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FIELD OF THE INVENTION [0002] The present invention relates

generally to the measurement of power flow in RF transmission systems,

and more particularly relates to systems and methods for measuring
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BACKGROUND OF THE INVENTION

[6003] RF plasma reactors of the type employed in processing semiconductor

wafers require a large amount of RF power. Basically, the technique invoives the
ignition and maintenance of a processing plasma through the application of electric
power to the plasma. The plasma interacts with gases introduced and with the target
and wafer surfaces involved to affect the desired processing resulfs.

00041 Due to the increasing complexity of semiconductor devices, tighter and
tighter control over the manufacturing process has been required. In order to achieve
tighter process control in modern plasma processing, it 1s desirable to obtain more
information about the associated RF voltage and current signals under actual
processing conditions. This usually has been done by available V-I probes inserted in
the power transmission path to measure the fundamental and barmonic signal power
being directed to the plasma generation system.

[0005] Those skilled in the art have recognized that the fundamental and
harmonic amplitude and phase angle relationships of the RF voltage and current
signals accounmt for much of .the variation in process performance during

semiconductor wafer manufacture. Due to nop-linearity of the processing plasma,



semiconductor wafer manufacture, Due to non-linearity of the processing
plasma, WO 2006/135515 PCT[US2006/018087 2 harmonics of the

f ntal RF excitation frequency will be induced, even | )
ngpg;@eﬂg%% f.%:be matched at its fundamental frequency. As a r%é%ﬁ{%%@?/msom

overall power delivered to the processing plasma includes the sum of the
power levels of the fundamental and harmonic frequencies. Known

plasma processing tools routinely enboloy two or more RF signal
frequencies to enhance process perférmance yields. However, the
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[0007] Therefore, there remains a strong need to provide a system and
method for measuring and analyzing the critical amplitude and phase angle
relationships between the fundamental signal frequencies and harmonics of the
fundamental frequencies. Information characterizing the frequency content of the RF
excitation signals can then be monitored to regulate and control power flow to the
processing chamber in order to improve manufactmring vields, and make plasma
processing more controlied and repeatable.

[0008] Although the present invention is described herein in terms of a system
and method for analyzing power flow in semiconductor plasma generators, those
skilled in the art will appreciate that the present invention may also be used in a
variety of other power transmission systems iﬁcluding,. but not limited to magnetic
resonance imaging (MRI) systems and industrial heating systems such as inductive and
dielectric heating systems. For example, in MRI systems, analysis of harmonic

ampiitude and phase information may be utilized to control and reguiate magnetic



skilled in the art will appreciate that the present. invention may also be
used in a variety of other power transmission systems including, but not
limited to magnetic resonance imaging (MRI) systems and industrial
heating systems such as inductive and dielectric heating systems, For
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fundamental and harmonic frequencies. [0008b] In accordance with a
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connecting at least one measuring probe to said RF
waveforms by recombining said harmonic frequencies in the proper phase

relationships using said information about phase angle relationships between said
fundamental and harmonic frequencies.

[0008b] In accordance with a second aspect of the present invention,
there is provided a method of analyzing power flow in an RI transmission line,
comprising the steps oft connecting at least one measuring probe to said RF
transmission line; receiving RF voltage and current signals from said RF transmission
line via said at least one measuring probe, said RF voltage and current signals having
waveforms; converting said RF signals to corresponding digital signals, said digital
signals comprising amplitude and phase information representing a fundamental
frequency of said RF signals and a predetermined number of harmonics of said
fundamental frequency; and processing said digital signals so as to analyze power
flow parameters and to reveal amplitude and phase angle relationships between said
fundamental and harmonic frequencies, characterized by said information about phase

angle relationships between said fundamental and harmonic frequencies permits the



transmission line; receiving RF voltage and current signals from said RF
transmission line via said at least one measuring probe, said RF voltage
and current signals having wavefofns; converting said RF signals to
carresponding digital signals, said digital signals comprlsmg amplitude
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transmission system wherein a plurality of measuring probes
are inseried in the power transmission path o determine 1mpedance match, insertion
foss and power flow. The networked probes may provide two-port measurements, and
may be used to determine input impedance, output impedance, insertion loss, internal
dissipation, power flow efficiency, scattering, and the effect of plasma non-linearity
on the RF signal. In one exemplary embodiment of the present invention, a single

