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BACKGROUND:OF THE INVENTION

10002] Plasma processing has long been employed to process substrates (e.g., wafer or
flat panels or other substrates) to create electranic devices (e.g., integrated circuits or flat
panel displays). In plasma processing, a substrate is disposed in a plasma processing
chamber, which employs one or more electrodes to excite a source -¢as (which may be an
etchant source gas or a deposition source gas) into a plasma for processing the substrate.
The electrodes may be excited by one or more RF s'ignals_. which may be furnished by
one or more RF generators, for example.

[0003] In some plasma processing systems, multiple RF signals, some of which may
have the same or different RF frequencies, may be provided to one or more electrodes to
generate plasma. In a typical capacitivelv-coupled plasma processing system, for
example, one or more RF signals may be provided to the top electrode, the bottom
electrode, or both in order to generate the desired plasma.

j0004] In some applications, one or more of the RF signals may be pulsed. For any given

RF signal, RF pulsing involves alternately changing the RF signal between.a high power



100021 Pl asma processing has | ong been enpl oyed to process substrates

(e.g., wafer or flat panels or other substrates) to create el ectronic
deV|ces_(e.g., integrated circuits or flat panel displays). In plasm
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enpl oys one or nore electrodes to excite a source gas (which may be an
-etchant source gas or a deposition source gas) into a plasma for processing
the substrate. The el ectrodes nay be excited by one or nore RF signals,

whi ch may be furnished by one or nore RF generators, for :exanple. 100031
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delivered by RF generator RF_GEN1 has changed when the RF signal from RF_GEN1
pulses low, for example.

[0006] To further elaborate on the frequency tuning aspect. a modern RF generator may
self-tune its RF frequency in order to more properly match the output impedance of that
RF generator to the plasma load. As the term is emploved herein, the independently
pulsing (IP) RF signal refers to the RF signal that pulses independently of other RF
signals. Such independently pulsing RF signal may pulse in response to a command from
the tool host or another control circuit for example. A dependent RF signal is an RF
signal that tunes or changes its RF frequency in order optimize its power delivery to the
plasma load in response to the pulsing of the IP RF signal.

[0007] In the prior art, the dependent RF generator that provides the dependent RF signal
may sweep through multiple frequencies during its frequency tuning process (such as in
response to a plasma impedance change event caused by the pulsing of the 1P RF signal) .
The dependent RF generator may monitor the forward power and reflected power during
the frequency self-tuning process to determine the RF frequency that most efficiently
delivers power to the plasma load as it sweeps through different frequencies.

[0008] :In theory, the prior art self-tuning works adequately for certain applications.
However, the RF signal pulsing frequency specified by modern processes is generally too
fast (e.g.. 10 KHz or faster) for self-tuning feature of dependent RF generators to keep up.

This is because, in part, multiple samples are needed for frequency self-tuning, which



100051 If other RF generators have their frequencies tuned to maxim ze
their ‘power delivery based on the plasnma i npedance that exists during the
hi gh pul se of the RF signal from RF generator RF_GEN |, these RF
-frequencies will likely result in inefficient power delivery when the
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accept abl e frequency tuni ?:% 100091 |f the RF frequency of a dependent RF
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[0012] Fig. 1 shows, in accordance with one or more embodiments of the invention, a
forward power versus time diagram of two RF signals, a 2 MHz signal and a 60 MHz
signal during the learning period.

|0013] Fig. 2 shows, in-accordance with one or more embodiments of the invention, the
steps of the learning process.

[0014] Fig. 3 shows, in accordance with one or more embodiments of the invention, a
diagram of normalized RF parameters versus time for implementing the rapid frequency
tuning by the dependent RF generators for optimal production time power delivery during
IP RF signal pulsing.

[0015] Fig. 4 shows, in accordance with one or more embodiments of the invention, the
steps for implementing the rapid frequency tuning by the dependent RF generators for

optimal power delivery during pulsing.

LI



100101 In view of the forgoing, there are desired inproved nethods and
apparatus for ensuring that the RF frequencies of the dependent RF
generators can quickly react to changes in the plasma i npedance caused by
1P RF S|gnal pul sing. BRI EF DESCRI PTI ON OF THE DRAW NGS 100111 The present
invention is illustrated by way of exanple, and not by way of limtation in
-the figures of the acconpanying drawi ngs and in which |like reference
nunerals refer to simlar elenents and in which: 100121 Fig. 1 shows, in
accordance with one or nore enbodi nents of the invention, a forward power
versus tinme diagramof two RF sienals, a 2 Mz signal and a 60 MHz signa
during the |l earning period. 100131 Fie. 2 shows, in .accordance with one or
nore enbodi nents of the invention, the steps of the | earning process.
100141 Fig. 3 shows, DETAtCED DESCGRINTIONOIRENMBODIMENTS0dI nents of the

I nvention, a diagramof nornalized RF paraneters versus tine for

I npl enmenting the rapid frequency tuning by the dependent RF generators for
opti mal prmdlmmﬁrprdsérnmvpmrwidabiv\berdyscdblemiiﬂgethiP“REra“éxgmlto pedvsi ng. 100151
Fig. 4 shows, dln ac&far Qa . th one or nore nbodi h f f t he i nventi on,
the steps TBICHHPIRERS aﬁa “F‘I‘iaée DR PRI RS fat*enﬂS"& 'R ¥ependent RF
gener at or sddseriptioptrufidtoup epweific dedaily/ae yet ditthi in grdetilogiréddde 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.

[0017] Various embodiments are described herein below, including methods and
techniques. 1t should be kept in mind that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
mstructions for carrying out embodiments of the inventive technique are stored. The
computer readable medium may include, for example, semiconductor, magnetic, opto-
magnetic, optical, or other forms of computer readable medium for storing compurer
readable code. Further, the invention may also cover apparatuses for practicing
embodiments of the invention. Such apparatus may include circuits, dedicated and/or
programmable, to-carry out tasks pertaining to embodiments of the invention. Examples
of such apparatus include a general-purpose- computer and/or a dedicated computing
device when appropriately programmed and may include a combination of a
computer/computing device and dedicated/programmable circuits adapted for the various
tasks pertaining to embodiments of the inveniion.

