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(57) ABSTRACT 

A method for in-situ monitoring a process in a plasma 
processing system having a plasma processing chamber is 
disclosed. The method includes positioning a substrate in the 
plasma processing chamber. The method also includes strik 
ing a plasma Within the plasma processing chamber While 
the substrate is disposed Within the plasma processing 
chamber. The method further includes obtaining a measured 
plasma frequency that exists after the plasma is struck, the 
measured plasma frequency value having a ?rst value When 
the plasma is absent and at least a second value different 
from the ?rst value When the plasma is present. The method 
also includes correlating the measured plasma frequency 
value With an attribute of the process, if the measured 

(51) Int. Cl. plasma frequency value is outside of a prede?ned plasma 
C23F 1/00 (2006.01) frequency value envelope. 
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METHODS AND APPARATUS FOR MONITORING 
A PROCESS IN A PLASMA PROCESSING SYSTEM 

BY MEASURING A PLASMA FREQUENCY 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates in general to substrate 
manufacturing technologies and in particular to methods and 
apparatus for monitoring a process in a plasma processing 
system by measuring a plasma frequency. 

[0002] In the processing of a substrate, e.g., a semicon 
ductor substrate or a glass panel such as one used in ?at 
panel display manufacturing, plasma is often employed. As 
part of the processing of a substrate for example, the 
substrate is divided into a plurality of dies, or rectangular 
areas, each of Which Will become an integrated circuit. The 
substrate is then processed in a series of steps in Which 
materials are selectively removed (etching) and deposited 
(deposition) in order to form electrical components thereon. 

[0003] In an exemplary plasma process, a substrate is 
coated With a thin ?lm of hardened emulsion (i.e., such as a 
photoresist mask) prior to etching. Areas of the hardened 
emulsion are then selectively removed, causing components 
of the underlying layer to become exposed. The substrate is 
then placed in a plasma processing chamber on a substrate 
support structure comprising a mono-polar or bi-polar elec 
trode, called a chuck or pedestal. Appropriate etchant source 
are then ?oWed into the chamber and struck to form a plasma 
to etch exposed areas of the substrate. 

[0004] Referring noW to FIG. 1, a simpli?ed diagram of a 
capacitively coupled plasma processing system is shoWn. 
Generally, capacitively coupled plasma processing systems 
may be con?gured With a single or With tWo separate RF 
poWer sources. Source RF, generated by source RF genera 
tor 134, is commonly used to generate the plasma as Well as 
control the plasma density via capacitively coupling. While 
bias RF, generated by bias RF generator 138, is commonly 
used to control the DC bias and the ion bombardment 
energy. Further coupled to source RF generator 134 and bias 
RF generator 138 is matching netWork 136, that attempts to 
match the impedance of the RF poWer sources to that of 
plasma 110. In addition, matching netWork 136 may also 
include a V/ I probe (not shoWn) that can measure the voltage 
and impedance of a current transmitted to plasma 110, as 
Well as the ability to modify a generated plasma frequency 
in order to better optimiZe the plasma to process conditions. 

[0005] Generally, an appropriate set of gases is ?oWed into 
chamber 102 through an inlet in a top electrode 104 from gas 
distribution system 122. These plasma processing gases may 
be subsequently ioniZed to form a plasma 110, in order to 
process (e.g., etch or deposition) exposed areas of substrate 
114, such as a semiconductor substrate or a glass pane, 
positioned With edge ring 115 on an electrostatic chuck 116, 
Which also serves as an electrode 

[0006] Commonly, a cooling system 140 is coupled to 
electrostatic chuck 116 in order to achieve thermal equilib 
rium once the plasma is ignited. The cooling system itself is 
usually comprised of a chiller that pumps a coolant through 
cavities in Within the chuck, and helium gas pumped by 
pump 111 betWeen the chuck and the substrate (e.g., back 
side He FloW). In addition to removing the generated heat, 
the helium gas also alloWs the cooling system to rapidly 
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control heat dissipation. That is, increasing helium pressure 
subsequently also increases the heat transfer rate. Most 
plasma processing systems are also controlled by sophisti 
cated computers comprising operating softWare programs. 
In a typical operating environment, manufacturing process 
parameters (e.g., voltage, gas ?oW mix, gas ?oW rate, 
pressure, etc.) are generally con?gured for a particular 
plasma processing system and a speci?c recipe. 