measuring receiver is employed to retrieve data from several probes, wherein the data

from the several probes is fed to an external computer for post processing. In another



are inserted in the power transmission path to determine impedance
match, insertion loss and power flow. The networked probes may provide
whepaskarieasurements, and may be used to determine inputinypedanses’
output impedance, insertion loss, internal dissipation, power flow
efficiency, scattering, and the effect of plasma non-linearity on the RF
signal. In one exemplary embodiment of the present invention, a single
measuring receiver is employed to refrieve data from several probes,
wherein the data from the several probes is fed to an external computer
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ocC

a general bl diagram illustrating the operational concept of an
embodiment of the invention; [0013] Fig. 2 is a schematic drawing of an

exemplary probe assgebiy.ifs @eRordaRceih 24 Ageiodiment of the

present invention; [0014] Figs. 3A, 3B are Schematic block diagrams
illustratMg B%%céé%iﬁéeﬁfghhl%]? EiREfmg TR e dess SRsFaRenpr 6Pt of
inyenRtenmxaR bo i asy«fiodtB and 4C are graphs illustrating exemplary
voltageg}current, gn_d power waveforms, respectively, generated in ,
accordiHed With an SribSHIMEHE HHANE St WE}H%' N: BRI oieTiRhg i
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DETANLG DEEC AP TION O TROERTION (A e Bh e hens
drenmings wbhichngdluistrapectiess basic penesptsaftion; :

10015} Figs. 4A, 4B and 4C are graphs illustrating exemplary voltage, current,
and power waveforms, respectively, generated in accordance with an embodiment of
the present invention; and

[0016] Fig. 5 15 a gemeral block diagram illustrating a multiple probe

networking arrangement for carrying out a process of the present invention.

DETAILED DESCRIPTION OF INVENTION

[6017] With referepce to the drawings which illustrate the basic concepts of

the present invention, Fig. 1 is a general block diagram illustrating a system for
measuring the fundamental and barmonic amplimide and phase relationships in an RF-
based excitation system. Ome or morc alternating power sources 2 generate
aliernaling voitage and current signals which are transmutied via RF transmission fines
4 through a matching network 5 to & tool chuck 40, which may for example be 2
semiconductor plasma reactor. For purposes of the presenmt disclosure, the ferm
‘ransmission line’ is meant to emcompass all known or later developed means for
transmitiing electrical signals including, but not limited to coaxial cable, waveguide,

microsirip, wisted-pair, copper wire. and the ke,



the present invention, Fig. 1 is a general block diagram illustrating a
system for measuring the fundamental and harmonic amplitude and

ﬂ]ﬁ%{ggltj,onships in an RF- based excitation system. Onepgrrmgfﬁwmsos'f
alternating power sources 2 generate alternating voltage and current

signals which are transmitted via RF transmission lines 4 through a
matching network 5 to a tool chuck 40, which may for example be a
semiconductor plasma reactor. For purposes of the present disclosure,
the term “transmission line' is meant to encompass all known or later

developgd eas G MRS flzclicalsignais ncuding, Dutnot oy o
limited to coaxial cable, waveguide, microstrip, w?s?ed-pDalr, copper vv’ﬁl@.
&hdnenikks \Weraoustiassah POTHIS2006/08868E SO0 8}<T Hiendamental

maabieg netwaks SGanvaHs.te comRitximpedance. of the plasma 194

match the characteristic load impedance for the generator at its
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toam i iver, 14 comprising RFE_connector input channels 10a
and 12?3 for r%%éi ?r%etf%eI\S/o(i?gggcgédt%(:&rrné%%sgfé%irsec?\'ﬁg?ﬁ %%Q%’Hﬂ&éng RF
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measuring probe 8 comprises a single loop of rigid coaxial transniission