[0018} Embodiments of the invention relate to methods and apparatus for enabling RF
generators to quickly change the RF frequency of their RF signals to match the plasma
load condition when the independently pulsing (IP) RF signal pulses. In one or more
embodiments of the invention, each dependent generator undergoes a learning process
during a learning period, during which its own optimal runed RF frequency is learned for
the plasma impedance conditions that exist when the IP RF signal pulses high and when

the 1P RF signal pulses low. The learning period represents a time duration during which



DETAI LED DESCRI PTI ON OF EMBODI MENTS 100161 The present invention will now
be described in detail with reference to a few enbodi nents thereof as
illustrated in the acconpanying dravvings. In the follow ng description,
-nunerous specific details are set forth in order to provide a thorough
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each dependent generator undergoes a |earning process during a |earning
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artificially ae;ggt %['g 2 th-togl)\\/%r the drgg,endent RF generator tinme to converge
to an opti el frequency foor the case when the IP RF signal is
pul sed hi gwﬂzﬂmﬂtlhélﬂm@dlm% df ol ipvengen ¢joplay thonelbfuningdediie RRhgi anal is
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learned optimal tuned RF frequenp_\ value for that dependent RF generator to another

previously learned optimal tuned RF frequency value for that dependent RF generator
during production time. The dependent RF generator changes its learned optimal tuned
RF frequency when it detects that the monitored measureable plasma parameter made an
excursion beyond the previously learned thresholds. In this manner, the time consuming
process of frequency self-tuning by the dependent RF generators is eliminated during
production time, and the dependent RF generators may more quickly optimize its power

delivery to the plasma during production time when the IP RF signal pulses.



100191 During production use (such as during plasma processing of
substrates), each dependent RF generator nmay nonitor the neasurable plasm
paranmeter, which threshold values are |earned during the aforenmentioned

- learning period. If the neasurable plasma paraneter val ue exceeds either of
the threshold values, a transition in the IP RF signal power |evel is

- deened to have occurred and the dependent RF generator switches to the
appropriate | earned optimal tuned RI' frequency val ue dependi ng on whet her
the IP RI' signal is pulsing high-to-1ow or | owto-high. 10020.1 Note that
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the invention, a forward power versus tinme diagramof two RE signals, a 2
MHz si gnal SigiebipésesF gk mgy b bettetiudersipog mber gudied WgopEngtion witshter al | y

speaki ng, fhehhRaf i nﬂu@#{h‘sﬂ&éﬁcﬁ%ﬂ; e QE%% d?@i%ﬂeé‘r%n‘ﬁ%‘é&s'{s‘?&hﬂeatto | earn
the optinmal tuned RF values and the threshold val ues or performed only once
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RF generator Te.g., 2 MHz generator) is pulsed high to its high power set
point. In mhM]e]SoamHoena)hmEerg RFlgenéthersh@litopmues plsata chahbdr phrametelte 2 MHz | P

RF generato KW This is also.shown in ep 204 of Fi urt her,
The Gor e BiadRe AR arm s Ers B ey mresn et yEh P8 eminateastieof | { o
frequency ﬁcﬁdef délehngficiede id e reddtionskig tkke\v&e[f@md&mm\BFaxgieeﬂﬁoﬁddeow’ep conver ge
to the opti RF frequency for r .deliver the I P RF signal (104)

i s pul sed ﬂfi@ﬁw\*ﬁﬁ gapiga. ifélt?é Wf U3 ISFED PQB%/I fkmsqut: 5. degmediiigiiv g "o

el abor at e, .rBE&! 1 (REHRNETALOE $ ﬁHN& Baf\eﬂ”\r&B&eeﬂleéiﬁmlﬁﬁ@Haeﬁt pa¢ aneters and
adj ust their own paraneters to naxi m ze power delivery. One common neasure

of power dNYaerYd Bilegied RoE)s My tteHB""r"@Tth“*‘Bﬁé*ﬁl% ﬁé?rﬁféeﬂo“feﬁﬁﬂﬁ?ﬁ power and
reflected REWRINpIA!IR etV nASH RPOFRradrt. thBF S Ror Vijth Uheb fs REERnalpOVEr
delivery is deenmed highly efficient. If the gamma value is 1, power

del i very |&ecmewamwwﬂewamﬁefﬁhierébxewmmm Fogtedaliyery #ficiiEY ect ed powers may
be nonitored using the RF generator power sensors, for exanple. In
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frequency to mnimze ganmma, thereby ngximzing power delivery efficiency.



100251 The IP RE signal of 2 Mz is pulsed high during the period between
poi nts" 102 and 106. This high pul se duration of the IP RF signal is greatly
extended during learning tine (fromtenths of seconds up to nmultiple of
-seconds, in one or nore enbodinents) relative to the true IP RF signal high
pul se duration enployed during production tinme for substrate processing
-(the true pulsing period of the P RF signal is determ ned by the pul sing
frequency specified in the plasma processing recipe during production
time). This artificially extended high pul se duration of about 3 seconds
(from poi nt0023ThedP BoisrmaliG)ME reslseiichi dwenzdbameriRf beyener piws 1¢%. g., the
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fixed frequency nmode where its RF frequency_is not allowed to tune.
| nst ead, t#HE lsatwweh%%}fw twgnaf‘aﬂeeeep@bdea RF generaigr eveef Hegienent i oned

61.3 Mz O@tlglnabertoaraedleIﬁFRtrse»ﬁmmﬁuu praguctibe e M18o bRdrRbr sbgpal transitions
fromits hig ggwer set paint to its |ow power set point (from 106 to 108).

This can b‘éfpé ﬁ”ﬁ"%’te@&”frf@“e@f” BPWE 2. Al though the | ow power set poi nt
For the 2 \HqFheSbWhal alsendsl R Lol (HEIRYIS Al ofmadd oS 1ot o

requirenen | ow power set polnt may am power level setting that is
| ower t hano. %ehm @h"&éﬁ\k“’ Rlesicisd plsesdiche flb\APPflml taned ] fsequemg28¢! Aft er t he
2 Mz | P R m:aﬁ‘z qLQt\e’\ff%; Eh@"eoﬂmz'ﬁepé%%,}tﬁ D eRIE W (RS QPddgmal  tuned
RF frequency of i's no longer the nost efficient RF frequency for

power del ister 96 bwd 4208 Of Mgz 2)R Thi S(jén’eM&t!o%]ue ERfesentssthy et BFt he pI asna
| pedance ReieRRAROREURAL de p&dgn[tﬁtzsmﬁ@p&nqeﬂt\m P EGEE Rl pul ses

| ow to deli ower anoun power to th i asma. T I ne ICI ency
is reflect@&he &"ammdt‘eﬂlgaﬁﬁ@Wami@ thyft pOw@ dehntercis efﬁ@leaiettebt elainw ttnaéRpower

sensors of . %cg)%nng WGEW@ Qtde Ifug(eepl gtor. This gamma value of U Sis
recor ded (s 3 ? set as the
[0027] The 60 MHz generator is then operated in the fixed frequency mode whereby its
RF frequency is not allowed to tune. Instead, the 60 MHz generator 1s forced to operate
at the aforementioned 61.3 MHz optimal tuned RF frequency and the 2 MHz IP RF signal
transitions from its high power set point to its low power set point (from 106 to 108).
This can be seen in step 210 of Fig. 2. Although the low power set point for the 2 MHz
RF signal is zero in the example of Fig. 2, such is not a requirement. The low power set
point may be any power level setung that 1s lower than the high power set point of 6 kW,
for example.
[0028] After the 2 MHz IP RF signal pulses low (after point 108), the previous optimal

tuned RF frequency of 61.3 MHz is no longer the most efficient RF frequency for power

-1



| DPC_Gammal threshold (step 214 of Fig. 2) in one or nore enbodi nents.

