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DESCRIPTION

Title of Invention: POWER SUPPLY APPARAUS FOR ELECTROSTATIC
CHUCK AND SUBSTRATE CONTROL METHOD

TECHNICAL FIELD
[0001] The present invention relates to a power supply apparatus for an
electrostatic chuck, and also to a substrate control method for controlling

electrostatic attraction and releasing of a substrate to and from the electrostatic

chuck.

BACKGROUND ART
[0002] In the steps of manufacturing semiconductors, in order to obtain
desired device structures, various kinds of processing are performed on a
substrate that is to be processed (also referred to as “a to-be-processed substrate”)
such as silicon wafer, glass substrate, and the like, the various kinds of
processing being, e.g., film-forming processing by sputtering method, plasma
CVD method, and the like, thermal processing, ion-injection processing, etching
processing, and the like. The processing apparatus for performing the above-
mentioned kinds of processing is provided with an electrostatic chuck for holding
In position, inside a vacuum chamber in vacuum atmosphere, a to-be-processed
substrate. The electrostatic chuck has: a base which is made, e.g., of a metal;
and a ceramic plate (chuck plate) made, e.g., of pyrolytic boron nitride (PBN), the
ceramic plate being mounted on the surface of the base. The chuck plate has
buried therein a pair of electrodes (so-called bipolar type). Then, there is used a
power supply apparatus for applying DC voltage (chuck voltage) to the pair of the
electrodes. It is thus so arranged that the to-be-processed substrate is attracted
and held in position (chuck operation) to the surface of the chuck plate by the
electrostatic force that is generated by applying DC voltage to both the
electrodes.
[0003] It is to be noted here that, by repeating the electrostatic attraction

and releasing of the to-be-processed substrate to and from the chuck plate, the



FUL19-106

surface of the chuck plate gets abraded by the to-be-processed substrate and will
be gradually worn. Then, if the chuck plate has been worn, there will occur poor
or insufficient attraction of the to-be-processed substrate at the time of attraction
of the to-be-processed substrate to the surface of the chuck plate or during the
processing. In this state, normal processing cannot be performed on the to-be-
processed substrate. As a solution, it is publicly known (see, for example, Patent
Document 1) that the power supply apparatus is further provided with: an AC
power source unit which causes AC current to flow through the electrostatic
capacitance of the chuck plate; and a measuring device for measuring the voltage
and the like at the time of flowing of the AC current so as to ascertain, by thus
monitoring the values measured by the measuring device, the state of the to-be-
processed substrate such as the occurrence of insufficient attraction and the like.
The AC power source unit is ordinarily provided with a transformer, and the
secondary side of the transformer is interposed in the positive output (high-
voltage side) of the DC power source unit. It is thus so arranged that the AC
current is caused to flow in a state of being superimposed on the DC voltage that
1s applied to a pair of electrodes in order to attract the to-be-processed substrate.
[0004] By the way, there is a case in which the to-be-processed substrate
which is placed in position on the chuck plate and which is before processing, has
already given rise to cracking or chipping. Or else, there is a case in which the
to-be-processed substrate has given rise to positional deviation relative to the
chuck plate of the electrostatic chuck for one reason or another during transfer of
the substrate. Aside from these cracking, chipping and displacement, there is a
case in which a foreign matter may have been interposed when the to-be-
processed substrate has been placed in position on the chuck plate. In this kind
of case there will also occur insufficient attraction. Further, in case the to-be-
processed substrate, after having been processed, has still electrostatic charge, if
the to-be-processed substrate is removed by force from the chuck plate while the
charge clearing thereof is insufficient, there is a case in which cracking or
chipping may occur to the to-be-processed substrate, or positional deviation may
occur. For the above-mentioned reasons, in order to control the attraction and

releasing of the to-be-processed substrate to and from the electrostatic chuck, it is
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desirable to be able to ascertain the state of the to-be-processed substrate.
However, in the above-mentioned conventional example, there is a problem in
that the state of the to-be-processed substrate cannot be ascertained by causing

