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Specification
ABNORMAL DISCHARGE SUPPRESSING DEVICE

FOR VACUUM APPARATUS

Technical Field
[0001]

The present invention relates to an apparatus for
suppressing abnormal electrical discharge in vacuum. More
particularly, it relates to an apparatus for suppressing
abnormal electrical discharge used for vacuum equipment, which
cuts off an output from a high-frequency power source so as to
suppress abnormal electrical discharge that may occur when
plasma is generated by using the high-frequency power source.
According to the suppression of the abnormal electrical
discharge, a substrate can be protected from damage owing to
such anomalous discharge, in film formation on the substrate

or etching of the substrate by using plasma.

Background Art
[0002]

In a process of manufacturing an item such as a
semi-conductor device, a 1liquid crystal panel, and a disk, there
is a step for subjecting a substrate of each item to a treatment
using plasma. In a system which performs such plasma treatment
step, high-frequency power is supplied from the high-frequency
power source to change processed gas into plasma, and using this
plasma, a surface of the substrate is subjected to a film

formation or an etching treatment. In such system in vacuum,
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amatching circuit is provided between the high-frequency power
source and a load, so as to adjust impedance reaching the plasma
from the matching circuit and impedance reaching the
high-frequency power supply from the matching circuit, thereby
exercising control for suppressing a reflected power from the
plasma.

[0003]

In a treatment which employs plasma such as the film
formation and etching, an abnormal electrical discharge may take
place due to various factors, such as an arrangement of magnet
part, a state of cathode surface, a method for manufacturing
an insulated part; a quality of target, a manufacturing method,
a shape of edge part, erosion, a surface corrosion state, and
homogeneities of surface activation, and a temperature control
method thereof; and a type of sputter gas, a pressure control
thereof, and a way how to flow the gas.

[0004]

As for the abnormal electrical discharge, initially, a
minority arc is generated, and subsequently, energy is
concentrated due to a temperature rise at the minority arc part,
and then a transition is made to a majority abnormal discharge
(a majority arc). When this majority arc is generated, a
positive feedback occurs in movement of high-energy electron,
a rise of the surface temperature of the target, and an abnormal
distribution of gas pressure. Accordingly, evaporation of the
target material and rising of local plasma density occur,
resulting in triggering of an enormous arc, referred to as

"racetrack arc”, for instance. Such minority arc, majority arc,
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and racetrack arc may physically destroy the target, and in
addition to such influence, there is another influence brought
about by broken pileces, such as making of pinhole on a memory
or on an optical surface in the course of film formation.
[0005]

When a small oxidized portion is generated on the target
due to the destruction, an electron density at the portion
becomes higher, and energy accumulated in the plasma itself and
additional energy supplied from the high-fregquency power source
and DC power source are absorbed. Accordingly, impedance
around the oxidized portion is radically lowered, and the energy
being absorbed is converted into heat. This heat causes
evaporation of the material of the target, thereby increasing
a partial pressure or making the electron density higher.
Therefore, if such major-scale abnormal electrical discharge
occurs as described above, it is necessary to release the heat
around the target or sample, and apply the power again, after
diffusion of gas (see patent document 1}.

[0006]

The electron density within plasma is one of the factors
which exert influence on a substrate treatment. The state of
plasma is changed according to high-fregquency power, pressure
within a vacuum chamber, or the like. Therefore, even though
the impedance is adjusted by the matching circuit, some plasma
conditions may increase a reflected wave, which is reflected
by the plasma and returns to the high-freguency power source.
There is suggested a technique which monitors the electron

density within the plasma, by detectingareflective coefficient
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(see patent document 2).
[0007]

Occurrence of abnormal electrical discharge such as an
arc may cause damage to a glass substrate, silicon wafer, or
the like. It 1s suggested that when the arc occurs within a
plasma generation chamber in a high-frequency generator, the
occurrence of arc is detected by detecting a reflected power,
and a control circuit which receives a detection signal lowers
or suspends temporarily {(for tens of millisecond) the output
from the high-frequency generator, thereby achieving arc
suppression (see patent document 3).

[oo08]

In order to suppress instantaneous abnormal electrical
discharge which occurs on an electrode for film formation, a
plasma CVD device is suggested, which is provided with an
operational feature, referred to as arc-cut function to suppress
the occurrence of abnormal electrical discharge. This arc-cut
function detects a sign of occurrence of instantaneous abnormal
electrical discharge, according to current or the like within
a matching box, and stops application of high-frequency power
or reduces the applied power, only for a short period of time
{see patent document 4).

[0009]

The patent document 3 further suggests that the number
of arc-cut operation times 1is counted, so as to record the number
of arc-cut operation times during film formation treatment.
[0010]

[Patent document 1]



10

15

20

25

Japanese Patent Application Publication No. 2733454
[Patent document 2]

Japanese Unexamined Patent Application Publication No.
2000-299198

[Patent document 3]

Japanese Unexamined Patent Application Publication No.
06-119997

[Patent document 4]

Japanese Unexamined Patent Application Publication No.

2001-102196

Disclosure of the Invention
Problem to be solved by the Invention
[0011]

In vacuum equipment, occurrence of abnormal electrical
discharge 1s detected, typically when a reflected power is
rapidly increased. However, this reflected power may also be
increased in the case other than the abnormal electrical
discharge occurrence. Therefore, there is a problem that a
high-frequency power source may be cut off, even though there
is no abnormal electrical discharge. For example, at the time
of ignition when the high-frequency power source is activated
to supply the high-frequency power to the load side, the
reflected power is increased. Accordingly, even when any
abnormal electrical discharge does not occur, it is determined
that the abnormal electrical discharge has occurred upon
detecting the increase of the reflected power, and an output

of high-frequency power from the high-frequency power source
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to the load side is controlled to be cut off. If the output
from the high-frequency power source is cut off, power is not
supplied, and therefore plasma is not formed, resulting in a
trouble in the film formation treatment.

[0012]

In addition to the time of the ignition as described above,
there is a similar problem in the case where the high-frequency
power source is restarted, after cutting off the output of the
high-frequency due to the detection of the abnormal electrical
discharge. On this occasion, since the reflected power is
increased owing to mismatching of impedance or the like, the
increase of the reflected power may cause a false detection that
the abnormal electrical discharge has occurred, even when such
discharge has not occurred. Therefore, the cutoff operation
is carried out once again, and this may develop a trouble in
restarting.

[0013]

It is conceivable that at the time of ignition or
restarting, a detection level for detecting the abnormal
electrical discharge 1s set to be higher, and accordingly such
false detection may be suppressed. However, typically, the
high~-frequency power source has a protective feature of drooping
characteristic which lowers the output voltage to be protected
against over-current. Therefore, it 1s necessary to set the
detection level sufficiently higher (e.g., 20% to 50%) than the
droop level (e.g., 15%) of the reflectedpower. If the detection
level for detecting the abnormal electrical discharge is set

to such a high level, it becomes difficult to detect the abnormal
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electrical discharge at an initial stage, and there is a problem
that favorable detection of the abnormal electrical discharge
is disabled.

[0014]

On the other hand, if the detection level is set to be
low for detecting the abnormal electrical discharge during a
steady plasma operation, lons are likely to remain. If the
remaining ions are accumulated, those ions may cause an abnormal
arc generation, and the abnormal electrical discharge more
likely to occur. Therefore, there is a problem that it becomes
difficult to supply power to the plasma stably.

[0015]

Accordingly, an object of the present invention is to
solve the conventional problems as described above, and to
supply power stably to the plasma.

[0016]

It is an object of the present invention to suppress a
growth of arc and to eliminate the accumulation of ions which
cause an abnormal arc to occur.

[0017]

It is another object of the present invention to reduce
a false detection of abnormal electrical discharge, in order
to achieve a stable power supply to the plasma.

[0018]

It is still another object of the present invention to
suppress the false detection, without setting a high detection
level for detecting the abnormal electrical discharge, at the

time of ignition or restarting, in order to achieve a stable
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power supply to the plasma.

Means to Solve the Problen
[0019]

The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to the present
invention suppresses the abnormal electrical discharge for
stably supplying electric power to plasma, and there are two
aspects of the present invention for suppressing occurrence of
the abnormal electrical discharge.

[0020] K

A first aspect of the present invention for suppressing

the abnormal electrical discharge is directed to making
appropriate use of a £irst handling cutoff control and a second
handling cutoff control: In the first handling cutoff control,
a duration of cutoff time for breaking the output from the
high-frequency power source is prepared variously, thereby
enabling a restart in the state where ions within plasma still
remain, and in the second handling cutoff control, the restart
is performed in the state where abnormal arc ions have
disappeared.

[0021]

A second aspect of the present invention is directed
to suppressing amalfunction due to a false detection of abnormal
electrical discharge, by prohibiting the cutoff operation
during a section where a feedback signal is vulnerable to
fluctuations, for example, at a time of ignition or at a time

of restarting by high speed boot-up which is performed after
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the first handling cutoff control. Both the first aspect and
the second aspect of the invention enable the stable power supply
to the plasma.

[0022]

In the first aspect of the invention, the first handling
cutoff control enables restarting in the state where ions still
remain in the plasma, thereby suppressing a growth of arc, and
the second handling cutoff control restarts in the state where
abnormal arc ions have disappeared, thereby eliminating
accumulation of lons which may generate the abnormal arc.

[0023]

In the second aspect of the invention, in the section
at the ignition time, at the restarting time after the first
handling cutoff, or the like, the cutoff operation is prohibited
even though an abnormal electrical discharge is detected.

[0024]

The first aspect of the present invention is directed
to an apparatus for suppressing abnormal electrical discharge
used for vacuum equipment which supplies power from a
high-frequency power source into a plasma reaction chamber to
generate plasma and performs treatment such as £ilm formation
and etching by using plasma, the apparatus incorporating a power
controller for controlling the high-frequency power source
based on a deviation between a power command value and a power
feedback value, and a cutoff controller for cutting off a power
supply from the high-frequency power source to the plasma
reaction chamber based on a detection of reflected power or

reflected wave voltage which 1is generated at least any one of
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followings; at a time of abnormal electrical discharge and
during a transfer process to the abnormal electrical discharge
within the plasma reaction chamber.

[{0025]

The cutoff controller performs the first handling cutoff
control and the second handling cutoff control, each having a
cutoff time being different. The first handling cutoff control
allows ions to remain within the plasma reaction chamber, and
exerclses control to cut off the high-frequency power source
within a time duration which allows an arcing element of a
minority arc disappear, being a factor of the abnormal
electrical discharge. On the other hand, the second handling
cutoff control exercises control to cut off the high-frequency
power source within a time duration which allows the ions to
disappear, the ions of a majority arc at the time of abnormal
electrical discharge.

