre Jat tyet‘;ghnc elg a%&ht 1?‘(5155 nfffmin, with

an upp&t@bfirb1AiA (BR UIELN&'D’@@EIQHHQ&ﬁm/ﬁhﬁ ah@a owerei @igtiol (Dmiﬁt (ER LCL)
confinenent ring, etc.), excursion of gas flow,

of abous A 88 21 pay/misy. T@éﬁ@rrad @r&et of ths erasuted l@n%@ppﬁtp@aﬁeywée is about
-59.67< m%ﬁ%gpgr éo'ﬁ?r&gﬁ ﬁ ﬁ@%Lg Q)E Q%&L&?% d Q.nhthelo%r control limit

generat |on
(ANGI[DEB] ofeHoat 6 1nh°now to FIG 5, the sinpl | f| ed d| agram
of FIG 2 is shown, with the addition of the neasured

[0060] | MPed@ieettR plo? ZWén@ﬂletlﬁ@sMkﬁ phiselk@gles70gha\wiv excurswns both
accordi ng to one enbodi nent of the inventian.

around pefng P4 afp4/6420% and prinb2Q6s-h #arandrY/20 4. op dﬂ%&ram» anR¥gursion is
deﬁne(fg%uaﬂg)éﬁto'heg)gﬂc? g@{an&%g ggg{aﬁ;? i ag) n f?(l oﬁi’o@%ﬂeg%f.e %&%ﬁ@, an excursion in

severa
the mei@fddqmtase ztrfgdae Ciaties pbond thg ANGISE el onpdalatbe ANGLEL.CL)
ated previjously, the desired t .
sppeariog CORPRIALIOIARAT RSO P the cAgh e EF#O%%@E%@ £LL e, an
aﬁnbm%%Q&ﬁﬁbni'”‘t (ER UCL) of about 120.12 nmmn and a
ower control linmt (ER LCL) of about 100.91 nnif min.

T e L T

situ mdpiwEn@6fla processen agiasimagirodessing systent Ghyingh phdosanid pfo@éssﬁ%

0055] Bot h h pl
i ch 000l oA 2L 8 0%, 292 B0 U, TSR i tone
the pla&gg' Erogeégfh hgﬂl%gp%t &%8@?61\1%3 %‘éﬁéggnce ?:ﬁ ﬁltﬁ: ésma

XCUTSIEon Th t he asure er ab
procesﬁﬂmgclﬁnﬂ!@t while thesubstrath & dsgoSkd withipethe plasima lp:a"ocessmg chamber, at

step 80%2 %%e?qtyggdétn%ea@ic%? atltggfsltsga:ftegﬁgu %iﬁp?agls Ié Lhe tg\ﬁ b{a"ﬁ%e% the
measux%fg %F?%laﬁgé G410é RAVIREWER vEuGwHRn tﬁé}ﬁaﬁhﬂﬁ'a’bﬁéﬁ@m@ AYERTA second

is shown, with the addition of the measured
value differguicivem tlﬁeoﬁrsgvalm-lzvhgm theipéasmaI is preg@g, atsteprBOh, If the measured

impeafiEE G Sy aCRFs BEHCIafbafingt Vi YA 5B 808 then the

measufed impEthintey vaus @co@ﬁela‘téd&ﬂiﬂl@ﬁ!@htﬁ%@é@ﬂth&@r@%ﬁ@rzats& 81@ If not,
plasma in order to mnimze the reflected power

ng
then tha npesged inpestanee yaluaismot ereelatp ik ﬁ@;ﬂﬂehatﬁgefsths@r%ess at step
g1y, response to the changes in plasma i npedance.

