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RF-BIASED CAPACITIVELY-COUPLED ELECTROSTATIC (RFB-CCE) 

PROBE ARRANGEMENT FOR CHARACTERIZING A FILM IN A 

PLASMA PROCESSING CHAi\1BER 

BACKGROlTND OF THE INVENTION 

[Para ll During the processing of a substrate in the plasma processing chamber, 

satisfactory results often require tight control of the process parameters. This is particularly 

trne for processes such as deposition, etching, deaning, etc., that are employed to 

manufacture modern high density integrated circuits. \\/hen the processing parameters (such 

as bias vo.ltage, Rf pmver, ion flux, plasma density, pressure, etc.} exceed a narrow, pre­

defined window, a process exCllrsion is said to have occnrred. These process exrnrsions 

represent undesirable events that often !ead to w1desirahle processing results (e.g., poor etch 

prnfi1e, low selectivity, etc.). Accordingly, the detection, characterization, and avoidance of 

pwcess excursions are important tasks for process engineers in the manufacture of .integrated 

circttits. 

{Para 21 Detecting process excursions is often performed via monitoring of Vllrious 

process parameters. Some process parameters (such as bias voltage, reflected power, etc.) 

may be measured directly while others may be inferred from measmed parameters. 

[Para 3.1 During a plasma process, such as a plasma etch process for example, poly~ner 

deposition often occurs. This polymer deposition results in a layer of film deposited on 

component surfaces in tht' chamb<'r. The deposited film affects subseqt1ent etch processes, 

increases the possibility of particulate contamination, and necessitates frequent chamber 

cleaning. Fimher, if a sufficiently thick lkposition layer is present in the chamber, the sensor 

head may he covered with polymer, resulting in erroneous values for the sensor signal. in 

other processes, the film deposition may be intentional yet would affect sensor reading the 

same way. 

fPara 41 Accordingly, the characterization of the deposited film on the chamber surface 

is desirable for the purpose of tool control, diagnostic and/or recipe adjustment in order to 

improve process results and process yield, as welt as to avoid damage to the substrate and1or 

the chamber components. 

BRIEF SUivlMARY OF THE INVENTION 

{Para 51 The invention relates, in an embodiment, to a nwtliod for characterizing a 

deposited film on a substrnte within a processing chamber of a plasma processing system · 

during substrate processing. The method includes determining a voltage-current 
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characteristic for a probe head, wherein a measuring capacitor is set at a first capacitance 

value. The method also includes applying a radio frequency (RF) train to the probe head, 

thereby causing the measuring capacitor to be charged, wherein the measuring capacitor is set 

at a second capacitance value, the second capacitance value being greaterthan the first 

capacitance value. The method further includes providing an initial resistance value for the 

deposited film and an initial capacitance value for the deposited film. The method yet also 

includes employing the initial resistance value, the initial capadumce value, and the volrage­

current characteristic to generate a first simulated voltage-time curve. The method yet fotther 

includes determining a first measured voltage-time curve, the first measured voltage-time 

curve representing a potential drop across the deposited film for one RF train. The method 

more over include'.> C()mparing the first simulated voltage-time curve to the first measured 

voltage-time curve, wherein if a difference between the first simulated voltage-time curve 

and the first measured voltage-time curve is less than a predefined threshold, employing the 

iniiial resistance value and tl1e initial capacitance for characterizing the deposited film. 

!Para 6} The above summary relates to only one of the many embodiments of tl1e 

invention disclosed herein and is not intended to limit the scope of the invention, \Vhich is set 

forth in the claims herein. These and other features of the present invent.ion will be described 

in more detail below in the detailed description of the invention and in conjunction with the 

following figures. 

BRIEF DESCRJPT!ON OF THE DRAWINGS 

[Para 7j The present invention is illustrated by way of example, and not by way of 

limitation, in the fig1ires of the accompanying drawings and. in which like reference munerals 

refer to s.imilar elements and in which: 

(Para 8j 

fPara 9j 

An exitmple RFB-CCE probe arrangement is shown in Fig. l herein. 

Fig. 2 shows, in accordance \vitl1 an embodiment of the inven6on, a circuit 

mode! of a RFB-CCE probe arrangement, including a model of the deposited film. 

[Para 10] 

(Para ll] 

The equivalent c.ircuit is shown in Fig. 3 

Fig. 4 shows, in accordance with an embodiment of the invention, an itera6ve 

technique for cakulating Rmm and C film· 

fI'ara 121 Fig. 5 shows the simultaneous differential equations for solving Rmm and 

(Para 13] fig. 6 shows a characteristic V-I characteristic cmve for a small capacitor 

value fnr Cm and :111 observed VI curve for a larger capacitance value (e.g., I 00 nf and 

higher). 
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{Para 14! Fig. 7A shows, in accordance with an embod.iment of the invention, the 

relative relationship between Crnm from and the thickness (d) of the tllm. 

fPara 151 Fig. 7B shows, in accordance with an embodiment of the invention, the 

calculation for the resistance value for R,11m-

f Para 16! Fig. 8 shows a modeled V(t) curve. 

fPara 17! Fig .. A of the DISCUSSION shows a simple schematic diagram of a portion of 

a plasma system with a radio frequency (RF) source capacit.ively-cnupled to a reactor 

chambe:r to produce plasma. 

fPara 181 Fig. BI of the DISCUSSION shows a !e,'Taph ofvoltoige versus time after a RF 

charge. 

[Para 19J 

RF charge. 

[Para 201 

Fig. B2 of the DISCUSSION shows a graph ofcurrent data collected after a 

Fig. C of the DISCUSSION shows a simple current versus voltage graph for a 

single time interval between a RF burst. 

fPara 21] Fig. D of the DISCUSSION shows, in an embodiment of the invention, a 

simple flo\V chart illustrating the overall steps for automatically characterizing plasma during 

substrate processing. 

fPara 221 Fig. E of the DISCUSSION shG\vs, in an embodiment of the invention, a 

simple algorithm for determining the relevancy range and the seed values. 

!Para 23] Fig. Fl of the DISCUSSJON shows an t'xample of current versus time after a 

RF burst. 

!Para 241 

RF burst 

{Para 25] 

[Para 26( 

Fig. F2 of the DISCUSSION shows an example of voltage versus time atter a 

Fig. F3 of the DISCUSSION shows im example of im inflection point 

Fig. F4 of the DISCUSSION shows an example ofa curve-fitting appl.ied tu a 

currellt versus voltage graph. 

