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

[G001Y The present invention is related to plasma processing systems. In particular,
the present invention is related to determining whether a plasma processing system i 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 employed in various industries for fabricating devices on wafers. For example,
the mdustries may include semiconductor, magnetic readfwrite and storage, optical system,
and micro~electromechanical system (MEMS) industries. A plasma processing system may
generate and sustain plasma in & plasma processing chamber to perform etching and/or
deposition on g wafer such that device features may be formed on the wafer,
00031 In general, changes in the plasma processing chamber caused by, for example,
consumption of consumable materials, deformation of components, replacement of parts, etc.,
may negatively affect the performance of the plasma processing system in processing walers.
For example, if the wafers are processed under an inappropriate, 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 resonrces may be wasted, and/or the panufacturing vield may be undesirable.
Therefore, it may be desirable to perform tests to ensure the readiness of the plasma
processing systemn before processing wafers,
{00047 Conventionally, a number of test wafers may be test-processed with plasma in
the plasma processing chamber, and the readiness of the plasma processing systen: may be
determined based on the results of the test-processing. The test process may incut 2
substantial amount of cost and may consume a substantdal amount of resources,
10005} Alternatively, for saving cost and resowrces, plasma processing system
readiness tests may be performed by comparing the measured electrical property values, such
as the voliage, current, andfor phase angle value(s), at a certain location in the plasma
processing system with a set of “fingerprints,” or known electrical property values which
indicate the readiness of the plasma processing system. The consumption of resources for
generating plasma and the consumption of test wafers may be avoided in the test process.

However, the differences between the measared electrical property values and the
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fingerprints may be caused by various reasons, including problems with a power defivery
system, but not Hmited o faults in the plasma processing chamber. As a 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 froubleshoot the fanliless
plasma processing chamber.
SUMMARY OF INVENTION

[0006] An embodiment of the invention is related to 4 test system for facilitating
determining whether a plasma processing system s ready for processing wafers, wherein the
plasma processing system inclodes a plasma processing chamber. The test system may
mnclude a computer-readable medium storing at least a test program. The test program may
mnclude code for receiving at least a plurality of electnic parameter values. The plurality of
glectric parameter values may be derived from signals detected by at least one sensor. The
sigmals may be detecied by the at least one sengor when no plasma i1 preseunt i the plasma
processing chamber. The test program may also include code for generating a set of electric
model parsmeter values using 8t least the plurality of electnie parameter values and a
mathematical model. The test program may alse include code for comparing the set of
glectric model parameter values with g set of baseline model parameter value information,
The test program may also mclude code for determining readiness of the plasma processing
system based on the comparison. The test system may also include 2 set of circuit hardware
for performing one or more tasks associated with the test program.
{0007} The gbove summary relates to only one of the many embodiments of the
invention disclosed herein and is not intended to limit the scope of the mvention, which is set
forth s the claims herein. These and other features of the present invention will be described
in more detail below in the detatled description of the invention and w conjunction with the
following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[G008) The present invention is iustrated by way of example, and not by way of
fimitation, in the figures of the accompanyving drawings and i which hike reference numerals
refer to similar elements and tn which:
[OG09 Fig. 1A shows a schematic block diagram lustrating 2 plasma processing
svstern including a no-plasma test system (or NPT system) for testing the readiness of the
plasma processing system in a test process involving multiple frequencies without generating

plasma i accordance with one or more embodiments of the present mvention.
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[0010] Fig. 18 shows a schematic representation illustrating an efectrical model for
modeling parts of a plasmia processing system in aceordance with one or more embodiments
of the present nvention.

fo011]

Fig. 2A shows a schematic block diagram illustrating a plasma processing
systern including a no-plasma test systens {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.
o012} Fig. 2B shows a schematic representation (Hustrating an electrical model for
modeling parts of a plasma processing system in sccordance with one or more embodiments
of the present invention.