the AC current to flow except when the DC voltage is applied to the pair of

electrodes.
PRIOR ART DOCUMENTS
PATENT DOCUMENTS
[0005] Patent Document 1: Re-publication W02011/125292
SUMMARY OF THE INVENTION
PROBLEMSTHAT THE INVENTION IS TO SOLVE
[0006] This invention has been made taking the above points into

consideration. In view of the above points, this invention has a problem of
providing a power supply apparatus for an electrostatic chuck and a substrate
control method which enables to ascertain the state of the to-be-processed
substrate relative to the electrostatic chuck in a series of operations of: placing in
position a to-be-processed substrate on an electrostatic chuck; thereafter
attracting the to-be-processed substrate and performing processing thereon;
releasing the attraction after processing and then transferring the to-be-

processed substrate.

MEANS FOR SOLVING THE PROBLEMS
[0007] In order to solve the above-mentioned problems, there is provided a
power supply apparatus for supplying electric power to an electrostatic chuck
which holds by attraction a to-be-processed substrate in a vacuum chamber.
The power supply apparatus comprises: a DC power source unit for applying DC
voltage to an electrode disposed in the electrostatic chuck; an AC power source
unit for causing AC current to flow through an electrostatic capacitance of the
electrostatic chuck; provided that a circuit for charging an electrode, from the DC
power source unit, with chuck voltage to attract and hold in position the to-be-

processed substrate be defined as a first circuit and that a circuit for charge
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clearing the to-be-processed substrate be defined as a second circuit, a switching
means for switching between the first circuit and the second circuit. The second
circuit is provided with the AC power source unit and a measuring device for
measuring the AC current or the DC voltage.

[0008] According to this invention, in case a predetermined (plasma)
processing is performed on the to-be-processed substrate in a processing
apparatus, first, in a state in which switching has been made by the switching
means to the second circuit, the to-be-processed substrate such as a silicon wafer,
a glass substrate, and the like is mounted in position on the surface of the
electrostatic chuck. Then, AC current is caused, by the AC power source unit, to
flow through the electrostatic capacitance of the electrostatic chuck, and an AC
current value or an AC voltage value at that time is measured by the measuring
device. According to this arrangement: if the to-be-processed substrate has
given rise to cracking or chipping; if the to-be-processed substrate has given rise
to warping; if the to-be-processed substrate may have given rise to the positional
deviation; or if a foreign matter has been interposed when the to-be-processed
substrate is placed in position on the electrostatic chuck, the measurement
values may change as a result of a change in electrostatic capacitance due to the
change in the area of contact between the electrostatic chuck and the to-be-
processed substrate. By comparing these measurement values with the AC
current value or AC voltage value empirically measured in advance, the state of
the to-be-processed substrate prior to the processing can be ascertained prior to
attraction, so that a judgment can be made as to whether the attraction of the to-
be-processed substrate can be made or not.

[0009] Then, when switching is made by the switching means to the first
circuit, the electrode is applied with chuck voltage so that the to-be-processed
substrate will be attracted by the electrostatic force and is held in position
(chucked) to the surface of the electrostatic chuck. After the to-be-processed
substrate has been attracted, AC current is caused to flow by the AC power
source unit through the electrostatic capacitance of the electrostatic chuck and an
AC current value or an AC voltage value at this time is measured by the

measuring device. Then, by comparing this measured value, in a manner
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similar to the above, with the empirically measured AC current value or AC
voltage value obtained in advance, judgment can be made as to: whether the
attraction of the to-be-obtained substrate has been normally made to the surface
of the electrostatic chuck or; whether, during the time of performing a
predetermined processing on the to-be-obtained substrate, cracking or chipping of
to-be-obtained substrate has occurred or not.