[0007] In a common substrate manufacturing method, 
knoWn as dual damascene, dielectric layers are electrically 
connected by a conductive plug ?lling a via hole. Generally, 
an opening is formed in a dielectric layer, usually lined With 
a TaN or TiN barrier, and then subsequently ?lled With a 
conductive material (e.g., aluminum (Al), copper (Cu), etc.) 
that alloWs electrical contact betWeen tWo sets of conductive 
patterns. This establishes electrical contact betWeen tWo 
active regions on the substrate, such as a source/drain 
region. Excess conductive material on the surface of the 
dielectric layer is typically removed by chemical mechanical 
polishing (CMP). A blanket layer of silicon nitride is then 
deposited to cap the copper. 

[0008] HoWever, in these and other plasma processes, it is 
often dif?cult to determine exactly When process conditions 
change beyond established parameters. In particular, as 
device dimensions shrink and more advanced loW k mate 
rials are used, the requirements for substantially stable 
process conditions become even more stringent in order to 
maintain a uniform etch rate, improve yield, etc. 

[0009] Contamination, in particular, tends to present a 
substantial problem. The degree of contamination is usually 
dependent on the speci?c plasma process (e.g., chemistry, 
poWer, and temperature) and the initial surface condition of 
chamber. Since fully removing deposits may be time con 
suming, a plasma processing system chamber is generally 
only substantially cleaned When the particle contamination 
levels reach unacceptable levels, When the plasma process 
ing system must be opened to replace a consumable struc 
ture (e. g., edge ring, etc.), or as part of scheduled preventive 
maintenance (PM). 

[0010] LikeWise, hardWare deterioration also tends to be 
problematic. As plasma chamber components are exposed to 
the plasma, they themselves may become damaged, altering 
mechanical and electrical characteristics, as Well as produc 
ing contaminants. In fact, the cleaning process itself may 
damage the components, as With the electrostatic chuck 
(chuck) during Waterless auto clean or (WAC). 

[0011] Yet, there is generally no effective Way to deter 
mine if a plasma process has moved outside of established 
parameters in-situ, Without ?rst initially processing and then 
subsequently testing partially manufacturing substrates. 
That is, after a batch of substrates has been processed, a 
sample substrate is removed from the batch and tested. If the 
test determines that the substrate does not meet the estab 
lished speci?cation, the entire batch of substrates may need 
to be destroyed. 

[0012] One solution may be to create a simpli?ed empiri 
cal model of the plasma processing system in order to 
suf?ciently capture the behavior of the tool. HoWever, 
creating an empirical model may be problematic. For 
example, a modi?ed non-operational plasma chamber may 
be analyZed in order to extract parameters for the simpli?ed 
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empirical. In another technique, the individual components 
of a plasma processing system may be individually mea 
sured using a network analyzer. 

[0013] However, even a loosely correlated (and hence 
Weakly predictive) model is dif?cult to obtain since repeti 
tion of the plasma process itself may effect of the electrical 
characteristics of plasma processing system components. 
The creation of simpli?ed empirical models may only be 
done infrequently, and only by trained personnel. 

[0014] In vieW of the foregoing, there are desired methods 
and apparatus for monitoring a process in a plasma process 
ing system by measuring a plasma frequency. 

SUMMARY OF THE INVENTION 

[0015] The invention relates, in one embodiment, in a 
plasma processing system, to a method for in-situ monitor 
ing a process in a plasma processing system having a plasma 
processing chamber. The method includes positioning a 
substrate in the plasma processing chamber. The method 
also includes striking a plasma Within the plasma processing 
chamber While the substrate is disposed Within the plasma 
processing chamber. The method further includes obtaining 
a measured plasma frequency that exists after the plasma is 
struck, the measured plasma frequency value having a ?rst 
value When the plasma is absent and at least a second value 
different from the ?rst value When the plasma is present. The 
method also includes correlating the measured plasma fre 
quency value With an attribute of the process, if the mea 
sured plasma frequency value is outside of a prede?ned 
plasma frequency value envelope. 
[0016] The invention relates, in one embodiment, in a 
plasma processing system, to an apparatus for in-situ moni 
toring a process in a plasma processing system having a 
plasma processing chamber. The apparatus includes a means 
of positioning a substrate in the plasma processing chamber. 
The apparatus further includes a means of striking a plasma 
Within the plasma processing chamber While the substrate is 
disposed Within the plasma processing chamber. The appa 
ratus also includes a means of obtaining a measured plasma 
frequency that exists after the plasma is struck, the measured 
plasma frequency value having a ?rst value When the plasma 
is absent and at least a second value different from the ?rst 
value When the plasma is present. If the measured plasma 
frequency value is outside of a prede?ned plasma frequency 
value envelope, the apparatus further includes a means of 
correlating the measured plasma frequency value With an 
attribute of the process. 

