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TECHNICAL FIELD
[0001] The embodiments described herein pertain generally to a power supply system,

a plasma processing apparatus, and a power supply control method.

BACKGROUND

[0002] In a manufacturing process of a semiconductor device, as a plasma processing
apparatus for processing a processing target object such as a semiconductor wafer, there is
known a plasma etching apparatus which is configured to perform an etching process on the
processing target object by irradiating plasma to the processing target object. For example, a
capacitively coupled parallel plate type plasma etching apparatus is widely utilized as the plasma
etching apparatus.

[0003] In the capacitively coupled parallel plate type plasma etching apparatus, a pair
of parallel plate electrodes (i.e., an upper electrode and a lower electrode) is provided within a
processing vessel, for example. The processing target object is placed on the lower electrode. By

supplying a processing gas into the processing vessel and applying a high frequency power to the



upper electrode or the lower electrode, plasma is generated within a space between the upper
electrode and the lower electrode, and etching is performed on the processing target object
placed on the lower electrode with the generated plasma.

[0004] Recently, in the manufacturing process of the semiconductor device, it is
required to form a hole having a higher aspect ratio by processing the processing target object.
As commonly known in the art, however, if the aspect ratio is increased, positive ions are
collected in a bottom portion of the hole, and straightness of the positive ions within the hole is
deteriorated. As a result, it is difficult to obtain a desirable etching shape.

[0005] As a resolution to this problem, in order to electrically neutralize the positive
ions collected in the bottom portion of the hole, there is proposed a method of applying a
negative DC voltage to the upper electrode to accelerate electrons emitted from the upper
electrode toward the processing target object and supply the accelerated electrons into the
bottom portion of the hole.

[0006] The neutralization of the positive ions by the supply of the electrons, however,
may be hindered by a plasma sheath generated on the processing target object. That is, since
the supply of the high frequency power to the lower electrode accompanies generation of the
plasma sheath on the processing target object, the electrons may be bounced off the plasma
sheath and may not reach the bottom portion of the hole. As a consequence, the positive ions
may not be sufficiently neutralized by the supply of the electrons.

[0007] Accordingly, there is proposed a plasma etching apparatus in which a supply
amount of electrons is further increased. In this plasma etching apparatus, by turning on and off
a high frequency power supply on a preset cycle, a supply of a high frequency power for plasma

generation to the lower electrode and a stop of the supply of this high frequency power are



alternately repeated. Further, in this plasma etching apparatus, a negative DC voltage having a
relatively small absolute value is supplied to the upper electrode for a time period during which
the high frequency power is being supplied, and a negative DC voltage having a relatively large
absolute value is supplied to the upper electrode for a time period during which the supply of the
high frequency power is stopped. Here, for the time period during which the supply of the high
frequency power is stopped, the plasma extinguishes, and, thus, the plasma sheath on the
processing target object is reduced or extinguished. In this time period, since the negative DC
voltage having the relatively large absolute value is supplied to the upper electrode, a larger
number of electrons is supplied into the bottom portion of the hole in the state that the plasma
sheath on the processing target object is reduced or extinguished. Accordingly, the positive ions
collected in the bottom portion of the hole can be efficiently neutralized.

[0008] Patent Document 1: Japanese Patent Laid-open Publication No. 2010-219491

[0009] In the prior art, however, it is not considered to suppress an electric discharge
which may occur at the upper electrode side due to the bouncing of the electrons off the plasma
sheath which is generated on the plasma processing object when the high frequency power is
supplied to the lower electrode.

[0010] That s, in the prior art, for the time period during which the supply of the high
frequency power is stopped, the negative DC voltage having the relatively large absolute value is
supplied to the upper electrode, and if the supply of the high frequency power is resumed, the
negative DC voltage having the relatively small absolute value is supplied to the upper electrode
concurrently with the beginning of the re-supply of the high frequency power. Accordingly, in
the prior art, in the state that the plasma sheath generated on the processing target object,

which is accompanied by the supply of the high frequency power to the lower electrode, is not



fully grown, the electrons emitted from the upper electrode are accelerated toward the
processing target object by supplying the negative DC voltage to the upper electrode.
Accordingly, the accelerated electrons are bounced off in a direction approaching the upper
electrode by the plasma sheath which is being grown in a direction away from the processing
target object, i.e., in the direction approaching the upper electrode. As a result, in the prior art,

the electric discharge may occur at the upper electrode side due to the bounced electrons.