[0062] While this invention has been described in terms of several preferred
embodiments, there are alterations, permutations, and equivalents which fall within the scope
of this invention. For example, although the present invention has been1 described in
connection with Lam Research plasma processing systems (e.g., Exelan™, Exelan™ HP,
Exelan™ HPT, 2300™, Versys™ Star, etc.), other plasma processing systems may be used
(e.g., capacitively coupled, inductively coupled, atmospheric, etc.) This invention may also be
used with substrates of various diameters (e.g., 200 mm, 300 mm, etc). It should also be noted

that there are many alternative ways of implementing the methods of thie present invention.
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[0057] As before, plot 202 reflects the etch rate o f
the bl anket oxide in nanoneters per mnute (nm mn)
woveere/036820 cour se of several weeks. |n additi onpCpiust005/034226

i,5+602 refdects the.carsespondi asured freque far .
10063127 A REEe BB B EORBUERY A pECRL LR wlpo PR oy Bprine o
rocesq ialaf lés%efak}eégssﬂa QySem MY Makurivg infpedinddP PRIitE@1Al iblantages
? Iinﬁi (E UCL)_%fyaboE?flzo.lz nnfmn and a | ower .
includectbpusentf 4 guiystentiatix reliable signalleaican boused far diagmosticsrpre monitoring
oS esired target frequency for 27 MHz is about 27.47680
PUPOS{y , Wth an upper control |imt (FREQ UCL) of about

0060 2] 52155100 B0 A SRR s o s B hhlecasons o
variatidHB @84y RO Adead YR &i¥clbadd efnboliideiOwhBd tsmeniay attimthebaibiect and
__around point 204a-b at 4/6/2004 and points 206 at

spirit o thumenaon ppdefned by the followingelpsed di agram an
excursion is defined as a point beyond 3 standard
devi ations (3s) of the plot nean. Hence, an excursion
in the neasured frequency (whether above the FREQ UCL
or below the FREQ LCL) appears to be correlated to a
substantial reduction in the etch rate below the E/R
LCL (i.e., an attribute excursion). [0058] Referring
nowto FIG 7, the sinplified diagramof FIG 2 is
shown, with the addition of the neasured inpedance
phase angle at the U/l probe is shown, according to
one enbodi nent of the invention. As before, plot 202
reflects the etch rate of the blanket oxide in
nanoneters per mnute (nnmn) over the course of
several weeks. In addition, plot 702 reflects the
correspondi ng neasured phase angle for
i npedance. [ 0079]""* " " '"'"A' s stated' previously*M
desired target etch rate is about 110.52 nmmin, with
an upper control limt (ER UCL) of about 120.12 nminin
and a lower control limt (ER LCL) of about 100.91
nm mn. The desired target of the neasured inpedance
phase angle is about -59.67, with an upper contro
limt (ANGLE UCL) of about -58.17, and a | ower contro
limt (ANGLE LCL) of about -61.16. [0060] Both etch
pl ot 202 and the neasured phase angle 702 sliow
excursions both around point 204 at 4/6/ 2004 and poi nt
206a-b at around 4/9/2004. hi diagram an excursion is
defined as a point beyond 3 standard devi ati ons (3s)
of the plot nmean. Hence, an excursion in the neasured
phase angl e (whether above the ANGLE UCL or bel ow t he
ANGLE LCL)
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appears to be correlated to a substantial reduction in
the etch rate belowthe EFR LCL (i.e., an attribute
weoexensrisésam) . [ 0061] Referring now to FIG 8, aPCT/US2005/034226

simplified diagramis Shﬁiﬂﬁ a method for the insitu
nonitoring of a process asma processi ng system
.havi .8 pl asma processi ng chanber, according to one

vwmﬂl%a'b |ﬁ%nt of the invention. Initially, a substrate is
positioned in the plasnma processing chanber, at step

802.. Next, a plasma is struck wth :
L. A myfioRdatinnnenBErem et HEl Ry pRek e yPeRnyipg o plasmo
pmcesgqﬁ%maglggpfcog{p@gﬂ@ processi ng chanber, at step 804. A

me i

sure édance that exists after the plasm is
gtositioking assubsieate iwtraid plagna pIRECTWESHPRAS npedance val ue

havi.ng a first.  val | 0l saberafdi
ISgélgflg%pgaé%%ﬁ"ﬁﬂ%%?édgp%@?@%%ﬁ%ﬂ om tﬂﬁg‘x}fﬁiﬁ§§t \?al ug *

disposéthfthinR8idRi@siBprosesping sRmnberat step 806. If the
nmeasur ed i npedance val ue is,ou%g%pe.of

