| MPEDANCE- BASED ADJUSTMENT OF POWNER AND FREQUENCY Fi el d [0001] The present
enbodi nents relate to inproving response tinme to a change in plasna
i mpedance and/or to inproving accuracy in stabilizing plasnma, and nore
pajticularly, to apparatus, methods, and conputer prograns for

| mpedance- based adj ust nent of power and frequency. Background
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sone plasma processing systens, nultiple radio frequency (RF) signals are
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[0001] The present embodiments relate to improving response time to a change in
plasma impedance and/or to improving accuracy in stabilizing plasma, and more particularly,
to apparatus, methods, and computer programs for impedance-based adjustment of power and

frequency.

Background

[0002] In some plasma processing systems, multiple radio frequency (RF) signals
are provided to one or more electrodes within a plasma chamber. The RF signals help
generate plasma within the plasma chamber. The plasma is used for a variety of operations,

e.g., clean substrate placed on a lower electrode, etch the substrate, etc.

[0003] Between a driver and amplifier system that generates a radio frequency

| (RF) signal and the plasma chamber, an impedance matching circuit is usually placed. The

impedance matching circuit matches an impedance of a load, e.g., plasma within the plasma
chamber, with an‘impedance of a source, e.g., the driver and amplifier system that generates
the RF signal. However, in certain situations, the impedance matching is not quick enough to

respond to a change in the plasma impedance.

[0004] Moreover, although some systems are quick enough to respond to the
change, these systems may not result in accurate adjustment of power and/or frequency to

stabilize the plasma.
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[ 0003] Between a driver and anplifier systemthat generates a radio
frequency (RF) signal and the plasma chanber, an inpedance matching circuit
isusually placed. The inpedance matching circuit matches an i npedance of a
| oad, e.g., plasma within the plasnma chanber, with an inpedance of a
source, e.g., the driver and anplifier systemthat generates the RF signal.
However, in certain situations, the inpedance matching is not quick enough
to respond to a change in the plasna inpedance. [0004] Moreover, although
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Summary [ 0006] Enbodi nents of the disclosure provide apparatus, nethods and
conputer prograns for state-based adjustnent of power and frequency. It
shoul d be appreciated that the present enbodi nents can be inplenented in
numer ous ways, e.g., a process, an apparatus, a system a device, or a

met hod on a conputer-readable medi um Several enbodi nents are descri bed

bel ow. [0007]In an enbodi nent, a systemincludes a plasma chamber for

contai ning plasma. The plasnma chanber includes an el ectrode. The system
includes a driver and anplifier (DA) systemthat is coupled to the plasm
chanber for providing a radio frequsmmuaryRF) signal to the el ectrode. The
DA systemis coupled to the plasma chanber via a transmssion line. The

system further ms?ud%badn%@,h@sfttﬁé dlgc%gelle%vﬁ& ai,&?auQAmaxé&s%m cngutef St aut o
frequency control (AFC) coupled to the selector, and a second AFC coupl ed

to the sel eedofins ﬁﬁ%@&k&%ﬁgtxﬂe& & QOF Lo %@q&&ysq &6k wgppfrécra%eht FC or the
second AFC based on val ues of current and vol tage sensed

transni ssi @@ pieft@: ehBKIRnlsNcAN®: SRIIEHNIE N, nuthef)S R, | 1L wqﬁ&;e@ RA T Mary
generator coupled to an el ectrode. The primary generator includes a prinmary

driver and appupiuisf besystémdra geyial i Agmahdar ormardpmpaeh-readhble guedingy SERRyal Si gnal to
the el ectrode. The primary generator further includes a prinmary autonmatic
frequency tewmhalim{niFife desaibptlivde a first primary frequency input to the
primary driver and anplifier when a pulsed signal is in a first state. The

primary AFT is e i 9yf gﬁeﬁleoagﬁ&v' dsys@msiﬁa&uagiaq;usm b@%v%a&ymlhgput to

the primary driver and anplifier whén the pul sed S|gna in a second
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el ectroae

amplifier (DA) system that is coupled to the plasma chamber for providing a radio frequency
(RF) signal to the electrode. The DA system is coupled to the plasma chamber via a
transmission line. Thé system further includes a selector coupled to the DA system, a first
auto frequency control (AFC) coupled to the selector, and a second AFC coupled to the
selector. The selector is configured to select the first AFC or the second AFC based on

values of current and voltage sensed on the transmission line.

[0008] In one embodiment, a system includes a primary generator coupled to an
electrode. The primary generator includes a primary driver and amplifier for supplying a
primary radio frequency (RF) signal to the electrode. The primary generator further includes
a primary automatic frequency tuner (AFT) to provide a first primary frequency input to the
primary driver and amplifier when a pulsed signal is in a first state. The primary AFT is
configured to provide a second primary frequency input to the primary driver and amplifier
when the pulsed signal is in a second state. The system further includes a secondary

generator coupled to the electrode.

[0009] In this embodiment, the secondary generator includes a secondary driver

and amplifier for supplying a secondary RF signal to the electrode. The secondary generator



[0009] I n this enbodi nent, the secondary generator includes a secondary
driver and anplifier for supplying a secondary RF signal to the el ectrode.
The secondary generator 3 further includes a first secondary Al - | coupled
to the secondary driver and anplifier. The secondary generator includes a
second secondary AFT coupled to the secondary driver and anplifier. The
secondary generator also includes a processor, which is coupled to the
first secondary AFT and the second secondary AFT. The secondary generator

further inclydes a sensor coupl to e el ectrode.,. The sensor i ed for

sensi ng cunPHR PSS GTE aEE PPART EPpled e REEREON LG gdRer at or  and
t he .el ectr %%%nﬂgr %qu[ t%pl%clmlers scltsec%gcg e%grg:dgg'dAI-SIt tugléd toTtnee ROES 0 ahd .
configured to gen raf e par amet ers based on t her current  an voI?age and is

confi gur ed glil%?.t ?E&e@ﬁng%}%%E&?Jloraaést)i}%zl{dﬁsopﬁro&fsso}, h&é&qg #egitcﬁthg (Plr'st the first

state exceeds a first ary an er a second one e paraneters
for the seqoRflifl AFPaRMAERESHIARREANAFROWRAREMhdar] Bénefaldr BithSBEQNEEL Y AFT i's
configured to provide a first secondary frequency I nput to the secondary
driver and sai¥f tduped 4/ RRNcIEREE. Vi TiE LR detuiNoP 3¢rsiAP hiRék ahdQolfdet St

par anmet er exceeds the first boundary and the second secondary AFT

confi gur ed ulafsfdafed \belecraths eomfdrySeaandadin the eleSOEC Yurin kY firdsOarki ecos@condar y
driver and anplifier upon receiving the determ nation that the second

par anet er eweeels prbessseiR ondigied drhitate pAtAiéidrt Basadoretib OdicAemt voltagsy St em
including a digital pulsing source for generating a pul sed signal is
descri bed- .andheogigeee m dewohingeks:tigr phisnee pi de pawediays for (hh Erspstaterencsedgener at or
includes a primary driver and anplifier coupled to an el ectrode for

suppl yi ng & fpstibeendgry raadiivbethar @ gerond yne(qRM)e paragatets foothe bpsora sttt exogdds 2 The-
primary generator also includes one or nore primary processors coupled to
t he pul si ngecoad beundgryr Fhe clarptysepqndark AU isseifigirgintgl provifirea die se¢ondsy e pri mary
processors are configured to identify a first one of two states of the

pul sed si griEAUeRFHNRI &0otp AgouhE divert @ applifies ppandeceivingttes deerRIne9n by i de a
primary power_value to the primar river and applif.ier _when the pul sed
signal is i FiRPpameet exceeds e fﬁsﬁag‘ﬁ'gi‘réra fhe s‘f¢8“dg¥6?}’idﬁfé AT sopitgured “?r equency
val ue of thevﬁétpgixﬂRF shgy%%then t he pul sed siqﬂgl isin Phe first

st at e pro secon uency input to ‘the secondary “driver and amplifier upon

receiving the determination that the second parameter exceeds the second boundary.

[0010] In an embodiment, a system including a digital pulsing source for
generating a pulsed signal is described. The system includes a primary generator. The
primary generator includes a primary driver and amplifier coupled to an electrode for
supplying a primary radio frequency (RF) signal to the electrode. The primary generator also
includes one or more primary processors coupled to the pulsing source for receiving the
pulsed signal. The one or more primary processors are configured to identify a first one of
two states of the pulsed signal and a second one of the two states, determine to provide a
primary power value to the primary driver and amplifier when the pulsed signal is in the first
state, and determine to provide a primary frequency value of the primary RF signal when the

pulsed signal is in the first state.



[0011] In this enbodi nent, the system further includes a secondary
generator, which includes a secondary driver and anplifier coupled to the
electrode for supplying a secondary RF signal to the el ectrode. The
secondary generator further includes one or nore secondary processors
coupled to the pulsing source for receiving the pul sed signal. The one or
nore secondary processors are configured to determ ne whether a paraneter
associated with plasma exceeds a first boundary when the pul sed signal is

in the first state, detern ne whether the ramet er exceeds a second
boundary when t[ﬁé"ﬂ)ul S%H“%F‘B‘?Péﬂm‘ﬁ“‘s "i‘ensyf‘ﬁ‘@fg br‘ﬂﬁ} ot oAy FFBYYPTT ne to

provide a first. secondar ower value to th econdary driver and anplifier
"1 T esponse D HEES foRPHER HREr PR AP R sorBr? B Bb aeoph & HrrbfiEs dndar y.
The one or oy & SREQNAM Y PHOGERS A (AbSialy WIS GANE LOELD L & el erm ne to
provi de a second secondary power val ue 167 t5e"sécon ary driver and

anpl i fier | &05&%&9&%0¥5%0\%§%d§% EHS'%HM%EJL?& b }Ece R A uRE Séﬁggﬁ% dhile second

boundary, deter e to pr rst secondary frequenc e to the
secondary g &S seadddar BRIckskdr® brel BnffRRAQE S&erkPhe ARl BEM PhrierdrNRlochRE

par anet er exceeds the first boundary, and determ ne to provide a second
secondary fWhiBQERE ¥xcéals Uirk ®olidagry SRR MdPukedlfigndEsk imihd fidtPhicf de@fmin® response
to determining that the paraneter exceeds the second boundary. [0012]1n an
enbodi ment ,whathérethdplarhdi lek@des 4 RE&id\bolir@lag viief) iteuls@idigan i6 ki@nadond Whi ch has
two states. The nmethod includes receiving current and vol tage val ues,

cal cul at i ngtapaamindicthine aspoGiah ikt Wecbiap @sen vdlugpe disneeonkirg ’ritdrand ur r ent
and vol tage power val ues, and determ ning during the first state whether a
first one amplifire ip@spenetiedgermioirgchis e paramster dxoeeddte Yirst Gdvedanet Tiednal so

i ncludes providing a first frequency value and a first power value to a
radi o frequwemmye ¢RF)dagr proeessognae dndler tomdigunaph ¢ defermanrenionpragde hastconte fi r st
par amet er exceeds the first boundary, determnning during the second state
whet her a $eBHEY RAVET Wiluet'h the seqopdrpt &iver ad cmalifier i TewerA P driramiingyhat and
provi di ng a second frequency val ue and a second_  power value to the RF
driver and BrR3rameleRFrcergdbite sreondiorRiangdaisimine ihodd Ay sirardepelidrerék ceeds t he
second boundar¥. L0013 Sone advant ges. of the a%gve;described enbodi nment s

i ncl ude pr o#PBihYe a7Fo% Eyu?révfrea‘b’o%ﬁ‘ 1SN/ BPOET LR g A dher RFTAEkhi | i ze
plasma, e.qg., to reduce a difference between an inpedance of a source,

o R et e wr iR o e adegnd sEPRE e T Edtency
and/ or power val ue i.s rat.e when t [ . r. frequency . .value is
gener at edwﬁléessg%mgaﬁy dam'c? gn?ljz]!”en plhﬁerf) as r?ﬁgﬁ%gée%%]\%?lné%ngég}e pgrfré]%ﬁ]i CeXCééfl Sotr%\‘%var d power
and reflectg “ﬁﬁ%ﬁﬁﬁﬁre measured and are used to generate a gamma value. It
is determ ne r the gamma val ue exceeds a threshold and if so, the

power and/ or freguency value is changed to stabilize plasma.
[0012] In an embodiment, a method includes receiving a digital pulsing signal,

which has two states. The method includes receiving current and voltage values, calculating
parameters associated with plasma impedance from the current and voltage power values, and
determining during the first state whether a first one of the parameters exceeds a first
boundary. The method also includes providing a first frequency value and a first power value
to a radio frequency (RF) driver and amplifier upon determining that the first parameter
exceeds the first boundary, determining during the second state whether a second one of the

parameters exceeds a second boundary, and providing a second frequency value and a second



[ 0014] O her advant ages of enbodi nents include reducing an amount of time to
achieve stability in plasma. Atraining routine is used to determ ne
frequency and/ or power values to apply to a driver and anplifier system
The power and/or frequency val ues correspond to a ganma value that is al so
determ ned during the training routine. The training routine saves tine
during production, e.g., tinme for cleaning substrates, tinme for etching
substrates. tine for deposition material on substrates, etc. For exanple,
during production, en it .is determned that the ga val ue exceeds a
thr eshor o, SRS B ) 8P AR HERA RS aPEE BRI P T ver and
anplifier gystemawaiih need to tune the power and/or frequency val ues.
[ 0015] O her aspeé%s(hﬁﬁﬁm%g%one apparent fromthe follow ng detail ed

description, taken in conjunction with the acconpanying draw ngs. BRI EF
DESCRI PTI ON OF #4831 DRAMINGY 2pagrs 6] thh @bertdewibrdrimbodimgnthmshudgpprovidider st ood by

reference to the foll owi ng description taken in conjunction with the
acconpanyi ﬁ@ aguIAle Pfg\ger and/or frequency value to stabilize plasma, e.g:, to reduce a difference

between an impedance of a source, e.g., RF driver and a:ﬁpliﬁer, and a load, e.g., plasma.
The frequency and/or power value is accurate when the power and/or frequency value is
generated based on a change in plasma impedance. For example, forward power and
reflected power are measured and are used to generate a gamma value. It is determined
whether the gamma value exceeds a threshold and if so, the power and/or frequency value is

changed to stabilize plasma.

[0014] Other advantages of embodiments include reducing an amount of time to
achieve stability in plasma. A training routine is used to determine frequency and/or power
values to apply to a driver and amplifier system. The power and/or frequency values
correspond to a gamma value that is also determined during the training routine. The training
routine saves time during production, e.g., time for cleaning substrates, time for etching
substrates, time for deposition material on substrates, etc. For example, during production,
when it 1s determined that the gamma value exceeds a threshold, the power and/or frequency
values are applied to the driver and amplifier system without a need to tune the power and/or

frequency values.

[0015] Other aspects will become apparent from the following detailed

description, taken in conjunction with the accompanying drawings.



[0017]Figure | is a block diagramof an enbodi nent of a system for changi ng
a state based on plasma i npedance, in accordance with an enbodi nent
described in the present disclosure. [0018]Figure 2 is an enbodi nent of a
tabl e showing a change in states based on whether a gamm value is greater
than a first threshold or a second threshold, in accordance with an

enbodi nent described in the present disclosure. [0019] Figure 3 shows an
enbodi ment of a graph, which is a plot of a forward power versus tine of
two RF signals during a training routine, in accordance with an enbodi nment
described in the preBRIEHEDESCRIFEION GORIYHE NGS an enbodi nent of a
flowhart of a training routine, 1n accordance wth an enbodi nent descri bed

in the present disclosure. _
) [0016] The embodiments may best be understood by reference to the following

- description taken in conjunction with the accompanying drawings.

[0017] Figure 1 is a block diagram of an embodiment of a system for changing a
state based on plasma impedance, in accordance with an embodiment described in the present

disclosure.

[0018] Figure 2 is an embodiment of a table showing a change in states based on
whether a gamma value is greater than a first threshold or a second threshold, in accordance

with an embodiment described in the present disclosure.

[0019] Figure 3 shows an embodiment of a graph, which is a plot of a forward
power versus time of two RF signals during a training routine, in accordance with an

embodiment described in the present disclosure.

[0020] Figure 4 is an embodiment of a flowchart of a training routine, in

accordance with an embodiment described in the present disclosure.

[0021] Figure 5 is a diagram of an embodiment of a system for changing a state
based on plasma impedance, where the power controllers and/or the frequency tuners do not
provide non-zero values, in accordance with an embodiment described in the present

disclosure.

[0022] Figure 6A shows graphs with two radio frequency (RF) signals in which
one of the RF signals has a constant value or varying values, in accordance with an

embodiment described in the present disclosure.

[0023] Figure 6B shows graphs with two RF signals in which both the RF signals

have varying values, in accordance with an embodiment described in the present disclosure.



[0021] Figure 5 is a diagram of an enbodi nent of a systemfor changing a
state based on plasma i npedance, where the power controllers and/or the
frequency tuners do not provide non-zero values, in accordance with an
enbodi nent described in the present disclosure. [0022]Fi gure 6A shows
graphs with two radio frequency (RF) signals in which one of the RF signals
has a constant val ue or varying val ues, in accordance with an enbodi nent
described in the present disclosure. [0023] Fi gure 6B shows graphs with two
RF signals in whi ch baoth the RF signals have varying val ues, in accordance
with an embodi n@P33 dedigureply shays ﬁﬁaé’hbf’végé‘ﬁfe Blfé'@l’%%lﬁ’r‘éh“:h P RGur e 7A

shows gr aphisgna S l'tlal’s‘I atC(r)]nsteagt value andgdn(?tLer one OM@C Iglbmgna?s has a COQSetaI]IS\l’:alue or varying

values, in accordance with an embodiment described in the present disclosure.

[0025] Figure 7B shows graphs with three RF signals in which one of the RF
signals a constant value and the remaining two RF signals have varying values, in accordance

with an embodiment described in the present disclosure.

[0026] Figure 7C shows graphs with three RF signals in which one of the RF
signals has a constant value or varying values and the remaining two RF signals have varying

values, in accordance with an embodiment described in the present disclosure.

[0027] Figure 7D shows graphs with all three RF signals have varying values, in

accordance with an embodiment described in the present disclosure.

[0028] Figure 7E shows graphs with three RF signals in which one of the RF
signals has a constant value or varying values and the remaining RF signals have varying

values, in accordance with an embodiment described in the present disclosure.

[0029] Figure 7F shows graphs with all three RF signals have varying values, in

accordance with an embodiment described in the present disclosure.

[0030] = Figure 8 is a block diagram of an embodiment of a system for selecting
between auto frequency tuners (AFTs) based on whether a gamma value is greater than a first
threshold or a second threshold, in accordance with an embodiment described in the present

disclosure.

{0031} Figure 9 is a flowchart of an embodiment of a method for adjusting a
frequency and/or power of a 60 MHz driver and amplifier to achieve a state S1 or SO of a 60

- MHz generator, in accordance with an embodiment described in the present disclosure.



signals has a constant val ue and another one of the RF signals has a
constant value or varying values, in accordance wth an enbodi nent
described in the present disclosure. [0025]Figure 7B shows graphs with
three RF signals in which one of the RF signals a constant value and the
remai ning two RF signals have varying values, in accordance with an

enbodi ment described in the present disclosure. [0026] Figure 7C shows
graphs with three RF signals in which one of the RF signals has a constant

val ue or varyi | ues an he remaining two RFE signals e v in
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di scl osure. [0027].Fi.gure 7D WS gr aphs w al | hrtee RF signhals have
Varyi ng.va'tes o enie s B e hiiel R Al Spite PrOe or s en
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embodiment described in the present disclosure.

[0033] Figure 11 is an embodiment of a flowchart of a method for implementing
frequency tuning by a dependent RF generator for optimal power delivery during pulsing, in

accordance with an embodiment described in the present disclosure.



signals has a constant value or varying values and the renmaining RF signals

have varyi ng val ues,
present discl osure.
have varyi ng val ues,
present disclosure.

in accordance with an enbodi nent described in the

[ 0029] Figure 7F shows graphs with all three RF signals
i n accordance with an enbodi nent described in the
[0030] Figure 8 is a block diagramof an enbodi nent of a

system for selecting between auto frequency tuners (AFTs) based on whet her
a gamma value is greater than a first threshold or a second threshold, in
accordance wth an enbodi nent described in the present disclosure.
[0031]Figure 9 is a flowhart ODEZAIEIDDESARIRTION a net hod for adjusting a
frequency and/or power of a 60 MHz driver and anplifier to achieve a state

S1 or SO of a
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in the present disclosur

based adjustment of power and frequency. It will be apparent that the present embodiments
may be practiced without some or all of these specific details. In other instances, well known
process operations have not been described in detail in order not to unnecessarily obscure the

present embodiments.