S HERE hBLRicHIbaHarARP Hatadreteiaihs msaRvbewsIEO2 of the probe
8 and ey RGEHANSHHSEIANJING 4helBBrent sensor 12 of the measuring probe

& comprises a single loop of rigid coaxial transmission line that is positioned paraliel
with the center conductor 102 of the probe 8 and associated transmission fine 4. The
outer conductor of the current sensor 12 is modified to act as a Faraday Shield, so that
extraneous capacitive coupling is eliminated and only the mutually coupled RF current
produces an output voltage. The voliage at one end of the current sensor loop 12 15
connected fo the measuring receiver interface in a manner known in the art to measure
the current signals transmitted through the transmission line 4.

{0021] Referring again to Fig. 2, the voltage sensor 10 typically comprises a
disk that is capacitively coupled to the cemter conductor 102 of the probe §. The
voltage sensor 10 is connected to the input of the transmission line, which in turn is
connected to the measuring receiver interface to receive and measure the RF voitage
signals from the transmission line 4.

f0022] In one exemplary embodiment of the invention, the cavity region
between the probe housing 101 and the center conductor 102 may be filled with a

dielectric material in order to raise the breakdown voltage so that the measuring probe



outer conductor of the current sensor 12 is modified to act as a Faraday
Shield, so that extraneous capacitive coupling is eliminated and only the
wag%g}%sg?ypled RF current produceg an output voltage. Tp@ffﬁgﬁﬂ&ﬁ%om
one end of the current sensor loop 12 is connected to the measuring
receiver interface in a manner known in the art to measure the current
signals transmitted through the transmission line 4. [0021] Referring again
to Fig. 2, the voltage sensor 10 typically comprises a disk that is
capacitively coupled to the center conductor 102 of the probe 8. The
whiagesanses Ihiscorpediediadnengyy oL UANSINSION IS, lch,
in.turn is connected to the measuring receiver interface to receive an
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Hlease Gargiantly: meaieresd g §;’Q§§- just ts to sensor calibration
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QXtsBY BYFEMG6rtHe danteréshridetine10Ruf0R2M} Bsldpimberseiss, the
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V

ancd ~\éo(lga %couplin coefficients and the phase angle between them
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is stored Within the Probe SEEE RN Scfigftahiotrh shlasrasieipadesabtr 14
trnaushetiprdbeiyistattdchegdoam easiingSQCOMB ation data is loaded each

time the probes and receivers are mated. In additon to calibrating the individual
probes, the interconnecting transmission lines are also individually calivrated. The
calibration data from the transmission line is stored within the transmission line
assembly itself. In our exempiary embodiment, the twansmission Kne assembly
consists of two RF cables and 2 data cable. A digital memory chip is located inside
the data cable connector, allowing calibration dars from the transmission line
assembly 1o be stored within the transmission line assembly itself. The measuring
receiver is adapted to download calibration data from the transmission line and the
probe housing via a digital interface. In this way, the calibration process of the
present invention allows each component to be calibrated individually.  This
individual calibration process advantageously allows interchangeability of individual
components in the field without the requirement of performing a total system re-
calibration,

{06257 In operation, the temperature of the center conductor 102 is constantly

monitored using an infrared thermometer 105 , and the reading is then compared to the



14. As a result, multiple measuring probes 8 can share a single measuring
receiver 14 because the locally stored temperature readings and

Wﬂﬁg@ﬁﬂgg}gata is loaded each time the probes and receivelyé,mﬁm%;ggnm
In“addition to calibrating the individual probes, the interconnecting '

transmission lines are also individually calibrated, The calibration data
from the transmission line is stored within the transmission line assembly
itself, In our exemplary embodiment, the transmission line assembly
consists of two RF cables and a data cable. A digital memory chip is
located inside the data cable connector, allowing calibration data from.
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[0026] Turning now to Figs. 3A, 3B, the voliage and current signals
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LTRSS YO AOT T TP A B Pt
intermediate frequency (IF) before digital conversion. In another embodiment, the
outputs of the equalizers 13 may be connected directly to variable gain stages 18 and
A/D converters 20 for digital conversion.