[0026]

In the first handling cutoff control, the cutoff time
duration i1s set to be short, for example, from 1 ps to 100 us,
and the cutoff control is terminated in the state where the ions
still remain within the plasma reaction chamber. Since the
arcing element of the minority arc disappears by the end of this
short time cutoff, the abnormal electrical discharge can be
eliminated. Since ions within the plasma reaction chamber
still remain in the cutoff time duration by the first handling
cutoff control, when restarting is executed after the cutoff,
the power supply can be booted up lmmediately within a short

period of time. Accordingly, it 1s possible to resume normal

10



10

15

20

25

discharge instantaneously.
[0027]

In the second handling cutoff control, the time duration
is set to be from 1 ms to 100 ms, for example, and the cutoff
control is terminated in the state where the abnormal arc ions
of majority arc have disappeared. Accordingly, accumulation
of ions which may generate the abnormal arc is eliminated,
thereby cutting off arcing.

[0028]

Since the second handling cutoff makes the abnormal arc
ions to disappear, it is also referred to as an "arc ion refresh
operation”.

[0029]

In the first aspect of the invention, the power controller
performs restarting for high speed boot-up after the first
handling cutoff control cuts off outputting from the
high-frequenéy power source, and exercises a feedback control
over a forward power value or a travelling wave voltage value,
with respect to the power command value or the voltage command
value, thereby controlling an output from the high-frequency
power source to be equal to the power command value or the voltage
command value.

[0030]

The high speed boot-up after the first handling cutoff
control outputs ramped power or voltage from zero to the power
command value or the voltage command value, within a duration
with the same time ordering as the cutoff time of the first

handling cutoff control. Therefore, the time duration required

11
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for the high speed boot-up can be determined based on the cutoff
time of the first handling cutoff control. This high speed
boot-up time duration may be defined as a value from 1 ns to
100 ps, for instance.

[0031]

In addition, the power controller performs restarting
according to a soft start function, after the second handling
cutoff control cuts off the output from the high-frequency power
source, and exercises the feedback control over the forward
power value or the traveling wave voltage value, with respect
to the power command value or the voltage command value, thereby
controlling the output from the high-frequency power source to
be equal to the power command value or the voltage command value.
[0032]

The soft start function is performed after the second
handling cutoff control at a matching speed which allows a
matching circuit of a matching box, provided between the
high-frequency power source and the plasma reaction chamber,
to sufficiently handle the ramped power output or voltage
output; from zero to the power command value or the voltage
command value. Therefore, the time duration required for the
soft start can be defined depending on a magnitude of the power
command value or the voltage command value, a matching property
of the matching circuit of the matching box, or the like. This
duration of the soft start may be set to1ms to 10 s, for instance.
{0033]

The second handling cutoff control aims at eliminating

accumulation of ions which may generate an abnormal arc, being

12
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a majority wave arc, and cutting off the arching. Therefore,
it is effective to execute this control at the stage where the
ions which may generate the abnormal arc in plasma have already
been accumulated.

[0034]

The present invention determines an accumulation state
of the ions which may generate the abnormal arc, based on the
cumulative number of executions of the first handling cutoff
control, which is performed within a predetermined unit time
(e.g., 10 ms). When the cumulative number of executions of the
first handling cutoff control reaches a preset number of times,
that point of time is determined as a stage where the ions which
may generate the abnormal arc have been accumulated in plasma,
and the second handling cutoff control is executed. A cutoff
control prohibition part counts the number of executions of the
first handling cutoff control within a first predetermined time,
and when the value of count obtained by the counting reaches
the preset number of times, the second handling cutoff control
is executed.

[0035]

The value of count is cleared simultaneously with
executing the second handling cutoff control, and counting of
the number of executions of the first handling cutoff control
is resumed. Again, when the value of count reaches the preset
number of times within the predetermined period of time, the
second handling cutoff control is executed. By repeating the
first handling cutoff control performed for the preset number

of times and the second handling cutoff control subsequently

13
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performed, it is possible to suppress a growth of the arc, and
eliminate the abnormal arc ions, effectively.
[0036]

In the second aspect of the present invention, the cutoff
operation 1s prohibited, even when abnormal electrical
discharge is detected in the ignition mode section, the high
speed boot-up section after the first handling cutoff, the
re~-ignition mode section after the second handling cutoff, or
the like. Accordingly, a cutoff operation due to a false
detection of the abnormal electrical discharge is suppressed,
and power supply to the plasma can be stabilized. At the time
of ignition or restarting after the cutoff, there is no match
between the power and the plasma load, and this may bring an
upsurge in the reflected power. In order to suppress
overvoltage or overcurrent due to the upsurge in the reflected
power, a reflected power drooping control is exercised. On this
occasion, since the upsurge in the reflected power is caused
by malfunction in matching, and not caused by an arc of abnormal
electrical discharge, it is not necessary to perform the cutoff
operation. Therefore, in the case as described above, the
cutoff operation is prohibited, so as to stabilize the power
supply to plasma.

[0037]

The second aspect of the present invention is directed
to a configuration of apparatus for suppressing abnormal
electrical discharge in vacuum equipment which supplies power
in a plasma reaction chamber to generate plasma and executes

film formation or etching treatment by using the plasma, and

14
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this apparatus incorporates a high-frequency power source for
supplying power. This high-frequency power source is provided
with a power controller for controlling the high-frequency power
source based on a deviation between a power command value and
a power feedback value, and a cutoff controller for detecting
a reflected power or a reflected wave voltage which is generated
in at least any of the following timings; when the abnormal
electrical discharge occurs in the plasma reaction chamber, and
during a transfer process to the abnormal electrical discharge,
and cutting off the power supply from the high-frequency power
source to the plasma reaction chamber. The cutoff controller
is provided with an arcing detection/cutoff part for detecting
the abnormal electrical discharge, and a cutoff control
prohibition part for prohibiting the power supply cutoff control
according to the arcing detection/cutoff part.

[0038]

The cutoff control prohibition part in the second aspect
of the present invention prohibits the cutoff control of the
power supply according to the cutoff controller, within the
section which is defined as an arc cutoff prohibited section.
Even when the cutoff controller controls to cut off the power
supply, this cutoff control is prohibited and power supplying
is still continued.

[0039]

The power controller uses a forward power value as a power
feedback value, and controls the output power to reduce a
deviation between the power command value and the forward power

value.
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[0040]

The cutoff controller exercises the cutoff control in two
modes. The first mode is the first handling cutoff control for
suppressing a minority arc, which detects abnermal electrical
discharge by comparing reflected power or reflected wave voltage
with a threshold value at a low level, and cuts off power supply
according to the detection of the abnormal electrical discharge.
The second mode is the second handling cutoff control for
controlling a majority arc, which detects an increase of the
reflected power by comparing the reflected power or reflected
wave voltage with a threshold value at a high level, and cuts
off power supply according to the detection of the increase of
the reflected power.

[0041]

The threshold value to be compared with the reflected
power "Pr" 1is different in level, between the first handling
cutoff control and the second handling cutoff control. The
first handling cuteff control uses a low level value as the
threshold value, and detects an initial stage in the increase
of the reflected power or the reflected wave voltage.
Accordingly, it is possible to detect the increase of the
reflected power along with the abnormal electrical discharge
occurrence.

[0042]

On the other hand, the second handling cutoff control uses
a high level value, which is higher than the low level value
used in the first handling cutoff control, to detect and cut

off a majority wave arc state, in which energy is concentrated

16



10

15

20

25

and transition is made to majority abnormal discharge.
[0043]

The cutoff control prohibition part of the present
invention exercises the prohibition control for prohibiting the
cutoff control to be effective in the first handling cutoff
control, whereas this prohibition control is not executed in
the second handling cutoff control. The first handling cutoff
control allows plasma ions to remain, and simultaneously makes
the arcing element of the minority arc to disappear. The second
handling cutoff control aims at eliminating the majority arc
ions at the time of abnormal electrical discharge, thereby
suppressing the abnormal electrical discharge.

[0044]

If the prohibition control for prohibiting the cutoff
control is applied to the second handling cutoff control that
is triggered by the abnormal electrical discharge, it may result
in a deterioration of an effect which is produced by the second
handling cutoff control. Therefore, the cutoff control
prohibition part applies the prohibition control only to the
first handling cutoff control, so as to prevent a false cutoff
control due to a false detection of abnormal electrical
discharge.

[0045]

The arc cutoff prohibited section is a section where a
mismatch occurs between the high-frequency power source and the
plasma load. This section includes, an ignition mode section
at the startup time of the high-frequency power source, a high

speed boot-up section after the first handling cutoff upon
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restarting the high-fregquency power source, a re-ignition mode
section after the second handling cutoff, and a forward power
transient section being a section until the traveling wave
reaches a predetermined level.

[0046]

In the arc cutoff preohibited section as described above,
since the plasma is in unstable state and the matching circuit
fails to provide a sufficient matching to the plasma load, there
1s a possibility that the reflected power is increased. The
increase of the reflected power on this occasion is not caused
by the abnormal electrical discharge. Since the high-frequency
power source exercises drooping control over the increased
reflected power as a protective operation, the cutoff control
is not necessary in the arc cutoff prohibited section as
described above. In the ignition mode section and the
re-ignition mode section, it can be assumed that the plasma is
ignited, and each of these sections corresponds to a section
from when the forward power starts outputting power, until the
power goes over the droop level of the reflected power.
[0047]

In the ignition mode section and in the re-ignition mode
section, if the forward power or the load power to the plasma
deviates significantly, with respect to the power command value
of the power outputted from the high-frequency power source,
the drooping control is executed in receipt of excessive
reflected power, and the drooping characteristic gives a
protection against overvoltage and overcurrent. Since the

power outputted from the high-frequency power source is reduced
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by the drooping characteristic, it is not necessary to stop the
power supply by the cutoff control.
[o048]

In the ignition mode section, in the re-ignition mode
section, and in the high speed boot-up section, the first
handling cutoff control erroneously detects the increase of the
reflected power as abnormal electrical discharge, and according
to this false detection, the power supply iscut off. Therefore,
even though there is no occurrence of abnormal electrical
discharge, supplying of power to the plasma is disabled.
Considering the situation above, those sections are defined as
the arc cutoff prohibited section, and the power supply is
continued without cut off.

[0049]

In the ignition mode section, in the re-ignition mode
section, and in the high speed boot-up section, the droop level
can be defined by "L x Cs 100%", whichmultiplies a command value
of rated power "Cs 100%" by a reflected droop coefficient "L".
Here, the reflected droop coefficient L can be defined within
the range from 0.1 to 0.3.