[0017] These and other features of the present invention 
Will be described in more detail beloW in the detailed 
description of the invention and in conjunction With the 
folloWing ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present invention is illustrated by Way of 
example, and not by Way of limitation, in the ?gures of the 
accompanying draWings and in Which like reference numer 
als refer to similar elements and in Which: 

[0019] FIG. 1 shoWs a simpli?ed diagram of a capaci 
tively coupled plasma processing system; 
[0020] FIG. 2 shoWs a simpli?ed statistical process con 
trol diagram of a set of blanket oxide etches in a particular 
same plasma processing system, according to one embodi 
ment of the invention; 
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[0021] FIG. 3 shoWs the simpli?ed diagram of FIG. 2, 
With the addition of the backside He ?oW plot, according to 
one embodiment of the invention; 

[0022] FIG. 4 shoWs the simpli?ed diagram of FIG. 2, 
With the addition of the measured impedance for 27 MHZ at 
the V/I probe, according to one embodiment of the inven 
tion; 
[0023] FIG. 5 shoWs the simpli?ed diagram of FIG. 2, 
With the addition of the measured impedance for 2 MHZ at 
the V/I probe, according to one embodiment of the inven 
tion; 
[0024] FIG. 6 shoWs the simpli?ed diagram of FIG. 2, 
With the addition of the measured frequency for 27 MHZ at 
the V/I probe, according to one embodiment of the inven 
tion; 
[0025] FIG. 7 shoWs the simpli?ed diagram of FIG. 2, 
With the addition of the measured impedance phase angle at 
the V/I probe, according to one embodiment of the inven 
tion; and 

[0026] FIG. 8 shoWs a simpli?ed diagram of a method for 
the in-situ monitoring of a process, according to one 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0027] The present invention Will noW be described in 
detail With reference to a feW preferred embodiments thereof 
as illustrated in the accompanying draWings. In the folloW 
ing description, numerous speci?c details are set forth in 
order to provide a thorough understanding of the present 
invention. It Will be apparent, hoWever, to one skilled in the 
art, that the present invention may be practiced Without some 
or all of these speci?c details. In other instances, Well knoWn 
process steps and/or structures have not been described in 
detail in order to not unnecessarily obscure the present 
invention. 

[0028] While not Wishing to be bound by theory, it is 
believed by the inventor herein that a substantially easy-to 
measure plasma parameter excursion can be correlated to a 
substantially di?icult-to-measure substrate attribute excur 
sion. Generally, an excursion represents a data point that is 
outside of an established statistical range or a value enve 
lope. That is, an excursion may be a data point above a 
statistical upper control limit or beloW a statistical loWer 
control limit. In a plasma process, any excursion that goes 
undetected or is not forestalled may place a signi?cant 
amount of substrate material at risk. 

[0029] For example, in the normal course of operation, 
plasma parameters are expected to remain Within a particular 
range or value envelope (i.e., a set of impedances for each 
plasma frequency, a set of phase angles for each plasma 
frequency, a particular frequency range for each plasma 
frequency, a self-bias voltage, etc.). This range is often 3 
standard deviations (or 30) of some target or base line. 

[0030] Standard deviation (0) is generally the square root 
of the variance. It is the most commonly used measure of 
spread. In general, if the mean and standard deviation of a 
normal distribution are knoWn, it is possible to compute the 
percentile rank associated With any given score (i.e., data 
point, etc.). In a normal distribution, about 68% of the scores 
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are Within one standard deviation of the mean, about 95% of 
the scores are Within tWo standards deviations of the mean 
and about 99% of the scores are Within three standards 
deviations of the mean. 

Where X is a particular score, p. is the mean, and N is the 
number of scores. 

[0031] However, plasma processing recipes are optimiZed 
for, and hence tend to be very sensitive to, the plasma 
parameters. Therefore, for a given problem in a plasma 
processing system, a substrate attribute excursion (i.e., 
improper etch rate, etc.) can be correlated to a plasma 
parameter excursion (i.e., impedance value greater than 30 
for a particular frequency, etc.). That is, a particular problem 
Would also tend to cause a set of excursions in both the 
plasma as Well as the substrate. Common plasma processing 
problems (and hence possible process excursions) include 
chamber contamination, plasma structural damage and dete 
rioration, gas pressure leak, gas ?oW mixture problem, 
chamber temperature out of speci?cation, bad RF cable, 
improperly connected cable, etc. 