[0010] Then, once a predetermined processing has been finished, switching
is made by the switching means to the second circuit. For example, the
electrode is connected to the ground potential or, in case of a dipolar type of
electrostatic chuck, both the electrodes are connected together so that the pair of
electrodes become the same electric potential. In this manner, the to-be-
processed substrate that has been electrostatically charged as a result of
performing a predetermined processing can be cleared of electrostatic charging.
At this time, the AC power source unit causes AC current to flow through the
electrostatic capacitance of the electrostatic chuck, or the AC current value or AC
voltage value at that time is measured by the measuring device. Then, if the to-
be-processed substrate is, for example, locally lifted from the electrostatic chuck,
the electrostatic capacitance will vary. In the same manner as above, by
comparing this measured current value with the AC current value or the DC
voltage value empirically measured in advance, a judgment can be made as to
whether the charge clearing of the to-be-processed substrate is sufficient or not.
Depending on the result of the judgment, the to-be-processed substrate can be
lifted, e.g., by lifting pins, off from the electrostatic chuck, thereby completely
releasing the to-be-processed substrate.

[0011] According to this invention as noted above, during a series of
operations, after the to-be-processed substrate has been placed on the
electrostatic chuck, of attracting the to-be-processed substrate and performing
processing thereon, releasing the attraction after processing and then
transferring the to-be-processed substrate, the state of the to-be-processed
substrate can be ascertained, so that the state of the to-be-processed substrate
relative to the electrostatic chuck can be ascertained. Not only can the control

be made over the attraction and releasing of the to-be-processed substrate to and
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from the electrostatic chuck before and after processing, but also can the cracking
and chipping that may occur to the to-be-processed substrate during processing,
be detected. Here, in case a chuck plate made, e.g., of silicon rubber is used as
the electrostatic chuck, it is necessary to raise the chuck voltage relatively high
(e.g., 4kV) at the time of electrostatically attracting the to-be-processed substrate.
In this case, if the secondary side of the transformer of the AC power source unit
is interposed in the positive (high-voltage side) output of the DC power source
unit, a high dielectric strength transformer will be required. This kind of
transformer is large in size and cannot be packaged on a circuit substrate.
Therefore, there is a problem in that a power supply apparatus for the
electrostatic chuck becomes large in size. On the other hand, as in this
invention, if the DC power source unit is disposed in the second circuit (in other
words, low-voltage side of DC power supply), there is no need of a high dielectric
strength transformer and is therefore advantageous in an attempt to downsize
the apparatus.

[0012] In this invention, when AC current is caused to flow through the
electrostatic capacitance of the electrostatic chuck to measure the AC current
value or AC voltage value at that time, in order to minimize the effect of the
noises, there may be employed an arrangement in which, when the electrode is
constituted by a pair of electrodes, the positive and negative outputs of the DC
power source unit are respectively connected to each of the electrodes through the
switching means, and the second circuits have disposed in series two of the AC
power source units. In such a case, resistors may be disposed in series between
both the AC power source units, and a voltmeter as the measuring device is
connected in parallel with the resistors.

[0013] Further, in order to solve the above-mentioned problems, the
substrate control method for controlling attraction and releasing of a substrate to
and from the electrostatic chuck by using the power supply apparatus for the
above-mentioned electrostatic chuck comprises the step of: placing in position a
to-be-processed substrate on the surface of the electrostatic chuck in a state in
which switching has been made by the switching means to the second circuit;

causing AC current by the AC power source unit to flow through the electrostatic
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capacitance, measuring by the measuring device AC current or AC voltage at this
time; and, when the measured value is within a predetermined range, allowing
DC voltage to be applied to the electrode. It also comprises the step of:
switching by the switching means to the first circuit to apply chuck voltage from
the DC power source unit to the electrode, thereby holding by attraction the to-
be-processed substrate that is placed on the surface of the electrostatic chuck;
after attraction, causing AC current to flow, by the AC power source unit, through
the electrostatic capacitance of the electrostatic chuck; measuring by the
measuring device AC current or AC voltage at this time to judge whether the
measured value is within a predetermined range. It further comprises the step
of: switching by the switching means to the second circuit for charge clearing the
to-be-processed substrate and causing AC current to flow, by the AC power source
unit, through the electrostatic capacitance of the electrostatic chuck; measuring
by the measuring device AC current or AC voltage at this time; and, when this
measured value is within a predetermined range, allowing the releasing of the to-

be-processed substrate from the electrostatic chuck.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 schematically shows an arrangement of a power supply
apparatus for an electrostatic chuck relating to an embodiment of this invention.
FIG. 2 is a graph showing the results of experiments for confirming the effects of
this invention.
FIG. 3 schematically shows an arrangement of a power supply apparatus for an
electrostatic chuck relating to a modified example of this invention.
FIG. 4 schematically shows an arrangement of a power supply apparatus for an

electrostatic chuck relating to another modified example of this invention.

