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DETERMINING PLASMA PROCESSING SYSTEM READINESS
WITHOUT GENERATING PLASMA
BACKGROUND OF THE INVENTION

FO001] The present invention is related to plasma processing systems. In particular,
the present invention is refated to determining whether a plasma processing system s ready
for performing plasma processing.
0002} Plasma processing systems, such as capacitively coupled plasma (CCP)
systems, indactively coupled plasma (ICP) systems, and transformer coupled plasma (TCP)
systems, are employved in various industries for fabricating devices on wafers. For example,
the mdustries may include semicondector, magnetic read/write and storage, optical system,
and micro~electromechanical system (MEMS) industries. A plasma processing system may
generate and sustain plasma 1o a plasma processing chamber to perform etching andfor
deposition on ¢ wafer such that device features mayv be formed on the wafer.
0003} In general, changes in the plasma processing chamber caused by, for example,
conswnption of consumable materials, deformation of components, replacement of parts, etc.,
may negatively affect the performance of the plasma processing system i processing waters.
For example, if the waters are processed under an mappropriate, suboptimal condition of the
plasma processing system, parts of the plasma processing system may be damaged, a
substantial number of the wafers may need to be scrapped and wasted, production time and
other resources may be wasted, andfor the masufacturing yield may be undesirable.
Therefore, it may be desirable to perform tests 1o ensure the readiness of the plasma
processing system before processing wafers
00041 Conventionally, a number of test wafers may be test-processed with plasma in
the plasma processing chamber, and the readiness of the plasma processing svsteny may be
deterniined based on the results of the test-processing. The test process may incur a
substantial amount of cost and may consame a substantial amount of resources,
{0005} Alternatively, for saving cost and resources, plasma processing system
readiness tests may be performed by comparing the measured electrical property values, such
as the voltage, cuwrrent, and/or phase angle value(s), at a certain location i the plasma
processing system with a set of “fingerprints,” or known electrical property values which
mdicate the readiness of the plasma processing system. The consumption of resources for
gengrating plasma and the consumption of test wafers may be avoided in the test process.

However, the differences between the measured electrical property values and the



WO 2011/008376 PCT/US2010/037936

fmgerprints may be caused by various reasons, including problems with a power delivery
system, but not Hmuted to faults in the plasma processing chamber. As g result, false positive
alarms indicating problems with the plasma processing chamber may be provided, and a
significant amount of time and resources may be wasted in trying to troubleshoot the faultless
plasma processing chamber.

SUMMARY OF INVENTION
[0006] An embodiment of the invention is related to a test system for facililating
determining whether a plasma processing svstem s ready for processing wafers, wherem the
plasma processing system includes a plasma processing chamber. The test system may
mehude a computer-readable medium storing at least a test program. The test program may
mchade code for receiving at least a plurality of electric parameter values. The plurahity of
electric parameter values may be derived from signals detected by at least one sensor. The
signals may be detected by the ar least one sensor when no plasma is present i the plasma
processing chamber. The test program may also include code for generating a set of electric
model parameter values using at least the plurality of electric parameter values and a
mathematical model. The test program may also include code for comparing the set of
electric model parameter values with g set of baseline model parameter value information.
The test program may also mclude code for determiming readiness of the plasma processing
systent based on the comparison, The test system may also include a set of circuit hardware
for performing one or wore tasks associated with the test program.
0007

The above sunumary relates to only one of the many embodiments of the
tvention disclosed herein and is not imended to himit the scope of the invention, which is set
forth is the claims herein. These and other features of the present invention will be described
i more detai] below in the detailed description of the invention and n conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
0008} The present invention is iltustrated by way of example, and not by way of
lumitation, in the figures of the accompanying drawings and i which hke reference numerals
refer to sinilar elements and in which:
OO0 Fig. 1A shows a schematic block diagram illustrating a plasma processing
system Iincluding a no-plasma test system {or NPT system) for testing the readiness of the
plasmia processing system in a test process involving multiple frequencies without generating

plasma m accordance with one or more embodiments of the present mvention.
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FO010] Fig. 18 shows a schematic represeniation illustrating an electrical model for
modeling parts of a plasma processing system in accordance with one or more embodiments
of the present mvention.
00117 Fig. 2A shows a schematic block diagram illustrating a plasma processing
systern including a no-plasma test system {or NPT system) for testing the readiness of the
plasma processing system in a test process involving multiple measurement points without
generating plasma in accordance with one or more embodiments of the present invention.
(00121 Fig. 2B shows a schematic representation tHlustrating an electrical modeld for
modeling parts of a plasma processing system in accordance with one or more embodiments
of the present invention.
(0013} Fig. 3A shows a schematic graph iHlustrating the advantages of a test process
involving multiple frequencies in accordance with one or more embodiments of the present
tnvention,
FO0143 Fig. 38 shows a schematic graph illustrating the advantages of a fest process
myelving maitiple measurement points in accordance with one or more embodiments of the
present mvention,
(0015} Fig. 4 shows g schematic flowchart tustrating tasks/steps pertaming to a NPT
systern for implementing a no-plasma test library {or NPT library) for facilitating deternuning
the readiness of a plasma processing system in accordance with one or more embodiments of
the present invention.
(o016} Fig. 5 shows g schematic flowchart tHustrating tasks/steps pertaiming to a NPT
system for determining the readiness of a plasma processing svstem in accordance with one
or more embodiments of the present mvention,

