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METHOD FOR MONITORING PLASMA
PROCESSING APPARATUS

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to the apparatus and
method for monitoring a plasma processing apparatus. In
particular, it relates to the apparatus and method for moni-
toring a plasma processing apparatus that reduces the pro-
cessing failure caused by an abnormal discharge.

[0003] 2. Description of the Related Art

[0004] Insemiconductor manufacturing processes, plasma
processing apparatus are widely used for micromachining
processes, such as etching, film deposition and ashing. In a
process involving plasma processing, a process gas intro-
duced into a vacuum chamber (reactor) is changed into a
plasma by plasma generator means and the plasma is caused
to react with a surface of a semiconductor wafer to imple-
ment micromachining, and a volatile reaction product is
discharged, thereby accomplishing the predetermined pro-
cess.

[0005] With such a plasma processing apparatus, if the
apparatus is used for a long time, components which are in
direct contact with the plasma, such as the inner wall of the
reactor, the upper electrode or a ring disposed around the
wafer, are worn by the action of ions from the plasma. As a
result, the gap between components or holes provided in a
component (holes for blowing out the process gas, for
example) becomes larger than the original (design) size.
Such a larger gap or holes may result in another plasma
occurring in the defined space. This discharge is so-called an
“abnormal discharge”. In other words, if the plasma pro-
cessing apparatus is used for a long time, the “abnormal
discharge” occurs therein.

[0006] Inthe past, abnormal discharge has been prevented
from occurring by determining empirically a cumulative
processing time from the replacement of a component to the
occurrence of abnormal discharge, and replacing compo-
nents with reference to this determined time. Japanese Patent
Laid-Open No. 9-92491 entitled “PLASMA PROCESSING
APPARATUS AND PLASMA PROCESSING METHOD”
discloses a technique of reducing the frequency of occur-
rence of the abnormal discharge by detecting an occurrence
of the abnormal discharge in a plasma processing container
by a change in the reflected wave of a high frequency power
applied to the plasma or change in the plasma light emission,
thereby suppressing unexpected particle occurrence caused
by the abnormal discharge.

[0007] If the abnormal discharge occurs, a dissociation
state of the process gas changes to deteriorate the etching
capability thereof, or a reaction product film formed in the
reactor is peeled off creating a foreign matter. Therefore, if
components are worn and deteriorated causing abnormal
discharge to occur, a normal etching can no longer be
accomplished.

[0008] In the past, as described above, the cumulative
processing time elapsed from the replacement of a compo-
nent to the abnormal discharge occurrence was determined
empirically, and whether or not to replace a component was
determined with reference to the time. However, abnormal
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discharge sometimes occurs before the elapse of reference
time for component replacement. In such a case, the occur-
rence of the abnormal discharge would be recognized when
a failed wafer is found during inspection. Thus, by that time,
a considerable amount of poorly processed wafers would
have resulted.

[0009] Besides, according to the method described in the
Japanese Patent Laid-Open No. 9-92491 described above,
while the abnormal discharge occurring in the plasma can be
detected, any abnormal discharge occurring with the inner
portion of the gas hole of the upper electrode as described
above cannot be detected.

[0010] Detecting the abnormal discharge substantially
simultaneously with the occurrence thereof provides the
following advantages. That is, consumable components,
which have been replaced with reference to the cumulative
processing time obtained empirically in the past, can be used
until abnormal discharge actually occurs. Thus, the compo-
nents can be used longer and the cost of the consumable
components can be reduced. Furthermore, if the cumulative
processing time until the occurrence of the abnormal dis-
charge can be predicted, the replacement component can be
prepared in advance, so that the replacement can be accom-
plished efficiently. In addition, since the etching can be
stopped immediately after the occurrence of the abnormal
discharge to take appropriate measures, the number of failed
wafers can be reduced to one.

[0011] This invention has been devised in view of the
points described above and provides an apparatus for moni-
toring a plasma processing apparatus that can predict the
occurrence of an abnormal discharge and detect the occur-
rence thereof immediately.

SUMMARY OF THE INVENTION

[0012] In order to solve the problems described above, the
present invention comprises the following means.