{0013} Fig. 3A shows a schematic graph iHlustrating the advantages of » test process
involving multiple frequencies in accordance with one or more embodiments of the present
invention,

(00143 Fig. 3B shows a schematic graph illustrating the advantages of a fest process
myvolving maltiple measurement points in accordance with one or more embodiments of the
present invention,

{0015}

Fig. 4 shows g schematic flowchart Hustrating tasks/steps pertainmg fo a NPT
system for implementing a no-plasma test library (or NPT library) for facilitating determining
the readiness of a plasma processing svsten in accordsnce with one or more embodiments of
the present invesntion.
(o016} Fig. § shows a schematic flowcharn Hlustrating tasks/steps pertaning to a NPT
svstern for determining the readiness of a plasma processing system in accordance with one
or more embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
(00171 The present invention will now be described in detail with reference to a few
embodiments thereof as flustrated in the accompanying drawings, In the following
description, nutmerous specific details are set forth in order to provide a thorough
understanding of the present invention. 1t will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps andior structores bave not been desenibed in detail
in order to not wmecessarity obscure the present invention.
[00G18} Various embodiments are described herein below, including methods and
technigaes. 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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mstructions for carrying out embodiments of the mventive technigue are siored. The
computer-readable medium may include, for example, semiconductor, magnetic, opto-
magnetic, 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 invention. Such apparatos may mclude cirouits, dedicated and/or programmable, to
carry out tasks pertaining to embodiments of the invention. Examples of such apparatus
include a general-purpose computer and/or a dedicated computing device when appropriately
prograrmned and may include a combination of a computer/computing device and
dedicated/programmable circuits adapted for the various tasks pertaining to embodiments of
the invention,

{0019] One or more embodiments of the invention are refated to a test svstem for
facilitating determining whether a plasma processing system is ready for performing plasma
processing. The plasma processing system may include a plasma processing chantber 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.

{0020} The test program may include code for recerving at least a plurality of electric
parameter values related 10 operation of a plasma processing system. The plarality of electric
parameter values may be derived from signals detected by at lesst one sensor, such as a
voltage-corrent probe {or VI probe) andfor a voltage control interface probe {VCI probe).
The signals mayv be detected by the sensor(s} when no plasmaa is present in the plasma
processing chamber. In geveral, the test svstem may facilitate detenmining the readiness of
the plasma processing system without requiring generating plasma. Advantageously,
resonrces associated with generating plasma may be conserved.

{00211 The test program may also mclude code for generating a set of electric model
pargmeter values by inpuiting the plurality of electric parameter values to a mathematical
model, with the set of electric model parameter values being the output of the mathematical
model, The eleciric model parameter values may be associated with electric model
parameters, such as a termination capacitance, 2 line capacitance, and a line inductance, of
electric model components for modeling various parts of the plasma processing system. For
example, the termination capacitance may be associated with a capacitor for modeling the
plasma processing chamber; the line capacitance and the Hne inductance may be associated
with another capacitor and an inductor, respectively, for modeling a wansmission rod

disposed between the plasma processing chamber and a power generator,
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[0022 The test program may also include code for comparing the set of glectric
model parameter valuss with a set of baseline model parameter value information 1o
determine the readiness of the plasma processing system.

0023} As can be readily appreciated, the test syvstem may associate different electric
model parameters with different plasma processing system parts. Accordingly, the test
systerm may be able to determine whether problems occnr at the plasma processing chamber
or at the transmuission rod, without generating false positive alarms for a faultiess plasma
processing chamber. Advantageously, costs and resources associated with vonecessariby
tronbleshooting the plasma processing chamber and vnnecessary 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 signals detected by & plarality of sensors deploved at 8 plurality of different locations in
* the plasna processing system. Advantageously, conststency and accuracy in deterpining the
readiness of the plasma processing chamber may be optimnized.

{0025} One or more embodiments of the invention are related to a plasma processing
system that includes the abovementioned test system.

{0026} Oune or more embodiments of the invention are related to a method pertaining
to the abovementioned test systen,

0027} The features and advantages of the present invention may be better understood
with reference to the figures gad discussions that follow.

(0028} Fig. 1A shows a schematic block diagram illustrating » plasma processing
system 100 including a no-plasma test system 150 {or NPT system 150} for testing the
readiness of plasma processing system 100 (including a plasmas processing chamber 112} in g
test process involving multiple frequencies without generating plasma in accordance with one
or more embodiments of the present tnvention.