During’ production time, as the IP RF signal is pulsed high and the 60 M1z

- RF signal is at 613 Miz (the first optimal tuned RF frequency for the 60
-MHz RF generator when the IP RF signal is pulsed high) and the | DPC_Gammal

threshold is subsequently encountered, the 60 M Hz dependent RF generator

-woul d know that the 2 VMHz | P RF signal has just transitioned fromhigh to

| ow. 100291 In one or nore enbodi nents, the | DPC _Ganmmal threshold can be

adjusted for sensitivity by a Threshol d | _Adjust value. For exanple, it may

be desi r abdedivery by dte Q0SB RE LanapdroriTds 12pechime thepGn@anmpedanteieeshol d at 0.7

I nstead of CF}IIQ? 8ed(v\|'he§ he ﬁdliigmdeyen g{ ]ﬁ\g Enﬁ }iﬁslk'%a%@T{Lglonalo%l;\té?@tl%eé' sts due

to the hi -low transition o | nCrease
hi gh-to-1 oamtdmt &dth powes entbé plaving. yleynetffmelpwmﬂmdsmﬂs '.@ﬁmlahelu6©f MHz
dependent (BE

e this exann | ue woul d
e (0. 1), S5 e B e o P REBER o e 5D S ABE o ePlgIT R, e
gama val U@H(lﬁh BJuearid. &nhecaﬂdeue&banzibfmdjamnd may bresemis-tﬁel 100301 Once the
1DPCGa lue i ed F. erator is set to
t he frequerPcP;éa—g@f"fna B de’B?Pe (stép g/'_‘zé)f gﬁﬁB’lthé? ms u'i\)ﬁz dependent
RF generatmbdltoﬂoxd&mermlnepm@@phs p’ﬁllsedthmm‘dﬁife dOrMﬁuMcsy_vnﬁbs apdvier delivery
when the 2

| P RF signal ulseof e 2 VHz
'PoRE o gridHarge B ppduflaieg Rifieaneass stz B ErpSHteBeh i A o i g
1%] tgoemlzash%]abt@tpglsém«rl@&ﬁefﬁeaoma'eoﬁmmﬁl mq]fttsholmeuﬁaqmﬂy v:&bu:eergméd?d o0 permt
t he e ent ener at or se u opt requency
for power ‘épeM F@F“QWREﬁq’eP?{%IOT‘bWI%E hﬁﬁtg‘fﬂgl%‘ Iﬁﬂf& Nk &"‘Si%:%l 1 Once the
60 MHz dep@ﬁﬁﬁﬂﬁed%lﬂﬁlmﬁﬁ@[b(ar tunes to the optimal RF frequency (60:5 MHz
in the exanple of Fig or. power delivery duri thelowgulse of the 2

Mz | P RE KPgHdR ong ‘Pfé“‘?féw"B?ﬁ"i“ﬁ'ﬁ? the PR - ﬁftmfnebakféh@g} ot be Bstss Nz

dependent Rhsiganarnat Treshsldl et @8lud Stde Bxatdpfe, Ay AtQeifableitg set hep 100321
After the 60 Mz dependent RF. %pnerator has tuned to its optimal

frequency ¥Vdiai&ing) '@BHBPW"(“P treptRi® Of7riayRrd e O (Forstighiy We(BW Bﬁl se of the

2. Mz | P REuSiaaihd valdeiRa 60 siVike deRansentioRira88Me #el > M3 RFAm@perate in
the fixed frequency node (step 222) at the | DPC FR EQ frequency of 60.5

MHz and t hie igcreast the RigReoderm deteation sqnsitigity el Pewersenses qﬁrfg MHansition from
110 to 11ZAepel:nch'ntSR}eQé}neglt(ﬁ.ohbtﬁls%gﬁnplé,Qhesﬁﬁ&hgl%z_@c{)uJ:'\Que Jould be (-0.1),

and the IDPC_Gammal threshold of 0.7 is the sum of the true gamma value (0.8) and the
Threshold! Adjust value of -0.1.

[0030] Once the IDPC_Gammal value is obtained, the 60 MHz dependent RF .generator
is set to the frequency self-tuning mode (step 216) to enable the 60 MHz dependent RF
generator to determine the optimal tuned RF frequency for power delivery when the 2
MHz IP RF signal pulses low. Again, the low pulse of the 2 MHz IP RF signal is
artificially extended (between points 108 and 110 of Fig. 1) to enable both the
ascertainment of the IDPC_Gammal value and to permit the 60 MHz dependent RF
generator to self-tune to an optimal RF frequency for power delivery during the low pulse
of the 2 MHz IP RF signal.

|0031] Once the 60 MHz dependent RF generator tunes to the optimal RF frequency
(60.5 MHz in the example of Fig. 1) for powear deliverv during the low pulse of the 2
MHz [P RF signal, the new optimal wuned RF frequency of the 60 MHz dependent RF

generator is recorded (step 218 and 220 of Fig. 2).



100331 After the 2 MHz I P RF signal pulses high (after point 112), the
previ ous optimal tuned RF frequency of 60.5 Mz (I DPC FREQ2 frequency) is
no |l onger the nost efficient RF frequency for power delivery by the 60 Mz
- RF generator. This is because the plasma i npedance has changed when the 2
MHz i ndependently pul sing RF signal pulses high to deliver a higher anount
-of RF power to the plasma. The inefficiency is reflected in the ganma val ue
of 0.78, which is detected by the power sensors of the 60 MHz dependent RF
generator. This gamm value of 0.78 is recorded (step 224 of Fig. 2) and
may be setIOQ&ltAf@rItHBII@I\QHk A¢neadent RF geteodtal has tuepd @26 opfim#iRy. fr@uenay one or
nor e enbodj ren r S o h i pul sed | ow
and the 60 TTe A s, 0 R PREGE BT TR bRl o s 2T In ke R
frequency §1gxral,ttllre6606@Hk/ldlzpeFaﬂ'engaﬁeemdrmor wke o dpeete lhm]d:iﬁedlf@qm:lncv sogil sed | ow)

and the | DPC A, .S subs ent | 0 r the 60. MHz
dependent D&E’”géﬁg iegﬁﬁ%%ﬁ%%e?%a?wﬂg\ﬁ ]iymrz.lﬁﬁ§g/h—§é$§vg%§f’mﬁ?ag j ust
transiti Onﬂd)\\feﬂﬁmdlﬁ\/ﬂutlﬂtrhilsljﬂhn il BHAY ro 11 M2)0 Mis@an Aied Be ebdictapEae of t he