[0050]

At the time of startup or restarting, the forward power
starts increasing, being delayed from the power command value
"Cs", and gradually approaches the power command value Cs by
the feedback control. If detection of the increase of the
reflected power is determined as an abnormal electrical
discharge in the section where this forward power is in transient

state and the power supply is cut off based on this detection,
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supplying power to the plasma is disabled even though there is
no occurrence of abnormal electrical discharge. Considering
this situation, this forward power transient section is also
assumed as the arc cutoff prohibited section, and the power
supply is continued without cut off.

[0051]

The forward power transient section has sufficiently
large difference (Cs - Pf) between the forward power "Pf” and
the power command value "Cs”. This section can be defined
according to a level range setting the power command value Cs
as an upper limit, and setting (Cs - K x Cs 100%) as a lower
limit, which is a value obtained by subtracting "K x Cg 100%”
which multiplies the command value of rated power “"Cs 100%” by
a predetermined coefficient "K", from the power command value
"Cs”. When the forward power Pf is out of the level range, it
is determined as currently in the arc cutoff prohibited section,
and the power supply is continued without cut off. For example
here, the coefficient K may be set within the range of 0.01 to

0.2, and it may be set to 0.03, for instance.

Effect of the Invention
[0052]

As described above, according to the apparatus for
suppressing abnormal electrical discharge used for vacuum
equipment of the present invention, it is possible to supply
power to plasma stably.

[0053]

According to the apparatus for suppressing abnormal

20
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electrical discharge used for vacuum equipment of the present
invention, a growth of arc can be suppressed, and accumulation
of ions which may cause abnormal arc can be eliminated, thereby
achleving a stable power supply to plasma.

[0054]

Furthermore, according to the apparatus for suppressing
abnormal electrical discharge used for vacuum equipment of the
present invention, it is possible to reduce a false detection
of abnormal electrical discharge, thereby achieving a stable
power supply to plasma.

[0055]

Furthermore, according to the apparatus for suppressing
abnormal electrical discharge used for vacuum equipment of the
present invention, it is possible to suppress a false detection,
without setting a detection level for detecting the abnormal
electrical discharge to a high level at the time of ignition
or restarting, thereby achieving a stable power supply to

plasma.

Brief Desoription of Drawings

[0056]
FIG. 1 illustrates a schematic configuration of a power source
system of vacuum equipment and an apparatus for suppressing
abnormal electrical discharge used for the vacuum equipment
according to the present invention:
FIG. 2 is a block diagram showing a control system of a power
source controller according to the present invention;

FIG. 3 illustrates signal diagrams for explaining a cutoff

21
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process and a cutoff prohibition process according to the
present lnvention;

FIG. 4 illustrates signal dlagrams for explaining the cutoff
process and the cutoff prohibition process according to the
present invention;:

FIG. 5 is a flowchart for explaining the cutoff process and the
cutoff prohibition process according to the present invention;
FIG. 6 is a flowchart for explaining the cutoff process and the
cutoff prohibition process according to the present invention;
FIG. 7 illustrates a configuration example of an embodiment of
the apparatus for suppressing abnormal electrical discharge
used for vacuum equipment according to the present invention;
FIG. B is a flowchart for explaining the cutoff process and the
cutoff prohibition process in an embodiment of the apparatus
for suppressing abnormal electrical discharge used for vacuum
equipment according to the present invention;

FIG. 9 is a flowchart for explaining the second handling cutoff
in the apparatus for suppressing abnormal electrical discharge
used for vacuum equipment according to the present invention;
FIG. 10 is a diagram showing an output state of the cutoff
controller which uses a comparator circuit;

FIG. 11 illustrates another configuration example of the cutoff
control prohibition part according to the present invention;
FIG. 12 illustrates an arc cutoff prohibited section at the time
of soft start on a start-up point according to the present
invention;

FIG. 13 illustrates an arc cutoff prohibited section at the time

of high speed boot-up after the first handling cutoff according

22



to the present invention; and
FIG. 14 illustrates an arc cutoff prohibited section at the time
of soft start after the second handling cutoff according to the

present invention.

Denotation of Reference Numerals
[0057]

1 .. POWER CONTROLLER

la .. POWER SETTING PART

1b .. SOFT START CONTROLLER

lc, 1d .. TRANSFER FUNCTION

le .. POWER SETTING PART

1f, 1g .. POWER SETTING PART

2 .. CUTOFF INTERRUPTION CIRCUIT

3 .. CUTOFF CONTROLLER

4 .. ARCHING DETECTION/CUTOFF PART
4A .. FIRST HANDLING CUTOFF SYSTEM
4Aa .. POWER SETTING PART

4ADb .. FIRST COMPARATOR CIRCUIT

4Ac .. FIRST CONTROL SIGNAL GENERATION CIRCUIT
4B .. SECOND HANDLING CUTOFF SYSTEM
4Ba .. POWER SETTING PART

4Bb .. SECOND COMPARATOR CIRCUIT

4BC .. SECOND CONTROL SIGNAL GENERATION CIRCUIT
5 .. CUTOFF CONTROL PROHIBITION PART
5a .. FIRST SWITCH CIRCUIT

5b .. THIRD COMPARATOR CIRCUIT

5c .. SECOND SWITCH CIRCUIT

23
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54 .. DECISION CIRCUIT

5e .. COUNTER CIRCUIT

6 .. OSCILLATOR

7 .. OPERATING AMPLIFIER

8 .. POWER AMPLIFIER

9 .. SENSOR

10 .. HIGH-FREQUENCY POWER SOURCE
11 .. MATCHING CIRCUIT

12 .. PLASMA LOAD

Best Mode for Carrying out the Invention
[0058]

Here, preferred embodiments of the present invention will
be explained in detail, with reference to the accompanying
drawings.

[0059]

With reference to FIG. 1, an explanation will be made
regarding a configuration example of the apparatus for
suppressing abnormal electrical discharge used for vacuum
equipment according to the present invention.

[0060]

FIG. 1 illustrates a schematic configuration of a power
source system of vacuum equipment and an apparatus for
suppressing abnormal electrical discharge used for the vacuum
equipment. In FIG. 1, the power source system is provided with
a high-frequency power source 10 incorporating a power
controller 1, an oscillator 6, and a sensor 9. The power

controller 1 uses a forward power "Pf" detected by the sensor
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9 as a feedback signal, and controls an output power based on
a difference with respect to a power command value “"Cs”. The
high-frequency power source 10 supplies power to the plasma load
12 via a matching circuit 11. Here, the plasma load 12 is an
electrical load when the plasma formed within a plasma reaction
chamber provided in the vacuum equipment is viewed from the power
source side.
[0061]

In the power source system, the power controller 1 inputs
from the sensor 9, the forward power Pf as the feedback signal,
exercises a feedback control based on a deviation between the
feedback signal being inputted and the power command value Cs,
and controls the power outputted from the high-frequency power
source 10 to become equal to the power command value Cs. The
control by the power controller 1 is implemented by controlling
the output power with respect to the power command value Cs,
or by controlling the output voltage with respect to a voltage
command value. In the following, an explanation will be made
as to the case where the output power is controlled with respect
to the power command value Cs.

[0062]

The sensor 9 detects the forward power Pf which is
transmitted from the high-frequency power source 10 to the
plasma load 12, and a reflected power “Pr” being directed from
the plasma load 12 to the high-frequency power source 10. A
detection signal of the forward power Pf is made to feedback
to the power controller 1, and a detection signal of the

reflected power Pr is transmitted to the arcing detection/cutoff
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part 4 held by the cutoff controller 3 which will be described
below, and the detection signal of the forward power Pf is
transmitted to the cutoff control prohibition part 5.

[0063]

The sensor 9 detects the forward power Pf and the
reflected power Pr, and transmits a detection signal of the
forward power Pf and a detection signal of the reflected power
Pr to the power controller 1. The power controller 1 allows
the power outputted from the high-frequency power source 10 to
follow a target value, according to the feedback control using
the detection signal of the forward power Pf.

[0064]

The feedback control by the power controller 1 generates
a difference signal between the power command value Cs and the
forward power Pf, as a command signal to control the output power,
and inputs the command signal into one of terminals of an
operating amplifier 7. On the other hand, a high-frequency
signal serving as a reference is inputted in the other terminal
of the operating amplifier 7. The operating amplifier 7
controls the amplitude of the high-frequency signal based on
the command signal from the power controller 1. An oscillator
6 is capable of generating the high-frequency signal, and a
frequency of the high-frequency signal can be determined in
accordance with the high-frequency which is supplied to the
plasma load. For example, it may be assumed as a frequency
signal of 13.56 MHz,

[0065]

Accordingly, an AC output signal from the operating
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amplifier 7 is controlled in such a manner that the power which
is supplied to the plasma load 12 is made to be equal to the
power command value Cs. The output signal from the operating
amplifier 7 is changed to be a predetermined power by a power
amplifier 8, and thereafter, it is transmitted to the plasma
load 12 via the matching circult 11.

[0066]

The operating amplifier 7 1s allowed to exercise the
feedback control, but instead of the operating amplifier 7, an
inverter may be employed for the feedback control. Therefore,
a PWM control signal, which controls a switching interval of
a switching element, may be applicable to control the voltage
of the AC power.

[0067]

In addition, the power controller 1 detects an increase
of the reflected power "Pr" by using the detection signal of
the reflected power Pr, and exercises drooping control when the
increase of the reflected power Pr is detected. Accordingly,
the power controller suppresses the overcurrent or overvoltage
along with the increase of the reflected power Pr, and protects
the power supply.

[0068]

The matching circuit 11 is a circuit to perform an
impedance matching between the high-frequency power source 10
side and the plasma load 12. For example, an inductance and
a condenser may constitute this matching circuit.

[0069]

FIG. 2 is a block diagram showing a control system of
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the power supply controller.
[0070]

In FIG. 2, "Cs” indicates a power command value which
is associated with a target value of the power outputted from
the high-frequency power source 10, and "Pf" indicates a forward
power which is directed to the plasma load 12. In this control
system, the feedback control is exercised in such a manner that
the forward power Pf being the output power is made to agree
with the target value Cs being the power command value.

[0071]

In the power controller 1, "S1” indicates a summing point,
where a difference is calculated between the power command value
Cs and a detection signal "Pfb" of the forward power that is
a feedback from the sensor 9 via a transfer function 8, and this
difference is outputted as a power control deviation e. The
sign "G" indicates a transfer function used for generating a
current command signal “I" according to the power control
deviation e, the transfer function having a proportional
characteristic and an integral characteristic. The forward
power Pf is supplied to the plasma load 12, and simultaneously
subjected to feedback to the summing point "S” via the transfer
function 8. The sign "8" is a transfer function used for
subjecting the forward power Pf to the feedback to the summing
point S. In the example here, the sign "8" corresponds to the
transfer function of the sensor 9 for detecting the forward power
Pf.