[0029] Plasma processing chamber 112 may be configured for containing plasma and
a waler when the wafer 1s processed utitizing 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 growund
118,

{0030} Plasma processing systern 100 may also melode 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 radiv frequency rod 108 {or RF rod
108} to, for example, a coil and/or an electrode 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.
(00313 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 current with a first frequency, a second current with a second
frequency, and a third current with a third frequency, ete. Additionally or slternatively,
plasma processing systém 100 may include one or more power generators, such that electric
currents with a plurality of different frequencies may be provided to plasma processing
chamber }12. Utilizing multiple frequencies, embodiments of the invention may improve
consistency and granularity in determining the readiness of plasma processing chamber 112,
Example advantages of milizing multiple frequencies are discussed with reference 1o the
example of Fig, 3A.
(00321 Plagma processing system 100 may also include a sensor, such as 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,
{00633} NPT system 150 may be coupled with Vi probe 106 for facilitating testing the
readiness of plasma processing chamber [12. NPT system 150 may mmclude a computer-
readable mediwm 116 storing at least a no-plasma test program 182 {or NPT program 182},
NPT program 182 may include code for wtilizing electrical property values provided by VI
probe 106 to compute maodel parameter values to facilitate testing the readiness of plasma
processing chamber 112, Computer-readable medinm 116 may also include a no-plasma test
fibrary 184 (or NPT library 184) storing baseline mode! parameter information. The baseline
model parameter information may represent parameter values (and/or ranges thereof) that
ndicate the readiness of plasma processing chamber 112, NPT system 150 may compare the
compuied mode] parameter values with the baseline model parameter information 10
determine the readiness of plasma processing chamber 112, Ry milizing model parameter
akues and model parameter baseline information {instead of electric parameter values and
clecric parameter fingerprints) in deternuning the readiness of plasma processing chamber
112, embodiments of the invention may prevent false posttive alarms and assoctated waste of

resources, and embodiments of the invention may also indicate the location of detected
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problems. An example electric model mehuding the model parameters 1s iustrated 1n the
example of Fig, 1B.

{00347 NPT system 150 may also include a set of cireuit hardware 114 for performing
tasks associated with NPT program 182 in facilitating testing the readiness of plasma
processing chamber 112, Examples of the tasks ave discussed with references to Figs. 4-5.
{0035} Fig, 1B shows a schematic vepresentation illustrating an electrical model 120
for modeling parts, such as plasma processing chamber 112 and RF rod 108, of plasma
processing svstem 100 lusoated w the example of Fig. 1A in accordance with one or more
embodiments of the present invention.

[0036] 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 indpctor-capacitor cireuit 130 (or LC
circuit 130) for modeling RF rod 108, LC cirenit 130 may include one or more inductors,
such as inductor 122, inductor 124, andfor inductor 126, represented by one or more
parameters, such as an inductance, denoted Lyy,, meaning an inductance of the power
transmission line, or line inductance. LC cirendt 130 may also include one or more
capacitors, soch as capacitor 132, capacitor 134, andlor capscitor 136, represented by one or
more parsmeters, such as a capacitance, denoted Cy,,., meaning a capacitance of the power
transmisgion line, or line capacitance.

[00387 The values of the parameters Cioum, Line, and Cipe 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 llustrated in
the example of Fig. 1A, when an electric current is provided to plasma processing chamber
112 through RF rod 108, Anomaly of the value of Cu may indicate problems associated
with plasma processing chamber 112; anomaly of the Li. value and/or the Cyy. value may
indicate problems associated with RF rod 108 {and/or the associated power delivery system).
Accordingly, when problems are identified, NPT system 150 may be able 1o determing
whether the problems are associated with plasma processing chamber 112 or the upstream
power delivery system. Advamageously, false positive alarms and unnecessary
troubleshooting associated with plasma processing chamber 112 may be prevented, and
resources may be conserved.

[0039] Embodiments of the invention may enable nudtiple electric current with
nraitiple different frequencies to be provided to plasnia processing chamber 112,

-
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Accordingly, multiple parameters Crpm, Line, and Cine may be computed simultaneously.
Advantageousty, embodiments of the Invention may improve granufarity and accnracy in
testing the readiness of plasma processing chamber 112 since more parameters can be
estimuated (that is, less parameter values have to be assumed 10 be constant) and with greater
certainty using a non-linear regregsion schere such as the Levenberg-Marquardt regression
scheme,

[0040] Fig. 2A shows a schematic block diagram iHlustrating a plasma processing
system 200 including a no-plasma test system 250 {or NPT systen: 250) for testing the
readiness of plasma processing system 200 {including a plasma processing chamber 2123 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 vtilizing the plasma inside plasma processing chamber
212. For example, plasma processing chamber 112 may represent an inductively coupled
plasma (FCP) chamber, a capacitively coupled plasia (CCP) chamber, or a transformer
coupled plasma (TCP) chamber. Plasma processing chamber 212 may be grounded at ground
218,

‘[0042} Plasma processing system 200 may also include a power generator, such as a
radio 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 andfor an electrode
of plasma processing chamber 212 for generating and/or sustaining the plasma for processing
the wafer. RF rod 208 may be a coaxial feed cable for ransmitting the electric current, RE
strap 294 may represent g coupling mechanism between RE rod 208 and plasma processing
chamber 212.