[0013] The present invention comprises a vacuum process
chamber that contains an upper electrode having a conduc-
tive plate with gas supply holes for supplying a process gas
and a lower electrode having a platform on which a sample
is to be mounted; process gas supply means for supplying
the process gas to the gas supply holes in the upper electrode
and exhaust means for exhausting the vacuum process
chamber; a high frequency power supply for applying a high
frequency power to the upper electrode to generate a plasma
between the upper and lower electrodes; a high frequency
bias power supply for applying a high frequency power to
the upper electrode to generate a direct current bias potential
in the upper electrode; and abnormal discharge determina-
tion means for determining whether an abnormal discharge
occurs or not based on the direct current bias potential
generated in the upper electrode.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 shows an apparatus for monitoring a plasma
processing apparatus according to the present invention;

[0015] FIG. 2 shows abnormal discharge monitoring
means;

[0016] FIG. 3 shows a variation of a bias potential Vdc
when an abnormal discharge occurs;
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[0017] FIG. 4 shows variations of bias potentials applied
to upper and lower electrodes;

[0018] FIG. 5 shows relationships between the number of
processed wafers and the bias potentials;

[0019] FIG. 6 shows a relationship between the product of
the bias potentials applied to the upper and lower electrodes
and the number of processed wafers;

[0020] FIG. 7 is a diagram for illustrating normal ranges
of the bias potentials; and

[0021] FIG. 8 shows a parallel plate plasma processing
apparatus.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0022] Now, a preferred embodiment of this invention will
be described with reference to the accompanying drawings.
FIG. 1 shows an apparatus for monitoring a plasma pro-
cessing apparatus according to the embodiment of this
invention, in which the plasma processing apparatus is a
magnetic field UHF band electromagnetic wave radiation
discharge type plasma etching apparatus. In this drawing,
the plasma etching apparatus is schematically shown in
section.

[0023] In FIG. 1, a process chamber 100 of the plasma
processing apparatus is a vacuum container capable of
attaining a degree of vacuum on the order of 10~> Torr. An
antenna 110 (upper electrode) for radiating electromagnetic
waves is provided at the upper part of the process chamber,
and a lower electrode 130 on which a sample W, such as a
wafer, is to be mounted is provided at the lower part thereof.
The antenna 110 and the lower electrode 130 are disposed in
parallel facing each other. Magnetic field generator means
101, which is composed of an electromagnetic coil and a
yoke, for example, is disposed around the process chamber
100. The electromagnetic wave radiated from the antenna
110 and the magnetic field generated by the magnetic field
generator means 101 interact with each other to change the
process gas introduced to the process chamber into a plasma
P, with which the sample W is processed.

[0024] The process chamber 100 is evacuated by an
evacuation system 106 connected to a vacuum chamber 105
and the pressure thereof is controlled by pressure control
means 107. The process pressure is controlled to fall within
the range from 0.1 Pa to 10 Pa, and desirably from 0.5 Pa to
4 Pa. The process chamber 100 and the vacuum chamber 105
are at a ground potential. It is desired that the side wall 102
of the process chamber 100 contains no heavy metal and is
made of a non-magnetic metal material with high thermal
conductivity, such as aluminum, and is surface-treated, such
as anodized, to resist against plasma.

[0025] The antenna 110 is composed of a disk conductor
111 made of Si, C or SiC, a dielectric 112 and a dielectric
ring 113, and is held in a housing 114 which constitutes a
part of the vacuum container. A conductive plate 115 is
disposed on a surface of the disk conductor 111 which is in
contact with the plasma, and a peripheral ring 116 is
disposed surrounding the conductor plate. Temperature con-
trol means (not shown), in other words, means for circulat-
ing a heating medium in the disk conductor 111 maintains
the temperature of the disk conductor 111 at a predetermined
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value, and thus, the surface temperature of the conductive
plate 115 in contact with the disk conductor 111 is con-
trolled. The process gas for performing certain processing to
the sample, such as etching and film deposition, is supplied
from gas supply means 117 with predetermined flow rate
and mixture ratio, controlled to have a predetermined dis-
tribution via a large number of holes provided in the disk
conductor 111 and the conductive plate 115, and supplied to
the process chamber 100.

[0026] An antenna power supply 121 and an antenna bias
power supply 122, which constitute an antenna power sup-
ply unit 120, are connected to the antenna 110 via matching
circuit and filter systems 123 and 124, respectively. The
antenna 110 is grounded via a filter 125. The antenna power
supply 121 supplies to the antenna disk conductor 111 a
power on an UHF frequency band from 300 MHz to 1 GHz.
If the diameter of the disk conductor 111 is set at a certain
characteristic length, a natural excitation mode, such as
TMO1 mode, is provided. In this embodiment, the frequency
of the antenna power supply 121 is 450 MHz and the
diameter of the disk conductor 111 is 330 mm.