DETAILED DESCRIPTION OF EMBOD!.MENTS 

{Para 271 The present invention w.ill nmv be described in detail \vi th reference to a firn1 

embodiments thereof as illustrated in the accompanying drawings. In the follo1ving 

description, numerous specific details are set forth in order to provide a tltorongh 

understanding of the present invention. It will be apparent, however, to one skilled .in the art. 

that the present invention may be prncticed without some or all of these specific details. l.n 

other instances, well known process steps and/or structures have not been described in detail 

in order to not unnecessarily obscure the present invention. 
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{Para 28! Embodiments of the invention relate to the use of a RF-biased capacitively-

coupled electrostatic (RFB-CCE) probe arrnngement to characterize the deposited film in a 

plasma processing chamber. By way of background, RFB-CCE probes have long been 

employed to measure plasma processing parameters such as ion flux, electron temperature, 

floating potential, thin film thickness, etc. RFB-CCE probes are known in the art, and details 

may be obtained from publicly available literature, including for example US Patent No. 

5,936,413 entitled "Method And Device For 1Vfeasuring .An !on Flow In A. Plasma" (August 

JO, 1999), which is incorporated herein by reference. 

[Para 29] RFB-CCE probes offer many advantages, including for example improved 

detection sensitivity, minimal perturbation to the plasma due to the small size of the sensor, 

ease of mounting on ihe chamber wall, relative insensitivity to polymer deposition on the 

sensor head in some circumstances, etc. Furthermore, the plasma-facing surface of the sensor 

can often be made of the same material as that of the surrounding chamber wall, thereby 

further minimizing perturbation to the plasma. These advantage.s make RFB-CCE probes 

highly desirable for use in sensing process parameters. 

!Para 30j Generally speaking, a RPB-CCE probe arrangement involves a plasma-facing 

sensor connected to one plate of a measuring capacitor. The other plate of tlie measuring 

capacitor is coupled to an RF voltage source_ The RF voltag<' source periodically supplies RF 

oscillation trains, and measurements are performed across the measuring capacitor to 

determine the mt<' of capaciwr ctment discharge immediately following the end of each RF 

oscillation txain. Details pertaining to the RFB-CCE probe arrangement and RF B-CCE probe 

operation are discussed in the aforementioned US Patent No. 5,936,413 and will not he 

further discussed herein. 

{Para 31! The inventors herein realize that the sensor current signal (which reflects the 

current across the measurement capacilur in between RF oscillation trains) is relative.ly 

insensitive to the thickness of the deposited film on the sensor head when the measurement 

capacitor has a relatively small capacitance value. However, ihe inveniors also realized that 

the sensor current signal is affected to a greater degree by film thickness if the measurement 

capacitor has a relatively large capacitance value. Prom these observations, methods and 

arrangements for characterizing the deposited film are fonnulated and disclosed herein. 

[Para 321 In accordance with one or more embodiments of the present invention, 

irmovaiive methods and arrangements using a RFB-CCE probe are provided to characterize 

the thickness and quality of the deposited film on the pnibe sensor head. In one or more 

embodiments, a switchable measurement capacitor arrangement .is provided whereby a 
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smaller capacitance value is employed for the measurement capacitor when insensiiivity to 

deposited film thickness is desired. RFB-CCE probe operation when the measurement 

capacitor has a relatively small capacitance value yields probe V-I characteristics, which can 

be used to determine the ion saturation ctrrrent, the floating potential and the electron 

temperature. 'l11e probe V -! characteristics may be employed subsequently to assist in the 

calculation of the film's capacitance and the film's resistance using sensor parameters 

obtained when the measurement capacitor has a larger value. Thus, one or more 

emhodiments of the invention relate to techniques for deriving the film· s capacitance and the 

film's resistance from RFB-CCE probe readings. 

jPara 331 The features and advantages of embodiments of the present invention may he 

better understood with reforence to the figures and discussions that follow. In general terms, 

a RFB-CCE probe arrangement involves a plasma-facing sensor connected to one terminal. of 

a measuring capacitor. An example RFB-CCE probe arrangement is shO\vn in Fig. l herein. 

In Fig. l, plasma facing sensor 102 (which is disposed in a wall of chamber 130 and is 

substantially co-planar with the chamber wall) is coupled to one plate 104a of measuring 

capacitor 104. The other plate l 04b of the measuring capacitor .!04 is coupled to an RF 

voltage source l 06. TI1e RF voltage source 106 periodically supplies RF oscillation trains 

and measurements an.' performed across the measuring capacitor to detennine the rnte of 

capacitor current discharge in between RF oscillation trains. A current measurement device 

120 is disposed in series betwl>en measuring capacitor l 04 and RF voltage source 106 to 

detect the capacitor current discharge rate. Alternatively or additionally, a voltage 

measurement device 122 is coupled between plate l 04a and ground to measure the potential 

of the probe head. Details pe11aiuing to the RFB-CCE probe arrangement and RFB-CCE 

probe operation are discussed in the aforementioned US Patent No. 5,936,413 and will not be 

forther discussed herein. 

!Para 34] As mentioned, a probe head made of a conductive material is insta!led in a 

surface of the chamber. A short RF train is applied to the probe, causing the capacitor (Cm) 

to charge up and the surface of the probe to acquire a negative potential (several tens of volts 

negative with respect to ground). Following the end of the RF pulse, the potential of the 

probe decays back to the floating potential as Cm discharges. The rate at which the potential 

changes is determined by the plasma characteristics. During this discharge, the potential of 

the probe Vf is measured with high impedance voltage measuring device 122, and the current 

following to the probe and through capacitor Cm is measured with the current measuring 

device 120. The curves V(t) and lit), where int is time, are used to construct a current-
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vdtage characteristic, V-I, which is then analyzed by a signal processor, Further details may 

be found in a co-pending application entitled "lvfethods for Automatically Characterizing a 

Plasma", filed June 26, 2008 in the US Patent Office (Application No. 61/075,948) and filed 

June 2, 2009 in the US Patent Office (Application No. 12/4 77 ,007), which is included in the 

D1SCUSSJON herein. 

!Para 35! Fig. 2 shows, in accordance with an embodiment of the invention, a circuit 

model of a RFB-CCE probe arrangement, including a model of the deposited film 202. Since 

the deposited film is typically some type of polymer and .is typicaUy an imperfect dielectr.ic, 

there is typically leakage current and th<' film may be modeled hy a.n RC circuit (referern::e 

204) whereby the resistor Rfihn is parallel with the capacitor Cmm. The resistance value of 

Riilm relates w the resistance across the film, which in tnrn relates to the chemical 

composition of the deposited film. The capacitance value ofCmm relates to the tl1ickness of 

the film and its relative dielectric permittivity£,.. C\i in Fig. 2 represents the measurement 

capacitor, which is charged by the RF source. The presence of the deposited film results in a 

potential drop between point 206 and the plasma-facing surfuce of film 202. 

[Para 36j The equivalent circuit is shown in Fig. 3 wherein V,, is the voltage drop 

between the measurement point 206 and ground and Vmm is the voltage drnp across the film 

with respect to point. 206. Vu;m t:annot be directly measured but may be dedu.ced from the RC 

model as will be discussed herein. 

!Para 37! In an embodiment, a relatively small capacitance value (e.g. bet1veen 1 to 50 

nf in an embodiment) is initiaI!y employed for the measurement capacitor Cm (see Fig. 3). 

