DETERM NI NG A VALUE OF A VARI ABLE ON AN RF TRANSM SSI ON MODEL Fi el d
[ 0001] The present enbodinents relate to determ ning a value of a variable
on a radio frequency (RF) transm ssion |ine.

DETERMINING A VALUE OF A VARTABLE ON AN RF
TRANSMISSION MODEL

- Field

[0001] - The present embodiments relate to determining a value of a variable on a
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radio frequency (RF) transmission line.

Background

[0002] In a plasma-based system, plasma is generated when a process gas is
supplied within a plasma chamber and radio frequency (RF) power is supplied to an electrode
within thé plasma chamber. The plasma-based system is used to perform various operations
on a wafer. For example, the plasma is used to etch the wafer, deposit materials on the wafer,

clean the wafer, etc.

[0003] During the performance of the operations, a point within the plasma-based
system may be monitored to determine whether the plasma-based system is operating
properly. The point is monitored using a probe. However, it may be expensive to use the
probe within the plasma-based system. For example, some entities may avoid using the
probe to avoid the cost of the probe. Such avoidance of use of the probe may result in not

knowing whether the plasma-based system is operating properly.
[0004] It is in this context that embodiments described in the present disclosure

arise.

Summary

[0005] Embodiments of the disclosure provide apparatus, methods and computer

programs for determining a value of a variable on a radio frequency (RF) transmission line.
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It should be appreciated that the present embodiments can be implemented in numerous
ways, e.g., a process, an apparatus, a system, a piece of hardware, or a method on a

computer-readable medium. Several embodiments are described below.

[0006] In various embodiments, a computer-generated model of an RF
transmission line is used to determine a variable, e.g., a complex voltage, a complex current,
a complex voltage and current, complex power, etc., at an output of the model. Instead of a
metrology tool, e.g., a probe, the variable is used within a plasma system to determine

whether the plasma system is functioning properly. -

[0007] In some embodiments, a method.for determining a value of a variable on a
radio frequency (RF) transmission model is described. The method includes identifying a
first complex voltage and current measured at an output of an RF generator when the RF
generator is coupled to a plasma chamber via an impedance matching circuit. The impedance
matching circuit has an input coupled to the output of the RF generator and an output coupled
to an RF transmission line. The method includes generating an impedance matching model
based on electrical components defined in the impedance matching circuit. The impedance -
matching model has an input and an output. The input of the impedance matching model is
used for receiving the first complex voltage and current. Also, the impedance matching
model has one or more elements. The method further includes propagating the first complex
voltage and current through the one or more elements from the input of the impedance
matching model to the output of the impedance matching model to determine a second
complex voltage and current. The second complex voltage and current is at the output of the
impedance matching model. The method includes generating an RF transmission model
based on circuit components defined in the RF transmission line. The RF transmission model
has an input and an output. The input of the RF transmission model is coupled to the output

of the impedance matching model. The RF transmission model has a portion that includes



Background [0002]In a plasma-based system plasma is generated when a
process gas is supplied within a plasna chanber and radi o frequency (RF)
pewer is supplied to an electrode within the plasm chanber. The

pl asma- based systemis used to performvarious operations on a wafer. For
exanple, the plasma is used to etch the wafer, deposit materials on the
waf er, cl @ErPripee glgments. dhe methgd insiudes pragpeetig the pacotdepmplexofoltpgseand
operations, a point wthin the plasma-based system nmay be nonitored to

det er m neCUHsaYt REwEh s 99F 95 Merh elements pisthe RE Eangmistiot Mege! PrBioB AT Behe poi nt
I's nmonitored using_a probe. However, it may be expensjve to use the probe
Wit hi n t hBPH %féPFa-ﬁBé%W%%tfé?ﬁel footn @RHYSF \éh,e RS rransayissiop imedel RyUO8i d usi ng
the probe to avoid the cost of the probe, Such avoi dance of use of the
probe maydsiERinet thisd RIRPIERNRgFRnAITaEeEr Thyhird|cq@plgx polkage) and eirepy is &
operating properly. [0004]1t is in this context that enbodi nents descri bed
in the prggtg)rlﬁx vQitage|apd cprrent at the output of the RF transmission model portion.

[0008] In various embodiments, a plasma system for detérmining a value of a
variable on an RF transmission model is described. The plasma system includes an RF
generatbr. for generating an RF signal. The RF generator is associated with a voltage and
current probe. The voltage and current probe is conﬁgure_d to measure a first complex
voltage and current at an output of the RF generator. The plasma system further includes an
impedance matching circuit coupled to the RF generator and a plasma chamber coupled to the
impedance matching circuit via an RF transmission line. The impedance matching circuit has
an input coupled to the output of the RF generator and an output coupled to the RF
transmission line. The plasma system includes a processor coupled to the RF generator. The
processor is used for identifying the ﬁrst_complex voltage and current and generating an
impedance matching model based on electrical components defined in the impedance
matching circuit. The impedance matching model has an input and an output. __The input of
the impedance matching model receives the first complex voltage and current. Moreover, the
impedance matching model has one or more elements. The method includes propagating the
first complex voltage and current through the one or more elements from the input of the
impedance matching model to the output of the impedance matching model to determine a
second complex voltage and current. The second complex voltage and current is a complex
voltage and current at the output of the impedance matching model. The method includes
generating an RF transmission model based on electrical components defined in the RF

transmission line. The RF transmission model] has an input and an output. The input of the



arise. Summary [0005] Enbodi nents of the disclosure provide appar at us,

nmet hods and conputer prograns for determining a value of a variable on a
radio frequency (RF) transm ssion line. 1 It shoul d be appreciated that
t he present enbodi ments can be inplenented in nunmerous ways, e.g., a

process, an apparatus, a system a piece of hardware, or a nethod on a
conput er - RE sanspissiopaedelris cauplod fothe eprs of the imeedanice matching imodel. wdiopthe

RF transmission model portion has a portion that includes one or more elements. The method
- includes propagating the second complex voltage and current through the one or more
elements of the RF transmission model portion from the input of the RF transmission model
to an output of the RF transmission model portion to determine a third complex voltage and
current. The third complex voltage and current is a complex voltage and current at the output
of the RF transmission model portion. The method includes providing tﬁe third complex

voltage and current for storage to a storage hardware unit.

[0009] In some embodiments, a computer system for determining a value of a
variable on an RF transmission model is described. The computer system includes a
processor. The processor is configured to identify a first complex voltage and current
measured at an output of an RF generator when the RF generator is coupled to a plasma
chamber via an impedance matching circuit. The impedance matching circuit has an input
coupled to the output of the RF generator and an output coupled to an RF transmission line.
The processor is further configured to generate an impedance matching model based on
electrical components defined in the impedance matching circuit. The impedance matching
model has an input and an output. The input of the impedance matching model receives the
first complex voltage and current. Also, the impedance matching model has one or more
elements. The processor is configured to propagate the first complex voltage and current
through the one or more elements from the input of the impedance matching model to the
output of the impedance matching model to determine a second complex voltage and current
at the output of the impedance matching model. The processor is also configured to generate
an RF transmission model based on electrical components defined in the RF transmission
line. The RF transmission model has an input and an output. The input of the RF

transmission model is coupled to the output of the impedance matching model. The RF



[ 0006] I n vari ous enbodi nents, a conputer-generated nodel of an RF

transm ssion line is used to determne a variable, e.g., a conplex voltage,
a-conplex current, a conplex voltage and current, conplex power, etc., at
an out put of the nodel. Instead of a netrology tool, e.g., a probe, the
variable is used within a plasma systemto determ ne whet her the plasnma
syst em i sUANSRISHPDFIOAR 138 GpRarQp. thptopeldes (Png SREnBHBIEEMENtISS PLCHESHSd f or
determ ning a value of a variable on a radio frequency (RF) transm ssion
model i s ¢RBE8HdgPronagare fhs 156eNd; GoEPlf 9 ItReg et icPY T (ralieh; (S PR B Ex vol t age
and current neasured at an output of an RF generator_when {he RF generator
i s coupl etlePentsefsheRrdansmisyige modsl porion ifometha HER tdhecHi HSRIsFelMPdeiThe

i npedance matching circuit has an input coupled to the output of the RF
gener at or O PURH! %d‘t“‘p%’f UrRRSSIOR MogelHoriQe tp Fg?fgmesas%ﬁ C‘P‘PH{‘EP"‘#‘%" Mt hod

i ncl udes generating an | ance mat chi nodel|  based on el ectrjcal
Conponent SR Hs U SHEY KA BERANSEN TR ORG olTP AP N e de

mat chi ng nodel has an input and an qQutput. The input of the i dance

mat chi ng REUEY dF‘é‘C"lJ‘éo«‘:’Hle‘Fg’r‘ﬁer%rSﬁﬁ?f'n GAE"FY Petee %SPSF%‘%(CV(?IS{%%%P g’r‘fg current.
Al so, the irﬂiedaﬂce n&tchitng nodel has one or nore elenents. The nethod
further iRFEHHS FFIPagatihg the first conplex voltage and current through
the one or nore elenents fromthe input of the inpedance matchi ng nodel to
t he out put of [0610] i mSesniandwantapds i tiegbowekiekcribed evtodinmnsandudeaeduialg aonpl ex
vol tage and current. The second conpl ex voltage and current is at the

out put of cliahe ofngsing cnmetraiegyctholrey anmde lof a Plremasystend dunmg| prokstigendicht | ng an
RF transm ssion nodel based on circuit conmponents defined in the RF

t ransni ssinolddsi peeformidanec Bi-proccases roinsas work proate | Exvanplearof ithgopriocessed imadudsut put .
The input of the RF transm ssion nodel is coupled to the output of the

i npedanc eclaminghdapgsitingl etching lete. RFvdltageredicesdnd probothet is prlibragedpogordingtot hat

i ncludes one or nore elenents. The nethod includes propagating the second
conpl ex velpreasge faamdlagaipsedrip apdwrasely)lsersh ralogseandrtheypgenratelyesppsedsvalies aifge RE
transm ssion nodel portion fromthe input of the RF transm ssion nodel to
an out put popagated aREescribadsabpesioogeneratd eccusaie valoes af shejrariablaiahenaon Mpied conpl ex
voltage and current. The third conpl ex voltage and current is a conpl ex

vol t age anetlesof 2 mwdel af plasnen systeputThe fprerseefoRpule may deria stahdand. nietekampleqt | on.
[0008] I n various enbodinents, a plasma systemfor determ ning a value of a
vari abl e tw vahegRrnd cereshproby tsrealiseted aqegrdigde Napengl Inyhtate o § dyapdem
"includes an RF generator for generating an RE si %nal. The RE generator is
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is configured to neasure a first conplex voltage and current at an out put
of the REregaisén ulens of th warjgblgdhag arg pequents. fRNpE grodygiien.(erezenerpied rleaakce

mat ching circuit coupled to the RF generator and a plasma chanber coupl ed
to the i nBeddndecmtneNhetbpr One eUMEreRaAS e RIN tHPSHAIRG Baiching cirphdt, amrRE

i npedance matching circuit has an input coupled to the output of the RF
gener at or 8eSEE? eAblepat RE Gapyassion ding.acpquion; of fhes RY dransgussion dige. eftedf 3l asma
system i ncl udes a processor coupled to the RE generator. The processor is
used for PEEM $YEYIidaterdudes g megiglogy 0! I8 MOEdRE 2AREPPEFY e Msteath bl ¥i8er at i ng
an i npedance mat chi ng nodel based on el ectrical conponents defi:ned in the

i npedance hedredriosy t(’@?"i“é‘lﬂofl? durigg Prodpciearibe eoharate arryratfoyplies pldbe nade pput  and
an output. The input of the inpedance mat chi ng nodel receives the first
conpl ex vtdageingnthecBrfuten Rofdeiwe, Wheher offe PAnRFenBIhAKgYAEH8l has one
or nore elenments. The method includes propagating the first conpl ex voltage
and cur r eAPPIERIiatlYgfi8+ REctioREPerRtondl. &Cenent s from the i nput of the .

i npedance mat ching nodel to the output of the inpedance nmatching nodel to
determ ne a se€0ong capdrexdvantdgtagfethantowetdesceibéd enfudimssancoincdudeorepdoirg vol t age
and current is a conplex voltage and current at the output of the inpedance
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transm ssi on nodel has an input and an output. The input of the

5



RF transm ssion nodel is coupled to the output of the inpedance matching
nodel . Al.so, the RF transm ssion nodel portion has a portion that includes
one or nore elenments. The nmethod i ncludes propagating the second conpl ex
vol tage and current through the one or nore elenents of the RF transm ssion
nodel portion fromthe jnPut of the RF transm ssion nodel to an output of
the RF trdRERsTs Slasma wifhisiplasmp chagiber i condingd fipgeory ‘faﬁP‘FScP“EPG?FB?‘éB@W@T%t age and
current. The third conplex voltage and current is % con?gﬁx vogﬁa e and
current abiefen¥iRiptPaiPlasPa chamse ¢ WHR A BEESH RgieipgP therRESHRt hod
includes providing_the third conplex valtage and current. for storage to a
st or age h%feﬁ%ﬁ“‘éss ithe Plasgg tﬁﬁq}éﬂ‘r@ec&fﬁé Fidnt/also. Arcingniithin freRlasmam  or
determ ni ng val ue of a variable o n RF transm ssi.on del_is descri bed.
The corrpufl@F‘%éry’étt%rehei‘{‘?@Ftﬁ%egn 3¢ SE‘E%@'B?“.tS"F‘FFé“gp}S.&c%‘@g‘H‘rr s CRr ed t o

identify a first conplex voltage and current nmeasureq at an output of an RF
gener at or PRNERR PHE BFtg eplaT™y gl%"lbgr'co%’blc@lf‘d%’ﬂn%%ﬁ'ﬁa§ ST HAMFEFRi ] an

i npedance matching circuit.. The inpedance matching circuit has an input
conpl e« SRS BHEDIGre PR RGP PG “AEe At gh b A EbABARE 1 an- Re
transm ssion line. The processor is further confj ed to generate an
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i npedance mat chi circuit. The inpedance. chin del has ap input and
an out put e MIEREE “I5F ¢ s TR G AEE G Ba e Bt b ¢ st
corrpl ex volt agl% ai)li]tg eClélrI;c{ (calli]rge'nt Alro%g’ I‘E:evzima gngﬁe% lrlrsaehc({{'llmrllg g(%ﬁ&ionht%s one or
more el entits. CThe pr 0CeSSor S con I'gured t O propagate Re i st conpl ex
vol t age and cghhp t Ihrﬁ&ﬁh thsog%np%ngqye%%%ggEnts fromthe input of the
i mpedance?fat iﬁg"ﬁ%ag B s UOpleTsPt RS #Hl&dance mat chi ng model to
determ ne a second conpl ex voltage and current at the output of the

i npedance nat dB912y niédkdr. asphes pwidic dseare jappasdng ofraonfhe g fnllewingo defeiledr at e an
RF transm ssion nodel based on electrical conponents defined in the RF

‘'t ransni ssilesariptiondaker firecorfungtion withitkesicenmpanyied drawiggan i nput and an out put.
The input of the RF transm ssion nodel is coupled to the output of the

i npedance mat ching nodel. The RF transm ssion nodel has a portion that

i ncl udes one or nore elenments. The processor i's configured to propagate the
second conpl ex voltage and current through the one or nore elenents of the
RF transm ssion nodel portion fromthe input of the RF transm ssion nodel
to an output of the RF transm ssion nodel portion to determne a third
conpl ex voltage and current at the output of the RF transm ssion nodel
portion. The conmputer systemincludes a nenory device coupled to the
processor. The nmenory device is configured to store the third conpl ex

vol tage and current. [0010] Sone advant ages of the above-descri bed

enbodi ments i nclude reducing a chance of ‘using a netrol ogy tool at a node
of a plasma system during production, which includes performance of
processes on a work piece. Exanples of the processes include cleaning,
depositing, etching, etc. A voltage and current probe that is calibrated
according to a pre-set forrmula is used to accurately sense val ues and the
accurately sensed val ues are propagated as descri bed above to generate
accurate values of the variable at one or nore nodes of a nodel of plasnma
system The pre-set fornula nmay be a standard. For exanple, the voltage and
current probe is calibrated according to National Institute of Standards
and Technol ogy (NI ST) standard, which is rigid. Hence, usage of the voltage
and current probe results in values of the variable that are accurate.
During production, the generated val ues are used to determ ne whet her one
or nore parts, e.g., an inpedance matching circuit, an RF generator, a
cable, an RF transm ssion line, a portion of the RF transm ssion |ine,
etc., of a plasma systemthat excludes the netrology tool are working
appropriately. Instead of using the netrology tool at a node during
production, the generated accurate values at the node are used during the
production to determ ne whether one or nore parts are working
appropriately, e.g., functioning, ogerational, etc. [0011] O her advantages
of the above-descri bed enbodi nents 1 nclude reduci ng chances of

unconfi nenent of plasma froma plasma chanber and arcing within the plasma



chanmber. Plasma within plasma chanber is confined to performvarious
processes on a work piece within the plasm chanber. Wth an increase in
unconfi nenent of the plasma, effectiveness of the plasma on the work piece
is reduced. Also, arcing within the plasma chanber is to be detected. In
some enbodi ments, arcing is a sudden rel ease of energy between parts in the
pt asma chanber. By ]dgEggggzggwbmmﬁAwm in determning a
variable, e.g., inp t he pl asna chanber,
t he unconfinenment and the arcing may be nore accurately detected at the

pl asma chanberl0813hn ¢ egbedmmenyomapnyest bt onderstded by axfarepiecto thdhbollpwimgabl e i s
determ ned at the plasma chanber by using the voltage and current probe.
The var i addseription takemin gsmehction witlythp resdupanymg dtawingscur at el y det er mi ne whet her
there is unconfinenent and/or arcing. [0012] O her aspects will|l becone

appar ent fromphéyq) f olH W Ny aclﬁ’&cﬁ'dﬁa% 5(&9&1 'f&@eteﬁﬁ‘ih%%pl}emaﬁ% Mngtion with
t he acconpanyi ng draw ngs. ESCRI PTI W NGS [ 0013] The

enbodi Ment &, IRY ab GhfeakiRe WARGHS WRAE LY af gf &rtﬁﬂ%@atpenlm%fmdh@mqagncy
description taken in conjunction with the acconpanyi ng draw ngs.

[?014] Fi 9U{rS dankfis@oPnfad, i atoRIhQS with ¥ SdnfyduinRht datsd Mi ME grlientvari abl e
at an

disclosure.

[0015] Figure 2 is a flowchart of a method for determining a complex voltage and
current at the output of the RF transmission model portion, in accordance with an

embodiment described in the present disclosure.

[0016] Figure 3A is a block diagram of a system used to illustrate an impedance

matching circuit, in accordance with an embodiment described in the present disclosure.

[0017] Figure 3B is a circuit diagram of an impedance matching model, in

accordance with an embodiment described in the present disclosure.

[0018]  Figure 4 is a diagram of a system used to illustrate an RF transmission

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

[0019] Figu_re 5A is a block diagram of a system used to illustrate a circuit model
of the RF transmission line, in accordance with an embodiment described in the present

disclosure.

[0020] Figure 5B is a diagram of an electrical circuit used to illustrate a tunnel
and strap model of the RF transmission model, in accordance with an embodiment described

in the present disclosure.



out put of an inpedance matchi ng nodel and at an output of a portion of a
radi o frequency (RF) transm ssion nodel, in accordance with an enbodi nent
described in the present disclosure. [0015]Figure 2 is a flowhart of a
met hod for determ ning a conplex voltage and current at the output of the
RF transm ssion nodel portion, jin accordance with an epbodi nment descri bed
in the presentlOlsc) Figyreed ‘S[a@b)fb]j‘?gréﬂr"éa?lﬂs'f‘%syéteﬁ’lﬂ&aéIk"cHﬁd%Fg‘lﬂ@Fﬁ‘B?ddt& syst em
used to il lustrate an jnpedance matchjng circuit, in accardance with an
enbodi menfeteféter theetrriable He apfoptangst With sty g@bediment ogsserioed Joir18e RESPY o
circuit diagram of an inpedance matching nodel, in accordance with an
embodi nentisde¥r i bed in the present disclosure. [0018]Figure 4 is a diagram
of a systemused to illustrate an RF transm ssion line, in accordance with
an enbodi ment [0e22¢r i Reghird TA {shedigdias efd systemalsalbiaiBustrate a model of the filters

to improve an accuracy of the variable, in accordance with an embodiment described in the

present disclosure.

[0023]  Figure 7B is a diagram of a system used to illustrate a model of the filters,

in accordance with an embodiment described in the present disclosure.

[0024] Figure 8 is a block diagram of a system for using a current and voltage
(VI) probe to measure the variable at an output of an RF generator of the system of Figure 1,

in accordance with one embodiment described in the present disclosure.