[0035] Figure 1 is a block diagram of an embodiment of a system 180 for
changing a state based on plasma impedance. A 2 megahertz (MHz) radio frequency (RF)
driver and amplifier (DA) system supplies RF power via an impedance matching circuit 182
to a lower electrode 104 of a plasma chamber 102. Similarly, a 60 MHz DA system supplies
RF power via an impedance matching circuit 186 to the lower electrode 104. It should be
noted that in one embodiment, instead of the 60 MHz source, a 27 MHz source is used to
provide RF power to the lower electrode 104. Moreover, it should be noted that the values 2
MHz, 27 MHz, and 60 MHz are provided as examples and are not limiting. For example,
instead of the 2 MHz DA system, a 2.5 MHz DA system may be used and instead of the 60
MHz DA system, a 65 MHz DA system may be used. In another embodiment, in addition to
the 2 MHz source and the 60 MHz sources, the 27 MHz source is used to provide RF power

to the lower electrode 104.

[0036] An impedance matching circuit includes electric circuit components, e.g.,
inductors, capacitors, etc. to match an impedance of a power source coupled to the impedance
matching circuit with an impedance of a load coupled to the impedance matching circuit. For
example, the impedance matching circuit 182 matchés an impedance of the 2 MHz DA
system with an impedance of plasma generated within the plasma chamber 102. As énother

example, an impedance matching circuit 186 matches an impedance of the 60 MHz DA

10



[ 0032] Fi gure 10 shows an enbodi nent of a graph of normalized RF vari abl es

versus tine for

I npl ementing RF tuning by a dependent RF generator for

optimal production tinme power delivery during independent (IF) RF signal

pul sing, in accordance wi th one enbodi ment described in the present

di scl osure.

delivery during pul sing,

[0033] Figure 11 is an enbodi nent of a flowchart of a nethod for
i npl ementing frequency tuning by a dependent RF generator for optimal power

i n accordance with an enbodi nent descri bed

in the

present disclosure. DETAILE DESCRIPTI%@%&0034 The fol |l owi ng enbodi nents
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the plasma chamber 102. In one embodiment, an impedance matching circuit is tuned to

facilitate a match between an impedance of an RF DA system coupled to the impedance
matching circuit and an impedance of a load. An impedance match between a power source

and a load reduces chances of power being reflected from the load towards the power source.

[0037] Tht plasma chamber 102 includes the lower electrode 104, an upper
electrode 110, and other componénts (not shown), e.g., an upper dielectric ring surrounding
the upper electrode 110, a lower electrode extension surrounding the upper diglectric ring, a
lower dielectric ring surrounding thé lower electrode, a lower eiectrode extension
surrounding the lower dielectric ring, an upper plasma exclusion zone (PEZ) ring, a lower
PEZ ring, etc. The upper electrode 110 is located opposite to and facing the lower electrode
104. A substrate 108, e.g., a semiconductor wafer, is supported on an upper surface 106 of
the. lower electrode 104. Integrated circuits, e.g., application specific integrated .circuit
(ASIC), programmable logic device (PLD), etc. are developed on the substrate 108 and the
integrated circuits are used in a variety of devices, e.g., cell phones, tablets, smart phones,
computers, laptops, networking equipment, etc. The lower electrode 104 is made of a metal,
e.g., anodized aluminum, alloy of aluminum, etc. Also, the upper electrode 110 is made of a

metal, e.g., aluminum, alloy of aluminum, etc.

[0038] In one embodiment, the upper electrode 110 includes a hole that is coupled
to a central gas feed (not shown). The central gas feed receives one or more process gases
from a gas supply (not shown). Examples of a process gases include an oxygen-containing
gas, such as O,. Other examples of a process gas include a fluorine-containing gas, e.g.,

tetrafluoromethane (CF,), sulfur hexafluoride (SFe), hexafluoroethane (C,Fg), etc. The upper

11
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[0035]Figure 1 is a block diagramof an enbodi nent of a system 180 for
changing a state based on plasnma i npedance. A 2 negahertz (MHz) radio
frequency (RF) driver and anplifier (DA) system supplies RF power via an

i npedance matching circuit 182 to a | ower electrodée 104 of a plasma chanber
102. Simlarly, a 60 MHz DA system supplies RF power via an inpedance
matching circuit 186 to the |ower electrode 104. It should be noted that in
one enbodi ment, instead of the 60 MHz source, a 27 MHz source is used to

provi de RF power . t he el ectrod 4. reover., it uld be noted
that the v& eﬁtéoseé} ,ou'iJfg'\I(\/’lié‘f logﬁraetleéﬁomg rg" erdot\‘?iﬂﬁgy%smiﬁgﬁfﬁteé‘é and are

not limting., For exanmpl i nst of t.h A syste a 2.5 WHz DA
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may be use J enbodi ment, in addition to the 2 MHz source and the
60 MHz sou%ggggg?%%hgg&h+t source is used to provide RF power to the | ower
el ectrode 104. [0036] An i npedance matching circuit includes electric
circuit conponeff¥] e Wen thersets grsis Sltpabegg%e%?rs?w BRPET elecodegl! B Andyhe | npedance
of a power source coupled to the inpedance matching circuit wth an

i npedance ofVeaePgRge &‘gﬁiﬁfi &den d DA s A HaPATHYR &19E diet®0 MdE  exanpl e,

the i d t chi ' it 182 tch ' f t 2 MHz DA
Syst omwi { IS i SR B i A< 0R GRN T R R = Sl Snber 102

As anot her exanpl an i mpedance. npt chi n ircui.t. 186 mat ches an.,i npedance
of the 60 i ER 0% YERIRERI B SRR S b Mol R Il - e
pl asma chamel E%. SSvEn A n . . i . TR i circuit
182 nmat ches aﬁa% ﬁ ance of 9%% §£W£€§%&k§ygPgﬁ?hﬁpﬁggﬁ&?w%g&gﬁéggof a
portion, e.JinitREpritle@3NPogR A Rash@wer el ectrode 104, of the plasma
chanber 102. "I n one enbodi rrent, "an 1 npedance matching circuit is tuned to

facilitate a nﬁfﬁ bet ween an . i npedance of an RF DA system coupled to the
i npedance mat chi’ ‘@]ci Felfet “Ehd e AR JENEB Bofompuien A9t shayny fpkEdite mat ch

bet ween a power source and a | oa duces chances of .power being._reflected
From the | BRHAHAPISE RE B GIORe LB SR e il RO BT T 02
I ncludes the | OY)\B ime\?r\#i)elgg |;e(:gr(rjlgutc]fOiﬂélud’%eg au I el'tecwé 0u%leed. %e]fgh 1an£]tgad0(:[)fhaer

conmponent s (hot Sho grh N tppér © di él'eltrie g Str Fotidi ng the

upper el ecti gl td foedk AELBlLGHALE S AT LANULS RUIILAD NG yPer

dielectric ring, a lower dielectric ring surroun ower electrode, a

lower el ectfgde, extie Asb@NTeUFo4adi NG ifdGed SQa\f@rsﬂLc?é@th@iﬁﬁrsigng 112N upper

pl asma excl usion zone (PEZ) ring, a lower PEZ ring. etc. The upper

el ectrode 1i0s 408 duRFELRIIQPPBSbIdEndn® tRNEL sBRAING2 NG dh?\eﬁme Shasttpde 104. A
substrate 108, e.g., a sem conductor wafer, is supporfed on an upper
surface 108%0b 9bdne Ah@WeApledf @ilsta@08 iddidtes ddn@Gkeal Qle Bividzli vafte o1, Or a
application specific integrated circuit (ASIC), progranmable |ogic device
(PLD), et c highrseted nekamaéeofahe dieSEinbialds ah eff 3Q8, addde hdiRglankia@ofd, eda circuits
are used in a variety of devices, e.g., cell phones, tablets, smart phones,
conput er s, lévapitephe hipbtvaloe ik igregretban thaiewtvaluet c. The | ower el ectrode 104 is
made of a nmetal, e.g., anodized alum num alloy of alumnum etc. Also, the

upper el ectrodepgdds) | §n FRAR: Hhbodinilat HseadorShe coltpHE! NUBK RLilifd, OF, &1 um num

etc.
' crystal oscillator, is used to generate an analog clock signal, which is converted by an analog-

to-digital converter into a digital signal similar to the TTL signal 112. For example, a crystal
oscillator is made to oscillate in an electric field by applying a voltage to an electrode near or

on the crystal oscillator.

12



[0038] I n one enbodi ment, the upper electrode 110 includes a hole that is
coupled to a central gas feed (not shown). The central gas feed receives
one or nore process gases froma gas supply (not shown). Exanples of a
process gases include an oxygen-contai ning gas, such as 02. O her exanples
of a process gas include a fluorine-containing gas, e.g.,

tetrafl uoromet hane (CF4). sul fur hexafluoride (SF6), hexafl uoroethane
(C2F6), etc. The upper electrode 110 is grounded. The | ower el ectrode 104

is coupled to t R A. system via the i mpedance matching.circuit 182
e LoPtha 60 Mk e TR E R o Gk R et RO abr a i So
0039] When t [ i.S,suppli.e et t he .upper., el ectr.ode 110 and
the Tover &It Pohast oHeaRg i BHOGs uR Ty Sl Wl R SR ot om

and/or the (60, c%’%"%ggétgﬁ% ?fz.e Bor &H;ﬁ@'e,i tﬁestﬁg:pf%@E?ism[lgﬁiesﬁ‘eﬁ%Qtl;vléglstge ging Jhymedance

0
mat ching circurt tot ower electro rocess gas is tgnited to
generate plsgsmis WMot} BxpR, RleAS6R 1408l Ined B0 HECFTICXEIP1 2 ndshe fidee Mz DA

system suppl i es power via the 1 npedance matching circuit 182 to ignite the

process gasnabRudehiindheirk@$MBme piO40Ins nhOPlecdhd MaghitbiChidrRE @ sédehd se190 on a
conputer (not shown) is used to generate a transistor-transistor logic

(TTL) si gnak tirhd Pariod) i ThE DISB 1480 dhke@rhingd thd te ITNGighial g MAhas tHelRta@ B daAMOEE ment , t he
conputer includes a TTL circuit. As used herein, instead of a conmputer, a
processor, figstcARE tik lpaiods amll HASHE, sta@r StadulhDihie SecdsE @ ot piode Asyeis are

used i nterchangeably herein. The TTL signal 112 includes states S1 and SO
The TTL si gnaker ¢dathphathe BSB 046 @uipyrecaoigpitude of ba Tk sd i IPerith,a grdigordd L si gnal
112 has a duty cycle ranging from5%to 95% An exanple of the state S
i ncl udes analentosdegrmine thasthameghiadd ofgtha TValsigeal 12 &, grapter thahitglprestered.  An
exanpl e of the state SO includes an off state, a state having a value of O,
or a | ow stvalneduripgghenfingtrseisef] tivee pexiodsrand thar the epgnitude dyrpgy theadtage SO of the

TTL signal 112 is not greater than the pre-stored value during the second set of time periods.

In the embodiment in which the clock .oscillator is used, the DSP 140 receives an analog

clock signal from the clock oscillator, converts the analog signal into a digital form, and then

identifies the two states SO and S1.

[0043] The DSP 140 stores the identified states SO and S1 in memory locations of
one or more memory devices within the DSP. Examples of a member device include a
random access memory (RAM) and a read-only memory (ROM). A memory device may be

a flash memory, a hard disk, a storage device, a computer-readable medium, etc.

[0044] The DSP 140 provides the identified state S1 from corresponding memory
locations to an auto frequency tuner (AFT) 114 and to a power controller 142. For example,
the DSP 140 indicates to the AFT 114 and the power controller 142 that the TTL signal 112
is in the state S1 between times tl and 2 of a duty cycle. The terms tuner and controller are
used interchangeably herein. An example of an AFT is provided in U.S. Patent No.

6,020,794, which is incorporated by reference herein in its entirety.
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[ 0041] I n anot her enbodi nent, instead of the conputer, a clock oscillator,
e.g., a crystal oscillator, is used to generate an anal og cl ock signal,
which is converted by an anal ogto-digital converter into a digital signal
simlar to the TTL signal 112. For exanple, a crystal oscillator is nmade to
oscillate in an electric field by applying a voltage to an el ectrode near
or' on the crystal oscillator. [0042]The TTL signal 112 is sent to a

di gital signal processor (DSP) 140 and another DSP 150. The DSP 140

receives the T gn 112 d |dent|f es e states SO f the TTL
AR PPUR Y El q%me RSB e PN RS rEae R PHE aRat eo SO

and Si As an?ltcrr)]rgruteex?‘ am that 1?9 D%f'::c)i bl%O r(gcgt c?rﬂﬂs@c?%&r@%t rleheea E S gnal 112
has a f|rstgﬁagn|? udé g YT st "Set ot ot perio LARd" has a second

magni t ude qur I fg%ir; saqgéf{'ﬁloa(e atolfs %éfmg%? b g;?&% sor oq?heDg% %tf)"ng Q?Sﬂﬂ& nes t hat

the TTL srgﬁa has ate e fIrSte se I me periods

and has the,sf @ac§ WHLLRQNLRE SEEARHis S8 gi O odk HiBisRELLREBy @%cexs%} anot her
exanpl e, the DSP 1 conpares a magni tude of the TTL slgmﬂ

pre-storedyy aretgenérgord €4 86Ul ptdgain i REDOBGINH taifd-u@hsitb) @ orhpkierSt ARG 112 i's
greater than the pre-stored value during the first set of time periods and

that the magdiviniel@m@rs bfghidhhe wévade@bséd.of the TTL signal 112 is not greater
than the pre-stored vaIue during the second set of time periods. In the

enbodi ment in :A@ 4?6{]‘| fI‘O gll?é ete mes a lieﬂue{%%':_'lvsa ue’baseﬁ'% Faﬁe (ﬁ‘oth ei V.es an

anal og clock s ock 0scCi conver e anal 0g signa

into a di g §%h IA% 208 thE gwérh:gﬂr greﬂ&'dfefe nds erotav\é\P ﬁt%?&é o§q s@;ﬂgofsljhe

[0043]The stor s the | ent|f|e st at'es 1 in nmenory

I ocati ons q#TL%%alolrIZ ”%reexﬁfrﬁﬁl@ e )Qlelv i ﬁ%teﬂﬁlhglt&tyﬁﬁqg a' vaﬁéqﬂplseé b9f a

menber device I nclude a random access nenory ( a read-only nenory

(ROM . A mgpRidéd and £RMTBIA 88 WhtRHB sBR BPhY TTR mEﬁffl qllZdﬂs SKandnSpsHeagE
device, a conputer-readabl e nmedium etc. [0044] The DSP 140 provides the
identifiedcshlie 191 déimes datr S5opeNivdP1 MBITOby/provided to the 2 MHz DA system

when the state of the TTL signal 112 is S1.

[0047] When the state of the TTL signal 112 is S1, the power controller 142
provides the power value of P11 to the 2 MHz DA system. During the state S1 of the TTL

signal 112, the AFT 114 provides the frequency value of F11 to the 2 MHz DA system.

[0048] The 2 MHz DA system receives the frequency value of F11 and the power
value of P11 during the state S1. Upon receiving the values F11 and P11, the 2 MHz DA
system generates an RF signal having the frequency F11 and the RF signal has the power

value of P11.

[0049] In one embodiment, an RF DA system includes a driver followed by an
amplifier. The amplifier supplies forward power via a transmission line to the plasma
chamber 102. For example, the amplifier of the 2 MHz DA system supplies forward power

having a power value that is proportional, e.g., same as, multiple of, etc. to the power value
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| ocations to an auto frequency tuner (AFT) 114 and to a power controller
142. For exanple, the DSP 140 indicates to the AFT 114 and the power
controller 142 that the TTL signal 112 is in the state Si between tinmes ti
and t2 of a duty cycle. The terns tuner and controller are used
i nterchangeably herein. An exanple of an AFT is provided in U S. Patent No.
6, 020, 794, which is incorporated by reference herein in its entirety.
[ 0045] I n one enbodi ment, instead of a controller or a tuner, a control

| ogi ¢ bl T t t hat d b :
usec For bbb R b LG0T ot eSSl B 19

execut ed b%m%hﬁ%%&%ﬁﬁ?{ epayna amsgq§$ As anot her exanple, each power
controller a~gener a §rie Py oglc ock that is executed by a processor

of the generator. A conputer programis enbodied in a non-transitory

conput er - r eadabliV@S0rediWhep thexldiqsiansl 132 twvitiohs fere theskei dde thhetaw§l apd046] The
AFT 114 determ nes a frequency val ue based on a state of the TTL signal 112
and the powden teatMIid P& systapsugplics fariviie §0wer Javirg th aovre vHesrrepogivng @t at e of
the TTL signal 112. For exanple, the AFT 114 determ nes that a frequency

val ue F 11 UesPqvr é‘“?)lpb\/ﬁ’ﬂjeﬂavf‘lﬁ P dregueRpy, Vil Y stoethf Riem? chranbey éqze of the
TTL signal 112 is S t he ntroI 42 d ermne a power
value P11 PEREEE TR G iR OS2 S %@gfyéf PRGN EHIE e PAB of ¢ he
TTL nal e t he st f TL | 112 S1
t he ;gaer c%%%?oﬁp m%%flﬁrOVI {%??%Oémgﬁiyﬂv%'mFll i g%e§%5)$é§+t DA

system Duri,noud e, slahe o5, t@é@@%@%@ggg}@%&%WLIB%O&Q i ¥éheBEOVi des the

frequency value’ o

power, which is RF power reflected from the plasma of the plasma chamber 102, on a
transmission line 232. The sensor 212 provides the measurement of the forward and reflected
powers to an analog-to-digital (ADC) converter 222, which converts the measurements from
an analog format to a digital format. The digital values of the forward and reflected powers
are provided to a DSP 150. In an embodiment, a DSP includes an ADC. It should further be
noted that i.n one embodimeﬁt, the DSP 150 lacks reception of the TTL signal 112. Rather, in
this embodiment, the DSP 150 receives another digital pulsed signal that may not be
synchronous with the TTL signal 112. In one embodiment, the other digital pulsed signal

received by the DSP 150 is synchronous with the TTL signal 112.

[0051] | During the state S1 of the TTL signal 112, e.g., immediately after the state
transition from S1 to SO of the TTL signal 112, the DSP 150 calculates a relationship, e.g., a
square root of a ratio of the digital reflected power sigﬁal and the digital forward power
signal, a voltage standing wave ratio (VSWR), etc., during the state S1 to generate a first
gamma value. A gamma value of 1 indicates a high degree of mismatch between impedances
of a source and a load and a gamma value of 0 indicates a low degree of mismatch between
impedances of a source and a load. If a gamma value is zero, power delivery to the plasma

chamber 102 is deemed highly efficient. If the gamma value is 1, the power delivery is
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[ 0048] The 2 MHz DA systemreceives the frequency value of FI 1 and the
power value of PIl during the state Si. Upon receiving the values FI 1 and
P11, the 2 MHz DA system generates an RF signal having the frequency Fl 1
and the RF signal has the power value of P11. [0049]In one enbodi ment, an
RF DA systemincludes a driver followed by an anplifier. The anplifier
supplies forward power via a transmssion line to the plasma chanber 102.
For exanple, the anplifier of the 2 MHz DA system supplies forward power

havi | ue that i Li |, e.q., \ | 1 pl f, etc.
Lo the pondrsaiul et EYPRE & rdfhutofoy <] e mio TRe45f © ¢

transm ssi I ne %&p,an t he i npedance matching circuit 182 to the plasm
c harTber 10%%+|1, wrhere 1sa recljlectlon coe mene

[0052] The DSP 150 determines whethér the first gamma value is greater than a
first threshold. When the DSP 150 determines that the first gamma value is greater than the
first threshold, the DSP 150 indicates the same to an AFT 118 and to a power controller 152.
The AFT 118 determines a frequency value F21 corresponding to the first gamma value and
provides the frequency value F21 to the 60 MHz DA system. Moreover, the power controller
152 determines a power value P21 corresponding to the first gamma value and provides the
power value P21 corresponding to the first gamma value to the 60 MHz DA system. For
example, the AFT 118 stores within a memory:device, a table that maps the first gamma
value with the frequency value F21 and the power controller 152 stores within a memory

device a mapping between the power value P21 and the first gamma value.

[0053] In one embodiment, the AFT 118 determines each of the frequency value
F21 and the power value P21 as corresponding to the first threshold. For example, the AFT
118 stores within a memory device, a table that maps the first threshold with the frequency
value F21 and the power controller 152 stores within a memory device a mapping between

the power value P21 and the first threshold.