DETAILED DESCRIPTION OF EMBODIMENTS
(00171 The present invention will now be described in detail with reference to a few
embaodintents thereof as lustrated in the accompanving drawings. In the following
description, numerous specific details are set forth in order to provide a thorough
understanding of the presenmt invention. [t will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific detals. In
other instances, well known process steps andf/or structures have not been desenbed in detail
in order to not unnecessanty obscure the present mvention.
[0018] Various embodimenis are described herein below, including methods and
techmgoes. It should be kept in mind that the invention might also cover articles of

manufacture that includes a computer-readable medium on which computer-readable
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wmstructions for carrying out embodiments of the inventive technique are stored. The
computer-readable medium may include, for example, semiconductor, magnetic, opto-
maguetic, optical, or other forms of computer-readable medinm for storing computer-
readable code. Further, the invention may also cover apparatuses for practicing embodiments
of the tnvention. Such apparatus may include circwits, dedicated andfor progranymable, to
carry ont tasks pertaining to embodiments of the invertion. Examples of such apparatus
mclude a general-purpose computer and/or a dedicated computing device when appropriately
programmmed and mav inchude 2 combination of a computer/computing device and
dedicated/programmable circuits adapted for the various tasks pertaining to embodiments of
the tnvention,

(0019} One or more embodiments of the invention are refated to a test system for
facilitating determining whather a plasma processing system is ready for performing plasma
processing. The plasma processing system may include a plasma processing chamber for
containing plasma and a wafer to be processed. The test system may include a computer-
readable medium storing at least a test program. The test system may also include g set of
circuit hardware for performing one or more tasks associated with the test program.

(00201 The test program may include code for receiving at least a plurality of electric
parameter values related to operation of a plasma processing system. The plorality of electric
parameter values may be derived from signals detected by at least one sensor, such as a
voltage-current probe {or VI probe) and/or a voltage control interface probe {VCI probe).
The signals mav be detected by the sensor(s} when no plasma s present in the plasma
processing chamber. In general, the test system may facihtate determining the readiness of
the plasma processing system without requiring generating plasma. Advantageously,
resonrces associated with generating plasma may be conserved.

00217 The test program may also inchude code for generating a set of electric model
parameter values by inputting the plurality of electric parameter values to a wathematical
model, with the set of efectric model parameter values bemng the output of the mathematical
model. The electric model parameter values may be associated with electric model
parameters, such as a termination capacitance, a line capacitance, and a line mductance, of
electric model components for modeling varions parts of the plasma processing system. For
example, the termination capacttance may be associated with a capacitor for modeling the
plasmia processing chamber; the line capacitance and the line inductance may be associsted
with another capacttor and an mductor, respectively, for modebing a transmission rod

disposed between the plasma processing chamber and a power generator,
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0022} The test program may also iclude code for comparing the set of electric
model parameter valnes with a set of baseline model parameter value information to
determine the readiness of the plasma processing system.

00231 As can be readily appreciated, the test system may associate different electric
model parameters with different plasma processing system parts. Accordingly, the test
system may be able 1o determine whether problems occur at the plasma processing chamber
or at the transmission rod, without generating false positive alarms for a faultless plasma
processing chamber. Advantageocusly, costs and resources associated with unnecessarily
tronbleshooting the plasma processing chamber and unnecessary downtime may be avoided,
problems can be effectively resolved, and productivity may be improved.

{0024} The baseline model parameter value information may be generated wtilizing
sample electric parameter values associated with a plurality of frequencies and/or derived
from stgnals detected by a plorality of sensors deployed at a plurality of different locations in
the plasma processing system. Advantageously, counsistency and accuracy in determining the
readiness of the plasma processing chamber may be optimized.

00257 One or more embodiments of the invention are related to a plasma processing
system that mcludes the abovementioned test system.

10026} One or more embodiments of the mvention are related to a method pertaining
to the abovementioned test svsteny.

00271 The teatures and advantages of the present invention may be better understood
with reference to the fipures and discussions that follow,

F00283 Fig. 1A shows a schematic block diagram illostrating a plasma processing
system 100 including a no-plasma test system 150 {or NPT system 150} for testing the
readiness of plasma processing system 100 {incloding a plasma processing chamber 112)ina
test process mvolving multiple frequencies without generating plasma m accordance with one
ot nrore embodiments of the present invention.

(00291 Plasma processing chamber 112 may be configured for containing plasma and
a wafer when the water is processed utilizing the plasma inside plasma processing chamber
112, For example, plasma processing chamber 112 may represent an inductively coupled
plasma (ICP) chamber, a capacitively coupled plasma {CCP) chamber, or a transformer
coupled plasma (TCP) chamber. Plasma processing chamber 112 may be grounded at ground
118,

0030} Plasma processing system 100 may also include a power generator, such as a

radio frequency power generator 102 (or RF generator 102), for providing an electric current
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through a match box 104 {or match network 104) and a radio frequency rod 108 {or RF rod
108 to, for example, a cotl and/or an electrade of plasma processing chamber 112 for
generating and/or sustaining the plasma for processing the wafer. RF rod 108 may be a
coaxial feed cable for transmitting the electric current.
[O031} In one or more embodiments, RF generator 102 may be able to provide
electric currents with a plurality of different frequencies. For example, RF generator may be
able to provide a first cierent with a first frequency, a second cuwrrent with a second
frequency, and a third current with a third frequency, ete. Additionally or alternatively,
plasma processing system 100 may include one or more power generators, such that electric
cusrents with a plurality of different frequencies may be provided to plasma processing
chamber 112, Utilizing multiple freqoencies, embodiments of the invention may improve
consistency and granularity in determining the readiness of plasma processing chamber 112.
Example advantages of ntilizing wultiple frequencies are discussed with reference 1o the
example of Fig. 3A.
(00321 Plasma processing system 100 may also mclude a sensor, such gs a voltage
current probe 106 {or VI probe 106}, coupled between match box 104 and RF rod 108, The
sensor may be employed for measuring electric parameter values, such as voltages, electric
current magnitudes, and phase angles, associated with the currents received by plasma
processing chamber 112,
{0033} NPT system 150 may be coupled with VI probe 106 for facilitating testing the
readiness of plasma processing chamber 1120 NPT system 150 may include a computer-
readable medion 116 storing at least a no-plasma test program 182 (or NPT program 182).
NPT program 182 may include code for ntilizing electrical property values provided by VI
probe 106 to compute model parameter values to facilitate testing the readiness of plasma
processing chamber 112, Computer-readable medium 116 may also include a no-plasma test
tibrary 184 {or NPT library 184) stortng basehine model parameter information. The baseline
model parameter information may represent parameter values (and/or ranges thereof) that
mdicate the readiness of plasma processing chamber 112, NPT system 150 oay compare the
computed model parameter values with the baseline model parameter information to
determine the readiness of plasima processing chamber 112, By uiilizing model parameter
alnes and model parameter baseline information {instead of electric parameter values and
electric parameter fingerprints) in determng the readiness of plasma processing chantber
112, embodiments of the invention may prevent false posttive alarms and associated waste of