In this case, the decay sensor current and voltage signals following each RF excitation train 

m:e relativelv unaffected bv the film thickness. \Vith the small canacito.r value for Cm. the V-
.. • I --

l characteristic curve for the CCE probe may be obtained, as seen in curve 602 in Fig. 6. This 

\![ curve is then fitted to the Hmction '""lo.[ 1-ct(V-V 1:)-exp(( (V-V r)IT .) to obtain values ofthe 

ion saturation current, lo, the ekctron temperature, Te, the floating potential, Vf, and the 

slope of the linear part of the .l-V curve, a. Further details regarding the VI characteristic 

curve may be obtained in the aforementioned patent appEcation No. 6!,075,948. 

[Para 38J Subseque1tly, a larger capacitance value !e.g., J 00 nF and higher) may be 

employed for Cm in order to facilitate the calculation of R1;"'' and Crnm· In this case the 

observed VI curve is distorted, as seen in curve 604 of Fig. 6. Fig. 4 shows, in accordance 

with a11 embodiment of the invention, a11 iterative technique for calculating Rmm and Cmm. 
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!Para 39j !n step 402, an initial guess for Rmm and Cliim is provided. The initial guess 

may represent, for example, an educated guess based on experi.ence, based on theory, or 

based on other empirical data. ln step 404, the initial values for Rmm and Cmm are employed 

to solve the simultaneous differential equations of Fig. 5, in combination with the values I", 

T", Vrand" determined previously with a small value of Cm, to generate a simulated 

voltage-time curve, V,(1). 

[Para 401 There exist many mathematical techniques for solving the simultaneous 

differential equations of Fig. 5, including using a software known as Matlab, by The 

MatbWorks, lac. of Natick, MA .. 

[Para 4lj The result is a simulated curv'' of voltage versus time, Vs(t). This modeled 

V(t) cutve is shown in Fig. 8 as curve 806. Fig. 8 also shows cmve 804, represeming 

experimentally measured values for \l(tL which is voltage versus time measured at point 206 

of Fig. 2 for a single excitation osc.illation train. The difference is ascertained (step 406) and 

compared to a threshold in step 408. ff the error is less than a predefined threshold, the value 

ofRmm and Cmm are employed to characterize the film (412). On the other hm1d, if the error 

is b'Teater the predefined threshold, a Levenbt,rg-Marquardt non-linear least square curve 

fitting algorithm is employed to refine the value forRmm and Cm,,, (4!0). 

fPara 421 The new Rm,,, and Cm,,, values are fed hack into step 404 to execute iteration 

through the steps of Fig. 4. The steps of Pig. 4 are executed iteratively until the eiTor is 

below the predefined threshold (see step 408) at which point the value Rmm and Crnm are 

deemed acceptable .for characterizing the deposited film. 

!Para 43l Fig, 7A shows, in accordance with an embodiment of the invention, the 

1't.iative relatio.nship bet\Veen C--fi!n~ fro111 ar1d the thickJ1e·ss. (d) of tl1e fih1L 1\s ca11 be see11 in 

Fig. 7 A, the capacitartce value Cmin is equal to the prnduc!: of e,, and £,mid A divided by d, 

where d represents the film thickness, e,. represents the relative permittivity of the dielectr.ic 

material that comprises the film, .A represents the su.rface area of the probe sensor head, and 

e,l represents the permittivity of free space. See Equation 7 A-L By algebraic manipulation, 

the l"atio of die, is equal to the product of eo and A divided by the capacitance value Cmm. 

Since the capacitance value Cfilmcan be ascerta.ined (see above), and the surface area of the 

probe sensor head. (A) as well as the permittivity of free space co is known, the ratio of d/0, 

can be readily derermined. See Equation 7 A-2. 

jPara 44! Further, the value for i;, (relative permittivity for the film) \:an be provided by a 

prncess engineer who has some biowledge of the film or by measuring the film capacitances 
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and by independently measuring .film thickness. The thickness of the film may be measured 

using any technique, including for example ellipsometry. Once the va.lue for'°' (relative 

permittivity for the film) can be ascertained, that value for e .. (relative permittivity for the 

film) can be can be used to find the thickness d for any particular capacitance value Cmm for 

any panicuiar probe sensor with probe sensor head area 1\. 

fPara 45) fig. TB shows, in accordance with an embodiment of the invention, the 

calculation for the resistance value for Rmm- .As can be seen in Fig. 7B, the value for Rmm 

equals the resistivity for the film p times the distance (d) and divided by the cross-area of the 

probe head A See Equation 7B-l. lvh1ltiplying both sides of the equation by the P"-'rminivity 

of free space <-o yields the next equation. See Equation 7B-2. Substituting the inverse of the 

ratio ofdii;,.ftom Equation 7A-2 yields Eqm1tion 7B-3, wherein the product of the resistivity 

for the film p times the value for ~~(reladve permittivity for the film) equals the product of 

resistance value Rmrn and capacitance vabe Cri1m divided by the permittivity of free space z0 . 

Since the resistance value Rmm, capacitance value Cmm, and the permittivity of free space r,l 

are known, and the relative permittivity for the film e, can be provided, tlle resistivity for the 

film can be determined, which reflects the chemical make-up of the film. 

!Para 46] Jn an embodiment, a switchable capacitor arrangement is provided with 

nrnltip!e capacitors, each having a different value. Jn this manner, the RFB-CCE prnbc may 

be numing with a smaller value for the measurement capacitor to render the sensor reading 

relatively insensitivity to film thickness, Occasionally, a larger capacitor may be switched in 

to facilitate the calculation for Rmm and Ci;1m- ln an embodiment, the values for Rmm and Cfilm 

obtained while a larger capacitance value is used for the measurement capacitor are then 

Rt>hn and Cmm values may then be employed to correct, for the presence of the film, the 

measnreme11t of the pl1t<;ma parameters (e.g., lo, Te, Vt) such that the meastn-ed values reflect 

those that would have been measured with a clean probe. 

[Para 471 ln another embodiment, the value of Rmm :u1d Cm,,, may be employed to 

inform the operator or the tool cont.roller module of the thickness and resistivity of the fihn 

that is intentionally deposited during a processing step for process control purposes. By 

positioning the sensor head dose to tile substrate, it is possible to ascertain with some degree 

of accuracy the thickness and quality of film be.ing deposited on the substrate, for example. 