[0025]  Figure 9 is a block diagram of a system in which the VI probe and a
" communication device are located outside the RF generator, in accordance with an

embodiment described in the present disclosure.

[0026] Figure 10 is a block diagram of an embodiment of a system in which
values of the variable determined using the system of Figure 1 are used, in accordance with

an embodiment described in the present disclosure.

[0027] Figure 11A is a diagram of a graph that illustrates a correlation between
voltage that is measured at an output within the system of Figure 1 by using a voltage probe
and a voltage that is determined using the method of Figure 2 when an x MHz RF generator

is operational, in accordance with an embodiment described in the present disclosure.

[0028] Figure 11B is a diagram of a graph that illustrates a correlation between

voltage that is measured at an output within the system of Figure 1 by using a voltage probe



[0019] Figure 5A is a block diagramof a systemused to illustrate a circuit
nodel of the RF transm ssion |line, in accordance with an enbodi nent
described in the present disclosure. [0020] Figure 5B is a diagram of an
electrical circuit used to illustrate a tunnel and strap nodel of the RF

transm ssi on del, in accordance t | bed in th
present d¥dd Vg’gﬁﬁﬁéhat ls[%ﬁﬂfﬁf‘bsﬂ}géhe\gm?tg ‘g‘g}tﬁe QHFE %ﬁﬁ%ﬁ{ﬂageg?%tlgﬂ‘é ssst em
that includes filters used o de% k@ va ab e accordance w th an
ebod mentPTUSHIBEGOTHNE i Gp ESRFEmE Ser e Vabe PRI Re 7A 1S a !

di agram of a systemused to illustrate a rmdel "of the filters to i nprove an
accuracy of tH{e029hri &igue, 11iChis acdizgrabant e griph thag dlustrdts di crexlaticlebatweebed i n the
present discl osure.

voltage that is measured at an output within the system of Figure 1 by using a voltage probe

and a voltage that is determined using the method of Figure 2 when a z MHz RF generator is

operational, in accordance with one embodiment described in the present disclosure.

[0030] Figure 12A is a diagram of graphs used to illustrate a correlation between
a wired wafer bias measured using a sensor tool, a model bias that is determined using the
method of Figure 2 and using a mathematical conversion, and an error in the model bias
when the x MHz RF generator is operational, in accordance with an embodiment described in

the present disclosure.

[0031] Figure 12B is a diagram of graphs used to illustrate a correlation between a
wired wafer bias measured using a sensor tool, a model bias that is determined using the
method of Figure 2 and using a mathematical conversion, and an error in the model bias
when the y MHz RF generator is-operational, in accordance with one embodiment described

in the present disclosure.

[0032] Figure 12C is a diagram of graphs used to illustrate a correlation between a
wired wafer bias measured using a sensor tool, a model bias that is determined using the
method of Figure 2 and using a mathematical conversion, and an error in the model bias
when the z MHz RF generator is operational, in accordance with one embodiment described

in the present disclosure.

[0033] Figure 12D is a diagram of graphs used to illustrate a correlation between
a wired wafer bias measured using a sensor tool, a model bias that is determined using the

method of Figure 2 and using a mathematical conversion, and an error in the model bias



[0023]Figure 7B is a diagramof a systemused to illustrate a nodel of the
filters, in accordance with an enbodi nent described in the present

di sclosure. [0024]Figure 8 is a block diagramof a systemfor using a
current and voltage (VI) probe to neasure the variable at an output of an

RF gener at or of thg systemof Figure 1, in accordgmce i th ope, enbodi nent
descri bed"Ps? he a3 é(s%ﬁf i ERPIBCLrae P98I AN AGrRdages with ap @RIt g am of a
systemin vvhich,tpe VI ‘obe and a conmuni cati on device are | ocated outside
the RF geffSrhedin the pesspiediclPsite with an enbodi ment described in the present
di scl osure. [0026] Figure 10 is a bl ock diagram of an enbodi nent of a system
i n which val ugeoddf t Fpuwal?Edbi daglen ef ghptedsadso ilysttdiea @ysladon lkfwdehgure 1 are
used, in accordance with an enbodi ment described in the present disclosure..
[ 0027] Fi-guired ¥af8r bias ameahuged ruaifip afseasof kc@pla mbdel biab Ithas tsr deterpined aong theat i on
bet ween

method of Figure 2 and using a mathematical conversion, and an error in the model bias

when the x and z MHz RF generators are operational, in accordance with an embodiment

described in the present disclosure.

[0035]  Figure 12F is a diagram of graphs used to illustrate a correlation between a
wired wafer bias measured using a sensor tool, a model bias that is determined using the
method of Figure 2 and using a mathematical conversion, and an error in the model bias
when the y and z MHz RF generators are operational, in accordance with an embodiment

described in the present disclosure.

[0036] Figure 12G is a diagram of graphs used to illustrate a correlation between
a wired wafer bias measured using a sensor tool, a model bias that is determined using the
method of Figure 2 and using a mathematical conversion, and an error in the model bias
when the x,' A and z MHz RF generators are operationai, in accordance with an embodiment

described in the present disclosure.

[0037] Figure 13 is a block diagram of a host system of the system of Figure 2, in

accordance with an embodiment described in the present disclosure.
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voltage that is nmeasured at an output within the systemof Figure 1 by
using a vol tage probe and a voltage that is determ ned using the nethod of

Figure 2 when an x MHz RF generator is operational, in accordance with an
enbodi ment described in the present disclosure. [0028] Figure 11B is a
di agram of a graph that illustrates a correlation between voltage that is

measured at an output within thErsueEoDESCIaAPI¥OR | by using a voltage
probe and-a voltage that is déferm ned using e nmethod of Figure 2 when a

y MHz RF generat or is operatl onal , in accqrdance with an e nt

described in t38h edbat Wi, Smbad ‘mf"éiﬁ)zé‘]sﬁ?tﬁursé“‘i’isc qnd a{“edl?"g@rg% of a

: graphtha{% illustrates coraHe atio tvveenﬁ | t age. t.hat. i's, nmeasured at an
out put wi BRI &9JuG g Ngniaple iy 4 raglio qﬂ?lc?‘lélg) Pisjen fPobl “é{ﬁ ®a vol t age

o oper at TRORET i e ERET AETORPEH Fob T R e ser] Bher 5 apefﬁ'%”ﬁi csent
di scl osurgEﬁ %g? tb u e 12 ev?nl%l%)%gsra g% eDm)% bgesnea%scn%ed (tjtsatrat: a

correl ati U RE" e EERESD™ Té0I

nodel bias t i.S deter ng the hod of Fi gure 2 and using a

et hemat | B4 9@58?{&%?*&1@66&% E’S%ﬁeth??fssre" SPRENSdel bias when the x Mo RF
generator is operational, in accordance with an enbodi nent described in the
present discl d8en9%. Figure 1 is a block diagram of an embodiment of a system 126 for

detemlir_ling the variable at an output of an impedance matching model 104 and at an output,
e.g., a model node N1m, of a portion 173 of an RF transmission model 161, which is a model
of an RF transmission line 113. The RF transmission line 113 has an output, e.g., a node N2.
A voltage and current (VI) probe 110 measures a complex voltage and current Vx, Ix, and ¢x,
e.g., a first complex voltage and current, at an output, e.g., a node N3, of an x MHz RF
generator. It should be noted that Vx represents a voltage magnitude, Ix represents a current
magnitude, and ¢x represents a phase between Vx and Ix. The impedance matching model

104 has an output, e.g., a model node N4m.

[0040] Moreover, a VI probe 111 measures a complex voltage and current Vy, Iy,
and ¢y at an output, e.g., a node N5, of a y MHz RF generator. It should be noted that Vy
represents a voltage magnitude, Iy represents a current magnitude, and ¢y represents a phase

between Vy and Iy.

[0041] In some embodiments, a node is an input of a device, an output of a

device, or a point within the device. A device, as used herein, is described below.

[0042] Examples of x MHz include 2 MHz, 27 MHz, and 60 MHz. Examples of

y MHz include 2 MHz, 27 MHz, and 60 MHz. The x MHz is different than y MHz. For
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[0031] Figure 12B is a diagram of graphs used to illustrate a correlation
between a wired wafer bias neasured using a sensor tool, a nodel bias that
is determ ned using the nethod of Figure 2 and using a nathemati cal
conversion, and an error in the nodel bias when the y MHz RF generator is

operational, in accaordance wth one enbodi nent descri bg\gﬂi n %h resent
di scl osur &ampl§oubeng Mtz i 1MEz %Mglz(‘.ﬁ %@‘Iﬁﬁf’g&) gﬂépﬁé’eﬁé 11§72 {frate a
correlatio be%OVﬁ n a wred wafer bias neasured using a sensor tool, a
nmodel bi a$ hH Zdet ermi ned using the method of Figure 2 and using a
mat hemati cal conversion, and an error in the nodel bias when the z Mz RF
generator is ¢oeBht i Amadxample @cack ddngebew 0handnH 1eintdodks e NT peébs ahdtbed i n
the present disclosure. [0033]Figure 12D is a diagram of graphs used to
i 'l ustr at e@ngplieoOwitieh pieiserfolnailavesmeanmpier of thevpad-et fdrnala imhAISLUL &ahddslithq .a sensor
tool, a nodel bias that is determ ned using the nethod of Figure 2 and
usi ng a niatfsiwved be al Asodiatenswitch dexeldpsamnéardior sensard Anvteedxalmpkof thahen t he X
and y Mz RF generators are operational, in accordance with an enbodi nent
descr i bedpresettfhvenyby meleds adVsiohad $nstigte of Standards and Technology (NIST) standard.
As an illustration, the VI probe 110 or 111 is calibrated according to NIST standard. In this
illustration, the VI probe 110 or 111 is coupled with an open circuit, a short circuit, or a
known load to calibrate the VI probe 110 or 111 to comply with the NIST standard. The VI
probe 110 or 111 may first be coupled with the open circuit, then with the short circuit, and
then with the known load to calibrate the VI probe 110 based on NIST standard. The VI
. probe 110 or 111 may be coupled to the known load, the open circuit, and the short circuit in
any order to calibrate the VI probe 110 or 111 according to NIST standard. Exalhples ofa
known load include a 50 ohm load, a 100 ohm load, a 200 ohm load, a static load, a direct

current (DC) load, a resistor, etc. As an illustration, each VI probe 110 and 111 is calibrated

according NIST-traceable standards.

[0044] The VI probe 110 is coupled to the output, e.g., the node N3, of the x MHz
RF generator. The output, €.g., the node N3, of the x MHz RF generator is coupled to an
input 153 of an impedance matching circuit 114 via a cable 150. Moreover, the VI probe 111
is coupled to the output, e.g., the node N5, of the y MHz RF generator. The output, e.g., the
node NS, of the y MHz RF generator is coupled to another input 155 of an impedance

matching circuit 114 via a cable 152.

[0045] An output, e.g., a node N4, of the impedance matching circuit 114 is
coupled to an input of the RF transmission line 113. The RF transmission line 113 includes a

portion 169 and another portion 195. An input of the portion 169 is an input of the RF

12



[0034] Figure 12E is a diagram of graphs used to illustrate a correl ation
between a wired wafer bias neasured using a sensor tool, a nodel bias that
is determ ned using the nethod of Figure 2 and using a nat hemati cal
conversion, and an error in the nodel bias when the x and z VHz RF

e t ' |, th nb di t d bed
R S
| | ustrat . bet X .

L SRl SRR Syriied Lot IR IR S Ui o seree
S Nt del . th
U5i10 o LAGEEL zthaﬁﬁt%megam s foht%atcé;&pﬁgﬁgg‘ew%swngﬁamgzi e Y

d bed in the t 3 12G di f

e e e B P b ik AL mr@emébf‘%{eﬁén measur ed
| t hat el the nethod of

Figure 2 S fE R sl nenserea el m%@ e Be A e ol

w th an olfbowRHIR fhag@arp%ﬁs%rﬁ%%i“ﬁi Geons & ot beure. °To037) Figure 13re
a bl ock diagram of a host systemof the systemof Figure 2, in accordance

vm' th an enbodilf®46l ddde pidsaa chambehé7pmelvdestandilestrbsiatigrabuck (ESC) 177, an

upper electrode 179, and other parts (not shown), e.g., an upper dielectric ring surrounding

the upper electrode 179, an upper electrode extension surrounding the upper dielectric ring, a

lower dielectric ring surrounding a lower electrode of the ESC 177, a lower electrode

extension surrounding the lower dielectric ring, an upper plasma exclusion zone (PEZ) ring, a

lower PEZ ring, etc. The upper electrode 179 is located opposite to and facing the ESC 177.

A work piece 131, e.g., a semiconductor wafer, etc., is supported on an upper surface 183 of

the ESC 177. Various processes, e.g., chemical vapor deposition, cleaning, deposition,

sputtering, etching, ion implantation, resist stripping, etc., are performed on the work piece

131 during produqtion. Integrated circuits, e.g., application .spéciﬁc integrated circuit

(ASIC), programmable logic device (PLD), etc. are developed on the work piece 131 and the

integrated circuits are used in a variety of electronic items, e.g., cell phones, tablets, smart

phones, computers, laptops, hetworking equipment, etc. Each of the lower electrode and the

upper electrode 179 is made of a metal, e.g., aluminum, alloy of aluminum, copper, etc.

[0047] In one embodiment, the upper electrode 179 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 (SF¢), hexafluoroethane (C,Fg), etc. The upper
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DETAI LED DESCRI PTI ON [ 0038] The fol |l ow ng enbodi nents descri be systens and
nmet hods for determning a value of a variable on a radio frequency (RF)
transmission line. It will be apparent that the present enbodi nents may be
practiced without sone or all of these specific details. In other

i nstances, well known process operations have not been described in detail
in order Hearoge 1 Pnisgrwadedy iThy Eshsidiitcqupled iy e enHa REosensratat and hey3o] Fi gure
1 is a block diagram of an enbodi nent of a system 126 for determ ning the
vari abl e MHzRE sstaraot vipthe ippedense maichise Attty nodel 104 and at an out put,
e.g., a nodel node Nm of a portion 173 of an RF transm ssion nodel 161,
whi ch is a noqeidspf avheklhet prevessigas Bisopplied bewdeh3he dhper dRfetrbdealométeon | i ne
113 has an output, e.g., a node N2. A voltage and current (VI) probe 110
measur es BSConMpheXwh@l thageMHNRFadhdrant and¥or thexy MBTXORIOgeneatdd . spppdie RFSt

conpl ex voltage and current, at an output, e.g., a node N3, of an x Mz RF
gener at or sigdals véduhel irdpedance @taetling leatuitd 4 rasp the R¥ntaasmissiol linrrdé3 maye ESAde, | X
represents a current magnitude, and Ox represents a phase between Vx and

| Xx. The i mredapoeessaisdfighitedro gekra(asina svithin tieuplputa chentgr 1752 nodel node N4Am
[ 0040] Mor eover, a VI probe 111 neasures a conplex voltage and current Vy,

ly, and cky at ou t ) n er > r. It

shoul d be not ég&? ]‘lat yn’rtheeg(rlgls% ﬁ? sge%qa\?%‘{\gggge{&rfag‘gﬁfom%egﬁgéhg{)‘?ge%gnt s a

current [ . e _alglh@( 041]In

some enbg%?ir@rghﬁ#g]? Hgﬁ%gl_éc%?gst&%{r% ?ﬁ%&?lﬁ a %ggggéﬁgsn%n;ﬁéfgggtdot?ée gggevi ce, or

a poi nt W!'hmnﬁ %Ql?thg?ﬂ[ﬁ;gen@tag)?gén%ﬁtes%H§\§&iesgﬁ'i{%'sfknal'\§a ﬂ@ﬁ&fe'}pfﬁlebel ow.
impedance matching circuit 114, and the RF transmission line 113 to the ESC 177, the VI

probe 110 measures the complex voltage and current at the node N3 and the VI probe 111

measures the complex voltage and current at the node NS.

[0050] The complex voltages and currents measured by the VI probes 110 and
111 are provided via corrgspdnding communication devices 185 and 189 from the
corresponding VI probes 110 and 111 to a storage hardware unit (HU) 162 of a host system
130 for storage. For example, the complex voltage and current measured by the VI probe 110
is provided via the communication device 185 and a cable 191 to the host system 130 and the
complex voltage and current measured by the VI probe 111 is provided via the
communication device 189 and a cable 193 to the host system 130. Examples of a
communication device include an Ethernet device that converts data into Ethernet packets
and converts Ethernet packets into data, an Ethernet for Control Automation Technology
(EtherCAT) device, a serial interface device that transfers data in series, a parallel interface

_ device that transfers data in parallel, a Universal Serial Bus (USB) interface device, etc.
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[ 0042] Exanpl es of x MHz include 2 MHz, 27 MHz, and 60 MHz. Exanples of y
MHz include 2 MHz, 27 MHz, and 60 MHz. The x MHz is different than y WMHz. -
For exanmple, when x MHz is 2 MHz, v MHz is 27 MHz or 60 MHz. Wen x MHz is
27 MHz, y MHz is 60 MHz. [0043] An exanpl e of each VI probe 110 and 111
includes a VI probe that conplies with aqore-aet formul a. An _exanple of the
pre-set formull%5the Fywaples ot the Ao gYstamad 3G Weluds p SQBBPIEHY ©8n 2ASEEW: 4t i on,

whi ch devel ops standards for. sensors. Another anpl e of the pre-set

formul a i HEPBLEDAL Rt | 1 TEHEHPEUPehE S il ASUIEs ¢ Fraserrs PEG IS N1 sT)
standard. As an illustration, the VI probe 110 or 111 is cali t ed
accor di ngSterasa8r ta‘?ﬁsd'éﬁegj?‘erlew’ f‘rPf%ce‘isgrl WY P& icapiral Prsesyne BP‘E)BQIEI%M or 111

is coupled . with an open circuit, a short circuif, or a known |oad to
cal i br at eMFRPTeIFsSHh FPeAPRUEI I spegificiptegraigd) eyt f‘%SIFPrea Rfogﬁa“grﬂagl‘fd];?‘& The VI
probe 110, or 1 may first be coupled wih e open circuit, n wth the
short ci rﬁﬂfcﬁ&éﬂb e%/%ehxwf’t‘% thl‘fge E‘ﬂ%ﬁ oH’ﬁlt“p% acrg%l'%‘fyafngmf’ﬁe( hfobe 110
based on NI ST st andard. VI probe 110 or 111 nmay be upl ed to,the known
| oad, the™Bp¥h2EFITITOY é{}%\d?’t‘i’é a§ﬂ’8§‘f‘at I"rt@’lﬁ?(’}' |]rhe 5%5?%@2‘?& %’ %é‘l’slhbr ate the
VI probe 110 or 111 according to ndar.d. . Exanpl es of a known | oad
i ncl ude a™8BOShhcFyYa™ %aylﬁ6%6%%d%sz§@ﬁﬁgﬁdgﬁﬁeItCOad, a static load, a
direct current (DC) load, a resistor, etc. As an illustration, each Vi
probe 110 and [005R]i s Thalimfedartce chaghing mebidelgl OMllisSFored wishiabheestoragentdidrlds .
[ 0044] The VI probe 110 is coupled to the output, e.g., the node N3, of the
X Mz RF @enematdance Timgchimgt putgl &04g.has tsireilanodmras@ristivh, tige saphdiandgf
generator is coupled to an input 153 of an inpedance matching circuit 114
vi a a cabindud®@es, komglew pewert domplgk voltagseand Taméngs, eisu @b it pothe hmpesianqsut , e. g.
the node N5, of the y Miz RF generator. The output, e.g., the node N5, of
the y MizmREhigepiequittldé. Fog esampld, du impedawps tmiatahingmmdel 104 hasghe sameinapbefance
matching circuit 114 via a cable 152. tL0045] An output, e.g., a node N4, of
t he i npedaheapagitarscandieg induetenyias thiat Avithig the impedance matching circuit 114, and the

capacitors and/or inductors are connected with each other in the same manner, e.g., serial,

parallel, etc. as that within the impedance matching circuit 114. To provide an illustration,

when the impedance matching circuit 114 includes a capacitor coupled in seﬁes with an

inductor, the impedance matching model 104 also includes the capacitor coupled in series

with the inductor.