(0043} Plasma processing system 100 may also tnclude g phurality of sensors
mcluding at feast a first sensor and a second sensor, such as a voltage current probe 206 (or
V1 probe 206) and g voltage control tnterface probe 296 (or VCI probe 296). VI probe 206
may be coupled between match box 204 and RF rod 208, V(I probe 296 may be coupled
berween RE strap 294 and plasma processing chamber 212, The plurality of sensors may be
employed for providing a plurality of measurement points (or muliiple measurement points)
fervéllectric parameter vatues, such as voltages, electric current magmitudes, and phase angles,

associated with the currents received by plasma processing chamber 212
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[0044] Utilizing mudiiple measurement points, enmbodiments of the invention may
inprove conststency and granularity in determining the readiness of plasma processing
chamber 212, Example advantages of wilizing multiple measurement points are discussed
with reference to the example of Fig. 3B,

(00457 NPT system 250 may be coupled with VI probe 206 and VCI p:z*bbe 296 for
facilitating testing the readiness of plasma processing chamber 212. NPT system 250 may
inchude a computer-readable medtum 216 storing at least a no-plasma test program 282 {or
NPT program 282). NPT program 282 may melude code for wtilizing the plorality of
electrical property values provided by VI probe 206 and V1 probe 296 to compute a
plurality of model parameter values to facilitate testing the readiness of plasma processing
chamber 212, Computer-readable medium 216 may also include a no-plasma fest Hbrary 284
{or NPT library 284) storing baseline model parameter information. The baseline model
parameter information may represent parameter values {and/or ranges thereof) that indicate
the readiness of plasma processing chamber 212, NPT system 250 may compare the
computed model 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 eleciric parameter values and
electric parameter fingerprints} in determining the readiness of plasma processing chamber
212, emsbodiments of the invention may prevent false positive alarms and assoctated waste of
resources, and embodiments of the invention may also indicate the location of detected
problems, An example electric model including the model parameters is ilustrated in the
example of Fig. 2B,

(00463 NPT system 250 may alse include a set of circutt hardware 214 for performing
tasks associated with NPT program 282 in faciiftating 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 iflostrating an electrical model 220
for modeling parts, such as plasma processing chamber 212, R¥ strap 294, and RF rod 208, of
plasma processing system 200 iHustrated 1o the example of Figl 2A in accordance with one or
more embodiments of the present invention.

{00481 Electric model 220 may include g capacitor 242 for modeling plasma
processing chamber 212, Capacitor 242 may be represented by a capacitance, denoted Cige,
meaning the capacttance at the termination, or temunation capacitance.

{0049} Electric model 220 may also mclude a resistor-indactor ctroust 230 (or RL

circuit 230) for modeling R¥ strap 294, RL circuit 230 may include one or more resistars,
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such as resistor 234, represented by one or more parameters, such a3 a resistance, denoted R,
RL cireuit 230 may also mclade one or more inductors, such as inductor 232, represented by
pne ar more parameters, such as an inductance, L.

00507 Electric model 220 may also inclnde a coaxial load 228 for modeling R¥F rod
208. Coaxial load 228 may be represented by an impedance, denoted Zo.  Alternatively or
additionally, electric model 220 may include an inductor-capacitor circuit (or LC circuit)
sintilar to LC circuit 130 illastrated w the example of Fig. 1B for modeling RE rod 208,
[o0513 The values of the parameters Cum, R, L, and Zp may be computed iii%ii‘izi,lzg
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 Gy may
indicate probiems associated with plasma processing chamber 212; anomaly of the R value,
the L value, and/or the Z, valoe may indicate problems gssociated with RF strap 294, RF rod
208, and/or the assoctated power delivery system. Accordingly, when problems are
identified, NPT system 250 may be able to determine whether the problems are associated
with plasma processing chamber 212 or the upstream power delivery system,
Advantageousty, false positive alarms and unmecessary troubleshooting sssociated with
plasma processing chamber 212 may be prevented, and resources may be conserved.