[0054] The 60 MHz DA system receives the frequency value of F21 and the
power value of P21 during the state S1 of the TTL signal 112. Upon receiving the values F21
and P21, the 60 MHz DA system generates an RF signal having the frequency F21 and the
RF signal has the power value of P21. For example, an amplifier of the 60 MHz DA system
supplies forward power having a power value that is proportional, e.g., same as, multiple of,
etc. to the power value P21 and having the frequency value F21 via the transmissjon line 232

and the impedance matching circuit 186 to the plasma chamber 102.
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[ 0050] When the TT'L signal 112 transitions fromthe state Si to the state
Si and when the 2 MHz DA system supplies forward power having the power

val ue proportional to the power value P11 and having the frequency val ue Fl
1 to the plasma chanmber 102, inpedance with the plasma chanber 102 changes.
Wien the inpedance within the plasma chanber 102 changes as a result of
transition of the TTL signal 112 fromthe state Si to the state SO a
sensor 212 of a 60 MHz generator 276 neasures forward povver and refl ected

102 on"a ¢ randieLF oNFer HE SSob T ErE Tk D43°T £0rdd® PRt ement. of
the forwar galgygld n%fflle@% &%aﬂlg\{\éegréwée(a téi?xr %%—I?ﬁA sgslteqd gl;)l}rf%o tt{eAP@ SOCg(pVeI’ ter

222, whi ch converts neasurenent s om an an i gital

format. 8&“ Fr! t Alue Y@ }d ﬁea‘){o thd"% g QﬂdTﬁgﬁ'hﬁ&Bﬂ S?Q&ﬁﬁﬁ 3{ f‘upr ovi ded

to a DSP 1 an e IITEI’lt a udes an rther

not ed that ,i.0,088 ROk n%rgﬁ(mpowérhﬁlugse 015936!V@SC“1§ HeQRRRL VAR &fo fddend TL Si gnal
112. Rather, in this enbodi nent DSP 150 recei ves another digital

pul sed si g@@\lvertvﬁ'laé omMurﬂlGRheQEatMQJ}BQH&@&e1Wné Iﬂod&éﬂﬁnd-r dqusiic g Oales kile2 1N one
enbodi ment, the other digital pulsed signal received by the DSP 150 is
synchr onousMnad bR sydien dehbrass BR@bwek bPa frbqieicd]oDudrb BeH RINpovik advenghalpodfer t he TTL
signal 112, e.g., imediately after the state transition fromSi to SO of
the TTL si gaiad oflzkzd, Thhempibfer dfxhe = MHzUDAtB&madokedod bipply Shiinprd pewer, e.ga square -
root of a ratio of the digital reflected power signal and the digital
forward powenplissifgmatd povenipivingg@owtravalie nfjzevwaand hpatg ofréduS\WR)valuedfczero, dur i ng

" the state Si to generate a first ganma val ue. A ganmma val ue of 1 indicates
a hi gh degraéhofansrissicatlivh 2Heandelerimpersectamebing ofrcudt 189 tortbeplasmd chattsad and a
gama val ue of O indicates a |ow degree of m smatch between inpedances of a
source and & oad. If a gamma value is zero, power delivery to the plasnm
chanber 102 is deenmed highly efficient. If the gamma value is 1, the power
delivery is deeossy hividoyer eédfthe€ siaBiof thEMTTL\GRAR 113 chablzésib alieesthtalSO bei ng
equal to a ratio of RC-1 and RC+1l, where RCis a reflection coefficient.

[ 0052] The BoR thdhatelLl, @ertinpRiancaldeplbeda withéh the pladmagaimiter V@l digngesS Apamat er t han
a first threshold. Wen the DSP 150 determ nes that the first gamma val ue

i S great er dufirgribe dwee $G ofsite TTir sgmhlol 18, e.g. hemBERel Bfer ithediagsion drotrhike S@ee t 0 an
AFT 118 and to a power controller 152. The AFT 118 determ nes a frequency
val ue F21 Sdnabspandl night ST kignaf | i2sthe grasnma 1 3/dekareinestble forvowd adseflebied f r equency
value F21 to the 60 MHz DA system Mbreover, the power controller 152

det er m nes Pavgooethe ailsiissimpline2d? prdgseyides hg meesured éormving gd 1glgeted PO¢THe and
provi des the power value P21 corresponding to the first gamma value to the
60 MHz DA 493t ARE ér Ths ARSI 222 cpmertnby measgred forvad apfl rafletiehPaNsHOF™ devi ce, a

table that maps_the first ganma value with the frequency value F21 and the
power cont PBPeelormas s %9’61‘*83"%"‘[ hi i %SPNESerF‘S?‘VB%WS q%l TRRiaTsH 47 rﬁ@f\‘?\ien t he

r val P21 an anmg. v
pove a ueowers fr%mdthft: %J 552 and alculates a slélceond gamma value from the forward and

reflected powers.

[0057] The DSP 150 compares the second gamma value to a second threshold and
determines whether the second gamma value is greater than the second threshold. When the
DSP 150 determines that the second gamma value is greater than the second threshold, the
DSP 150 indicates the same to an AFT 118 and to the power controller 152. The AFT 118
determines a frequency value F20 corresponding to the second gamma value and provides the

frequency value F20 to the 60 MHz DA system. Moreover, the power controller 152
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[0053] I n one enbodi nent, the AFT 118 determ nes each of the frequency val ue
F21 and the power value P21 as corresponding to the first threshold. For
exanple. the Al-1 118 stores within a nenory device, a table that maps the
first threshold with the frequency value F21 and the power controller 152
stores wthin a nmenory device a mappi ng between the power value P21 and the
first threshold. [0054] The 60 MHz DA systemreceives the frequency val ue of
F21 and the power value of P21 during the state S1 of the TTL signal 112.

Upon receiving.the values F21 and P21, the 60 MHz DA system generates an RF
signal havi®figHe afﬁ"&&‘u@ﬁ’&ﬁéé‘i“é??& hE 'ﬁ?s?f’%%ﬁm%‘éa%ﬁ@dﬁ f Yl ue of

P21. For exanpl e amplifjer af the, 60 M4z, DA |ies forward
Cover v Aeg e B0 SPipabdifiie Heast<aRe Gt Giust T 3h SRR rebl 1701
of, etc. tg th Q val ue P21 and having the frequency valye F21 via the
O e ssi ST BRGST UR 5i0Rs S Rt e ot PR e St Bt o asia

chamber 10%alue [«vﬁg 2@ G&llC}t bﬁuesf‘ﬁt &d Qﬁe [fo%r ;rc;l;&roﬁejr g5# Ltglll:g' gvit{}iﬁ 2&@8&?2{& r %'T Sito

SO, no power va and no frequency value I's provide

system Duigltig higpmb Blifeer@e foRed RO BENGY mbaLddRd danvANEded to the 2 Mz DA
system The 2 MHz BA system does not receive any frequency and power

val ues, e.g., r Lves the frequen I of 0 and t ower val ue of 0,
during the stat@&ggl ﬁb@ﬁ‘Wﬁ?gﬁﬁ%eﬁgﬁﬁglﬁg%@?mﬁﬁﬂa??ggﬁ%ﬁE?mWQW §, the 2
MHz DA sys nerates RF power at a.frequency of zero and RE power having
& pover valtbegt earss G PRI orrer e e S hed shOL) EPLfieEBE ot supply
forward povgr. |, fyee SHRPL hefof LW 4 BAVEL MRV AR Maliie,0! 28T o

.
and having a frequency val ue of zerod, via fhe AhE M Ssion i ne 230 and t he

e LS AR e AR AR 0fs QOB 0V

si‘'gna anges to the state
between the power value P20 and the second threshold.

[0059] The 60 MHz DA system receives the frequency value of F20 and the
power value of P20 during the state SO of the TTL signal 112. Upon receiving the values F20
and P20, the 60 MHz DA system generates an RF signal having the frequency F20 and the
RF signal has the power value of P20. For example, an amplifier of the 60 MHz DA system
supplies forward power having a power value that is proportional, e.g., same as, multiple of,
etc. to the power value P20 and having the frequency value F20 via the transmission line 232

and the impedance matching circuit 186 to the plasma chamber 102.

[0060] The use of measurement of forward and reflected powers to change RF
power provided by the 60 MHz DA system results in plasma stability. Also, the plasma
stability is based on real-time measurement of forward and reflected powers. This real-time

measurement provides accuracy in stabilizing the plasma.

[0061] In one embodiment, during one or both the states S1 and S0, a sensor 210
of the 2 MHz generator 274 senses RF power reflected from the plasma of the plasma

chamber 102 on the transmission line 230. Moreover, during one or both the states S1 and
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fromthe state Si, the inpedance of plasma within the plasma chanber 102
changes. Again, during the state SO of the TTL signal 112, e.g.,

imredi ately after the transition fromthe state S1 to the state SO of the
TTL signal 112, the sensor 212 determines the forward and refl ected powers
on the transm ssion line 232 and provides the neasured forward and

refl ected powers to an ADC 222. The ADC 222 converts the neasured forward
and reflected powers fromanalog format to a digital fornmat. The DSP 150
recei ves t igital forward and refl ected powers fr the ADC 222 and

ol cul ares S Lol YRN8 PRSI FEPRARE WPy TeE et ite o
[0057] The DSB 159en{: ﬁ@%e%ﬁpq?ﬁsg%gger?gme t\llag'llsrln'lles%i(gnolir?éhlg %%) R‘lg piag{r:nzgﬁgm d and

. OWwer. 1
det erm nes pV\)[‘"lle'[ %er e second ganma-val ue |I's greater

th hol d. P 15 t ' hat .t d I [
oreater thal AL 2 Sy Bulth B BRR desBle RGN SRR AR ° o e
118 and to B\bg‘ 8BS 6 %3@1{5%@ bt tﬂrgglasgl-l;tlﬁajfﬁlgrl (551 %‘hg ?etﬂggtég ;Q%rdsggsfe{é ﬁ)g uency

val ue F20 gorrespondlng t e second ganmma val ue and provi

frequency vl 4goF30; {sorehiedG Ma%jéaﬁtnﬁmzsiv%ﬁqx@Rl,asnn;h@f RoWBEmgont rol | er
152 determ nes a power value P20 corresponding to the second gamma val ue

and provi deganitle1(ROWRIreoVé@! dlfind: & Bbth @eReRdiSNand S0 4R PRCOHAE ganm® val ue to
the 60 MHz DA system For exanple. the AFT 118 stores within a nenory

devi ce, a tabbre21k Radsesnoard feves 6€ €hd dragaiiision ik 282 Whénhché hewdrd awancy val ue
F20 and the power controller 152 stores within a nenory device a mappi ng
bet ween t heerp@warthe/éll Mélz RFID A Rgteimda geaandhiganiae 23 weahe plddh&hdmbeone

enbodi nent, the AFT 118 deternines each of the frequency value F20 and the
power val ud0R20 as corresponding to the second threshol d. For exanple, the
Al - | 118 stores within a nenory device, a table that nmaps the second

threshold with b fr eduRREYodAbH Gin ERHopADMi kR oRRNE (ABBIIHNAbAVEHs ho2 Stores
within a nenory device a mappi ng between the power val ue P20 and the second

t E(rj ef Eol d. nfe@RRA]rdiered hd\oliyak pcwi il eied BE Bk Y@Sorl21e ribmer WeNSY foRkdie of F20 -
: ° digital form and the ADC 222 converts the measuréd reflected and forward powers sensed by

the sensor 212 from an analog to a digital form. During one or both the states S1 and SO, the

DSP 140 receives the digital values of the reflected power signal and the forward power

signal sensed by the sensor 210 and the DSP 150 receives the digital value of the reflected

power signal and the forward power signal sensed by the sensor 212.

[0063] Furthermore, in this embodiment, a gamma value that is generated from
the digital values of the forward and reflected powers on the transmission line 230 during-the
state S1 is sent from the DSP 140 to the AFT 114 and a gamma value that is generated from
the digital values of the forward and reflected powers on the transmission line 232 during the
state S1 is sent from the DSP 150 to the AFT 118. During the state S1, the AFT 114
determines a frequency value based on the value of gamma received from the DSP 140 and
the AFT 118 determines a frequency value based on the value of gamma received from the
DSP 150. During the state S1, the AFT 114 adjusts the frequency value of F11 based on the

frequency value that is generated based on the gamma value and provides the adjusted
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power value of P20 during the state SO of the TTL signal 112. Upon

recei ving the values F20 and P20, the 60 MHz DA system generates an RF
signal having the frequency F20 and the RE signal has the power val ue of
P20. For exanple, an anplifier of the 60 MHz DA system supplies forward
power having a power value that is proportional, e.g., sane as, nultiple
of, etc. to the power value P20 and having the frequency value F20 via the
transm ssion line 232 and the inpedance matching circuit 186 to the plasm

hanber 102. [ 0060} Th ement of f d flect
e e e o R i R TR b iy

stabi lity. dAJIusS[Oihe tfr@tgu Hcl A8 op %@btlaalse!dt(% t|16$ {ret,)qraﬁlénecd vl gtails o tnlerrglgd HEQS Ui ement of
f orward ané‘ retflect (% ower s. hi'S real -t1 asurene Provi 8es accur acy

in stabilizji . 00611 | n I rent, [ ne or both the
ctatce st gisauil®y B8 s B0y BRGeRTAML R o A OR RBIE 0" e power
reflected fromthe plasma of the plasma chanber 102 on the transm ssion
line 230. Mor eolf®44] dif9repyeron® thsr samst smbadianest ueas §F #iel Slsthe PHST sensor
210 senses forward power on the transm ssion |ine 230 when the forward
power is s&ERTTONFA? EHE™RMPONREV K DasrS rB eV PIES eivamiR HeEMdderuhe PPhe 230 to
t he plasma cha r 102. Simlarly, during one or, both the states S1 and SO
t he sensor 13@2@@%%‘%“58%&?%&” RS I Y’i‘é“edﬂa%?gr?ﬁﬂlﬁvaﬂ“r‘ié’?ﬁ?%@?ra chamber
102. The reflected pa nsed he.sensor 212 js refl.ected on the
transm ssion. vférlfgoﬁg‘f\fg%c}sn&t ‘%‘éﬂnﬁlt%ssﬁraée oF T 8W?Jrlcglgtﬁ)nlyerclﬁga ‘ésr?St B *Mor eover,

during one v?l e QP H(;'l B;di St (ﬁjl%] %t%h'él vaftid qha%% aneJa@?f .bns-egl' é)@ iél'g:c\%Lenﬁxgag\élue taﬁ? sensor

212 senses forward power e transm ssion T[i e forward

pover s sepfyide! &%ﬁ%%d%@w%lugﬁ) 80 SHBABANYlerh. NIGedvEARRNE BRI B 41l n€ 232 to

t he pl asma chanber
the power controller 152 adjusts the power value of P21 based on the power value that is

generated based on the gamma value and provides the adjusted power value to the 60 MHz

DA system.

[0065] Further, in this embodiment, during the state S1, the 2 MHz DA system
generates a power signal having the adjusted frequency value received from the AFT 114 and
having the adjusted power value received from the power controller 142, and supplies the
power signal via the impedance matching circuit 182 to the plasma chamber 102. Similarly,
during the state S1. the 60 MHz DA system generates a power signal having the adjusied
frequency value received from the AFT 118 and having the adjusted power value received
from the power controller 152, and supplies the power signal via the impedance matching

circuit 186 to the plasma chamber 102.

[0066] Furthermore, in the same embodiment, during the state SO, there is no
provision of power and frequency values to the 2 MHz DA system and there is no use of a
gamma value generated during the state SO to adjust the zero frequency and power values of
the 2 MHz DA system. A gamma value that is generated from the digital values of the

forward and reflected powers on the transmission line 232 during the state SO is sent from the
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[0062] I n this enbodi nent, an anal og-to-digital converter (ADC) 220 converts
the nmeasured reflected and forward powers sensed by the sensor 210 from an
analog formto a digital formand the ADC 222 converts the neasured
reflected and forward powers sensed by the sensor 212 froman analog to a
digital form During one or both the states Si and SO, the DSP 140 receives
the digital values of the reflected power signal and the forward power
signal sensed by the sensor 210 and the DSP 150 receives the digital val ue
of the reflected power_ signal and _the forward power signal sensed by the
“rgrcﬁl%ﬁFdez

sensor 212P%do9Burthdr P AreminshvBrgveity value prashe Reavalre of hat i s
ted f th i gital | f the f flected
oenerat o e, )AL pPOUES . LS LU ARt LELLSR! pepgbers on
i h i gital | f
the AFT 114 and %Ze(?ﬁaggcf orY ﬁlle%?e Eeb)%; vellllfseht%aq[llrgr eage?rﬁqedfff;ogrri'ntl{ei %eﬁxgngr%%!i}ug ljlln%{ al ues o

t he forwar dalﬁ%afr ed powers on e nsmM ssi ng the
state Sl i t i S 1, the
AFT 114 de éofvﬁilggntgé Ecg@eﬁzgﬂlegﬁgy‘%@gfoutge {S)d;glg B-(J);‘n&%[%% @g{eh%g’gm%a&n%g&%ecei ved
fromthe D%B tﬂél&)vﬁpgontr&ﬁ:r 'Pﬁ-laegcgrﬁnggégg\%povgﬁ§ bgccf SN e Yo %’;@A}llrhere&%(?d on the

val ue of gamma received fromthe D During the state Si, the AFT 114

adj ust's t herohy RABSHES0. UYL thRstafe! SO LD BSRE coMtolidd 854 SARHAPOWLALHR of hat 1S
generated based on the ganma val ue and provi des the adjusted frequency

val ue to t o Basbdan BApSYeS vaile thik eaeRted beked b item s tAdetund plovidb e AFT_ 118
adj usts the frequency value of F21 based on the frequency value that is

gener at ed hajaeéel poiwet haluganha 60 MHLDANGs(.0 Nud &S the Rateast), et @dMHE @aguency
value to the 60 MHz DA system [0064] Moreover, in the sane enbodinent,

duri ng t he sgtent genSates 4 povep oigel hayongttieoddjusted frédPerde tvanaiersded fromaieAFVal ue
based on the val ue of gamma received fromthe DSP 140 and the power

control | er 1262nd bavérgribpadiugieg pover Wkt uecehyeds Eédmohe pheervahudleof 549 andra

recei ved fromthe DSP 150. During the state 51, the power controller 142
adj ust s t heuppbioehe Reaveteengk viFthg infpgdaner machingeirpildp tohd plesmalghambies10gener at ed
based on the gamma val ue and provides the adjusted power value to the 2 Mz

DA system More@ven, duEHcE beorsd Bh€inShis dBARRHE GRREAO|Yeleerl 22 adj usts
t he power val ue of P21 based on the power value that is generated based on

t he ganma \wajuiiel vand tar © ¢éndaagd b edjasthgistdd apdive Kalwab stalleahdnedif@enddz DA
system
between another power or frequency value that is generated by using the first or second
threshold. For example, a difference between the adjusted power value generated from the
power value P21 and the power value P21 is less than a difference between the power values
P21 and P20. As another example, a difference between the adjust frequency value generated

from the frequency value F20 and the frequency value F20 is less than a difference between

the frequency values F21 and F20.

[0068] The power controller 142, the AFT 114, and the DSP 140 are parts of a
generator controller 270. The generator controller 270, the ADC 220, the sensor 210, and the
2 MHz DA system are parts of a 2 MHz generator 274. Similarly, the power controller 152,
the power controller 154, the AFTs 118 and 120, and the DSP 150 are parts of a generator
controller 272. The generator controller 272, the ADC 222, the sensor 212, and the 60 MHz

DA system are parts of the 60 MHz generator 276.
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[ 0065] Further, in this enbodinent, during the state Si, the 2 Miz DA system
generates a power signal having the adjusted frequency val ue received from
the AFT 114 and havi ng the adjusted power val ue received fromthe power
controller 142, and supplies the power signal via the inpedance matching
circuit 182 to the plasma chanber 102. Simlarly, during the state S 1, the
60 MHz DA system generates a power signal having the adjusted frequency

val ue received fromthe AFT 118 and having the adjusted power val ue

received fromt r controller 152, a the ower signal via
LheC e dhnen, el of B imegh e o SRR i fape D Teccing
[0066]Furthernnr odi nent. duyr O there is no
PO Lt on BRGMR 1S andfbe 1 15 A E SIS Taete <GEolD% h3E g3leR §ftt§e WH there is

”0 use of g, ﬂEFB‘ld%L&Jfﬁues ol enat esnggumgalﬁg% séé ﬁEz&‘ad%@tﬁe éﬁ%iroﬁepe Zero

frequency and power va ue that is

generated" le@EﬂdttnteAﬁf 918t erd a's [g}é%gntﬁ))fllelt iDBsed B%aé&%etﬁwE%néﬁIr 154Qnq The AFT

120 determines a frequency va based on the value of gamm received from
the DSP 15Q@ue ARiri2gg the state SO, the AFT 120 adjusts the frequency val ue
of F20 based on the frequency val ue that is generated fromthe gamma val ue

Toremver 5ot ngofh) ”3?@?5 %80‘“ E@V%M ¥t BR seitert basse MRHRR 2 pover

val ue based .on .t valu anna rece from 5 ng the
state SO, tfied Lhcf)’v\h%r1 c%n FOPBeS o t%1enerat°rv\}érsm\%aD t%oeglofégmh

generator 276 except that the 27 MHz generator includes the 27 MHz DA system instead of
the 60 MHz DA system. The 27 MHz generator is coupled to the lower electrode 104 of the
plasma chamber 102 via an impedance matching circuit (not shown) and a transmission line
(not shown). Moreover, the 27 MHz DA system is coupled to a digital pulsed signal source,
other than the Tool UI 112, and a digital pulsed signal generated by the digital pulsed signal
sourée may not be synchronous with the TTL signal 112. An example of a digital pulsed
signal source includes a clock oscillator or a computer that includes a TTL circuit that
generates a TTL signal. In one embodiment, the digital pulsed signal generated by the digital
pulsed signal source is synchronous with the TTL signal 112. The 27 MHz generator
includes two power controllers, two AFTs, a DSP, an ADC, a sensor, and the 27 MHz DA

system.