MODES FOR CARRYING OUT THE INVENTION
[0015] With reference to the drawings, a description will now be made of
an embodiment of a power supply apparatus and of a substrate control method
using the power supply apparatus, provided that a substrate to be processed is

defined to be a silicon wafer (hereinafter referred to as “wafer W”) and that the
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electrostatic chuck is of a bipolar type which attracts the wafer W to its surface.
In the following, a description will be made of the direction such as “up” and
“down” on the basis of the posture of the electrostatic chuck as shown in FIG. 1.
[0016] With reference to FIG. 1, reference mark Ec is an electrostatic chuck
which is applied with electricity by a power supply apparatus of this
embodiment. The electrostatic chuck Ec is disposed inside a vacuum chamber of
a processing apparatus (not illustrated) which performs various kinds of
processing such as film-forming processing by sputtering method, plasma CVD
method, and the like, thermal processing, ion-injection processing, etching
processing, and the like. It is then so arranged that the electrostatic chuck
holds in position the wafer W inside the vacuum chamber. By the way, since the
processing apparatus itself is used out of a known one, a detailed description
thereof will be omitted here.

[0017] The electrostatic chuck Ec is constituted by a metallic base 1, and a
chuck plate 2 which is a dielectric disposed on an upper surface of the base 1.

As the base 1, use is made of one which is constituted by a cylindrical body of
aluminum make and having a profile corresponding to the wafer W. On the
inside of the base 1 there are disposed a heating means 11 for heating the wafer
W, a cooling means (not illustrated) for cooling the wafer W by circulating the
coolant so that the wafer W can be heated or cooled during processing. On the
other hand, as the chuck plate 2, use 1s made of one made of PBN, ALN or silicon
rubber. Inside the chuck plate 2 there are disposed a pair of electrodes 3a, 3b
through an electrically insulating layer (not illustrated). Further, the base 1
and the chuck plate 2 of the electrostatic chuck Ec have formed therethrough a
plurality of through holes 4 penetrating in the up and down direction. In each of
the through holes 4 there is inserted a lifting pin 5, respectively. The lifting pins
5 are arranged to be freely movable up and down by driving means 51 such as air
cylinder and the like so as to be projecting or recessing relative to the chuck plate
2. Then, in order to apply DC voltage (voltage for the chuck) to both the
electrodes 3a, 3b and in order to ascertain the state of the wafer W when it is
absorbed to the chuck plate 2 of the electrostatic chuck Ec, the power supply

apparatus PS; of this embodiment is used.
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[0018] The power supply apparatus PS; is provided with DC power source
units 6a, 6b for applying DC voltage (chuck voltage) to a pair of electrodes 3a, 3b;
and an AC power source unit 7 for causing AC current to flow through the
electrostatic capacitance of the chuck plate 2. In addition, provided that: a
circuit for applying DC voltage to the DC power source units 6a, 6b and both the
electrodes 3a, 3b in order to hold by attraction the wafer W by means of the chuck
plate 2 is defined as a first circuit C1 and that; a circuit for connecting both the
electrodes 3a, 3b to the ground potential in order to charge clear the wafer W
after processing is defined as a second circuit C2, the power supply apparatus
PS; is further provided with switching means 8a, 8b for switching between the
first circuit C1 and the second circuit C2. In other words, in the first circuit C1,
as shown in FIG. 1, positive (high-voltage side) output 61 of one 6a of the DC
power source unit is connected through one 8a of the switching means to one 3b
of the electrodes, and the other electrode 3a is connected through the other
switching means 8b to negative (low-voltage side) output 64 of the other 6b of the
DC power source unit. According to this arrangement, DC voltage is applied to
both the electrodes 3a, 3b in order to hold by attraction the wafer W by means of
the chuck plate 2. When both the switching means 8a, 8b are switched over, one
3b of the electrodes is connected to the negative output 62 of one 6a of the DC
power source units through one 8a of the switching means and, at the same time,
the other 3a of the electrodes is connected to the positive output 63 of the other
6b of the DC power source units through the other 8b of the switching means,
thereby being connected to the ground potential.