G052} With a plurality of electric parameter sensors deployed at a plurality of
locations, embodiments of the invention may reduce noises and errors in determining the
electric model parameter vatues. Advantageously, embodiments of the invention may
improve securacy in festing the readiness of plasma processing chamber 212,

[0053] Fig. 3A shows g schematic graph illustrating 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 pluraiity of currents with a
plarality of different frequencies, NPT system 150 (illostrated in the example of Fig, 1Ay may
reduce noises and errors in computing the valoes of the parameters of electric model 120
{iltustrated in the example of Fig. 1B). Given that the values of Lag, and Gy are fixed, the
notses and/or errors in the values of Ciy, ave substantially reduced in the muliiple~-frequency
scenarto compared with the single-frequency scenario. As illostrated in the example of Fig.
34, the computed valaes of Cugy daring nemerons NPT tests {andfor the computed baseline
values of Ciyw 10 library implementation) occurring over an extended period of time of
plasma processing chamber 112 (lhustrated in the example of Fig. 1A) are more consistent

and are distributed within a narrower range in the multiple~frequency scenario than in the
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single-frequency scenariv. The consistency and repeatability of Cy, for a given hardware
configuration is critical and enswres that the NPT analysis is reliable i fault detection of 8
plasma processing chamber. Advamtageously, the aceuracy in determining the readiness of
plasma processing chamber 112 may be improved in accordance with the multiple-frequency
embodiments of the mvention.

[0054] Fig. 3B shows a schematic graph iltustrating the advartage of a test process
mvolving multiple measwement points in accordance with one or more embodiments of the
present wvention, With electric parsmeter values measured at a plurality of locations
plasma processing system 200 (illostrated in the example of Fig. 24), NPT system 250
{tHustrated in the example of Fig. 2A) may reduce noises and errors in computing the values
of the parameters of electric model 220 (Ulustrated 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
Crer ave substantially reduced in the mudtiple-measurement-point scevario compared with the
single~-measurement-point scenario. As iliosirared in the example of Fig. 3B, the computed
values of Cig, during numerous NPT tests (and/or the computed baseline values of Coyy in
fibrary implementation) occurring over an extended period of time of plasma processing
chamber 212 (iHustrated m the example of Fig. 2A) are more consistent and are distributed
within a narrower range in the muoltiple-measurement-point scenario than in the single-
meastrement-point scenario. The conststency and repeatabibity of Ciow for & given hardware
configuration is critical and enswres that the NPT analysis is reliable in fanlt detection of &
plasma processing chamber, Advamageousty, the accuracy in determining the readiness of
plasma processing chamber 212 may be wnproved in accordance with the multiple-frequency
embodiments of the imvention,

f0055} Fig. 4 shows a schematic flowchart ilfestrating tasks/steps pertaining to a NPT
system (such as NPT systemn 150 iHlusirated in the example of Fig. 1A or NPT system 250
iltustrated n the example of Fig. 2A) for implementing a no-plasma test Hbrary (such as NPT
ibrary 184 illustrated tn the example of Fig. 1A or NPT Hbrary 284 illustrated in the example
of Fig. 2A) for fsalitating testing the readmess of a plasma processing system {such as
plasma processing systens 100 Hustrated in the example of Fig. 1A or plasma processing
system 200 iltustrated 1n the example of Fig. 2A) i accordance with one or more
embodiments of the present invention. In this application, the term “step” may represent a
process step related 1o determining plasma processing chamber readiness andfor g task related
to the NPT system. The NPT svstems may inclode computer-readable code related to

performing the step and/or the task.
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[0056] The tasks/steps may include step 402, in which the NPT system and/or a
related wser may 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 is
powered, éetmmining which plasma processing channber 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.

(0057} In step 404, the NPT system may and/or a related user may create an electrical
model, for example, similar to the electric mode! Hiusuated in the example of Fig. 1B or Fig.
2B, The electric model may be represented a forward mathematical model such that the
model parameter values (e.g., the values of Cipn, Lotne, 208701 e} may be caloulated when
related electric paramneter values (3.2, the measured voltage, cwrent, and/or phase angle
values) are known, The forward mathematical moﬁ&fé may be used in conjunction with one of
several well-known regression algorithms such as a Levenberg-Marguardt algorithm in step
418, Alternatively or additionally, an inverse mathematical model may be utilized.