[0053] As an example, the impedance matcl;ing circuit 114 includes one or more
electrical components and the impedance matching model 104 includes a design, e.g., a
computer-generated model, of the impedance matching circuit 114. The computer-generated
model may be generated by a processor based upon input signals received from a user via an
inpuf hardware unit. The input signals include signals regarding which electrical
components, €.g., capacitors, inductors, etc., to include in a model and a manner, e.g., series,
parallel, etc., of coupling the electrical components with each other. As another example, the

impedance circuit 114 includes hardware electrical components and hardware connections
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coupled to an input of the RF transm ssion line 113. The RF transm ssion
line 113 includes a portion 169 and anot her portion 195. An input of the
portion 169 is an input of the RF transm ssion line 113. An output, e.g.,
a node Ni, of the portion 169 is coupled to an input of the portion 195. An
out put ebag., t he node N2, of the portion 195 is c&ugi)l ed to the plasm
chamber 1bEweerie desirisak copponants 396 thejippedpasy maichingameyiet K ingJpde; gEwE
transm ssion line 113. An exanple of the portion 169 includes an RF
cyl i nder HRgseaRtieys of thedrdwarreelegtrical qompgpgntsi and of s hardwars copreciigessdsap. An
exanple of the portion 195 includes an RF rod and/or a support for
suppor t i n¥fttaethy) sremplec fenigwedapses majching ayorsk 19 iSstrsispetiniieg 2 15PBWaRicl udes an
el ectrostatic chuck (ESC) 177, an upper electrode 179, and other parts (not
shown), ePrgeramzpd ths irapedance matching cirgyitld 4 i iP3ds R diPABted AiEruiiSpur. Ap Bt ode 179,
an upper el ectrode extension surrounding the upper dielectric ring, a |ower
di el ect r i RErFitnglednizal SORBPISES amPoWRudg | BESPISdE2R3 ‘toﬂ'%e‘“‘%%@rslﬁfmeﬁ“? wer
el ectrode extension surrounding the | ower dielectric ring, an upper plasm
excl usi onPSYFFE theppsistors.jcpppectipng g%?e"#%ez"?cha’ Cw&ﬁlowtwﬁg&e Cérraélg@?%’ode 179
IS Iocatedd&?posite to and facj.ng. the ESC 177. A work piece 131, e.g., a
serm condu B CORRRIPns GeEeen a camtfidion of W SORN IS AUFPEIE T3 of the ESC
177. Various processes, e.g., chenm cal vapor deposition, cleaning,
deposi tion, sH0@Sderi Sgnilatychi ngblei ardélnpbAndndt itten cablesi ¥t Mate i sppilarg, etc.,
are perforned on the work piece 131 during production. Integrated circuits,
e. g., appthacaterigits,sipéaichble mod¢ld§s atdthe catile U2 has ABhildy chapacegstarelslae | ogi
device (PLD), etc. are devel oped on the work piece 131 and the integrated
ci rcuits eraeplessdindurtancesd thegialle ofodd|162 isrtiidame jag anipduceancg, of tizedable phdnes,
tablets, smart phones, conputers, |aptops, networking equi pnment, etc. Each
of the | owernctieectamplictha pabld thedelif3as a edngter-geherated9nads! afdtateablf 130 amdt al |
e.g., alumnum alloy of alum num copper, etc. [0047]In one enbodi nent,
t he upper thelceblt mydel 1650is ianmimpdes gaetasdenadabiof the ceedbad SimilalycemRFal gas
feed (not shown). The central gas feed receives one or nore process gases
from a gagarsmploy moddt16 udvhe Rifxaspisden bie Bl3phave engagdercteristics. ube an
oxygen-cont ai ni ng gas, such as 02. O her exanples of a process gas include
a fl uori nexawiet the RiFtrgngyeissionamegel 161 dias the sarey mymbehefvapacGrg yind/as unduckprs
hexaf | uori de (SF6), hexafl uoroethane (C2F6), etc. The upper

as that within the RF transmission line 113, and the capacitors and/or inductors are connected

with each other in the same manner, e.g., serial, pa:a]lel, etc. as that within the RF
transmission line 113. To further illustrate, when the RF transmission line 113 includes a
capacitor. coupled in parallel with an inductor, the RF transmission model 161 also includes
the capacitor coupled in parallel with the inductor. As yet another example, the RF
transmission line 113 includes one or more electrical components and the RF transmission -
model 161 includes a design, e.g., a computer-generated model, of the RF transmission line

113.

[0055] Based on the complex voltage and current received from the VI probe 110
via the cable 191 and characteristics, e.g., capacitances, inductances, etc., of elements, e.g.,

inductors, capacitors, etc., within the impedance matching model 104, the processor of the
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el ectrode 179 is grounded. The ESC 177 is coupled to the x MHz RE generator
and the y MHiz RF generator via the inpedance matching circuit 114.

[ 0048] When t he process gas is supplied between the upper el ectrode 179 and
the ESC 177 and when the x MHz RF generator and/or the y MHz RF generator
supplies RF signals via the inpedance matching circuit 114 and the RF
transm ssheshsysiepel 3@ sdcylyes 4o volpage aftdw@lffﬁﬁb\gés@d@ag-& 3'sqegifl qoEwlero
generate plasma within the plasma chanber 175. [0049] When the x MHz RF
gener at or VYBaeAt @Ereainat B GYiPHe &-2atherpodyl gady Ninqof the ImRsdencRmnatghing

i npedance matching circuit 114, and the RF transm ssion |ine 113 to the ESC
177 and whefe!dft ﬁ‘el\‘/’PE‘PljéH‘éFaé?H}dcﬁgﬁ'é@h@‘ég‘ogﬂd'oiﬁ%w&éém%ﬂf“ﬁp SQY[al via
the node N5, the jnpedance matching circuit 114, and the RE Eransm’ ssi on

line 113 HY 1Qendleranpipr stppage Y. pgopeombtst fisaafiast memene slipPb ettt age and

current at the no N3 an he VI probe 111 neasures the conpl.e ol t age
and curr effseR 130n gﬁ"nfﬂﬁ‘&’?%g't[{ @6%0?‘%?@5 &Y E%Wag}‘é)tl"ﬂeag@scugﬁ‘a "@ﬁ?‘F‘éﬁxs

nmeasured by the VI probes 110 and 111 are provided via correspondi ng
communi caf“%/dcﬂf’r}‘a@\ﬂitl?g“éeeﬁ valiage PPy m t he corresponding VI probes 110 and
111 to a storage hardware unit (HU) 162 of a host system 130 for storage.
For exanpl e, t[he56¢ omathe xutpatlof &gempaaidnce umarchinig nmelelsidd ésctobpled toan Mpupefobe 110
is provided via the communi cation device 185 and a cable 191 to the host
syst em 13MheaRi tradsenissionpheeixl Vall, twbiph iarschreguinr the Stormga hedeake bynitt #6@. VIhepr obe 111
is provided via the comuni cation device 189 and a cable 193 to the host
syst em 130vpeBxmerplatking fnodel d O4mlsmbas ab inpnt, v i oedei Nim, wdehanused tvaeseete devi ce
that converts data into Ethernet packets and converts Ethernet packets into
dat a, an thekemplex vdlage 48d ntmrent méastedat thomdE®Bhnol ogy ( Et her CAT) device, a
serial interface device that transfers data in series, a parallel interface

devi ce that trgg]er Sdrarah ig%rprln{)cfeh 16 8inH &e\é%esq%hio%%,aénoﬁéispoﬁ% B)
i nterface device, etc. 0051] Exanpl es of the host system 130 1 nclude a
conputer, 1@7_, Qnd a@oﬂﬁﬁ lﬁﬁ@ A input of the portion 173 is the input of the RF transmission

model 161. An output of the portion 173 is coupled to an input of the portion 197. The

portion 172 has similar characteristics as that of the portion .169 and the portion 197 has

similar characteristics as that of the portion 195.

[0058] Based on the complex voltage and current measured at the model node
N4m, the processor of the host system 130 calculates a complex voltage and current V, I, and
0, e.g., a third complex voltage and current, at the output, e.g., the model node N1m, of the
portion 173 of the RF transmission .model 161. The complex voltage and current determined
at the model node N1m is stored in the storage HU 162 and/or another storage HU, e.g., a

compact disc, a flash memory, etc., of the host system 130.

[0059] In several embodiments, instead of or in addition to determining the third
complex voltage and current, the processor of the host system 130 computes a complex

voltage and current, e.g., an intermediate complex voltage and current V, I, and ¢, at a point,
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| aptop, a tablet, etc. As an illustration, the host system 130 includes a
processor and the storage HU 162. As used herein, a processor may be a
central processing unit (CPU), a mcroprocessor, an application specific
integrated circuit (ASI C) a programraebl e | ogi c device (PLD), etc. Exanples

of the storage HU incl, a read- nory a ra dom acc SS menor
CRaM © or ke B8R giar U e pREPn 1T biel BF ducoipain it BURTEER Ror v o
r edundant arra of. storage d sks hard. dis etc. [ 0052] The

| pedanceotit o g rRERHare Resting me 108 0 CH T SFIGE e

i npedance. mat nodel r. char terlst e.g.

cggam tan’é‘B‘é“’?qﬁ%éfa&ﬂE‘ésé"“ 'B‘ESJ:?&S(% %ﬁ’ﬁﬁ?‘m%‘g}‘r’bﬁ% Ror\t){’)’f ge ang currents,

etc., as that of the inpedance matching circuit 114. For exanple, the

[ rrpedance mat 46060y Nl edriodH dmbralimdntseinstamieofrow ivbaiditioh ta dypamirtigy the thivd/ or

i nductors as that within the inpedance matching circuit 114, and the
capaci t or songpiek/ auitagen andctunrest, slreeproassoe ©f dat vast fyseac B0otdmgutes 2 donplegsane
manner, e.g., serial, parallel, etc. as that within the i npedance matchi ng
circuit 1lteltagelandpnoentdes. can inttimediareabmplex veltagn ardhmrenpé daand ¢, aratpoint.ng
circuit 114 includes a capacitor coupled in series with an inductor, the

i npedancee.gatakilegicrordthin the porios d 97 hesed dr ghet ¢tranplepenttagecand coupitatithen seri es
with the inductor. [0053] As an exanpl e, the inpedance matching circuit 114
i ncl udes omput@f theoingeddne aichiai nodeipldd end shamteristive of rpedas betweet diei ng nodel
104 includes a design, e.g., a conputer-generated nodel, of the inpedance
mat chi ng wpwiedithe REIensiigsoncoedslitd rand) tha eeiat withimihd eprtioml®7be generated by a
processor based upon input signals received froma user via an input

hardwar e unit.jodgi¢ | MPhbuid reRl Be Adial ihid & mwbédlh@&@nﬁeaﬁlmlmag%l ectri cal
conponents, e.g., capacitors, inductors, etc., to include in a nodel and a

Manner, eah currdfildt 8% ouliRk 8f {he limpedhisice. mz@a‘mr@qawel @ & RcAhEE biskE 84 tHeomponent s
with each other. As another exanpl e, the inpedance circuit 114 incl udes

har dwar e glfsidx idi@dke GRMARRENShABEplaTdNaL MEORPELhINOS chREUMRER dthe
el ectrical conponents and the inpedance mat chi ng nodel 104 include software

repr esent gikin@fisthefabidRoddpIBVRHIR hah@&GshidsGfihe HRPIASRE Eﬂa&hﬁg ¢hoaél 1bhe har dwar e
connections. As yet another exanple, the inpedance nmatching nodel 104 is
desi gned usi nﬁp sof t ware program and the i npedance matching circuit 114 is

made on a pri P ci Actherlddsapigd thasalfhorgh W@rgél“ﬁato‘éla?cﬁhf’?“&é‘? Ldip8ient s may
i ncl ude resistors, paci tors, .induc connec et ween t he
resi st or s MREGHIGE &Rl §W§ CHEHEEn it 8 CF\&?B‘EJE‘F‘Br @y ﬁre‘rl}slf%ﬁeéleﬁté‘ﬁl\één 3 he

capaci tors, and/or connections betwee Cgwlgﬁnrrbl nat.i on F) eS| stors,

i nduct or s SIPER ERERY iH1ET SeFAIBA'S AF | toaﬂl?arﬂ?sé“a erl%S’s5 YAt he cabl e
nas o\ i | SPPRCHAF BOEPE SEs ForS e Ao fpFaencinen fa M AAEE DY THE Dable

xanpl o MiE EIEPEF fouar Fuued & Beddhg O@?‘“Qﬂéd@?b{li@lﬁ%&%?ﬂ#ﬁ%@%&m e 150
S L ar y e e ppmpie Sy rER R SesTeg pTp B REE AERUMIE IR e 113

have sim | ar char terl stic For ex arg)at%ie Qe {\I?Entvgnaorﬁtsﬁm sdlm%%srnaldel 161
In a

has the sXh¥MEfoBRE S?Itagaﬁ%m S ARG or'S '8 Pht he RF
transm SSI on l.i ne, t he capaci tors nd/ uctors ar nnect ed
wi th each o({ ﬁgf‘scl nejdteﬁiebo@lgﬁ%ts ranh laguse theg(fo,mp%érvf)aﬁge pacrugle?te easurffda&%as t hat
wi t hin th J?F§ransm ssion |ine 113 To further illustrate, when the RF

transm SSI on I]TI ne 113 includes a capacitor coupled in parallel with an

i nductor, the RF transm ssion nodel 161 al so includes the capacitor coupled
in parallel w0863 he Higwiei2 tsarflowdbaryeftan gmbodiment ok ampthed 12fer ®REerminingsmi ssi on
line 113 includes one or nore electrical conponents and the RF transm ssion
nodel 161 thergomple svoiagdeani cpurrens afy the utpb pp theRE gensmissior dnodeldedrtionoi73t he RF
transm ssion |line 113.
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[ 0055] Based on the conpl ex voltage and current received fromthe VI probe
110 via the cable 191 and characteristics, e.g., capacitances, inductances,
etc., of elenents, e.g., inductors, capacitors, etc., within the inpedance
mat chi ng nodel 104, the processor of the host system 130 cal cul ates a
conpl ex voltage and current 'V, |, and 41, e.g., a secopd conpl ex voltage
and cur r eHtgurS D ¢ His YUV igexgeuted; hyeong on S1orn e SIU T tE‘“‘f h‘lsh&feﬁ‘p]e%ance

mat chi ng nodel 104. The conpl ex voltage and cHrrent at the. nodel node N4m
i s stored®ighrg hk 18 @poperatiqnL0pe e LomplF Vol ArEitage: le g @mPley conpact
disc, a flash mepory, etc., of the host .system 130. The conpl VvV, I, and
4> i ncl ug¥dage m%ua%‘&’ meshied agbe Wdeﬁ%ﬁrlﬁ‘%‘ﬂﬁe %‘Hi“ﬁ‘@ﬁ'etﬁ? ,Stoggﬁﬁﬁ Wase 4>
bet ween t he vol ta%e and current. [0056] The out put of the inpedance natching

model 104 (i8¢ dhipFeE X4 Pl 1 plsterpined fist me ?rﬁtg?fg‘mlfg‘sv%*ﬁgw%fmfeﬁss which is
ot o0 L1l o 1 %03 YR Bt TR RSB B RS 101
oL g SRR SR SRR e g0 s T RIS o
P Oy Rl e SRR B bR oo sston, model 1%,
portion 172 has simlar characteristics as that of the portion 169 and the
portion 197 hd#06# nm |Farthariharcaot er bpdratos 183, thaapeafandehmatplong medel 193,

(Figure 1) is generated based on electrical components of the impedance matching circuit 114

(Figure 1). For example, connections between électrical components of the impedance

matching circuit 114 and characteristics of the electrical components are provided to the

processor of the host system 130 by the user via an input device that is coupled with the host

system 130. Upon receiving the connections and the characteristics, the processor generates

elements that have the same characteristics as that of electrical components of the impedance

matching circuit 114 and generates connections between the elements that have the same

connections as that between the electrical components.

[0065] The input, e.g., the node N3m, of the impedance matching model 163
receives the first complex voltage and current. For example, the processor of the host system
130 accesses, e.g., reads, etc., from the storage HU 162 the first complex voltage and current
and provides the first complex voltage and current to the input of the impedance matching

model 104 to process the first complex voltage and current.

[0066] In an operation 116, the first complex voltage and current is propagated
through one or more elements of the impedance matching model 104 (Figure 1) from the
input, e.g., the node N3m (Figure 1), of the impedance matching model 104 to the output,

e.g., the node N4m (Figure 1), of the impedance matching model 104 to determine the second
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[ 0058] Based on the conpl ex voltage and current measured at the nodel node
NAdm the processor of the host system 130 cal cul ates a conpl ex voltage and
current V. |, and 4>, e.g., a third conplex voltage and current, at the
output, e.g., the nodel node NL m of the portion 173 of the RF

transm ssion nodel 161. The conpl ex voltage and current determ at the
nbdel nodePMNpleR ypltage @FGP%%Tt’l‘W“ihHé a's‘f“éf’&t@‘ét? regigpe Eﬁ’B?tCl%{?ﬁ)F’ﬂ‘éetl q@gorage HU,
e.g., a canpact disc, a flash nerm etc. ost system 130.

[0059] I n E¥v@Amplee Wb drisehsesto F‘ﬁ‘érf' vien gpe | M%Qd]lufhlgS‘?F”lt Beteffrni ng t he
third co Iex v?lta e and current

essor e h system 130
B0 Eﬁdt(ﬁ‘gétcaﬁocog’tﬁ’}efevr‘? agC‘Z’ea“ curre \P’Ht wnﬁ?ﬂoi tle >(é()rf‘ﬂl ex

conput es

vol t age and cu rent and 4>, a node, t hi

tﬂe por t | BFTReBAG S e%wl?ﬁ%“@oWHF@xwgﬁﬁf’éfS'@e%m nggﬁéﬁatgmé‘ld t\ﬁ‘écgﬁt \glut Io?
the inpedance mat¢ 104 d characteristics of el enment t

t he i nput C‘B'Femt‘ﬂﬁg“ﬁl‘letqglaﬁ%‘ﬂ‘nﬁg Btl‘a(ﬁ‘hd’ B’Yeellg‘f C‘&IHBIC’E Hclélta %‘i‘"rqtc“W"E A ?18?‘%2 \gg(ra'? i on

173. [0060] | t t
the third? %Y%&'l&gﬁeﬁas e PP he o baweslrooP § FPRIRP5E, ot om 150

conput es E‘ﬁcﬁt’? 3 gar)ﬁ)?é{t%xlgea g g%;??gi{q? lHS ’& bfaseg 09 tl%e f%s cor'n,pf%;é W)r'::lgaég Em Cr')rnBI ex

vol tage a , Wthin

the _portl é?%;g}?% :ff\d 1n%ta£e§s %ng%é{ex VO' ex %ltg‘grédatng g&rxr'eeﬁp{lx%atlxzt %I%d &gt put of

t he i nped Au? Ehdr Actet IS © et ween

g_g(; I nput thf node ?5 1S détgﬁ%lr%mbgs%h o threr%c(;r(ral[l)lex vo}taganand r?enpgl f‘ Ix1, aﬁcﬂbxq ztmlae portion

based on an inductance of an inductor L3. The complex voltage and current Vx2, Ix2, and
¢x2 includes the voltage magnitude Vx2, the current magnitude Ix2, and the phase ¢x2
between the voltage and current. When the 27 MHz RF generator and the 60 MHz RF
generator are off, e.g., nonoperational, power_ed off, etc., a complex voltage and current V2,
12, and ¢2 is determined to be the second complex voltage and current at an output 259,
which is an example of the output, e.g., the model node N4m (Figure 1), of the impedance
matching model 104 (Figure 1). The complex voltage and current V2, 12, and ¢2 is
determined based on the complex voltage and current Vx2, Ix2, and ¢x2 and an inductor of
an inductor L2. The complex voltage and current V2, 12, and ¢2 includes the voltage

magnitude V2, the current magnitude 12, and the phase ¢2 between the voltage and current.

[0067] Similarly, when 27 MHz RF generator is on and the 2 MHz and the 60
MHz RF generators are off, a complex voltage and current V27, 127, and ¢27 at the output
259 is determined based on a complex voltage. and current received at a node 261 and
characteristics of an inductor LPF2, a éapacitor C3, a capacitor C4, and an inductor L2. The
complex voltage and current V27, 127, and ¢27 includes the voltage magnitude V27, the

current magnitude 127, and the phase ¢27 between the voltage and current. The complex
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[0061] It should further be noted that in some enbodi ments, the conpl ex

vol tage and current at the output of the inpedance matching nodel 104 is
cal cul at ed based on the conpl ex voltage and current at the output of the x
MHz RF generator, characteri sti cs of elenments the cable nodel 163, and

characterlstlcs of the i chi ng nodel. 104. | t, shoul d be
not ed t hatoldgg ‘H‘Slﬂjﬁe'l‘ \?ﬁ?e‘g%n gg tl%‘%’&Wﬁ a%B‘ﬁﬁP'@E}e’{ 6‘9'?% and B8 lnce

t chi t t . 0.,
2? sigb[lg BemerLeghe v e %ﬁwgfté%#”%néﬁhe DX 30 ;e R SRR, © 9
c r 175 d t
geﬁer :t oron %Pwél% %hgg%&?%%?f%aﬁd“% CI r Cuhﬁg@ﬁ d?i‘i“%?'%?rn&f &$%oumd ‘to the

| h ed h t le, alth h
P o oy Baueh 7T 3n h PustRle ALTE e Lo Ru ol s S fitepts %E%&%Vgr? %g@a?%gacongfgx

| t d.at t th
éﬁovigﬁg?z@ %naﬁf‘dgoﬁl%%ﬁ?%ﬁ%%owggn s E8 R B PR B SR ont
th d 06 2 di t of
2 ot hod 0359 B AEFRA R gt %@b%‘éh%|ogwhﬁ%ﬁtlaagergﬁ*&diba%eﬂeoma GPFRe ot put

of the RF transm ssion node ortiog ure 1 tﬂq;q 102 is
execut ed BY™ ner9 Cu%‘?éecﬁlﬁ%dcetggd]roge aﬁd ¢ arac?méncsstggm gucﬁfl gureé 1) In an

6f
operation_106 e vo tage and curre f| t npl ex
vol tage affd>air ?:éh'il cap%ggsr)u&ré né’f reE%o%I%a Q)irs%i; e(riltanfl'ileccito E‘zmj\f/i\n]gt hin the

HU 162 (F 1 W
A LA T e

stored i ToH RIS, aBFRE SR @bl A8 b ¥nacf Bnééﬁﬁe‘%‘ii‘f‘ln@%ﬁ‘ TREE Che
first co zvgrldt tﬁggo m RE F&}%gﬁorg %8%35 tﬁg 8 ! ﬁpe%%%etaﬁ& cﬁrﬁ:?lﬂt\ﬂ Y2

[ 0064] Fur t her nbr e, an ‘opefat’i on ng nodel 104
$2, V27, 127, 627, V60, 160, and $60 are an example of the second complex voltage and

current.