[0019] As the DC power source units 6a, 6b there will be utilized a known
one which can apply DC voltage of a range of 0.1 kV and 4 kV to both the
electrodes 3a, 3b depending on the kind of chuck plate 2. By the way, in this
embodiment, a description will be made of an example in which two DC power
source units 6a, 6b are used, but this invention shall not be limited to the above.
For example, a single piece of known DC power source unit may also be utilized.
Although not described by particularly illustrating, the AC power source unit 7 is
provided with a power supply which generates AC voltage of a predetermined

frequency, and a transformer. The secondary side of the transformer is
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interposed between the negative output 62 of one 6a of the DC power source unit
of the second circuit C2 and the positive output 63 of the other 6b of the DC
power source unit, and is connected to the ground potential (OV) through a
resistor R1. A voltmeter 9 which serves as a measuring device to measure the
AC voltage is connected in parallel with the resistor R1. As the switching
means 8a, 8b there is utilized known ones such as relays and the like.

According to this arrangement, in either state of the first circuit C1 and the
second circuit C2, it becomes possible to cause the AC current to flow so that the
AC voltage at that time can be measured by the voltmeter 9. By the way, it is so
arranged that an overall control of the operations of the DC power source units
6a, 6b, AC power source unit 7, and switching means 8a, 8b can be made by a
control unit (not illustrated). A description will hereinafter be made of a
substrate control method which uses the power supply apparatus PS; as shown
in FIG. 1.

[0020] In case a predetermined (plasma) processing is performed on a wafer
W by a processing apparatus (not illustrated), first, the wafer W is placed in
position on the surface of the electrostatic chuck Ec in a state in which the
switching has been made to the second circuit C2 by the switching means 8a, 8b.
In this case, the lifting pins 5 are moved to a position protruding above the upper
surface of the chuck plate 2. In this state, the wafer W is transferred by a
transfer robot (not illustrated) so as to hand it over to the lifting pins 5. Then,
when the lifting pins 5 are moved to a position of immersion into the chuck plate
2, the wafer W 1s placed on the upper surface of the chuck plate 2. At this time,
AC voltage to pass through the electrostatic capacitance of the chuck plate 2 is
caused to flow by the AC power source unit 7 and the voltage value at that time is
measured by the voltmeter 9. According to this arrangement, should such a
thing happen as the wafer be subject to cracking or chipping, or should the wafer
W be warped, or should the wafer W has given rise to positional deviation
relative to the chuck plate 2, or further should a foreign matter be interposed
when the wafer W is placed on the chuck plate 2, the measured AC voltage value
will vary accompanied by the change in the electrostatic capacitance due to the

change in the contact area between the chuck plate 2 and the wafer W. By
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comparing this measured AC voltage value (measured value) with the AC voltage
value empirically measured in advance, the state of the wafer W, before
processing, that is placed on the chuck plate 2 can be ascertained prior to
attraction, so that a judgment can be made as to whether attraction of the wafer
W 1is acceptable or not.