[0058) Int step 406, the NPT system may determine whether multiple frequencies are
available for corrents provided to the plasma processing chamber (or determine the number
of different frequencies availgble for the currents). For example, the NPT system may
determine whether the plasma processing system inclades a plarality of power generators
andfor may determine whether the power generator of the plasma processing system can
generate aurrents with a pheality of different frequencies. In general, given a phurality of
frequencies, the abovementioned mathematical madel may provide more accurate, robust
results with better grannlarity relative to resalts generated wnder only one single freguency.
I multiple frequencies are available, control may be wransferred o step 408; if only one
frequency is available, control may be transferred to step 410,

(0059} In step 408, the NPT system may create a multiple-step recipe involving the
muultiple frequencies (or the plurality of freqoencies). The recipe may include a plosality of
operating steps (or process steps) associated with the pdurality of frequencies. For example,
the recipe mayv include a first operating step associated with a firgt electric current with a first
frequency and a second operating step associated with a second electric corrent with a second
frequency. The operating steps may be low-power steps such that no plasma 15 generated

according to the muldtiple-step recipe.
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o060} In step 410, the NPT system may determine whether nudtiple measurement
points are available in the plasma processing system {or determine the sumber of sensors
deploved at different locations). For example, the NPT system may determine whether the
plasma processing svstent includes a plurality of electric parameter sensors deploved at a
plorality of locations in the plasma processing system. I mudtiple measurement points (or
multiple sensors at different locations) are available, control may be wansferred to step 412; if
only one measurement point {or only one sensor) is available, control may be transferred to
step 414

0061} In step 414, the NPT system may fix all parameters but one parameter, Le., the
NPT system may designate one parameter value to be unknown and keep all the remaining
parameter values at knovn constant values. Control may then be transferred 1o step 412.
{0062} T step 412, the NPT system may create a single-step recips associated with
the single frequency. The recipe may include only oue operating step. The operating step
may be a low-power step such that no plasma is generated according to the single-step recipe.
00631 In step 416, The NPT may instruct the plasma processing system to operate
gecording to the multiple-step recipe resulting from step 408 or according to the single-step
recipe resulting from step 412, The NPT svstens may gather sample data resoliing from the
operation of the plasma processing chamber, The sample data may inclede clectric parameter
values such as voltage, current, and/or phase angle values derived from signals detected by
the one or DO1e SeNSOTs.

[0064]

In step 418, the NPT system may perform calculation utilizing the forward
mathemstical model (resulted from step 404 and the sample data {resulted from step 416).
[0065] In step 420, the NPT system may output fitted parameter values, such as one
or more values of Cigms Ltines Tline, K, L, anddor Zg iltestrated in the examples of Fig. 1B
andfor Fig. 2B

(0066} In 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
tibrary 284 illastrated in the example of Fig. 2A. The fitted parameter values may be niilized
as baseline information for determining whether the plasma processing chamber is ready for
processing wafers.

[0067] In step 424, the NPT svslem may determine whether baseline model parameter
value tnformation has been obfained and included in the NPT hibrary for all necessary
configurations {e.g., tool hardware configurations and/or software configurations) assocrated

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 o step 428; if the baseline model parameter value information for at least one
necessarily configuration has not been included in the NPT bbrary, control may be
transferred to step 426,

{0068} In step 426, the NPT system may provide instraction for changing hardware
and/or software to the next configuration. Conwrol may then be wransferred back to step 416
for gathering further sample data to obtain further baseline model parameter valoe
information in the subsequent steps 418-422.

{0069} o step 428, the process of implementing the NPT library is 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 illustrated in the example of Fig. 4 sequentially for a plurality of critical electrodes of
the plagma processing system or for all electrodes of the plasma processing system. For
example, the NPT systens may first perform the steps for a top electrode of the plasma
processing syster, and then perform the steps for a bottom electrode of the plasma
processing system. As another example, the NPT system may first 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 miay be implemented.
{6071} Based on the examples discussed in this specification, one of ordinary skill in
the art should be able 1o construct one or more appropriate electnc models and/or one or more
appropriate mathematical models for each of the electrodes without undue experimentation,
even if the electrodes are structurally different,

(00723 Fig. 5 shows a schematic flowchart ilfostrating tasks/steps pertaining to g NPT
system (such as NPT systewn 150 illustrated in the example of Fig. [A or NPT system 250
Hustrated in the example of Fig. 2A) for testing the readiness of a plasma processing system
{such as plasma processing system 100 iHlustrated in the example of Fig. 1A or plasma
processing system 200 illpstrated in the example of Fig. 2A) in accordance with one or more
embodiments of the present invention.