160271 As illustrated in Fig. 3A, an optional sampling-based frequency
converter 15 may be used to convert the RF signals and harmonics thereof 1o much
lower IF frequencies which are then compatible with bandwidth restrictions of existing
high-resclution analog-to-digital (A/D) converter technology. In this embodiment, a
pair of sampling gates 16 are part of a zero-order-hold circuit that captures a small
sample of the RF signal and holds that value until the next sample is taken. The
sampling gates are closed by a nmarrow pulse of abouwt 300 picoseconds duration.
During the instant that the sampling gate is closed, the RF signal voltage is impressed
on a sampling capacitor. Sampler amplifiers 17 are employed to buffer the voltage on
the sampiing capacitof so that the level is maintained between samples. The bandwidth

of the sampler is sufficiently wide so as not to significantly affect the phase of signals

up to about 1000 MHz. Predictable delay related phase shift can be calibrated out in



in the operating frequency, an active equalizer 13 is implemented between
the voltage and current sensors 10, 12 in the form of a wide bandwidth

W%oﬁﬁgﬂgggalkamplifier with capacitive feedback. The equaling%;ﬁsmﬂ /018087
Integrates” the voltage and current signals to compensate for the

"rate-of-change" response of the voltage and current sensors 10, 12. In
one exemplary embodiment, the outputs of the equalizers are connected
to a sampling-based frequency converter 15 to bring the signal under test
to a fixed intermediate frequency (IF) before digital conversion. In another

ambadiment:ihso.ou %i?é&i?sez%q%Qé?%&%%o%ob%ﬁﬁg‘ﬁ%e& directly, re

to variable gain stages 18 and A/D convertérs r conversion.

Phese7 ] oske (et nMersignanclsrrb BtiondDsaenpinghased freyaarioylity of
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thereof to much lower IF frequencies which are then comp

BREERth YEStAR FSHERI e GBS Righ Fo 86| dRvHEeTal otpedsaioimb gty are

caevefter dechoaingys Imhis@eborinentanRaik ofSaPRINg gates 16:a1e,
art f a zerg-order-hold circuit thatqtl:%ﬁtures a small sample of the RF

g‘.‘én% BRE OIS THRIVRME dhirRU Ak s sMpibssRERER it Seniqsmaed at
GateFrarizegiosed hysmnaovoWseabahnnt 30RRICOsREERNSAWALIAN, he
ing.the i that the s ling gate is clgsed, the RF signal voltage

O S S R draency, and
BYesIOpe dtéoriifet fiiecncitayeroes dichsamplingeapaeitedgorthathe level
IS mainjm s, The bandwidth .of the sampleris .
sufficigmwﬁgggggg %ﬁagtr?(flgg}%fa%n Mo ?ﬁeitrﬁﬁ%%ngyo WYRETE 1§ 2
sk pstBBOMrgPradibiEISterdslely poatel Yhtsd. shftican tbededlibratest atl

guittin WRA00843 éﬁ&ﬁé‘é&%%_@é%sﬁ’%s %éf‘%f’;?jtaééiga%%' 162, MHz.

rocessing circujts 22. Referring to Figs. 3A, 3B, the IF Signdls are phas
BRRD tHeEBREPaRA ceRi &ithe SAYeESTY e BRI D st shplusatipyest

st:seoplescan hglakepafeneash qrele abihehighestdesirad harmenic of,
1t_pe IF, In accordance with an exemplary embodiment of the invention,
EXACR o Edfifles are taken for each cycle of the highest desired

harmoftie2e] tewlEeln adqeeierreshembodimeniothe SamMAMRIRIE I§ signals
%%I%gqn%%tﬁgt gg{?dv'?ﬁtﬁlgi\ﬁﬂ%%gg Isrf?(ijtugn%(}jf ggt be entirely appropriate for
systems where multiple excitation signal frequencies are used. In the case of multiple
excitation frequencies, Nyquist sampling may be advantageously used. It is aiso
contemplated that the sampling means may comprise a combination of a Nyquist
samnpling rate analog-to-digital converter and a band-pass sampling analog-to-digital
converter for sampling and digitizing the RF voltage and current signals. It is known
that Nyquist sampling acquires at least two samples per cycie of the highest frequency
of interest. Once the signals have been digitized, digital signal processing circuitry 22
does additional signal processing including data captare management, mathematical
transforms, filters, scaling, and creation of mathematically alterable analog ocutputs for
external comntrol systems. A high speed universal serial bus (USB) or Ethernet port 24
serves 1o commect the probe assembly to an external computer 21 for additional
numerical and graphical analysis, A pair of digital-tc-analog converters 26 may be