[0021] Subsequently, in case the measured AC voltage value is within a
predetermined range, applying DC voltage to the pair of electrodes 3a, 3b is
allowed. In this case, by switching to the first circuit C1 by the switching means
8a, 8b, DC voltage is applied to both the electrodes 3a, 3b. By means of the
electrostatic force to be generated between both the electrodes 3a, 3b, the wafer
W is attracted and held in position (chucked) to the upper surface of the chuck
plate 2. After attraction of the wafer W, AC current is caused to flow through
the electrostatic capacitance of the chuck plate 2 by means of the AC power
source unit 7, and the AC voltage at this time is measured by the volt meter 9.
In the manner similar to the above, by comparing this measured AC voltage
value with the AC voltage value empirically measured in advance, i.e., if a
judgment is made as to whether the measured AC voltage value falls within a
predetermined range or not, it can be judged as to whether the attraction of the
wafer W to the upper surface of the chuck plate 2 has been made normally or not,
or as to whether cracking or chipping of the wafer W has occurred or not during
the time of making a predetermined processing on the wafer W.

[0022] Finally, when the processing has been finished in a state in which
the measured AC voltage value lies within a predetermined range, switching is
made by the switching means 8a, 8b to the second circuit C2, so that both the
electrodes 3a, 3b are connected to the ground potential. According to this
arrangement, the wafer W that may have been electrostatically charged as a
result of processing using, e.g., plasma will be cleared of charging. At this time,
AC current is caused by the AC power source unit 7 to flow through the
electrostatic capacitance of the chuck plate 2 and the AC voltage at that time is
measured by the voltmeter 9. Then, if the wafer W is locally floated off, e.g.,
from the upper surface of the chuck plate 2, the electrostatic capacitance may

change. Therefore, in the manner similar to the above, by comparing this
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measured AC voltage value with the AC voltage value empirically measured in
advance, the state of the wafer W can be ascertained, prior to the transferring of
the processed wafer W, inclusive of whether the wafer W has sufficiently been
cleared of charging or not. If the measured AC voltage value is within the
predetermined range, a judgment is made that the wafer W is sufficiently cleared
of charging. As a result, releasing of the wafer W from the electrostatic chuck
Ec is allowed. In this case, the lifting pins 5 are moved to the position protruded
from the upper surface of the chuck plate 2. The wafer W is thus lifted off from
the chuck plate 2 for complete releasing.

[0023] According to the above-mentioned embodiment, during a series of
operations of placing the wafer W on the chuck plate 2, thereafter attracting the
wafer W and performing processing thereon and, after the processing, releasing
the attraction of the wafer W for further transferring it, the state of the wafer W
can be constantly ascertained. Not only can it be possible to control the
attraction and releasing of the wafer W to and from the chuck plate 2 before
processing and after processing the wafer W, but also can it be possible to detect
the cracking and chipping that may happen with the wafer W during processing.
It is to be noted here that in case the chuck plate 2 is made, e.g., of silicon rubber,
it is necessary to make the chuck voltage relatively high (e.g., 4 kV) when the
wafer W is electrostatically attracted. In this case, in an example in which, as in
the above-mentioned conventional example, the secondary side of the
transformer of the AC power source unit is interposed in the positive (high-
voltage side) output of the DC power source unit, there is a problem in that a
high dielectric strength transformer will be required. This kind of transformer
1s large in size and cannot be packaged on a circuit substrate, resulting in a
problem in that the power supply apparatus for the electrostatic chuck becomes
larger in size. On the other hand, in the above-mentioned embodiment, a high
dielectric strength transformer will not be required, to the advantage in
downsizing the apparatus.

[0024] Next, in order to confirm the effects of this invention, the following
experiment was carried out by using the electrostatic chuck Ec and the power

supply apparatus PS: as shown in FIG. 1. In this experiment, the to-be-
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processed substrate was a wafer W, and the chuck plate 2 was made of silicon
rubber. After having attracted the wafer W at a predetermined voltage (4 kV),
processing utilizing plasma was attempted to be performed inside the vacuum
chamber. A wafer W in a state which is free from cracking, chipping, positional
deviation, and a foreign matter such as cracked pieces and the like of the wafer W
is not interposed between the chuck plate 2 and the wafer W, is defined to be a
Sample 1, and one in a state in which a foreign matter is interposed between the
wafer W which is free from cracking and chipping and the chuck plate 2 is defined
to be a Sample 2. According to the above-mentioned substrate control method,
the changes in AC voltage were measured relating to the Samples 1 and 2, and the
results are shown in FIG. 2. In FIG. 2 a solid line is the result of Sample 1, and a
dotted line is the result of Sample 2.