[0072]

The power controller 1 includes a soft start control which
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allows a ramp-like increase of power from zero-output state to
a predetermined power value, at the time of startup or restarting
after cutting off.

[0073]

In the apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to the present
invention, the high-frequency power source 10 is provided with
a mechanism which temporarily cuts off the power outputted
towards the plasma load 12, upon detecting abnormal electrical
discharge. This cutoff mechanism includes a cutoff controller
3 which controls a cutoff operation of the outputted power. The
cutoff controller 3 further includes an arcing detection/cutoff
part 4 which detects arcing and controls the cutoff operation,
a cutoff control prohibition part 5 for prohibiting the
operation of the arcing detection/cutoff part 4, in the case
other than the abnormal electrical discharge., and continues
supplying of power, and a cutoff interruption part 2 which
performs the cutoff operation according to the cutoff controller
3 for the ordinal power control.

[0074]

The cutoff interruption part 2 receives a cutoff control
by the cutoff controller 3, and halts the operation of the
oscillator 6. With the halt of operation of the oscillator 6,
the power supply from the high-frequency power source 10 to the
plasma load 12 is brought to a halt temporarily. The cutoff
control may include an operation to reduce the power volume to
be supplied, in addition to halting the power supply to the

plasma load 12, and the outputted power can be suppressed by
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the power controller 1, instead of halting the operation of the
oscillator 6.
[0075]

The arching detection/cutoff part 4 of the cutoff
controller 3 inputs a detection signal of the reflected power
Pr that has been detected by the sensor 9, compares the detection
signal of the reflected power Pr with a threshold for the cutoff.
When a magnitude of the detection signal of the reflected power
Pr exceeds the threshold, it is determined that abnormal
electrical discharge has occurred in the plasma load 12, and
a cutoff command is outputted to the cutoff interruption part
2. Uponreceipt of the cutoff command £rom the cutoff controller
3, the cutoff interruption part 2 halts the oscillating
operation of the oscillator 6, thereby halting the power supply
temporarily from the high-frequency power source 10 to the
plasma load 12, and suppressing the occurrence of abnormal
electrical discharge.

[0076]

Suppression of the abnormal electrical discharge
according to the cutoff controller 3 can be carried out by two
types of cutoff control, including a first handling cutoff
control which allows restarting in the state where ions remains
in the plasma, and a second handling cutoff control which allows
restarting in the state where abnormal arc ions have disappeared.
One of the two cutoff controls can be selected based on different
time durations for cutting off the output from the
high-frequency power source.

[0077]
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The first handling cutoff control exercises the cutoff
control while restarting is enabled in the state where ions are
kept to remain in the plasma, thereby suppressing a growth of
arc. Onthe otherhand, the second handling cutoff control makes
the abnormal ions to disappear, thereby eliminating
accumulation of ilons which may generate an abnormal arc.
[0078]

The arching detection/cutoff part 4 of the cutoff
controller 3 exercises the first handling cutoff control and
the second handling cutoff control, the cutting off time of the
controls being different from each other. The first handling
cutoff control allows the ions to remain within the plasma
reaction chamber, and exercises the cutoff control over the
high-frequency power source within the time duration that allows
an arcing element to disappear. On the other hand, the second
handling cutoff control exercises the cutoff control over the
high-frequency power source within the time duration that allows
the abnormal arc ions to disappear.

[0079]

The first handling cutoff control sets the duration of
the cutoff time to be short, for example, from 1 us to 100 us,
and terminates the cutoff control in the state where the ions
is kept to remain within the plasma reaction chamber.
Accordingly, the arcing element being a factor of the abnormal
electrical discharge is allowed to disappear according to this
cutoff in a short time period, thereby eliminating the abnormal
electrical discharge. In addition, during the cutoff duration

by the first handling cutoff control, the ions are kept to remain
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within the plasma reaction chamber. Therefore, at the time of
restarting after the cutoff, boot-up of the power supply can
be carried out immediately within a short period of time,
allowing instantaneous resumption of normal discharge.
[0080]

The second handling cutoff control sets the duration time
to be longer than that of the first handling cutoff control,
which is in the range of 1 ms to 100 ms, allowing the cutoff
control to terminate in the state where the abnormal arc ions
have disappeared. Accordingly, it is possible to eliminate
accunmulation of ions which may cause the abnormal arc, thereby
cutting off arching.

[0081]

In the present invention, at the time when the reflected
power reaches a low level threshold (a first handling level),
the cutoff operation according to the first handling cutoff
control stops supplying of power, and eliminates the abnormal
electrical discharge. In addition, at the time when the
reflected power reaches a high level threshold (a second
handling level), the cutoff operation according to the second
handling cutoff control stops supplying of power, and allows
the abnormal arc ions to disappear. This second handling cutoff
control is also referred to as "arc ion refresh operation”.
[0082]

The cutoff operation according to the first cutoff
control is carried out prior to the cutoff operation according
to the second cutoff control. Therefore, the first cutoff

control is referred to as "first handling” and the second cutoff
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control is referred to as "second handling”. In addition, the
first handling level is set to be lower than the second handling
level.
[0083]

The power controller 1 cuts off the output from the
high-frequency power source 10 according to the first handling
cutoff control, and thereafter, restarting is executed by a high
speed boot-up. Then, the power controller 1 subjects the
forward power value Pf to the feedback control with respect to
the power command value Cs, and controls the output from the
high-frequency power source to be equal to the power command
value Cs.

[0084]

The high speed boot-up enables the restarting after the
first cutoff control, and this is carried out by ramp-1like power,
changing from zero output state to the power command value,
outputted within a duration with the same time ordering as the
cutoff time of the first handling cutoff control. Therefore,
the duration required for the high speed boot-up can be
determined in accordance with the cutoff time of the first
handling cutoff control. This time duration may be in the range
from 1 ps to 100 ps, for instance.

[0085]

Furthermore, the power controller 1 exercises the second
handling cutoff control to cut off the output from the
high-frequency power source 10, and thereafter executes a
soft-start restarting. Then, the power controller subjects the

forward power value Pf to the feedback control with respect to
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the power command value Cs, and controls the output from the
high-frequency power source to be egqual to the power command
value Cs,

[0086]

The soft start for restarting after the second handling
cutoff control is executed at a matching speed, which allows
the matching circuit 11 to sufficiently handle the ramp-like
power output changing from the zero output state to the power
command value Cs. Accordingly, it is possible to suppress the
increase of the reflected power Pr caused by a matching fault.
[0087]

Therefore, the time duration regquired for the soft start
of restarting after the second handling cutoff control can be
determined depending on the magnitude of the power command value
Cs, a matching chéracteristic of the matching circuit 11, and
the like. The time duration of the soft start may be set to
1 ms to 10 s, for instance.

[0088]

The second handling cutoff control aims at eliminating
accumulation of ions which may cause an abnormal arc, thereby
cutting off arcing. Therefore, it is effective to exercise the
control, at the stage where the ions that may cause the abnormal
arc have already been accumulated.

[0089]

According to the cumulative number of executions of the
first handling cutoff control which is executed within a
predetermined period of time, the second handling cutoff control

determines a state of the accumulated ions which may cause the
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abnormal arc. The second handling cutoff control is executed
by determining a point of time when the cumulative number of
executions of the first handling cutoff control reaches a preset
number of times, as a stage where the ions which may cause the
abnormal arc in the plasma have been accumulated. Therefore,
the arcing detection/cutoff part 4 and the cutoff control
prohibition part 5, provided in the cutoff controller 3, count
the number of executions of the first handling cutoff control,
and execute the second handling cutoff control at the time when
a value of count obtained by the counting reaches a preset number
of times.

[0090]

Simultaneously with executing the second handling cutoff
control, the value of count is cleared, and counting is restarted
to count the number of executions of the first handling cutoff
control. At the time when the value of count reaches the preset
number of times within a predetermined period of time, the second
handling cutoff control is executed again. The first cutoff
control executed for the preset number of times and the second
cutoff control subsequently, are repeated, thereby effectively
suppressing the growth of arc and eliminating the abnormal arc
ions.

[0091]

The cutoff controller 3 is allowed to exercise the cutoff
control in two modes; the first handling cutoff control and the
second handling cutoff control.

[0092]

For example, abnormal electrical discharge is detected

35



10

15

20

25

by comparing an absolute value level of the reflected power with
a threshold, and each control can be carried out according to
the abnormal electrical discharge being detected.

[0093]

In the case where abnormal electrical discharge is
detected by comparing the absolute value level of the reflected
power with the threshold, the first handling cutoff control
detects the abnormal electrical discharge when the reflected
power is compared with a low level threshold, and according to
the detection of the abnormal electrical discharge, the power
supply is cut off. On the other hand, the second handling cutoff
control detects the increase of the reflected power when the
reflected power is compared with a high level threshold, and
according to the detection of the increase of the reflected power,
the power supply is cut off.

[0094]

Selection of the first handling cutoff control or the
second handling cutoff control is determined by varying the
magnitude of the threshold, which is used for the comparison
with the reflected power Pr. The first handling cutoff control
uses a lower level value as the threshold for the comparison
with the reflected power Pr, and detects an initial stage of
increase of the reflected power. Accordingly, it is possible
to detect the increase of the reflected power along with the
occurrence of abnormal electrical discharge. Consequently,
the abnormal electrical discharge occurring during plasma film
formation and etching can be cut off under the minority arc

condition.
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[0095]

On the other hand, the second handling cutoff control uses
a higher level value than the low level value used in the first
handling cutoff control, and detects the increase of the
reflected power at a stage subseguent to the initial stage.
Accordingly, a state of majority wave arc is detected, where
energy 1s concentrated and a transition is made to a majority
abnormal discharge, and then, the cutoff is executed.

[{0096]

The cutoff control prohibition part 5 prohibits the cutoff
control of the power supply by the arcing detection/cutoff part
4, in the section defined as the arc cutoff prohibited section.
Therefore, even in the case where a control for cutting off the
power supply is supposed to be executed, the cutoff control
prohibition part 5 prohibits the cutoff control and continues
the power supply. The arc cutoff prohibited section is defined
so as to prevent the power supply from being brought to halt
due to a false detection as abnormal electrical discharge, when
an increase of the reflected power is caused by a reason other
than the abnormal electrical discharge. If the arcing
detection/cutoff part 4 detects the increase of the reflected
power and outputs a cutoff command in this arc cutoff prohibited
section, this cutoff command is prohibited and the cutoff
control 1s not executed.