[0032] In one embodiment, a correlation can be deter 
mined betWeen an excursion in the impedance of an RF 
poWer source at a particular frequency and a substrate 
attribute excursion (e.g., improper photoresist etch rate, 
etc.). 
[0033] In another embodiment, a correlation can be deter 
mined betWeen an excursion of a frequency in a frequency 
tuned plasma system and a substrate attribute excursion 
(e.g., improper photoresist etch rate, etc.). In general, fre 
quency-tuned plasma systems can modify a set of frequen 
cies used to generate the plasma in order to minimize the 
re?ected poWer during a process. As a result, the frequency 
changes as a response to the changes in plasma impedance. 

[0034] In another embodiment, a correlation can be deter 
mined betWeen an excursion in a phase angle of an RF 
poWer source at a particular frequency and a substrate 
attribute excursion (e.g., improper photoresist etch rate, 
etc.). 
[0035] In another embodiment, a correlation can be deter 
mined betWeen an excursion in a self-bias voltage and a 
substrate attribute excursion (e.g., improper photoresist etch 
rate, etc.). 

[0036] Generally, an electric ?eld must be generated just 
in front of the substrate (e.g., betWeen the substrate and the 
plasma) Which Will alloW plasma ions of su?icient energy to 
bombard the substrate. Commonly knoWn as self-bias volt 
age, the greater the potential di?‘erence betWeen it and the 
plasma discharge voltage, the greater the tendency of the 
substrate to attract plasma ions. HoWever, since a voltage 
potential difference may also exist betWeen the plasma 
discharge and other non-target surfaces in the plasma cham 
ber, Which may themselves divert the plasma ions from the 
substrate (i.e., chamber Walls, upper electrode, etc.), the 
self-bias voltage must also have a substantially large poten 
tial difference to these surfaces. Subsequently, a problem 
that Would tend to affect the plasma, and hence the substrate, 
Would also tend to affect the self-bias voltage. 

[0037] As previously described, plasma processing sys 
tems are often poWered With some type of RF poWer source. 
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Often, there is a source RF generator used to generate and 
control the plasma density, and a bias RF generator com 
monly used to control the plasma DC bias and the ion 
bombardment energy. These RF sources, in turn, are com 
monly coupled to the plasma through a matching netWork 
that attempts to match the impedance of the RF poWer 
sources to that of plasma. 

[0038] In addition, matching netWork may also include a 
V/I probe that can measure voltage (V), current (I), phase 
angle (6) betWeen the voltage (V) and current (I) of the 
plasma, impedance (Z), delivered poWer, forWard poWer, 
re?ected poWer, reactive poWer, re?ection coe?icient, etc. 
Furthermore, the matching netWork may also modify a 
generated plasma frequency Within an established range 
value envelope in order to better optimiZe the plasma to 
process conditions. As previously state, a plasma processing 
system that can modify a set of frequencies used to generate 
the plasma is generally referred to as a frequency-tuned 
plasma system. 

[0039] Delivered poWer can generally be derived as fol 
loWs: 

PoWer=V><I>< cos (6) (Equation 2) 

[0040] Impedance, a complex number, can generally be 
derived as: 

Z= VO/IO=R+]X (Equation 3) 

Where V0 is the voltage at fundamental (peak voltage), I0 is 
the current at fundamental (peak current), R is the real 
resistance, j=sqr‘t(—l) (the imaginary part of a complex 
number), and X is the complex reactance. Complex reac 
tance is an expression of the extent to Which an electronic 
component, stores and releases energy as the current and 
voltage ?uctuate With each AC cycle of the generated signal 
With a angular frequency denoted by (n. 

[0041] u) is the angular frequency of the signals generated 
by the voltage sources, and can be represented in the form 
of: 

0J=2n(Frequency) (Equation 4) 

[0042] The phase angle of the plasma impedance can be 
represented in the form of: 

Phase Angle (6)=tan’l(X/R) 

Where R=Z cos (6) and X=Z sin (6). 

[0043] Referring noW to FIG. 2, a simpli?ed statistical 
process control diagram of a set of blanket oxide etches in 
a particular same plasma processing system over the course 
of a feW Weeks is shoWn, according to one embodiment of 
the invention. In general, quality in a plasma processing 
system refers to conformance to requirements. Conformance 
generally refers to the degree to Which a substrate meets 
pre-established requirements or speci?cations in a recipe, 
such as targets, tolerances, etc. 