[0025] According to these results, after having placed in position the
Samples 1 and 2 respectively on the upper surface of the chuck plate 2, and the
AC voltages were measured respectively before plasma processing. Then, it can
be seen that, accompanied by the difference in the electrostatic capacitance, the
AC voltage values measured with respect to Sample 1 and Sample 2 can be seen to
be different from each other. In addition, similarly during plasma processing
and after plasma processing, the AC voltage values measured with respect to
Sample 1 and Sample 2 are different from each other accompanied by the
difference in the electrostatic capacitance. According to the above-mentioned
experiments, it was confirmed that the state of the wafer W could be constantly
ascertained during a series of operations of having placed in position the wafer W
on the chuck plate 2, of subsequently attracting the wafer W and performing
processing thereon and, after the processing, of releasing the attraction of the
wafer W for further transferring it.

[0026] Descriptions have so far been made of the embodiment of this
invention, but this invention shall not be limited to the above. Within a range
not deviating from the technical philosophy of this invention, modifications can
appropriately be made. In the above-mentioned embodiment, a description was
made on condition that the circuit that connects both the electrodes 3a, 3b to the

ground potential for charge clearing of the wafer W after processing be defined as
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the second circuit C2. It shall, however, be not limited to the above, but may be
arranged such that the second circuit C2 is constituted so as to connect both the
electrodes 3a, 3b so that the pair of the electrodes 3a, 3b can be of the same
potential. In addition, in the above-mentioned embodiment, a description was
made of an example having a single AC power source unit 7, but it shall not be
limited to the above. FIG. 3 shows a power supply apparatus PS: relating to a
modified example. A description will be made by using the same reference marks
regarding the same members and elements as the above-mentioned embodiment.
A power supply apparatus PS is provided with two AC power source units 70a,
70b of the same configuration. Both the AC power source units 70a, 70b are
disposed in the second circuit C2 in series between the negative output 62 of one
6a of the DC power source unit and the positive output 63 of the other 6b of the
DC power source unit. Then, between each of the AC power source units 70a,
70b there are connected in series two resistors R2, R2. While these resistors R2,
R2 are connected to the ground potential (0V), a voltmeter 9 is connected in
parallel with these resistors R2, R2. According to this arrangement, when AC
current is caused to flow through the electrostatic capacitance to measure the AC
voltage with the voltmeter 9, it is advantageously possible to make it hardly
subject to the influence of the noises.

[0027] Further, in the above-mentioned embodiment, a description was
made of an example in which this invention was applied to a so-called bipolar type
of electrostatic chuck, but this invention shall not be limited thereto but can be
applied also to a single-pole type. FIG. 4 shows a power supply apparatus PSs
relating to a further modified example in which power can be supplied to a single
electrode 30 that is disposed in the chuck plate 2. The same reference marks are
used, in the following explanations, with reference to the same material and
element as in the above-mentioned embodiment. The power supply apparatus
PSs is provided with a single DC power source unit 6, and the positive
(high-voltage side) output of the DC power source unit 6 is connected to the
electrode 30 through the switching means 80. A negative (low-voltage side)
output 620 of the DC power source unit is also connected to the electrode 30

through the switching means 80, and has connected thereto an AC power source
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unit 700 and is connected to the ground potential (OV) through a resistor R3. A
measuring device 9 such as a voltmeter and the like is connected in parallel with

the resistor R3.