[0097]

Here, followings may be assumed as the arc cutoff

prohibited section; an ignition mode section at the time of

startup of the high-frequency power source, a high speed boot-up
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section after the first handling cutoff control, an ignition
mode section after the second handling cutoff control, a forward
power transient section where the feedback value (forward power)
is allowed to gradually approach the power command value until
entering a predetermined fluctuation range.

[0098]

The ignitionmode section and the re-ignition mode section
are sections in which it is possible to assume that the plasma
has been ignited, each corresponding to the section from a time
point when the forward power starts outputting power until when
the forward power exceeds the droop level of the reflected power.
If the reflected power has increased within this section, the
high-frequency power source exercises a reflected power
drooping control as a protective operation, and therefore it
is not necessary to exercise the first handling cutoff control.
It is to be noted that the second handling cutoff control
executes the cut off operation for protection, regardless of
whether or not it is in the arc cutoff prohibited section.
[0099]

If the increase of the reflected power is detected by the
first handling cutoff control, and it is erroneously detected
as a detection of abnormal electrical discharge, supplying of
power 1s cut off based on the false detection, disabling the
power supply to the plasma, even though there is no occurrence
of abnormal electrical discharge actually. Therefore, in the
present invention, the power supply is continued without cut
off in the arc cutoff prohibited section.

[0100]
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In the ignition mode section or in the re-ignition mode
section, the arc cutoff prohibited section can be defined
according to the droop level. The droop level can be defined
by "L x Cs 100%": a command value of rated power "Cs 100%" is
multiplied by the reflected droop coefficient "L". Here, the
reflected droop coefficient L may be defined to be in the range
of 0.1 to 0.3.

[0l01]

At the time of starting or restarting, the forward power
is increased, being delayed from the increase of the power
command value Cs, and the forward power approaches gradually
the power command value Cs according to the feedback control.
In the section where the forward power is in a transient state,
if a detection of the increase of the reflected power is
determined as the abnormal electrical discharge and supplying
of power is cut off based on the detection, supplying of power
to the plasma is disabled even though there is no occurrence
of abnormal electrical discharge. Therefore, this forward
power transient period is assumed as an arc cutoff prohibited
section, and the power supply is continued without being cut
off.

[0102]

This forward power transient section can be defined as
a section where a power feedback value (forward power) goes out
of a predetermined fluctuation range with respect to the power
command value, and it is an section where there is a sufficiently
large difference (Cs - Pf) between the forward power "Pf" and

the power command value "Cs". This section can be defined as
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a level range assuming the power command value "Cs” as an upper
limit, and a value (Cs - K x Cs 100%) as a lower limit, obtained
by subtracting "K x Cs 100%" from the power command value "Cs”;
where "Cs" represents the power command value, “Cs 100%"
represents a command value of rated power, and "K" represents
a predetermined coefficient. When the forward power Pf is out
of the level range, it is assumed as the arc cutoff prohibited
section, and the power supply is continued without cut off. Here,
the coefficient "K" may be set to be a value within a range of
from 0.01 to 0.2, for instance.

[0103]

By way of example, when the coefficient "K” is set t0 0.03,
the arc cutoff prohibited section can be defined by the power
range having the power command value Cs as an upper limit, and
(Cs - 0.03 x Cs 100%) as a lower limit. When the forward power
goes out of the range, the cutoff control is prchibited, and
the power supply is continued without a halt.

[0104]

Next, with reference to the signal diagrams shown in FIG.
3 and FIG. 4, and the flowcharts shown in FIG. 5 and FIG. 6,
the cutoff process and the cutoff prohibition process will be
explained. It is to be noted that there will be explained a
first cutoff process which is carried out upon detecting an
abnormal electrical discharge, and an operation for prohibiting
the first handling cutoff process in the arc cutoff prohibited
sections; the ignition mode section, the re-ignition mode
section, and the forward power transient section. It is to be

noted that FIG. 4 and FIG. 6 illustrates the cutoff process for
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performing the second handling cutoff, when the first handling
cutoff occurs more than once.
[0105]

FIG. 3 1s a signal diagram showing that power hoot-up of
the high-frequency power source 10 is performed by the soft start
control, and high speed boot-up of power 1is performed, after
the first handling cutoff. FIG. 4 illustrates the high speed
power boot-up after the first handling cutoff, and also
l1llustrates the soft start after the second handling cutoff.
[0106]

Broken lines shown in FIG. 3 and FIG. 4 represent a power
command value "Cs", the thick solid line represents the forward
power "Pf", and the thin solid line represents the reflected
power “Pr”, In each of FIG. 3 and FIG. 4, the thin broken lines
represent the power level defining the arc cutoff prohibited
section, and these lines include a droop level of the reflected
power, and a level range that fluctuates according to the power
command value Cs, The ignitionmode section and the re-ignition
mode section, which are defined by the droop level, and the
section where the reflected power is lower than the level range
are assumed as the arc cutoff prohlbited section, indicating
that the arc cutoff operation is prohibited in this section.
[0107]

Initially, according to the soft start control, the power
is made to increase gradually with a ramp-like increase property,
taking a predetermined time length, from zero power to a target
power,

[0108]
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The ignition mode section is defined within the soft start.
The ignition mode section corresponds to an initial period from
the start of applying power to the plasma load, and in this
example here, this section is assumed as starting from the point
where the forward power starts increasing, then matching is
performed, until the state reaching the ignition point. The
state where the forward power is equal to or less than the drecop
level is defined as the ignition mode section.
[0109]

Subsequent to the ignition mode section, a section where
the forward power is below the level range is set as the arc
cutoff prohibited section. This forward power transient
section corresponds to a transitional period, in which, in
assoclation with a difference between the forward power Pf and
the power command value Cs, generated by a delay of the forward
power, the forward power Pf is increased and approaches
gradually the power command value Cs. In this section, the
difference (Cs - Pf) is sufficiently large between the forward
power Pf and the power command value Cs. This forward power
transient section can be defined by the level range, having the
power command value "Cs" as an upper limit, and the value (Cs
- Kx Cs 100%) as a lower limit; subtracting K x Cs 100%, which
is obtained by multiplying the command value of rated power "Cs
100%" by a predetermined coefficient "K”, from the power command
value "Cs”.

[0110]
In the ignition mode section and in the forward power

transient section, there is a possibility that the reflected
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power Pr is increased due to a malfunction in matching with the
plasma load. Therefore, 1f an abnormal electrical discharge
is detected using the increase of the reflected power Pr as an
index, the increase of the reflected power Pr during this section
may be erroneously detected as the abnormal electrical discharge.
Accordingly, in the present invention, supplying of power is
continued without being cut off, even when it is detected that
the reflected power Pr has increased in the ignition mode section
and in the forward power transient section.
[0111]
Therefore, in the cgse of the .:‘L_gni‘tio'n mode s.ectior.l.wher.e the
reflected wave power is equal to or less than the droop level,
and in the case where the traveling wave power Pf exists
‘outof. the level range of the traveling wave power transient
section, which is set based on the power command value, these

sections are assumed as the arc cutoff prohibited section, and
supplying of power is continued without being cut off.

[0112]

Therefore, the range of the arc cutoff prohibited sectiocn
is a range where the forward power Pf fluctuates significantly
with respect to the power command value Cs. In this section,
cutting off the power supply, which is triggered by the increase
of the reflected power Pr is suppressed, the increase not caused
by the abnormal electrical discharge, and supplying of power
is continued. The increase of the reflected power Pr not caused
by the abnormal electrical discharge is reduced by the drooping
characteristic for protecting the power source.

f0113]
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The matching section in the figure corresponds to a
section from starting the power application until the time when
a follow-up control of the forward power Pf toward the power
command value Cs becomes stable. Subsequent to this section,
the feedback control controls the forward power Pf, so that it
feollows the power command value Cs.

[0114]

After the end of the soft start section, a constant value
is designated as the power command value Cs, so that the power
is supplied stably to the plasma load, and the forward power
Pf follows the power command value Cs by the feedback control.
Then, the forward power is stabilized at the command value of
rated power Cs 100%.

[0115]

In this state, when the reflected power Pr is increased
and goes over the first handling cutoff level, arching is
generated and it i1s determined that an abnormal electrical
discharge has occurred. Then, an interruption from the cutoff
interruption circuit 2 stops oscillation of the oscillator 6
to stop supplying power, and the power supply from the
high-frequency power source 10 to the plasma load 12 is
temporarily cut off. The cutoff to stop the oscillation of the
oscillator 6 by the cutoff interruption circuit 2 is performed
at a time interval of 1 p sec to 3 p sec, for instance. The
range of the cutoff time for the temporary cutoff is set to be
the shortest time range within which ions in the plasma chamber
are allowed to remain, and the arcing element is allowed to

disappear. By way of example, the shortest time range may be
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1 p sec to 100 p sec. Since the ions are allowed to remain,
it is possible to achieve a normal discharge immediately, during
the reboot-up after the temporary cutoff. In the figure, this
temporary cutoff section is described as the first handling (1%t
handling) cutoff.

[0116]

Even in the course of the temporary cutoff, the plasma
control state is retained. Therefore, the control operation can
be resumed promptly without this retained state being released
at the time of restarting control after the temporary cutoff,
and performing an initial process for the plasma control.
[0117]

After a lapse of the temporary cutoff section of the first
handling cutoff, the cutoff process is terminated, and a boot-up
control is performed so that the forward power Pf becomes equal
to the power command value Cs. Here, this boot-up control is
referred to as "high speed boot-up control”. During this high
speed boot-up control, the forward power Pf increases
significantly from an almost zero status, and along therewith,
the reflected power Pr is also increased from an almost zero
status.

[0118]

The cutoff controller 3 detects the increase of the
reflected power Pr, and it is supposed to perform a control to
cut off the power supply by interruption according to the cutoff
interruption circuit 2. However, when the cutoff control by
this cutoff controller 3 is executed, the power supply is cut

off, disabling the high speed boot-up control. Therefore, this
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section is assumed as the arc cutoff prohibited section,
prohibiting the cutoff control by the cutoff controller 3 to
avoid stopping of the power supply. The arc cutoff prohibited
section can be configured as described above, by determining
that the forward power Pf is within the range less than or equal
to the droop level of the reflected power, and whether or not
the forward power Pf is within the range having the power command
value "Cs” as an upper limit and a value (Cs - K:Cs 100%) as
a lower limit, which is a result of subtracting a value obtained
by multiplying the command value of rated power “Cs 100%" by
a predetermined coefficient “K", from the power command value
"Cs”.