resources, and embodiments of the invention may also indicate the location of detected
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problems. An example eleciric model including the model parameters is tllustrated in the
example of Fig. 1B,

[0034] NPT system 130 may also inchude a set of circunt hardware 114 for performing
tasks assoctated with NPT program 182 in facilitating testing the readiness of plasma
processing chamber 112, Examples of the tasks are discussed with references to Figs. 4-5.
(0035} Fig. 1B shows a schematic representation itlustrating an electrical model 120
for modeling parts, such as plasma processing chamber 112 and RF rod 108, of plasma
processing svstem 100 illustrated i the example of Fig. 1A In accordance with one or more
embodiments of the present invention.

F0036] Electric model 120 may include a capacitor 142 for modeling plasma
processing chamber 112, Capacitor 142 may be represented by a capacitance, denoted Cugn,
meaning the capacitance at the termination, or termination capacitance.

(0037} Electric model 120 may also mclude an inductor-capacitor cireuit 130 {or LC
circuit 130} for modeling RF rod 108, LC circuit 130 may include one or more indactors,
such as inductor 122 inductor 124, andfor inductor 126, represented by one or more
parameters, such as an inductance, denoted Lg,., meaning an inductance of the power
transmission fine, or line inductance. LC circuit 130 may also include one or more
capacitors, such as capacitor 132, capacitor 134, andfor capacitor 136, represented by one or
more pargmeters, such as a capacitance, denoted Cye, meaning a capacitance of the power
trapsmission line, or line capacitance.

[0038]

The values of the parameters Cuum. Liine. and Ty may be computed utilizing
electric parameter {e.g., voltage, current, and/or phase angle} values determined based on
measurement performed by an electric parameter sensor, such as VI probe 106 illustrated in
the example of Fig. 1A, when an electric current is provided to plasma processing chamber
112 through RE rod 108, Anomaly of the value of G miay indicate problems associated
with plasma processing chamber 112; anomaly of the Ly, value and/or the Cyp, value may
mdicate problems associated with RF rod 108 {andfor the associated power delivery system).
Accordingly, when problems are identified, NPT system 150 may be able 1o determine
whether the problems are associated with plasma processing chamber 112 or the upstream
power delivery svstem. Advantageously, false positive alarms and unnecessary
troubleshooting associated with plasma processig chamber 112 may be prevented, and
resources may be conserved.

0039} Embodiments of the invention may enable nmudtiple electric current with

nanftiple different frequencies to be provided to plasma processing chamber 112,
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Accordingly, multiple parameters Cigm, Liine, and Cige may be computed simultaneously.
Advantageously, embodiments of the wnvention may improve granularity and accuracy in
testing the readiness of plasma processing chamber 112 since more parameters can be
estimated (that s, less parameter values have to be asswmed to be constant) and with greater
certainty using a non-linear regression scherve such as the Levenberg-Marquardt regression
scheme.

0040} Fig. 2A shows a schematic block diagram ilnstrating a plasma processing
system 200 including a no-plasma test svstem 250 (or NPT system 250) for testing the
readiness of plasma processig system 200 {including a plasma processing chamber 212)ina
test process involving multiple measurement points without generating plasma in accordance
with one or more embodiments of the present invention,

0041} Plasma processing chamber 212 may be configured for containing plasma and
a wafer when the wafer is processed utihzing the plasma instde plasma processing charber
212. For example, plasma processing chamber 112 may represent an inductively coupled
plasmia (ICP) chamber, a capacitively coupled plasmg (CCP) chamber, or a transformer
coupled plasma (TCP) chamber. Plasma processing chamber 212 may be grounded at ground
218.

gensrator, such as a

Pt

10042} Plasma processing system 200 may also include a power
racio frequency power generator 202 (or RF generator 202), for providing an electric current
through a match box 204 {or match network 204}, a radio frequency rod 208 {or RF rod 208),
and a radio frequency strap 294 {or RF strap 294) to, for example, a coil and/or an electrode
of plasma processing chamber 212 for generating and/or sustaining the plasma for processing
the water. RF rod 208 may be a coaxial feed cable for transmitting the electric current. RF
strap 294 may represent a coupling mechanism between RF rod 208 and plasma processing
chamber 212,

(0043} Plasma processing system 100 may also include a phurality of sensors
mchuding at feast a first sensor and a second sensor, such as a voltage current probe 206 (or
VI probe 206} and a voltage control interface probe 296 {or VCI probe 296). VI probe 206
may be coupled between match box 204 and RF rod 208. V{1 probe 296 miay be coupled
between RF strap 294 and plasma processing chamber 212, The plurality of sensors may be
employed for providing a plurality of measurement points {or multiple measurement points)
for electric parameter values, such as voltages, electnic curvent magnitudes, and phase angles,

associated with the currents recetved by plasma processing chamber 212
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0044} Utthzing multiple measurement points, embodiments of the mvention may
mnprove consistency and granularity in determining the readiness of plasma processing
chamber 212, Example advantages of utilizing multiple measurement points are discussed
with reference to the example of Fig. 3B,