[0071] In an embodiment, the first threshold and the second threshold are
generated during a training routine, e.g., a learning process. During the training routine,
when the 2 MHz DA system changes its RF power signal from a low power value to a high
power value, there is an impedance mismatch between one or more portions, e.g., plasma,
etc., within the plasma chamber 102 and 60 MHz DA system. The high power value is
higher than the low power value. The 2 MHz DA system changes a state of its RF power

signal from the low power value to the high power value when a state of the TTL signal 112
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P20 based on the power value that is generated based on the gamma val ue and
provi des the adjusted power value to the 60 MHz DA system During the state
SO, the 60 MHz DA system generates a power signal having the adjusted
frequency val ue received fromthe AFT 120 and havi ng the adj usted power

val ue received fromthe power controller 154, and supplies the power signal
via the inpedance matching circuit 186 to the plasnma chanber 102. [0067]It
shoul d be noted that in this enbodinent, a difference between an adj usted

I t hat i t ed by adj ' I dth I IS, |1 th
7 1 er ondt Heten Sriehs TRkl % PR arhal Bl 1 Bler at ea by

[ th ' I E i ff th
i ust od pose "R SRR AR oo TRTRN 0 Ml L BRER MR LT e e

oL b, R PV T R i 1A TP,

et ween t requency val ue generated

fromthe fiRIyeRs%aMalfe 20 Apdididle d { FAKEDAY. MR8 rEdlnd,Sval €S Tnd han a
di fference between the frequency values F21 and F20. [0068] The power

control | er cdiftérgerdch @ratNbd ddidithine@ gl teNSSIDSI0 bhdi ArLsidddbirtl Ye@ition of BeAt OF
controller 270. The generator controller 270, the ADC 220, the sensor 210,

and the 2 Mdndd I¥aN&Mnace M DS spfenrfmere Mg i@enedrad ©lhepdder ludiah@r Iy, the
power controller 152, the power controller 154, the AFTs 118 and 120, and
~the DSP 15 ¢ Beqparicy Salad, tha 20EHED Atspiencio Ript o theetighZpbdver VBN f@an exatded
controller 272, the ADC 222, the sensor 212, and the 60 MHz DA system are
parts of t peid®f Mdez thgepesualk @rio@dGime. [TDO 68l periohef tareboel aeruht of tilne isyst em 180
excl udes the i npedance matching

which the impedance mismatch is not reduced, e.g., removed. An example of the usual

period of time is equal to half cycle of the TTL signal 112. When the 60 MHz DA system

converges to the power value and the frequency value, the converged power value is stored as

the power value P21 within the power controller 152 and the converged frequency value is

stored as the frequency value F21 within the AFT 118. The first threshold is generated from

the power value P21 during the training routine and the first gamma value corresponds to the

frequency value F21. For example, the sensor 212 measures the forward power value and a

reflected power value during the training routine. The sensor 212 measures the forward and

reflected power values during the training routine when the frequency of the 60 MHz signal

is F21. The ADC 222 converts the measured forward and reflected values from an analog

format to a digital format. The DSP 150 receives the digital forward power value of P21 and. .

the digital reflected power value from the ADC 222 and generates the first threshold from the

power value P21 and the digital reflected power value measured during the training routine.

[0072] Similarly, during the training routine, the power value P20 and the
frequency values F20 are generated when the 2 MHz DA system changes its RF power signal
from the high power value to the low power value. The power value P20 is stored in the

power controller 154 and the frequency value F20 is stored in the AFT 120. Also, the power
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circuits 182 and/or 186. In an enbodinent, a single controller is used

i nstead of the power controller 142 and the AFT 114, a single controller is
used instead of the power controller 152 and the AFT 118, and a single
controller is used instead of the power controller 154 and the AFT 120.
[0070] I n the enbodi ment in which the 27 MHz DA systemis used in addition
to using the 2 and 60 MHz power supplies, a 27 MHz generator is simlar to
the 60 MHz generator 276 except that the 27 MHz generator includes the 27

MHz DA system instead of the 60 MHz DA s em The 27 MHz generator is
Coupled 1 o T PRDheetP St B £ PR BITS A CHAMERDETS AT 4an

i npedance matchi.ng,cjrcuit (nqgt,shown nd a transm ssi line (not shown).
Mor eover. thHe 27" %HZCLB}& tlérfltstg“ 5%’10}‘1218(?8?13');55}‘%(1“9 ¥ s ROMES Yai © I%EI slilsba Sg‘i%@‘ﬁal
source, other n the.Togl U 112 —a digital pulsed sigpal.generated
by the. d grarol bt e S e ey R0 B b B B RRE ABh fRe T

si gnal 112-6o®m2%@m4@ew%nﬁd tg'bgt’ﬁ(f,ilhe@é&éﬁ% vih@Pahe GOUMGE Sedal's FitIES @ cl ock
oscillator or a conputer that 1ncludes a TTL circuit t at generates a TTL

signal. In one enhodi nent, the digital Bfgu' sed si qna}éﬂgener ated by the
digital pul sed Qhal RaurrRediment distead oinbe LSRiloh thendFT [ 1§ andithgegWen 12 The
27 MHz generat or incl udes ower controllers, t AFTs, a DSP. an ADC, a
sensor, an(ffo'{tﬁ’gerﬁg 4 ,&W&?V\@?rg'i‘ﬁvﬁf‘(ﬁﬁ?‘f‘]alvﬁl“%ﬁ gé@ﬁ'ﬁb'g?“_rfﬂ?ﬁr,“ POl 1t _
ARSI T B Lt R T R
system changgg, LS, RysBoMe bt 19l 8 MO AMEL YL UG 48 fullhgh Pover
val ue, there I's an’i npedance m SMat ¢ et ween gne or noré& pOI’ttI ons, e.g.,

pl asme, et Gy ik nd APr Y PRIBRERRT0GLE02 AR 18D MKenYSHE R The i gh

power value Is higher thant oW powe e. system changes

a state of ghhsa RiTudPfWShoviie S krefeRiN ahe F2PW ROVEMEY BAIS sleR. Gedibgh pover
val ue when a state of the TTL signal 112 or a clock si‘gnal supplied to the

2 Mz RF DAvhsy it 9o%& Ran@as 152 aérvidel thabie filsigatitiaSale@ E&reatehBad e Mz DA
system has its frequency and power tuned when the 2 MEZ DA system starts
suppl yi ng @@wmsldahe goRer ddn@bllep BaRIEteMmhdd@he pb@el @R OEI doRespbitRdame &rsii SMat ch,
the 60 MHz DA system starts tuning, e.g., converging, to a power value and
to a frequemodma vahead prokidescipoeegeiue @2 hayhe® Midi BARysed by t he DSP 150
based on a standard devi ati on or another technique. To allow the 60 MHz DA

system more U1 Mt CORYELGC LRy LhE,ARNENA) UEnaRde 1%, Llloutr pAUgRCY vl ue.

the 2 Mz DA systemis _eﬁt at the power value for an extended period
of time than fwds o159 de@imitd Wﬁethe-lrﬁﬁ_ 48048 calRh V@He QF grbdidBhdnSth&n anount

of time in which the inpedance m smatch is not reduced, e.g., renoved. An
exanpl e of stdagd WeesRld. AR tHiQghtdlinkhBe DSP @§1Rbvide dRabdon® Yiodn®: vafue tdBe TTL

signal 112. Wen the 60 MHz DA system converges to the power value and the
frequency WHIURO dnb@heCineEE@ROlIRAMEI Wikh Uk ABT SR®a&emaks tHaehpQemnd val ue P21
Wi thin the power controller 152 and the converged frequency value is stored
as t he freguaemneyavalsipgeale? Ihamitlichietont! higesAbd, thd AFTTIRE dékdnbiies tier feghakd i s
generated fromthe power value P21 during the training routine and the
first gammuavaFlfeouepordgigondls sdcond dammi valgeied pyovided thefrée@ddncy Fane BXaopl e, t he
sensor 212 neasures the forward power value and a reflected power val ue
duri ng t he ther &I MiHagDA gyrtdann e MoTfdogers whaiothe 20 @ermpaislice £54t deeerhioesadintdthand

refl ected power values during the training routine when the frequency of
the 60 Mz sedopgthapming valig is TRateaD@n e seeand efeshotdh dheypeysanreodrglisy idt d and
reflected values froman analog format to a digital format. The DSP 150
recei ves t RECHRgS the| Poper RRE 2D eRmErPopdingiie thyy seppd eamme valiseand PEpividss the ef | ect ed
power value fromthe ADC 222 and generates the first threshold fromthe
power val u@WZanbPGpte g MHzDA p8eMect ed power val ue measured during the
training routine. [0072]Simlarly, during the training routine, the power
val ue P20 and t[ee75] In an embodiment, instead of the sensor 212 sensing the forward and

reflected powers, complex voltage and current are sensed and gamma is generated from the
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frequency val ues F20 are generated when the 2 Mz DA system changes its RF
power signal fromthe high power value to the | ow power val ue. The power
value P20 is stored in the power controller 154 and the frequency val ue F20
is stored in the AFT 120. Al so, the power value P20 is used to generate
the second threshold during the training routine in a simlar manner in
which the first threshold is generated fromthe power value P21. The second
threshol d corresponds to the frequency val ue F20. For exanple, when the
power value of the 60 MHz signal is determined to be P20, .the frequency

val ue of t RESHO2NeL Y CPegHiar CyEenEdr % PIEPT S eTBWE FrEnt BN EPLRd of t he
DSP 150, the Al drSeandd Ql?ﬂ&?lﬁan rvogé-"@tﬁﬂl'e'u%r 38t 55 ;rﬂf gl per the
Hrstgamé\%lwls great er an 1 st PRreshola 1 A"TRY S enbodi nent
the DSP 15Q provides. the firs nn? vial to the T4l power
control ler® ef cwgnar’tdhvé’hﬁﬁﬁvaiufg%aé e?lfgn‘ g%léesttﬂatpe Pr%g 1f5|5r S t%gnlg%%rgg%al ue is
greater thaf.hh& ffo}w&% artd WeBENQ! Fweds Mot Yl sérils&] Bt MaNRRadeNGIES GRYENCY

val ue F21 corresponding to the first ganma val ue and provides the frequency

val ue F21 40,1018 o fmMbueDRom YR 6 Ward¥Rd RANEL politen the powver controller 152
det erm nes 't hat Fhe first ganma value is gréater than the first threshold,

T PR M e el e A
i)zlgt g.nmd [ 09::7f1“'e t%b Bc)ev9e¥s?%hﬁrignthé Qtiatg S?rg??l%i "Pﬁ,ngignail Ii‘(?(} %afgrstocfom%ar}gtorDé)Enp%r%so . the AFT
voltage or cﬁrrent, which is reflected on the transmission line 232, to determine whether the
voltage or current is greater than a first pre-determined value. During the state S1 of the TTL
signal 106, when the voltage or current is greater than the first pre-determined value, the first
comparator provides a first signal to the DSP 150 and when the voltage or current is not
greater than the first pre-determined value, the comparator provides a second signal to the
DSP 150. In response to receiving the first signal, the DSP 150 identifies that the voltage or
current is greater than the first pre-determined value and in response to receiving the second
signal, the DSP 150 identifies that the voltage or current does not exceed the first pre-
determined value. When the DSP 150 identifies that the voltage or current exceeds the first
pre-determined value, the DSP 150 determines the frequency value F21 corresponding to the
first pre-determined value and provides the frequency value F21 to the AFT 118. Moreover,
upon receiving the indication that the voltage or current exceeds the first pre-determined
value, the DSP 150 determines the power value P21 corresponding to the first pre-determined

value and provides the power value P21 to the power controller 152. The comparator is

coupled to the DSP 150.

[0077]} In this embodiment, during the state SO of the TTL signal 106, the
comparator compares voltage or current, which is reflected on the transmission line 232, to

determine whether the voltage or current is greater than a second pre-determined value.
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t he power controller 154 determ ne whether the second gamma value is
greater than the second threshold. In this enbodinent, the DSP 150 provides
t e second gamma value to the AFT 120 and the power controller 154. Wen
the AFT 120 determ nes that the second ganma value is greater than the
second threshold, the AFT 120 determ nes the frequency val ue F20
corresponding to the second gamma val ue and provi des the frequency val ue
F20 to the 60 MHz DA systen1 Mor eover, when the power controller 154

determ nes .t hat. the second amm value is qreater than the second

Chr oshol d. WS UseRites eovras f%rFa“’fé%’“d%et T HECER PO Jaf eeBeD
correspondl ng.to. t sec d ovi des_t he alue P20 to
the 60 Mz PBRYS “%eqe“t % j“??#ggﬁs‘\é et the, OILRE of Gutrent i ?t Eer i, 012

sensi ng t h?he SQJOV\@- lg dgtngnme%%nlﬁg Qhevc%}ngar%or 90\}1&9 Qhe serﬂnﬁ lgll‘é}‘wg 10 the 59% lﬁf( arrpl e,

one or nore senso rs, curre sense

current an Ye%o%?e% r&:Q]Ivin %etﬁr?tr%%ﬂll%%hﬁ’ {@ Lk SG%I?thhalﬂ% §%r % o 89%1#}13 sensed

current and voltage va s as conpl ex ues to t SP 150
cal cul at es k@[de@irds ARdnd @fih R eshequ@feae,f i Q@oﬁﬁ?&@e@%nﬁ%& &l A0d vol tage
val ues, and generates gama val ues fromthe forwar nd refl ected powers.

[ 0076] In OReregsh@dd FeRdting the sde@ichicahl duhg: (BEAROB0 dkie BPHNSENADI06hEe Dop War d and
reflected powers, during the state Sl of the TTL signal 106, a first

conpar at or 16@igeaifRs thaotht AgRLObr Qe Ioés, novkicedd the see@fdl ReiddmniBd vie:.

transm ssion line 232, to determ ne whether the voltage or current is

gr eat er t hawhea thiei DSPt 150 d@erthixiee rhian thedlngd areurrdbuexicerds thh eecsddaire désdmikd t he TTL
signal 106, when the voltage or current is greater than the first

pr e- det er mvaled theaD8R 15Q #reermines the donppacatabe [20ovirdpedas fto tstsewingpat to the
DSP 150 and when the voltage or current is not greater than the first

pr e- det er midaiednived| valee apcherovidespba ieqyencp valve §elbtoghes 8EBAE0. sMgreatertupot he DSP
150. In response to receiving the first signal, the DSP 150 identifies that
the vol t agdeceiving dieripheatipnsthyrtaatodipeet o aHTenhaceery e sqsprel Medapmineddalveal ue and
in response_to receiving the second signal, the DSP 150 identifies that the
vol t age or R&rPRAgeHgs @ngkﬁﬁéaﬂ}ﬁﬁeﬂPW@ﬁ‘Bﬂ@d@?@Qﬂ*ﬁ%ﬁmW%1GQUCVMen t he
DSP 150 identifies that the vo e _or current e eds the fi

b1 6- det er mALAEFy B Tons B G RGet é’mrngogtr?l}?ﬁ?‘f J ahcrolings £21
correspondln to t%ﬁhjlrsf%gre determ ned val ue a ﬁ rovi des the frequency
val ue F21 aﬁ%or 938108 B8l et e Wb S ¥ ST VPG PHEFndi cati on that the
vol tage or current exceeds the first pre-determ ned value, the DSP 150

det er mi nes t he [9878r \Fiduree? ipar erphodimeniod A dableg? 5P showing afchange ingstates faseer mi ned
val ue and provides the power value P21 to the power controller 152. The
conpar at or Psvhetigin sammapvalysds psmer B the Gigy 'P‘]fffshOI‘é I‘ﬂ the seagpdithraskld. 46ir i ng t he
state SO of the TTL signal 106, the conparator nar es voItaPe or current,

which is rémigkd é‘tfh‘(')'ﬁbl‘? A0 the TAL stewal | (s psed g0 PZ‘B‘?de igital pulsed signal, e.g., 2
clock signal, to the DSP 140 (Figure 1).

[0079]  When the TTL signal 112 is in the state S1, the 2 MHz signal has the high
power level. During the state S1 of the TTL signal 112, it is determined whether a gamma
value exceeds the first threshold. In response to determining that the gamma value exceeds
the first threshold, power value of the 60 MHz signal is c.hanged to the power value P20 from

the power value P21 and the frequency value of the 60 MHz signal is changed from the

frequency value F20 to the frequency value F21 to achieve a state S1.
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determ ne whether the voltage or current is greater than a second
pre-determ ned value. \Wen the voltage or current is greater than the
second pre-determ ned val ue, the conparator provides the first signal to
the DSP 150 and when the voltage or current is not greater than the second
pre-determ ned val ue, the conparator provides the second signal to the DSP
150. In'response to receiving the first signal during the state SO of the
TTL signal 106, the DSP 150 identifies that the voltage or current is

ter than t det d
Phe-second si ontiiur g vhe 6 ERE R ¥ NG 30E oy ZF RS MRS 1s0°
dent i f h
or - det er mi ol vhToe! AR IheeBp T3k FATE: RS %ﬁfé@age or
current ex%‘?mﬁﬁ vénﬁla%x&%&s%éjsewng HH&h&A. ninrxl&gon\ég‘lo;agterrﬁ]m o iRfhel aﬂ%ﬁé mnes the

frequency F20 corresponding to the seco pre eternlne val ue and

provides t Q?ce@&sqgél?e@&hd tM:@JhHl% F&8: VAud benAbd M DsignPk @RMEL4 tol%&%b“feﬁce' ving
the indication that the voltage or current exceeds the second

pre- det er myaigs pYRkUR, thOFFvek SQA1ue G061aHE RRSTrdqiEcPUBE oFf Bl Ud ¥IRO spRdIriespondi ng
to the second pre-determ ned val ue and provides the power value P20 to the
power cont rchdnk@l frohbdhe fréduer@h vaGOEN itd BB frequancy GRIRAFAO hchieR€d sigleso.anal og

circuitry, e.g., one or nore operational anplifiers. [0078]Figure 2 is an

embodi ment  of "ﬁg@@i‘t grﬁgﬁlh ?hﬁ(i\gvsn%“ Hft%ﬁ% of ”lgrdlpﬁ‘H?f aged 0 ot""ﬁfeé her a

gama val ue is regho he secon reshol d. As

I ndi cat ed If&wtallaeporwgrbl/egsug%gle otfh'\go H%lgﬁhlgqﬂé 2 M, 's na'l"§ﬁpl;h¥: ) %ﬁ%’&lgﬁl a digital

pul sed signal, e.g., a clock signal, to the DSP (Figure 1). [0079] When
the TTL si glﬂﬂ thd Zrainth rGutﬁlgeInsatnaénﬁJO(%hrentt be t?al ro§t'irgrl§"-lperhﬁ’1§eé Be W6 gh power
| evel . Durlngg%he sta?e Sl of the TTL signal 112, it is determ ned whet her

a gamma’ vald@@nﬁmeﬁedwtvaﬁesfégsme pdwee sk €20 dnd PQE%Q&@&n&ﬁvaﬂ@il@IO%cﬂl ng that
the gamma val ue exceeds the first threshold, power value of the 60 M

signal is ghangetrdskvld bwuep%ror}paﬂfd\iﬁnefaﬁefdhﬂm 4 e pawaro Yabate fdr2fbr and t he
frequency value of the 60 MHz signal is changed fromthe frequency val ue
F20 t o the ekimyig)praaya Wepbdi@ceFAd thisCexabple,@hec2 BIHS tsigh#? isSin.independently pulsing

(IP) RF signal and the 60 MHz signal represents a dependent RF signal that tunes its RF

frequency to optimize power delivery when the 2 MHz RF signal pulses. Although only one

dependent RF generator (e.g., 60 MHz) is discussed in connection with Figure 3, it should be

understood that there may be multiple dependent RF generators, each of which may undergo

a similar training routine to ascertain its own optimal tuned RF frequencies and thresholds

when the IP RF signal pulses.

[0082]' Figure 3 may be better understood when studied in conjunction with an
embodiment of a flowchart of a method 113, which is described with reference to Figure 4.

The method 113 is an example of the training routine.