[Para 48] As can be appreciated from the foregoing, embodiments of the invention 

provide methods and arrangements for calculating the quality and thickness of the deposited 

film These calculated resistance and rnpacitance value (Rm,,, and Cmm) may then be 
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employed to improve the acc.uracy of the sensor readings as the film builds up over time on 

tlie sensor probe head surface, or may be employed alternatively or additionally to 

characterize the film fur process control purposes or maintenance purposes. With the tise of 

the RFB-CCE probe, there is minimal perturbation to the plasma since the RFB-CCE probe 

head tends to be smaH, to be installed flushed with the surrounding plasma-facing struct1ires 

of the plasma processing chamber, and may have a plasma-facing probe surface fom1ed of 

the same material as that of the :plasma-facing components of the charnbe:c 

[Para 491 \Vhile this invention has been described in terms of several preferred 

embodiments, there are alterations, permutations, and equivalents, which fol.l ·within the scope 

of this invention. For example, although the iterative cal.culation method employing non-

iinear least square curve fitti1tg algorithn1 is ernpkJy:red to cah:ulate Rfi1.m anti (~film~ an 

approximation technique may be employed to determine the value of Rmm and Cmm from the 

V(t) curves of Fig. 5 if desired. It should also be noted that there are many alternative ways 

of implementing t11e methods and apparatuses of the present invention. Although various 

examples are :provided herein, it is intended that these examples be illustrative and not 

limiting with respect. to the invention. 

{Para 50] Also, tbe title and summary are provided herein for convenience and should 

not be used rn construe the scope of the claims herein. Funher, the abstract is written in a 

highly abbreviated fom1 a11d is provided herein for convenience and thus should not be 

employed to construe or limit the overall invention, which is expressed in the claims. lfthe 

term "sec is employed herein, such term is intended to have its commonly understood 

mathematical meaning to cover zero, one, or more than one member. Also, it is intended 

permutations, and equivalents as fall within the tme spirit. and scope of the present invention. 

[Para 511 The D!SCUSSJON is also found i11 a co-pend.ing application entitled 

"Methods for Automaticallv Characterizirn:r a Plasma". filed June 26,. 2008 i11 the US Patent 
_,, ..... . . 

Office (Application No. 61/075,948) and filed June 2, 2009 in the US Patent Ottlce 

(Application No. 12/477 ,007) and are incorporated by reference here.in. 

!Para 52] DISCUSSION OF METHODS FORAUTOMATlCA.LLY 

CHARACTERJZTNG A PLASMA 

lPara 531 Advances in plasma processing have provided for growth in the 

semiconductor industry. To supply chips for a typical electronic product, hundreds or 

thousands of substrates (such as semiconductor wafers) may be processed. In order for the 
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manufacturing company to be competitive, the manufacturing company needs to be able to 

process the substrates into quality semiconductor devices with minimal processing tim.e. 

!Para 54j Typically, during plasma processing, problems may arise that may cause the 

substrates to be negatively impacted. One important factor that may a!ter the quality of the 

substrate being processed is the plasma itself In order to have sufficient data to analyze the 

plasma, sensors may be employed to collect processing data about each substrate. The data 

collected may be analyzed in order to determine tl1e cause of the problems. 

fPara 55J To facilitate discussion, Fig. A shows a simple schematic diagram ofa data 

collecting probe in a portion of a plasma system A-l 00. Plasma system A-100 may include a 

radio frequency (RF) source A-102, such as a pul5<11ing RF frequency generator, capacitive!y­

coup!ed to a reactm chamber A· l 04 to produce plasma A· 106. When RF source A.· l 02 is 

turn on, a bias voltage is developed across an external capacitor A· I OS, which may be about 

26.2 nanofarads (nF), In an example, RF source A·102 may provide a small burst of power 

(e.g., ! 1. 5 megahertz) every few milliseconds (e.g., about five milliseconds) causing externa.1 

capacitor A-108 to be charged, \Vhen RF source A· 102 is turned off, a bias voltage remains 

on external capacitor A-108 ;vit:h a polarity such that probe A-110 is biased to collect ions. 

As the bias voltage decays, the ctuves as shown in Figs. Bl, 82 and C may be traced. 

!Para 56! Those skilled in the art are aware that probe A-1l0 is usually an electrical 

probe with a conducting planar rnrface that may be positioned against the wall of reactor 

chamber A-104. Probe A-110 is thus directly exposed to reactor chamber A-104 

environme.nt Current and voltage data collected hy probe A-1l0 may be analyzed. Since 

certain recipe may cause a tion·conducting deposition layer A-l ! 6 to be deposited on probe 

,o\-.110, .not a1J 1Jrohes :r.nay be al,le t() coBect reliah]e J1Jensnre_n1ents. ffowe·ver, those sk.illet1 

in the art are aware that a Pff (planar ion t1ux) probe enables data to be collected despite the 

non-conducting deposition layer since the PlF probe scheme is not required lo draw a direct 

current (DC) to implement a measurement 

[.Pam 57j The current and voltage signal in plasma system A-100 is measured by other 

sensors. ln example, when RF source A- l02 is switched off. current sensor A-112 and a high 

impedance voltage sensor A-114, are employed to measure the current and the voltage, 

respectively. The measurement data collected from current sensor A-112 and voltage sensor 

A-! l 4 may then be plotted to create a current graph and a voltage graph. The data may be 

manually plotted or the data niay be entered into a software program to create the graphs. 

!Para 58J Fig. Bl shows a graph of voltage versus time after a RF charge cycle. At data 

point Bl-202, RF source A-102 has been switched off after an RF charge has been provided 

lll 
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(i.e., RF burst). In tliis example, at data point Bl-202, the voltage across probe A-110 is 

about negative 57 volts. As plasma system A-100 returns to a rest state (interval between 

data points B 1-204 and B 1-206), the voltage usually reaches a floating voltage potential. In 

this example, the floating voltage potential rises from about ne.gative 57 volts to about zero 

volt. However, the t1oating voliage potential does not have to be zero and may he a negative 

or a positive bias voltage potential, 

(Para 591 Similarly, Fig. B2 shows a graph ofcuITent data collected after a RF charge. 

At data point B2·252, RF source A-! 02 has been switched off after an RF charge has been 

provided. During a decay period BZ-254, the return current at external capacitor A-108 may 

be discharged. ln an example, at full charge (data point 82-252), the cmTent is about 0.86 

mA/cm1
. However, ;vhen the current is folly discharged (data point B2-256), the current .has 

returned to zero. Based on the graph, the discharge takes about 75 milliseconds. From data 

point B2·256 to data point B2-258, the capacitor remains discharged. 

fPara 60! Since both the current data and the voltage data are collected over a period of 

time, a current versus voltage graph may be generated by coordinating the time in order to 

eliminate the time variable. In olher words, the current data collected may be matched 

against the vo!tage data collected. Fig. C shows a simple current versus voltage graph for a 

single time inwrval between a RF burst Ai data point C-302, RF sorH"ce A-102 has been 

switched off after an RF charge has been provided, 

(Para 61] By applying a non-linear fit to the data colle,:ted during each RF burst, plasma 

A-l 06 may be characterized. In other words, parameters (e.g., ion saturation, ion saturation 

slope, electron temperature, floating voltage potential, and the like) that may characterize 

plasrna ;\.-1.06 1.nay be deter!tllned . .i\It11ough ptasrna J\¥ l 06 _may be eharac-terized. vvith the 

data collected, the process of calculating the parameters is a tedious manual process that 

requires humai1 intervention. [n an example, v.-hen the data has heen collected aft.er each RF 

burst (i.e., when the RF obarge has been provided and tben turned off), the data may be fed 

into a software analysis program. The sofr.vare analysis program may perform a non-linear 

fit to determine the parameters that may characterize the plasma. By characterizing the 

plasma, the engineer may be able to determine how a recipe may be adjusted in order to 

minimize substandard processing of the substrates. 