[0045] NPT system 250 may be coupled with VI probe 206 and VCI probe 296 for
facilitating testing the readiness of plasma processing chamber 212, NPT system 250 may
mclude a computer-readable medivm 216 storing at least a no-plasnia test program 282 {or
NPT program 282). NPT program 282 may mclude code for utilizing the plarality of
electrical propernty valoes provided by V1 probe 206 and VI probe 296 to compute a
plurality of model parameter values to facilitate testing the readiness of plasma processing
chamber 212, Computer-readable medinm 216 may also include a no-plasma test library 284
{or NPT library 284) storing baseline model parameter information. The baseline model
parameter mwformation may represent parameter values {and/or ranges thereof) that indicate
the readiness of plasma processing chamber 212, NPT system 250 may compare the
computed mode! parameter values with the baseline model parameter information to
determine the readiness of plasma processing chamber 212, By utilizing model parameter
values and model parameter baseline information (instead of electric parameter values and
electric parameter fingerprits) in determining the readiness of plasma processing chamber
212, embodiments of the invention may prevent false positive alars and assoctated waste of
resourees, and embodiments of the invention may also indicate the location of detected
problems, An example electric model tncluding the model parameters 18 illustrated n the
example of Fig. 2B.

0046} NPT svstem 250 mayv also include a set of circuit hardware 214 for performing
tasks associated with NPT program 282 in facilitating testing the readiness of plasma
processing chamber 212, Examples of the tasks are discussed with references to Figs, 4-5,
(00473 Fig. 2B shows a schematic representation iHlostrating an electrical modet 220
for modeling parts, such as plasma processing chamber 212, RF strap 294, and R¥ rod 208, of
plasma processing system 200 ilustrated in the example of Fig. 2A in accordance with one or
more embodiments of the present invention.

(0048} Electric model 220 may include a capacitor 242 for modeling plasma
processing chamber 212, Capacitor 242 may be represented by a capacitance, denoted Cg,
meantng the capacitance at the termination, or termination capacitance.

00491 Electric model 220 may also mclude a resistor-indactor cirenit 230 (or RL

circuit 2307 for modeling RF strap 294, RL circuit 230 may include one or more resistors,
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such as resistor 234, represented by one or more parameters, such as a resistance, denoted R.
RL circuit 230 may also mclude one or more inductors, such as inductor 232, represented by
one or more parameters, such as an inductance, 1.

00507 Electric model 220 may also mclude a coaxial load 228 for medeling RF rod
208. Coaxial load 228 may be represented by an impedance, denoted Zo. Altematively or
additionally, electric model 220 may include an inductor-capacitor eircuit {or LC circuit)
similar to LC circuit 130 illustrated in the example of Fig. 1B for modeling RF rod 208,
(00513 The values of the parameters Ciem R, L, and Zp may be computed utilizing
electric parameter {e.g., voltage, current, and/or phase angle) values determined based on
measurement performed by a plurality of electric parameter sensors, such as VI probe 206
and VCI probe 296, deploved at a plurality of locations. Anomaly of the value of Ciene may
indicate problems associated with plasma processing chamber 212; anomaly of the R value,
the L value, and/or the Zo value may indicate problems gssociated with RF strap 294, RF rod
208, and/or the associated power delivery system.  Accordingly, when problems are
wdentified, NPT system 250 may be able to determine whether the problems are associated
with plasma processing chamber 212 or the upsiream power delivery system.
Advantageously, fulse positive alarms and unnecessary troubleshooting associated with
plasma processing chamber 212 may be prevented, and resources may be conserved.

00521 With a plurality of eleciric parameter sensors deployed at a plurality of
locations, embodiments of the invention may reduce noises and errors in determining the
electric model parameter values. Advantageously, embodiments of the invention may
improve accuracy in testing the readiness of plasma processing chamber 212,

0053} Fig. 3A shows g schematic graph itlustrating the advantage of a test process
mvolving multiple frequencies in accordance with one or more embodiments of the present
invention. With electric parameter values measured given a plurality of currents with a
plarality of different frequencies, NPT system 150 (illostrated in the exarple of Fig. 1A) may
reduce noises and ervors in computing the values of the parameters of electric model 120
{illustrated in the example of Fig. 1B). Given that the values of L. and Cyee are fixed, the
noises and/or ervars in the values of Cyy, are substantially reduced in the multiple-frequency
scenario compared with the single-frequency scenario. As illustrated in the example of Fig.
34, the computed valpes of Cup during nomerons NPT tests {and/or the computed baseline
values of Ciny in library implementation) occurring over an extended period of time of
plasma processing chamber 112 (illustrated m the example of Fig. 1A} are more consistent

and are distributed within a narrower range in the muhiple-freguency scenano than in the
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single-frequency scenario. The consistency and repeatability of Cion for a given hardware
configuration is critical and ensures that the NPT analysis 1s reliable mn fault detection of &
plasma processing chamber. Advantageously, the accuracy in determining the readiness of
plasma processing chamber 112 may be improved in accordance with the multiple-frequency
embodiments of the invention.