[0083] At a point 115, an IP RF signal 119 of the IP RF generator (e.g., 2 Mllz
generator) is pulsed high to a high power set point. In the example of Fig. I, the high power
set point for the 2 MHz IP RF generator is 6 kilowatts (kW). This is also shown in an

operatidn 117 of Figure 4.
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[ 0080] Al so, when the TTL signal 112 is in the state SO the 2 M4z signal
has the | ow power |evel. During the state SO of the TTL signal 112, it is
det erm ned whet her a ganma val ue exceeds the second threshold. In response
to determining that the gamma val ue exceeds the second threshold, power
value of the 60 MHz signal is changed to the power value P21 fromthe power
val ue P20 and the frequency value of the 60 WMHz signal is changed fromthe
frequency value F21 to the frequency value F20 to achieve a state SO

[ 0081] Figure 3 n_embod| nent a graph 1 which is. a plot of a
Forvar d power VTGl PRuEr R et Rt it d e gt hisre B 1 he 60
MHz signal .during the.training routine. | n_enbodi ment . .the trajning
routi ne 1 BarkGrREHheor i ok G bl RERAEIRER By ¢ WPl 002,

val ues onkﬁf}%q!rfr%éy g)f’rliﬁgw%lrjcf??%g)n&/){enytﬂé HERF Ei%galal%’ i{@ésa% [n@ﬁ.or , l§shel d val ues,

etc., or perfor atinme peridd to a for exanpl e,

. plasma i mpedARGE the! &e{amlﬁlﬁx%rm%uge 4t hg e?abMakl%, 8k 9NBbenlich epdégaqj%a ently

pul sing (1 P) RF signal and the MHz signal represents a dependent RF

si gnal t habedethf® $nohfists Ryl VSabI&NEY0ctaRd Mith it ARmAQWEber 802 MaTju RN the 2
MHz RF signal pul ses. Although only one dependent RF generator (e.g., 60

MHz) is di sehssRblel o HABNSCHIWRNdeNvENR td-ihg Ylagnachainber 30D UTIE iR pahagiebst ood t hat
there may be multipl e dependent RF generators, each of which may undergo a
sim|ar tratpgenhdegt RPgknersortRenatBnds rits R M sipriab froqMandd b inifAimide Un@thaRhefebyequenci es
and threshol ds when the I P RF signal pulses. [0082]Figure 3 nay be better
under st ood makigrirgtpedeaidlivery efieigngnct i on wi th an enbodi nrent of a flowchart of
a nmethod 113, which is described with reference to Figure 4. The nethod 113

is an exanpl e qpogshe thAPIRRG; anUJifii’ﬁ/{Hz[@(Z&ﬁ@Jdﬁ‘iig@dmgﬂhe %élr_éd wRfhekd” RE
signal 119 of the 1F RF generator (e.g., ML generator) 1s pulsed highto

a hi gh powssing@is £ii1.. ThiOhich fulXAMBbE ofthe IH BF sidnal & RRaMY SlenBViREnSet Poi Nt
for the 2 | F RF generator is 6 kilowatts (kW. This is also shown in an
oper ati on inkfra@ingfin@UE €, flom tenths of seconds up to multiple of seconds relative to an IP RF

signal high pulse duration employed during production time for processing of the substrate

108. The substrate 108 may be processed to etch the substrate 108, to deposit one or more

layers on the substrate 108, to clean the substrate 108, etc. This artificially extended high

pulse duration gives the dependent RF generator enough time to optimally tune its frequency

to maximize power delivery efficiency for the plasma impedance condition that exists when

the IP RF signal is pulsed high.

[0086] The dependent RF generator tunes to a frequency value of 61.3 MHz for a
gamma value of 0.04 when the 2 MHz IP RF signal pulses high. This optimal tuned RF
frequency of 61.3 MHz, e.g., IDPC_Freql, for the dependent RF generator is then recorded
within the AFT 118 (Figure 1) as illustrated in operation 123 and is set as the [IDPC_Freql ;15
illustrated in an operation 125 of Figure 4. The IDPC_Freql is an example of the frequency
value F21.. Forward power, e.g., 6kW, etc., sensed by the sensor 212 at the frequency
IDPC_Freql is an example of the power value P21. This 61.3 MHz value represents the

optimal RF frequency for the 60 MHz dependent RF signal when the 2 MHz IP RF signal
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[ 0084] Furt her, the dependent RF generator (e.g., 60 MHz generator) is set
to its frequency self-tuning node to allow the dependent RF generator to
converge to an optiml RF frequency for power delivery when the IP RF
signal 119 is pulsed high. This is also shown in the operation 117 of
Figure 4. To el aborate, the independent or dependent RF generator nonitors
many vari abl es associated wth the plasnma chanber 102 and adjusts its own
vari ables to maxi m ze power delivery to the plasnma chanber 102. The

i ndependent or depepdent RF geperator. then tunes its RF signal frequency to
mini i ze. QRN HEhh A POETIREIUR L (o eBEGr BRY T SE G AT YT TTRAAYS opeRIBa] The I F
RF signal of is pulsed high during the period between points 115 and
121. This E‘f"ﬁ%%%%uémdﬁ?ré%((%Pleng‘fg'tFE&CHFB%RF signal is greatly extended
during the training time, e.g., fromtenths of seconds up to nultiple of
seconds rel ati vi8087p aTh¢ fepRidenti Rfhgenerhtpigl the beceatediuin dteifxed equbroy ewdelur i ng
production tinme for processing of the substrate 108. The substrate 108 may
be processédicieby By R freaeengyisgior ajawved 0@ tung. dogead ot dersadenoRF gericaatdrdyer s on
the substrate 108, to clean the substrate 108, etc. This artificially

ext ended hifgfredpaIoaeatg gt %e ifrensnyed fhd MigpenigehiunedRE Sseeatyqnd difotigh ti ne
to optinmal Ly t i.ts frequency tq.mexi mze power delivery efficiency for

t he pl asnah%{%]g)g%n%@ab%ﬁﬁg?‘]sgwx’t'Hﬁl‘gmaéi??vgrt € B EHEY PRV BFCROGR SO s pul sed
hi gh. [0086] The ,dependent RE gener at or nes to a,frequency value of 61.3
W Tor a daie 25T S buRen AaneRot R 15! Mo Rl B fo ARt Sh g i s
optimal tu fr e . of .61. 3. .e.9 .l DPC Freg 1. fo he
dependent %E'qbgérﬁltehr"3 azﬁgiréz |R§¥ %rlls Zreéoclgrwée an? ﬁf 1r:llg't e q)f%] eftFl{hﬁtljorwe 1) as
ilTustrated in ORSLALLPE: e 3o shybi b@Ss ol 16 il ustrated in
an operati %ﬁ 155%01%“ F%}Sﬁt}r egﬁ? Tﬁeé'k %ﬁ%ﬁ{%@esqﬁ)lgritéggﬁéha%egébwlétﬁg
frequency yake F21. Forward power, e.g., 6kW etc., sensed by the sensor
212 at the frequency IDPC_Freq 1 is an exanple of the power value P21. This
g]é' gi g/l:;' v%gﬁ [{Dﬁ@[i gsa_}érs ihgfgggg{gb%g):ulsgﬁo& r(a.eft%}'I ;e)ci)}x(lztyIZ];)?Ehetprr]e%iogso opl\t/il;inzal dependent

tuned RF frequency of 61.3 MHz is no lopger efficient RF frequency for power delivery by
the dependent RF generator. This is because the plasma impedance has changed when the 2
MHz IP RF signal pulses low to deliver a lower amount of RF power to the plasma within the
plasma chamber 102. Tﬁe inefficiency is reflected in a gamma value of 0.8, which is
detected by the sensor 212 of the dependent RF generator. This gamma value of 0.8 is
recorded in an operation 133 of Figure 4 and may be set as an IDPC_Gammal threshold in an
operation 135 of Figure 4. The IDPC_Gammal threshold is an example of the second
threshold. The IDPC_Gamma? threshold is stored within a memory device of the DSP150, a
memory device of the AFT 120, and/or a memory device of the power controller 154 (Figure

).

[0089] - During production time, as the [P RF signal is pulsed high and the 60 MHz
RF signal is at 61.3 MHz and the IDPC_Gammal threshold is subsequently encountered, the
dependent RF generator determines that the 2 MHz IP RF signal has just transitioned from

high o low.
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pul ses high. The gamma value of 0.04 verifies that power delivery is
efficient at this optinmal tuned RF frequency for the dependent RF
generator. [0087] The dependent RF generator is then operated in the fixed
frequency node whereby its RF frequency is not allowed to tune. |nstead,

t he dependent RF generator is forced to operate at the aforenentioned 61.3
MHz optimal tuned RF frequency and the 2 Mz rp RF signal transitions from
its high power set point to its Iom1pomer set point (from 121 to 127). This

Sging tor the 0 RS P RS, e @P&%f@fn?m g SR aEet |
ovor ¢ nan “fke b ORARIT £ BBl T g AP YEBRT R OV Blep B (TGl °
pul ses | OWII( fﬂt% rauBf?'lth?]%ﬁiﬂo Ggmalg QﬁbfaIA?O 99‘#5!6:5@3& otéJQEdsllﬁﬁ\)feEe‘i’ gncy of

61.3 MHz is no onger Icient RF equency or power de y t he

dependent @Emﬂ?QQE@Ethr exisls R th %eﬂﬁ,&a&ﬁ&v thRih PR 4 Wﬁfﬁﬂﬁﬁmnﬂﬁ «ghanged
when the 2 rp RF signal pulses |owto deliver a lower anount of RF

power to th%rdaéeaﬁmlwtblmm dbBRioP |s@RiiRinC BAMREtendP212.The iRefbhpteney is
reflected in a gamma value of 0.8, which is detected by the sensor 212 of

t he dependdntestdid l0_d@d &hI0d is -0 Niafd R MDPC \Gikide 10firedBold of 8.7nE€MOKELEf héd an
operation 133 of Figure 4 and may be set as an 1DPC Ganmal threshold in an
oper at i on kabmefalkd of 0:18@ndlthe ThreshblDPAdfustivatat oft-bieshol d i s an exanpl e of the
second threshold. The 1DPC Gamma2 threshold is stored within a nenDry

device of the OgRhp0, GhedBIRIRC %@thﬁhrgihofdhsign% dltaQTO R0 /3B¥endn

devi ce of the power contro 154 (FIgure 0089 EUrlng pro uctlon

time, as t r%@nel’zr%rw:seﬁogl‘ﬂsaf{reqlle%c)}:)!téllfstﬁ’r% 1@-5&?’0&&90@939M#na8i: tl§eI @)Q@i—lz' s at
61.3 MHz and the 1DPC Gammal threshold is subsequently encountered, the

dependent dpeg@eraer@tg@ﬁerﬂ&t@rdmeﬂﬁﬁe i 8ftinfah Ginéd WFZrehRnBF o8 ipggRa! dehaé;yl ust
transitioned fromhigh to | ow
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 127 and 137 of Figure 3 to enable both an ascertainment
of the IDPC_Gamma 1 threshold 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.

[0092] Once the dependent RF generator tunes to the optimal RF frequency, e.g.,
60.5 MHz, for power delivery during the low pulse of the 2 MHz IP RF signal, the optimal
tuned RF frequency of the dependent RF generator is recorded in an operation 141 and is set

as IDPC Freq 2 in an operation 143.

[0093] After the dependent RF generator has tuned to its optimal RF frequency
value, e.g., 60.5 MHz, etc., for the low pulse of the 2 MHz IP RF signal, the dependent RF
generator is set to operate in a fixed frequency mode in an operation 145 at an IDPC_Freq2
and the 2 MHz IP RF generator is allowed to.pulse high, e.g., transition from the point 137 to

a point 147. The IDPC_Freq?2 is an example of the frequency value F20. Forward power
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[0090] I n one or nore enbodinents. the | DPC_Gammual threshold can be adjusted
for sensitivity by a Threshold | Adjust value. For exanple, it may be
desirable to set in the operation 135 the I DPC Ganmal threshold at 0.7
instead of 0.8, e.g., slightly bel ow a gamma val ue that exists due to the
high-to-low transition of the 2 M-lz IF RF signal, to increase the

hi gh-to-1 ow detection sensitivity by the sensor 212. In this exanple, the
Threshold 1 Adjust value is -0.1, and the IDPC Gamma 1 threshold of 0.7 is

th f th e of 0.8 a e Threshol d I. Adj ust e of -0.1.

[ 0091] Onoe TS ApRerstfd e B riiuks? B0, PEd Bk eatomri ke GNP bebiindent Re

gener at or the.ftﬁe&lé%[}grymg%k{:i—&rgg.i ng node in an operation 139 to
g

i$. set t
enabl e theTgBCRﬂ-iazlso gﬁ%ﬂﬁlen enérat6r to determ ne an optimal tuned RE
frequency for power delivery when the 2 MHz I P RF signal pul ses | ow. Again,
the | ow pul se df0%he Afwshe|FMiiz B BRasignplspudses ihighce-al kierepeineidddhdet ween
points 127 and 137 of Figure 3 to enable both an ascertai nnent of the
| DPC_Ganma PEVioRt @émal taned i fregueper IAPE_Frp? isoe Iopger de pliisigeRE fREvgenisf at or to
self-tune to an gptimal RE fre uenc% for power deljvery during the |ow

pul se of tRe%T deiiteny By e 0 YHAIRY g0yt Ahisds brrausa diseriaiant mpeeagre et at or

tunes to the optinal eguenc e.q., .9 . fo r del.ivery

ur s ng. ¢ he ALt MRS BTy ek o il Pise bgh ol fiFere el R
frequency of the pendent . RE generator i.s recorded jn.an. operati.on 141 and
is set as DR Fgc%] W|ernt%aﬂr]1e Elﬁ%?aa {1, ﬁésnh'[a(f%%ﬁ%g 9iérT ehlé]etg'%'ﬁlécﬁdsent RE

ener at or i } . . VHz ,
generar or Baeh ARk Ba e PRLIRHEER BRRREN bl UP Huanndlie )
generator i$o5€k récgrdemraatosman?% f hnggshyfok %S‘A?EEPHSP@ﬁiE}mh& tﬁx@sh%ﬁﬁP ghion 145

at an I DPC_Freq2 and the 2° M RE génerator is allowed to pulse high,
e.g., trangpirhdn 155.0MuEh®PROGmab3hretiRicdis RAIeRimpté &f thd g kARGl 82 1S an

exanpl e of the frequency value F20. Forward power
IDPC_Gamma?2 threshold is stored within a memory device of the DSP 150, a memory

device of the AFT 118, and/or a memory device of the power controller 152.

[0095] During production time as the IP RF signal is pulsed low and the 60 MHz
RF signal is at 60.5 MHz, which is the optimal tuned RF frequency for the 60 MHz RF
generator when the IP RF signal is pulsed low, and the IDPC_Gamma2 threshold is
subsequently encountered, the dependent RF generator determines that the 2 MHz IP RF

signal has just transitioned from low to high.

[0096] In one or more embodiments, the IDPC_Gamma2 threshold can be
adjusted for sensitivity by a Threshold2 Adjust value. For example, it may be desirable to set
at the operation 153 of Figure 4 the IDPC_Gamma? threshold at 0.75 instead of 0.78, e.g.,
slightly below the true gamma value that exists due to the low-to-high transition of the 2
MHz IP RF signal, to increase the low-to-high detection sensitivity by the sensor 212. In this
example, the Threshole_Adjust value is -0.03, and the IDPC Gamma?2 threshold of 0.75 is

the sum of the gamma value of 0.78 and the Threshold2 Adjust value of -0.03.
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sensed by the sensor 212 at the frequency |DPC_Freq2 is an exanple of the
power value P20. This can also be seen in the operation 145 of Figure 4.

[ 0094] After the 2 MHz EP RF signal pul ses high, e.g., after point 137, the
~previous optimal tuned RF frequency IDPC Freq2 is no |onger the efficient
RF frequency for power delivery by the 60 Mz RF generator. This is because
the plasna i npedance has changed when the 2 MHz independently pulsing RF
signal pul ses high to deliver a higher anpunt of RF pomer to the plasm

ithin th I h 102. Th f t ed
Vo st 0 e Rt By RELHOSHR A0S 0 4 o
0.78 is re%ﬂidegmlqlan operat|%$ﬁé§% n%égﬁéag I%?ba gqpegfg_amgnaz

threshold i'nan operatlo hre&hd an éxanpl e of

ovi e of THECEAR (TOGTRCAGR TS LIUARE Bl ShEAL, Wi 3, TororY
devi ce of tahtﬁvegqy\ﬁﬁlse%mﬂ{ecg()l Mz a%gnde{qtqgg%ngél’bf Qs QJCQqu:Polrtﬁ rBeltv'eJHethéis the rp
RF signal is pulsed |ow and the S|gna Is at .5 MHz, which is

t he opti makwd pR&GusBReihaOsRREY whQr RE AequefidyHandh thggé?@@railgrdet\éﬂﬁﬂlatt de IP RF
signal is pulsed |low, and the LDPC Gamma2 threshold is subsequently

encount er edamhhucapendantd RRhGSHATs ATRY 600 L SHae Blubdiad at D8grdl MsEn | P RF
signal has just transitioned fromlow to high. [0096]1n one or nore
enbodi ment Figutetse | DPC_Gamma2 t hreshol d can be adjusted for sensitivity by a
Threshol d2 Adjust value. For exanple, it nmay be desirable to set at the

operation 153 O[B(f?a guh ué St Qea ng%m%o& Frﬁ%?glsgste% 2& fzﬁcﬂéﬂéﬁ gd Of

0.78, e.qg. ow the true gamma val ue that exists

| ow-t o-hig Qta{erbgs'a§ l)lli leé%aq;npédQﬁce QWlM:éZ(hé ]%W%F coﬁiraﬂﬁl and/BIO(hé ﬁéﬁ{h%? ﬁmérb@o :
| ow-t0-hi gh detection sensitivity by the sensor 212 hi's exanple, the

Thr eshol d2 pfdjréisde néRL4E vaiSes: Phd3sterdRER isbﬂnl'aﬂg@e@%ﬂ?ﬂﬂ%ddimﬁm depf 0.75 is

t he sum of the gamma value of 0.78 and the Threshol d2 Adjust val ue of
-0. 03. that the system 262 includes a power controller 172 and an AFT 264, each of which provide

non-zero values.

[0099] The DSP 140 provides the identified state SO from a corresponding
memory location to the AFT 264 and to the power controller 172. As an example, the DSP
140 indicates to the AFT 264 and the power controller 172 that the TTL signal 112 is in the
state SO between times t2 and t3 of a duty cycle. The AFT 264 determines a frequency value
based on a state of the TTL signal 112 and the power controller 172 determines a power
value l')ased on the state of the TTL signal 112. For example, the AFT 264 determines that a
frequency value F10 is to be provided to the 2 MHz DA system when the state of the TTL
signal 112 1s SO and the power controller 172 determines that a power value P10 is to be
provided to the 2 MHz DA system when the state of the TTL signal 112 is SO. In one

embodiment, the values F10 and P10 are positive values.

[00100] The frequency value F10 is stored in the AFT 264 and the power value

P10 is stored in the power controller 172. When the state of the TTL signal 112 is SO, the
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- determ nes

[ 0097] The two optimal tuned RF frequencies values, e.g., 61.3 M&z and 60.5
MHz, and the two gamma threshold val ues, e.g., 1DPC Ganmal threshold and

| DPC_Gamma2 t hreshol d, are then enployed during production tine when the 2
MHz is allowed to pul se and the 60 MHz dependent RF generator flips back
and forth between the two previously |learned optimal tuned RF frequencies
when the sensor 212 detects that a gamma val ue has exceeded the threshol ds.
- The 60 MHz signal is illustrated as a signal 155 in Figure 3. [0098]Fi gure

5 is a diagram of odiment of a han te based
on ol asma PrRaTIR 1GABPUAETE e g bt B 2R S BR B ey
tuners do 262 is simlar to the
systen118oag mﬁ%ﬁﬁpg? e%?é%@gt%a?“?ﬁ%2§h§¥%y§ég i ncl udes a power
controller 172 and an AFT 264, each of which provide non-zero val ues.

[ 0099] The DSP 18Q0bk oFheieMHzHA $>’d'émtr¢°ﬁivesdh%ﬁr¢ﬂt@CS@lﬁﬁrerﬁl%ta@ohfrmondi ng
menory |location to the AFT 264 and to the power controller 172. an

exanpl e. t NEuDEP 1 4lgrinenys eiale 88 Ugon FFéel)ﬂtPgI"hQMI“%frdetaﬂ%P B iter2 Wﬁ‘ﬁ%l ler 172

that the TTL s nal %%g is in_the stat ﬁ en tines t2 an ? of a

duty cycl eSYS‘F AEEge B PoyeT At the 8‘§Je%tyf &Wéﬁ”ﬁfé‘ab EgVgn24c St at e of

the TTL si 112 controller 172 .det er,m.nes 0 r val ue
%2@33’{ amp ier oh ﬁef)A éﬁtenﬂ_ iu.Lppllelé forward é) ?r hav1{1$] »]A_#

based on t S|gn
val u ovided to e. 2 MHz DA
(ﬁmﬁyvﬁunggéP%gontrolIer

system V\/nertlha %’tepr(gqontongqeq?%%o FTLYST g ;R) fmdl ﬁmﬁs S’r&
172 deter erQr% sgllaﬁr‘rneaz38 N&he 1 Ldﬁﬁcelzr)l:lan n% cfr&xltqg2 R)rtfP ﬂlgﬁlq cltra(.?nbglhl% 2 Mz DA
HlThe 4

system when the state o TL S|gna O. In one enbodi nent, the
val ues F10 and P10 are positive valu %00100 The fre%uency val ue
F10 is stored ilA0M0RE Kran exibadigay. 4%&%%%@@5951% Pagenasliy e HTi2f¢ t he power

controller 172. When the state of the TTL fcggal 112 is SO the

determmes a frequency value based on the value o ma received from the DSP 140.
During the state SO, the AFT 264 adjusts the frequency value of F10 based on the frequency
value that is generated from the gamma value and provides the adjusted frequency value to
the 2 MHz DA system. Moreover, during the state SO, the power controller 172 determines a
power value based on the value of gamma received from the DSP 140. During the state SO,
the power controller 172 adjusts the power value of P10 based on the power value that is
generated based on the gamma value and Iprovides the adjusted power value to the 2 MHz DA
system. Also, during the state SO, the 2 MHz DA system generates a power signal having the
adjusted frequency value received from the AFT 264 and having the adjusted power value
received from the power controller 172, and supplies the power signal via the impedance

matching circuit 182 to the plasma chamber 102.