employed to receive output from the digital signal processor 22 in arder to reconstruct



the IF frequency maintains the corresponding phase relationship between
the fundamental signal frequency and harmonics of the fundamental

W?’ig%%lnfgg yency, and preserves up to about fifteen harmo .E‘SU EEQ&MSOM
undamental operating frequency. [0028] One advantage of using a
sampling-based frequency converter is that a local oscillator frequency
shift from only about 1.95 to 2.1 MHz is needed to cover all of the typical
plasma generator frequencies of 2, 13.56, 27.12, 60, and 162 MHz.
Moreover, sampling-based frequency converters generally have the

B BieshPiEEe AN NCoL RN TN SO RAed R ading.
mixer-based frequency converters. 9] oweve?, ecause sa%ﬁlﬁng
SO O NESIY PR ASIAt e agesigREISnvitisirmeh & puiRF bandwidth

simultqnmsﬁéfgrfﬁ_%y RRf e ﬁ@yfei)& 9@@(0%@@6 ,Orthg%srlg oWHe )%mplary

multiple excitation signal frequencies are used. In the case of multip
SRERENh FRBaER RyjGenslaasmpitigry s imevaafdbe oteshpuisedntion.

Biglsescantemplated Bxekiila-samplingmRans RAROTRISEA lusirates an
combination of a Nyquist sampll%tl; rate analog-to-digital converter and a
t
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RF voltage and current waveforms, Power supply circuits 28 generate the
Het8iss Thal YPeratity HiabEs Frofesn ERNhaAD GEpgRL003ech
ReferningooowdekiggodAwiBwand A&, dhere is shown exemplary

[6031] When multiple probes are used, the input and output impedances and
insertion loss can also be determined easily. Once the two-port impedance parameters
are determined, ali otber two-port parameters can be calculated. For example, the
impedance parameters can be converted to admittance or scattering parameters.

[0032] Turning now to Fig. 5, there is illustrated a method for analyzing
power flow in an RF hased excitation systein, wherein two or more measuring probes
8a, 8b, &c are inserted at different points in the RF power transmission line 4 so as to
reveal information about power flow parameters in the RF excitation system, For
example, measuring probe 8a may be inserted between the generator 2 and
tragsmission line 4, whereas measuring probe 8b may be inseried between the
transmission line and marching network 5, and probe 8c may be inserted berween the
matching network 5 and the tool chuck 40. The outputs from the networked probes
can then be combined to reveal information about the impedance match and insertion

loss of the components in the RF excitation system,



waveform data generated in accordance with an embodiment of the

present invention. Fig. 4A illustrates an exemplary raw voltage waveform,
whiShdBsilystrates an exemplary raw current waveform, angsFigy anenisos7

illustrates an exemplary raw power waveform. In accordance with the

present invention, Fourier transforms are used to separate the

fundamental frequency and harmonic components of the voltage and

current signals so that digital signal grpcessing algorithms can be applied

to correct the amplitude and phase o?)individual frequency components.