EXPLANATION OF MARKS
[0028] PSi, PSs, PS;  power supply apparatus for electrostatic chuck
Ec electrostatic chuck
C1 first circuit
C2 second circuit

R1, R2, R3 resistor
AW wafer (to-be-processed substrate)
3a, 3b electrode

6, 6a, 6b DC power source unit

7,700 AC power source unit
8a, 8b switching means
9 voltmeter (measuring device)
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CLAIMS

1. A power supply apparatus for supplying electric power to an electrostatic
chuck which holds by attraction a to-be-processed substrate in a vacuum
chamber, the power supply apparatus comprising:

a DC power source unit for applying DC voltage to an electrode disposed in
the electrostatic chuck;

an AC power source unit for causing AC current to flow through an
electrostatic capacitance of the electrostatic chuck;

provided that a circuit for charging an electrode, from the DC power
source unit, with chuck voltage to attract and hold in position the to-be-processed
substrate be defined as a first circuit and that a circuit for charge clearing the to-
be-processed substrate be defined as a second circuit,

a switching means for switching between the first circuit and the second
circuit, the second circuit being provided with the AC power source unit and a
measuring device for measuring the AC current or the DC voltage

wherein a secondary side of a transformer of the AC power source unit is
interposed in the second circuit.

2. A power supply apparatus for supplying electric power to an electrostatic
chuck which holds by attraction a to-be-processed substrate in a vacuum
chamber, the power supply apparatus comprising:

a DC power source unit for applying DC voltage to an electrode disposed in
the electrostatic chuck;

an AC power source unit for causing AC current to flow through an
electrostatic capacitance of the electrostatic chuck;

provided that a circuit for charging an electrode, from the DC power
source unit, with chuck voltage to attract and hold in position the to-be-processed
substrate be defined as a first circuit and that a circuit for charge clearing the to-
be-processed substrate be defined as a second circuit,

a switching means for switching between the first circuit and the second
circuit, and

the second circuit being provided with the AC power source unit and a
measuring device for measuring the AC current or the DC voltage,
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wherein the electrode is constituted by a pair of electrodes, the positive
and negative outputs of the DC power source unit are respectively connected to
each of the electrodes through the switching means, and the second circuits have
disposed in series two of the AC power source units,

wherein resistors are disposed in series between both the AC power source
units and a voltmeter as the measuring device is connected in parallel with the
resistors.

3. A substrate control method for controlling attraction and releasing of a
substrate to and from the electrostatic chuck by using a power supply apparatus
for supplying electric power to an electrostatic chuck which holds by attraction a
to-be-processed substrate in a vacuum chamber, the power supply apparatus
having

a DC power source unit for applying DC voltage to an electrode disposed in
the electrostatic chuck,

an AC power source unit for causing AC current to flow through an
electrostatic capacitance of the electrostatic chuck,

provided that a circuit for charging an electrode, from the DC power
source unit, with chuck voltage to attract and hold in position the to-be-processed
substrate be defined as a first circuit and that a circuit for charge clearing the to-
be-processed substrate be defined as a second circuit,

a switching means for switching between the first circuit and the second
circuit, and

the second circuit being provided with the AC power source unit and a
measuring device for measuring the AC current or the DC voltage, the method
comprising:

the step of: placing in position a to-be-processed substrate on the surface
of the electrostatic chuck in a state in which switching has been made by the
switching means to the second circuit; causing AC current by the AC power
source unit to flow through the electrostatic capacitance, measuring by the
measuring device AC current or AC voltage at this time; and, when the
measured value is within a predetermined range, allowing DC voltage to be
applied to the electrode;

the step of: switching by the switching means to the first circuit to apply
chuck voltage from the DC power source unit to the electrode, thereby holding by
attraction the to-be-processed substrate that is placed on the surface of the
electrostatic chuck; after attraction, causing AC current to flow, by the AC power
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source unit, through the electrostatic capacitance of the electrostatic chuck;
measuring by the measuring device AC current or AC voltage at this time to
judge whether the measured value is within a predetermined range; and

the step of: switching by the switching means to the second circuit for
charge clearing the to-be-processed substrate and causing AC current to flow, by
the AC power source unit, through the electrostatic capacitance of the
electrostatic chuck; measuring by the measuring device AC current or AC
voltage at this time; and, when this measured value is within a predetermined
range, allowing the releasing of the to-be-processed substrate from the
electrostatic chuck.

4. The power supply apparatus according to claim 1, the AC power configured to

measure a state of the to-be-processed substrate before processing, and
configured to judge acceptability of the to-be-processed substrate.
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