[0044] In addition, any given plasma process may also 
include a degree of uncertainty, also knoWn as variance. 
Generally, a decrease in variance is often directly correlated 
to an corresponding increase in quality. Some causes of 
variance are considered normal or acceptable, and do not 
necessarily call for action. For example, slight differences in 
a manufactured substrate caused by running the same pro 
cess on di?‘erence plasma processing systems. That is, in an 
attempt to match one plasma processing system to another, 

(Equation 5) 
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variations are almost certain to occur. Other causes of 
variance are out of the ordinary or special. They are not an 
expected part of the process and hence may require some 
type of corrective action. That is, they exceed the boundaries 
of normal variation. For example, moisture in a plasma 
chamber Which can destroy a substrate. 

[0045] In this diagram, the target is a desired mean etch 
rate of about 110.52 nm/min, and tolerance refers to main 
taining the etch rate Within an upper control limit (ER UCL) 
of about 120.12 nm/min, and a loWer control limit (ER LCL) 
of about 100.91 nm/min. This particular set of etches Were 
performed in a Lam Research ExelanTM 2300 dual frequency 
plasma processing system, although other plasma processing 
systems may be used. The process parameters Were as 
folloWs: 

[0046] Pressure: 70 milli-torr 

[0047] PoWer (2 MHZ): 1000.0 Watts 

[0048] PoWer (27 MHZ): 2000.0 Watts 

[0049] Gas Mixture: 5 SCCM CHZFZ, 6 SCCM C4138, 
180 SCCM N2 & 200 SCCM AR 

[0050] Temperature: 800 C. at TP (top piece) & 200 C. 
at ESC 

[0051] Process Time: 60 seconds 

[0052] cw; 37 

[0053] Plot 202 re?ects the etch rate of the blanket oxide 
in nanometers per minute (nm/min) over the course of 
several Weeks. In analyZing this diagram, tWo excursion 
points may become apparent: 204 performed on Apr. 6, 
2004, and 206 performed on Apr. 9, 2004. As previously 
discussed, an excursion represents a data point that is outside 
of an established statistical range or value envelope, and 
may be caused by several factors (i.e., chamber contamina 
tion, plasma structural damage and deterioration, gas pres 
sure leak, gas ?oW mixture problem, chamber temperature 
out of speci?cation, bad RF cable, improperly connected 
cable, backside He ?oW, etc.). 

[0054] Referring noW to FIG. 3, the simpli?ed diagram of 
FIG. 2 is shoWn, With the addition of the backside He ?oW 
plot, according to one embodiment of the invention. As 
before, plot 202 re?ects the etch rate of the blanket oxide in 
nanometers per minute (nm/min) over the course of several 
Weeks. LikeWise, plot 208 re?ects the corresponding mea 
sured backside He ?oW during each etch. 

[0055] As shoWn on Apr. 6, 2004, both etch plot 202 and 
plot He ?oW plot 208 shoW excursions at 204. That is, as the 
He ?oW became reduced to about 33.5 SCCM, the etch rate 
also Was substantially reduced to about 33.4 nm/min, sub 
stantially outside the 30 loWer control limit (LCL) of 100.91 
nm/min. 

[0056] Since both the etch rate and the He ?oW re?ect 
excursions at the same point, this may imply a correlation. 
Hence, the He ?oW may be a substantive cause of the etch 
rate excursion on Apr. 6, 2004. In contrast, since a reduced 
etch plot 202 excursion on Apr. 9, 2004 of about 33.5 
nm/min at 206 does not appear to be strongly correlated to 
a reduced He ?oW as at point 204, a reduced He ?oW is 
probably not a substantive cause of the etch rate excursion 
on Apr. 9, 2004. 
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[0057] Referring noW to FIG. 4, the simpli?ed diagram of 
FIG. 2 is shoWn, With the addition of the measured imped 
ance for 27 MHZ at the V/ I probe is shoWn, according to one 
embodiment of the invention. As before, plot 202 re?ects the 
etch rate of the blanket oxide in nanometers per minute 
(nm/min) over the course of several Weeks. In addition, plot 
402 re?ects the corresponding measured impedance for 27 
MHZ. 

[0058] As stated previously, the desired target etch rate is 
about 110.52 nm/min, With an upper control limit (ER UCL) 
of about 120.12 nm/min and a loWer control limit (ER LCL) 
of about 100.91 nm/min. The desired target impedance is 
about 3.88 Ohms, With an upper control limit (Z UCL) of 
about 4.02 Ohms and a loWer control limit (Z LCL) of about 
3.75 Ohms. Both etch plot 202 and the measured impedance 
for 27 MHZ 402 shoW excursions both around 204 on Apr. 
6, 2004 and 206a-b on Apr. 9, 2004. Hence, an excursion in 
the measured impedance (Whether above the Z UCL or 
beloW the Z LCL) appears to be correlated to a substantial 
reduction in the etch rate beloW the E/R LCL (i.e., an 
attribute excursion). 