| DPC_Ga . threshold can be adjusted for sensitivity by a

Threshol d2"'Adj-ust val ue. For exanple, it may be desirable to set (step 226

of Fig. 2)[oobs AfdrtheGavra2r Rirseshiqiuthealigk)(afior ;bd\ﬁtlea)dtlﬁfprdi)lo?@olﬁtimz&

slightly belo true v XIStS due to t | ow-t o- hlgh
ranei 11 onoid phBaepoor PR DUE HREG: Fieibde S TaReb i msh gh derect i on
sensi ti vi t yffib¥mtRTEfrRRVRY 6 F Geli@bryttyenddd NfHz thegaﬁa@haﬂtﬂ%s gedaggeat or. I n
this exanpl e, the Threshol d2 Adjust val ue woul d be 03). and the

| DPC_GarmePe PHFES [ieedanse hes 0?8“489 vihRR the Grivlidf "‘Ldﬁ%enfi?r’&]é p@EMFMBb (0.78) and

the Thres hﬂllﬁ@hﬁﬂh&&élwvﬁd Mehe@famoﬁthBRF 1;9\08456, thE%shWTﬁ’@%hﬂ?ﬁlenéyﬂE‘ed
RF. frequenei es val ues (61.3 Miz MHz) and the two ganma threshol d

val ues (I .mBes @a'ﬁﬁlm"am\labpef@saﬁn‘ﬁlaz')l%é?téuf nthe pprsyersoel IE§0pr oduct i on

tine when {fig & J\MzmIREF @h&%@dmlpuzm{msauwfw,yrep@faectda@p pbASH M, P OCessi ng
reci pe and the % Byndent RF gener at or si n’g ps back and forth

bet ween th@‘dt% qsrset\ﬁs C L@armn@aﬂtﬁsbwﬁﬁteﬁ%}ﬁaﬂ m:dﬂrl@qwnewes (61.3 MHz
and 60.5 'mnp Y&ﬁﬁlcrﬁmﬁ?efq% tﬁeqb%ﬁs‘%nﬁahé Xfo%me\é@'mz has

exceeded t e thres ol ds~ he production tine
frequency REbsigng 193 60 aeide fensteond qaﬁnvgbtnmddilbffequsnm gchs SeNHzRiconnect i on

W th Figs. .3.apd “%FP&' QNVRF%QQ%Q}%LF A lo»?’) 0 MSD t”cé‘:% 4 %@%&ﬁg&‘{! th one or

nmore enbodf nent's he 1 nventio di‘agram of “normar ze par anet er s
versus ti nenbmpentlrmhmqun@;eﬁﬁéﬂmiﬂpaldremé%ﬁmnenw tekidgnby thahdiedependent RF

t I : j del d | P RF I
gener at or %&rlg%%tag%[gglehag@gfg%gug edti'r oWk, de ivery during Si gna

pul si ng. der's oo when studied in conjunction with
the fl owch@084]dh oke gr. meke emhodmedtetiad IDPQ hemsta2 gseshold chmisd m]mmmfmg the rapid

eabene, LAnLoR, By, HhESEECRIERIEE, ASEHalSN Il ARITEL FRYES (L Vel
gener at or X @is edthhlllghc ahanrhdPeth @EhddHn Odépmemfo RE (igenbghalvdelons set to
its previ O It e loaerr?‘t!;]zri]% ue l%at emst ue tJ hé {?)CI}IOh transition of the 2 MHz IP RF

signal) to increase the low-to-high detection sensitivity by the power sensors of the 60

MHz dependent RF generator. In this example, the Threshold2 Adjust value would be (-

0.03). and the IDPC_Gamma?2 threshold of 0.75 1s the sum of the true gamma value

(0.78) and the Threshold2 Adjust value of -0.03.

[0035} The two optimal tuned RF frequencies values (61.3 MHz and 60.5 MHz) and the

two gamma threshold values (IDPC_Gammal and IDPC_Ganmuna?2) are then employed

during production time when the 2 MHz is aliowed to pulse normally per the plasma

processing recipe and the 60 MHz dependent RF generator simply flips back and forth



| DPC FREQL (ex.., 61.3 MHz) or allowed to self-tune to this optiml RF
frequency of IDPC FREQL. This is seen in step 404 of Fig. 4. Thereafter,

t he dependent RF generator operates in the rapid frequency tuning node.
-100381 In the exanple of Fig. 3, the 2 MHz IP RF signal pulses at a pul sing
frequency of 159.25 Hz with a 50% duty cycle (the duty cycle can vary if

- desired dependi ng on recipes) between a high power set point of 6 kWand a
| ow power set point of 0 kW(the -0 kWis not a requirenent and the
invention works equally well if the | ow power set point is non-zero). The
60 Mz depesteentthRivogendgualydearpdoplitielsupd i frauenzioy otlet Mitang69-At of 900 W
100301 ! At RSk Mkter dGRE0ARDN. ARG AL e 8L LUELSA RN LAS LT Bl asre
| oad, it also nonit t he ganma va ower sensors &steps 406 and
408 of Fi g(IDRY. GMmpbandtID804Gamﬂne.)2 Wlodﬂtmtnm@mamenputusmg byow. Shortly
after this t ransition val ue fred by the 60 Mz
dependent ‘ﬁ?ﬁe'g‘gﬁ‘e‘?% %]rerattorﬁ 1 Sf%mcéjpgeﬁﬁgngﬁlb 456 aé’?%ﬁ’%d’ 0.8 (point 306 to
poi nt 308) |0036] mhs slhB)PCqurmhnctehnﬁsjnebdnms egbbdiaents of the inyemton, § or exanpl e,
0.7, the excursi b et ect ed va ( step 408)
woul o causBoAE Lo TR A SRR 05 e PReoRE Dr o B T ar ned
opti mal tumeﬁlgIREt}ferdequﬂamRF\mhereto(slfm@tnﬁﬂﬁmddcnemumapwm‘fdeﬁﬂaﬁdﬂv‘lﬁz) to the
ot her prevj ly le ned op. t uned \RF frequenc REQ2

Fr oquency. B! BREGS  Fighi AT be GiBReRbopd SR e RieBSurhSh ik o api o
tuning of hB@o&Ohavtds FelepenkienderdRls gesnak airamprémexmnﬁlhe&aWZreq@n&O 5 Mz in
responsetoth%ghdgto | tranS|thon of th é o‘J gnal brings the
measur ed g®MTg %V p "eﬁeré@rs( P?W‘ﬁb?‘ﬁ‘ter yepFugge H‘Els'ﬁ 100401 At
poi nt 314, (stdghgt Q{H;z;dal? RF signal pulses fromlowto high (314 to 322).
Shortly after_this lowto-high transition, the gamm val ue nmeasured (steps
412 and 41W08F1 Atingingy0% jhe 3 Ha AP Weﬂ%ﬁ@ﬂaémedﬁﬁrm‘ﬁé}ieﬁoﬂ €pi kes from

around 0. Ofeplfiedf K Béhefiof & 4ePRIiR reSJ«ﬂ:sl'&%aﬂﬁHBgmﬁéh@F frdquedchar| DPC Ganma2
threshold is set at to tri or exa t he _excursion_by the

det ect ed gHMfaFREQIde gy g?‘ézﬁ@halwegt“éi? fqne 1ghigpRyimal RF fsaveackalise the 60