[00543 Fig. 38 shows a schematic graph illustrating the advantage of a test process
mvolving multiple measurement potnts in accordance with one or more embodiments of the
present wvention, With electrie parameter values measured at a plurahity of locations
plasma processing system 200 (stlustrated in the example of Fig. 2A), NPT system 250
{Hlustrated in the example of Fig. 2A) may reduce noises and errors in computing the values
of the parameters of electric model 220 (illusirated in the example of Fig. 2B). Given that the
values of other electric model parameters are fixed, the noises and/or errors in the values of
Ciom ave substantially reduced in the mudtiple-measurement-point scenario compared with the
single-measurement-point scenario. As illustrated in the example of Fig. 3B, the computed
values of Cige during numerous NPT tests (and/or the computed baseline values of Cypp 1
library imiplementation) occurring over an extended period of time of plasma processing
chamber 212 (illustrated in the example of Fig. 2A) are move consistent and are distributed
within a narrower range w the moltiple-measorement-poiat scenano than in the single-
measwrement-point scenario, The conststency and repeatability of Cuy for a given hardware
configuration is critical and ensures that the NPT analysis is reliable in fault detection of a
plasma processing chamber. Advantageously, the accuracy in deternnning the readiness of
plasma processing chamber 212 may be improved in accordance with the multiple-frequency
embodiments of the mvention,

{0055} Fig. 4 shows a schematic flowchart ilfustrating tasks/steps pertaining to a NPT
system (such as NPT system 150 illustrated i the example of Fig. 1A or NPT svstem 250
tHustrated in the example of Fig. 24) for implementing a no-plasma test hibrary (such as NPT
library 184 illustrated in the example of Fig. 1A or NPT library 284 ilustrated in the example
of Fig. 2A) for facilitating testing the readiness of a plasma processing system (such as
plasma processing system 104 illustrated in the example of Fig. 1A or plasma processing
system 200 ilustrated in the example of Fig. 2A) in accordance with one or more
embodiments of the present invention. In this application, the term “step” may represent a
process step related to determining plasma processing chamber readiness andior g task related
to the NPT system. The NPT system may inclade computer-readable code related to

performing the step andfor the task,
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[0036] The tasks/steps may include step 402, in which the NPT system andfor a
related user mav audit the tool hardware configuration related to the plasma processing
chamber. Step 402 may involve one or more of determining frequencies that drive the power
or current supplied to the plasma processing chamber, determining which electrode 1s
powered, determining which plasma processing chamber components are to be modeled inan
electric model, etc. Accordingly, the hardware configuration related to the plasma processing
system, for example, similar to the configuration illustrated in the example of Fig. 1A or Fig,
2A., may be determined.

H0057) In step 404, the NPT system may andfor a related user may create an electrical
model, for example, similar to the electric model iltustrated in the example of Fig. 1B or Fig.
2B. The electric model may be represented a forward mathematical model such that the
model paraneter values (e.g., the values of Cian, Line, andfor G} may be calculated when
related electric pararseter values (3.2, the measured voltage, cwrent, and/or phase angle
values) are known. The forward mathematical model may be used in conjunction with one of
several well-known regression algorithms such as a Levenberg-Margoardt algorthnt in step
418, Alternatively or additionally, an inverse mathematical model may be utilized.

(0058} I step 406, the NPT system may deternune whether multiple frequencies are
available for currents provided to the plasma processing chamber (or deternune the munber
of different frequencies available for the currents). For example, the NPT system may
determine whether the plasma processing system includes a plorality of power generators
and/or may determine whether the power generator of the plasma processing system can
generate currents with a phuvality of different frequencies. In general, given a plurality of
frequencies, the abovementioned mathematical model may provide more accurate, robust
results with better granularity relative to resalts generated under only one single frequency.
H multiple frequencies are available, control may be transferted to step 408; if only one
frequency is avatlable, control may be transferred to step 410

005393 In step 408, the NPT systern may create a2 multiple-step recipe involving the
multiple frequencies (or the plurality of frequencies). The recipe may mclude a plorality of
operating steps (or process steps}) associated with the plurality of frequencies. For example,
the recipe may include a first operating step associated with a first electric current with a first
frequency and a second operating step assocrated with a second electric corrent with a second
frequency. The operating steps mayv be low-power steps such that no plasma is generated

according to the multiple-step recipe,
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00607 In step 410, the NPT system may determine whether multiple measurement
points are available i the plasma processing system {or determine the number of sensors
deploved at different locations). For example, the NPT system may determine whether the
plasma processing system mclhudes a plurality of electric parameter sensors deploved at a
plurality of locations i the plasima processing system. I multiple measareraent points {or
multiple sensors at different locations} are available, control may be wransferred to step 412; if
only one measurement point {or only one seusor) is available, control may be transterred to
step 414,

H0061} In step 414, the NPT system may fix all parameters but one parameter, e, the
NPT system may designate one parameter value to be unknown and keep all the remaming
parameter values at known constant values. Control may then be transterred to step 412.
F0062] In step 412, the NPT system may create a single-step recipe associated with
the single frequency. The recipe may include only one operating step. The operating step
may be a low-power step such that no plasma is generated according to the single-step recipe.
10063} In step 416, The NPT may instruct the plasma processing system to operate
according to the multiple-step recipe resulting from step 408 or according to the single-step
recipe resulting from step 412, The NPT system may gather sample data resulting from the
operation of the plasma processing chamber. The sample data may melede electnic parameter
values such as voltage, current, and/or phase angle values derived from signals detected by
the one o IMOre Sensors.

(0064} I step 418, the NPT system may perform calculation utilizing the forward
mathematical model (resulted from step 404) and the sample data {resulted from step 416).
[00635] In step 420, the NPT system may output fitted parameter values, such as one
or more values of Cign, Liine, Cines R, L, andior Zg illostrated in the examples of Fig. 1B
and/or Fig. 2B.

(0066} It step 422, the NPT systern may write the fitted parameter values to the
associated NPT library, such as NPT library 184 illustrated in the example of Fig. 1A or NPT
library 284 illustrated in the example of Fig. 2A. The fitted parameter values may be otilized
as baseline information for determining whether the plasma processing chamber is ready for
processing wafers.

10067 In step 424, the NPT system may deternmne whether baseline model parameter
value wformation has been obtained and mcluded w the NPT library for all necessary
configurations {e.g., tool hardware configurations and/or software configurations) associated

with the plasma processing chamber. If the baseline model parameter value information for
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all the necessary configurations have been included in the NPT library, control may be
transferred to step 428; if the baseline model parameter value information for at Ipast one
necessarily configuration has not been included in the NPT library, control may be
transferred to step 426.