[0059] While not Wishing to be bound by theory, the 
inventor believes that factors that may substantially alter a 
plasma impedance, may also tend to cause substantial 
changes in substrate attributes, such as the etch rate. These 
factors may include the deterioration of chamber materials 
(e.g., electrode, con?nement ring, etc.), excursion of gas 
?oW, gas pressure, or temperature, changes in substrate 
types, changes in the chuck surface, problems With the RF 
generator, an RF connection, a bad RF cable, etc. 

[0060] Referring noW to FIG. 5, the simpli?ed diagram of 
FIG. 2 is shoWn, With the addition of the measured imped 
ance for 2 MHZ at the V/I probe is shoWn, according to one 
embodiment of the invention. As before, plot 202 re?ects the 
etch rate of the blanket oxide in nanometers per minute 
(nm/min) over the course of several Weeks. In addition, plot 
502 re?ects the corresponding measured impedance for 27 
MHZ. 

[0061] As stated previously, the desired target etch rate is 
about 110.52 nm/min, With an upper control limit (ER UCL) 
of about 120.12 nm/min and a loWer control limit (ER LCL) 
of about 100.91 nm/min. The desired target impedance is 
about 145.73 Ohms, With an upper control limit (Z UCL) of 
about 149.16 Ohms and a loWer control limit (Z LCL) of 
about 142.29 Ohms. 

[0062] Both etch plot 202 and the measured impedance for 
2 MHZ 402 shoW excursions both around 204a-b on Apr. 6, 
2004 and 206 on Apr. 9, 2004. As in FIG. 5, an excursion 
in the measured impedance (Whether above the Z UCL or 
beloW the Z LCL) appears to be correlated to a substantial 
reduction in the etch rate beloW the E/R LCL (i.e., an 
attribute excursion). 

[0063] Referring noW to FIG. 6, the simpli?ed diagram of 
FIG. 2 is shoWn, With the addition of the measured fre 
quency for 27 MHZ at the V/I probe is shoWn, according to 
one embodiment of the invention. As previously described, 
frequency-tuned plasma systems can modify a set of fre 
quencies used to generate the plasma in order to minimiZe 
the re?ected poWer during a process. As a result, the 
frequency changes as a response to the changes in plasma 
impedance. 
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[0064] As before, plot 202 re?ects the etch rate of the 
blanket oxide in nanometers per minute (nm/min) over the 
course of several Weeks. In addition, plot 602 re?ects the 
corresponding measured frequency for 27 MHZ. As stated 
previously, the desired target etch rate is about 110.52 
nm/min, With an upper control limit (ER UCL) of about 
120.12 nm/min and a loWer control limit (ER LCL) of about 
100.91 nm/min. The desired target frequency for 27 MHZ is 
about 27.47680 MHZ, With an upper control limit (FREQ 
UCL) of about 27.52331 MHZ and a loWer control limit 
(FREQ LCL) of about 27.43029 MHZ. Both etch plot 202 
and the measured frequency for 27 MHZ 602 shoW excur 
sions both around point 204a-b at Apr. 6, 2004 and points 
206 at around Apr. 9, 2004. In the illustrated diagram, an 
excursion is de?ned as a point beyond 3 standard deviations 
(30) of the plot mean. Hence, an excursion in the measured 
frequency (Whether above the FREQ UCL or beloW the 
FREQ LCL) appears to be correlated to a substantial reduc 
tion in the etch rate beloW the E/R LCL (i.e., an attribute 

excursion). 
[0065] Referring noW to FIG. 7, the simpli?ed diagram of 
FIG. 2 is shoWn, With the addition of the measured imped 
ance phase angle at the V/ I probe is shoWn, according to one 
embodiment of the invention. As before, plot 202 re?ects the 
etch rate of the blanket oxide in nanometers per minute 
(nm/min) over the course of several Weeks. In addition, plot 
702 re?ects the corresponding measured phase angle for 
impedance. 
[0066] As stated previously, the desired target etch rate is 
about 110.52 nm/min, With an upper control limit (ER UCL) 
of about 120.12 nm/min and a loWer control limit (ER LCL) 
of about 100.91 nm/min. The desired target of the measured 
impedance phase angle is about —59.67°, With an upper 
control limit (ANGLE UCL) of about —58.17°, and a loWer 
control limit (ANGLE LCL) of about —61.16°. 