[0027] The antenna bias power supply 122 applies to the
antenna 110 a bias power on a frequency from several tens
of kHz to several tens of MHz. This enables to control the
reaction on the surface of the conductive plate 115 in contact
with the disk conductor 111. In particular, if the conductive
plate 115 is made of silicon with high purity and oxide film
etching is conducted using a gas based on CF, the reaction
of P radical or CFx radical on the surface of the conductive
plate 115 can be controlled to adjust the ratio of radicals. In
the present embodiment, the frequency of the antenna bias
power supply 122 is 13.56 MHz and the power thereof is 50
W to 600 W. Then, a bias potential Vdc is produced in the
conductive plate 115 by self bias. In this embodiment, unlike
a so-called parallel-plate capacitive-coupling plasma appa-
ratus, the self bias occurring in the conductive plate 115 can
be controlled independently of the plasma generation.

[0028] Here, the bias potential Vdc of the upper electrode
produced in the conductive plate 115 and a voltage ampli-
tude Vpp of the lower electrode can be monitored by an
abnormal discharge monitoring apparatus 150 described
later.

[0029] The distance between the lower surface of the
conductive plate 115 and the wafer W is equal to or more
than 30 mm and equal to or less than 150 mm, and desirably,
equal to or more than 50 mm and equal to or less than 120
mm. Since the conductive plate 115 faces the sample W over
a wide area, it has the greatest influence on the processing
of the sample W.

[0030] The lower electrode 130 is disposed at a lower part
of the process chamber 100 to face the antenna 110. A bias
power supply 141 for supplying a bias power on a frequency
from 400 kHz to 13.56 MHz, for example, is connected to
the lower electrode 130 via a matching circuit and filter
system 142 and controls the bias applied to the sample W.
The lower electrode 130 is grounded via a filter 143. In this
embodiment, the frequency of the bias power supply 141 is
800 kHz.

[0031] Now, a process of etching a silicon oxide film using
the plasma etching apparatus, for example, will be described
specifically with reference to FIG. 1.
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[0032] First, the wafer W to be processed is introduced
into the process chamber 100 via a sample introduction
mechanism (not shown) and mounted on the lower electrode
130, which is fixed to position by supplying a DC voltage to
an electrostatic suction apparatus 131 from a power supply
for suction 144 via a filter 145. As required, at this time, the
height of the lower electrode is adjusted to set the gap
distance at a predetermined value. Then, the gas supply
means 117 supplies the process gas required to etch the
sample W, such as C,Fg, Ar and O,, to the process chamber
100 through the conductive plate 115 with a predetermined
flow rate and mixture ratio.

[0033] At this time, the process chamber 100 is controlled
to have a predetermined process pressure by the vacuum
evacuation system 106 and the pressure control means 107.
Then, the antenna 110 radiates electromagnetic waves in
response to the power on a frequency of 450 MHz supplied
thereto by the antenna power supply 121. The electromag-
netic waves and the substantially horizontal magnetic field
of 160 gauss (which is an electron cyclotron resonance
magnetic field intensity provided by the frequency 450
MHz) generated in the process chamber 100 by the magnetic
field generator means 101 interact with each other to pro-
duce the plasma P in the process chamber 100. Thus, the
process gas is dissociated to produce ion radicals. The
composition of the plasma containing ions and radicals and
energies thereof are controlled via the antenna bias power
from the antenna bias power supply 122 or the bias power
from the bias power supply 141 for the lower electrode to
etch the wafer W. Once the etching is completed, the supply
of the high frequency power, magnetic field and process gas
is stopped to complete the process.

[0034] As described above, a large number of gas holes
(diameter: 0.4 to 0.5 mm) for introducing the process gas
into the reactor are provided in the conductive plate 115
made of silicon and disposed to face the sample. The
diameter of the gas hole becomes larger with time by the
action of the ions from the plasma. As the hole becomes
wider, the ions and electrons from the plasma tend to enter
deeper into the hole, and eventually, the abnormal discharge
occurs on the back side of the conductive plate 115.