[0068] In step 426, the NPT systern may provide instraction for changing hardware
andfor software to the next configuration. Control may then be wansferred back 1o step 416
for gathering further sample data to obtain further baseline model parameter valoe
tnformation in the subsequent steps 418-422.

F0069] In step 428, the process of implementing the NPT library 1s completed, and the
NPT library may be utilized in determining the readiness of the plasma processing system.
{0070} In one or more embodiments, the NPT system may repeat one or more of the
steps illustiated in the example of Fig. 4 sequentially for a plurality of critical electrodes of
the plasma processing system or for all electrodes of the plasma processing systent. For
example, the NPT systemy may first perform the steps for a top electrode of the plasma
processing system, and then perform the steps for a bottom electrode of the plasma
processing svstem. As another example, the NPT system may {irst perform the steps fora
first electrode of the plasma processing, then perform the steps for a second electrode of the
plasma processing system, and then perform the steps for a third electrode of the plasma
processing system, Advantageously, a comprehensive NPT library may be unplemented.
[0071} Based on the examples discussed in this specification, one of ordinary skill in
the art should be able 1o coustruct one or more appropriate electrnic models and/or one or more
appropriate mathematical models for each of the electrodes without undue expertmentation,
even if the electrodes are structurally different,

(00721 Fig. § shows a schematic flowchart iHfustrating tasks/steps pertaining to a NPT
system (such as NPT system 150 illustrated i the example of Fig. 1A or NPT svstem 250
tHustrated in the example of Fig. 24) for testing the readiness of a plasma processing systemn
{such as plasma processing system 100 ilfustrated in the example of Fig. 1A or plasma
processing system 200 illustrated in the example of Fig. 2A) in accordance with one or more
embodiments of the present invention.

F0073} In step 302, the NPT svstem may detect that a chamber niaintenance event has
occurred. For example, the plasma processing chamber may have been opened, one or more
parts of the chamber may have been swapped, ete., and the plasma processing chamber hid

may have been replaced (i.¢., closed) after the maintenance actions.
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[0074] In step 504, the NPT system {or a related user) may provide instractions for
ensuring the pressure in the chamber is at a desirable level. The pressure may be reduced if
necessary.

00757 In step 506, the NPT system may provide instructions for the plasma
processing system to perform a no-plasma test {or NPT) for the plasma processing chamber.
In the no-plasma test, the power generator of the plasma processing system may provide a
low-power electric current to the plasma processing chamber for measuring electric
parameter values without striking any plasma in the plasma processing chamber. Electng
model parameter values may be calculated using the electric parameter values and the
aforementioned mathematical model.

(0076} In step 508, the NPT system may compare the NPT results (i.e., the electric
model parameter values) with baseline model parameter value data‘information in the NPT
bbrary, e.g., NPT lihrary 184 illustrated in the example of Fig. 1A or NPT library 284
itustrated in the example of Fig. 2A resulted from the tasks/steps iHustrated in the example of
Fig. 4.

00771 In step 510, the NPT system may determine whether the NPT results match
the baseline model parameter value data in the NPT hibvary (or whether the NPT results are
within predetermined ranges defined 11 the baseline parameter data). If the NPT results
match the baseline model parameter value data, conrol may be transterred to step 512; if the
NPT results do not match the baseline model parameter value data, control may be
transterred to step 514,

FO078} In step 512, the NPT system may deternune that the plasma processing system
1s ready to process wafers and may provide instructions for the plasma processing system o
proceed with plasma processing.

[0079] In step 514, the NPT system may determine whether the problems are
associated with the plasma processing chamber {e.g., caused by an incorvect mter-electrode
gap size) or associated with the upstream power delivery system. The NPT system: may also
trigger an alarm for performing maintenance to resolve the problems. An NPT may be
conducted after the maintenance has been performed.

[O080} In one or more embodiments, the NPT system may repeat one or more of the
steps tustrated m the example of Fig. 5 sequentially for a plurahity of critical electrodes of
the plasma processing svstem or for all electrodes of the plasma processing system, For
example, the NPT system may first perform the steps for a top electrode of the plasma

processing svstem, and then perform the steps for a bottom electrode of the plasma

1§
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processing system. As another example, the NPT system may first perform the steps for a
first electrode of the plasma processing, then perform the steps for a second electrode of the
plasma processing systeny, and then perform the steps for a third electrode of the plasma
processing svstem. Advantageously, a comprehensive NPT may be performed, and the
readiness of the plasma processing system may be accurately determuned.

[O081] As can be appreciated from the foregoing, embodiments of the invention may
associate diffevent electric model parameters with different plasma processing system parts.
Accordingly, the test system may be able to determine whether problems occur at the plasma
processing chamber or at the transnuission rod. False positive alarms associated with the
plasma processing chamber may be prevented. Advantageously, costs and resources
associated with unnecessary troubleshooting and unnecessary downtime may be avoided,
problems can be effectively resobved, and productivity may be mproved.

FO082] Embodments of the invention may generste baseline model parameter value
mformation for chamber readiness test utilizing sample electric parameter values associated
with a plurality of frequencies andior derived from signals detected by g plurality of sensors

deploved at a plurality of different locations in the plasma processing system.

Advantageously, consistency and accuracy in determining the readiness of the plasma
processing chamber mway be optimized.