This PigEesSNRRANERM @5&%@%&1@1 88&&%5%%&%"39@\%%&8% at the

probe sensors and removes parasitic reactance associated probe

SoHistgetid AnthBRrEeRIFHEGRERY Yempbrersanay The mywededrisibrsdare
indNeRIRREHRNaseLelRlPNSNRE SRS JorERL eate the orlginghsyoltiagtation

and current waveforms. The output results of the digital signal processing
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and transmission line 4, whereas measuring probe 8b may be inserte
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outputs from the networked probes can then be combined to reveal

POt PR UCH S e PSR A HSBHEO HLS 8'ds Bilis and current
campgonents idreRi: exeitatpn Systedh- e 2906/ HabREignals.
PCT/U@%QQ}%%S&%%};)}QW methods discussed above provide critical information

about the fundamental and harmonic amplitude and phase relationships of the RF
excitation signais. This information can then be monitored to determine faults and
improper operation in any of the functional blocks during normal tool operation. The
probes may be checked periodically in a maintenance mode, and the measurement data
may be analyzed to identify opportunities for process improvement. In a preferred
embodiment, the measuring probes are constructed to isolate the voltage and current
signals and maintain sufficient RF bandwidth to preserve up ito at least fifteen
harmonics of the highest test (i.e. excitation) signal frequency, although it is
conternpiated that more or less barmonics of the test signal could be preserved without
departing from the scope of the present invention.

[0035] As discussed above, a single measuring receiver may be employved to
retrieve data from several probes, and the data from the several probes may be fed to
an external computer for post processing. Multiple measuring receivers may be

connected to each of the impedance probes individually, thereby allowing for “real



[0033] Measurements from the multiple probes are made simultaneously
at the fundamental and harmonically related signal frequencies. The
“%eztgggﬁggﬂyrobes are then interrogated to recover instantapgpﬁ%%mgm
current, and phase information representing power flow and impedance
levels at different points in the power application path. In this way, the
characteristics of transmission lines 4, matching devices 5, connectors,
and reactor plasma itself can then b tl(;|ua\ntified, for example, by
calculating two-port impedance, admittance, transmission, and/or
tteri r ssociated with,pairs of probes. The calculations
e R R T 0% o
exerei cAhBtie ey sivdlsaeh pletheidtaandohisasithbitaiatrisRa For flexible
sxamnlg PRt measurements from the probes 8b, 8c positioned
before and after the matching network, respectively, can be used to

deterntfifGhbuisr SsctumpegiicEqadifitniealiondestibeeiosssdrtefmafih
eissipRban sRREIpQNanMaRSEIssianalliciegeyal thefundameantal ey ey

armonic frequencies of the RF signal. Measurements from probe Sc

SitBINE BRRSEH I ARERMSE MalPerRasts fptrwte ST ae Eag fam

tscstdalce epinB i stop-RIF woltagamnche dsmnd WanefRmsin.Qbserve the
effect g{& S non-linea&itg/’on the RF signals. [0034] The exemplary
methods diScUsSel %%gf\llee 6r'ovide critical information about the
fundamental and harmonic amplitude and phase relationships of the RF
excitation signals. This information can then be monitored to determine
faults and improper operation in any of the functional blocks during
normal tool operation. The probes may be checked periodically in a
maintenance mode, and the measurement data may be analyzed to
identify opportunities for process improvement. In a preferred
embodiment, the measuring probes are constructed to isolate the voltage
and current signals and maintain sufficient RF bandwidth to preserve up
to at least fifteen harmonics of the highest test (i.e. excitation) signal
frequency, although it is contemplated that more or less harmonies of the
test signal could be preserved without departing from the scope of the
present invention. [0035] As discussed above, a single measuring receiver
may be employed. to retrieve data from several probes, and the data from
the several probes may be fed to



an external computer for post processing. Multiple measuring receivers
may be connected to each of the impedance probes individually, thereby
allowing for "real WO 2006/1355151CT/US20061018087 11 time"

processing of system data, The hulk of signal processing is done using an
external computer, and results a&g’%{&gnted and displayed by display 23

in a flexibler ygseeofdraiedyionmnab R0 Ikl the fRIegoiner SREGIHCAION Jine,

the. invention has been described with reference to specific exemplary
CORPNBE ments thereof. It will, however, be evident that various

modificationsngnsheihgngedmisy b maddtiiaeremnio: withoatderartinadsefor
the der spirit and scope, of the invention as defined in the following
S s et B R Y Rt
andrawenflaghtisdRgpewefdeansmission line, comprising: a measuring
probe having a voltage sensor and a current sensgr for sensing RF