[0068] In aﬁ operation 117, the RF transmission model 161 (Figure 1) .is
generated based on the electrical components of the RF transmission line 113 (Figure 1). For
example, connections between electrical components of the RF transmission line 113 and
characteristics of the electrical components are provided to the processor of the host system
130 by the user via an input device that is coupled with the host system 130. Upon receiving
the connections and the characteristics, the processor generates elements that have the same
characteristics as that of electrical components of the RF transmission line 113 and generates

connections. between the elements that are the same as that between the electrical

components.

[0069] In an operation 119, the second complex voltage and current is propagated
through one or more elements of the RF transmission model portion 173 from the input of the

RF transmission model 113 to the output, e.g., the model node N1m (Figure 1), of the RF
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(Figure 1) is generated based on electrical conponents of the inpedance
matching circuit 114 (Figure. 1). For exanple, connections between
el ectrical conponents of the inpedance matching circuit 114 and
characteristics of the electrical conponents are provided to the processor
of the host system 130 by the user via an input-device that is coupled with
the host ansmispipn 3Odel posionrldd ép detprgninenibie ursrronpies rigltagecangd fgarrent at the
characteristics, the processor generates el enents that have the sane
char act er dutpit e6tha RFitrangmissionanaset partéan) 178 o Fgroviample, voth refgeengent &FésarecdB. mat chi ng
circuit 114 and generates connections between the el enents that have the
same connwbanithh3 Rihgeperpier inee and the2 band SOMIEBRRF eenspsénneate 8if. 4 DOGBE The
input, e.g., the node N3m of the inpedance nmatching nodel 163 receives the
- first conpiliese apdicemgyé Vahd b and ¢ o8- Fayinteedistecomples Volfage adkgfrenfatfhe host
system 130 accesses, e.g., reads, etc., fromthe storage HU 162 the first
conpl ex videZge ea&dafb\meﬂé‘?ﬁiﬂateamjieplﬁ Sgteerined: brsedk o1y ay indciaRre st Yomdues and
current to the input of the inpedance nmatching nodel 104 to process the
first conplesel\hapadge %ﬁRéF“éEﬁeroéﬁtcapﬁcUWG%‘P'i"}?l é‘ﬂd Bi‘féﬁl 8P ithsrromplsx volaees i r st
conpl ex voltage and current is propagated thr ou one or nore elenents of
t he |rrped%ﬂﬁ1(fé‘”ﬁ’ﬁt czhi:’n&“dn%@:l‘g“i X Yl‘l“glﬂjfsé‘"fj‘a'lal?l% e, gecppipmpley vgltage he node
N3m (Fi gure 1), npedance mat chi ng nodel 104 to the out put, e.g.,
t he node ?Mrﬁ“?ﬁitgﬁrséo‘ﬂ be 1 Rfted; that H‘%@d%ﬁb‘éd‘f?é?f‘&%?fﬁgcoﬁﬂé‘l gengrated Moddt er ni ne
| ex voltage and curr which js t he out put of the

fm;nﬁeézﬁﬁzg m&t%ﬂﬁﬁ'@d ﬁ%%ﬁumfékfa%ﬁw@sg%ﬁh% RF, fpnogl W@LrMﬂegvew ©mplfe 3B,

conpl Lxevzsqsaac-g@n i RarAe . i &1 atw%umg%ﬁ‘?eﬁt &&ﬁeeang%%gé’ea?@qwiéfate
| d h | ud | de VWxI h

ST ery vihiea Bty on e oyt ol e M CUEER Wl @%Mﬁ%aéftsi’w%aexandt ©

current, at. a nod nte d| at e eter based on
2 capac| t HHRGSY o aﬂd&%ﬁ&?f%%ﬁﬂbz% SRS T wRR e it b B BRC v or G,
and based o irs | ex.vo urre t th t. 1s.received at an
i nput 255" (%d\ﬁﬁ%\(};égure;) c?g %%E“%H‘a(g'éu%?nﬁ gh#}ﬁ %d "P%Ez‘ "§ %2 at a
node 257 | deter ned based o rent. Wxl, Ixl,
red o, LSRR SeuRRdancd aiedd ARy f%o‘%eﬁﬁi?mﬁﬁ* %%Fﬁsﬁ%s? vol t age
and current \; , udes .t he vaol n|t t he
current n8YRt tﬁ%ﬁ ?réfoq\gﬂﬁ%ﬁgneﬁ %rggrefxttz %e?onoger foﬁ VTetrage andthc?urrent
nonoper at PO *RasreRd B V2 Bo. Weord oy i AT e Blfodklesss: %15
and 4)2 is t he second corrpl ex voltage and current at an
out put 25@)ndd gmnhﬂggm&lgg%rml e of the output, e.g., the nodel node Ndm
(Figure 1), of the inpedance nmatchi ng nodel 104 (Fi gure 1). The conpl ex
vol tage and cuUP9ht \Bmilarly, whangh27 Milz Rt aenaritorcis ob ansdethe and WaMBa b ex

vol tage and current Vx2, 1x2, and 4x2 and an inductor of an inductor L2.

The conpl esaeraiirt argeffamcomplexr voltege\iad curgent ¥RH, BY1i andladdest thheutps PP aige

magni tude V2, the current magnitude 12, and the phase 02 between the
vol t age adqergqu@med on the complex voltage and current V27, 127, $27 (Figure 3B) at the output

259 and characteristics of the inductor Ltunnel, the capacitor Ctunnel, and the inductor
Lstrap. When both the 2 MHz and 27 MHz RF generators are on and the 60 MHz RF
generator is off, the complex voltages and currents V21, 121, ¢21, V271,1271, and ¢271 are

an example of the third complex voltage and current.
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[0067] Simlarly, when 27 Mz RF generator is on and the 2 Mz and the 60
MHz RF generators are off, a conplex voltage and current V27, 127, and 027
at the output 259 is determ ned based on a conplex voltage and current
received at a node 261 and characteristics of an inductor LPF2, a capacitor
C3, a capacitor C4, and an inductor L2. The caonpl ex voltage and current

V27, 127, and @097 | nMomexer, sifalaro | whap dherfOgMHE Rifegeperptor shrowersd s and nagnltude
127, and the phase 027 between the voltage and current. The cong

vol tage athel2eut 77eMiHz REgencsaers ate Poered Btic coppler yoliage ardorerenisV 60k d %rrp| ex

vol tage and current neasured at the node N5 (Figure 1). Wen_both the 2 Mz
and 27 M0yt erontnyt 20745 detesmingd Gasedhan @ecwewlf@%ﬁaﬁﬁml 80.46%  the
conpl ex voltages and currents V2, 12, 4)2, V27, 127, and 4)27 are an

exanpl e oMkl Eiges3B) Eseintdeat ayeis %ﬁqea“&ﬁﬁm"éﬁ?rfsg?ﬂ"f t‘R?o‘P%‘%f\‘fErLt“@FlrﬁhFar ly,
when the 60 MHz RF generator is on and the 2 and 27 ors are
of T, a COMPIESr GaMIchgad B dnEF bifEpvaden fe6 Maﬁdzwaa aig DB S0k Bht 250 1 s
det ermi ned based on a conmpl ex vol tage and curre rece|¥§ %ba @ode 265
and char agﬁngr,aiogstqrecgn Haecaﬁpl%ml@s%ran peFEnts 2&’61[6(1;1 bof2’b 1¢71. 4 873 btor 2,
an i nductor acitor n ) ol t age
and curr eWPl \?86 ¢%(i a&ﬁ’&‘“ﬁ’)‘%@f tf"h&‘t‘ &8’%‘91{3%@[]]{?5? @%@ﬁﬂ?dﬂ%‘“@é&?ﬁ t he
current na e 160 %gg t he phase (1) 60 between the voltage and current.
Wien t he ?‘ PrREBon WRhd the 60 Mz RF generators are on, the conplex
vol t ages and currents V2, 12, 4)2, V27, 127, 4)27, V60, 160, and 4)60 are
an exanpl e of [0072] seFiguek O Wackvdidgrang ef anemtexdinieandt. a §y9RM3I2B msaintooper at i on
117, the RF transm ssion nodel 161 (Figure-1l) is generated based on the

el ect ri caillugeaspaniifesanod matebinRleirtuia b2 Sisd mpeddnpe maEBing Eirgur €221is .anFor
exanpl e, connections between el ectrical conmponents of the RF transm ssion

| i ne 113 encphdtti@cmpedasdei mmaschifg ditaat &l4eEigureclal Thoimpedant smawhieg praviti ded t o

t he processor of the host system 130 by the user via an input device that

i s coupl etk2nntlnddsrseridsastnestysis datwt80cledtich coragments amyl/driperaleingesnsctionss and t he
characteristics, the processor generates elenents that have the sane

char act er batweansleassicalivampaente| ect ri cal conponents of the RF transni ssion
line 113 and generates connections between the elenents that are the sane

as that betwegpeifie Shfifs 1hoR!s SAIMOBRRLA: of QPARbMNEA OPSH Fhpoind19.  Che

second conpl ex Vo urrent opagat e one or nore

el enent s leatcf'uﬁg HBEeltlﬁgnm ﬁiﬁie@ﬁchQiunEg{oﬁélqrh L/ Jxﬁ:gﬂib ffhelifipitan@f the RF
transm ssion el 113 to the out put, , the nodel node NIm (Figure 1),
of the RI:matchmg model 104 (Figure 1). As shown, the 1mpedance matching model 172 includes

capacitors having capacitances C1 thru C9, inductors having inductances LPF1, LPF2, and

L1 thru L4. It should be noted that the manner in which the inductors and/or capacitors are

coupled with each other in Figure 3B is an example. For example, the inductors and/or

capacitors shown in Figure 3B can be coupled in a series and/or parallel manner with each

" other. Also, in some embodiments, the impedance matching model 172 includes a different

number of capacitors and/or a different number of inductors than that shown.in Figure 3B.

[0074] Figure 4 is a diagram of an embodiment of a system 178 used to illustrate
an RF transmission line 181, which is an example of the RF transmission line 113 (Figure 1).

The RF transmission line 181 includes a cylihder 148, e.g., a tunnel. Within a hollow of the
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transm ssi on nodel portion 173 to determne the third conpl ex vol tage and
current at the output of the RF transm ssion nodel portion 173. For
exanple, with reference to Figure 5B, when the 2 Mz RF generator is on and
the 27 and 60 MHz RF generators are off, .a conplex voltage and current Vx4,
I x4, and 0)(4, e.qg., an internediate conplex voltage and current, at a node -
203, o, g. Sy} BésEaRHEDT RS a1 BF el Mlni e HEUSOIgH winderdtRdnce of an
i nductor Ltunnel, based on_a capacitance of a capacitor Ctunnel, and based
on the cothpRExod i3 iggn exgmepleof the pertiep1691(Gigure g of jhe Ritragsmissigpline i ch i s an
exanpl e of the second conplex voltage and current. 1t _shoul d be noted that
Ltunnel i $ige ihdﬂ@t%ﬁ]g@sﬁ?mﬁ“&‘B‘?rblﬁ’érbplﬂ‘?éin‘é?g?lésomﬁ&?ep%‘f“daﬁf‘Nﬁh{hﬁnnel and
Ctunnel is a _capacitance of the RF tunnel npdel. Mreover, a conplex
vol t age alepedairs Bachigegircuitd14. lpge gpbadimentfhe BE trapsmissign ligg 11 i a?rﬁf?& and
strap nodel 210 is determ ned based on the conplex voltage and current Vx4,
| x4, and’ %2 24 AYmRFEQ 53015nW‘HhthF AYRRIAREH (RAIENEire lhélhdttlé‘rsolf‘gtef"&ﬁ‘?‘m?‘ﬁ%' out put
297 is an_exanpl e, of the qutput, e.qg., the nmodel node NNm (Figure 1), of
Che por 11 B o ngdian pypoid ankeiiorms AP B e s R, P BN uct ance

of a conmputer - ated:nodel of the RF strap.. \Wen t 2 MHz RF generator
is on andtc’taﬁté‘:hggenglaﬁa%ﬁnsﬁ}?&ﬁﬁllaé%@Fé{P‘%?fignc thcBII"F ?"cé’.“g?‘,‘- nonoper at i onal ,
powered off, etc., the conplex voltage and current V21, 121, and 4)21 is
det erm ned t o [Be75] he ThhiRFdragomipdieaxod 042 @ geupdeddvicuthe eutputaf tHehmpalatgput 297.
[0070] Sim larly, when the 27 Mz RF generator is on and the 2 and 60 Mz RF
gener at or maghigg ofdujt 134.cAlkp lae RFswart Egelsrkioen ay RiMgpodf? Tlcoudldd with han®F4) 271 at
the output 297 is determ ned based on the conpl ex voltage and current V27,
127, 4) 27rqdFl43uand BBRF add 199e aquttiputof 28Gchaindociedr wittie ai ssppocts146f eghe i nduct or
Ltunnel, the capacitor Ctunnel, and the inductor Lstrap. Wen both the 2
MHz and 2@ylivibr. RFamganiedaieot, 8 camtgnapion ghtlie tylmd§0 484the KFrqgdr2rtbe RF strap of f, t he
conpl ex voltages and currents V21, 121, 4)21, V271, 1271, and 4)271 are an
exanpl e ofl44, e ayhinded 1éampl b R¥Fabd A9 faamsl aw RFrteansmissignOQE 1B Mowledy sran
simlarly, when the 60 Mz RF generator is powered on and the 2 and 27 Mz
RF gener atxampleanf gheRiweanenisgorf lineal 18 Gfrpire ). vidietsappert d A@ providesesmppovg the 1601,
and 4)601 at the output 297 is determ ned based on the conpl ex vol tage and
current VeBsma@damberndhejupporf FicguatacigByo the EEC&dofdhe plamschbaiy®. An&F
characteristics of the inductor Ltunnel, the capacitor Ciunnel, and the

i nduct or bkignal ap supplesinfrornéhe2x iz gonprapgevia e dablhd SG0thevimperincg arpéghiiZor s ar e
on, the conplex voltages and currents V21, 121, 4)21, V271, 1271, 4)271,
V601, 160¢ircugrd4.ahedtiirod €2, the Reksmap 144, afd thiRF radi 199 tctheB$eX74ol t age and
current. The nethod 102 ends after the operation 119. [0072]Figure 3Ais a
bl ock di agramgd7ean anbmeicm@bdimeht, theSESE ANy hddudes @0hdafng blbMertr At anan

i npedance matching circuit 122. The i npedance matching circuit 122 is an

exanpl e ofjethRe bARPAR Methe B Elkini2Et. Crh faf ¥inbodihént (tFié B8C @7 includRi@ HepRBdance
matching circuit 122 includes series connections between el ectri cal

conponent glemBsl MB tRAldwel @lectpBNERTdne MbBGIIARE TheCEST 1177 GiitludéLTRABREH S .
electrode and a heating element, e.g., coil wire, etc., embedded within holes formed within
the lower electrode. In some embodiments, the electrode is made of a metal, e.g., aluminum,

copper, etc. It should be noted that the RF transmission line 181 supplies an RF signal to the

lower electrode of the ESC 177.

[0077] Figure 5A is a block diagram of an embodiment of a system 171 used to

illustrate a circuit model 176 of the RF transmission line 113 (Figure 1). For example, the
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[0073]Figure 3B is a circuit diagramof an enbodi ment of an inpedance

mat chi ng nodel 172. The i npedance matchi ng nodel 172 is an exanple of the

i mpedance mat chi ng nodel 104 (Figure 1). As shown, the inpedance matching
nodel 172 includes capacitors having capacitances C 1 thru C9, inductors
havi ng i nductances LPF1l, LPF2, and Li thru L4. It should be noted that the
manner i ncifeHit awpdelnly6jinglides ddyctans andfpr eanpraterst enngecsipes kebtasn dhe WYEPTRach ot her
in Figure 3B is an exanple. For exanple, the inductors and/or capacitors
shown in FEngefiensspteest e @PATHPIECandPr aconpaCHions betwges the ARdirtop) andafBer wi t h
each other. Also, in sone enbodinents, the |npedance natchi ng nodel 172

i ncl udes %?PEH“PTSerEéﬁ‘E’Plﬁ%?ftF@P“eﬁ?O'Eé'}f&@FtsﬁFé andiey/narallgl canaepiianan NG il of

i nductors than that shown in Figure 3B. [0074]Figure 4 is a di agram of an
enbodi menbogsl 17 is g example P8 thg REdrapgmission ragdebhtod (BRURD)-t r ansmi ssion |ine 181,
which is an exanple of the RF transm ssion line 113 (Figure 1). The RE
transm ssi on I[0om8) 18 FiguRCIBIRQSHigray bfi AAd@ibodid8at of a@ electAcal tirsagl180 Wetihi n a
hol l ow of the <cylinder 148 lies an insulator 189 and an RF rod 142. A
conbi nat i @Mllekrak heumyl dnddeip thdddl 210 whitk isRn exadpld 62the portion EXAWRue Of t he
portion 169 (Figure 1) of the RF transm ssion line 113 (Figure 1). The RF
transm ssofothel RiN@radshdssion iodel ad1 \(Figueol)t ST dlectBe] cBuit a0 ifBthdwd tha t he

i npedance matching circuit 114. In one enbodinment, the RF transm ssion |ine
113 i s boinipedaneé mahiyig moddlel72 ahd theltbmmeland stripnmodaiael ambetunsed aid sigpci r cui t
114. In sonme enbodi ments, instead of or in addition to bolts, any other
form of ainbdet Bnteintlpdes igluctoy ILeinelnod Evep asd g capaditor Gmeklt b siaulddemoteie RF
transm ssion line 113 to the i npedance matching circuit 114. [0075] The RF
transm ssihanthe mducietd umelcoprpdead anvirdnctbrtve obtht pyiindexf 148 1{Bigure @ alainbe RFat chi ng
circuit 114. Also, an RF strap 144, also known as RF spoon, is coupled wth
t he RF r ocbd1142 amaintbe capadibr @tunhelﬁ:@gesemtsp@apdcimnce)bf tiveydihder $48 adalieeRF sotdt hi N a
support 146, e.g., a cylinder. In an enbodiment, a conbination of the

cyl i nder 1428 MdartreeRFheimigctddiirap repreRftssin fimjoctants | of thh 8Fciyp IHd€Figdrd8).and the RF
rod 199 forms an RF transmission line 181, which is an exanple of the RF

transm ssion |y hm%]'l%n L i afneh? themﬁ]el%ﬁQg:iptméu%ﬁzl%rlf?é{ﬁo%g%ayﬁ#ﬁ%ﬁiéf to the

pl asma chanber e support 146°is attac to the ESC pl asma

chamber .  fRudRls SidMah h§m§é1'l%P|ad gatoisr qmban%dk\%t GRNGRAE Hd s\ﬁ'a%FrrIohé cabl e
150, the i1 npedance matching circuit 114, the RF rod 142, the strap 144,

and the R %lu&(%gax{yomtamaerﬁé& §e7n?n, parallel, etc. of coupling a capacitor to another

capacitor, coupling a capacitor to an inductor, and/or coupling an inductor to another

inductor.