[00103] The power controllers 142 and 172, the AFTs 114 and 264, and the DSP
140 are parts of a generator controller 290. The generator controller 290, the ADC 220, the

sensor 210, and the 2 MHz DA system are parts of a 2 MHz generator 292.
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power controller 172 provides the power value of P10 to the 2 MHz DA system
and the AFT 264 provides the frequency value of F10 to the 2 MHz DA system
[ 00101] The 2 MHz DA systemreceives the frequency value of F10 and the
power value of P10 during the state SO Upon receiving the values F10 and
P10, the 2 MHz DA system generates RF power at the frequency F10 and the RF
power has the power value of P10. The anplifier of the 2 MHz DA system
supplies forward power havi ng a power value that is proporti onal to the

power val ue P1 havi ng fre uen F the tr ssion
line 230 and tﬁgﬁ%g]pe ﬂ‘&e ¢ &8&?‘? Ihulg? %%) t'h pla%tysﬂ‘ﬁ“ ﬁﬁ er 102.

[00102] In_an durjng the state 0 he TTL signal 112, the
AFT 264 detpreofenslsoﬁseasre Lén!fe%é’ﬁr&oenr?cd&e@5tlﬁ%s%ﬁ%m§d§¥lthfh8£val ue of gamma received

fromthe DSP 140. During the state SO the AFT 264 adjusts the frequency
val ue of F10 bd8&d@5bn Fighe G @qwembodmﬂln@e)ftgmbs 302, 3netanet3Mr disrt he ganmma
val ue and provides the adjusted frequency value to the 2 Miz DA system

- Moreover, @6Ph AY. Bl 39% are308@loty prevep utleas it bikrvanst (kAY) a3 2Jungdereefiinitels a power
val ue based on_the. val ue of mra recei ved fromthe DSP 140. During the
state SO tHi&dsaRem %%ﬂliﬁ%lalZgIY'Hi?‘?WcédigEf’é’t%h“EhHéaB%‘Vﬁ‘éls‘g(}aéF‘ﬁ’éhiﬁifbvlﬂi‘Oz based on

nds unt ed oSl Dot b SRE% afﬁ)vﬁz"fﬁisd@g%g? @ﬁfstg%sgoa:ggﬁ et ﬁ@f fife SO the
2 VMHz DA
val ue r ecZ%/l\S/;eq?Fergsg% E(ﬁt ﬁ}s&ﬁwg’ uﬁﬁld lsh \F |m1 ﬂg%%owﬁétag%%g So\r/g&ﬂency

5

t he i npedance nmatc circuit l asma C a [ 00103]

The pover Rt sfodbld@ﬁrggttﬁe%m@@ﬂarﬂdﬁ%s aweer/éﬁTﬁofJa%Aauaﬁgdmgﬁ%e san?hﬁt;}z)@vePSP 140

are parts of a generator control 290 e generator contr 290, the

ADC 220, tRhQusS&NS X an2iihn 1@&%&6&%&%@@2%&1&/&5&«@? vl oPa"?Br 1§§n&famﬁle% Mz
generator 292. 0p I n one enbodi nent, instead of each DSP 140 or

150, any nmtg,e{velo,fﬂuppmessors are used to performthe functions performnmed
by the DSP. [ 00105] Figure 6A shows enbodi rrents of graphs 302, 304,

d h I
306, and 308. E[ﬁ&lh%p aR" d?’ca’fct:dl3 4%%%9%042@6 6(?84% é{owar 31%0 aréﬁl\#a@%%s Ian2 VHz

kllowatts(kW as f GRCLIBI 0

pover si gngaluﬁ; %4u%%st§es%1%ﬁm NQI?rgovgxi as mﬁ)gzhedel % &eth z scﬁna 8¥St e.m has a

power valu e sta ower dur i ng the

state SO wBOWR! LAl o e - 0fiu Also a
60 Mz pOV‘g?)%S' gna% ()\‘{\;itl;hlmé}hgthelS%té|?JlgOvve;rf é\ﬁa%supp gﬁ&f}éa#leﬁg%l\ﬁ—lz

syst em has yauPPieas YicddRd Q,fgr@a 3dsﬂmeres@ Mﬁk%lg%l%@m%o@eﬁdalma@wﬂ&w val ue of
a3 during the state SO The power val ue of is an exanple of the power

val ue P21 amghi fi@aitRWaE phdk Uguddfa®3 1S an exarrpl e of the power val ue P20.

[00107] Figure 6B shows embodiments of graphs 310, 312, 314, and 316. Each
graph 310, 312, 314, and 316 plots power values in kilowatts as a function of time t. As
shown in graph 310, instead of the 60 MHz signal transitioning from the power value of a2 to
the power value of a3 (Figure 6A), the 60 MHz signal transitions from the power value of a2

to a power value of zero.

[00108] Moreover, as shown in graph 312, the 60 MHz signal transitions from the
power value of a2 to a power value of a5, which is an example of the power value P20. As

shown in graph 314, the 60 MHz signal has the power value of zero during the state SO when
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[ 00106] As indicated in the graph 304, the 60 MHz power signal has the
power value a2 during states S1 and SO Mreover, as indicated in graph
306, the 2 MHz signal has ‘a power value of a4 during the state SO The
power value a4 is an exanple of the power value P10. As indicated in graph
308. the 60 MHz signal has the power value of a2 when the 2 MHz signal has
t he power val ue of a4. [ 00107] Figure 6B shows enbodi nents of graphs
310. 312, 314 and 316. Each graph 310, 312, 314, and 316 plots power
val ues in (e} r.ap i nst ead
of the 60t YRt RS aTrbL s Yo ehe A SR 0 arah JuF BP0 e Dower
val ue of a i b Sdot f wer val ue
%0\('5 SI%HJI f s%on fZEI'Q go eQ vmof%!i F%gif (5%3 @%b 0 v!'h%ﬁl ﬁlefz l\ﬂﬁg Slal%'gl Ha9

of a2 to a powe e o reover, In graph

312, the 6Q, M\X%é Al il ARSI tions fromthe power val ue of a2 to a power
val ue of ab, |rc¢1cg{ls an exanpl e of the power value P20. As shown in graph

314, the 60 MHz S|gnal has_ t he power value of zero during the state SO when
the 2 Mz si gnalfOWak digienlAErys pabwdimans dhemahs Ha. 328s32new2fn FjFaph 316,

the 60 MHz h a. non-ze ower val ue _of a5 _during the state
SO uhen | gt i1, SAP IR i S e TR B G b § s e "B G 03 )
Figure 7A WS. enbodl phs 0, 32 32 gach gr aph
318, 320, géz)ls S'mﬂ&r YHP ?52?(?%%:%? ra£|“ g{%@s |Sln21 t? 5%31‘% %@Qg%ure %f\ h P | on of

E Iomér té.ph Sgg&'ts?’]h%la} B %r%h 30€‘I§F1%.he gé)agnd grsp% 42? i I ﬁw@cﬁéﬁp%ggfggﬁg%z%A Z (SSIA\;H lar
d h hs
T, %520, 355! Eudhht b og6 R e R EoRil ARt R e 2 o

i s generat aghif g @ g@r?eraMderoQPa 274 §1fH9zrDA( ESQIemS(H&Vé’HQw:QBf Ih@@? R/FHZ erfl§Er ator.

The 27 MHz signal is an RF signal having a power val ue of during both
states Si aRne2H@Hz signal is aBQ@JsﬂngllhEdl@lHZ&wZﬁa&QGmﬁHMH%%leiﬁdSU aphs 326,
328, 330, and 332. Each graph 326 8, 330, and 332 plots power values in

Kilowatts as a I;Hﬂﬁgzgn%u 7]§ shorvaemlgo%mé%g gx\'ﬂ?’;zss ZEI fESl ?3r0 g% 3%5 apl_{] l?lo

(Figure 6B), § st grap 330 is

(Flaure %‘éﬁg@?&?iﬁ“a&f e R %Qﬁ'loé%%saffn'amgﬁhn%& 88 piot o
27 MHz Ei 7C
Shows enbglc?l%r]rgr?tn;s]ﬂg%o gﬁ?gghm@(fgg\@éﬁa%gg%gglan% toﬁraph 312[(E%%T%§% ng?:;l 4r e336

338, and 34Q) pl Ghifir ROWESH Mal(HEse bB), khd {438 i@SmBarltd PGt PR BleukicBR t. G aph
334 is S|nllarst6 gra%@HSOZ( %§§ur£ 6A§m% raé %Sétlggglnl(aﬁutoﬁgraph 304

(Figure 6Akxceg mahl hi $265578 5 addB3giRRPbBe SP6: dffai 2 Wi, Skl hamds @€ aph 340
is simlar to graph 308 (Flgure 6A) except that the graphs 334, 336. 338,

and 340 i ngbueeame plaat of a 27 MHz signal. The 27 MHz signal transitions
from having a power value of a7 during the state SI to having a power val ue

g‘é a8 during th@gofhft §:g8 7d BEwe QB AlUS cphd $a! $3S34NA Lbe Moyer val ue

graph 334, 336, 338, and 340 plots power values in kilowatts as a function of time t. Graph
334 is similar to graph 302 (Figure 6A), graph 336 is similar to graph 304 (Figure 6A), graph
338 is similar to graph 306 (Ifigure 6A), and graph 340 is similar to graph 308 (Figure 6A)
except that the graphs 334, 336, 338, and 340 include a plot of a 27 MHz signal. The 27
MHz signal transitions from having a power value of a7 during the state S1 to having a power

value of a8 during the state SO. The power value a7 is less than the power value a8.
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[00112] Figure 7D shows enbodi ments of graphs 342, 344, 346, and 348. Each
graph 342, 344, 346, and 348 plots power values in kilowatts as a function
of- time t. Graph 342 is simlar to graph 310 (Figure 6B), graph 344 is
simlar to graph 312 (Figure 6B), graph 346 is simlar to graph 314 (Figure
6B), and graph 348 is simlar to graph 316 (Figure 6B) except that the
graphs 342, 344, 346, and 348 include a plot of a 27 MHz signal that has

t he power val ues of a7 and a8. [00113] Figure 7E shows enbodi nents

pover val uos. | ORAR bRt LY EREEIBAT BePRer, P MOt 340 6N | ar to
granh 302 (L0020 GEAAR 307 L. SI |30l 9L RRAR (ELOUERLPA) . o aph

354 is sim gr aph

N N K
val ue of aQueurddig: W&a@tﬁagpé}e 68), haviRe ﬁs@@é{marv@wﬁl 9% (Bl ur@ 6ﬂwl ng the

state SO The power value a9 I's greater than the power val ue al

[00114] Fi QWepr ofdr ureiis 200l 5N 398 1ngru@epzh§1013)§§ 27 360, 51g31§12thatfl\5kdlh364 Each

graph 358, 360, 362, and 364 plots power values in kilowatts as a function
of tinme t.pGWQQmu§5$a7§mssnllar to graph 310 (Figure 6B), graph 360 is
simlar to graph 312 (Figure 6B), graph 362 is simlar to graph 314 (Figure

o aphe. 358, 36000330 T 5k} ehABat LY bk P02 s CHEER Bt s

tgp:pﬁgwggz ?a%ggﬁ 3%2 %94 m%lpg)o‘ts po[wgp\;la%l 1nI l&lo&glgl& gftpmguJﬁQ)rf ﬁﬁ’lerl hé;aplln n the

350 is similar to graph 302 (Figure 6A), graph 352 is similar to graph 304 (Figure 6A), graph '
354 is similar to graph 306 (Figure 6A), and graph 356 is similar to graph 308 (Figure 6A)
except that the graphs 350, 352, 354, and 356 include a plot of a 27 MHz signal. The 27
MHz signai transitions from having a power value of a9 during the state S1 to having a power

value of al0 during the state SO. The power value a9 is greater than the power value al0.

[00114] Figure 7F shows embodiments of graphs 358, 360, 362, and 364. Each
graph 358, 360, 362, and 364 plots power values in kilowatts as a function of time t. Graph
358 is similar to graph 310 (Figure 6B), graph 360 is similar to graph 312 (Figure 6B), graph
362 is similar to graph 314 (Figure 6B), and graph 364 is similar to graph 316 (Figure 6B)
except thét the graphs 358, 360, 362, and 364 include a plot of a 27 MHz signal that has the

power values of a9 and al0.

[00115] It should be noted that in the graphs 3_02, 304, 306, 308, 310, 312, 314,
316, 318, 320, 322, 324, 326, 328, 330, 332, 334, 336, 338, 340, 342, 344, 346, 348, 350,
352, 354, 356, and 358 shown above, the 2 MHz signal is shown as a solid line, the 60 MHz

signal is shown as a dashed line, and the 27 MHz signal is shown as a dotted line.
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308, 310, 312, 314, 316, 318, 320, 322, 324, 326, 328, 330, 332, 334, 336,
338, 340, 342,

[00116] Figure 8 is a block diagram of an embodiment of a system 310 for
selecting between AFTs 118 and 120 (Figures 1 and 3) based on whether a gamma value is
greater than the first threshold or the second threshold. When the TTL signal 112 is in the
state S1 and a gamma value measured during the state S1 exceeds the first threshold, a select
logic 128, which is an example of a selector, of the system 310 selects the AFT 118 and when
the TTL signal 112 is in the state SO and a gamma value measured during the state SO
exceeds the second threshold, the select logic 128 selects the AFT 120. Examples of the
select logic 128 include a multiplexer. When the select- logic 128 includes the multiplexer, a
signal indicating that a gamma value measured during the state S1 of the TTL signal 112 is
greatef than the first threshold or a signal indicating that a gamma value measured during the
state SO of the TTL signal 112 is greater tﬁan the second threshold is received at a select inpﬁt
of the multiplexer. The DSP 150 generates a signal indicating a gamma value measured
during the state S1 of the TTL signal 112 is greater than the first threshold and provides the
signal to the multiplexer when the TTL signal 112 has the state S1. The DSP 150 generates a
signal indicating that a gamma value measured during the state SO of the TTL signal 112 is
greater than the second threshold and provides the signal to the multiplexer when the TTL

signal 112 has the state SO.

[00117] In one embodiment, the select logic 128 includes a processor. In an

embodiment, the select logic 128 is implemented within the DSP 140.

[00118] When the AFT 118 is selected, the AFT 118 provides the frequency value
F21 to the 60 MHz DA system. Similarly, when the AFT 120 is selected, the AFT 120

provides the frequency value F20 to the 60 MHz DA system.

[00119] The 60 MHz DA system generates the 2 MHz signal synchronous with a

clock signal that is received from a clock source 312. In one embodiment, the clock signal of
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344, 346, 348, 350, 352, 354, 356, and 358 shown above,
shown as a solid line, the 60 Mz signal is shown as a dashed |i ne,
the 27 MHz signal is shown as a dotted |ine.

the clock source 312 is asynchronous with the TTL signal 112. In an embodiment, the clock

signal of the clock source 3112 is synchronous with the TTL signal 112.

[00120] In one embodiment, the select logic 128 selects between the power

controllers 152 and 154 (Figure 5) instead of the AFTs 118 and 120. When the power
controller 152 is selected during the state S1 of the TTL signal 112, the power controller 152
provides the power value P21 to the 60 MHz DA system and when the power controller 154
is selected ruing the state SO of the TTL signal 112, the power controller 154 provides the

power value P20 to the 60 MHz DA system.

[00121] In one embodiment, the select logic 128 is implemented within the 27
MHz generator in a similar manner in which the select logic 128 is implemented within the

60 MHz generator 276 (Figures 1 and 3).

[00122] A value of gamma is transferred by the select logic 128 to AFT 118 or 120
based on the state S1 or S0. For example, when the state is S1, the DSP 150 provides the first
gamma value to the select logic 128. In this example, the select logic 128 that has selected

the AFT 118 during the state S1 transfers the first gamma value received from the DSP 150

. to.the AFT 118. As another example, when the state is SO, the DSP 150 provides the second

gamma value to the select logic 128. In this example, the select logic 128 that has selected
the AFT 120 during the state SO transfers the second gamma value received from the DSP

150 to the AFT 120.

{00123]  Similarly, in the embodiments in which the power controllers 152 and 154
(Figure 5) are used, the select logic 128 transfers the first gamma value received from the
DSP 150 to the power controller 152 during the state S1 and transfers the second gamma

value received from the DSP 150 to the power controller 154.

38

the 2 MHz signa

and

i's



[00116] Figure 8 is a block diagramof an enbodi nent of a system 310 for

sel ecting between AFTs 118 and 120 (Figures 1 and 3) based on whether a
gamma value is greater than the first threshold or the second threshold.
When the TTL signal 112 is in the state S1 and a gamma val ue neasured
during the state S1 exceeds the first threshold, a select logic 128, which
is an exanple of a selector, of the system 310 sel ects the AFT 118 and when
the TTL signal 112 is in the state SO and a gamma val ue neasured during the
state SO exceeds. the second threshold, the select |logic 128 selects the AFl

120. Exanpl es ofORfk SBIhSEROtoffi the1oBbdmepy d vehichyfhei tlesk degic W HS t he
| ect 1 o0Qgic ,128 i t | tipl i | i ndi i t
val e moas RGP LIRS, BN bR iy S iR ol b el 2,90
the first .S | dndicati t hat . d
Guri ng. e PR et B2 0P D LR e LB o2 TR, 4 B0 BESP

threshol d iygy geﬁa' %ED S R RS8Rt cdnlBiths fiﬁﬁnm?e ﬂyésgelapeé&@fer{h@ SP 150

generates a Si I ndicating a ganma val ue“neasur ed duri ng state Si of

the TTL si giiaha Jahee k&iv8d £8h He BIPAD aldiRr bde oFnel JoWESDRt FHeRRML R RV fes the
signal to the nultiplexer when the TTL signal 112 has the state Si. The DSP

150 gener ats@s 1A s GMBAdirhéheli tha third Gainhdtvame §8 BMRBrala bR d PR AR fRdardldhd N t he
state SO of the TT'L signal 112 is greater than the second threshold and

provi des t hgleatdalersto altB@midioh lif Rt &y couhl@no ihe7 Mz shgnal AlsbZinlas t he

state SO [00117] In one enbodi ment, the select logic 128 includes a
processor . eimbodameng bpddihargmiwardt feBectd| @overs| g sansel2B) & Serdsorpdfeent edHx t hi n t he
DSP 140. [00118] When the AFT 118 is selected. the AFT 118 provides

t he frequegeyraal lrethE2nbbdimeitethé GoulhizaidAa saled BrgeneBitadi Haged oy thenfosyard he AFT
120 is selected, the AFT 120 provides the frequency value F20 to the 60 Mz
DA syst em and refleciefl @OMer9¢n tithieangifissigdinDasiy seupled (ethe? 7aViBs ganbmwto2 MHz si gnal
synchronous with a clock signal that is received froma clock source 312.

I'n one embodi mgnb1251 he1ded o0& Kin SHe@RBbdiRENt i MBcHhOGlecIOME £R iSikdlelSnted
asynchronous wth the TTL signal 112. In an enbodi nent, the clock signal of

the clock saHinGBe BAMBzIgBnesiGICAl @NEMBledMot AFTshE theTdy MHE Réderalol2he select [ 00120]
I n one enbodi nent, the select logic 128 sel ects between the power

control | er $ogk528 amdfeiile third guuire )ue irdesi@bftondthe DISE ofARd 37 MG gaechick20. When
the power controller 152 is selected during the state S1 of the TTL signal
112, the powesf txosfTsalutiey thd §2e St ond whasfers te fpwheyamualveiee fe2dveti drotnhiee 60 MHz DA
system and when the power controller 154 is selected ruing the state SO of
the TTL si &9RIto tha othertoneofgepidiTs dwingrtied] stagr S01L54 provi des t he power val ue P20 -
to the 60 MHz DA system

[00126] Figure 9 is a flowchart of an embodiment of a method 321 for adjusting.a
frequency and/or power of the 60 MHz DA system to achieve state S1 or SO of the 60 MHz
generator 276 (Figures 1 and 3). In an operation 325, blasma is struck, e.g., generated, within

the plasma chamber 102 (Figure 1).

[00127] In an operation 327, during both states of the TTL signal 112, forward and
reflected powers on the transmission line 232 are measured by the sensor 212 (Figure 5). The
measured forward and reflected powers are converted from an analog format into a digital

format.
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[00121] In one enbodinment, the select logic 128 is inplenmented within the
27 MHz generator in a simlar manner in which the select logic 128 is

i mpl enented within the 60 MHz generator 276 (Figures 1 and 3).