(Para 62! Unforttmately, the prior art method of analyzing the data for each RF burst 

may require several seconds or as much as several minutes to complete. S.ince there are 

typically thousands, ifnot miHinns ofRF bursts to analyze, the total time for characterizing: 
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the plasma for a recipe may take hours to calculate. As a result, the prior a1t method is not an 

effective method in providing timely relevant data for process control pt1rposes. 

[Para 63] The present invention will now be described in detail with reference to a fow 

embodiments thereof as illustrated in the accompanying drawings. In the fuUmving 

description, numerous specific details are set forth in order to provide a thorough 

understanding of the present invention. It \Vil! be apparent, however, to one skilled in the art, 

that the present invention may be practiced w.ithout soine or all of these specific details. In 

other instances, well known process steps and/or structures have not been described in detail 

in order to not tmnec.essarily obscure the present invention. 

!Para 641 Various embodiments are described hereinbelow, including methods and 

techniques. H should be kept in mind that the invention might also cover articles of 

nmnufacture t!mt includes a computer readable medhm1 on \\ihich compuier-readable 

instructions for carrying out embodiments of the inventive technique are stored. The 

computer readable medium may include, for example, semiconductor, magnetic, opto­

magnetic, optical, or other fonns of computer readable medium for storing computer readable 

code. Further, the invention may also cover apparatl!Ses lor practicing embodimenis of the 

invent.ion. Such apparatus may include circui1s. dedicated and/or programmable, to carry out 

tasks pertaining to embodiments of the inve11t.ion. Examples of st1ch apparntus include a 

general-purpose computer and/or a dedicated computing device 'vhen appropriately 

programmed and may include a combination of a computer/computing device and 

dedicated!jwogrammable circuits adapted for the various tasks pe1taining to embodiments of 

the invention. 

{Para 65) 1\s afore1uentlo.necl, tl1e PIF prol'e n1et11od .111~ljl 'be etxl.pioyed to conect data 

about the plasma that may he positioned within the reactor chamber environment. Data 

collected frmn a sensor (e.g., PIF probe) may be employed to characterize the plasma in the 

reactar chamber. Additionally, since the sensor employs a cnllection surface as shown hi Fig. 

A, data about the chamber surface may also be determined. In the prior art, !lie data collected 

by the PSD probe provides a ready source of data that is available for analysis. 

Unfortunately, the sheer volume of data that may be collected has made analyzing the data in 

a timely manner a challenge. S.ince tl1ousands or even millions of data points may be 

collected, the task of identifying the relevant interval in order to accurately characterize a 

phL~ma may be a daunting task, especially sillce the data is asually being a11alyzed lnanually. 

As a result, the data collected has not been useful in providing the plasma processing system 

with a timely characterizatio11 of the plasma. 
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[Para 66j However, if relevant data points that are needed in order to characterize a 

plasma are identified from the thousands/millions of dHta points that may be collected, then 

the time required to characterize a plasma may be significantly reduced. In accordance with 

embodiments of the invention, a method is provided for automatically characterizing plasma 

in a relatively short time period. Embodiments of the invention described herein provide for 

an algorithm for idemifying the relevancy range in order to reduce the data points that may 

need to be analyzed in order to characterize a plasma. As discussed herein, the relevancy 

range refers to a smal!er set of data points from the thousands or millions of data points that 

may be gathered betwl>en each RF burst Embodiments of the inwntion fhrther provide for 

estimating seed values that may be applied to a mathematical model that calculates the values 

for characterizing a plasma. By performing curve-fitting to the relevancy range, parameters 

that may be employed to characterize a plasma may be calculated. 

!Para 67! 111e features and advantages of the present invention may be better understood 

with reference to the figures and discussions that follow. 

!Para 68! Fig. D shows, in an embodiment of the invention, a simple flow chan 

illustrating the steps for automatically characterizing plasma during substrate prnces>ing. 

Cm;sider the situation wherein, m1 RF charge has been provided during substrate processing. 

[Para 691 At a first step D-402, current and voltage data are collected. Jn an example, 

after the Rf source has been turned on, an RF charge (pulse) is provided. After the RF 

charge has been turn off; a current sensor and a voltage sensor may be employed to collect 

data at a probe, such as a planar ion flux probe, which may he mounted to a chamber wall of 

the reactor chamber. As aforementioned, the number of data points that may be collected by 

the se:nsors n1a~r rru1ge in tlie th.ousa-nds or 111i!1iotls, Jn so.n1e cases~ thousarids to te.11 of' 

thousands of data points may he collected between each RF burst making near-realtime 

analysis int.he prim· art nearly impossible. 

[Para 70] Jn the prior art, several hours may be allotted for analyzing the measuremeni 

data that is collected during semiconductor substrate processing. ln one aspect of the 

invention, the inventors herein realized that the measurement data between each RF burst 

does not have to be analyzed in order to characterize a plasma. Instead, if curve-fitting is 

applied to a re.levancy range of the data set, parameters that may be employed to characterize 

the plasma may be determined. 

{Para 7lj At a next step D-404, a relevancy range is detennined. As aforementim1ed, 

the relevancy range refers to a subset of the data set that has been collected between each RF 

burst In the prior art, since the data is being manually analyzed, the sheer volume of the data 
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collected make calculating the relevancy range a challenging task, In many instances, the 

relevancy range may be visually estimated. ln identifying the relevancy range, noises that 

may exist may be substantially eliminated from the subset of data set In an example, during 

complex substrate processing, a polymer buildup may occm on the probe, causing a portion 

of the dttta collected to be skewed. For example, the portion of the data that may be impacted 

tends to be the data that may be collected once the capacitor has been fuHy discharged. In 

identifying the relevancy range, data associated with the polymer buildup may be removed 

from the analysis_ In other ·words, the determination of the relevancy range may enable 

plasma characterization to occur without being subject to random noises. Discussion about 

how a relevancy range may he determined, for an example, is provided later in the discussion 

of Fig. E. 

fPara 721 Jn addit.ion to identifying the relevancy range, the seed values may also be 

determined, at a next step D-406. As discmsed herein, the seed values refer to the estimated 

value of the slope, the eleciron temperamre, the ion saturation value, the floating voltage 

potential, and ihe like. Discussion about how the seed values may be estimated, for example, 

is provided in the discussion of Fig. E, 

[Para 731 The re.levance range and the seed values are utilized to perform curve-fitting. 