[0080] Figure 6 is a block diagram of an embodiment of a system 200 for using a
variable determined by the method 102 (Figure 2). The system 200 includes a plasma
chamber 135, which:further includes an ESC 201 and has an input 285. The plasma chamber
135 is an example of the plasma chamber 175 (Figure 1) and the ESC 201 is an example of
the ESC 177 (Figure 1). The ESC 201 includes a heating element 198. Also, the ESC 201 is
surrounded by an edge ring (ER) 194. The ER 194 includes a heating element 196. In an
embodiment, the ER 194 facilitates a uniform etch rate and reduced etch rate drift near an

edge of the work piece 131 that is supported by the ESC 201.
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[0076] I n one enbodi ment, the ESC 177 includes a heating el ement and an

el ectrode on top of the heating elenent. In an enbodi nent, the ESC 177
includes a heating elenment and the | ower el ectrode. In one enbodi nent, the
ESC 177 includes the |ower electrode and a heating el enent, e.g., coi

wire, etc., enbedded within holes formed within the [ower electrode. In
some enbodi mer®881] t het rawse supBlI 09 Broviderepayfer &9 theheating edempnt 1991 vigd AlgH, copper,
etc. It should be noted that the RF transm ssion |line 181 supplies an RF
si gnal t 02@8e hedles heatirgclerarng 19t andriepopstsupply 20¢ @y HeEPYRT do B8 heating bl ock

di agram of an enbodi nent of a system 171 used to illustrate a cjircuit nodel
176 of t helemgnt (P niard Bligr 3A2 tq heat the hegtimg glgment 198. dp ran cpbagiment. ¢ §idsleci r cui t
nodel 176 includes inductors and/or capacitors, connections between the

i nduct or sPoves syRBlATRdSs BRYeide both e heativg elements 196.am8 194} TheierI0BAMEShet ween

t he inductors and the capacitors. Exanpl es of connectjons include series
and/ or paf¥ipreseteprpgddeaapensiss ofrnpover signgl thapisdeqeived fromdhesppovwesk siBY8f t he RF
transm ssion nodel 161 (Figure 1). ;00781Fi ure 5B is a diagramof an
enbodi mengnddhe Bifer %@l ary Quapredsteraned Treagniicset) apewersignlithasisdekive Al and
strap nodel 210, which is an exanple of the portion 173 (Figure 1) of the
RFE transniféSPHH SHRRf0461 (Figure 1). The electrical circuit 180 incl udes
t he i npedance mat chi ng nodel 172 and the tunnel and strap nodel 210. The
tunnel and st rjges2nodathe Rding BlehurteSs iigithded 6y shel fowbNsinabredeilsit feap tend a
capacitor Ctunnel. It should be noted that the inductor Ltunnel represents
an i nduct powee sofply b4 eyhiinder anld&tiofé glithe ESC B08ckat tahdesiibler @ehpdrd@reatod t he
capacitor Ctunnel represents a capacitance of the cylinder 148 and the RF
rod 142. hNutheomstitaintahenviroioentorithiss the pasmne phiagdenid an desiclble tampeatwé. t he RF
strap 144 (Figure 4). [0079]1n an enbodi nent, the tunnel and strap nodel
210 i ncl udRseoasry tha ediidp elinent 196 is heated by the power signal received from the power

supply 206 to maintain the ER 194 at a desirable temperature to further maintain an

‘environment within the plasma chamber 135 at a desirable temperature.

[0083] It should be noted that in an embodiment, the ER 194 and the ESC 201
include any number of heating elements and any type of heating elements. For example, the
ESC 201 includes an inductive heating element or a metal plate. In one embodiment, each of
the ESC 201 and the ER 194 includes one or more cooling element, e.g., one or more tubes
that allow passage of cold water, etc., to maintain the plasma chamber 135 at a desirable

temperature.

[0084] It should further be noted that in one embodiment, the system 200 includes
any number of filters. For example, the power supplies 204 and 206 are coupled to the ESC

201 and the ER 194 via a single filter.

[0085] Figure 7A is a diagram of an embodiment of a system 217 used to

illustrate a model of the filters 202 and 208 (Figure 6) to improve an accuracy of the variable.
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i nductors and/or any nunber of capacitors. In this enbodi nent, the tunnel
and strap nodel 210 includes any nmanner, e.g., serial, parallel, etc. of
coupling a capacitor to another capacitor, coupling a capacitor to an

i nductor, and/or coupling an inductor to another inductor. [0080]Figure 6
is a block diagramof an enbodi ment of a system 200 for using a variable
det er ni nedheosysieme Ifendlesdgs tgtupre] grg rapymodeh2lOsihattis gpuntrd orcmadd21® pl asma
chanber 135, which further includes an ESC 201 and has an infput 285. The

pl asma chyhsleincludss qagaciprs apd{pminducesrs. ppkoqnecdings bergbasegen pf the(fiteg 08 1) and
the ESC 201 is an exanple of the ESC 177 (Figure 1). The ESC 201 includes a
heating et¥nd§t Thegnoda) &1 is siReed rathinthe sfogage (Y dehndagr o)) aW/Ediseothstng (ER)
194. The ER 194 includes a heating elenent 196. In an enbodi mrent, the ER
194 faci | $pagedUa Thnrapasitars @p/pr indiciorsef dhermaeflsh 24 ag conpled with gach ptheriar  an
edge of the work piece 131 that i s supported by the ESC 201. [0081] A power
suppl y 208350 ke 2 PAGHR Manpertarifl dupnpeip Q&ﬂ@f%ﬁ?ﬂ theyeofyste Thefmadelz16508 o
heat the heating el enent 196 and a power. suppl 4 provides power to the
heating el°BIFEqHS CRRSIACEs aad/f”i'W?‘&P“%???‘Bﬁﬁ%rég&%‘g%a%ati ng el ement 198. In an
enbodi nent, a single power supply provides power to both the heating

el ements 196 0686]98 Mokbwed, ithd eystez0817 inkclud¢ssa @ulindpr edadl €21m) waidh fis aquenci es
of a power signal that is received fromthe power supply 206 and the filter
202 fi |t ec@npur-gpreetkalt modai afeltt RF odue9 diigse of and tieouggortsi4g (Eifurt WatThes

recei ved fromthe power supply 204. [0082] The heating el enent 198 is heated
by t he powvwimdsingral 211 daesiméd characrristies 49 dvae pf deppplal/cod(pbndne afsheRErod an

el ectrode of the-ESC 198 at a desirable tenmperature to further maintain an
envi r onmem®9 aidtthé suppdére 148 dBrecytinembede] 235 irrtudes chesir naid eaph@topeost arr e.

Mor eover, the heating elenent 196 is heated by the power signal received
fromthe powemdsugppl gon@Gorscbermedenttbd indbdiers ECRNhGbiomst bawebasihe ahpagitéranper at ur e
to further maintain an environnent within the plasma chanber 135 at a

desi r abl eandérpenmattionebety @0 8 3pmbinaivo vf the bapacirsud irdatiorsn an enbodi ment, the
ER 194 and the ESC 201

[0087] The processor of the host system 130 (Figure 1) calculates a combined
impedance, e.g., total impedance, etc., of the model 216, the tunnel and strap model 210, and
the cylinder model 211. The combined impedance provides a complex voltage and
impedance at the node N2m. With the inclusion of the model 216 and the tunnel and strap
model 214 in determining the variable at the node N2m, accuracy of the variable is improved.

It should be noted that an output of the model 216 is the model node N2m.

[0088] Figure 7B is a diagram of an embodiment of a system 219 used to illustrate
a model of the filters 202 and 208 (Figure 6) to improve an accuracy of the variable. The
system 219 includes the tunnel and strap model 210 and a model 218, which is coupled in
parallel to the tunnel and strap model 210. The model 218 is an example of the model 216
(Figure 7A). The model 218 includes an inductor Lfilter, which represents a combined
inductance of the filters 202 and 208. The model 218 further includes a capacitor Cfilter,

which represents directed combined capacitance of the filters 202 and 208.
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i ncl ude any nunber of heating elenments and any type of heating el enents.

For exanple, the ESC 201 includes an inductive heating el enent or a netal

pl ate. In one enbodi nent, each of the ESC 201 and the ER 194 i ncl udes one
or nore cooling elenent, e.g., one or nore tubes that allow passage of cold
water, etc., to maintain the plasma chanber 135 at a desirable tenperature.
[0084] 1t shoull®08Pr t Rigureghis gblask diagram qf gn smbodimens af abstem 3adordyiggam 200

i ncl udes any nunber of filters. For exanple, the power supplies 204 and 206
are coupl ¥Hpioke Tifeto psasuppthe Apfpblern aEputpe 23y jof 2 RE igﬁ@raéorf%25-t &he oytpgs] Fi gur e
7A is a diagram of an enbodi nent of a system 217 used to illustrate a nodel
of the fi?3ldfan xomplged themgde X5 diiguse @)orpgthp ApfledVe(Figiread c BPaRY seyeraiase '
variable. The system 217 includes the tunnel and strap nodel 210 that is
coupl ed t &%ispgarmplg f thiiy MElz ssrardiefedr bayMHt generagidFigprei id Jde #p¥, and
connections therebetween of the filters 202 and 208. The nodel 216 is
stored w BsieR 130 gensrabis apbprroyidesgudigitel plsing signabild/haring e 5y stalesgp 4ge  HU.
The capacitors. and/or inductors of the npdel 216 are coupl ed with each

ydel )
ot her in digfaltigas! procegsor (DSP) 226y Ingpne eaphpdimentythe digital putsingniignal 21308 Api nat i on
thereof, etc, The nodel . 2 repr nts. capacitances.and/ or i ndquctances of
Lhe Ti11 el aisppiansiios fsic oL LERD, CRTRlES of Re eEORERI Priakie P48 OB "cu i uder
nodel 211, which is. a conputer-generated npdel, of. the rod 199 (Fi 4
ot he S aeiiaging £ ARl oP TR s HUE aista vapi o g g a0 © )

characteristics as that of electrical conponents of the RF rod 199 and the
support 1ﬁ5“vﬁ%%eﬁylinder nodel 211 includes one or nore capacitors, one or
nore inductors, connections between the inductors, connections between the
capaci tors, ari0¢9 cdmaedtcr embodie¢narstead of tirithbs aysteon 13 a thoek cwiplaoi,t or s and
i nductors.

e.g., a 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 digital pulsing signal 213.

[0091]  The digital pulsing. signal 213 is sent to the DSP 226. The DSP _226
receives the digital pulsing signal 213 and identifies the states of the digital pulsing signal
213. For example, the DSP 226 determines that the digital pulsing signal 213 hag a first
magnitude, e.g., the value of 1, the high state magnitude, etc., during a first set of time
periods and has a second magnitude, e.g., the value of 0, the low state magnitude, etc., during
a second set of time periods. The DSP 226 determines that the digital pulsing signal 213 has
a state S1 during the first set of time periods and has a state SO during the second set of time
periods. Examples of the state SO include the low state, the state having the value of 0, and
the off state. Examples of the state S1 include the high state, the state having the value of 1,
and the on state. As yet another example, the DSP 226 compares a magnitude of the digital
pulsing signal 213 with a pre-stored value to determine that the magnitude of the digital
pulsing signal 213 is greater than the pre-stored value during the first set of time periods and

that the magnitude during the state SO of thé digital pulsing signal 213 is not greater than the
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[ 0087] The processor of the host system 130 (Figure 1) cal culates a conbi ned
i npedance, e.g., total inpedance, etc., of the nodel 216, the tunnel and
strap nmodel 210, and the cylinder nodel 211. The conbi ned i npedance

provi des a conpl ex voltage and i npedance at the node N\2m Wth the

i nclusion of the nodel 216 and the tunnel and strap nodel 214 in

det er mi ni PE-storsd vl dumizdhetecqnd setiof e RetiRds- ooty epBipdigrent 1R which theaheck | s

i nproved. It should be noted that an output of the nodel 216 is the nodel
node N2m o iaRBIFrEHrthe PEP;20 Jegivayrmanaie dorkevigguiram be gpckaossaoem 219
used to illustrate a nodel of the filters 25)2- nd 208 (Figure 6) to inprove
an accur atSaves thaanalpg signgh ingo a digigal &gray ang thepg q“H@?Sd]EFetgotg fes gﬁﬁﬂeﬁl'and strap
nodel 210 and a nodel 218, which is coupled in parallel to the tunnel and
strap nodel 2%00927he wkglel statd 8 identifidd X1 OSP 226 peovidesle lpowdrovaluEipgur e 7A) .
The nodel 218 includes an inductor Lfilter, which represents a conbined

i nduct ancgnd®r 4 hequendyt @il BDZ ansdradid@r cohveol magdel Maksvet,uwidaethe istaied sdes a
capacitor . Cfilter, which represents directed conbi ned capacitance of the
filters 2{iRnurd a2088. the DOP &% piogideLa Bowea valubIPOckd/di afequencyfvalue Forbadi nent  of
a system 236 for using a VI probe 238 to neasure the variable at an output
231 of anpikmgeareniail@24.220.exdrygle ofld param@SIcontsol almt &xaeplostuns a freqmemyde N3
(Figure 1) or of the node N5 (Figure 1). The RF generator 220 is an exanple
of the x Mdndgenanatequeaty thite (4FNWHz generator (Figure 1). The host system
130 generates and provides a digital pulsing signal 213 having two or nore
states to a dighdd! S |, ar I i t he

di gi tal pul si n[gwsg’?gngd Q‘%‘& blgsn%geg? Eée?lrgléel( ton}e-t%fcgrrlltgls&g %pﬁ(f g{;}?@g%l{lgﬂﬁmlsi gnal .
Exanpl es t t i ngl ngk-an; of t te having
a digital 934, B iR 59°Sd NE pgﬁ‘??sg&hﬁg?“%ﬁégﬁ?‘gﬁ%F°3§F‘%‘@1§ftﬁeof’g%’§‘%?gh state

and a | ow sfaf 822 EfiCine %?%%Qtu &nﬁgpﬁgﬂee{re @Jgeoﬁhgi%,né.g., LAl 888hs Ofvnikin renOST

system 136, ac S at or, ., a cryst oscillator, Is used to

gener at e ek 9ombR& orobdh tlar \94&' fiBd byth€ PRYODS Efh Bihe BRbARMALRY HeO- di gi t al
converter i r%t 0 a g?g#t alli)r(%’:rgnala lgi m'CI ar ytso the digital epuI silngrggi gnal 213.
computer program is embodied within a non-transitory computer-readable medium, e.g., a

storage HU.

[0094] ~ In an embodiment, a controller, e.g., hardware controller, ASIC, PLD, etc.,
is used instead of a parameter control. For example, a hardware controller is used instead of
the parameter control 222 and another hardware controller is used instead of the parameter

control 224.

[0095] Upon receiving the power value P1 and/or the frequency value F1, the
parameter control 222 provides the power value P1 and/or the frequency value F1 to a driver
228 of a drive and amplifier system (DAS) 232. Examples of a driver includes a.power
driver, a current driver, a voltage driver, a transistor, etc. The driver 228 generates an RF
signal having the power value P1 and/or the frequency value F1 and provides the RF signal to

an amplifier 230 of the DAS 232.
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[ 0091] The digital pulsing signal 213 is sent to the DSP 226. The DSP 226
receives the digital pulsing signal 213 and identifies the states of the
digital pulsing signal 213. For exanple, the DSP 226 determ nes that the
digital pulsing signal 213 has a first magnitude, e.g., the value of 1, the
hi gh state magnltude etc., duri naﬁa first set of tine perlods and has a
second nagni t UK9S] e dn one grebogimente thsrdriger 128 genesitpssanRFesighal Mvngchedrivet ¢ . |
during a second set of tine periods. The DSP 226 determ nes that the

di gi tal pRAVST Hgusihghigl foregom a%tha PRy AP and/prigVvipga drive Epaueasy 3luet i me
periods and has a state SO during the second set of tinme periods. Exanples
of the stWhgls S@‘WCH‘&W of ke Erwefrcas\malg? 5t e Foriepample. thedrye poNer YalHe i WIthB 20f 0, and
the of f state. r’rgl es of the state Si include the high state, the state
havi ng th@warsuéﬂm watts tithe Rewvesyalug BY and tagdryedreguegpnyaiueds xilip @ fe%he Dsp

226 conpares ni tuyde of the digital pulsing signal 213 wth a

pr e- storeﬁgva%n?g'BoégFéWﬂ?%éyY%th he magnitude of the digital pulsing
signal 213 is greater than the pre-stored value during the first set of
time periods goep7] hatTht henpiRgni30uaeplidiey theRE kigna thatieg 8§ pdwek helueliPgi t al

pul sing signal 213 is not greater than the pre-stored value during the
second sehndodr thd frequpetyi vahis .F11 and tgheerassbmdRFreighal i2m5 wai cdirebpvadcloabk REsci | | at or
is used, the DSP 226 receives an anal og clock signal fromthe clock

osci | | at osignal exesiesd fsont the deival228) Fogaxample thoORE sigha) 21 fhasfadigher amuint ¢fen
identifies the two states SO and Si. [0092] When a state is identified as
Si, the Dphve2BGnpapvi tlepoveer paluePl.val arethed examgleothe RFfsigegjRéhbys thasame FI to a
parameter control 222. Mreover, when the state is identified as SO the
DSP 226 prmowingdefpovepasibat of the pewiQabua @l 0 ThaRF sigopl @bt ip tmadfereed M & aible
parameter control 224. An exanple of a paraneter control that is used to
tune a fr @tjlmddthe impolanatasatdimgairtwt Flddgthe kuownt loadel] 2 (BEaRE 2). [ 0093] It shoul d be
noted that the parameter control 222, the paraneter control 224, and the

DSP 226 are pg 36982'15 1Rk AICOPHE D e )&}@e tli'e%?able'i% mﬁ‘ﬁﬂgP&% e6152t(p%urgql3am3t er

control 222 an e paraneter cont 4 are logic e. g., tuning

| oops, wh L RE OFP L Alex RhAE bAM: & i1, RE @ﬁ%@&b&t Ry the DSP
226. In sggn%xen@(%g‘?ﬁr%r%ts fg’%ng?a(t:dgng%)ter e;)érolsglram S en%)odlged "W t(E%H a

non-transiyj, Qﬁé/c&fé”ﬂl#tﬁr i f&%@lﬁ@'o@ iR SibldM 508and- wheﬁ thd RF%ﬁedﬁH 23 PR I N an
enbodi nent, a controller, e.g., hardware control IC, PLD, etc.

example of the y MHz RF generator (Figure 1), the cable 217 is an example of the cable 152.

[0099] When the power value P1 and/or the frequency value F1 are provided to
the DAS 232 by the parameter control 222 and the RF signal 215 is generated, a VI probe
238 measures values of the variable at the output 231 that is coupled to the cable 217. The VI
probe 238 is an example of the VI probe 110 or the VI probe 111 (Figure 1). The VI probe
238 sends the values of the variable via.a communication device 233 to the host system 130
for the host system 130 to execute the method 102 (Figure 3) and other methods described
herein. The communication device 233 is an example of the communication device 185 or
189 (Figure 1). The communication device 233 applies a protocol, e.g., Ethernet, EtherCAT,
USB, serial, parallel, packetization, depacketization, etc., to transfer data from the VI probe

238 to the host system 130. In various embodiments, the host system 130 includes a

30



is used instead of a paraneter control. For exanple, a hardware controller
is used instead of the paranmeter control 222 and anot her hardware
controller is used instead of the paraneter control 224. [0095] Upon
receiving the power value Pl and/or the frequency value FI, the paraneter
control 222 rov'{.de thqh

unicaiion device

ower val ue Pl and/or the frequency val FI to a
driver 22878 R4V Ve Gn §Ppp1els ° rrag?i'?%pn%e?%ﬁgje? .ungﬁtéor?p%égeg?lfa driver

Rl ﬁor%‘?(%&%d\@{e}{%{e’co% %Ri%&%ﬂ%g? applisd pac eti‘éﬁlo%?tgec&ﬁrhh’n%ﬁm? dyi@nsi stor,
etc. The drivert 2238 generates an sirgnal havi ng € power value P1 and/ or

he Das 290 e [Boobplm dal SRBbSaRntctRRh o BrodSaSRuRE avi Ty 2e

si gnal hagcgrr?rgun?‘ca d&! Y5 #)(F))I\JAeesra s\ég‘elllth%n tf@rgptr?tl csol,é}héc cl:“lorrlxg:n;[gllm?crall i(())lir detvn:]g of \é\%g)stval ue P1
and/ or having a drive equency val u at’ I's a tunctiron o e Trequency

val ue Fl. | . |V r value is wwthin a few, e.g. 1 thru
5 watts ggghgﬁgﬁgga@e%%gq%rpgﬁg&ﬁe drive frequency value is within a

few, e.g. 1 thru 5, Hz of the frequency value FI. [0097] The anplifier 230
anpl i fi es the [(§108] grbarhilanlyyiney redervingohepowed|valee PA andiel the frednendyrvalpgency
val ue FI and generates an RF signal 215 that corresponds to the RF signal
recei ved F9.dbg pamaneipr iconitol 224gproyidas thopaist walue Pbandfor diedregpenoy walweal0 tg hi gher
anount of power than that of the power value Pl. As another exanple, the RF
si gnal 21%erisisert2R8. Jherdrivergdheregps Yol sigeal baving thefrowprevahsvidyandigr the Pl . The
RF signal 215 is transferred via a cable 217 and the inpedance matching
circuit 1fraquerrytvalie K6 angproided the RE sigualya the applifierd398] The cabl e 217 is an
exanpl e of the cable 150 or the cable 152 (Figure 1).