[0067] Both etch plot 202 and the measured phase angle 
702 shoW excursions both around point 204 at Apr. 6, 2004 
and point 206a-b at around Apr. 9, 2004. In diagram, an 
excursion is de?ned as a point beyond 3 standard deviations 
(30) of the plot mean. Hence, an excursion in the measured 
phase angle (Whether above the ANGLE UCL or beloW the 
ANGLE LCL) appears to be correlated to a substantial 
reduction in the etch rate beloW the E/R LCL (i.e., an 
attribute excursion). 
[0068] Referring noW to FIG. 8, a simpli?ed diagram is 
shoWn of a method for the in-situ monitoring of a process in 
a plasma processing system having a plasma processing 
chamber, according to one embodiment of the invention. 
Initially, a substrate is positioned in the plasma processing 
chamber, at step 802. Next, a plasma is struck Within the 
plasma processing chamber While the substrate is disposed 
Within the plasma processing chamber, at step 804. A 
measured plasma frequency that exists after the plasma is 
struck is then obtained, the measured plasma frequency 
value having a ?rst value When the plasma is absent and at 
least a second value different from the ?rst value When the 
plasma is present, at step 806. If the measured plasma 
frequency value is outside of a prede?ned plasma frequency 
value envelope, at step 808, then the measured plasma 
frequency value is correlated With an attribute of the process, 
at step 810. If not, then the measured plasma frequency 
value is not correlated With an attribute of the process, at step 
812. 
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[0069] While this invention has been described in terms of 
several preferred embodiments, there are alterations, per 
mutations, and equivalents Which fall Within the scope of 
this invention. For example, although the present invention 
has been described in connection With Lam Research plasma 
processing systems (e.g., ExelanTM, ExelanTM HP, ExelanTM 
HPT, 2300TM, VersysTM Star, etc.), other plasma processing 
systems may be used (e. g., capacitively coupled, inductively 
coupled, atmospheric, etc.) This invention may also be used 
With substrates of various diameters (e.g., 200 mm, 300 mm, 
etc). It should also be noted that there are many alternative 
Ways of implementing the methods of the present invention. 

[0070] Advantages of the invention include methods and 
apparatus for monitoring a process in a plasma processing 
system by measuring a plasma frequency. Additional advan 
tages include the use of a substantially reliable signal that 
can be used for diagnostics or monitoring purposes. 

[0071] Having disclosed exemplary embodiments and the 
best mode, modi?cations and variations may be made to the 
disclosed embodiments While remaining Within the subject 
and spirit of the invention as de?ned by the folloWing 
claims. 

What is claimed is: 
1. A method for in-situ monitoring a process in a plasma 

processing system having a plasma processing chamber, 
comprising: 

positioning a substrate in said plasma processing cham 
ber; 

striking a plasma Within said plasma processing chamber 
While said substrate is disposed Within said plasma 
processing chamber; 

obtaining a measured plasma frequency that exists after 
said plasma is struck, said measured plasma frequency 
value having a ?rst value When said plasma is absent 
and at least a second value different from said ?rst 
value When said plasma is present; 

if said measured plasma frequency value is outside of a 
prede?ned plasma frequency value envelope, correlat 
ing said measured plasma frequency value With an 
attribute of said process. 

2. The method of claim 1 Wherein said obtaining said 
measured plasma frequency values is performed at a target 
RF frequency. 

3. The method of claim 2 Wherein said target RF fre 
quency is about 2 MHZ. 

4. The method of claim 2 Wherein said target RF fre 
quency is about 27 MHZ. 

5. The method of claim 2 Wherein said target RF fre 
quency is about 13.56 MHZ. 

6. The method of claim 2 Wherein said plasma processing 
system includes a RF generator having a V/I probe, said 
obtaining said measured plasma frequency value is per 
formed using said V/I probe. 

7. The method of claim 6 Wherein said measured plasma 
frequency value represents a value of a phase angle mea 
surement. 

8. The method of claim 6 Wherein said measured plasma 
frequency value represents a value of an amplitude mea 
surement. 
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9. The method of claim 1 wherein said prede?ned plasma 
frequency value envelope includes a plasma frequency 
loWer control limit. 

10. The method of claim 9 Wherein said plasma frequency 
loWer control limit is Within 30 of a prede?ned plasma 
frequency target value. 

11. The method of claim 1 Wherein said prede?ned plasma 
frequency value envelope includes a plasma frequency 
upper control limit. 