Since curve-fitting has to be performed before the 11ext RF burst, the methods employed to 

detem1ine the relevancy range and/or seed values have to utilize minimum overhead and 

produce vafoes that are close to the final fit values., thert,by reducing number of curve-fitting 

iterations that may be required in order to achieve a rapid convergence_ 

!Para 741 Wiih the relevancy range and the seed values, at a next step D-408, a non-

characterized within a shorter time period without requiring an expensive high-end computer. 

Unlike the prior art, the method allows for results from a decay interval due to a single RF 

burst to be characterized in approximately 20 milliseconds instead of requiring a few minutes 

or even a few hours to process, Witl1 near-reahime analysis capability, die method may be 

applied as part of an automatic control system to provide the engineer v.ith relevant data 

during plasma processing, 

[Para 751 Fig, E shows, in an embodiment of the invention, a simple algorithm for 

detennining the relevancy range and the seed values_ Fig, E will be discti'>Sed in relation to 

Figs. F.1, F2, F3, and F4. 

!Para 76! At a first step E-502, the data collected during each RF burst is automatically 

plomxl ln an example, the current data tlmt may be collected by the current sensor is plotted 
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into a current versus time graph F 1-600, such as the one shown in Fig. FL In another 

example, the voltage data collected may he plotted into a voltage versus time graph F2-650, 

as shown in Fig. F2. Although the data may produce similar graphs as the prior art, unlike 

the prior art, the data co fleeted is automatically fod into the analysis program without 

requiring human intervention. Alternatively, the measurernent data collected does not have to 

he plotted. Instead, the data may be fed directly into the analysis program. Instead. the 

graphs are provided as visual examples t:o explain the algorithm. 

IJ>ara 77] Unlike the prior art, the entire data set is not analyzed in order to characterize 

a plasma. Instead, a relevancy rnnge is detem1ined. To determine the relevancy range, a 

percentage decay point may first be determined,. at a next step E-504. As discussed herein, 

t11e percentage decay point refors to the data point at which the original value has d(.>cayed to 

a certain percentage of the original value. ln an embodiment, the percentage decay point may 

represent the end of the data interval to be analyzed. in an example, when the RF source is 

switched on: the current value is about 0.86 mA./cm2
. The value is represented by a data 

point F 1~602 on graph Fl-600 of Fig. FL If the percentage decay poini is set to ten percent 

of the original value, the percent decay point is at data point F.l-604, which is about 0.086 

mA/cm2
. In other words, the percentage decay point may be detem1ined by applying a pre­

defined percentage to the original value, which is value of the electrical charge when the RF 

source is s1-vitched off and the system is returning to an equilibrium state. In an embodiment, 

the percentage is empirically determined, In an embodiment, instead of employing a 

percentage decay point to detennine the end of the data interval, fhe peak of a first derivative 

of the data collected 'for each RF burst may be calculated. 

{Pam 781 At 2 next step E-506, the a!godthm may detennine the ion saturation interval, 

which is the data subset between the original value and a second decay point As disCllssed 

herein, the ion saturation interval refers r.o the region oft.he cun-ent-vo!tage ([V) curve at 

which the probe potential is sufficiently negative with respect to the floating potential such 

that the electron flux to the probe is negligible. In this region the current to the probe 

increases slowly and linearly with increasingly negative potential. ln addition, the ion 

saturation interval is the regime at which the bias voltage is sufficiently negative with respect 

to the floating potential such that the probe will collect all the available ions in the system .. In 

other \Votds, the collected current "saturates" as the bias voltaue is raised suffidentlv high. 
. ....- ·- "'" 

Also, as discussed herein, the "available ions" refors to the flux of ions impinging upon the 

sheath boundary, which may enlarge as tile bias voltage is further increased. 
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{Para 79! 1n other words, the ion saturation interval is the interval from data points Fl -

602 and F l-606 of Fig. FI. Jn an embodiment, the second decay point may be detem1ined by 

taking a percentage of the original value (i.e., dma point Fl-602). In an example, if the 

second decay point is about 95 percent of the original value, the second decay point is about 

0.81 nv\icm2 {i.e., data point Fl-606). Hence, the ion saturation interval is from the original 

value (data point Fl-602) to the seco11d decay point (data point F 1-606). Note that the second 

decay point is between t11e original value (data point F 1-602) a11d the percentage decay point 

(data point Fl-604). Similar to the percentage decay point, the second decay point may also 

be based on a pre-defined threshold, in an embodiment In an embodiment, the percentage is 

empirically determined, 

\Para 80! Once the ion saturation interval has been determined, at a next step E-508, the 

slope (s) and the ion saturation (i,,) may be estimated. As aforementioned, the slope(s) and 

the ion saturation (io) are two of the fom seed values that may be applied to a mathematical 

model (Equation 2 below) to determine the parameters tllat characterize a plasma. rn an 

example, the slope (s) may be detennined by performing linear regression. In another 

embodiment, ihe dgorithm may also determine the ion saturation (io) by taking the average of 

the data values between data points F l-602 and Fl-606. 

!Para 81 J At a next step E-5 l 0, the algorithm may determine the infkction point, which 

is the point at which the first derivative changes sig11. ln au embodiment, the inflection point 

may be c<1lculated by identifying the minimal value of the fi.rsi derivative of the current 

values between the percentage decay point and the second decay point To illustrate, Fig. FJ 

shows the first derivative of the values between a percentage decay point (F3·664) and an 

original po.int (f.3 ... 662} of a .Clrr.renrs.ig-riai F3--.660. ·the inJ1ect.ion I)Oit1t .ts the n1hxiT1m1 data 

point of the first derivative (F3-670), which has a value of -0.012 mA/cn/ and an index value 

of 226 (as shown by data point FJ-666). To determine the inflection value, the index value is 

mapped to current sig1ial plot F3-660, Jn this example, when the index value of the first 

derivative is mapped to current signal. F3-660, the inflection v'1lue is 0.4 714 mA/cm2
, as 

shown by data point F3-668. 

{Para 821 In an embodiment, the relevancy range is defined as the range between the 

original value and the inflection point /\dditionally or alternatively, a percent decay 

threshold may be set (e.g., at 35 percent) instead of calculati.ug the inflection point In an 

example, using the percent decay point of 35 percent, whiclt may be empirically determined, 

the relevancy range may fall beiween points Fl -602 and Fl-604 of Fig. Fl. 
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!Para 83! 

= abs abs 

Table '' Paramdi;i·s dotined 

Parameter• ! 
I 

-V'a_riahlc nan1e 

ltu~~" l Current measured 

\'n1~"-~ I \/ ottage lH1:..~asured 

I I Current tilne 

T, i Electron te1nperature 

With the inflection point identified, the electron temperature may be 

estimated, at a next step E·512. The electron temperature may be estimated by employing 

Equation 1 above. The current and voltage data utilized to calculate tlle electron temperamre 

is within the transition interval, ·which is usually when a probe is drnwing less current thim 

the ion saturation curre11t In an embodiment, the time at which the current and voltage data 

is measured may correspond with the inflection point. Alternatively, the inflection point of 

the current-voltage (I-V) curve may also be employed. Since the electron temperatme is a 

ratio of a first derivative (as determined ill calculating the percentage decay point) ofthe data 

collected for an RF burst ar a time corresponding to the inflection point on the current-voltage 

curve, the computational overhead that may be required to generate the number is n1inimal. 