[o119])

The ignition mode section, the re-ignition mode section,
and the forward power transient section are assumed as the arc
cutoff prohibited section, and in this arc cutoff prohibited
section, the cutoff control prohibition part 5 prohibits the
cutoff control by the arcing detection/cutoff part 4, and
continues the power supplying. FIG. 3B and FIG. 4B illustrate
the arc cutoff prohibited section; FIG. 3C and FIG. 4C illustrate
thé detection state according to the first handling cutoff
control; FIG. 3D and FIG. 4D illustrate the cutoff state
according to the first handling cutoff control; and FIG. 3E and
FIG. 4E illustrate the detection and the cutoff state according
to the second handling cutoff control.

[0120]
In the flowchart shown in FIG. 5, the power controller

1 initially starts the soft start control (S1). After starting
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the soft start, when the traveling wave is in the ignition mode
section (82), the arcing detection/cutoff part 4 compares the
reflected power Pr with the second handling cutoff level, and
i1f an arc is detected by the second handling (S$3), the second
handling cutoff process is performed (S10). On the other hand,
if an arc is not detected by the second handling within the
ignition mode section, but an arc is detected by the first
handling (S4), the power supply is continued, not performing
the cutoff process, because this section is the arc cutoff
prohibited section (S5).

[o121]

After the forward power exceeds the droop level of the
reflected power, and goes out of the ignition mode section (S2),
the arcing detection/cutoff part 4 compares the reflected power
Pr with the second handling cutoff level. If an arc is detected
by the second handling (S6), the second handling cutoff process
is performed (S11). On the other hand, if an arc is not detected
by the second handling, but an arc is detected by the first
handling (S7), the power supply control is continued without
performing the cutoff process in the forward power transient
section (S8), since this section is assumed as the arc cutoff
prohibited section(S9).

[0122]

On the other hand, if it is not the arc cutoff prohibited
section (S8), the first handling cutoff process is performed
(s12).

[0123]

The steps from S1 to S12 described above are applied to
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the ignition mode section and the forward power transient
section as shown in FIG. 3B, which correspond to the arc cutoff
prohibited section.

[0124]

The steps from S6 to $12 are applied to the high speed
boot-up after the f£irst handling cutoff or at the time of soft
start after the second handling cutoff, in the arc cutoff
prohibited section in FIG. 3B and in FIG. 4B (S13).

[0125]

FIG. 3C and FIG. 4C illustrate arcing detection signals
according to the first handling, detected by comparing the
reflected power with the first handling level. FIG. 3D and FIG.
4D illustrate cutoff signals according to the first handling
after the cutoff control prohibition process is executed.
[0126]

Among the detection signals as shown in FIG. 3C and in
FIG. 4C, arcing detection signals within the arc cutoff
prohibited section of FIG. 3B and FIG. 4B are prohibited from
being subjected to the cutoff process, and only the cutoff
signals not in the cutoff control prohibited section are
extracted, which are the cutoff signals shown in FIG. 3D and
FIG. 4D, and accordingly the first handling cutoff control is
executed based on these cutoff signals.

[0127]

FIG. 3E and FIG. 4E each illustrates a cutoff signal which
is obtained by comparing the reflected power with the second
handling cutoff level. The cutoff signal obtained by the second

handling cutoff level performs the cutoff contrel without
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conditions, regardless of whether or not it is in the cutoff
control prohibited section.
[0128]

If the detection is carried out both in the first handling
and in the second handling simultaneously, a high priority is
put on the second handling. For example, the second handling
cutoff as shown in each of FIG. 3E and in FIG. 4E is performed
in priority to the first handling cutoff at the same point of
time as shown in FIG. 3D and in FIG. 4D.

[0129]

Next, with reference to the signal diagram as shown in
FIG. 4 and the flowchart shown in FIG. 6, an explanation will
be made as to the cutoff process and the cutoff prohibition
process which are executed when multiple times of £first handling
cutoff are executed.

[0130]

In the cutoff process, the first handling cutoff in a short
duration within a predetermined time (e.g., 10 msec) is executed
for a preset number of times, and thereafter, a temporary cutoff
is executed according to the second handling cutoff in a
relatively long duration (e.g., 1 msec to 100 msec).

[0131]

In the signal diagram as shown in FIG. 4, after performing
the first handling cutoff more than once, the temporary cutoff
1s executed by the second handling cutoff for the time duration
(e.g., 1 msec to 100 msec) which is longer than the cutoff time
duration according to the first handling cutoff. After the

second handling cutoff, the high frequency power source 10 is
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controlled by the soft start to boot up the power. In this soft
start control, similar to the soft start control at the ignition
time as described above, the power 1s made to increase gradually
according to a ramp-like increase property from zero to a target
power, taking a predetermined time. The broken line in FIG.
4 represents a power command value "Cs”, a thick solid line
represents a forward power "P£”", and a thin solld line represents
a reflected power "Pr”.

[0132]

It is to be noted here that the process for prohibiting
the cutoff and the process for rebooting up after the cut off
are the same as those processes described above.

[0133]

FIG. 6 is a flowchart to explain a procedure for executing

the temporary cutoff according to the second handling cutoff.

[0134]

In a counter circuit, a counter value “C” is assumed as zero

(C = 0') and every time when the first handling cutoff is
executed (S22), “1” is added to the counter value “C” {C=¢C
+ 1). The increment of the counter value “C” is performed

according to a control signal from the first handling cutoff
(823).

[0135]

The counter value "C" is compared with a preset number
of times "N (S24), and when the counter value C becomes equal
to or larger than the preset number of times N, the temporary
cutoff is started (S25), and the power source is brought to halt

(S26). It is to be noted that 1f the counter value C does not
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reach the preset number of times N, the second handling cutoff
is not performed, and only the first handling cutoff is repeated.
[0136]

After a lapse of predetermined time (S27), the second
handling cutoff reboots up the power source by the soft start
{s18). The steps from S21 to S28 are repeated until the film
formation process by plasma is completed (S29).

[0137]

FIG. 4B 1llustrates the re-ignition mode section and the
forward power transient section, which are the arc cutoff
prohibited section; FIG. 4C 1llustrates arcing detection
signals, which are detected by comparing the reflected power
with the first handling level; and FIG. 4D illustrates cutoff
signals of the first handling. The arcing detection signals
within the arc cutoff prohibited section are prohibited from
being cut off, and only the cutoff signals not in the cutoff
control prohibited section are extracted, which are the cutoff
signals as shown in FIG. 4D, and accordingly, the first handling
cutoff control is exercised.

[0138]

FIG. 4E illustrates a cutoff signal obtained by comparing
the reflected power with the second handling cutoff level. The
cutoff signal obtained at the second handling cutoff level is
subjected to the cutoff control without conditions, regardless
of whether or not it is in the cutoff control prohibited section.
[0139]

Hereinafter, with reference to FIG. 7 to FIG. 10, an

embodiment of the apparatus for suppressing abnormal electrical
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discharge used for vacuum equipment according to the present
invention will be explained. FIG. 7 illustrates a
configuration example of the embodiment of the present invention.
FIG. 8 and FIG. 9 are flowcharts for explaining operation
examples, and FIG. 10 illustrates an output state from the cutoff
controller using a comparator circuit.

[0140]

In the embodiment, it is determined whether or not the
cutoff is possible, according to a power level of a reflected
power, and the ignition mode section, the re-ignition mode
section, and the forward power transient section are each
assumed as an arc suppressive section.

[0141]

FIG. 7 illustrates a configuration example of the cutoff
controller 3 incorporating the power controller 1, the arcing
detection/cutoff part 4, and the cutoff control prohibition part
5.

[0142]

An explanation will be made regarding the arcing
detection/cutoff part 4. The arcing detection/cutoff part 4
1s provided with two cutoff control systems; a first handling
cutoff control system 4A and a second handling cutoff control
system 4B.

[0143]

In this embodiment, the reflected power "Pr" is compared
with the first handling cutoff level, and with the second
handling cutoff level, thereby detecting a cutoff operation,

making a sharp distinction between the cutoff operation caused
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by the abnormal electrical discharge and the cutoff operation
caused by a factor other than the abnormal electrical discharge,
and a control signal for performing any of the cutoff operations
is outputted. The control signal suspends the oscillating
operation by the oscillator 6 via the cutoff interruption
clrcuit 2.

[0144]

The first handling cutoff control system 4A compares the
reflected power with a threshold at a low level (first handling
level), thereby detecting an abnormal electrical discharge, and
based on the detection of the abnormal electrical discharge,
power supplying is cut off. On the other hand, the second
handling cutoff control system 4B compares the reflected power
with a threshold at a high level (second handling level), thereby
detecting an increase of the reflected power, and based on the
detection of the increase of the reflected power due to a factor
other than the abnormal electrical discharge, power supplying
is cut off.

[0145]

Selection of the first handling cutoff control system 4A
and the second handling cutoff control system 4B is made by
varying magnitude of the threshold, which is compared with the
reflected power Pr. The first handling cutoff control system
4A uses a first handling level value as the threshold being at
a low level, and detects an initial stage of increase of the
reflected power. Accordingly, aminority arc state is detected
and cut off,

[0146]
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On the other hand, the second handling cutoff control
system 4B uses as a threshold being at a high level, a value
larger than the low level value used in the first handling cutoff
control, and detects the increase of the reflected power at the
stage subsequent to the initial stage. Accordingly, a state
of majority wave arc is detected where energy is concentrated
and a transition is made to a majority abnormal discharge, and
then cutting off is performed.

[0147]

The first handling cutoff control system 4A compares the
reflected power Pr at the first handling cutoff level "PA",
thereby detecting the abnormal electrical discharge and
outputting a control signal. In receipt of the control signal,
the cutoff interruption circuit 2 suspends supplying of the
oscillation of the oscillator 6. Accordingly, supplying of
power outputted from the high-frequency power source 10 to the
plasma load 12 is temporarily cut off.

[0148]

In the first comparator circuit 4Ab, the first handling
cutoff control system 4A compares a detection signal of the
reflected power Pr detected by the sensor 9, with the first
handling cutoff level generated in the power setting part 4Aa.
Then, at the time when the detection signal of the reflected
power Pr exceeds the first handling cutoff level, a control
signal is outputted. In receipt of this control signal, the
cutoff interruption circuit 2 suspends the oscillation of the
oscillator 6, and performs the cutoff operation.

[0149]
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On the other hand, the second handling cutoff control
system 4B compares the reflected power Pr with the second
handling cutoff level, thereby detecting the increase of the
reflected power Pr due to a factor other than the abnormal
electrical discharge, and forms a confrol signal which is
transmitted to the cutoff interruption circuit 2. In receipt
of the control signal, the cutoff interruption circuit 2
suspends the oscillation of the oscillator 6, and performs the
cutoff operation, then supplying of the power outputted from
the high-frequency power source 10 to the plasma load 12 is
temporarily cut off.