[0035] If the abnormal discharge occurs on the back side
of the conductive plate 115, a large amount of electrons and
ions are produced there and introduced into the conductive
plate (antenna electrode). Therefore, compared to the normal
state, the amount of ions and electrons flowing into the entire
antenna electrode is increased. This is equivalent to the area
of the electrode being increased effectively. Since the area
for grounding is not changed, the absolute value of the bias
potential Vdc of the antenna electrode is decreased. In other
words, when the abnormal discharge occurs on the back of
the conductive plate, the bias potential Vdc is varied simul-
taneously.

[0036] The variation of the bias potential Vdc increases as
the number of holes where the abnormal discharge occurs
increases. This is because the amount of ions and electrons
introduced is increased with the increase in the number of
the holes. However, if the conductive plate 115 becomes
worn over a long time use, the abnormal discharge does not
necessarily occur within all of the gas holes (initially, the
abnormal discharge occurs at only a small number of holes,
and the number increases gradually). Thus, the variation of
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the bias potential Vdc is also small at first, and increases
gradually. Therefore, the time of replacement of the con-
ductive plate due to the abnormal discharge can be predicted
by keeping track of the value of the bias potential Vde.

[0037] Now, monitoring of the abnormal discharge using
the apparatus for monitoring the plasma etching apparatus
shown in FIG. 1 will be described.

[0038] FIG. 3 shows the variation of the bias potential
Vdc when an abnormal discharge occurs. FIG. 3 shows the
result of an experiment conducted by visually checking
whether the abnormal discharge has occurred or not. The
description “back side discharge occurs” in this drawing
implies that an abnormal discharge has occurred at this point
in time. As shown, the bias potential Vdc changed rapidly
from -60 V to =35 V at this point in time. The measurement
values of the bias potential Vdc fluctuate slightly with time,
and thus, the time-varying curve has a certain width. In the
example shown in this drawing, the width is about 5 V. On
the other hand, the variation of the bias potential Vdc when
the abnormal discharge occurs is about 25 V. Therefore, the
variation of the bias potential is large enough to be detected
easily. In other words, the S/N ratio is sufficiently high.

[0039] FIG. 4 shows variations of the bias potential Vdc
applied to the upper electrodes (A-Bias Vdc) and the voltage
amplitude Vpp applied to the lower electrode (W-Bias Vpp)
for bias powers of 600 W and 300 W. In this drawing, the
horizontal axis indicates the power of the antenna power
supply (UHF power). As can be seen from the drawing, the
occurrence of the abnormal discharge can be detected by the
variation of bias potential Vdc of the bias power supply
(from =160V to =50 V or =100 V to =30 V). In addition, the
voltage amplitude Vpp of the lower electrode varies simul-
taneously with the occurrence of the abnormal discharge. In
this experimental example, the voltage amplitude Vpp,
which is on the order of 1000 V, varies by about 100 V due
to the abnormal discharge. Thus, the S/N ratio is high
enough to enable detection.

[0040] FIG. 5(a) is a plot of the relationship between the
cumulative number of processed wafers and the bias poten-
tials Vdc applied to the upper electrode. As shown in the
drawing, points are plotted on a straight line A indicating
that the measurement values are substantially constant until
the elapse of a predetermined cumulative processing time
and a straight line B indicating that the absolute value of the
bias potential Vdc decreases with time.

[0041] That is, the occurrence of the abnormal discharge
can be detected when the bias potential Vdc which has been
substantially constant starts to vary. While the bias potential
Vdc fluctuates slightly along the straight line A, the variation
by the abnormal discharge is more significant as indicated by
the line B. Thus, the abnormal discharge can be detected in
terms of S/N ratio.

[0042] FIG. 5(b) is a plot of a relationship between the
cumulative number of processed wafers and the voltage
amplitude Vpp. Also in this case, the occurrence of the
abnormal discharge can be detected by the bias potential
Vpp which has been substantially constant starting to vary.

[0043] FIG. 6 is a plot of the relationship between the
product of the bias potential Vdc applied to the upper
electrode and the voltage amplitude Vpp applied to the lower
electrode and the cumulative number of processed wafers
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(cumulative processing time). Also in this case, the occur-
rence of the abnormal discharge can be detected by the
product of the bias potentials Vdc and Vpp which has been
substantially constant starting to vary. In this example, since
the product of the bias potentials Vdc and Vpp is calculated,
the detection sensitivity can be enhanced.