Mz RF gengggt (F'REb%PfﬁmlsF?s Jb PR stpR0R LY %Sfﬁéréaﬁé’rr @n@‘ée&lﬂ&én‘frﬁk tuned RF
frequency val ue Q@ frequency oOf ) to the other previously
| ear ned opsﬁnmrortomr@tés RlxhefflaE‘dlf@ﬂWC\/WUén(quPC FREQl frequency of 61.3
M) ThiSideSsiSRa dmpkGPFAOY 2 Fird o Ar STALSHIRPR dulHuNEqRlnct BE 60 M
dependent generator from’6 MHz in response to the

| oWt 0- hi gh’%l‘ahhsv\tﬂil@)no%fdllt\r?efdz(th%ﬁm} quﬁagl‘g%afd%tfi!df@@elﬂﬁé! Ifeasur ed ganma
val ue down Qb § R PO erdol §f6 Qi Do oY }od kwseul d be
not ed t hat retﬁgsqtbgtrrgésialfeB&& F%O né %uctl%‘ngtlerrng%1 re ects a faster

ti me scal e0kWain notraeqofenfehipnd Ithe(lhmrim Ngks equally withifghd ls“tphe/emsleoiMen as
mentioned. . the hi gk 1,0 o | ses are
artificial |S /OexX ro 'ehg%(rgﬁil%iﬁgeﬁ%géa%rn niliﬁ ngyqu% o%tidegpoxg{r a% {:EOJGA? Et RE
gener at orsoft%)Os).léJ f-tune to the opti rral tune RF . frequencies for | ear ni ng
pur poses. [ 0 on ti uc Lunin ssary since
t he depend!eo%gll?\ggﬁgéfgggﬁ %)I?Z% %nrdgeteRsFSeeggré‘%{ del] Iers po“grm%fea{ﬁ & aﬁi ﬁe and
flips fromlenmohieas the darojh mmad viklts f)dsxequemcxy (it@sanﬁ)mhbmmoéﬁrgne)d Aaptimal RF

frequency as it det t.0- | ow sition of P RFE signal (by
conparing PHE 56?@@@@% é’glllﬂﬁ'gse\?é?"s oft Eﬁl’ﬁ"}’fﬁh EOHPES?IE}B?I&O "and by
knowi ng t hehe RaBIa Gbisie Fledfued®ly tid® MRz REpesid@nRF epicrasr spiked hemdaiuadt i on of

t he ganma ursion) and. the | owtQ-hi sjtion | P RF signal (by
conpari ng 69%‘%%@0 (PIRHAYP @QPﬂé’QﬁérgE\? lb%g #3 kﬁﬁﬁh‘ggf%ﬁeb@ﬁ%l d and by
knowi ng t heipk gui Qespe! @Y 8hddxctliRn bP 1R GLEM 3dmps Late (et NEEIRF &6 | on of
the gamma g())(S% lévro%\ld cguse the 60 MHz RF generator to flip from one previously learned optimal

tuned RF frequency value (IDPC_FREQI frequency of 61.3 MHz) to the other

previously learned optimal tuned RF frequency value (IDPC_FREQ?2 frequency of 60.5
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100421 It should be noted at this point that although only one dependent RF
generator is discussed in connection with the exanples of Figs. 1-4 herein,
mul ti pl e dependent RE generators nay learn their own optinal tuned RF
-frequencies and their own IDPC Gamma thresholds in the same manner to
enable themto rapidly tune their RF frequencies for maxi mum power delivery
-efficiency during production tinme. 100431 As can be appreciated fromthe
foregoi ng., enbodi nents of the invention facilitate rapid frequency tuning
by the dependent RF generators during production tine. The trade-off is the
ti me spent MHazarﬁlnmg St:ehen@lpp bt Fagmle mrsequénmyl 2\od theed Mﬁdd¢meddn[1@6 Gama

threshol ds¥enerawe 10m’61d> zI @(? o€ T the h Hl ]oQAnt(r:aens{n%lqo the ”reCI pe and
is typical ormed prio oprou I on sus processing (i.

product i onMHzrﬁ?)RF @l ineByhe opasadd mmdmhdeipendcemv: RFong poier HDOG S as SI npl e
state machj nes; agd elimnating the frequency self-tuning steps by the
dependent PE gen rators during production tine, optimal power delivery is
achi eved epoke) Wptohne‘ll-ertl)b1MdihSIPRiFthﬁrfpulshefrd)d?lcRFtoSHig'n(ah-l mﬂne (since i t is

much | ess i consumng to flip fromone previousl ear
froquency SETRSTRD U ISP HET S EPRHR A PERPANE G5Fs PEGRB Py al e
than to it Eigat by thers0 iz depesdegeR bberferat upikes fésn troudd (mob a»mrmmtllomsl tune RF

frequency during, each 1; of. the | P RF si naI herm) in the
case when Hﬁ’é‘fﬁ?ﬂ QPR £ (ﬁqfféﬁ%@ﬂ’&f Gapygnap frgghold o ity [ §FEBl 1 ast

during produgtthedkctusivh bl ‘ﬂfedeﬁ@teﬁleﬂﬁﬂﬁieﬂﬁe Bﬁsgﬁmn@mwn%ffmeqvency tune by
the sel f-tuning ‘Eﬁocess the s 115 g]el ke manner ogeratl on during

product i onWPylfge ﬁ@séofwéﬁﬁgﬁegﬁrﬁ‘?fﬁf’ mreé*q“élym%% BlgiRsd del i very

ef fi ci encyrr HaQdtady Vihid (@DP@'REQ‘M?&]%&Q o865 RS 1FIBs 6ihkDRevibRsI er ms of
several preferred " enbodi nents, there are alterations, pernutations, and

equi val ent h“-‘amﬁﬁpk‘,‘ﬁnaﬁ #ined R drgnveney el ucGRRC JREQ; %eql‘ﬁﬂféﬁfﬁbﬂMPﬂ%) Jhbul d al so

be noted tRaterdifekp 464 & FIRNAY TS50 At WRYD NIfiz HEHRh@RAERE Ll@rAdie net hods
and apparatuses of the present invention. Al though various “exanpl es are

provi ded hEP®BIOR,S NMHz a6l hiMelzde seseonst torthrolow-teshaghgrassitioneofi the L8zl ve and not
limting Wk ngﬂﬁ%?ﬁgstthg gleﬁstﬂ?ed'gQMﬁﬁRjaBQ dowrg'o'%.é\ﬁfnom point 318 to point 320).