[0150]

In the second comparator circuit 4Bb, the second handling
cutoff control system 4B compares a detection signal of the
reflected power Pr detected in the sensor 9 with the second
handling cutoff level generated in the power setting part 4Ba,
and at the time when the detection signal of the reflected power
Pr exceeds the second handling cutoff level, a control signal
is outputted. In receipt of the control signal, the cutoff
interruption circuit 2 performs the interrupting operation.
[0151]

The first handling cutoff level is a low level threshold,
and the second handling cutoff level is a high level threshold.
Therefore, when the reflected power Pr is increased, the
reflected power Pr initially exceeds the first handling cutoff
level, and subsequently exceeds the second handling cutoff
level.

[0152]
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It is to be noted that the control signal obtained in the
first handling cutoff control system 4A is transmitted to the
cutoff interruption circuit 2 via the cutoff control prohibition
part 5. On this occasion, if the cutoff control prohibition
part 5 is activated, the control signal is not transmitted to
the cutoff interruption circuit 2. Therefore, the oscillating
operation of the oscillator 6 is continued, and the operation
for cutting off the output power supply is not carried out,
thereby keeping the power supply to the plasma load.

[0153]

On the other hand, the control signal obtained in the
second handling control system 4B is transmitted to the cutoff
interruption circuit 2 without passing through the cutoff
control prohibition part 5. Therefore, without depending on
the operation of the cutoff control prohibition part 5, the
cutoff interruption circuit 2 suspends the oscillating
operation of the oscillator 6 based on the control signal of
the arcing detection/cutoff part 4, and cuts off supplying of
the output power.

[0154]

FIG. 10 illustrates an output state of the cutoff
controller 3 which uses the comparator circuit. The reflected
power Pr is increased, a control signal SA (FIG. 10B) is
outputted at the point of time TA when the reflected power Pr
exceeds the first handling cutoff level PA, and a control signal
SB (FIG. 10B) is outputted at the point of time TB when the
reflected power Pr exceeds the second handling cutoff level PB.

[0155]
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The cutoff control prohibition part 5 prohibits
transmission of the control signal from the arcing
detection/cutoff part 4, in the case where predetermined
conditions are satisfied, such as in the ignition state, in the
re-ignition state, and in the state where the forward power has
fluctuated beyond a predetermined range (Cs ~ (Cs - K:Cs100%))
with respect to the power command value Cs. If the predetermined
conditions are not satisfied, the control signal from the arcing
detection/cutoff part 4 is transmitted to the cutoff
interruption circuit 2. This control signal operates as an arc
interruption signal for stopping the power supply and cutting
off the arc, and it is transferred from the cutoff interruption
circuit 2 to the oscillator 6, to suspend the oscillator 6.
[0156]

In FIG. 7, the cutoff control prohibition part 5 is
provided with a first switch circuit 5a and a third comparator
circuit 5b, as a configuration for prohibiting transmission of
the control signal in the ignition state. It is further provided
with a second switch circuit 5c¢ and a decision circuit 54 as
a configuration for prohibiting transmission of the control
signal, when the forward power Pf has fluctuated beyond the
predetermined range with respect to the power setting value.
[0157]

The configuration of the first switch circuit 5a and the
third comparator circuit 5b controls whether or not the control
signal generated in the arcing generation/cutoff part 4 is
transmitted to the cutoff interruption circuit 2. When the

high-frequency power source 10 is in the state of ignition,
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transmission of the control signal to the cutoff interruption
circuit 2 is stopped and prohibited, whereas when the
high-frequency power source 10 is not in the ignition state,
transmission of the control signal to the cutoff interruption
circuit 2 is permitted, rendering the control signal effective.
[0158]

The third comparator circuit 5b compares the forward power
Pf with the droop level of the reflected power, thereby deciding
the ignition mode section. The third comparator circuit 5b
turns the first switch circuit 5a to the ON state, when the
forward power Pf exceeds the droop level. The droop level can
be defined by "L x Cs 100%"; the command value of rated power
"Cs 100%" is multiplied by the reflected droop coefficient "L".
The reflected droop coefficient "L" can be set within the range
of 0.1 to 0.3.
[0159]

If a time interval of the ignition mode section is known,
a counter circuit may perform time keeping for the elapsed time
of the ignition and monitor the ignition state. Upon receipt
of a signal notifying that power supplying has started, from
the soft start controller 1lb, the counter circuit starts time
keeping of the ignition time, and after a lapse of a preset
ignition time, the counter circuit turns the first switch
clrcuit 5a to the ON state.
[0160]

The first switch circuit 5a inputs a detection signal of
abnormal electrical discharge, which has been detected in the

first handling cutoff control system 4A of the arcing
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detection/cutoff part 4. The first switch circuit 5a stops
transmission of the Ilnputted detection signal to the second
switch circuit 5c, prohibiting the control signal within the
ignition time section, whereas the first switch circuit 5a

permits the transmission of the inputted detection signal to
the second switch circuit 5c¢, when being out of the ignition
time section, thereby rendering the control signal effective.
[0161]

In the configuration of the second switch circuit 5c and

the decision circuit 5d, when the forward power fluctuates

beyond the predetermined range (Cs ~ (Cs - K-Csl00%)) with
respect to the power command value Cs, it 1s determined whether
or not the control signal generated in the arcing
detection/cutoff part 4 is transmitted to the cutoff
interruption circuit 2. When the forward power fluctuates
beyond the predetermined range, transmission of the control
signal to the cutoff interruption circuit 2 is stopped and the
control signal is prohibited. On the other hand, when the
forward power fluctuates within the predetermined range, the
transmission of the control signal to the cutoff interruption
circuit 2 is permitted, rendering the control signal effective.
More specifically, the second switch circuit 5c¢ controls the
transmission of the output signal £from the first switch circuit
5a to the cutoff interruption circuit 2.
[0162]

The decision circuit 54 inputs the detection signal of
the forward power Pf from the sensor 9, and compares the

detection signal of the forward power Pf with a threshold,
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thereby determining whether the forward power Pf has fluctuated
beyond the predetermined range, or the forward power Pf has
fluctuated within the predetermined range.

[0163]

Here, the fluctuation range for deciding the fluctuation
state of the forward power Pf, is a level range having the power
command value "Cs" as an upper limit, and a value "(Cs - K x
Cs 100%)" as a lower limit, which is obtained by subtracting
K x Cs 100%; multiplying the command value of rated power "Cs
100%" by a predetermined coefficient "K", from the power command
value "Cs”. The predetermined coefficient "K" may be defined
in the range of 0.01 to 0.2.

[0164]

When the detection signal of the forward power Pf has
fluctuated beyond the predetermined range, the decision circuit
5d transmits the arc interruption prohibition signal to the
second switch circuit 5¢, and the cutoff interruption circuit
2 prohibits the cutoff operation which is performed by stopping
the power supply. Consequently, similar to the ignition state,
if the forward power Pf has fluctuated significantly, it is
possible to prevent the cutoff operation which is caused by a
false recognition as an abnormal electrical discharge,
according to the drooping control carried out for the protection
agalnst an excessive reflected power Pr, overvoltage, and
overcurrent. The second switch circuit 5c¢ controls
transmission of the control signal to the cutoff interruption
circuit 2, the control signal being inputted from the first

switch circuit 4a, based on the decision signal from the deciding
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circuilt 5d. It is to be noted that the configuration of the
cutoff control prohibition part 5 as described above 1ls just
an example, and the configuration is not restricted to this
example. The signal state in the present embodiment may also
be illustrated in FIG, 3 and FIG. 4.

[0165]

In the flowchart as shown in FIG. 8, initially the soft
start controller 1b starts the soft start control (S31). After
the soft starting, the forward power Pf is compared with the
droop level (e.g., L x Cs 100%), and it is monitored whether
or not the section is in the ignitionmode (S32). Inthe ignition
mode section, only the second handling cutoff process is
performed, and the first handling cutoff process is prohibited
(833).

[0166]

When the reflected wave power Pr 'reaches or exceeds the
second handling cutoff level in the second comparator circuit
4Bb (834), a second handling arc is detected and the second
handling cutoff process is performed (S50). In the second
handliﬁg cutoff process, oscillation of the oscillator 6 is
stopped, and after stopping the power source outputting (S51),
a lapse of a predetermined time is waited (852), and then the
oscillation of the oscillator 6 is restarted to resume the power

source output (853).

[0167]

After going out of the ignition mode secticn (835), the
fluctuation state of the forward power Pf is determined by
comparing the forward power Pf with (Cs - K x Cs 100%). If the

forward power Pf is out of the range between "Cs” and “(Cs -
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K x Cs 100%)" {S36), the arc cutoff prohibited section is set
and the cutoff process is prohibited (S37).

[0168]

In the arc cutoff prohibited section, even when the
reflected wave power Pf ‘reaches or exceeds the first handling
cutoff level in the first comparator circuit 4Ab (838), the
powe;-supplying is continued since the cutoff processing is
prohibited (839). g .

[0169]

Then, when the traveling wave power Pf is increased and
the traveling wave power Pf enters the range from “Cs” to “(Cs
— K x Cs 100%)” (S40), the arc cutoff prohibited section is
released (S41). When the reflected wave power Pr reaches
or exceeds the second handling level, the second handling
cutoff process is performed (S42). In the step of 336, if the
traveling wave power Pf is within the range from “Cs” to “(Cs
- K x Cs 100%)”, the arc cutoff prohibited section is not set.
Therefore, if the reflected wave power Pf reaches or exceeds
the first handling cutoff level in the first comparator circuit
4Ab (S43), the first handling cutoff control (S44) stops the
power source output (845). After a lapse of a predetermined
time period (from 1 p sec to 100 u sec) from the stop of the
power source output (846), it is resumed at high speed (S47).
The processes in the steps from S34 to S42 are continued until
the end (S48).

[0170]

Next, with reference to FIG. 11, another configuration
of the cutoff control prohibition part 5 will be explained.

[0171]

The configuration of the cutoff control prohibition part
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5 as shown in FIG. 11 is an example which implements an ion refresh
function to allow abnormal arc ions to disappear, those ions
being accumulated in plasma.

[0172]

The cutoff control (first handling cutoff) by the cutoff
control prohibition part as described above enables the ions
within the plasma reaction chamber to remain, and performs
cutoff control over the high-frequency power source within a
time duration in which the arcing element is allowed to disappear.
On the other hand, the cutoff control of the configuration as
shown in FIG. 11 extends the cutoff time, thereby allowing the
abnormal arc ions to disappear.

[0173]

In this cutoff control, for example, the time dQuration
is set to be in the range of 1 ms to 100 ms, and the cutoff control
is terminated in the state where the abnormal arc ions have
disappeared. Accordingly, accumulation of ions which may
generate the abnormal arc is eliminated, thereby cutting off
arcing.