00831 While this invention has been described in terms of several entbodiments,
there are alterations, permutations, and equivalents, which fall within the scope of this
tnvention. It should also be noted that there are many glternative ways of imiplementing the
methods and apparatoses of the present invention. Furthermore, embodiments of the present
myention may find utility in other applications. The abstract section is provided herein for
convenience and, due to word count Himitation, is accordingly written for reading
convenience and should not be employved to bt the scope of the claims. 1t is therefore
tntended that the following appended claims be interpreted as including all such alterations,

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



WO 2011/008376 PCT/US2010/037936

CLAIMS
What is claimed i
1. A test system for facilitating determining whether a plasma processing system is ready for
processing waters, the plasma processing system including a plasma processing chamber, the
test system comprising:
a computer-readable medium storing at least a test program, the test program
including at least:
code for recerving at least a plurality of electrie pavameter values, the plurality
of electric parameter values being derived from signals detected by at least one
sensor, the signals being detected by the at least one sensor when no plasma is present
w1 the plasma processing chamber,
code for generating a set of electric mode! parameter values using at least the
plurality of electric parameter values and a mathematical medet,
code for comparing the set of electric model parameter values with a set of
baseline model parameter value information, and
code for determining readiness of the plasma processing system based on at
teast a result the comparing; and
a set of civcult hardware for performing one or more tasks associated with the test
Program.
2. The test system of claim 1 further comprising:
code for inchuding at feast a first capacitance, a second capacitance, and an inductance
in the mathematical model;
code for associating the first capacitance with the plasma processing chamber; and
code for associating the second capacitance with a transmission rod, the transmission
rod being coupled between the plasma processing chamber and a power generator,
code for associating the inductance with the transmission rod,
wheremn the set of electric model parameter values mclodes a valoe of the first
capacitance, a value of the second capacitance, and a value of the inductance.
3. The test system of claim 2 further comprising:
code for determuning that the plasma processing chamber is not ready for plasma
processing when the value of the first capacitance 1s outside a predeternuned capacitance

value range defined in the set of baseline model parameter value mformation;
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code for indicating the plasma processing chamber as being problematic when the
value of the first capacitance 1s outside the predetermined capacitance value range; and

code for indicating the transmission rod as being problematic when at least one ot the
value of the second capacitance and the value of the inductance is outside at least one
predetermined parameter value range defined in the set of baseline model parameter valoe
information.
4. The test system of claim 1 further comprising:

code for inchuding at least a capacitance, a resistance, and an inductance in the
mathematical model;

code for associating the capacitance with the plasma processing chamber;

code for associating the resistance with a coupling mechanism, the coupling
mechanism being coupled between the plasma processing chamber and a power generator;
and

code for assoctating the inductance with the coupling mechanism,

wherein the set of electric mode! parameter values includes a value of the capacitance,
a value of the resistance, and a value of the inductance.
5. The test system of claim 4 further comprising:

code for determining that the plasma processing chamber is not ready for plasma
processing when the value of the capacitance is outside a predetermined eapacitance value
range defined in the set of baseline model parameter value mformation;

code for indicating the plasma processing chamber as being problematic when the
value of the capacitance 15 outside the predetenmined capacitance value range; and

code for mdicating the coupling mechamsm as being problematic when at least one of
the value of the resistance and the valne of the inductance is outside at least one
predetermined parameter value range defined in the set of baseline madel parameter value
mformation.
6. The test system of claim 1 Aather comprising:

code for determining whether at least a first current with a first frequency and a
second current with a second frequency are avattable to the plasma processing chamber;

code for creating a multiple-step recipe for operating the plasma processing chamber
if at least the first current with the first frequency and the second current with the second

frequency are available to the plasma processing chamber, the multiple-step recipe meluding

8
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at least a first operating step and a second operating step, the first operating step being
assocrated with the first frequency, the second operating step being assoctated with the
second frequency;

code for gathering a set of sample data from at feast the first operating step and the
second operating step;

code for calculating a set of fitted parameter values using the set of sample data and
the mathematical model; and

code for inchuding the set of fitted parameter values in the baseline model parameter
value mformation.
7. The test system of claum 6 further comprising:

code for creating a single-step recipe for operating the plasma processing chamber if
ondy one single frequency 1$ available to the plasma processing chamber, the single-step
recipe inchuding at most one single operating step associated with the single frequency;

code for gathering a second set of sample data from the simgle operating step;

code for calenlating a second set of fitted parameter values using the second set of
sample data and the mathematical model; and

code for including the second set of fitted parameter values in the baseline model
parameter value information.
8. A plasma processing system for processing at least a wafer, the plasma processing system
comprising:

a plasma processing chamber for containing at least the wafter;

at least one sensor for sensing a plurality of electric characteristics related to operation
of the plasma processing systeny;

a computer-readable medinm storing at least a test program, the test program
inchuding at feast:

code for receiving at least a plurality of electric parameter values, the plurality

of electric parameter values betng devived from signals detected by the at least one

sensor, the signals being detected by the at least one sensor when no plasma is present

in the plasma processing chamber,

code for generating a set of electric model parameter values using at least the

plurality of electric parameter values and a mathematical model,
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code for comparing the set of electric model parameter values with a set of
baseline model parameter value information, and
code for determining whether the plasma processing svstem is ready for
processing wafers based on at least a result of the comparing; and
a set of circult hardware for performing one or more tasks associated with the test
Program,
9. The plasma processing system of claim 8 further comprising:
code for inchuding at least a fivst capacitance, a second capacitance, and an inductance
in the mathemarical model;
code for associating the first capacitance with the plasma processing chamber; and
code for associating the second capacitance with a transmission rod, the transmission
rod being coupled between the plasma processing chamber and a power generator,
code for associating the inductance with the transmssion rod,
wherem the set of electric model parameter values mclodes a value of the first
capacitance, a value of the second capacitance, and a value of the inductance.
10, The plasma processing systent of claim 9 further comprising:
code for determining that the plasma processing system is not ready for plasma
processing when the value of the first capacitance is outside a predetermined capacitance
value range defined in the set of baseline model parameter value information;
code for indicating the plasma processing chamber as being problematic when the
alne of the first capacitance 1s outside the predetermined capacitance value range; and
code for mdicating the transmission rod as being problematic when at least one of the
value of the second capacitance and the value of the inductance s outside at least one
predetermined parameter valne range defined in the set of baseline model parameter value
information.
1. The plasma processing system of claim 8 further comprising:
code for imncloding at least 4 capacitance, a resistance, and an nductance in the
mathematical model;
code for associating the capacitance with the plasma processing chamber;
code for associating the resistance with a coupling mechanism, the coupling
mechanism being coupled between the plasma processing chamber and a power generator,