[00101] In one embodiment, the driver 228 generates an RF signal having a drive

power value that is a function of the power value PO and/or having a drive frequency value
that is a function of the frequency value FO. For example, the drive power value is within a
few, e.g. 1 thru 5, watts of the power value PO and the drive frequency value is within a few,

e.g. 1thmu 5, Hz of the frequency value FO.

[00102] The amplifier 230 amplifies the RF signal having the power value PQ
and/or tﬁe frequency value FO and generates an RF signal 221 that corresponds to the RF
signal received from the driver 228. For example, the RF signal 221 has a higher amount of
poWer than that of the power value PO. As another example, the RF signal 221 has the same
amount of power as that of the power value PO. The RF signal 221 is transferred via the

cable 217 and the impedance matching circuit 114 to the known load 112 (Figure 2).

[00103] When the power value PO and/or the frequency value FO are provided to
the DAS 232 by the parameter control 222 and the RF signal 121 is generated, the VI probe

238 measures values of the variable at the output 231. The VI probe 238 sends the values of
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For exanpl e, when the RF generator 220 is an exanple of the x Mz RF
generator (Figure 1), the cable 217 is an exanple of the cable 150 and when
the RF generator 220 is an exanple of the y Mz RF generator (Figure 1),
the cable 217 is an exanple of the cable 152. [0099] When t he power val ue Pl
and/ or the frequency value F|_are provided t he DAS 23 t he paraneter
control 299 Vaiiaglert Bic hpst sysgry) 30 iréh‘%)]%osb%ﬁé‘?“d%g ¥ CXQCW%ET)WB‘S%J)@ESP%‘ES ures

val ues of the variable at the output 231 that is coupled to the cable 217.
The VI pr%e 238 is an exanple of the VI probe 110 or the VI probe 111
(Figure 1). The VI probe 238 sends the values of the variable via a
conmuni cat i on [0E04L e I2 Siduldobd hetehdmat tiey it ene drBtbdingant, tthe Vigsbdbes33st 8m 130 to
execute the nethod 102 (Figure 3) and other methods described herein. The
communi catdcoipletiefon ehe3SP 236. alb skouddfaktkerdde rioled thap MeLREF sighal A5 gexiacd 185 or
189 (Figure 1). The conmunication device 233 applies a protocol, e.g.,

Et her net , didngahdCAdie SWSIBd tixeRF aignalpal kheedted pami ehd state iSOrare pletpens logtai zat i on,
etc., to transfer data fromthe VI probe 238 to the host system 130. In
vari ous endodned®Rit ggnat Her hostples e tREsigh82 15 ncd patten of thecoymbinad REtsigod devi ce
that applies the protocol applied by the conmuni cati on device 233. For
exanpl e, whaekastatégheo amoumt ofipoven t128 3heaRP kigaal 23 hokhach i3 andther, pottiea of the

comuni cati on device of the host system 130 applies depacketization. As
anot her ex@mtphed REdigmal. t he comruni cati on 233 applies a serial transfer
protocol, the conmunication device of the host system 130 applies a seri-al

transfer prot 0[?6‘!05] Figurd § RLOOb kSRR chRToF ¥n eMBAmdn® 6L Vsheh 330EnRAVGr val ue
PO and/ or the frequency value FO the paranmeter control 224 provides the

pover val yg \ﬁ?)r%déﬁranh% S&Mﬁgﬁ(}ﬁ ¥R M O35 Qeli8catddCutide MR REZBnerattte dri ver
es a I

228 creat signal having the power value PO and/or the frequency

val ue FO asgl rF@%ﬁi'edﬁﬁheF%eprgﬂé 150 NBdatddQithieh@ AR S R berdrafdr to measuk @3101] 1 n

one enbodi nent he driver 228 generates an RF signal having a drive power

val ue t hat,i.81ed: b BehhtQp ek MBERP MR arof ATHEVIRRNGE AoddRMioREGida td REV e
frequency value that is a function of the frequency value FO For exanple,

the drive gBHeWedr 298¢ fehsirewhd DArbR 2 8 oubuf23 tlofl ME REBendiBbl 2200TTHeNE pOWeT
value PO and the drive frequency value is within a few, e.g. 1 thru 5, Hz

of the freguenRis ¥abdifed Og., coupled [10 thbQ2iput 3¢ ofikp RFfgbRiated300.ampl i fies the RF
signal having the power val ue. PO and/or the frequency value FO and

generates an RE signal 221 that corresponds to.the RF sign received from
the driver 228001898} dighipiQis at‘ﬂ%kﬁraﬂga"g?%n "’Eé’?dlﬁ’ﬁgt‘gaﬁ?'ﬁ%%?&ga‘ﬁdﬁﬁ‘ih of power
t han that of the power. value PO. As another e l e, the RF_signal 221 has
the sane &ifoahes Prthgpyable deermined vgips thy gy g(‘?a}}l?fih‘ée bEF Urfe 9y§5"5‘nal 221

is transferred via the 217 and t i ppedance matching circuit 114 to
t he known lé%éfﬁlufisza't i ﬁ@%g{é?‘?mmmr’ an Tg@%g]g SAER©t 1B lﬁgi%%eﬂ?t%éngPO and/ or
t he frequency val ue_ FO are provi tp the DAS 232 he, par aneter contr ol
222 andqt FECUA 195 tri‘ﬂ"sisgng‘éﬁgg—gta’é‘g? p{g‘ﬂga @'Ia"é?rolggyg%g pl?grﬁ%a}ag’i’erval ues of

‘the vari a%fm%bés?r%la?%t%%laszn:])’aléha:mg 1X/§ probe 238 sends the val ues of

[00107] It should be noted that in an embodiment, the x MHz RF generator of
Figure 2 is similar to the m MHz RF generator and the y MHz RF generator of Figure 2 is
similar to the n MHz RF generator. As an example, x MHz is equal to m MHz and y MHz is
equal to n MHz. As another example, the x MHz generator and the m MHz generators have

similar frequencies and the y MHz generator and the n MHz generator have similar
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the variable to the host system 130 for the host system 130 to execute the
nmet hod 102 (Figure 2). [00104] It should be noted that the in one
enbodi ment, the VI probe 238 is decoupled fromthe DSP 226. It should
further be noted that the RF signal 215 generated during the state Si and
the RF siPnaI 221 generated during the state SO are portions of a conbi ned
RF si gnal frequgiiciesx Afskample efesimifar §iegiengiesis whensthe x Mz is githigra WiRdove 68bi ned RF
signal that has a higher amunt of power than the RF sign 221, which is
anot her pwithip §Hz gt He Rbthe ghdfHz drgaggacy ; Iy seppe emb"d‘me[“ffatfﬁﬁ]l\%ﬁa%fl EYE9's a bl ock
di agram of _an enbodi ment of a system 250 in which the VI probe 238 and the
comuni ca?fi g s nobsipar tg the m Bﬁ%%‘ég@a&a&fa@ e Nﬁ?%‘éﬁ@fe‘g{ PFE‘QW? In
Figure 1, the VI _probe 110 is located within the x MHiz RF generator to
measur e t hd nghyimdgsuthe p MEZRIGEAERIOT0f the x MHz RF generator. The VI probe
238 is located outside the RF generator 220 to neasure the variable at the
out put 231 of [00108RF Igefethatmrted 220in vhlieus ¥nbpdimbes, 2 38ferant gyps ofcembed, e. g.
coupled, to the output 231 of the RF generator 220. [ 00106] Figure 10
i s a bl oclsediiln@cRoT hé na MH2HA0 @i MHA RFQknaatory Shag hat A& diim eavhio€ thetxHezal ues of
the variable determ ned using the system 126 of Figure 1 are used. The
system 12&d nMHBRE generamivVHFRExgeieraatensor than daesMrdt cRiplyeniér te d¥ISTan

i npedance matching circuit 115, an RF transmission |ine 287, and a plasm
chanber 184dndarfihie upddaianee mhidia RF §Bdrarny Aseangther dxampleoa vélegpbasorehahanmber
175. [00107] It should be noted that in an enbodi nent, the x Mz RF
gener at or medsufes gnly eolfage & usddrim tham MblzRifegenardbtz RF generator and the y MHz RF
generator of Figure 2 is simlar to the n Miz RF generator. As an exanpl e,
X MHz is equal i iz anpl e,
the x MHz gene[?%l?gin moﬁﬁgﬁe%ﬂﬁéé@%ﬁs&ﬁge é%h%ﬁiﬁ%@&%ggacgﬁgi es and
the y Mz igc%n%rlﬁtisogi@mottn@i eMiie ARRAIME cREuil PMEERHIR )27 For lkGRMENG! €S- AN
exanpl e of "simTar requenclies 1s en The x MHz I's wthin a w ndow, e.g.,

wi thin k"‘ﬁnoééﬁ 1 of Hle Lﬁ*p%dmcé\/'ﬂﬁtéh{ng%awm b R e SRR S of B X Mz RF

gener at or lgure 2 1's not simlar to the mMiz RF generator and the y

Miz RF gepglalid nRhchfde04icBit 4155 AXOinoflelbaMpld AntidBedanddHBr ME iGBRBAAL OF .
[00108] It is further "noted that in various enbodinents, a different type

of sensor niaéhi'rlg%ﬂcdimﬁaaﬁhwﬂfin LNGiniaWVHZ: aRdhil W09t FRNRIRIAES of RN t hat
used in each of the x MHz and y M+ RFggenerat ors. For exanple, a sensor

that does;fQbafel MRlcHingidhictiie M sohe ShBaRRERs, R iH?&Qnde Mndidhéhg @iz 1 18-

generator. ‘As another exanple, a voltage sensor that neasures only voltage
is used i { doh&miMr¥sthe Rhped&iee hidfcRing circuit 114,

[00110] The impedance matching circuit 115 includes electrical components, €.g.,
inductors, capacitors, etc. to match an impedance of a power source coupled to the impedance
matching circuit 115 with an impedance of a_load coupled to the circuit 115. For example,
the impedance matching circuit 114 matches an impedance of the m MHz and n MHz RF
generators with an impedance of the plasma chamber 134. In one embodiment, impedance
matching circuit 115 is tuned to facilitate a match between an impedance of m MHz and n
MHz RF generators coupled. to the impedance matching circuit 115 and an impedance of a

load.
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[00109] It should further be noted that in an enbodi nent, the inpedance
matching circuit 115 is simlar to the inpedance matching circuit 114
(Figure 1). For exanple, an inpedance of the inpedance matching circuit 114
is the sane as an i npedance of the inpedance matching circuit 115. As

anot her exanpl e, an i npedance of the inpedance patching .cjrcui 15 is
within a windd@11Ll g It shqgld he potedythaiaan SIF‘b?qﬁ'@e'lt’rfBeeé'ﬁﬁé%S%Bﬁs’oP e ?%‘édance
matching circuit 114. |In sone enbodinments, the inpedance nat%th circuit
115 i s notimipmip)the R grapypission g d e &gt dhi Y eéf"f‘g'gi qn 1ppgdance of the R§n110] The
i npedance natghing circuit 115 incl udes elegtrical conmponent s eﬁg.

i nduct or stransayssien d18¢ 237 kst the sype padlt RSARNFS B HﬁﬂyéuﬂﬁmggﬁBJﬁ?I%%u e coupl ed
to the i npedance matching circuit 115 with an i dance of .a | oad coupl ed
to the ciftothef epmple. gpimpadancs|ob the i transussion dige ﬁg-?tshwmj" &i'FRMt e€24 nat ches
an i npedance of e MHz and n RF gener at or, ith.an i dance of the
pl asma chgﬁﬁéﬁofégﬁ°$%eBﬂ@ggﬁ%8%$g%ﬁf?mgﬂﬁ583WEéf ciHY © %B§WPQ&115 is
tuned to facilitate a match between an jnpedance of MHz and n MHz RF
gener at or e SEUPPERISIY ll“ﬁég{]‘ﬁﬂ%tcfé{?f@étﬁ? Wﬁ'{jm&ﬁs‘l"ﬁgl‘? mflS and an i npedance

of a | oad. [00111] It should be noted that in an enbodi nent, the RF
transmi ssi on |[08d2P8 The plasinarichamrbet &34 indduds an rEdils Hi2s an opper eleetrotie 264.Fi gur e

1). For exanple, an inpedance of the RF transmission line 287 is the sane
as an i npediasthe pafts {roe shehwn), reag sam wperodielbatrieridgl SurroAsdiggndit weper eleamplee, an

i npedance of the RF transm ssion line 287 is within a window, e.g., within
10- 20% o264, he vpppettanale esfentidresuributdimpnbeiuppsr adieldcirigeringl 8 lowen diedacirgus

enbodi nents, the RF transmission line 287 is not simlar to the RF

t ransm ssiiegsdrionsdirigl Blower electio@0df1tRd EJH 9% ladewa elshisedo gxtedsiop surreundidgs an ESC
192, an upper electrode 264, and other parts (not shown), e.g., an upper

di el ect ri therlpwey delactrisuingi angippéreplaspp exclesicanconoPEZD 64g, adewargiFérring| &et r ode
extension surroundi ng the upper dielectric ring, a |lower dielectric ring
sur roundi e eppeneleqtrodd 2@t is dngeted pppokite (ESE! fagmg the ESEWER. A wetkrmiete 26%t ensi on
surrounding the lower dielectric ring, an upper plasma exclusion zone (PEZ)
ring, a | eeepsqpgondngier, wagercetc.;Tih suppeitrdron @ spner sifaco¥B of the|E§EalidedEebposite to
and facing the ESC 192. A work piece 262, e.g., a sem conductor wafer,

etc., is slihpopresdledgrrdad6dipiethe owef eleatrodes s thé ESG d 9EBnadg 2f a mgtah ecf: t he
upper el ectrode 264 and the | ower electrode of the ESC 192 is nade of a-
met al , e. gluminym, pllqypipluginugy cepperadteini num copper, etc. [00113] In one
enbodi ment, the upper electrode 264 includes a hole that is coupled to a

central gas fe@p11BN0tn ShOMModimERE the @Pper lectas 264886ludeS & Bbl¢ @Rt RRGuplid Nor e
process gases froma gas supply (not shown). Exanples of a process gases

include ag, PYMAETaE Pkl Rhdd sV The EAEH S fddd reckhE€dne K AFR Fi5ce gadespr 0CESS
gas include a fluorine-containing gas, e.g., tetrafluoronethane (CFA sul fur

hexaf | uor irds { Sk@)ppl@sadhbway. dBaMpRe of £gibdss gBkLinclhianlgy gdn-@hAkingode 264
is grounded. The ESC 192 is coupled to the m Mz RF generator and the n MHz

RF gener algy sWhastdie OMBesanpes Bd phiced g8 inclild a Hdbrine-containing A4, k4d., When t he
process gas is supplied between the upper electrode 264 and the ESC 192 and

when the pauihéorbifetBb @CRY, QilfiR hetaNGorite Wb1Z), RExBa618ERInG (CFWPEL.T e ypp¥er Vi a
t he i npedance matching circuit 115 to the ESC 192, the process gas is

ignited teQlegeuienss @ fhmded Miet EBON92He c@lpid N the i MI1es RE geéherator and the n

MHz RF generator via the impedance matching circuit 115.

[00114] When the process gas is supplied between the upper electrode 264 and the

ESC 192 and when the m MHz RF generator or the n MHz RF generator supplies power via
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[00115] It should be noted that the system 128 | acks a probe, e.g., a
netrol ogy tool, a VI probe, a voltage probe, etc., to neasure the variable
at an output 283 of the inpedance matching circuit 115 or at a point on the
RE transm ssion |line 287. The val ues of the variable at the nodel nodes N 1
m N2m and NAm are used to determ ne whether the system 128 is functioning
as desi r ethe impedance muptehing| cirepit $hotgl the BFS d 9heheBroesss 3aif ignieditp geRed§i nent |
the system 128 includes any nunber of RF generators coupled to an |rrpedance
mat chi ng Plpyeavithin the plasmq chgmber]l3€i gures 11A, 11B, and 11C are di agrans of
enbodi nents of graphs 268, 272, and 275 t hat |Ilustrate a correlation
bet ween vol t ageo118} 9 It sh6d@be mnhﬁmmexﬁ RAShcké @lptodg e, . B fistroldgh &ol,i S
neasured at the output, e.g., the node N4, of the inpedance matching
circuit 1347 efbguw Witdge protehétd), folifeasirs the Wardabfe 4t lah gutpa 283 obihe Whpddgn@ Vol t age
probe and a voltage, e.g., peak voltage, etc., at a correspondi ng nodel
node out phhhichiflg Gircuitt NI (ﬂQﬁQ PN onCiBé R!Fnﬂ'ziﬁﬁﬂlsﬁ&i g bée MEHeh@died OR tHeFi gur e
2). Moreover, Figures 11A thru 11C are diagrans of enbodi nents of graphs
270, 274, vmdleameﬁﬂa,aél nlolids STk, 212¢h, anCR4m aleaistdd deeintife whahdriiendysted. g. , RVBS
current, etc., that is neasured the output, e.g., the node N4, of the
syst em 12628 iFfupttionink)as Bagiredsi ng a current probe and a current, e.g., RMS
current, etc., at a corresponding output, e.g., the node Ndm determ ned
usi ng the net 2 Lgure . ol.t age det usi ng the
met hod 102 isqgﬁl% f Sgﬂ‘ggﬁls?(g%%tégqga% eJé'c %Oé{lme‘rllt %‘éé‘/ Sgﬂveff@m&uglesz% and the
vol tage d ted on a y-axis in each
gr aph 268%@{/%10 %F'ﬁg,!?@% éﬂ;ﬁ]q’ af) cgglgﬂr&rng ?chﬁetterm ned using the nethod
102 is plotted on an x-axis in each graph 270, 227, and 277 and the current
det er mi ned usilfi1The Figwasdif, priblad il KC plesliageahsof embwimﬁritsofl grapha @h8.gr aph
270, 227, and 277. [00119] The voltages are plotted in the graph 268
when t he 272vidrd RFS gahdlusgiray ajcarrgdgiondiefvepgmvoltagege.g., projvEicar] sgiare @%9% and the
y MHz RF generator and a z Mz RF generator, 60 MHz RF generator, are
nonoper at VoJrae: eice. that is peasaied @t Be outpde € Gu ecnpde Ngﬁm)ﬁ the impadansamedéchingt chi ng
circuit 114, etc.. Mreover, the voltages are plotted in the graph 272 when
the y M—IzClletg]éﬁeﬁle@rl)l\Slthblpélea‘b’Ftefnall26e(ﬁwmteh]é by wping ¥ VAaEe RFObgeRérat ors are
nonoperatlonal Al so, the voltages are plotted in the graph 275 when the z
Mz RF geleliRge sre- ’|P§al‘o]5%‘|a&et E6nal 2 eRitssronding mede} nedeyprtpytye. s;etﬁ@ peded¥m.ar e
nonoper ati onal . [00120] Simlarly, currents are plotted in the graph
270 when f¢iermnesipsingthe gusthod 402 (Figuse @pé\fl%@?vshgrgureéI@Athrbé@%ﬁ@dh%ﬁmet c., and
the y Mz RF generator and a z Mz RE generator are nonoperational, e. g
power ed oPfembogdimentajof graphs Rd0,2d ¢ a2 th«'r‘téll%ur%méwemmﬂ P@W@ﬁ“éﬂﬁe%?&g when t he
y MHz RF generator is operational and the x enerators are
nohoper at urrenty &l¢y, thit pemeasyrediie sutayte-&i the 'EQSIB N4 °ftq‘FeSy§‘F%l RO G¥ErShen the z
MHz RF generator is operational and the x and y MHz RF generators are
nonoper at PHHspg 2 current P@@?LQ‘ﬂaF\:‘“e@ér? B RMR SRTGNG eacth 2FOHPROBRAE OWPES  and 275
that an approximately |linear correlation exists between the voltage plotted
on the y 5%1’Q‘C(S‘Pdet%“§re‘§5‘|‘\‘“"éjd’dmﬁl‘r§‘%‘f"f‘d&% Figwst Ped on the x-axis of the
gr aph. S| mlarly, it can be seen in each graph 270, 274, and 277 that an
approxi mat el y [00n8ar Tiar vothgt deteiminkd asisg the tmeded 10D és pjumterdemtanpd-mﬁst md on the
y-axis and the current plotted on the x-axis.

each graph 268, 272, and 275 and the voltage determined using the voltage probe is plotted

on a y-axis in each graph 268, 272, and 275. Similarly, the current determined using the

method 102 is plotted on an x-axis in each graph 270, 227, and 277 and the current

determined using the current probe is plotted on a y-axis in each graph 270, 227, and 277.
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[00122] Figure 12A is a diagram of an enbodi nent of graphs 276 and 278 to
illustrate that there is a correlation between a wired wafer bias neasured
using a sensor tool, e.g., a netrology tool, a probe, a sensor, etc., a
nodel bias that is determ ned using the nethod 102 (Figure 2) and a

mat hemat i cal conversi on, an equation etc and an error
in the nodel 69%&9}rhéhml@aesmIéPttesﬂra@etgrfab 2§%wbqndbft EMHzRE ¢ H8CTRORISh 276 i s
nmeasur ed at point, e.g a node, on the RE transnission line 113, e.

g.
t he node N?efat‘PPf’é %dé’wﬁf?d Oét"éc  angthe; y\MHz RE; geperiiop ande 4 MHz R 2873 F he nodel
bias that is plaoft in the h276| det er m ned t Gorr e pondlng
model poi fé; El\dh SCNTHHRE g‘i‘?o'g’éoﬁ’ﬁrafof‘ﬂ £-Be PRBEET oo &C"r@ﬁ‘} (Fl gure
1), on the RF transm ssjon nodel 161 (Fl ure 1%6 The wire ?I as is
pl ot ted al"igense Paiehing cirait Hé gf- ad‘ﬂorﬁ‘?@r '?f'dvot“ﬁ ﬁﬁd@?“%‘& P§|?J ted al ong

model b a¥he b SFERF e e w%zgéé%h{e o ﬁﬂﬁ%%gagﬁ?g’?sa?fg? o

operational, and the en rator i onal .