12. The method of claim 11 Wherein said plasma fre 
quency upper control limit is Within 30 of a prede?ned 
plasma frequency target value. 

13. The method of claim 1 Wherein said prede?ned 
plasma frequency value envelope includes a plasma fre 
quency loWer control limit and a plasma frequency upper 
control limit. 

14. The method of claim 1 Wherein said substrate is a 
semiconductor Wafer. 

15. The method of claim 1 Wherein said substrate is a 
glass panel. 

16. The method of claim 1 Wherein said attribute of said 
substrate represents an etch rate While etching said substrate. 

17. The method of claim 1 Wherein said attribute of said 
substrate represents a selectivity rate While etching said 
substrate. 

18. The method of claim 1 Wherein said attribute of said 
substrate represents an etch uniformity measurement While 
etching said substrate. 

19. The method of claim 1 Wherein said plasma process 
ing system is a capacitively coupled plasma processing 
system. 

20. The method of claim 1 Wherein said plasma process 
ing system is an inductively coupled plasma processing 
system. 

21. The method of claim 1 Wherein said plasma process 
ing system is an atmospheric plasma processing system. 

22. The method of claim 1 Wherein said plasma process 
ing system is a frequency-tuned coupled plasma processing 
system. 

23. An apparatus for in-situ monitoring of a process in a 
plasma processing system having a plasma processing 
chamber, comprising: 
means for positioning a substrate in said plasma process 

ing chamber; 
means for striking a plasma Within said plasma processing 

chamber While said substrate is disposed Within said 
plasma processing chamber; 

means for obtaining a measured plasma frequency that 
exists after said plasma is struck, said measured plasma 
frequency value having a ?rst value When said plasma 
is absent and at least a second value different from said 
?rst value When said plasma is present; 

if said measured plasma frequency value is outside of a 
prede?ned plasma frequency value envelope, means of 
correlating said measured plasma frequency value With 
an attribute of said process. 

24. The apparatus of claim 23 Wherein said obtaining said 
measured plasma frequency value is performed at a target 
RF frequency. 
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25. The apparatus of claim 24 Wherein said target RF 
frequency is about 2 MHZ. 

26. The apparatus of claim 24 Wherein said target RF 
frequency is about 27 MHZ. 

27. The apparatus of claim 24 Wherein said target RF 
frequency is about 13.56 MHZ. 

28. The apparatus of claim 24 Wherein said plasma 
processing system includes a RF generator having a V/l 
probe, said means of obtaining said measured plasma fre 
quency value is includes using said V/l probe. 

29. The apparatus of claim 28 Wherein said measured 
plasma frequency value represents a value of a phase angle 
measurement. 

30. The apparatus of claim 28 Wherein said measured 
plasma frequency value represents a value of an amplitude 
measurement. 

31. The apparatus of claim 23 Wherein said prede?ned 
plasma frequency value envelope includes a plasma fre 
quency loWer control limit. 

32. The apparatus of claim 31 Wherein said plasma 
frequency loWer control limit is Within 30 of a prede?ned 
plasma frequency target value. 

33. The apparatus of claim 23 Wherein said prede?ned 
plasma frequency value envelope includes a plasma fre 
quency upper control limit. 

34. The apparatus of claim 33 Wherein said plasma 
frequency upper control limit is Within 30 of a prede?ned 
plasma frequency target value. 

35. The apparatus of claim 23 Wherein said prede?ned 
plasma frequency value envelope includes a plasma fre 
quency loWer control limit and an upper control limit. 

36. The apparatus of claim 23 Wherein said substrate is a 
semiconductor Wafer. 

37. The apparatus of claim 23 Wherein said substrate is a 
glass panel. 

38. The apparatus of claim 23 Wherein said attribute of 
said substrate represents an etch rate While etching said 
substrate. 

39. The apparatus of claim 23 Wherein said attribute of 
said substrate represents a selectivity rate While etching said 
substrate. 

40. The apparatus of claim 23 Wherein said attribute of 
said substrate represents an etch uniformity measurement 
While etching said substrate. 

41. The apparatus of claim 23 Wherein said plasma 
processing system is a capacitively coupled plasma process 
ing system. 

42. The apparatus of claim 23 Wherein said plasma 
processing system is an inductively coupled plasma pro 
cessing system. 

43. The apparatus of claim 23 Wherein said plasma 
processing system is an atmospheric plasma processing 
system. 

44. The apparatus of claim 23 Wherein said plasma 
processing system is a frequency-tuned coupled plasma 
processing system. 