!Para 84] At a next step E·5l4, the algo1ithm may determine the floating voltage 

potential. Since the floating voltage potential .is determined based on the voltage data 

col1ected~ the. floating \·'ohage .Potential n1a)' be d.eter111ined. \V"ithout first having to deter111ine 

the vafoes as calculated in steps E·504 - E-5 l 2. Those skilled in the an are aware that 

floating voltage potential is the electrical potential at wh.ich the probe floats after the external 

capitcitor hlis fully discharged. Typically, the tfoating voltl!ge potential may be determined 

by looking at the signal thm ocrnrs right before the next RF burst However, due to the 

possibility of polymer buildup causing distortion, erroneous data (i.e., noise) may be 

collected; thus, the floating voltage potential may be calculated try averaging the voltage 

values collected tmvard the end of the col.lection period. In an embodiment, the floating 

voltage potential may be calculated from data point F2-652 (the data point at vvhich the 

voltage first reaches its floating potential) to data point F2-654 (the data point just right 

before. the next RF burst), as shown in Fig. F2. In a11other embodiment, the floating voltage 
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potential may be based on the voltage values within a window F2-656, which is located 

between data points f2-652 and F2-654, as shown in Fig. f2. Jn an embodiment, window 

F2-656 may be of any size as long as the windm.v begins before the prior pulse has decayed 

more than 99 percent and ends when the next 1mlse begins. In one embodiment, the floating 

voltage potential may be detennined from a window that provides an average value with a 

low standard deviation (error). 

[Para 851 As can be appreciated from the foregoing, the methods for determining the 

relevancy range and the seed va.lues account for anomalies that may occur in the current, 

voltag<· and/or ctirrent-voltage (J-V) curves, [n an example, polymer buildup may occur at 

the end of an RF burst Hov,-ever, by applying the aforememioned algoritlmis, the relevancy 

range and the seed values are impervious to unexpected artif;'lCts that may occur during 

processing, 

[Para 861 Once the relevancy range has been determined and the seed values have been 

calculated, at a next step E-516, the current values may be plotted against the voltage values 

and curve-fitting may be applied to generate graph F4-680 of Fig, F4. In an example, a non­

linear cmve fit, stKh as Levenberg-l\farquardt algorithm, may be applied to perform the 

curve-fitting, By generating a curve-fitting graph and applying the seed values to the 

mathemati.cal modd, such as Equation 2 bdmv, the tbur parnm<,ters that may he employt•d to 

characterize the plasma may be detem1ined. 

)c (.. ) f(v .... v.)li 
1~r 11

-s* V-V,. -exp· 1 · ~ ,, .· .. • .· . l 7; Ji f Equation 2 I 

'fable 2! Pnran1eters defined 

Paran1eters \l':ariable name 

r ! Current 

[,, Ion saturation 

s Slope 
' -y j \Io!tag:c 
' v,. ; Floating volhfg¢ potcnthi1 
! 

T, ' E1ec.1ron tcrnpcrature I 
jPara 871 As can he appreciated from one or more embodim~mts of the present 

invention, an automated method for characterizing plasma during plasma processing is 

provided. By detennining a relevancy range and a set of seed values, plasma characterization 

may occur without having to process thousands or millions of data points that are usually 

collected after a single RF bnrsL The automated method transforms a previously tedious and 

18 



WO 2010/005934 PCT/US2009/049762 

manual process into an automatic task that may be performed quickly and efficiently. \Vith 

data analysis significantly shortened from a few minutes (or even a few hours) to a few 

milliseconds, plasma characterization may be perfonnedduring plasma processiag instead of 

being a post- production process. Tltus, relevant data may provide insights into the current 

plasma environment, thereby enabling recipe and/or tool adjustment t'o occur and waste to be 

minimized. 

!Para 88! While this invent.ion has been described in terms of several preferred 

embodiments, there are alterntions, pennutations, and equivalents, which fall within the scope 

of this invention. It should also be noted that there are many alternative ways of 

implementing the methods and apparatuses of the present invention. Although various 

examples are provided herein, it is intended that these examples be illustrative and not 

limiting with respect to the invention. 

[Para 89] Also, the title and summary are provided herein for convenience and should 

not be used to construe the scope of the claims herein. Further, the abstract is written in a 

highly abbreviated form and is provided herein for convenience and thus should not be 

employed to constrne or limit the overall invention, which is expressed in the claims. If the 

term "set" is employed herein, such term is intended to have its commonly understood 

mathematical meaning to cover zero, one, or more than one .member. Also, it is intended 

that the following appended claims he interpreted as indu<ling an such alterations, 

permutmions, and equivalents as fall within the trne spirit and scope of the present invention. 
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CLAJMS 

\lv'hat is claimed is: 

1. A method for characterizing a deposited film on a substrate within a processing chamber 

of a plasma processing system during substrate processing, comprising: 

determining a voltage-current characteristic for a probe head, wherein a measuring 

capacitor is set at a first capacitance value; 

apply.Ing a radio frequency (RF) train to said probe head, thereby causing said 

measuring capacitor to be charged, wherein said measuring capacitor is set at a second 

capacitance value, said second capacitance vahte bei.ng greater than said first capacitance 

value; 

providjng an initial resistance value .for said deposited .film and an initial capacitance 

value for said deposited film; 

employing said initial resistance value, said initial capacitance value, and said 

voltage-current characteristic io genemie a first simulated voliage-time curve; 

<letennining a first measured voltag<Hime curve, said first measured voltage-time 

cnrve representing a potential drop across said deposited film for one RF train; and 

comparing said first simulated voltage-time curve to said firsi measured voltage-time 

curve, wherein if a difference between said first simulated voliage-time curve and said first 

measured voltage-time curve is less than a predefined threshold, employing said initial 

rt,sistance value and said initial capacitance for characterizing said deposited film. 

2. The method of claim l furl11er including 

if said difference between said first simulated voltage-time curve and said first 

nieasured volrnge-time curve is greater than said predefined threshold, applying a non-linear 

least square curve algorithm to generate a second resistance value and a second capacitance 

value; 

employing said second resistilllce value, said second capacitance value, and said 

vohage~current characteristic to gen.erate a second_ siintdated ·vo:itage-tin1e ci.trve; and 

determining a second measured voltage-time curve; and 

comparing said second simulated voltage-time curve to said second measured voltage­

time curve, wherein 

if a difference between said second simulated voltage-time curve and said 

second measured voltage-time curve is less than said predefined threshold, employing 

said second resistance value and said second capacitance for characterizing said 

deposited film, and 
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if said difference between said second simulated voltag<Hime curve and said 

second measured voltage-time curve is greater than said. predefined threshold., 

applying said non-linear least square curve algorithm to generate a third resistance 

value and a third capacitance value. 