i ohtadniag @@pquuqqé i@ﬁg@ng?,‘g{aj[ exists sgﬁlg?la%)ﬁzg{,?% rﬁf%lic, %21% measured
imped%%:? fv#%lg ?Aéel{’ilio{g %?'ﬁ@tcxﬁalﬁéa\!vﬁlﬁl daftl RR4hLlsabgsht whd B 184t a second value

e process, at step 810. If not, then
differehhfomBariuiredvalupehansadd plafmeismeswot correl ated with an

ttribut f t , at. step 812 ]
ta i isaggld inlpjﬁggﬁgqi HRD eggeg\gagﬁes 1’3 é)gg}qegoéf%pqrﬁdle?igreém ﬂgg‘fzd]arslevealrhgﬁ envelope,

correlegfél fsgitrdrlﬁé’asﬁ%ﬁ ‘?Igh&ﬁiﬁké valti® QA8 aRla@riBhicf 84id Phccess.

nutat 1 ons, d equivalents which fall within the

scope of this invention. For exanple, although the
. ti h b : , . . .
2 EnmEbR AL R A e S PUERE g b BpER MR & values i
perfor@é;&%@@%écﬁ?oRﬁﬁ@h@éﬂcym HP, Exel an(tm) HPT, 2300(tm,

s(tm Star, ‘etc.), other plasna processing .
systens may be used (e.g., capacitively coupled,:

I nduct i.vel oup| t L ®; ThizBowiPViemtz on

3. rrige H’teglé’%ﬁ)iclﬂ%% \&nﬂ?r I%SS%E%B?%?E?F oifé(@g%?yolggg%lii amet er s
(e.g., 200 Mmm 300 mm etc). It should al so be noted
that there are nmany alternati.ye s of imple i

4 ¢ Ao metindas pmanabgeucart TeAUERE i Eopra oSN L VP,
XdVant ages"of 'trie invention include nethods and
apparatus for nonitoring a process in a plasm

5 pIThe esshdigfammenwhyreivemilspecidiciRipiegusoey isabant J3oHuMHz.

advant ages i nclude the use of a substantially reliable
signal that can be used for diagnostics or nonitoring

6. PYil gfe?ﬁ‘od chQ:@aqg‘n] 2 HRetPsast plasas fdcesRIgNlyates includes a RF generator
" enbodiments and the best nbde, nodifications and , :
having a V/I probe, said obtaining said measured impedance value is performed using said V/I

probe.

7. The method of claim 6 wherein said measured impedance value represents a value ofa

phase angle measurement.

8. The method of claim 6 wherein said measured impedance value represents a value of an

amplitude measurement.
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vari ations may be made to the disclosed enbodi nents
while remaining within the subject and spirit of the
wonversesan as defined by the foll ow ng clai ns. ECAMUSBI05/034226

o RPN B o T By 0

impedaBtRNRr BéRFR $igliNg chanber, conprising: positioning a
substrate in said plasma processing chanber; striking
a plasma within said plasna processi ng chanber while
10. 8k %e%ﬁg?ls(;f C?Ehl% d @h@eﬁﬁﬁ?fﬁnﬁ@d%e%@@ﬂ &j)ng‘l)fj‘ﬁﬁ{ﬁ is within 3o of a
processi ng chanmber; obtalni'ng a neasured | npedance
predefihdibimpedsdesargét wluesai d pl asma i s struck, said neasured
i npedance val ue having a first val ue when said plasma
I's absent and at | east a second value different from
1. Rbthdbdasdr dﬁialulewm%ﬁl Sifd gre@éfﬁﬁaﬁmbéda%@@ﬁﬁ& enveioppdh8udes an
neasur ed | npedance val ue 1s outside of a predefined
impedanopegp®n centiad limet.envel ope, correl ating sai d nmeasured
I npedance value with an attribute of said process. 2.
The nethod of claim1 wherein said obtaining said
12. NMRSsMERA JIERaRaNCRhBInaR infheRict abpatoatro Rl @S Within 30 of a
RF frequency. 3. The nmethod of claim2 wherein said
predefingsk Iﬁﬁmuﬁﬁmgﬁﬁﬁﬁ@hcy is about 2 MHz. 4. The nethod of
claim2 wherein said specific RF frequency is about 27
MHz. 5. The method of claim2 wherein said specific RF
13. fTheawsisdyofl cSaidmbDWherkth Sid padefifed ihpedaiet halde ehvetdmi iftlddes an
) wherei n said_plasna processing systemincludes a RF
impedagepomer 6pntrpd Vinpitand apy impsdance ubger @nbpt linHi ng sai d
nmeasur ed i npedance value is perfornmed using said V/I
probe. 7. The nethod of claim®6 wherein said nmeasured
14. iThpestahwkofuddine] whpreaseid subatrata liseseniicandubts evadargl e
measurenent. 8. The nethod of claim6 wherein said
neasur ed i npedance val ue represents a val ue of an
L RTETATPR i f
5. gﬁggﬁtwﬁf?e %ﬁggig p?E%%??%Eg&F#%% gﬁﬂ%msglue envel ope
i ncl udes an i npedance |ower control |imt.