|0041] It should be noted that the time scale of Fig. 3 (production time) reflects a faster
time scale than that of Fig. 1 (learning time). This is the case when. as mentioned. the
high duration and the low duration of the 1P RF pulses are artificially extended during
learning time to permit the dependent RF generators to self-tune to the optimal tune RF
frequencies for-learning purposes. ‘During production time, such self-tuning is not
necessary since the dependent RF generator operates essentially as a state machine and
flips from one learned optimal RF frequency to another learned optimal RF frequency as
it detects the high-to-low transition of the [P RF signal (by comparing the measured
gamma value versus IDPC_Gammal threshold and by knowing the previous state of the
IP RF signal prior to the detection of the gamma excursion) and the low-to-high transition
of the IP RF signal (by comparing the measured gamma value versus the IDPC_Gamma2
threshold and by knowing the previous state of the IP RF signal prior to the detection of
the gamma excursion)

|0042] 1t should be noted at this point that although only one dependent RF generator is
discussed in connection with the examples of Figs. 1-4 herein, multiple dependent RF

generators may learn their own optimal tuned RF frequencies and their own IDPC
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What is claimed is: |I.A nethod for processing a substrate in a plasna
processi ng system having at | east one plasma processi ng chanber, said

pl asma processi ng chanmber enploying a plurality of RF power supplies for
-sustaining a plasma within said plasma processi ng chanber during said
processi ng, conprising: pul sing a first RF power supply of said
-plurality of RF power supplies to deliver a .first RF signal between a high
power state and a | ow power state, wherein said pulsing is perfornmed at a
first pulsing frequency: operating a second RF power supply of said
plurality GtmRE tipesheids siutppsanesninnergo enablkedhém erapidbyuregtier RRer eby sai d
second RF . Ny _, m 1 1 Q - : equency of. a
second RF g? unéﬁlessgﬁfljﬂ%t"h@lyr}ggfe[&&gg}éﬁﬁ%ﬁgﬁbap%ﬁé% pgc’&gg‘n“’?}' tg]?led wher eby said
second RF Hg¥ahs mpée aprescianed frorathelferagding. wmbddiments af the myveriten Rieilitatequency
values: a fir

RE frequen al u La second RE freguenc al ue, whereby
said fi rstraﬂgséetqgﬂ\ﬁéﬁuf@és’éﬁ ea/egﬁrﬁj%gtal d=e§’§r35)ﬁsa‘p”ﬂ|9=PFog&ﬁg)Hgve\%z})I{] fie are
| ear ned eatrhdedff idthelting: sperdt@@kiind1fie phase il drqsat dvaasand thRFDpOwer suppl y

operates in a frequency self-tuning node to self-tu n RF frequency of
said secon a'ﬁ?‘*‘é’?%‘ﬁﬁ 5 ]HO‘P'%?bél?'I%!?a‘gB’%‘gi‘ea‘xF‘i“?8?]3' ﬁﬁcegfgbﬁﬁfecﬁ’ﬁlagcfﬁg bet ween
sai d hi gh ppiseily sdridtRedtidr 8aproddcoom pbweite FbakanAl e apdoaiod tpid). Si ng
frequency r.than said first | sing frequency. 2. The nethod of claiml
furcher oMy GRming e dgpdaitn R hRnn e B FBs P of sai d

plurality eimifingaMefequbiap|sel€suning stepé bxde défe@dine RT Yetitddders Ghedeby said third
RF power supply is not _Rern‘i tted to self-tune a ,frequenCé,of a tl?i rd RF

si gnal out POHUGYN EBEPPHRR RPRFIPBRRY'S Y RN MR P R

si gnal operptRaal\Wulsh (sice i8@MlicH R i@k udin £ TR Boltfoné pRUMENE Jeathadd UeS:  a
third RF frequency value and a fourth RE frequency val ue, whereby said

third RE f PRt RETeqegnge valprtosapthermattiusly igarred ogiidpaldRE frequgecyaielvel ear ned

earlier dufhhpe igddidmtRan Birdde BIRSReNRRo S £h dpilathuRERPOMBEenSH@RInY, Oper at es
in a frequency self-tuning node to self-tune an RE frequency of said third

RE signal fashfiraasiésed thedP &&iseenpbr Esrthrpmage.gimie et velien gheguisitediragency
of the IP RF signal is simply too fast during production time for the dependent RF
generators to frequency tune by the self-tuning process, the state-machine-like manner of
operation during production time makes frequency tuning possible to maximize power
delivery efficiency.
|0045] 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. It should also:be noted that there are many alternative ways of
implementing the methods and apparatuses of the present invention. Although various
examples are provided herein, it is intended that these examples be illustrative and not

hmiting with respect to the mvention.



hi gh power state and said | ow power state at a pul sing frequency |ower than
said first pulsing frequency. 3. The nmethod of claiml| wherein said first
RF power supply represents an i ndependently pul sing RF power supply and
-sai d second RF power supply changes an RF frequency of said second RF
signal between at least said first RF frequency value and said second RF
-frequency val ue responsive to val ues of a neasurabl e chanber paraneter from
sai d plasma processing chanber. 4. The nethod of claim 3 wherein said
measur abl e chanber paraneter represents ganma. 5. The nethod of claim3
further including conparing said vaCuAEMSf sai d neasurabl e chanber
paraneter with pre-defined thresholds. 6. The nethod of claim5 whereby
sai d pre-defined thresholds are acquired during said | earni ng phase when
sai d firstWRhktipommredsuppl y pul ses between said high power state and said

| ow power state at said second pul sing frequency |lower than said first

pul sing frequency. 7. The nmethod of claim6 Wereby said predefined

t hr eshol dsi.conpx mehsd &ir pkeastnga shibdtiate ips pdeha precksiihg esteal idvmad: rassecond
predefined threshol d, saig first predefined. threshold aCﬂ;ier..mhen sai d
second RF YGRS BH5FS TS 5B RIESA0PIASER grorFRiag CPaRst BHRYY B A8 WHINY ng sai d

| ear ni ng péragepomtr bepphics fr SeaNG: Fffastiagvitin QpEFl&InRpradeldngsahbdibdri r st RF
frequency yal ue and sajd first. RF signal transitions from said high power
state to sHHSSHYAPPIRENESTCHPESMEai d second predefined threshold acquired

when sai d “seconflisiio ST SowRPkybpRPSTs@t BRurdliy SERIdpdviex ebplib e deiey a NDde
during said | earning phase while said second RF signal operates with said

second RF -FeRiu&Rea) benyeena Hrlypeusr giarg and £ \QEPIYGARIC FRURE ST BHS™ME fom sai d
| ow pover s&Rhfed A adRdPuBing FreRYBY: State.
operating a second RF power supply of said plurality of RF power supplies in a

fixed frequency mode whereby said second RF power supply 1s not permitted to self-tune
a frequency of a second RF signal output by said second RF power supply and whereby
said second RF signal operates with at least two fixed alternate RF frequency values: a
first RF frequency value and a second RF frequency value, whereby said first RF
frequency value and said second RF frequency value are learned earlier during a learning
phase when said second RF power supply operates in a frequency self-tuning mode to
self-tune an RF frequency of said second RF signal in response to said first RF signal
pulsing between said high power state and said low power state at a second pul.sing

frequency lower than said first pulsing frequency.