and

20
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code for associating the inductance with the coupling mechanism,

wherein the set of electric model parameter values includes a value of the capacitance,
a value of the resistance, and a valee of the inductance.
12, The plasma processing system of claim 11 further comprising:

code for determining that the plasma processing system is not ready for plasma
processing when the value of the capacitance is cutside a predetermined capacitance value
range defined in the set of baseline model parameter value mformation;

code for indicating the plasma processing chamber as being problematic when the
value of the capacitance 15 outside the predetenmined capacitance value range; and

code for indicating the coupling mechanism as being problematic when at least one of
the value of the resistance and the value of the inductance is outside at least one
predetermined parameter valoe range defined in the set of baseline model parameter vahue
mformation.
13. The plasma processing system of claim 8 further comprising:

code for determining whether at least a first current with a first frequency and a
second current with a second frequency are avattable to the plasma processing chamber;

code for creating a multiple-step recipe for operating the plasma processing chamber
if at least the first current with the first frequency and the second current with the second
frequency are available to the plasma processing chamber, the multiple-step recipe including
at least a first operating step and a second operating step, the first operating step being
associated with the first frequency, the second operating step bemg associated with the
second frequency;

code for gathenng a set of sample data from at least the first operating step and the
second operating step;

code for calculating a set of fitted parameter values using the set of sample data and
the mathematical model; and

code for mcloding the set of fitted parameter values in the basehine model parameter
value information.
14, The plasma processing systent of claim 8 further comprising:

a power generator for providing at {east a curreat to the plasma processing chamber;

a transnussion rod disposed between the power generator and the plasma processing

chamber for fransmitting the curvent;
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a couphing mechanism disposed between the transmission rod and the plasma
processing chamber for coupling the transmission rod with the plasma processing chamber;

a voltage-current sensor coupled between the power generator and the transnuission
rod for measuring a first set of electric characteristics related to the operation of the plasma
processing system; and

a voltage sensor coupled between the coupling mechanism and the plasma processing
chamber for measuring a second set of electric characteristics related to the operation of the
plasma processing system,

wherem the at least one sensor includes the voltage-current sensor and the voltage
Sensor.

15. A method for facilitating determuning whether a plasma processing system is ready for
processing wafers, the method comprisig:

receiving at least a plurality of electric parameter values, the plurality of electric
parameter values bemg dertved from signals detected by at {east one sensor, the signals being
detected by the at least one sensor when no plasma s present in the plasma processing
chamber;

generating a set of electric model parameter values using at least the plurality of
electric parameter values and a mathematical model;

comparing the set of electric model parameter values with a set of baseline model
parameter value information; and

determining readiness of the plasma processing system based on at least a result of the
comparing,

16. The method of claim 13 firther comprising:

including at least a first capacitance, a second capacitance, and an inductance in the
mathematical model;

associating the first capacitance with the plasma processing chamber; and

associating the second capacitance with a transtssion rod, the transmission rod being
conpled between the plasma processing chamber and a power generator,

associating the inductance with the transmission rod,

wherein the set of electric model parameter values includes a value of the first

capacitance, a value of the second capacitance, and a valoe of the inductance,

T
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17. The method of claym 16 further comprising:

determining that the plasma processing chamber is not ready for plasma processing
when the value of the first capacitance s ouside a predetermined capacitance value range
defined i the set of baseline model parameter value information;

indicating the plasma processing chamber as being problematic when the value of the
first capacitance 1s outside the predetersmined capacitance value range; and

indicating the transmussion rod as being problematic when at least one of the value of
the second capacitance and the value of the inductance is outside at least one predetermined
parameter value range defined in the set of baseline model parameter value information,
18. The method of claim 13 further compnising:

wicluding at least a capacitance, a resistance, and an inductance in the mathematical
model;

associating the capacitance with the plasma processing chamber;

associating the resistance with a conpling mechanism, the coupling mechanism being
coupled between the plasma processing chamber and a power generator; and

associating the nductance with the coupling mechanism,

wherein the set of electric model parameter values includes a value of the capacitange,
a value of the resistance, and a value of the inductance.
19, The method of claim 1R further comprising:

determining that the plasma processing chamber is not ready for plasma processing
when the value of the capacitance 15 outside a predetermined capacitance value range defined
i the set of baseline model parameter value information;

inchicating the plasma processing chamber as being problematic when the value of the
capacitance is outside the predetermuned capacitance value range; and

indicating the coupling mechamsm as being problematic when at least one of the
value of the resistance and the value of the mductance is outside at least one predetermined
parameter value range defined in the set of baseline model parameter value mformation,
20. The method of claim {5 further comprising:

determining whether at teast a first current with a first frequency and a second current
with a second frequency are available to the plasma processing chamber;

creating a multiple-step recipe for operating the plasma processing chamber if at least

the first current with the first frequency and the second current with the second frequency are
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avatlable to the plasma processing chamber, the multiple-step recipe including at least a first
operating step and a second operating step, the first operating step being associated with the
first frequency, the second operating step being associated with the second frequency;

gathering a set of sample data from at least the first operating step and the second
operating step;

calculating a set of fitted parameter values using the set of sample data and the
mathematical model; and

including the set of fitted parameter values in the baseline model parameter vahue

mformation.