3. The method of claim 2 further including calculating a simulated voltage-time curve and a 

measured voltage-time curve and comparing said simulated vo!tage-time cun'e against said 

measured voltage-time curve until a difference between said s.imulated voltage-time curve 

and said measured voltage-time curve is less than said predefiued threshold. 

4. The method of claim 3 wherein said voltage-current chanicteristic is generated by 

measuring potential across said measuring capacitor to determine a potential rate of 

change, and 

measuring current across said measuring capacitor to determine a rate of capacitar 

current discharge. 

5. The method of claim 4 wherein said initial resistance value and said initial capacitance 

value are empirically calrnlated. 

6. The method of claim 4 wherein said initial resistance value and said initial capacitance 

value are theoretically determined. 

7. Ttw method of daim 4 wherein a resistance value of said deposited film is related to 

chemical composition of said deposited film, said resistance value is a function of film 

resistivity., distance, and cross-area of said probe head. 

8. The method of claim 4 wherein a capacitance value of said deposited film is related to 

at least thickness of said deposited film and relative dielectric permittivity, said 

capacitance value being a function of pennittivity of free space, relative perrnittivity of 

film dielectric material, surface area of said probe head, and film thickness. 

9. 'l11e metlmd ofdaim 1 wherein said measuring capacitor is a switchable capacitor 

arrangement with multiple capacitors, where.in each capacitor of said multiple capacitors bas 

a different capacitance value. 

10. An article ofmmmfacmre comprising a program storage medium having computer 

readable code embodied therein, said computer readable code being configured for 

characterizing a deposited film on a substrate within a processing chamber of a plasma 

processing system during substrate processing, comprising: 

code for determin.ing a voltage-current characteristic for a probe bead, wherein H 

measuring capacitor is set at a first capacitance value; 
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code for applying a radio frequency {RF) train to said probe head, thereby causing 

said measuring capacitor to be charged, \Vhere.in said measuring capacitor is set at a second 

capacitance value, said second capacitance value being greater than said first capacitance 

value; 

code for providing an in.itial resistance value for said deposited film and an initial 

capacitance value for said deposited film; 

code for ernp.loying said initial resistance value, said initial capacitance value, and 

said voltage-current characteristic to generate a first simulated voltage-time carve; 

code for dete1mining a .first measured voltage-time cmvc, said first measured voltage­

time curve representing a potential drop across said deposited film for one RF train; and 

code for comparing said first simu.!ated voltage-time curve to sa.id first measured 

voltage-time curve, wherein if a difference between said first simulated voltage-time curve 

and said first measured voltage-time curve is less than a predefined tlu-eshold, code for 

employing said initial resistance value and said initial capaciiance for characierizing said 

deposited film, 

.l .I_ The artide ofm.a.nufucture of claim I 0 forther .induding 

if said difterence between said first simulated voltage-time curve and said first 

measured voltage-time curve is greater than said predefined threshold, code for applying a 

non-linear least square curve algorithm to generate a second resistance value and a second 

capacitance value; 

code for employing said second resistance value, said second capacitance value., a11d 

said voltage-current characteristic to generate a second simulated voltage-time curve; and 

code .for detennining a second measured voltage.-time curve; and 

code for comparing said second simulated voltage-time curve to said second 

measured voltage-time cm·ve, wherein 

if a difference between said second s.imulated voltage-time curve and said 

second measured voltage-time cmve is less tfom said predefined threshold, code for 

employing said second resistance value and said second capacitance for characterizing 

said deposited film, and 

if said difforenoe between said second simulated voltage-time curve and said 

second measured voltage-time curve is greater than said predefined threshold, code 

for applying said non-linear least square cmve algorith1n to generate a third resistance 

value and a third capacitance value. 
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12. The article of manufacture of claim l l forther including code for calculating a simulated 

volt.age-time curve and a measured voltage-time curve and code for comparing said simulated 

voltaze-time curve against said measured voltaze-time curve until a difference between said 
~ ~ y 

simulated voltage-time curve and said measured voltage-time curve is less than said 

predefined threshold. 

13. The attic le of mrumfacture of claim 12 wherein said voltage-current characteristic is 

generated by 

code for measuring potential across said rneasming capacitor to detem1ine a potential 

rnte of change, and 

code for measurhig current across said measuring capacitor to detennine a rate of 

capacitor rnnent discharge. 

14. 'J11e article of mrumfacture of claim 13 wherein said initial resistance value and said 

initial capacitam'e value are empirically calculated. 

15. The article of manufacture ofdaim 13 wherein a resistance value of said deposited fflm 

is related to chemical composition of said deposited film, said resistance value is a function 

of film resistivity, distance, and cross-area of sa1d prnbe head .. 

16. The ruiicle of manufacture of claim 13 wherein a capacitance value of said deposited 

film is related to at least thickness of said deposited film and relative dielectric pe1mittivity, 

said capacitance value being a function of pem1ittivity of free space, relative permittivity of 

film dielectric material, smface area of said probe head, and film thickness. 

17. The article of manufacture of claim l 0 wherein said measuring capacitor is a switchable 

capacitor arrangement with multiple capacitors, wherein each capacitor of said multiple 

18. An arrangement for characterizing a deposited film within a processing chamber of a 

plasma processing system dw·ing subslwte processing, comprising; 

a probe arrangement, wherein said probe arrangement is configured for at least 

nJeasuring one plas111a process.ing paran1eter, said probe arrangen1ent includi11g 

a plasma-fucing semor made of a conductive material, and 

a measuring capacitor configured to be switched between nvo or more values, 

wherein said plasma-facing sensor is coupled to a frrst plate of said measuring 

capacitor; 

a radio frequency (RF) voltage somce,. said RF voltage sou.rce being coup.led to a 

second plate of said measuring capacitor, wherein said Rf voltage source is configtrred to 

provide RF oscillation trains to said plasma-facing sensor; 
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a resistor-capacitor circuit, wherein said resistor-capacitor circuit includes a resistor in 

parallel with a capacitor; 

a current measurement device, said curre.nt measurement devic.e being disposed in 

series between said measuring capacitor and said RF voltage source, wherein said current 

measurement device is configured to detect said measuring capacitor current discharge rate; 

a voltage measurement devi<:e disposed between said first plate of said measuring 

capacitor and ground, wherein said voltage measurement device is configuted for Ineasuring 

potential of said plasma· facing sensor; and 

a signal processor, wherein said signal processor is configured for analyzing said 

current discharge rate and said potential of said plasma-fuc.ing sensor to detennine a voltage­

cnrre11t characteristic for said plasma-facing sensor, 

19. 'l11e arrangement of claim l 8 wherein said plasma·facing sensor is disposed on a 

chamber wall of said processing chambes and is substantially co-planar with said chamber 

wall. 

20. The arrangement of daim 18 wherein said plasma-facing sensor is a radio frequency­

biased (RFB) capacitively-coupled electrostatic (CCE} probe head. 
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