(00731 In step 502, the NPT svstemn may detect that a chamber maintenance event hag
oceurred. For example, the plasma processing chamber may bave been opened, one or more
parts of the chamber may have been swapped, ete., and the plasma processing chamber Hd

may have been replaced (1.e., closed) afier the maintenance actions.
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[0074] In step 504, the NPT system {or a related user) may provide instructions for
chsuring the pressure in the chamber is at a desirable level, The pressure may be reduced if
necessary.

[0075] 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.
I the no-plasma test, the power generator of the plasma processing system may provide a
fow-power electric carrent 1o the plasma processing chamber for measuring electric
parameter values without striking any plasma in the plasma processing chamber. Electne
model parameter values may be calcudated vsing the electric parameter values and the
aforementioned mathematical model.

{0076} In step 508, the NPT system may compare the NPT results (fe., the electric
model parameter values) with baseline model parameter value data/information in the NPT
Hbrary, e.g., NPT lilwary 184 iHlustrated in the example of Fig. 1A or NPT library 284
iflustrated in the example of Fig. 2A resulted from the tasks/steps iHustrated in the example of
Fig. 4,

(06771 In step 510, the NPT system may determine whether the NPT results match
the baseline model parameter value datg in the NPT Hbrary (or whether the NPT results are
within predetermined ranges defined in the baseline parameter data). If the NPT resulis
match the baseline model parameter valoe data, conrol may be transferred to step 512; if the
NPT resuits do not match the baseline model parameter value data, control may be
wransferred to step S14

JOO78Y In step 512, the NPT system may determune that the plasma processing system
is ready to process waters and may provide instructions for the plasma processing systent to
procecd 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 incorrect iter-electrode
gap size) or associated with the upstream power delivery system. The NPT system may also
trigger an alarm for performing maintenauce to resolve the problems. &n NPT may be
condocted after the maintenance has been performed.

(00807 In one or more embodiments, the NPT system may repeat one or more of the
steps iHustrated in the example of F zg 3 sequentially for a plurality of critical electrodes of
the plasma processing svstem or for all electrodes of the plasma processing system, For
example, the NPT svstem may Srst perform the steps for a top electrode of the plasma

processing system, and then perform the steps for a bottom electrode of the plasima

N



WO 2011/008376 PCT/US2010/037936

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 systens, and then perform the steps for a third electrode of the plasma
processing system. Advantageously, a comprehensive NPT may be parformad, and the
readiness of the plasma processing system may be accurately determined.

{00813 As can be appreciated from the foregoing, embodiments of the invention may
associate different electric model parameters with different plasma processing system parts.
Accordingly, the test system may be able to determine whether problems occur ar the plasma
processing chamber or at the transmission 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 resolved, and productivity may be improved.

{0082} Embodiments of the invention may generste baseling model parameter value
information for chamber readiness test utilizing sample electtic parameter values associated
with a phurality of frequencies and/or derived from signals detected by a plurality of sensors
deployed at a plurality of different locations in the plasma processing system.
Advantageously, consistency and accuracy i determiming the readiness of the plasma
processing chamber may be optimized.

[00837 While this invention has been described in termns of several embodiments,
there are alterations, permutations, 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 appatatuses of the present invention. Furthermore, embodiments of the present
invention may find wtility in other applications. The abstract section is provided herein for
corvenience and, due to word count Hmitation, 18 accordingly written for reading
convenience and should not be amploved to Hnit the scope of the claims. It is therefors
tntended that the following appended claims be interpreted as including all such alterations,

permutations, and equivalents as fall witlun the troe spirit and scope of the present invention,



MOSLLP

CLAIMS

What is claimed is:

1. A computer-readable non-transitory program storage medium executable by a
processor and having computer readable code stored therein, the computer readable code
being configured as a test program and when executed executes a process for causing a
computer processor to perform testing regarding whether a plasma processing chamber in
a plasma processing system is ready for processing at least one wafer, the test program of
the non-transitory program storage medium including at least:

code for receiving at least a plurality of electric parameter 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 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,

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

code for determining readiness of the plasma processing system based on at least
a result of the comparing; and

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

code for associating the first capacitance with the plasma processing chamber;

code for associating the second capacitance with a transmission rod the
transmission rod being coupled between the plasma processing chamber and a power
generator; and

code for 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 value of the inductance.
2. The computer-readable non-transitory program storage medium of claim 1 further

comprising:
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code for determining that the plasma processing chamber 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
value of the first capacitance is outside the predetermined capacitance value range; and

code for indicating the transmission 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.
3. The computer-readable non-transitory program storage medium of claim 1,
further comprising:

code for including 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 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 value of the inductance.
4, The computer-readable non-transitory program storage medium of claim 3,
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 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
value of the capacitance is outside the predetermined 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 value range defined in the set of baseline model

parameter value information.