[0044] FIG. 7 is a diagram illustrating the normal ranges
(thresholds) of the bias potentials Vdc and Vpp. First, in
order to determine whether the abnormal discharge occurs or
not based on the variation of the bias potential Vdc, it is
required to determine the normal value of the bias potential
Vde. The normal value of the bias potential Vdc varies
according to etching conditions, and in particular, depends
on the outputs of the two power supplies applied to the
antenna, that is, the output of the antenna power supply 121
and the output of the antenna bias power supply 122. Thus,
a normal value of the bias potential Vdc for a previously
expected process condition (a condition for etching an FSG
(fluorosilicate glass) (FSG condition) and a condition for
forming an HARC (high aspect ratio contact) (HARC con-
dition), for example) is determined in advance on a map as
shown in FIG. 7 with the horizontal axis indicating the
output of the antenna power supply 121 and the vertical axis
indicating the output of the antenna bias power supply 122,
and a database thereof is created.

[0045] The normal value or normal range of the bias
potential Vdc can be determined by extracting the two
outputs (outputs of the antenna power supply 121 and the
antenna bias power supply 122) from a recipe. Abnormal
discharge determination means 152 has such a database and
a reference mechanism therefor.

[0046] As for the voltage amplitude Vpp, a similar data-
base can be created. In this case, however, the horizontal
axis indicates the output of the antenna power supply 121
and the vertical axis indicates the output of the bias power
supply 141 for the lower electrode. The reference method is
the same as in the above-described database.

[0047] FIG. 2 shows the abnormal discharge monitoring
means for monitoring the abnormal discharge in the plasma
processing apparatus. As shown, a signal line is drawn from
an inner conductor of a feedthrough 126 that supplies power
to the antenna 110. A signal measured on the signal line is
composed of a signal of 450 MHz of the antenna power
supply 121 and a signal of 13.56 MHz of the antenna bias
power supply 122, which are superimposed on each other.
The signal is passed through a bias potential extraction filter
151 to extract the bias potential Vdc, and the bias potential
is transmitted to the abnormal discharge determination
means 152. The abnormal discharge determination means
152 eliminates slight fluctuations (shown in FIG. 3)
included in the received bias potential Vdc in order to extract
a significant Vdc variation associated with the abnormal
discharge. As described earlier, since the S/N ratio of the
Vdc variation is sufficiently high, the filtering and the
extraction of the variation can be sufficiently accomplished
by usual methods.

[0048] Another signal line is drawn from the conductor
that supplies power to the lower electrode 130. A signal
measured on the signal line is of a frequency of 400 kHz to
13.56 MHz of the bias power supply 141 for the lower
electrode. The signal is passed through a voltage amplitude
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extraction filter to extract the voltage amplitude Vpp, and the
voltage amplitude is transmitted to the abnormal discharge
determination means 152.

[0049] The abnormal discharge determination means 152
has functions described below. First, it has an abnormal
discharge detection function to detect an abnormal discharge
at an early state. Specifically, the detected variation of the
bias potential Vdc is compared with a threshold previously
provided (step S1), and if its is larger than the threshold, an
“abnormal discharge occurrence” signal is output (step S2)
This signal is transmitted to a control unit (not shown) in the
processing apparatus, and the processing apparatus stops
etching in response to the signal (step S3). Thus, only one
poorly processed wafer is produced. To the contrary, if the
abnormal discharge determination means 152 is not pro-
vided, the etching apparatus continues its processing, and
the processing failure of wafers is not revealed until the
wafers are inspected. Thus, a large number of poorly pro-
cessed wafers are produced.

[0050] Second, it has an abnormal discharge occurrence
prediction function to predict when an abnormal discharge
will occur. As shown in FIG. 5, the occurrence of the
abnormal discharge can be detected when the bias voltage
Vdc having been substantially constant starts to vary. There-
fore, values of the bias voltage Vdc are sequentially stored
(step S11), prediction is made on when the abnormal dis-
charge occurs based on the stored voltage values (step S12),
and components such as the conductive plate can be
replaced based on the prediction (step S13).

[0051] In the above description, the abnormal discharge
determination means 152 detects or predicts the occurrence
of the abnormal discharge based on the bias potential Vdc of
the upper electrode. However, as shown in FIG. 5, the
abnormal discharge occurs when the voltage amplitude Vpp
having been substantially constant starts to vary. Therefore,
the occurrence of the abnormal discharge can be detected or
predicted based on the bias potential Vpp of the lower
electrode, instead of the bias potential Vdc of the upper
electrode.