2. The method of claim | further comprising:

operating a third RF power supply of said plurality of RF power supplies in a
fixed frequency mode whereby said third RF power supply is not permitted to self-tune a
frequency of a third RF signal output by said third RF power supply and whereby said
third RF signal operates with at least two fixed alternate RF frequency values: a third RF
frequency value and a fourth RF frequency value, whereby said third RF frequency vaiue
and said fourth RF frequency value are learned earlier during said learning phase when
said third RF power supply operates in a frequency self-tuning mode to self-tune an RF

frequency of said third RF signal in response to said first RF signal pulsing between said



8. The method of claim7 wherein said first predefined threshold represents
a sumof a first value of said nmeasurabl e chanber paraneter and a first

t hreshol d adjustnment constant, said first value of said measurabl e chanber

- paraneter acquired when said second RF power supply operates in said fixed
frequency node during said | earning phase while said second RF signal
-operates with said first RF frequency value and said first RF signal
transitions fromsaid high power state to said | ow power state. 9. The

met hod of claim 7 wherein said second predefined threshold represents a sum
of a seconiglvpdwre sefe apdsald papawea bhe achpuibeg frgpesaydoeer thandiad fggcond

threshol d aq&m' neg% constant, said second val ué of said neasurable chanber
par amet er acqu1re WHen said second RF power supply operates in said fixed
frequency node durlng sald Iearnlng phase mhlle sai d second RF signal

oper at es th eq re Y-V o RF si gnal
transiti o\r,:gs f ri‘%eé“a‘-‘?“ gl/a mO\lA/é‘rhergin Sf’gl fir eh?”@’ﬁlaﬁmﬁfmgf“ét e. 10. The
met hod of mH@eﬂﬂehtly\/pﬂsleL RF?pawdr dupply ped&id sem:.rdeRH fovet Agplytdiaiiez @f RF wat t .

11. A nmethod for ess ﬁggstrate in QJ zﬁgﬁ roceSS|n ystem

havi ng at I'¢H§IYE éa'ﬁFf‘ég P8R IS "Hllmeéﬁ‘ﬁé‘rd rg %P%{’é’hﬁa pf 8¥essi ng
chaﬂber e _ngaicbgéi:cng ReE. fodquerddyivie @aﬁpﬁn’em&\ﬁlqes upmn_bzgﬁrabrarchaﬁl?dr phrainegr 8 pl asma
wi thin sai rocessi ng chanber during said processing., conprising:
execut i ng g‘ﬁ ?nfﬂg 2 PRreSyne “Hmfearnlng phase conpri sing: a)

pul sing a first RF power supply of said plurality of RF power supplies to
change a povver | evel of a first RF signal bhetween a | ow power state to a

hi gh power 4.st atlde mEhodof ﬁ‘a%’é?&hﬁfﬁlnssﬁﬂgm‘é&lfﬁ’l? FlagPerRaranai reRgspBf y i n sai d
| ear i ng PhasRa i s perforned at a first pulsing frequency,

s. The method of claim 3 further including comparing said values of said

measurable chamber parameter with pre-defined thresholds.

6. The method of claim 5 whereby said pre-defined thresholds are acquired during
said learning phase when said first RF power supply pulses between said high power state
and said low power state at said second pulsing frequency lower than said first pulsing

frequency.

7. The method of claim 6 whereby said predefined thresholds comprises at least a
first predefined threshold and a second predefined threshold, said first predefined
threshold acquired when said second RF power supply operates in said fixed frequency
mode during said learning phase while said second RF signal operates with said first RF
frequency value and said first RF signal transitions from said high power state to said low
power state, said second predefined threshold acquired when said second RF power
supply operates in said fixed frequency mode during said leaming phase while said
second RF signal operates with said second RF frequency value and said first RF signal

transitions from said low power state to said high power state.



b) operating a second R F. power supply of said plurality of RF power
suppli'es in a self-tuning node whereby said second RF power supply is
permtted to self-tune a frequency of a second RF signal output by said

- second RF power supply and acquiring a first RF frequency value, said first
RF frequency value represents an RF frequency that said second RE. power

- supply self-tunes said frequency of said second RF signhal to in said

sel f-tuning node when said first RF signal is in said high power state,

c) thereafter operating said second RF power supply of said plurality of RF
power suppd.i es The nedlicd of elafm ¥ wihikneq seuidestmivsietinyl tbrashel dreprosrdisREupafer  suppl y

|s permtt e{;l rs luseeoffs?lﬁ %gsu%xbﬁg C%gll'illgpr H%ra%ete?ar?cﬁ%ﬁ%ﬁth&?%og{i} g«ﬂ@gml%t put by said

second RF powe acqui cy value, said
second RF cfdnaqmemfmza&aue af epd eﬁmtzﬁaleacmaxﬂﬁerfpamquenmqquirtrathmd second RF

power SUDD§¥%@{§ t\yerr]%szg \do&%rargers?rgwgyed%eﬂﬁ%cgm% € umrr sald%eagr'{lgl toin said

sel f-tunin in power* state; and
executing phapd @ﬁhﬂmstalmwmhmwrﬁmpdrdt@amml saig fpha@ecreccmmwwsluagnd said

cl) pulsin - RF. r su of said plurality of RF power supplies
to alterna réaggﬁ’d"% ‘Pcin\év\%rgln SSEH‘érXWOrW St s‘ﬁﬁt‘%a g pBé“ﬂ/\?é%ﬁ sai d | ow power
state to said high power state, wherein said pulsing said first RF power

supply in said production phase is perforned at a second pul sing frequency
faster than said first pulsing frequency, and e) alternating

sai d frequency e mshdd FFeRNd wREreOMRY seSdnp Pplede ied Waredhokiak stedents Stsuld. F
frequency and said RF frequenc whj | e operating said a{ cond RI' power
supply in of # ey velug §li At PedBgR le\gh@plgbgargragztar CSRPRETFIREr supply, in

sai d fixedydjhi @At 06HkENRIRA sécondOlluelTs il hle@frdb® dhembertpdRmetrbehulrt@quency of
sai d second RF signal in the manner that said second RF power supply

sel f- t uneswvae Wi seerpdiRPYST swalvPresics HraRH ¢ (‘j’ﬁ&‘!e“%V‘P‘ée duiing§ddsel f - t uni ng

node. learning phase while said second RF signal operates with said second RF frequency value

and said first RF signal transitions from said low power state to said high power state.
10.  The method of claim | wherein said low power state .1s other than zero watt.