[00122] A value of gamma is transferred by the select logic 128 to A, |
118 or 120 based on the state Si or SO For exanple, when the state is Si,
the DSP 150 provides the first gamma value to the select logic 128. In this
exanple, the select logic 128 that has selected the AFT 118 during the

state S 1 transf the first. ue received fromthe DSP. 150 to the
N 15, as andbfilh o 38w ot S e HRbY Byl A S S e b 8 e s | e
second ga val ue . to e.select logic 128, In this. exanple,..th el ect

oo 0d 98 TR b GnOpt RO rR TR o RIS poict melub b S IR RS ol ST S €1
second ga Y [ i ved fr P.1 o the AET 120. . [ 00123]
Sl Dol S LS a8 YO O bl HY 0103 i Vi, i Bemipeg oy L0027

(Figure 5) 38 BSQDamiilQuS! EChard 8t sfeh@N$E, 8 ogmiph Cardd it é&erﬁﬂl@am val ue

received fromthe DSP 150 to the power controller "152 during the state Sl

and transf [ Shet H§p SRR &ﬁﬂ@ati‘é@sﬁﬂﬁ%efﬁ%'lh\éefgmfafdoe{ﬁhtré‘fﬁctgﬁsgo&é,oquat he power
controller 154. [00124] Furthernore, in the enbodi ment in which the

sel ect | 0QisguafelBoti % al riR STTEIMRE p¥ivdrhb Forivite pdverNEHce D61 B JaMmidfed 1ins coupl ed
to power controllers of the 27 MHz generator, the select logic 128
transfers a3l Bicr, dndyAngthy ahidS1 beme TYESighdl 01D, a ¢ddbih @lluetin@tedminbdBy gener at or
to one of the power controllers during the state S1 and transfers a fourth
gamma val u®SPda@basetornf a relmidnkiep Rdieeh cheforohtiend eflectalf potviree. posejuare @t r ol | er s
during the state SO In this enbodinent, the third ganmma val ue i s generated
based on t leéa fape Waeftbcrd doweefd fectastbopervenssd onthatrdnsmingon 158 28h(Higuress)t hat i s
coupled to the 27 MHz generator. Also, in this enbodinent, both the forward

reflected povergo@he S$£95 6pkriibn 3358N8 UereRindd\Ghethér MeEmHL QLA O sured N Lhi' s
enbodi ment, the fourth ganma val ue is generated based on the forward and

reflected RENEY the Qi B of KRBT SighN 1b i @rehBdthal SheCOUPIRGhAP akd R i27 MHz
gener at or. [00125] Moreover, in the enbodi ment in which the sel ect

| ogi ¢ 128 idstedniield eimRiktHgamnid Waluetrit@suell dvtigg @e RRie BT tRNEFL Serapuplied to AFTS
of the 27 MHz generator, the select logic 128 transfers the third gama

val ue r eceigwedr huome sdvendbiesiold. tHoe expHhe g@Men kgl thé povaen eondrblldrné2 AFTS
during the state Si and transfers the fourth ganma val ue received fromthe
DSP t 0 t he degtinéme whatheofa ganmaAfalis mwepived groththe SRS 03O, greater than thO@isR6] Fi gur e
9 is a flowhart of an enbodi nent of a method 321 for adjusting .a
frequency dneshod apbthe AFH12¢ bl tBOPdvidr cadixokpy 4 pedatdrpingeithptbere mmakeal8d or SO of
the 60 MHz generator 276 (Figures 1 and 3). In an operation 325, (g)l asma is
struck, e. dgeceivefifam Rie &3P 1o exepads the secondibiegholdn Aysisaether @zampis;, thg DSP 10

[00127] In an operation 327, during both states of the TTL signal 112,
forward andetF@fines helergBndrss eamma yrduetip gisals b8y Bip first Haeshdd onthe se@adur ed by

t he sensor 212 (Figure 5). The neasured forward and refl ected powers are
converted PFBREIRGEY ‘tfaBtﬂWéfcoP%fshffs dedi gital format. k

[00130] Upon determining that the gamma value is greater than the first threshold,
in an operation 333, the AFT 118 provides the frequency value F21 to the 60 MHz DA
system and the power controller 152 provides the power value P21 to the 60 MHz DA
s_.ystem. Moreover, upon determining that. the gamma value is greater than the second
threshold, in an operation 335, the AFT 120 provides the frequency value F20 to the 60 MHz
DA system and the power controller 154 provides the power value P20 to the 60 MHz DA

system. The operation 327 of the method 321 repeats after the operations 333 and 335.
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[00128] In an operation 329, the DSPs 140 and 150 cal cul ate gamma val ues
fromthe digital values of the forward and refl ected powers neasured during
the states SO and Si of the TTL signal 112. For each state of the TTL
signal 112, a gamm value is determ ned by a DSP. For exanple, during the
state SO of the TTL signal 112, a ganma value is determ ned by the DSP 150
based on a rel ationship between the forward and refl ected power, e.g., a
square root of a ratio of reflected power to forward power sensed on the

o ganma vat o 1 SFETcrFiee g e oob s oottt o dfs ol et veer

the forward I?épa(?or 2%& ! 19%%&‘? gralpo(alment the rgeth (§la32§ qlual{eg tor 810t27 cf\IIHz eneraéor or
reflected ﬁomer t'o forwar ower sense PE® (T ahshisst B Tione %32

(Figure 5) 129 L is deternlned whet her a
gamma valuémﬁgggd?%éqﬁﬂﬁkﬁ qF mm1 ﬁ cgal\{’ﬁ;f)‘zthe TTL signal 112 is greater

than the first threshold and it |s deternlned whet her a gamma val ue
measur ed duri ngl0P] stfigues EOshwst #He emtadimagng wh|a graph PO gf agematizedhBR t he
second threshol d. For, exanple, the AFT 118 and the power controller 152
det erm ne Wﬂ?@ﬁéW“&“Qﬁﬁﬁﬁ‘W@PﬂﬁmPeBEPW@ébVPBﬁ?Tﬂ@” gepgrgtor for gt er t han

the f t th hol.d dt AFT .1 d th t | | t

bt her *h ga%?f@ogawaEg‘veéégi%%&"wéﬁﬁﬁ@nﬁg?ﬂ e oFupelaat S SRy o e

th hol d. As DSP the, f t

garms val ud TG PP AR T PEDS ¢ RPBS O 0} TPRE: SRELRIGRRm val ue

I's greater \x;hllé'r?ﬁuélgpm cgﬁ; QIQ:gorIﬂ l*?? hﬁ&&fm of meﬁ[)c? 9(%]; ?11 erh‘gz)(aﬂneq?(gﬁlmh% ng t hat
va an t

t he gamma ue 1's dter I'rs res I'n an operati-gn 333,

the AFT 115§th01}{ H% re ltl h?hef &&%g)ﬂﬁlgro%aés%taﬁ%%gé@né &b%raﬁgnswaﬁ@p}géxlﬁ em and

t he .power contro 152 provi he power ue P21 to t

system MREWAEy uMRO8Y BedBEIE R REQerdeR@r drBB:MA BHRer VRIS dlusngPhuRRE ST than the
second thresﬁ%ﬁdﬁuln an oggratlon%%35 tﬁeﬁhN %&&50 592V|dgghthg frequency

paver val ue. P20l ned aaonidnie sREahRE B S r AT e 51 AR et ho
ﬁ% hégpgggsdegﬁge LRF PsRRc ¢ hpentef SR SetrlRE Toukin Al BPGRsT o one
eroct e 8, TSR0 ARRCAUObE R L U5 BT MR SRTERRS R0y SrfEnerotor
an enbodi MenL.. o, .3 OP‘%Q‘B s&pﬁ ﬁ%@%@;@%gf&g tl@':dege%én'f‘ﬁi: Geéhetafor %#)Je?at‘%s iffe for

i npl enenting RF tun nt RF generator for opt producti on
time pomertg§$hmgéymgyéhggzlP RF signal pulsing. Exanples of the nornalized
RF variabl es include forward power and gamma val ues. Figure 10 nay be

ot e T A e T A 1L 2
Sanee TG CEE I A TR SHTF R R e

[00133] At a 0|nt he enerato sed hij h nd the 60
MHz dependé’n pé)lenrtlgra%‘;vamliglosegowerSelﬁFos"qﬁ)?g\l/(%us y Irg)gan d"0p 9

fr equency Q % {)A:%D g—z'ezlroeq'lhe 6@1\4@*2 de&i‘xde%t Mf%éneﬁfor @J‘olvﬁg%wtﬂoatég)lo&'er sgtrt%mtt O t h' S

opti mal requency o IS 1S seen in an operation 504 of

::l gure 11d ol 966 @af e thE: %@ I\‘ﬁ@ao@éﬁglﬁi@ﬁt R 606 8d1i9¢rs R3S B p'la@m& Rgafr equency .
uni ng noae.

within the plasma chamber 102, the dependent RF generator also monitors the gamma value

via the sensor 212 as illustrated in operatibns 506 and 508 of Figure 11.

[00135] At a point 404, the 2 MHz IP RF signal pulses low to a point 409. Shortly

after this high-to-low transition, a gamma value measured by the 60 MHz dependent RF
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[00134] In the exanple of Figure 10, the 2 Mlz IP RF signal pulses at a
pul sing frequency of 159.25 Hz with a 50% duty cycle, which may vary if
desired, between a high power set point of 6 kWand a | ow power set point
of 0 kW which is not a requirenent and can be non-zero. The 60 Mz
dependent RF generator provides power at a power set point of 900 W While
the 60 MHz dependent RF generator delivers power to the plasma |load within
t he plasma chanber 102, the dependent RF generator also nonitors the gammm
val ue via the sensor 212 as iIIustratg% in qggrations 506 and 508 of Figure
d .M,fr :

11. [ GOERSY SREes{ropgrard 882 © rpra rpoihe 2 iR 8% 6 to a
poi nt 4009. rtl fter this high-to-low transition, a ganm val ue
easur o gﬁ?%é%@a%eﬁgséaa%nﬁt’qﬁf Beilees 8 i ele%etfﬁgn%afé ﬁidie 0.04 1o
around 0.8,, €. i n to a . e ni mal
v esnol o 1¢oshts SO B0 HodBe R ERBINCRE selcpubrd R v e

(branch YE rleouglp%alqaﬁfp?wafe)tg?eﬁgﬁ)fggﬁﬁh%l{é@to?sf])dlgél;%regi) 1 o pRS ﬁ{]?t or to

flip fromone previous tune requency val ue” of

JDPC_Fr eql léa%eﬁ?_ﬁ_ir@aﬁ hﬁédﬁﬁ&ju@ﬁ@lv)ﬁu«lz W@gﬁ t.imlis Ee_\:'ﬁ‘ﬁldan ergtfo%%_lll@ncy }/a| ue
of 1DPC Freg2. is is seen in an operation 510 of Figure 11. This tuning
of the 60 Mrizigepandent wihg 3¢ &t PiHzfdepumidnPRE deh@sibr £rén IIDRE Frlgede 1 N
response to the high-to-lowtransition of the 2 MHz I F RF signal achieves a
measur ed gdDP®. &R Wereckong tb theGiddDo-10v Gansitib 6Tthd NRIHRAP REF sthhfl abigevds POi Nt 412,
[00136] At a point 415, the 2 MHz I I P RF signal pulses fromlow to high,
e.g., reachessuaedgomnmt vaie/dowblnod.0F, y.gafréme thetphins4 10 o pointAigh transition, a
gama val ue is nmeasured in operations 512 and 514 by the dependent RF

gener at or spi ke m 4r.ouad X puBd < ' S LLlIustrated
bet ween points @g{élﬁgndéﬂa 495’%'%3%}%7] Ifgltlat@mle-tg)Pq%f?G%'ﬁVTkrtgf{@h% shold is

set at to tréajcﬁ%sﬂ oint of. %ﬁﬁ'ﬂ?h@er tl'Qs lzéato—ll'lgﬁtr%ﬁi'dﬁ,sai %Hm@%alh@{% n%%u?e?ltiﬁd ganmma
value, e.g., a YES branch of an operation 514 of Figure 11, facilitates the

60 Mz RF ggasicat 812 4@ sk b tlerdepentidie RPIBMr A Shikes 06 BRBEhdOPI FBkouh@ined RF
frequency value 1DPC Freq2 to the other previously |learned optinmal tuned RF
frequency walguehodpike BRGuskritedberwethpsints 3149a@€md. n t he operation 504 of Figure
11. This tuning of the 60 MHz dependent RF generator from 1DPC Freq2 to
IDPC Freqg 1 in n | ows t.ohigh. transition.of th | P RF
signal brings t@gﬁngaglﬁtrh%?%éa}%aﬁ?m@aﬁhﬁees %%\'/\Snsettac[ﬁ(bt.nﬁf,g f%r.eé?rflﬁ?’%om fe poi nt
418 to a pAL430-h d +00E38 e et S | ke oL j scal e of
Figure 10 re‘%llﬁséocztg[ae Fast e%a ti neug’cea%"e%anatﬁgt Sﬁgﬁl}ogéﬁdé&gﬁg%g?ti me

SC?' e of Firgififeslde Bd) M&F@%@éraﬁ? Qpﬁﬁntf}o@}nthte ipféeio@sri')dleﬁrlﬂai &ﬂtim%_l ﬁlﬁ&i RF of Fi gure
3illustrates learning tine. This is the case when, as nentioned, the high

duration angqldlg LW ptatitPnothe 50& Priidikly RithRE offiBal Aidel FRFCHQLNy €Xt ended
during learning time to permt the dependent RF generator to self-tune to
t he opti malvaluel BEIDRE_Frefi0| UBRGS &8n fnQhe operation 504 of Figure 11. This tuning of the 60

MHz dependent RF generator from IDPC_Freq2 to IDPC_Freql in response to the low-to-
high transition of the 2 MHz IP RF signal brings the measured gamma value down to 0.04,

e.g., from the point 418 to a point 420.

[00138] It should be noted that the time scale of Figure 10 reflects a faster time
scale than that of Figure 3. The time scale of Figure 10 illustrates production time and the
time scale of Figure 3 illustrates learning time. This is the case when, as mentioned, the high
duration and the low duration of the IP RF pulse are artificially extended during iearning time

to permit the dependent RF generator to self-tune to the optimal tune RF frequencies for
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| ear ni ng purposes. It should further be noted that the 60 MHz signal is
illustrated as a signal 460 in Figure 10. [00139] In one

ermbodi nent, during productjon tine, such self-tuning is not used since the
dependent RF generator operates essentially as a state machine and flips
frromone |l earned optinmal RF frequency to another |earned optinml RF
frequency as it detects the highto-low transition of the IP RF signal and
the lowto-high transition of the IP RF signal. The high-to-low transition

L eshol o A OBrer Ao CRG e B e DA dhet mBur BTt SFhal e or

to the detggémgnumlothe gamma excursi on. Mreover, the | owto-high
transition s aetected by conparing the measured gamma val ue versus the

| DPC_Gamma2 threshold and by determning the previous state of the IF RF
signal prior td00138] ddr ewst dnehedigrent Peing prasductior dmesiugh self-tuning is nof wed 40] |t
shoul d be noted that although the above-described enbodi-nents relate to
provi di ng e Be Magnde R grngpioapriras coenimly 2st yhamadingqat 12y TP g gnal to
the | ower el ectrode 104 and groundin the .U el ectrode 110, .in several
enbodi ment seamepaptza R © ’e%ﬁ“%q-&a“"é{ﬁﬂ gﬂ%nfé‘iqg"“&%s ‘b‘?eé?\‘iﬁséf@d’ 5 the

upper electr de 110 i elec 104 r
|t ? ansmon é %}Dﬁlkli—ltmglng the 1o ql natnsm o% tl% Iplt]gl} sgnal Thff* r equency

[ 00141] so no one e an inpu

i nput, power v etc. power level . frequen | evel ,

i ncl udes \gﬁ"éhcg? OrVrVDrtréms\I/té uls d?tﬁ etd a¥ éompf"%ig mf'asum? gamma. N alg etandtg%/d

devi ati on, 1Bhe.qanfify 3 msa nd’ B (AR s oPAEE gl udes the
power valuéﬁP iy % ower va al gt grgmhft ?ﬁggﬁﬂﬁ$t of the

power val U?hep(%ﬂecudnrbfttﬁ}' g%m%acqmrs%n tlh@rea@}’\@ﬁe 15@\{@#110}%&4&69@% RARYePByer val ues
for another state, e.g., power value P20 for staté SO As anot her” exanpl e,

a frequencyohpiril hdGhddies Lhend neRdeRsYs iRl uspd-GadmaNdnodhbRr addr gpluency
values that are within a limt of the frequency value F11l. In this

exanpl e, t ReeftiffL &R Citevidup WlateCHCthe! M RFad3hall praf] US MY dewalidhest tﬁ@rga@ﬂ@t her
state, e.g., frequency value F10 for state SO [00142] It is noted

t hat al t hougdursidhe above-descri bed enbodi nents are described with reference
to parallel plate plasma chanber, in one enbodi nent, the above-descri bed

embodi rent s applobidp 9t el bURES ol aBl n@g%@rﬁ@med Srughinel RLAYR chanber

i ncluding an inductively couple reactor asma chanber

i ncludi ng %ﬁwﬁhﬁﬁkéQRM%yﬁ#Q&HQQmﬂéﬁ%ﬁﬁﬂE%g&#gﬁymﬁ9QQﬁ9Egm§hﬁmeEﬁkrexanp|e
the 2 MHz and the 60 MHz power supplies are coupled to an inductor within

the | CP pl apbBode 16448 zrounding the IfpSlededlrod¥ i € QY @Neraldibhi@Mets, g IBef 66 he above
enbodi nents are descri bed using ganma val ues, in an enbodi nent, i npedance

di ff er ence n@d, UeS27CaAZ BignakSLprotiddd 16 4R Nippe eleMR)Qéll fohenils H@tl@we;afele&me TTL
signal 112 is Si, the DSP 150 determ nes an i npedance fromrefl ected power

over the triansmramsdean |ine 232 and al so determ nes an i npedance from
forward power over the transm ssion |ine 232. The DSP 150 det erm nes

whether a fi1stoffdf eHeRGRIBENGEN i HE LARANBNCHSGKCEE M eferkl il | 11 L and

upon det ermining so, sends a S|gna icating so ating a

val ue of thg,biifs, el fof 81R0CE, ., ]%mple%?cr?éq‘één@ﬂlet/éleinéb&?@ﬁe dr%&?a‘ide?g t he

val ue of the first difference, T 118 retrieves froma menory device
the frequengy a¥alif anddi, 88d sthid@rdRRWREonCAN! 8rQhdiRY: vaiae F’o@E){ah@}é%{)Ner a

nenory device the power value P21. The values F21 and P21 are then provided
to the 60 NNzl ROu&Y MeSwer value P21 and other power values that are within the limit of the
power value P21. In this example, the power level excludes any power values for another

state, e.g., power value P20 for state SO. As another example, a frequency input includes the

frequency value F11 and other frequency values that are within a limit of the frequency value
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[00144] Simlarly, when the state of the UL signal 112 is SO the DSP 150
determ nes an inpedance fromreflected power over the transm ssion |line 232
and al so deternm nes an i npedance from forward power over the transm ssion

| ine 232. The DSP 150 determn nes whet her a second difference between the

i ppedances exceeds a second limt and upon determ ning so, sends a signal
indicating so and al so indicating a value of the second difference. Upon
receiving the signal indicating the value of the second difference. the AFT
120 retrie r ma ry device the f ue val ye F20 apd t he power
controll erﬁ§4 ‘B Ng‘ SHFGRRRSY HBHGSES ‘%%g‘lycfgeq%/“r?éy ﬁ%\ﬁétfor\f‘&?‘ ¥ SB%0. The -
val ues F20 an 20 a royided to the 60 WHz DA system

[00145] In %ﬁgregnﬁcgaaﬁe%pﬁnﬁge %dperatl ons perforned by an AFT and/or a -
power controller of a generator controller are perforned by a DSP of the
gener at or cont ri@0142} . IFgmotes thapilthoughiihe dhow-dasiribad embtdinesnisirecdddsaibed n, as
performed by the AFT 118 and 120 are perforned by the DSP 150.

[00146] | n 4 refsisasi hraatellel ipipte playmeschamberip ong arbegimpsin. flheopboverfiggcrivesh sy st ent

are used interchangeably herein 00147] Enbodi nent s descri bed herein
may be pra&PPeRgen %PﬁlyvéP&hﬁd@eéB%HWrchwgfseﬁ% -cHPRSLARAPEes iSlufing F“hdl ng
hand- hel d devi ce sor systens, mcro essqr - base

progr am’rabl"éi“‘étbvﬁ@lfﬂ‘g’rl dg ﬁg ] TE8CON R PIFES EhRTRRST ‘é‘El“?Qfﬁﬁ ‘?(R%YFFB“ 6 ﬁ‘l ers and
the like. res ﬁkzg‘?”&c?r egnF(g esa(}npe the 2%%12 aedqml: gb 19['[{% ower%'{le(iilesca?gpu“ ng
envi ronment s ere kS are p Fenpt e procé &3] ng evices that
are |inked Wth the above enbodi nents in
mnd, it sﬁ&{ﬁ gq(g;e]]ﬁ% @%%Ogeg?%lasﬁ?%ﬁn‘#g%dl ments can enpl oy vari ous
conput er-i npl ement ed operations involving data stored in conputer systens.
These operati on§0M3E Mrsewery alghgrah wge hipsiabae cmhefimentatt descidfied physi cal
quantities. Any of the operations descrjbed herein that formpart of the
enbodi nent $2EM2 Vﬂ%%f‘lﬁ‘l“r‘?ﬂ’é?ﬂ“ﬁ%‘“ JFBTaRGe Sifterenge, rlusheradie st sF oéF’éaH‘PF'el ates to

a device or an ap rf oper ati ons. par at us nay
be speci al Xpe %S‘ﬁsSF § %ttgﬁﬁ]gflggt?gﬂ)g&n%ll %BJ%S] gsé) ‘gffﬁb'ﬂ?seat“ Plce 'ned as a
speci al pur S&4 uter, the co ter,,ca er.form.ot her processing,

pr ogr am exe%:}g orr Peute r%reags"flﬁ{?qg? ¢ 3%5 S]Iesl? 1(:21 e[grfnlqeﬁénég'g%da%ﬁe % Ut pose,

while stil lf?rglgrldt évglg‘g\%p ltt% t%fnsn?lps?ornal nerkg2f Ghe H&? 136 %&'ex@rlme@ url’PfPér 4 flrst

Al ternative erations may processed by a genera

conput er S%Efﬁ? bV G ﬂQt‘ie Ecﬁﬂce?rexc%&rs‘f 'tﬂHrlﬁqﬂ ¢ uﬁ&@ﬁag&émm{ esoCQe‘HE’“zi er

prograns stored In t e CO uter nenory, tal ned over a network.