Nbr eover , NNQRETAHRAR Aﬁﬁy @e B?Itaé?sé’b"rpl%‘ 7 eé@?‘é aﬂﬁﬁgﬁgzghgg&{?é% on a2*V2
+ b2*12 + c2*s tx resents ltiplication, sqgrt

repr esent 5 °B°" §%ﬁ¥%d§%&@gywxgﬁﬁﬁn8r§@ﬁsta§ V/od‘f)?eéﬁgmg? an out put of the

i npedance mat chi ng nodel 104, 12 represents current at the output of the

i npedance mat de¥20] ndeilarlyOdyrredR are piattsd i shepgrapghr 2 where theut MHz 8F - t he

i npedance mat chi ng nodel 104, "a2" is a coefficient, "b2" is a coefficient,
"c2" i s agoemidisgipentionabng., poired e, eiccamishanMHzRgenerator and a /U1 RE] The
graph 278 plots an error, which is an error at a nodel node on the RF

t ransm ssgowralar nee nandpdratib6dl, ¢.Ei gowearedldff, @¢.g Alsoathetdugemoere plotted iy thet t he
node N2m etc.(Figure 1), on a y-axis and plots the nodel bias at the nodel
poi Nt on amplx 2&xwvhen tithe MR geaerater isj operational andrthe xang z MEz\R3y geaeraters a
standard deviation, etc., in the nodel bias. The nodel error and the nodel
bi as ar e pleoonemratinnal.hehlspr Hphrua?8s algemotted an he\siaphRE Tgelhearthe oMz RF
operational and the y and z Mz RF generators are nonoperational.

[ 00125] Feepgrator isxBeiatioral afid dleprxaamd oMHANRE edyeditareare nerfopgyatigpls 280 and 282 to
illustrate that there is a correlation between a wired wafer bias, a nodel
bias that is dgheim nednwsidedid en ma 3 2arlahh 9 tafan) I@ﬂq]a@ ehemat i cal

conversion, and an error in the nodel bias. The graph 80 and 282 are
plotted i Rofb1diBARRikts aiemelemhetm&gzepﬁfeamsth@?y@xﬁm R Sraplrlafil iR vbRANe eXcept
that the graphs: 280 and 282 are plotted when the y RF generator is

oper at i oNglouddich hé@-aXis 3Nhe ZraphiZ sifilaBR HELALO kS M EacROAPPETALTN AR 277MOr eover
t he nodel "bias of the graphs 280 and 282 is determ ned using an equation

a27* V27 +ufa2ds dppoximdiedy TildaF borfeRddn existél BefweahhiBE urreMZplottet @R MRSEMiISando! t age at
an out put of the

the current plotted on the x-axis.

[00122] Figure 12A is a diagram of an embodiment of graphs 276 and 278 to
illustrate that there is a correlation between a wired wafer bias measured using a sensor tool,
e.g., a metrology tool, a probe, a sensor, etc., a model bias that is determined using the
method 102 (Figure 2) and a mathematical conversion, e.g., an equation, a formula, etc., and
an error in the model bias The wired wafer bias that is plotted in the graph 276 is measured
at a point, e.g., a node, on the RF transmission line 113, e.g., the node N1, the node N2, etc.,

of the system 126 (Figure 1) and the model bias that is plotted in the graph 276 is determined
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i npedance matchi ng nodel 104, 127 represents current at the output of the

i npedance mat chi ng nodel 104, P27 represents power at the output of the
i-mpedance matchi ng nodel 104, "a27" is a coefficient, "b27" is a
coefficient, "c27" is a coefficient, and "d27" is a constant val ue.

[00126] Figure 12C is a diagram of an enbodi nent of graphs 284 and 286 to
i11 ustrat® hhaerespradivgimodgl pojpty ggattheomodrdmgdeN 1, theraefelagds NB.a&¢ a nodel
bias that is deterni ned using the nethod 102 (Figure 2) and a nat hemati cal
conver si ofiguEn Y gk therkip ransmispine medelelol pigare Irnhdheviph @afehiag ifcploisd ar e
plotted in a manner simlar to the graphs 276 and 278 (Figure 12A) except
that the YPeEshs2o%n e garhgdo arrdethi)ma@?ee Bigs iRiofed HengAnpraxisigcthg greh 2tr i s
operational and the x and y MHz RF generators are nonoperational. Moreover,
t he.nodel bi -agoa123t hahg warpheafeBstasaind thdfodelbidateyl stted @fithel glaplg2 B WiRGUAL | ON
a60*Vve0 + b60*160 + c60*sqrt (P60) + d60, where "V60" represents voltage at
an out put thefx tNIHz i Ripg@drsiér abpditidgalmanke|thel §4andl @BOMHRPRE S@hératosUAeent at

t he out put of the inpedance natching nodel 104, P60 represents power at the
out put of ndnbgerativpsid aVicreoveRt thd infodel iidedf gtiph, 27686 Aeteinsned Bigfdni egjuatoh, " b60"
is a coefficient, "c60" is a coefficient, and "d60" is a constant val ue.
[00127] Fazj¥2er B2 #s2¥sqdi (BYr -ad2,ofhean" & nwebene niultplicaioapiqe ra@&emnd 290 to
illustrate that there is a correlation between a wired wafer bias, a nodel
- bi as t hat square dedte V" ngieseris n@tagd@ aiitpadof bR injfeilahue Mmathinghdbdel 10BtIbemat i cal
conversion, and an error in the nodel bias. The graphs 288 and 290 are

pl ott ed i repasamsreneent 81 the dsput dHxhé gpedanapngtcBdHmaded 1RF B2 (cdpregentscpod@idt except

- that the graphs 288 and 290 are plotted when the x and y Mz RF generators
ar e oper athe ontaiit, of ahredimpbdance tvizhilgFmgdeh é0dat' a2’ is scaeffivepe ' iionedeffiddnt,eover ,

t he nodel bias of the graphs 288 and 290 is determ ned using an equation
az2*V2 + bZ2I B aroefHeiemyrdnd ('¢2)is arcapl@amtValde.+ e27*1 27 + f27*sqrt (P27) + g227,

where "d27", "e27" and 127" are coefficients, and "g227" is a constant
val ue. [[001248] ThE GHAPIE 2 Aotk §n &rdl! AIERITLRE @r'% gmading&Ny /L R aphs 292
and 294 to iII[ustr]gte tgaP t here ?ns a correl atircr)n tetweerﬁ1 a vﬂre waf er

bi a5, & RgiehsBbRnd Baker 11 ARLAY 11 BEdatinl e N1B, BRRDRGE 1, CEl Bre 2) and a

mat hemat i conversion, and an error in the I as. e graphs 292 and

294 are PLObY &4k ol PRATAY mideTbkak dombAPpBRARNA LA, ARE il bt QT e 124

except that 't grap 292 and 294 are plo en the x an

gener at or g, &td?, OPES rfafidah staAfh debReidh, Mo irf¥he 3RBA WAL OMhé fholQRABEMAL | Onal .
Mor eover, the nodel bias of the graphs 292 and 294 is deternined using an

equati on AZnAerbiBiard dorkd e dfibh oRPMneh HOPMMBRr o ABRIoI RQpdnd SR 9T L (PBO)
+ g260, where "d60", ™e60" and "f60" are coefficiénts, and "g260" is a

const ant ¥akWgd z MHz RH 282915 afd fdHéRr=kdfall S a di agram of an enbodi ment of
graphs 296 and 298 to illustrate that there is a correl ati on between a

wi red wafer bias, nmpdel hias that is deternined using the nmethod 102
(Figure 2) and 00125, iashen 14,56 2 GBS Pl CmpREiTERt of £BPTS #50U #0 81 b as.
The graphs 296 and 298 are plotted in a manner simlar to the graphs 276

and 278 ( Bugfiaice thed Hereaisc sormelptinn bateey 2 ired peder hies. 2omodgl igs) Bett 8d when

5 nonoperArTURARSRAF SR 07 AaH AL ag RubsiaCH CoPRISs 68 I 208 | o
L P
i agr am of Mo @A eieP bt ghe GRETED st oie eloted MIEH P s MIFRKE  her e 1.
st ng ¢ NoEHEEIOE Stsanpt S B 5 eEt B sl e ponBpsrar et an o r or
to the or deretsfEos S e oaiegl g B deedifeo e Pree i pE 302 and so4
Nor eover | ERREIE 21 St (BB B §PERnY 2808 it oG SPW B Ssi ng an
equation a2*V2 + b2*12 + c2*sqrt (P2) + d60*V60 + e60*160 + f60*sqrt (P60)

+ Q27*V27 + h27*127 + i27*sqrt (P2%y + 22760, where "g27", "h27", and
"i 27" are coefficients and "j22760" is a constant val ue.



[00131] Figure 13 is a block diagram of an enbodi nent of the host system
130. The host system 130 includes a processor 168, the storage HU 162, an
i-nput HU 320, an output HU 322, an input/output (I/0O interface 324, an 110
interface 326, a network interface controller (M) 328, and a bus 330. The
processor 168, the storage HU 162, the inBut HU 320, tgg gutggut HU 322, the
110 i nt er Fpedange matching mads! 104, d2f Jepsessnty cuneqy of the REPu At By dMpedatefed wit h
each other via the bus 330. Exanples of the input HU 320 incl ude nouse, a
keyboar d, maickipg mgdel 18¢.F27 rsprespite ROV af g OBEBP‘p{}ttheI—B‘pS%C‘? merciae™9di spl ay, a
speaker, or a gconbinatjon thereof. The display. ma .a liquid, crystal

di splay, 2%i @ﬂcﬁ ’%Fricf’?fjﬁﬂﬁmdn%elsd? §?ﬂr}§‘i}?m’a Cég{ﬁc?déoe@ffmf L?B& d% gt dsnma

di splay, etc. Exanples of the MC 328 include a network interface card, a
networ k atPRpeRrvalugt ¢ [ 00132] Exanples of an 110 interface include an
interface that provides conpatibility between pieces of hardware coupled to
t he i nterface.[0H25] eXigupd €2C ishe dlag@mi oft &r éaldimdd of grapkey 28 ands2agnal

received fromthe input HU 320 into a form anplitude, and/or speed.

conpat i bl Bluytrdieh tHah ehebeuss 3 30rrelipnaleotdeera exadpladsr bilse al thodel ritiasr thaics 326
converts a signal received fromthe bus 330 into a form anplitude, and/or
speed conpatrinided using thetnethod UOP (Higurk2B32@.a mathematicfl 0OMv8Bjon] 4ndjag errotisd t hat

al t hough t he above-descri bed enbodi nents are described with reference to
paral | el fheatodelpizas e grighedet andi2B6 am plogedbiodimmndr sintihetodkyxogrephd @8camidbed
enbodi nents apply to other types of plasma chanbers, e.g., a plasm chanber
i ncl udi ng2#h (Higweid2A v edcgptotbatphe @raphsagdfnar(d| 239) are ednsted whem thyl adilz RHanber

-i ncludi ng an el ectron-cyclotron resonance (ECR) reactor, etc. For exanple,
t he x MHzgdReratpe icoratatonahami ththe apd }VMEHART gengetaas ae nenopergvangl. ddoteovean

i nductor within the I CP plasma chanber. [00134] It should be noted

t hat al t hteghodehbiaslvb vie- grephs ra84 eaid &% del idetermtiredr esingt an eqyatmoabOdVely +an RF
signal to the electrode of the ESC 177 8Fi gure 1) and the ESC 163 (Figure
10), and beWTRd+ rr§OtsHe @pPet d6P.cwhared¥60™ RPresets Pdpeg A gurosgut obdg 10), in
several enbodi ments, the RF signal is provided to the upper el ectrodes 179
and 264 wimpedarchendichingr meded dO#.016 srepresents ecuEgTsat Xipey owtpe afe®e dmpedgresunded.

[ 00135] Enbodi ments descri bed herein may be practiced with various conputer
syst em cofeiching atodelnd4; PRO| reripsspts Ravier-ah 8lepuipdt efile EnreAince maighing Gi9delcessor
systens, mcroprocessor-based or programabl e consuner el ectronics,

m ni conpud @ s'a60rep af qoglfisicrto Nkt éy 8 cagfticienie" 0Pk is. 2 yopficigpb i nEPl s's @an al so
be practiced in distributed conputing environnents where tasks are

per f or nedc@nptapiediiee processi ng hardware units that are linked through a

net wor k. [00136] Wth the above enbodiments in mnd, it should be
under st ood t hajpoi2ne GTRdiPIBH & dEafant 6P b ¥m¥adimetd of GaipRd eS8 andpdoeisent ed
operations involving data stored in conputer systenms. These operations are
those requivsirddd (RIPYEIE N alRREREINAbIREN0F viakY SWaFél bigd)aninolidl as day isof the
operations described herein that formpart of the enbodi nents are useful
machi ne opgaemiihddnSing Theem@RHAOWD NERES 2Rk MmehérhaAiSallcOn\@rsival shiaunermdnint or an
apparatus for perform ng these operations. The apparatus may be specially
const r uct @ rhcdel tasS TBE graphs 288 ARIDO0 aePlusk®in. a e sttrilar vatble grapts 23@acl al

pur pose conputer, the conmputer can al so perform ot her processing, program
execut i on 208 (Figikd 1279%xédpaihatth€graghs 28 aid 250 drdrflotqdediea ltheplandosMHz WK | e sti | |
bei ng capabl e of operating for the special purpose. In sonme enbodi nents,

t he oper ajgbRsoriB dperafidial; @56 6@ A)Ha RFesmE@ior idaofegationdId Matovegliect i vel y
activated or configured by one or nore conputer prograns stored in the
conput er mRJdErYias cfabd) eraplor28shinaizo@ds dsteaminad nehgvan kquaire *¥2t -8 b292 abt ai ned
over a network the data may be processed by ot her conputers on the network,
e.g., a clkougrtgf2)cadiptiVing e2ESur £25%sqrt (P27) + g200dIB7d "d2ME "eR7" and &27"

enbodi nents can al so be fabricated as conputer-readabl e code on a

non- t r ansiateabyfficiempuherg2p Bddalinstammediveem The non-transitory

conput er-readabl e nediumis any data storage hardware unit that can store
data, which can be thereafter be read by a conputer system Exanples of the
non-transitory conputer-readable negi uminclude hard drives, network
attached storage (NAS), ROM RAM conpact disc-ROVs (CDROW),
CD-recordables (CD-Rs), CD-rewitables (CD-RW), nagnetic tapes and ot her
optical and non-optical data storage hardware units. The non-transitory
conput er -r eadabl e medi um can i ncl ude conputer-readabl e tangi bl e medi um

di stributed over a network-coupled conputer system so that the
conput er -readabl e code is stored and executed in a distributed fashion. -



[ 00138] Al though the nmethod operations in the flowhart of Figure 2 above
were described in a specific order, it should be understood that. other
housekeepi ng operations nay be perforned in between operations, or
operations may be adjusted so that they occur at slightly different tines,
or may be distributed in a systemwhich allows the_ occurrence of the

pr ocessi ng opép‘gtngnglg&fe %lsoﬁglagrﬁ{“eﬁ’v@l gmbpdimsat ot 8Pk 197 ?Iﬂez%rthesm ng,

as long as the rocessln of the overlay ions are for d. in the
desired waystrate that Pﬁfflf:sQ cesdatop bRy 1M ﬁ‘?é%"’} r Yy dnjpo n® may be

SSB‘SL??ﬂg&%ﬁm‘e’é‘ﬁaﬁé@s staadt gk l?wr@arrﬁ%’t :erﬁ%%%%%é‘énagg%?%ééd 0 the

t 1 Al

E”gw Bedelbigs Wr@efé% nﬁ% Pl lgaisza%faqré{n?% %%%ﬁé?éﬁﬂé?ng?vﬁ
d

W thi ot ne e B %w%ﬁtrtb fmap R R9T e Bt ﬁgﬁ@n ﬂfe g redupRPc' o

enmbodi nents are to be co 51 rﬁh[?[ #F ulslt rta;tlv% aré i MSt I‘VI ctlve and

t he errbod%“r‘?ﬁ'i"i‘{"és Y ePHgiongly a‘B’ fYM tad 1A BPATReE 8‘?"\/e FeErer 1 but may |

b dified h h I f th d
CAING 1. TRITARSh o ﬁr%?%fg“&%nﬁg il BB SEL AT

2 iret con %sﬁzé%‘{&?%e@éﬁwﬁﬂ o' AP 22 SIRI S ety g™ 1

gener at or wh er%%men% and% qsa%ﬁ%gsm%\,ﬁge pled to a plasma chanber via an
|npedance et circuit ance matching circuit having an input

coupled to the output of the RF generator and an output coupled to an RF
transmi ssion [[P#@J] Figure dR¥her adiaggmaef imprekidicat vhgwhhngnudel®8based on
el ectrical conponents defined in the inpedance matching circuit, the
i npedanceillvsttachithag theeed il 2 rawelatipnabetverpua wared veaferobiesp modeliéJI?lSniheit 150f t he
i npedance mat chi ng nodel receiving the first conplex voltage and current,
t he i npeddeteraingdtusing g metidd|10P &kigureg 2band agnathaspaticad cenversion; andrap Sergini ng t he
first conplex voltage and current through the one or nore

the model bias. The graphs 296 and 298 are plotted in a manner similar to the graphs 276 and

278 (Figure 12A) except that the graphs 296 and 298 are plotted when the y and z MHz RF

generators are operational, and the x MHz RF generator is nonoperational. Moreover, the

model bias of the graphs 296 and 298 is determined using an equation a27*V27 + b27*127 +

c27*sqrt (P27) + d60*V60 + e60*160 + f60*sqrt (P60) + g2760, where "a27", "b27" and

"¢c27" are coefficients, and "g2760" is a constant value.

[00130] Figure 12G is a diagram of an embodiment of graphs 302 and 304 to
illustrate that there is a correlation between a wired wafer bias, a model bias that is
determined using the method 102 (Figure 2) and a mathematical conversion, and an error in
the model bias. The graphs 302 and 304 are plotted in a manner similar to the graphs 276 and
278 (Figure 12A) except that the graphs 302 and 304 are plotted when the x, y and z MHz RF
generators | are operational. Moreover, the model bias of the graphs 302 and 304 is

determined using an equation a2*V2 + b2*12 + c2*sqrt (P2) + d60*V60 + e60*160 + f60*sqrt

39



el ements fromthe input of the inpedance matchi ng nodel to the output of

t he i npedance nmatching nodel to determ ne a second conpl ex voltage and
current, wherein the second conpl ex voltage and current is at the output of
t he i npedance mat chi ng nodel ; generating an RF transm ssi on nodel

based on c¢ircui o defined in t transm ssi-pn line, the RF

t'r ansmi ssﬁ’éh) hﬁéi@kﬁgﬁg'vffr}gg@ﬁ ‘ﬁﬁiﬂl‘? g%g*'dﬂz%égr"btﬁfe, g?ﬂ)e I?quplﬁ“do&?t #E RF
transm ssi on nodel coupled to the output of the inpedance matchi ng nodel,
the RF t refsEifeas %Jﬁgggl‘sﬁéﬂ’ﬂsﬁ@”&l“ﬁorti on that includes one or nore

el enents; and propagating the second conpl ex voltage and current

t hrough t he oneoisl] nFigaree! eiarisckafiagrdne ofRkn Embudanans sf e hovndedtenpaBd@.i on from
the input of the RF transm ssion nodel to an output of the RF transm ssion
nodel por Theohost eystei B30nin¢ladea atprodeshor O6R) lttexstaradet G d 62,nah iaput TN B20,wher ei n t he
third conplex voltage and current is at the output of the RF transm ssion
nodel por butpn HIP322T ireinpritonpdt @0) tritafane 3124, whEO enterfach 824, h hetvodkdmptfgx vol t age
and current received is neasured at the output of the RF generator with a
vol t age acwhtroller (NIE) 338,0iné a buh 830y dTHe pyeeamd] 6Buthe stotage HObS2 ctht inpnalil e d
according to a pre-set forrmula. 3. The nethod of claim2, wherein the
pre-set f320rtHesouimmt HUsI22ndha i intkrfadehi4nthe Abingfface 3onw, theyhNéE 82%haehe
standard is a National Institute of Standards and Technol ogy (N ST)

st andar d, covpled eiith ehdheothen viaghebuar3d0.c Gixangrds of thebeput HUCI20phohaie windusam open
circuit, a short circuit, or aload to calibrate the voltage and current
probe to keybpdrg, antylbs, ette BXaShles pfathel anigut BU 3Thancinde halibply, aipaiker, br anher ei n
the third conpl ex voltage and current includes a voltage value, a current
val ue, ancbmebipgtiar ¢heprof. wdba display wal tbegeliquad omystalndispidye a dightr emitting adiede

display, a cathode ray tube, a plasma display, etc. Examples of the NIC 328 include a

network interface card, a network adapter, etc.