18



5. The computer-readable non-transitory program storage medium of claim 1,
further comprising:

code for determining whether at least a first current with a first frequency and a
second current with a second frequency are available 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 being
associated with the second frequency;

code for gathering 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 including the set of fitted parameter values in the baseline model
parameter value information.
6. The computer-readable non-transitory program storage medium of claim 5,
further comprising:

code for creating a single-step recipe for operating the plasma processing
chamber if only one single frequency is available to the plasma processing chamber, the
single-step recipe including at most one single operating step associated with the single
frequency;

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

code for calculating 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.
7. A plasma processing system for processing at least a wafer, the plasma processing
system comprising:

a plasma processing chamber for containing at least the wafer;
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at least one sensor for sensing a plurality of electric characteristics related to
operation of the plasma processing system;

a processor;

a computer-readable non-transitory program storage medium having computer
readable code stored therein and executable by the processor, the computer readable code
being configured as a test program so that when executed executes a process for causing
the processor to perform testing regarding whether the plasma processing chamber in the
plasma processing system is ready for processing the at least one wafer, the test program
of the non-transitory program storage medium including at least:

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

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

code for determining whether the plasma processing system is ready for
processing wafers based on at least a result of the comparing;

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

code for associating the first capacitance with the plasma processing chamber;

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,

wherein the set of electric model parameter values includes a value of the first
capacitance, a value of the second capacitance, and a value of the inductance; and

a set of circuit hardware responsive to the test program for performing one or
more tasks associated with the test program for facilitating testing readiness of the

plasma processing system for processing a wafer in the plasma processing chamber.
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8. The plasma processing system of claim 7 further wherein the computer-readable
non-transitory program storage medium further comprises:

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
value of the first capacitance is outside the predetermined capacitance value range; and

code for indicating the transmission 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.
9. The plasma processing system of claim 7, further wherein the computer-readable
non-transitory program storage medium further comprises:

code for determining whether at least a first current with a first frequency and a
second current with a second frequency are available 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 being associated
with the second frequency;

code for gathering 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 including the set of fitted parameter values in the baseline model
parameter value information.
10.  The plasma processing system of claim 7, further comprising:

a power generator for providing at least a current to the plasma processing

chamber;
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a transmission rod disposed between the power generator and the plasma
processing chamber for transmitting the current;

a coupling 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
transmission 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,

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

11. The plasma processing system of claim 7, further wherein the computer-readable
non-transitory program storage medium further comprises:

code for including 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 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 value of the inductance.

12. The plasma processing system of claim 11, further wherein the computer-readable
non-transitory program storage medium further comprises:

code for determining that the plasma processing system is not ready for plasma
processing when the value of the 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

value of the capacitance is outside the predetermined capacitance value range; and
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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 value range defined in the set of baseline model parameter
value information.
13. A computer-implemented method for facilitating determining whether a plasma
processing system is ready for processing at least one wafer in a plasma processing
chamber of the plasma processing system, the method comprising:

receiving at least a plurality of electric parameter 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 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, by using a processor
responsive to the comparing for facilitating testing readiness of the at least one wafer
when no plasma is present in the plasma processing chamber;

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;

associating the second capacitance with a transmission rod the transmission rod
being coupled between the plasma processing chamber and a power generator; and

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 value of the inductance.
14.  The method of claim 13, further comprising:

determining that the plasma processing chamber 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;
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indicating the plasma processing chamber as being problematic when the value of
the first capacitance is outside the predetermined capacitance value range; and

indicating the transmission 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.
15.  The method of claim 13, further comprising:

determining whether at least 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 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 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 value
information.
16. The method of claim 13, further comprising:

including 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 coupling mechanism, the coupling mechanism
being coupled between the plasma processing chamber and a power generator; and

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 value of the inductance.

17.  The method of claim 16, further comprising:
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determining that the plasma processing chamber is not ready for plasma
processing when the value of the capacitance is outside a predetermined capacitance
value range defined in the set of baseline model parameter value information;

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

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 value range defined in the set of baseline model parameter

value information.
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