voltage and BTHERT SRR DA SATH EAHS TS IS R 204 i SREN Sfayys for

recaivihgusidrR Siginaldshaving waveforms; a measuring receiver connected to
said voltage and current sensors for _receivi aid RF signals; a . ,
campling rAEAR FSECBRURHIRG SOt HRE R 15 BTl SR sigpes. said
digttijitadisigital scomprising anmiitdde and phiase infofmatidorepepsaptinga a
funda tal freque id.RF signals and a predetermined nymber of
fo o PR ey DES AT IGRT P eags
of medinsdamnectai dotguzing;said amplitude and phase information so as to

analyze power flow parameters and to reveal amplitude and.phase.angle
latonoh RS 1T RO e L gt and

(véen Sl ToHaRMETTAT S
phahairdoterizied By saidodigisdysigrelrdhessagmeans setansirueiingnplitude
and phase angle relationships between said fundamental and harmonic frequencies:
characterized by said digital signal processing means reconstructing
said RF voltage and current waveforms by recombining said harmonic frequencies in
the proper phase relationships using said information about phase angle relationships

between said fundamental and harmonic frequencies.

2. The system of claim 1, further comprising a digital-to-analog converter

for reconstructing said RF signals.

3. The system of claim 1, wherein said probe and said {ransmission line
comprise a digital storage means for storing calibration data from said probe and said

transmission line, respectively.

4, The system of claim 3, wherein said measuring receiver comprises a
digital interface for receiving said calibration data from said probe and said

transmission line.

5. The system of claim 4, further comprising a computer connected to
said digital signal processor for additional numerical and graphical processing of said

digital signals.



said RF voltage and current waveforms by recombining said harmonic
frequencies in the proper phase relationships using said information
about phase angle relationships bétdveen said fundamental and harmonic
frequencies. 2. The system of claim 1, further comprising a
digital-to-analog converter for reconstructing said RF signals. 3. The

system of glaimykianherainsaid, febeanshaaidiiiansreiasiineling compensate
comprise a ,di%jga storage means for storing calibration data from said

for Hnghuelnns45ispit s ALaRs FRAS IFELHUEURI. 4. The system of claim 3,

wherein said measuring receiver comprises a digital interface for

receiving sajd calibration data from said probe and said transmission ljine.

5. The systah GF S, FURTer cOMSFRMG A COTPORECBBL EATETEe o
barRigk digitalsignabprecesigitivcagiditiensbnsimelionl and RiFaphias).

processing of said digital signals. 13 6. The system of claim 5, further
comprising an equalizer to compensate for fluctuations in said RF voltage

and gurrentThigRalserd. dheisystam whetaim shidvhengilusaiechsamplingprises a
means comprises a bandpass sampling analog-to-digital. erter for
NP AR SIBRARCEE P SORSTE of R A Bl
sampling means comprises a Nyquist sampling rate analog-to-digital
converter-for sampling said RF signals. 9. The system. of claim 1, wherein
catd Sl TR SmALBsLa LR AT ST S S G ©
corablagptoddigital gohivedening mbandipgss-gampliognaaalagata-digiiati-pass

werter for sampling said RF signals. 10. The system of claim 1,
s ey el AP L RbSPBF s FERIES BBREISts of up fo about

fifteen harmonics of said fundamental frequency. 11. The system of claim

1, wherein said power flow parameters.comprise ,input.impedance,

insertion lo ,ein%ﬁ?é?dégiggﬁ%ln,?pla‘gﬁ%e n: Hiea}%ﬁfi,eﬁ%%%? oumber of
haefieiien cynseatief ingicasbeofithinationa dhereof said fundamental frequency.

11 The system of claim 1, wherein said power flow parameters comprise
input impedance. insertion loss, internal dissipation, plasma non-linearity, power flow

efficiency, scattering, and combinations thereof.