[00132] Examples of an I/O interface include an interface that provides
compatibility between pieces of hardware coupled to the interface. For example, the VO-
interface 324 converts a signal received from the input HU 320 into a form, amplitude, and/or
speed compatible with the bus 330. As another example, the I/O interface 326 converts a
signal received from the bus 330 into a form, amplitude, and/or speed compatible with the

output HU 322,

[00133] It is noted that although the above-described emﬁodiments are described
with reference to parallel plate plasma chamber, in one embodiment, the above-described
embodiments apply to other types of plasma chambers, e.g., a plasma chamber including an
inductively coupled plasma (ICP) reactor, a plasma chamber including an electron-cyclotron
resonance (ECR) reactor, etc. For example, the x MHz RF generator and the y MHz RF

generator are coupled to an inductor within the ICP plasma chamber.
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6. The method of claim 1, wherein the output of the RF generator is used to
transfer an RF signal to the plasma chanber via the inpedance nmatchi ng

circuit and the RF transmission line. 7. The nethod of claim1l1, wherein the
el ectrical conponents of the i rrpedance rrat chi ng circuit include capacitors,

i nductors, or a conbination there hod of claim1l, wherein the
‘el ements of t H13MheMshewd %ﬁ%ﬁ@lt% aW’(S’él@l thF hkqvaa@ce%?ﬂaab%mgms relaiet ors, or
a conbi nation thereof. 9. The nethod of cla ein the electri caI

conponent BOWHINg ap B4 Sigaal terhecichlecaf taffIC FWC(IFI&:I@ ld a&‘@)% B35t 68 hEigyre
capacitors and inductors, wherein the elenents of the inpedance matching
model havE)spif [EEunding thec tener slergadend 79 pad 25f Fieareg) ledtd i'@alin cB¥fnent s of
t he i npedance mat chin % circuit. 10. The nmethod of claim 1, wherein the
third conﬁp@}?‘%ﬁ thg & érgaaldwwﬂ?d otthe ypperfigcpedes 479 efﬂe?%whtl? 184 <si on
nodel port| on is for use in a system wherein the systemincludes an

i npedance® %?é%loﬁ&e(ﬁspél}ﬁ%angﬂ@ %‘ﬁ&oﬂb‘@g a netrol ogy tool at an output of
t he i npedance matching circuit of the system wherein the systemincl udes
an RF transm 460138] | iBatodifm@dnte Xiedctib@iShegeimbialy e Qactitedovittavarup computedn t he RF
transm ssion line of the system 11. The nethod of claim11, wherein the
i npedancesy’®inC kbifigurandesl  isdhdiirtgh dakdheld arasiwases i units, modebpraressogesygems,ed Wi t hi n
a conputer. 12. The method of claim1l, wherein propagating the first
conpl ex volda@geecattbRed be piogiaimbighcondiened RECHINIAGD MEni@ingireny snainfamet he 1 nput
of the inpedance matchi ng nodel to the output of the inpedance matching
nodel to caipares o thé diks e Thnemisodimpdnesxcan alsb g @ratickddo rdiseibuted @npputhes :
determ ning an intermedi ate conpl ex voltage and current within an

environments where tasks are performed by remote processing hardware units that are linked

through a network.

[00136] With the above embodiments in mind, it should be understood that the
embodiments can employ various computer-implemented operations involving data stored in
computer systems. These operations are those requiring physical manipulation of physical
quantities. Any of the operations described herein that form part of the embodiments are
useful machine operations. The embodiments also relates to a hardware unit 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. In some
embodiments, 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 obtained over a network. When data is obtained over a network the data may be

processed by other computers on the network, e.g., a cloud of computing resources.
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i nternedi ate node within the inpedance matchi ng nodel based on the first
conpl ex voltage and current and characteristics of one or nore el enents of
t-he i npedance nmatching nodel coupl ed between the input of the inpedance
mat chi ng nodel and the internediate node; and . determ ning the second
conpl ex vol taﬁe and current based on the interpedi ate conpl ex voltage and

current and cROMEEk engor srorgembdiments ¢agradsodhectaprinaied g¢ computeTpdiifice
mat chi ng nodel coupl ed between the internmediate node and the ou BUt of the
i npedanceSI¥a LR ARy ARHEY computerpradablp mmediymy f The ngp-fransitory s amByiFr- M IRr
transm ssi on mpdel includes a nodel of an RF tunnel and a npdel of an RF
strap, th@edimiam dpta siores hardigse urit (atroan SR date wWhichygn Bedereatiorbe e et hod
of claim1l, wherein the electrical conponents of RF transm.ssion dI@i ne
i ncl ude aP¥®RHNPIRTiS¥YeT®T Exaipriesi of dhesnogrfepniiiea eqmpuier-rapfl e MRty Rd e rent s of
the RF transm ssion nodel have sim]ar characteristics as t he
el ect ri cal@d siyen o fitached perags SNSM- s%(sgniﬁ%ﬁe?o“ﬁ‘?t _%ﬁ“éﬁﬁ@}ﬁhg@'of cl ai m
1, wherein propagating the second. conpl ex I e and current through the
one or m?@%?’eﬁﬂ'ﬁ‘f"grdg‘f‘lest Eﬂapgﬁ)t Wﬁ@&o&ﬁ%@ - RSPRUCORRPSS B ?theé i nput of
the RF transm ssion nodel to the output of the RFE transm ssion el
portion tBPtHg]'taé'ﬁ %Oﬁ‘gpq%éﬂ‘%f‘?fagec%aﬁ%“r%&“K‘)E?n t@&ém%[%nsgﬂﬁyrcgwpm%%dr;lgpes:
determ ning.an inte diate co ex vqltage and.current within a
"t e medi BEGOR ARG F TG RS Aty TR TRl M kR ¢ ne
second conpl ex voltage,and current characteristics_ af. one. qr re
el enent s g‘?mlfuf‘f’é SRET aﬂ%ﬂﬁ%%‘i"@ﬁlgﬁﬁeﬁg%?ep%’ £ 1% or%oﬁnzil eé%%egt’“m?@h“? €% nput  of
the RF trisml%m' ssion nodel and the internedi ate node; and

asnion.

[00138] Although the method operations in the flowchart of Figure 2 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 intervals associated with the processing, as long as the

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

[00139] 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.

[00140] 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
embodiments are not to be limited to the details given herein, but may be modified within the

scope and equivalents of the appended claims.
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determining the third conplex voltage and current based on the internediate
conpl ex voltage and current and characteristics of the one or nore el enents
of the RF transm ssion nodel portion coupled between the internedi ate node
and the output of the RF transm ssion nodel portion. 16. A plasma system
for determning a value of a variable on a radio frequency (RF)
transm ssi on nodel , conpri sing: CLAai®l RF generator for generating an RF
signal, the RF generator associated wtn a voltage and current probe,
wherein the voltage and current probe is configured to neasure a first

X, 01 1298 i B SR o Al Bl Rlon MR SRS RECT - an | pedance |

mat ching circuit cou [0 genera I"as'ma’ chanber—

coupled to thqahﬂﬂﬁﬁﬁﬂﬁﬁhpﬁ%?ﬂﬁﬂﬁc8$§&ﬁit via an RF transm ssion line, the
g

i npedance natcﬁlng Clrcul avi ng an |n§Ut coupled to the output of the RF
t q . e S
generat or and an O!%Rtﬁlg&%ﬁ%ggogn r& Vollfze dEJﬁHﬁH&E&%@M@E&@gé}ﬁ BP9 the

processor coupl ed ator,- the processor
viar%%q GfeeMaL Chi ng
edance

first | i |
St oDl % NBBRRANL SIS oo RERGETH B0 AR SHRRGR T €1

(+
nodel based orf e ica onents

circuit, the i npaEaNGeuil iR TR hing Ut ithadig b APk BiffledB aRUt puUt, the
i nput of the inpedance

output of the RF generator and an output coupled to an RF transmission line;

generating an impedance matching model based on electrical components
defined in the impedance matching circuit, the impedance matching model having an
input and an output, the input of the impedance matching model receiving the first
complex voltage and current, the impedance matching model having one or more
elements;

propagating the first complex voltage and current through the one or more
elements from the input of the impedance matching model to the output of the
impedance matching model to determine a second complex voltage and current,
wherein the second complex voltage and current is at the output of the impedance
matching model;

génerating an RF transmission model based on circuit components defined in
the RF transmission line, the RF transmission model having an input and an output,
the input of the RF transmission model coupléd to the output of the impedance
matching model, the RF transmission model having a portion that includes one or
more elements; and

propagating the second complex voltage and current through the one or more

elements of the RF transmission model portion from the input of the RF transmission
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mat chi ng nodel receiving the first conplex voltage and current, the

i npedance mat chi ng-nodel havi ng one or nore el enents; propagating the
f¥ rst conplex voltage and current through the one or nore elenents fromthe
i nput of the inpedance matchi ng nodel to the output of the inpedance

mat chi ng nodel to determ ne a_second conpl ex voltage and currenf, wherein
the second corffdehoanpytenaf thy BE drgpsmassionimodghpoftion t%@ﬁwﬁ@{neaﬁmfdwgmmedance
mat chi ng nodel ; generating an RF transm ssion nodel based agn

el ectrical corgteApdCHER, HRgeip theithpl qemplex yAtAgE ard et s theopBUgE

transm ssi on nopdel having an. input and an output, the input of the RF
transm ssi on ﬁ?fd%lf"%ﬂﬁlﬂg’ﬂm%el?ﬁ‘@o’but put of the inpedance matchi ng nodel,
the RF transm ssion nodel having a portion that includes one or nore

el enent s; propagating the second conpl ex voltage and current through

t he one or re el nts .of the RE transm ssiqn nodel porti.on .fromthe
et O il Hibe SreiRE At Qe MHa e 5o A PHEE B Re ANt T 1 o1 o
nodel portion to detferm ne a  thi conpl ex, vol.tage .and current, wherein th
third Eorrpl ex VB thé?r?BtPBU?frﬂEﬂ{Pd ﬁ”egerg‘gr tH a%ﬂ?ﬁ%ar“dc?'f’mt“ﬁgméﬁiﬂler ansﬁir glsinon ©
~nmodel portion; and roviding,the.third conple ol tage and current
for st gr age tovogag&aﬂq %Pé‘i?n'rfg?tﬁ\\gﬁlﬂ%atgﬂﬁcfc?rd‘ﬁ!to aﬁﬂ%'sgg%qnéﬁvof clgai m 16, u\/\/ner ein

the voltage and current probe is calibrated to conply with a pre-set
formula. 18. The system of claim 16, wherein the pre-set fornmula is a

standard, er.@i‘,r_ne rg) o%lgnd?\r\xﬁerieﬁ”ﬁe I}lagelt 0naI lalisnassttgntyrhe of Standards and
Technol ogy (NI )ms andaf'd, ~ wherdith Fhe V(ﬁnflage ang current probe is
coupled with an open circuit, a short circuit, or a load to calibrate the

vol tage and current probe to conply with the NI ST standard.

4. The method of claim 3, wherein the standard is a National Institute of Standards and
Technology (NIST) standard, wherein the voltage and current probe is coupled with
an open circuit, a short circuit, or a load to calibrate the voltage and current probe to

comply with the NIST standard.

5. The method of claim 1, wherein the third complex voltage and current includes a
voltage value, a current value, and a phase between the voltage value and the current

value.

6. The method of claim 1, wherein the output of the RF generator is used to transfer an
RF signal to the plasma chamber via the impedance matching circuit and the RF

transmission line.

7. The method of claim 1, wherein the electrical components of the impedance matching

circuit include capacitors, inductors, or a combination thereof.



19. A conmputer systemfor determning a value of a variable on a radio
frequency (RF) transm ssion nodel, the conputer systemconprising: a
processor configured to: identify a first conplex voltage and current
measured at an out put of an RF generator when the RF generator is coupled
to a plasma chanber via an inpedance matching circuit, the inpedance

mat ching circuit having an input coupled to the output of the RF generator
and an out put coupl e .an transm ssion |ine; generate an
edance. mht HF AR ALFBals BEETEA SeRC A b LD FESHEEROIGa | n ¢ he

i npedance matching circuit, the inpedance t chi ng nodel having an i nput
and an outputfn?%gCﬂﬁBﬂF&Hp“WWEJFﬁﬁ@BQH@@“ﬁgF? i ng nodel receiging thg
first conplex voltage and current, the inpedance matchi ng nodel havi ng one
or nore el enents; propagate the first conpl ex voltage and current

t hr ough the nce mat chi ng

o] or re elements. fromthe input of the. i d
model to the& g'ﬁ‘f’ Bl?fhggf’&flﬂ@ i WBE&&HF@%@H%’W g%tggf m’tpgdalﬂg%)'g?t%il% a second
conpl ex volt d wh inth 1d . | t d t
C D e S S st e PR SRl JBREAFRS e
transm ssion rlrr[r)lde(za an l%afga C%Elo r}no%leleh%er gil%ﬁzlir cﬁaqg& M 1cnsta§ th%{a (];fI tt'l’]eee ec- réalt he RE
transni ssi on I'"REEHE fARsH s81 0N moder avi ng an input and an out put,

the input- of the RFE trapnsm ssian el .coupled to the output of the
i mpedance natéﬁpﬁamﬁ%8§$?"?%%mfﬁ“gggﬁé%ﬁggion nodel having a portion that

i ncl udes one or nore elenents; and propagate the second conplex
vol tage and current through the one or nore elenents of the RF transm ssion

model por ti n. i AHAG LARUL wRlroidS fiFa ohAAIS Thitite A ARERIar b2 ot PUL O
the RF transnission nodel portron to . _

the RF transmission model portion is for use in a system, wherein the system includes

an impedance matching circuit and excludes a metrology tool at an output of the

impedance matching circuit of the system, wherein the system includes an RF

transmission line and excludes a metrology tool at a point on the RF transmission line

of the system.

11. The method of claim 1, wherein the impedance matching model and the RF

transmission model are generated within a computer.

12. The method of claim 1, wherein propagating the first complex voltage and current
through the one or more elements from the input of fhe impedance matching model to
the output of the impedance matching model to determine the second complex voltage
and current comprises:

determining an intermediate complex voltage and current within an
intermediate node within the impedance matching model based on the first complex

voltage and current and characteristics of one or more elements of the impedance
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determne a third conplex voltage and current, wherein the third conpl ex
vol tage and current is at the output of the RF transm ssion nodel portion;
and a nmenory device coupled to the processor, the nenory device configured
to store the third conplex voltage and current. 20. The computer system of
claim 19, wherein the first conplex voltage and current received is

measur ed at t Heatehirggodelpouplpdberyeey dhednpit ofrthemprdagce patehipgmedediand the ent
probe, the voltage and current probe calibrated according to a pre-set
formul a. 21. THemediRsrds: 2&dst em of cl ai m 20, wherein the vol tage and

current probe is decoupled froma digital si%nal processor of the RF
gener at or . determining the second complex voltage and current based on the intermediate

complex voltage and current and characteristics of one or more elements of the
impedance matching model coupled between the intermediate node and the output of

the impedance matching model.

13. The method of claim 1, wherein the RF transmission model includes a model of an RF
tunnel and a model of an RF strép, the RF tunnel model coupled with the RF strap

model.

14. The method of claim 1, wherein the electrical components of RF transmission line
include a combination of capacitors and inductors, wherein the elements of the RF
transmission model have similar characteristics as that of the electrical components of

the RF transmission line.

15. The method of claim 1, wherein propagating the second complex voltage and current
through the one or more elements of the RF transmission model portion from the
input of the RF transmission model to the output of the RF transmission model
portion to determine the third complex voltage and current comprises:

determining an intermediate complex voltage and current within an intermediate
node within the RF transmission model portion based on the second complex voltage
and current and characteristics of one or more elements of the RF transmission model
portion coupled between the input of the RF transmission model and the intermediate

node; and
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16.

determining the third complex voltage and current based on the intermediate
complex voltage and current and characteristics of the one or more elements of the RF
transmission model portion coupled between the intermediate node and the output of

the RF transmission mode] portion.

A plasma system for determining a value of a variable on a radio frequency (RF)
transmission model, comprising: |

an RF generator for generating an RF signal, the RF generator associated with
a voltage and current probe, wherein the voltage and current probe is configured to
measure a first complex voltage and current at an output of the RF generator;

an impedance matching circuit-coupled to the RF generator;

a plasma chamber coupled to the impedance matching circuit via an RF
transmission line, the impedance matching circuit having an input coupled to the
output of the RF generator and an output coupled to the RF transmission line; and

a processor coupled to the RF generator, the processor for:

identifying the first complex voltage and current;

generating an impedance matching model based on electrical
components defined in the impedance matching circuit, the impedance
matching ‘model having an input and an output, the input of the impedance
matching model receiving the first complex voltage and current, the
impedance matching model having one or more elements;

propagating the first complex voltage and current through the one or
more elements from the input of the impedance matching model to the output

of the impedance matching model to determine a second complex voltage and
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current, wherein the second complex voltage and current is at fhe output of the
impedance matching model;

generating an RF transmission model based on electrical components
defined in the RF transmission line, the RF transmission model having an
input and an output, the input of the RF transmission model coupled to the
output of the impedance matching model, the RF transmission model having a
portion that includes one or more elements;

propagating the second complex voltage and current through the one or
more elements of the RF transmission model portion from the input of the RF
transmission model to an output of the RF transmission m_odel por;ion to
determine a third complex voltage and current, wherein the third complex
voltage and current is at the output of the RF transmission model portion; and

providing the third complex voltage and current for storage to a storage

hardware unit.

17. The system of claim 16, wherein the voltage and current probe is calibrated to comply

with a pre-set formula.

18. The system of claim 16, wherein the pre-set formula is a standard, wherein the
standard is a National Institute of Standards and Technology (NIST) standard,
wherein the voltage and current probe is coupled with an open circuit, a short circuit,

or a load to calibrate the voltage and current probe to comply with the NIST standard.

19. A computer system for determining a value of a variable on a radio frequency (RF)

transmission model, the computer system comprising:
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a processor configured to:

identify a first complex voltage and current measured at an output of
an RF generator when the RF generator is coupled to a plasma chamber via an
- impedance matching circuit, the impedance matching circuit having an input
coupled to the output of the RF generator and an output coupled to an RF
transmission line;

generate an impedance matching model based on electrical
components defined in the impedance matching circuit, the impedance
matching model having an input and an output, the input of the impedance
matching model receiving the first complex voltage and current, the
impedance matching model having one or more elements;

propagate the first complex voltage and current through the one or
more elements from the input of the impedance matcﬁing model to the output
of the impedance matching model to determine a second complex voltage and
current, wherein the second complex voltage and current is at the output of the
impedance matching _model; _

generate an RF transmission model based on electrical components
defined in the RF transmission 1iﬂe, the RF transmission model having an
input and an output, the input of the RF transmission model coupled to the
output of the impedance matching model, the RF transmission model having a
portion that includes one or more elements; and

propagate the second complex voltage and current through the one or
more elements of the RF transmission model portion from the input of the RF

transmission model to an output of the RF transmission model portion to
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determine a third complex voltage and current, wherein the third complex
voltage and current is at the output of the RF transmission model portion; and
a memory device coupled to the processor, the memory device configured to

store the third complex voltage and current.
20. The computer system of claim 19, wherein the first complex voltage and current
received is measured at the output of the RF generator with a voltage and current

probe, the voltage and current probe calibrated according to a pre-set formula.

21. The computer system of claim 20, wherein the voltage and current probe is decoupled

from a digital signal processor of the RF generator.

50