1. A method for processing a substrate in a-plasma processing system having at least
one plasma processing chamber, said plasma processing chamber employing a plurality
of RF power supplies for sustaining a plasma within said plasma processing chamber
during said processing, comprising:

executing a learning phase, said learning phase comprising:

a) pulsing a first RF power supply of said plurality of RF power supplies
to change a power level of a ﬁrst RF signal between a low power state to a high power
state, wherein said pulsing said first RF power supply in said learning phase is performed
at a first pulsing frequency, .

b) operating a second RF power supply of said plurality of RF power
supplies in a self-tuning mode whereby said second RF power supply is permitted to self-
tune a frequency of a second RF signal output by said second RF power supply .and

acquiring a first RF frequency value, said first RF frequency value represents an RF

—
th



12. The nethod of claim 11 wherein said executing said | earning phase
further conpri ses: f) operating said second RF power supply in
said fixed frequency node and pul sing said first RF power supply to change
-sai d power level of said first RF signal fromsaid high power state to said
| ow power state, and thereafter acquiring; using sensors associated with
-said second RF power supply, a first value of a neasurabl e chanber
paranmeter while said second RE power supply operates in said fixed
frequency node and said second RF signal has said first RE frequency val ue
and sai d ffreqgendRFhag sgyeh sdcolbRF pawa shmphy Mfwenessaiatﬁequanh\eofesbyd ssta@p RF) is

execut ed bsq gﬂr 34i8 O3 Exlngﬂ%d%vher{ %ﬁ?’d ﬁrp}?}: H?r‘iaﬁ‘%qn led ﬁw pmvér sra¥>ﬁher ein .Sai d

executing_ sai earnin operating
said second RF powelc)ﬂ;cqaap‘teyopetatsawahdfeeooe(ﬂRFrpequesmpgh obehéel gindlipuifsi ng sai d

first RF p@l\!\egwg'ru ph¥ in Sal% glrt]%mm& rﬁ?de \-ﬁwre%v said ec ncIRl'-s ?jwefrﬁéﬁ;pﬁt RE si gnal

from said 1A Sh Pter
acqui ri ng, pamsitred iceifsmiesa mlsam»a)fedecvmdhr slamd oﬁ@ﬁmckaBEemenf mwupply, a
second val ue ]Qf%@al d .nmeasur abl}%&harrber ar a ter \QgﬁJ e said second RF

power supply AFBUER TN Teleyere Ensé Y ¥t ond RE
si gnal haSreﬁahdﬁts&ﬁmnﬁhqB&cf\ meaq bb&dllﬁé;toﬂtﬁfkfilﬁoxmduﬁm @lffiies ailRfregiegnral has sai d
hi gh power state, reb {)?da%fl S exeg&t ed aftg_r_ ?{&ep C')s‘ 14. The met hod
of *1 &1 m 19 st R e 2cuniis] SUBIHEALE PSR LY K Sppnase it s g8,
power state; and
execuring a production phase, said learning phase comprising:
d) pulsing a said RF power supply of said plurality of RF power supplies
to alternate said power level of a first RF signal between said low power state to said high
power state, wherein said pulsing said first RF power supply in said production phase is
performed at a second pulsing frequency faster than said first pulsing frequency, and
e) altemating said frequency of said second RF power supply between said
first RF frequency and said RF frequency while operating said second RF power supply
in a fixed frequency mode whereby said second RF power supply, in said fixed frequency
mode, is not permitted to self-tune said frequency of said second RF signal in the manner
that said second RF power supply self-tunes said frequency of said second RF signal

while in the self-tuning mode.

12, The method of claim 11 wherein said executing said learning phase further
comprises:

f) operating said second RF power supply in said fixed frequency mode
and pulsing said first RF power supply to change said power level of said first RF signal
from said high power state to said low power state, and thereafter acquiring, using
sensors associated with said second RF power supply, a first value of a measurable
chamber parameter while said second RF power supply operates in said fixed frequency
mode and said second RF signal has said first RF frequency value and said first RF signal

has said low power state, whereby step f) is executed between steps b) and ¢)



15. The method of claim 13 wherein said alternating is responsive to
conparison of values of a neasurable paraneters against said first val ue of
sai d neasur abl e chanber paraneters and said second val ue of said neasurable
- chanber paraneters. 16. The nmethod of claim 13 wherein said alternating is
responsi ve to conpari son of val ues of said nmeasurabl e chanber paraneter
-against a first threshold value that represents said first value of said
nmeasur abl e chanber paranmeter plus a first threshold adjustnment value. 17The
met hod of claim 16 wherein said alternating is responsive to conparison of
val ues of &ai d Treasahalbif elaohahiyberepanid entcennagad lnarhing phase durthet hr eshol d

val ue thatcc{nﬁ)q{ggssents sai d second val ue of said neasurabl e chanber
paraneter plus a second threshold adjustnment val ue. 18. The nethod of claim
11 wherein said firgopFratpesad ssoppRY poeprsegEninssaafied depencdembdey pul si ng

ZREI’ goﬁi ¢ 'Sell'lr%pp!uYsing]Sgi'deJﬁls% ]{F;gor»]\%gsu%];)lyctlo g‘kilarxpgel s]ai pOQ\Ee?HeQ'eISOE*’isgd lﬁ(r)s\{vRP%yg\%gl state Is
from said low power state to said high power state, and thereafter acquiring, using
sensors associated with said second RF power supply. a second value of said measurable
chamber parameter while said second RF power supply operates in said fixed frequency

mode and said second RF signal has said second RF frequency value and said first RF

signal has said high power state, whereby step g) is executed after step c)

14.  The method of claim 13 wherein said measurable plasma parameter represents

gamma.

15. The method of claim 13 wherein said alternating is responsive to comparison of
values of a measurable parameters against said first value of said measurable chamber

parameters and said second value of said measurable chamber parameters.

16. The method of claim 13 wherein said alternating is responsive to comparison of
values of said measurable chamber parameter against a first threshold value that
represents said first value of said measurable chamber parameter.plus a first threshold

adjustment -value.

17 The method of claim 16 wherein said alternating is responsive to comparison of
values of said measurable chamber parameter against a second threshold value that
represents said second value of said measurable chamber parameter plus a second

threshold adjustment value.

18. The method of claim 11 wherein said first RF power supply represents an

independently pulsing RF power supply.

19. The method of claim 1] wherein said low power state is zero watt.

17



20. The method of claim 11 wherein said | ow power state is other than zero
watt.

20.  The method of claim 11 wherein said low power state is other than zero watt.

18