[0174]

The cutoff control prohibition part 5 determines the
accumulation state of ions which may generate the abnormal arc,
based on the cumulative number of executions of the first cutoff
control. In other words, the cutoff control prohibition part
5 determines the time point when the cumulative number of
executions of the first cutoff control reaches a predetermined
number, as a stage where ions which may generate abnormal arc

in plasma have been accumulated, and then, executes the cutoff
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control. It is to be noted that the first cutoff control
corresponds to the cutoff control performed by the £irst switch
circuit 5a, the third comparator c¢ircuit 5b, and the second
switch circuit 5c.

[0175]

The cutoff control prohibition part 5 is provided with
a counter circuit 5e for counting the number of executions of
the first cutoff control. The counter circuit 5e counts the
number of the control signals from the second switch circuit
5¢. When the value of count obtained by the counting reaches
a preset number of times, the counter circuit 5e transmits to
the cutoff interruption circuit 2, a control signal for
executling the cutoff control.

[0176]

The counter circuit 5e transmits the control signal of
the cutoff control, and simultaneously clears the value of count,
re-counts the number of executions of the first cutoff control,
and again executes the second cutoff control at the time when
the value of count reaches the present number of times. The
first cutoff control of the present number of times and the
second cutoff control performed subsequently are repeated, and
thereby suppressing the growth of arc and eliminating the
abnormal arc ions effectively.

[0177]

The soft start controller 1b restarts by the soft start
after the second cutoff control cuts off the output from the
high-frequency power source. Then, the soft start controller

subjects a forward power value to feedback control, with respect
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to a power command value or a voltage command value, controlling
to allow the output from the high-frequency power source to be
equal to the voltage command value.

[0178]

The soft start after the second cutoff control outputs
ramp-like power changing from zero to the power command value
at a matching speed which allows the matching circuit of the
matching box to sufficiently handle the outputted power, and
the output is performed within a time duration which enables
impedance matching without detecting the reflected power as
abnormal electrical discharge by the cutoff controller.
Therefore, the time duration required for the soft start can
be determined depending on the magnitude of the power command
value, a matching property provided in the matching circuit of
the matching box, and the like. The time duration of the soft
start may be set in the range from 1 ms to 10 s, for instance.
[0179]

Hereinafter, with reference to FIG. 12 to FIG. 14, the
arc cutoff prohibited section will be explained. FIG. 12
illustrates the arc cutoff prohibited section when the soft
start is executed on the initial stage; FIG. 13 illustrates the
arc cutoff prohibited section at the time of high speed boot-up
after the first handling cutoff; and FIG. 14 illustrates the
arc cutoff prohibited section at the time of soft start after
the second handling cutoff.

[0180]
In FIG. 12, at the time of soft start on the initial stage,

the arc cutoff prohibited section includes the ignition mode
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section and the forward power transient section. The ignition
mode section corresponds to a range where the forward power Pf
is equal to or less than the droop level of the reflected power.
The droop level can be defined as "L x Cs 100%"; multiplying
the command value of rated power "Cs 100%" by the reflected droop
coefficient “L".

[0181]

In addition, the forward power transient section
corresponds to a section where the forward power Pf exceeds the
droop level up to the point entering a predetermined level range
defined with respect to the power command value Cs. The
predetermined level range can be defined by a level range having
the power command value "Cs” as an upper limit, and a value (CS
~- K x Cs 100%) as a lower limit: subtracting from the command
value of rated power "Cs”, "K x Cs 100%"” multiplying the command
value of rated power “Cs 100%" by the predetermined coefficient
*K". InFIG. 12, the section up to the point where the reflected
power Pr drops is assumed as the matching section.

[0182]

In FIG. 13, at the time of high speed boot-up after the
first handling cutoff, the arc cutoff prohibited section
includes a section determined by the droop level and the forward
power transient section.

[0183]

In FIG. 14, at the time of soft start after the second
handling cutoff, the re-ignition mode section is set as the arc
cutoff prohibited section. The second handling cutoff is a

cutoff process for allowing the abnormal arc ions to disappear.
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Therefore, after the lapse of the re-ignition mode section, the
forward power gradually approaches the power command value
without passing through the forward power transient section.
[0184]

According to the embodiment of the present invention, it
is possible to perform the first handling cutoff for allowing
the ions within the plasma chamber to remain, and cutting off
the power supply within the shortest time range (1 1 sec to 100
p sec) which is required for eliminating the arcing element,
and the temporary cutoff for cutting off the power supply within
the time range (1 msec to 100 msec) which is required for allowing
the abnormal arc ions to disappear.

[0185]

According to the embodiment of the present invention, when
the first handling cutoff is performed, ions are allowed to
remain, and therefore a normal discharge can be generated within
a reduced boot-up time after the cutoff. In addition, the
temporary cutoff is performed, whose cutoff time is relatively
long, thereby eliminating the abnormal arc ions and cutting off
the arcing, and it is possible to stably supply power to plasma.
[0186]

According to the embodiment of the present invention, the
section for prohibiting the cutoff operation is provided in the
matching section, and therefore it is possible to prevent a false
cutoff of the power supply, due to the increase of the reflected
power Pr which is not caused by the abnormal electrical
discharge.

[0187]
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According to the embodiment of the present invention, it
is possible to carry out the cutoff operations depending on a
purpose of the cutoff; the cutoff operation for suppressing the
abnormal electrical discharge (first handling cutoff
operation) and the cutoff operation for suppressing the increase
of the reflected power, which is not caused by the abnormal
electrical discharge (second handling cutoff operation).
[0188]

It is to be noted that the present invention is not limited
to each of the embodiments as described above. It should be
understood that disclosed embodiments are susceptible of
changes and modifications without departing from the scope of
the invention, and such changes and modification are intended

to fall within the ambit of the appended claims.

Industrial Applicability
[0189]

The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to the present
invention is applicable not only to a film formation apparatus,
but also to a field of treatment apparatus which uses plasma,

such as a sputtering apparatus and an ashing apparatus.
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What is claimed is:

1. An apparatus for suppressing abnormal electrical
discharge used for vacuum equipment which supplies power
from a high-frequency power source into a plasma reaction
chamber to generate plasma, the apparatus comprising,

a power controller for controlling the high-frequency
power source based on a deviation between a power command
value and a power feedback value, and

a cutoff controller for detecting reflected power or
reflected wave voltage which is generated at least any one
of following timing; at a time of abnormal electrical
discharge and during a transfer process to the abnormal
electrical
discharge within the plasma reaction chamber, and for
cutting off a power supply from the high-frequency powexr
source to the plasma reaction chamber, wherein,

the cutoff controller comprises a first handling cutoff
control and a second handling cutoff control, each having
different time duration as a cutoff time,

the first handling cutoff control exercises a control
to cut off the high-frequency power source within a time
duration which allows ions in the plasma reaction chamber to
remalin and an arcing element of minority arc to disappear,
and

the second handling cutoff exercises a control to cut
off the high-frequency power source within a time duration
which allows the ions to disappear, the ions of a majority

arc at the time of abnormal electrical discharge.

2. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to c¢laim 1,
wherein,

the time duration as the cutoff time by the first

cutoff control is in a range of from 1 us to 100 us, and the
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time duration as the cutoff time by the second cutoff

control is in the range of 1 ms to 100 ms.

3. The apparatus for suppressing abnormal electrical
discharge.used. for vacuum equipment according to claim 1,
wherein,

the power controller restarts by a soft start, after
the first cutoff control cuts off an output from the high-
frequency power source, and

the soft start outputs a ramp output from zero to the
power command value, in a duration with the same time

ordering as the cutoff time of the first cutoff control.

4. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 3,
wherein,

the time duration of the soft start is in the range of
1 pus to 100 -us.

5. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 1,
wherein,

the power controller restarts by a soft start, after
the second cutoff control cuts off an output from the high-
frequency power source, and

the soft start outputs a ramp output from zero to the
power command value, in a duration in association with a
matching speed of ‘a matching circuit provided between the

high-frequency power source and the plasma reaction chamber.

6. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 5,
wherein,

the time duration of the soft start is in the range of
1 ms to 10 s.
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7. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to any one of
claims 1 to 6, wherein,

the cutoff controller counts the number of executions
of the first cutoff control, and at a time when a value of
the count reaches a preset number of times, the second

cutoff control is executed.

8. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 7,
wherein,

the value of the count is cleared simultaneously with
executing the second cut off control, and the number of

executions of the first cutoff control is re-counted.

9. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to any one of
claims 1 to 8, comprising a cutoff control prohibition part
for prohibiting the cutoff control of the power supply
performed by the cutoff controller, wherein,

the cutoff control prohibition part prohibits, in an
arc cutoff prohibited section, the cutoff control of the
power supply performed by the cutoff controller, and

continues the power supply.

10. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 9,
wherein,

the power controller uses a forward power value as the
power feedback value, and controls the power being outputted
so as to reduce a deviation between the power command value
and the forward power value,

the cutoff controller has a cutoff control including;

a first handling cutoff control for detecting the
abnormal electrical discharge by comparing the reflected

power with a threshold at a low level, and for cutting off
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the power supply based on detecting the abnormal electrical
discharge so as to suppress a minority arc, and

a second handling cutoff control for detecting the
abnormal electrical discharge by comparing the reflected
power with a threshold at a high level, and for cutting off
the power supply based on detecting the abnormal electrical
discharge so as to suppress a majority arc, and

the cutoff control prohibition part prohibits the
cutoff control by the first handling cutoff control, in the

arc cutoff prohibited section.

11. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to any one of
claims 9 to 10, comprising,

the arc cutoff prohibited section includes an ignition
mode section until the plasma is ignited, and a forward
power transient section where the forward power is increased

toward the power command value.

12. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 11,
wherein,

the ignition mode section is a section from a point
where the forward power starts outputting power before the

forward power exceeds a droop level of the reflected power.

13. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 12,
wherein,

the droop level corresponds to L x Cs 100%, multiplying
a rated power command value Cs 100% by a reflected droop

coefficient L.
14. The apparatus for suppressing abnormal electrical

discharge used for vacuum equipment according to claim 11,

wherein,
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the forward power transient section corresponds to a
section where the forward power is out of a predetermined

level range that is defined by the power command value.

15. The apparatus for suppressing abnormal electrical
discharge used for vacuum equipment according to claim 14,
wherein,

the predetermined level range corresponds to a range
having the rated power command value Cs 100% as an upper
limit, and a value (Cs - K x Cs 100%) as a lower limit;
subtracting K x Cs 100% obtained by multiplying the rated
power command value Cs 100% by a predetermined coefficient K,

from the power command value Cs.
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