When data isgnfbiddaifdsc0M8 alsd 1ﬂﬁkmré(vaﬁlf3%f dat fﬁst RYerdd€e. PURGES&BEhNe Ot her
conputers on the network, e.g., a cloud of conputing resources.

signal indicating the value of the first difference, the AFT 118 retrieves from a memory

(L-U

device the frequency value F21 and the power controller 152 retrieves from a memory device

the power value P21. The values F21 and P21 are then provided to the 60 MHz DA system.

[00144] Similarly, when the state of the TTL signal 112 is SO, the DSP 150
determines an impedance from reflected power over the transmission line 232 and also
determines an impedance from forward power over the transmission line 232. The DSP 150
determines whether a second difference between the impedances exceeds a second limit and
upon determining so, sends a signal indicating so and also indicating a value of the second
difference. Upon receiving the signal indicating the value of the second difference, the AFT

120 retrieves from a memory device the frequency value F20 and the power controlier 154
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[ 00149] One or nore enbodi ments can al so be fabricated as conputer-readabl e
code on a non-transitory conputer-readable nmedium The non-transitory
conput er -readabl e mediumis any data storage device that can store data,
whi ch can be thereafter be read by a conputer system Exanples of the
ngn-transitory conputer-readabl e nediuminclude hard drives, network
attached storage (NAS), ROM RAM conpact disc-ROMs (CD- ROW),
CD-recordables (CD-Rs), CD-rewitables (CD-RW), nagnetic tapes and ot her
optical and non-ggti cal data, storage devices. The non-transi tor}g1

conput er - r SSURBT BEORSIPUME d715e 1R r ¢yhpttler Theeqlisb FEY i et di um

di stributed ove twork-coupl ed conputer system so that the
conputer-r@g)dgﬁ{tgq}éeg@el\xﬁzsﬁ%@bst%d and executed in a distributed fashion.

[ 00150] Al t hough the nethod operations in the flowharts above were

descri bed in a [9pEE] f ilcomregdpdiment, b operatiotseperinuied $ eo dFT had/orot prever
housekeepi ng oPerati ons may be performed in between operations, or

oper at i ons chipllere! 3 @prettcs qonsiolleragn Perfaipd by @ (ISP f ths|gepprrtonyrorfioflitierfiont ti mes,
or may be distributed in a systemwhich allows the occurrence of the
processi ng e theo AREraspnsy 4esepRed heprina 3y pedorged by the &dTwl ¥nerdh 9o cessi ng,
as long as the 0cess| of the overlay operations are perfornmed in the
desired V\/ayP?r?omggbth?)%%ﬂg%o' One or nore features from any enbodi nent may be
conbined with one or nore features of any other enbodi nent w thout
departing from 006k Cdpen casdiniehe theitmmy &driverumd emblifér naadt'BAdesanidbed i n t he
present discl osure. [ 00152] Al though the foregoi ng enbodi nents have
been descr iuppddnterphaggeally beseini | f or purposes of clarity of understanding, it
will be apparent that certain changes and nodifications can be practiced
wi thin the scopgonf) t Eba@pendedceaintRin AHCR! ShdiBddywitt RRiokY Esniiler

enbodi nents are to be considered as illustrative and not restrictive, and
the enbodisyen Sonfigieatided indl@iikpehahd-Hald @FickH midieprétedsar sk Sergh, MRFophRELN, but nay
be nodified within the scope and equival ents of the appended cl ai ns.

CLAI M5 based or programmable consumer electronics, minicomputers, mainframe computers and the

like. The embodiments can also be practiced in distributed computing environments where

tasks are performed by remote processing devices that are linked through a network.

[00148] With the above embodiments in mind, it should be understood that the
embodiments can employ various computer-implemented operations involving data stored in
computer syste-ms. These operations are those requiring physical manipulation of physical
quantities. Any of the operat_ions described herein that form part of the embodiments are
useful machine operations. The embodiments also relates to a device or an apparatus for
performing these operations. The apparatus may be specially constructed for a special
purpose computer. When defined as a special purpose computer, the computer can also

“perform other processing, program execution or routines that are not part of the special
purpose, while still being capable of operating for the special purpose. Alternatively, the
operations may be processed by a general purpose computer selectively activated or

configured by one or more computer programs stored in the computer memory, cache, or
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1. A systemconprising: a plasma chanber for containing plasm, the plasnma
chanber including an el ectrode; a driver and anplifier coupled to the
pl-asma chanmber for providing a radio frequency (RF) signal to the

el ectrode, the driver and anplifier coupled to the plasma chanber via a
transm ssion line; a selector coupled to the driver and anplifier; a first
auto frequency control (AFC) coupled to the selector; a second AFC coupl ed
to the selector, wherein the selector is configured to select the first
AFC or the ecqﬂd AFC Q%§qg on, val ues of current and volga e sensed on the
transni ssi GRAPFHEer anetwosk. Vrpen dé%st"g’fﬁ‘“& O APTHV Redar 813 OF Freceyst bes of

current and,voltage are uged to one aor npre val ues of gamm,
other ers on the nétw

. om rk, e e?%{i%‘}ceo uting resourges
wherein thé Sel’eétor I s con?|gugr”e(f 6 SBMBLT" e R "Fi5r st AFC when one of the
val ues of gamma is greater than a first threshold and is configured to
sel ect the secdfi@l4Al-COnhen merrottedimgnie cerf alsdbe {ahlicpesl ayfcogpwreracddablgr eat er

than a second threshol d. ' .
code on a non-transitory computer-readable medium. The non-transitory computer-readable

medium is any data stofage device that can store data, which can be thereafter be read by a
computer system. Examples of the non-transitory computer-readable medium include hard
drives, network attached storage (NAS), ROM, RAM, compact disc-ROMs (CD-ROMs),
CD-recordables (CD-Rs), CD-rewritables (CD-RWs), magnetic tapes and other optical and
non-optical data storage devices. The non-transitory computer-readable medium can include
computer-readable tangible medium distributed over a network-coupled computer system so

that the computer-readable code is stored and executed in a distributed fashion.

[00150] Although the method operations in the flowcharts above were described in
a specific order, it should be understood that other housekeeping operations may be
performed in between operations, or operations may be adjusted so that they occur at slightly
different times, or may be distributed in a system which allows the occurrence of the
processing operations at various imervals associated with the processing, as long as the

processing of the overlay operations are performed in the desired way.

[00151] One or more features from any embodiment may be combined with one or
more features of any other embodiment without departing from the scope described in

various embodiments described in the present disclosure.

[00152]  Although the foregoing embodiments have been described in some detail
for purposes of clarity of understanding, it will be apparent that certain changes and
modifications can be practiced within the scope of the appended claims. Accordingly, the

present embodiments are to be considered as illustrative and not restrictive, and the
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3. The systemof claim1l, wherein the selector includes a nultiplexer.

4. A system conpri sing: a primary generator coupled to an el ectrode,
the primary generator including a primary driver and anplifier for
supplying a primary radio frequency (RF) signal to the el ectrode, the
primary generator further including a prinmary automatic frequency tuner
(AFT) to provide a first primary frequency input to the primary driver and
anplifier when a pulsed signal is in a first state, the primary AFT

configured t rovide a second prinmpry frequency input tg.the prinmar
driver  and SRRETTEe bl firtectrads ghenbered Yo ma) bepofifeoyinbe and

a secondar¥a§§g%Qg&gﬁﬂgqgek%de%gd%ggE@Iectrode, t he secondary generator

i ncl udi ng a“secondary r1 verPEnd anﬁTlfier for supplying a secondary RF
signal to the electrode, the secondary generator further including a first
secondary AFT coupled to the secondary driver and anplifier, the secondary
generator including a second secondary AFT coupled to the secondary driver
and anplifier, the secondary generator including a processor, the processor
coupled to the first secondary AFT and the second secondary AFT, the
secondary generator further including one or nore sensors coupled to the
el ectrode, the one or nore sensors for sensing current and vol tage
transferred between the secondary generator and the el ectrode during the
first and second states, the processor configured to generate paraneters
based on the current and vol tage, the processor configured to determ ne
whet her a first one of the paraneters for the first state exceeds a first
boundary and whet her a second one of the paranmeters for the second state
exceeds a second boundary, the first secondary AFT configured to provide a
first secondary frequency input to the secondary driver and anplifier upon
receiving the determnation that the first paraneter exceeds the first
boundary, the second secondary AFT configured to provide a second secondary
frequency input to the secondary driver and anplifier upon receiving the
determ nation that the second paraneter exceeds the second boundary. 5. The
systemof claim4, further conprising a selector coupled to the processor
for selecting the first secondary AFT or the second secondary AFT, the
selector for selecting the first secondary AFT in response to receiving a
signal fromthe secondary processor indicating that the first paraneter
exceeds the first boundary, the selector for selecting the
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second secondary AFT in response to receiving a signal fromthe secondary
processor indicating that the second paraneter exceeds the second boundary.
6.” The systemof claim4, wherein the electrode includes a | ower el ectrode
of a plasma chanber. 7. The system of claim4, wherein during the
fi.rst state, the primary driver and anplifier is configured to generate the
primary RF signal having a | ower frequency than that of the secondary RF
signal, wherein the primary RF signal has a higher anpbunt of power than the
secondary RF signal. 8. The systemof claim4, wherein the processor
is configured to determ ne whet her ChgiMyil sed signal is in the first or the
second state based on a magnitude of the pul sed signal. 9. The system
of claim4, wherein each of the first and second paraneter includes a gama
val ue or an immpgdaratodbfifigr ence val ue. 10. A systemconprising: a

digital pulsing source for generating a pul sed signal;
a plasma chamber for containing plasma, the plasma chamber including an electrode;
-a driver and amplifier coupled to the plasma chamber for providing a radio frequency
(RF) signal to the electrode, the driver and amplifier coupied to the plasma chamber via a
transmission line;
a selector coupled to the driver and amplifier;
a first auto frequency control (AFC) coupled to the selector;
a second AFC coupled to the selector,

wherein the selector is configured to select the first AFC or the second AFC based on

values of current and voltage sensed on the transmission line.

2. The system of claim 1, wherein the values of current and voltage are used to generate
one or more values of gamma, wherein the selector is configured to select the first AFC when
one of the values of gamma is greater than a first threshold and is configured to select the

second AFC when another one of the values of gamma is greater than a second threshold.
3. The system of claim 1, wherein the selector includes a multiplexer.

4. A system comprising:
a primary generator coupled to an electrode, the primary generator including a
primary driver and amplifier for supplying a primary radio frequency (RF) signal to the
electrode, the primary generator further including a primary automatic frequency tuner (AFT)

to provide a first primary frequency input to the primary driver and amplifier when a pulsed
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a primary generator including: a primary driver and anplifier coupled
to an electrode for supplying a primary radio frequency (RF) signal to the
el-ect r ode; one or nore primary processors coupled to the pul sing
source for receiving the pulsed signal, the one or nore prinmary processors
configured to: identify a first one of two states of the pul sed
signal and a second one of the two states; determ ne to provide a
primary power value to the prinary driver and anplifier mhen the pul sed

IS i eternine to, provi rlnar

signal is in he1 fi Lrst state %‘1«‘1‘ o eg vn}? . le a_ pr
frequency V&IHE bt fhséa?)m REPGTY B TSPRfiaTed IRV e fese o Rivgary §‘H‘§‘F Yis in t he
first stat eﬂpuf’ito q‘le primary driver and amplifier when the pulsed signal is in a second state; and

a secondary generator coupled to the electrode, the secondary generator including a
secondary driver and amplifier for supplying a secondary RF signal to the electrode, the
secondary generator further including a first secondary AFT coupled to the secondary driver
and amplifier, the secondary generator including a second secondary AFT coupled to the
secondary driver and amplifier, the secondary generator including a processor, the processor
coupled to the first secondary AFT and the second _secondary AFT, the secondary generator
further including one or more sensors coupled to the electrode, the one or more sensors for
sensing current and voltage transferred between the secondary generator and the electrode
during the first and second states, the processor configured to genera;té parameters based on
the current and voltage, the procéssor configured to determine whether a first one of the
parameters for the first state exceeds a first boundary and whether a éecond one of the
parameters for the second state exceeds a second boundary, the first secondary AFT
configured .to provide a first secondary frequency input to the secondary driver and amplifier
upon receiving the determination that the first parameter exceeds the first boundary, the
second secondary AFT configured to provide a second secondary frequency input to the

‘secondary driver and amplifier upon receiving the determination that the second parameter

exceeds the second boundary.

5. . The system of claim 4, further comprising a selector coupled to the processor
for selecting the first secondary AFT or the second secondary AFT, the selector for selecting
the first secondary AFT in response to receiving a signal from the secondary processor

indicating that the first parameter exceeds the first boundary, the selector for selecting the
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a secondary generator including: a secondary driver and anplifier
coupled to the electrode for supplying a . secondary RF signal to the
electr ode; one or nore secondary processors coupled to the pul sing
source for receiving the pul sed signal, the one or nore secondary
pr.ocessors configured to: determ ne whether a paraneter associ ated
with plasnma exceeds a first boundary when the pul sed signal is in the first
state; . determ ne whether the paraneter exceeds a second boundary when
t he pul sed si the second sta ternm ne prOV|de a

First socortiary CEBily A BIUE T CHE S LBaEPy g Py B 4Ra PRABIT T or 1 n
osponse ! SufiShRl L N8kl 1Ak 0P RESIELEAKRRRGS (e 11 1St boundary:

determ ne to secon ar power val'ue to the secondary driver
and anplifier in response to deternlnlng that the paraneter exceeds the
second boundary;

6. The system of claim 4, wherein the electrode includes a lower electrode of a

plasma chamber.

7. The system of claim 4, wherein during the first state, the primary driver and
amplifier is configured to generate the primary RF signal having a lower frequency than that
of the secondary RF signal, wherein the primary RF signal has a higher amount of power than

the secondary RF signal.

8. The system of claim 4, wherein the processor is configured to determine
whether the pulsed signal is in the first or the second state based on a magnitude of the pulsed

signal.

9. The system of claim 4, wherein each of the first and second parameter

includes a gamma value or an impedance difference value.

10. A system comprising:
a digital pulsing source for generating a pulsed sjgnal;
a primary generator including:
a primary driver and amplifier coupled to an electrode for supplying a primary
radio frequency (RF) signal to the electrode;
one or more primary processors coupled to the pulsing source for receiving the

pulsed signal,
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determne to provide a first secondary frequency value to the secondary
driver and anplifier in response to determning that the paraneter exceeds
the first boundary; and determ ne to provide a second secondary
frequency value to the secondary driver and anplifier in response to
determ ning that the paraneter exceeds the second boundary. 11. The
system of claim 10, further conprising a selector coupled to the one or
nore secondary processors for selecting the first secondary frequency val ue

or the second secondar fregfenc val ue, the sglector for selecting the
first secondary frelGERCY RPAIRIEHPPESBSHLR B Iecei ving a signal fromthe

one or nore secondary pr.ocessar s in ica&in% Ehat the first paraneter
. identify,a Tirst one of two s at?s f the l[llsed signal and d se ond one
exceeds the first boundary, “the selector for selectirng e second secondary

frequency value in Eﬁﬁgp%%ge&o receiving a signal fromthe one or nore

secondary processors 1n icﬁflng that the second paraneter exceeds the

d bound : - . : ' i N
Second boundary dRrmidd 16 ﬁ%ﬁl&ggﬁg{r{ﬂ)@érmﬂ&ot%ﬁ&%%m@@gncﬁg{’ anet er

i ncl udes a gamma val ue or an | npedanc erence va The

system of clai m 10, ;yhflcLhRentiRSuBtLEiRAR hdtiliudRsSad | over el ectrode of a
pl asma chanber. . 14. The system of claim 10, wherein during the first

state, the primary dri vereteamﬁe@rﬂ;wvidfehgﬁmﬁf@(ﬁﬁﬁdygun@@hﬁe%rﬁwte t he
primary RF signal having a | ower frequency than that of the secondary RF

signal , wherein thesipial Wadnythdnissd gl is habe fasditagh@id anmount of power than the
secondary RF signal
a secondary generator including:
a secondary driver and amplifier coupled to the electrode for supplying a N
secondary RF signal td the electrode; |
one or more secondary processors coupled to the pulsing source for receiving
the pulsed signal,
the one or more secondary processors configured to:
determine whether a parameter associated with plasma exceeds a first
boundary when the pulsed signal is in the first state;
determine whether the parameter exceeds a second boundary when the
pulsed signal is in the second state;
determine to provide a first secondary power value to the secondary
driver and amplifier in response to determining that the parameter exceeds the
first boundary;
determine to provide a second secondary power value to the secondary

driver and amplifier in response to determining that the parameter exceeds the -

second boundary;
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val ues are tuned. 16. The system of claim 10, wherein the one or nore
primary processors determ ne whether the pulsed signal is in the first or

t he second state based on a nagnitude of the pul sed signal. 17. A

met hod conprising: receiving a digital pulsing signal, the digital pulsing
si.gnal having two states; receiving current and vol tage val ues;

cal cul ating paraneters associated with plasnma i npedance fromthe current
and vol t age val ues; determning during the first state whether a
first one of the paraneters exceeds, a firstﬂgo%ndar S providing a
first frequency val ue an®f'S™PF IO BEALF I%P thqﬁmﬁﬁﬁﬁﬁt9W%quency (RF)

driver and anplifier

upon determ ni.ng .t hat the.first ranet er exceeds the
first boundary; Secorgfe)a'fye(ipﬁ?rﬁf“{r%mp ﬁ?ﬁlrﬁbesgoﬁsequg%%wwlﬁ%f “RHaTHEr a second

one of the pafaneteg§£§§ﬁg?ﬁsb&ma§g%ﬂ9 boundary; and

determine to provide a second secondary frequency value to the
secondary driver and amplifier in response to determining that the parameter

exceeds the second boundary.

11. The system of claim 10, further comprising a selector coupled to the one or
more secondary processors for selecting the first secondary frequency value or the second
seéondary frequency value, the selector for selecting the first secondary frequency value in
response to receiving a signal from the one or more secondary processors indicating that the
first parameter exceeds the first boundary, the selector for selecting the second secondary
frequency value in response to receiving a signal from the one or more secondary processors

indicating that the second parameter exceeds the second boundary.

12.  The system of claim 10, wherein the parameter includes a gamma value or an

impedance difference value.

13.  The system of claim 10, wherein the electrode includes a lower electrode of a

.plasma chamber.

14.  The system of claim 10, wherein during the first state, the primary driver and
amplifier is configured to generate the primary RF signal having a lower frequency than that
of the secondary RF signal, wherein the primary RF signal has a higher amount of power than

the secondary RF signal.
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provi-ding a second frequency value and a second power value to the RF
driver and anplifier upon determ ning that the second paraneter exceeds the
second boundary. wafers to make integrated circuits. 19. The nethod of
claim17, wherein the paraneters include gamma val ues or inpedance
di.fference values. 20. The nmethod of claim 17, further conprising

sel ecting between providing the first frequency value and the first power
val ue or the second frequency val ue and the second power val ue.

15. The system of claim 10, wherein each of the primary and secondary frequency

values are tuned.

16. The system of claim 10, wherein the one or more primary processors
determine whether the pulsed signal is in the first or the second state based on a magnitude of

the pulsed signal.

17. A method comprising:

receiving a digital pulsing signal, the digital pulsing signal having two states;

receiving current and voltage values;

calculating parameters associated with plasma impedance from the current and
voltage values;

determining during the first state whether a first one of the parameters exceeds
a first boundary;

providing a first frequency value and a first power value to a radio frequency
(RF) driver and amplifier upon determining that the first parameter exceeds the first
boundary;

determining during the second state whether a second one of the parameters
exceeds a second boundary; and

providing a second frequency value and a second power value to the RF driver
and amplifier upon determining that the second parameter exceeds the second

boundary.

53



18.  The method of claim 17, wherein the method is used to process semiconductor

wafers to make integrated circuits.

19. The method of claim 17, wherein the parameters include gamma values or

impedance difference values.
20. The method of claim 17, further comprising selecting between providing the

first frequency value and the first power value or the second frequency value and the

second power value.

54