12, A method of analyzing power flow in an RF transmission line,

comprising the steps of:

connecting at least one measuring probe to said RF transmission line;

receiving RF voltage and current signals' from said RF transmission
line via said at least one measuring probe, said RF voltage and current signals having
waveforms;

converting said RF signals to corresponding digital signals, said digital
signals comprising amplitude ané phase information representing a fundamental
frequency of said RI signals and a predetermined number of harmonics of said
fundamental frequency; and

processing said digital signals so as to analyze power flow parameters
and to reveal amplitude and phase angle relationships between said fundamental and

harmonic frequencies,



12. A method of analyzing power flow in an RF transmission line,
comprising the steps of: connecting at least one measuring probe to said
RF transmission line; receiving RF¥ltage and current signals from said

RF transmission line yia said at least one measuring probe, said RF, i
voltage and AT rNs iGN WnTerhGALald REigRRps
beti:e0SigPRAdRg-digitahsipnaisnsait«jgiiali sigRalscamprising simplitutieaid

and phase information representing a fundamental frequency of said R
TRl AT dR LR R P A PTG P S AR RE

volfsgguencyirand PreeRsaiag said digital signals so as to analyze power flow
parameters and to reveal amplitude and phase angle relationships
between said fundamental and harmonic frequencies, 14 characterized

by said informatiethad oot phase afiglbdelationssipsthetieensaid
fundamental and harmq guencies permits the recombining of said

ic,fre
harmonic frcé’éfﬁ’sﬁ%ﬂéssﬁﬁr%% PUEPHASE PRI SHIPE S §Rdtg© Teconstruct
saifeePREHtE; saidl RF voltage and current waveforms. 13. The method of

claim 12, further comprising the steps of: converting said digital signals to
analog sighEE e HEAG AL AL CBalG SR GHSIS bR NG IR Lser

nuidigitall sigh alaihied prdersmhgomputer for additional numerical and
graphical processing. 14. The method of claim-13, further comprising the
steps of storing calibration data from said at least one probe and said

trangrnissiorhinenaticbddoviriaading sdia®atibratignidaia thea sagasufingoring

recejver. 15. The method of claim 14, further comprisjng the steps of.
el 2R TS S focll 8 i BFAor £ Tha ST, s 2
doealwatiagingdupdidtedosalinat amdatafionsaiddaterchanged probe

and/or transmission line to said

15. The method of claim 14, further comprising the steps of interchanging

said at least one probe and/or said transmission line, and downloading updated
calibration data from said interchanged probe and/or tfransmission line to said

- Measuring receiver.

16. The method of claim 15, further comprising the step of displaying

. results of said processing steps i a user controlied format.

17. The method of claim 16, further comprising the steps of:
connecting an RF power source and a tool chuck to said RIF
transmission line;
connecting a matching network to said RF transmission line between
said power source and said tool chuck;
connecting at least one of said probes between said power source and
said matching network, and connecting another one of said probes between said

matching network and said tool chuck.

18.  The method of claim 17, wherein said power flow parameters comprise



measuring receiver. 16. The method of claim 15, further comprising the
step of displaying results of said processing steps in a user controlled
format. 17. The method of claim 161further comprising the steps of
. connecting an RF power squrce and a toql chuck to said RF transmissio
B e gL o %ﬁ i%é%‘pfé IARPIEFTHAIRBRAHE R, e#w
eﬁﬁ@éﬂ@@mﬁsﬁﬁg@e@r@ﬁwﬂ;&mh@%@m@nnectlng at least one of said
probes between said power source and said matching network, and
connecting another one of said probes between said matching network
and said tomhehu&haoa&)fmﬂ@emadmfr@haim;cﬂsambaf@ﬁ@q@mwnﬂm of
parameters C%é prise 15 input impedance, insertion loss, internal

RSP R TN S S o iR b e A W E NS RIS CeAGaHAGE Aagmonic

of @mﬁiﬁaﬂg@ﬁﬁhﬁr@@&ﬁ@ The method of claim 18, wherein said sampling
frequency consists of at least two samples taken for each cycle at the

highest said predetermined harmonic of said fundamental frequency. 20.
The puethodled alaitholi2 oWhesiin $aid wieddtersaldegragyaldenedd number of

nabmonics coneiss,of 40 s ieen ampnics o said fppment,