16.  The method of claim 1 wherein 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.

20.  The method of claim 1 wherein said plasma processing system is an inductively

coupled plasma processing system.
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10. The nmethod of claim9 wherein said inpedance | ower

control limt is within 3s of a predefined inpedance
woaomateszal ue. 11. The net hod of claim 1l wher ePaTABR@S/034226

predefined i npedance val ue envel ope incl udes an

i npedance upper control limt. 12. The method of claim

21.  The WS oF chahdl Wﬂ&eﬂﬂaﬁ?ldﬁﬂ@proeminrg(ebfstbﬂnﬁb tin hi$nospheric
within 3s of a predefined i npedance target value. 13.
plasma precepingi®itest: cl ai m 1 wherein said predefined
i npedance val ue envel ope includes an inpedance | ower
control limt and an i npedance upper control limt.
22.  The nisodeftciaich loivhedem saidlpludnea pionessmigdystatnss n fiteguérsyduned
em conduct or wafer. 15. The nethod of claim 1 wherein
Couple‘i,ﬁ]@ﬂn%%%?s&’tgegyﬁ@ma gl ass panel. 16. The nethod of
claim1 wherein said attri bute of said substrate

2. PSRRI g g

aplasn&qudc@mhgbhm&r;mmlﬁrsﬂrg:s a sel ecti vi ty rat e while
et chi ng sai.d subst he met hod. of . cl EI m 1

ate
m@%m P ol GnAE eI U Bo P BOrE PEPPESent s an
S Hﬂ'sfrﬁéﬁ%ﬁ}f %Q%Hfhm F%hﬁ BrRbsslo Ghafbktlwhile said substrate

strate nmet hod of claim1 wherein said
is diqusbdimlmrpsaostplasmmgrosymwnhambar,capaC| t | vely coupl ed

pl asg?%%§%%§g§%‘2%ﬁﬁ‘y%{l ‘Z‘éfl?th}; d o{q asha 1 struck said

measurbd ﬁﬁﬁédai{@é Yal6ORRsa BlRSABe Wh@ﬁ §§1§ 'p[lﬁm%}{§ hiReni2hd af Rast a
hod of claim 1 wherein said p asma processi ng

Secondwhleeilrﬁfﬂsnfaﬁ\f;rats?ldfgﬁéfaﬂl@ Volhea miamemr%gntsyst em 22.
1. wh
g{j%aﬂcgﬁe?sgre p%a%éc%]c: 5@8 E)gl'rig Oe%pﬁﬁe?mw 8&&%%&% envelope

asha "processi

means 8¥ édrﬁil@tn%%md&ﬂe@ﬁfb@ﬁﬁip@&anﬁ:@ Kalud waihtdn atpiduteaisnid pmf)ceas
process in a plasma processing systemhaving a plasna
processi ng chanber, conprising: neans for positioning

24. afh%%Bﬁgtr%ﬁts &f bRini 35 %{%kéh? Wa BbRGfsg [REL) nfegﬁﬂpc?fnipedance value is

performed at a specific RF frequency.

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

26.  The apparatus of claim 24 wherein said specific RF frequency is about 27 MHz.
27.  The apparatus of claim 24 wherein said specific 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 impedance value is

includes using said V/I probe.