[0052] Since there are two kinds of comparison objects,
Vdc and Vpp, the two objects can independently be com-
pared with their respective thresholds, and if at least one of
them is larger than the threshold thereof, it can be deter-
mined that “the abnormal discharge has occurred”. Alterna-
tively, these two data can be used together to determine the
occurrence of the abnormal discharge.

[0053] As shown in FIG. 6, when the value obtained by
combining the bias potentials Vdc and Vpp having been
substantially constant (product thereof in the drawing) starts
to vary, the abnormal discharge occurs. Therefore, the occur-
rence of the abnormal discharge can be detected or predicted
based on the product of the bias potential Vdc of the upper
electrode and the voltage amplitude Vpp of the lower
electrode, instead of the bias potential Vdc of the upper
electrode. In this case, since the product of the bias poten-
tials Vdec and Vpp is calculated, the detection sensitivity can
be enhanced.

[0054] The present invention is not limited to the UHF-
ECR (Electron Cyclotron Resonance) apparatus shown in
FIG. 1, which is a plasma processing apparatus in which an
electromagnetic wave of 450 MHz is used as the plasma
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source. This invention can also be applied to the parallel
plate plasma processing apparatus shown in FIG. 8.

[0055] As described above, according to the present
embodiment, the occurrence of the abnormal discharge is
detected or predicted by monitoring the bias potential
applied to the upper electrode (composed of a plate made of
silicon, for example) disposed to face the wafer and the bias
potential applied to the lower electrode on which the wafer
is mounted, and extracting the variations thereof. Thus, the
upper electrode can be used until the end of the product life
thereof, and the cost of consumable components can be
reduced. Furthermore, it becomes possible to prevent a large
number of poorly processed wafers from being produced,
and predict when the plate is to be replaced.

[0056] As described above, the present invention provides
an apparatus for monitoring a plasma processing apparatus
that can predict the occurrence of an abnormal discharge or
detect the occurrence immediately.

1-5. (canceled)
6. A method for monitoring a plasma processing appara-
tus, comprising:

providing a vacuum process chamber that contains an
upper electrode having a conductive plate with gas
supply holes for supplying a process gas and a lower
electrode having a platform on which a sample is to be
mounted;

supplying the process gas to said gas supply holes in said
upper electrode and enabling exhausting of said
vacuum process chamber;

applying a high frequency power to said upper electrode
to generate a plasma between the upper and lower
electrodes;

applying a high frequency bias power to said upper
electrode to generate a direct current bias potential in
the upper electrode; and

determining whether an abnormal discharge has occurred

or not based on the variation with time of the direct

current bias potential generated in said upper electrode.

7. A method for monitoring a plasma processing appara-
tus, comprising:

providing a vacuum process chamber that contains an
upper electrode having a conductive plate with gas
supply holes for supplying a process gas and a lower
electrode having a platform on which a sample is to be
mounted;

supplying the process gas to said gas supply holes in said
upper electrode and enabling exhausting of said
vacuum process chamber;
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applying a high frequency power to said upper electrode
to generate a plasma between the upper and lower
electrodes;

applying a high frequency bias power to said upper
electrode to generate a direct current bias potential in
the upper electrode;

applying a high frequency bias power to said lower
electrode to generate a voltage amplitude in the lower
electrode; and

determining whether an abnormal discharge has occurred
or not based on the variation with time of the direct
current bias potential generated in said upper electrode
and the variation with time of the voltage amplitude
generated in said upper electrode.

8. A method for monitoring a plasma processing appara-
tus, comprising:

providing a vacuum process chamber that contains an
upper electrode having a conductive plate with gas
supply holes for supplying a process gas and a lower
electrode having a platform on which a sample is to be
mounted;

supplying the process gas to said gas supply holes in said
upper electrode and enabling exhausting of said
vacuum process chamber;

applying a high frequency power to said upper electrode
to generate a plasma between the upper and lower
electrodes;

applying a high frequency bias power to said upper
electrode to generate a direct current bias potential in
the upper electrode;

applying a high frequency bias power to said lower
electrode to generate a voltage amplitude in the lower
electrode;

storing the normal value of the direct current bias poten-
tial of the upper electrode obtained by monitoring the
same according to various plasma processing condi-
tions; and

determines determining whether an abnormal discharge
has occurred or not based on the direct current bias
potential generated in said upper electrode and the
normal value of the direct current bias potential of the
upper electrode which is stored.