29.  The apparatus of claim 28 wherein said measured impedance value represents a value

of a phase angle measurement.
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means for striking a plasma within said plasm
processi ng chanber while said substrate is disposed
wonzodsioaeseai d pl asma processi ng chanber; means POT/US2005/034226
obt ai ning a neasured i npedance that exists after said
pl asma i s struck, said neasured inpedance val ue having
30.  #hd AppatatifRbigainh B whedeth flds BBt iﬂ?ﬁ@éﬁce FaRke dépreeasla value
a second value different fromsaid first val ue when
of an arsplitudpmgaswementpr esent ; if sai d measured i npedance
value is outside of a predefined i npedance val ue
envel ope, neans of correlating said neasured i npedance
31.  Vh¢ aspavdttihoRalaiad 23 ivheredh safd maddfined ompsdanc@4alud bevelope includes
) ppar.atus of c¢l.ai.m 23 wherein said obtaining said
an imp P%@r?ﬁﬁ%égﬁﬂ% value is perforned at a specific RF
frequency. 25. The apparatus of claim 24 wherein said
speci fic RF frequency is about 2 MHz. 26. The
32. Fppapmraiss of claibmd hwhdreinhwidimpedancd lewersdohirol K@it is within 3o of a
frequency i s about 27 MHz. 27. The apparatus of claim
pwddhfﬁlaﬁ@&%%ﬁtﬁﬁaﬂ"ﬁbcific RF frequency is about 13.56
MHz. 28. The apparatus of claim 24 wherein said plasna
rocessi ng systemincludes a RF generator having a V/|
33. hoheparaias of ¢leiana3 wheusir widpmdelingiddmpedange selup apediensdacludes
an im yaJ&; i%rég ﬁﬁﬁﬁﬁtUSing said V/1 probe. 29. The
pé%%ar us of Clhalt 28 wherein said neasured inpedance
val ue represents a value of a phase angle

nmeasur enent . 30. The apparatus qf claim 28 wherein s%id
34 hbagenasius ehdaiandd whgicinesaidimnedaptedipencanirel Bmitds within 3o of a

pmdeﬁ@#@bj%&gﬁ %%@&R%. fnt. 31. The apparatus of claim 23

[+ . .
n sa predefi ned i npedance val ue envel ope
i ncl udes an inpedance | ower control limt. 32. The

paratus of .cl aj 1 wherein_said.i npedance | ower .
35 ABRERHAS O o 2GR S HFd%f%k?ﬁé@@Fﬁ?ar‘i’éﬁ Vil gRyFieRs includes
; ; ' 3 wherein
anan%g#%g%pégé%?%ggﬁP%%E%%ﬁggégg%ggpgﬁﬁg#%gghﬁﬁbIudes an

i npedance upper control limt. 34. The apparatus of
aim 33 wherein,said i ance upper cont

Limit i
s6. e byt oF igr 2 S P Hpeauoe rar g el ' °
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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35. The apparatus of claim 23 wherein said predefined
i npedance val ue envel ope includes an i npedance | ower
\Voammnnﬁnbinit and an inpedance upper control PCWiUS2005/034226
..... The. a L atys...af .cl 23 wherei.n said s rat.e
4. T gvgea o BRI eiR st Pebha PRECeR B R R ey
coupled pR3mWpesREdnSstenpubstrate is a gl ass panel. 38. The
apparatus of claim 23 wherein said attribute of said
substrate represents an etch rate while etching said
I f
2. BB e it 25 BRSNS pr B SL L Mgy ly
coupled plagine pyducken@bysidnng sai d substrate. 40. The apparat us
of claim23 wherein said attribute of said substrate
represents an etch uniformty neasurenent while
t.chi [ T,
B T R R A s Pl P ORAIRE o ] mospheri
plasma processiog sysierhy coupled pl asma processing system 42. The
apparatus of claim 23 wherein said plasma processing
systemis an inductively coupl ed plasma processing
44. wa%us@ clalfi®3apRasiAkMa pﬁsnﬁ'ﬁéd@bﬁﬁ% W R hsﬂa frédéncy-tuned
asma processing systemis an atnospheric plasma
coupled pgxsme@sweﬁgngm%m 44. The apparatus of claim 23
wherein said plasma processing systemis a
frequency-tuned coupl ed pl asma processing system
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