SUMMARY

[0011] In one exemplary embodiment, a power supply system includes a first high
frequency power supply configured to supply a first high frequency power for plasma generation
to a lower electrode configured to mount a processing target object thereon; a DC power supply
configured to supply a first negative DC voltage or a second negative DC voltage having an
absolute value larger than that of the first DC voltage to an upper electrode provided to face the
lower electrode; a control unit configured to perform a power supply control process of
repeating a supply of the first high frequency power and a stop of the supply of the first high
frequency power alternately; stopping a supply of the first DC voltage and a supply of the second
DC voltage for a first period, which is a time period from a beginning of the supply of the first
high frequency power within a period during which the first high frequency power is being
supplied; supplying the first DC voltage for a second period except the first period within the
period during which the first high frequency power is being supplied; and supplying the second
DC voltage for a period during which the supply of the first high frequency power is stopped; a
second high frequency power supply configured to supply a second high frequency power for ion

attraction, which is different from the first high frequency power, to the lower electrode; and a



Vpp measuring unit configured to measure a Vpp value which is an amplitude value of a voltage
corresponding to the second high frequency power, wherein the control unit is further
configured to perform a first calibration process of performing the power supply control process
while changing the first period to a plurality of candidate periods as candidates of the first period;
calculating a Vpp variation ratio indicating a degree of variation of the Vpp value for each of the
candidate periods; selecting, among the candidate periods, a candidate period which allows the
Vpp variation ratio to be equal to or less than a preset tolerance value; and correcting the first
period to the selected candidate period.

[0011a] In another exemplary embodiment, there is provided a plasma processing
apparatus, comprising: a processing vessel; a gas supply unit configured to supply a processing
gas into the processing vessel; a lower electrode which is provided within the processing vessel
and configured to mount a processing target object thereon; an upper electrode provided within
the processing vessel to face the lower electrode; and a power supply system, wherein the power
supply system includes: a first high frequency power supply configured to supply a first high
frequency power for plasma generation to the lower electrode; a second high frequency power
supply configured to supply a second high frequency power for ion attraction, which is different
from the first high frequency power, to the lower electrode; a Vpp measuring unit configured to
measure a Vpp value which is an amplitude value of a voltage corresponding to the second high
frequency power; a DC power supply configured to supply a first negative DC voltage or a second
negative DC voltage having an absolute value larger than that of the first DC voltage to the upper
electrode; and a control unit configured to perform a power supply control process of repeating a
supply of the first high frequency power and a stop of the supply of the first high frequency

power alternately; stopping a supply of the first DC voltage and a supply of the second DC voltage
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for a first period, which is a time period from a beginning of the supply of the first high frequency
power within a period during which the first high frequency power is being supplied;, supplying
the first DC voltage for a second period except the first period within the period during which the
first high frequency power is being supplied; and supplying the second DC voltage for a period
during which the supply of the first high frequency power is stopped, wherein the control unit is
further configured to perform a first calibration process of performing the power supply control
process while changing the first period to a plurality of candidate periods as candidates of the
first period; calculating a Vpp variation ratio indicating a degree of variation of the Vpp value for
each of the candidate periods; selecting, among the candidate periods, a candidate period which
allows the Vpp variation ratio to be equal to or less than a preset tolerance value; and correcting
the first period to the selected candidate period.

[0011b] In another exemplary embodiment, there is provided a power supply control
method performed in a power supply system including a first high frequency power supply
configured to supply a first high frequency power for plasma generation to a lower electrode
configured to mount a processing target object thereon; a second high frequency power supply
configured to supply a second high frequency power for ion attraction, which is different from the
first high frequency power, to the lower electrode; and a DC power supply configured to supply a
first negative DC voltage or a second negative DC voltage having an absolute value larger than
that of the first DC voltage to an upper electrode provided to face the lower electrode, the

method comprising:
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performing a power supply control process of repeating a supply of the first high frequency
power and a stop of the supply of the first high frequency power alternately; stopping a supply of
the first DC voltage and a supply of the second DC voltage for a first period, which is a time period
from a beginning of the supply of the first high frequency power within a period during which the
first high frequency power is being supplied; supplying the first DC voltage for a second period
except the first period within the period during which the first high frequency power is being
supplied; and supplying the second DC voltage for a period during which the supply of the first
high frequency power is stopped; measuring a Vpp value which is an amplitude value of a voltage
corresponding to the second high frequency power for ion attraction; and performing a first
calibration process of performing the power supply control process while changing the first
period to a plurality of candidate periods as candidates of the first period; calculating a Vpp
variation ratio indicating a degree of variation of the Vpp value for each of the candidate periods;
selecting, among the candidate periods, a candidate period which allows the Vpp variation ratio
to be equal to or less than a preset tolerance value; and correcting the first period to the selected
candidate period.

[0012] According to the exemplary embodiments, it is possible to provide a power

supply system, a plasma processing apparatus and a power supply control method capable of
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suppressing an occurrence of an electric discharge at an upper electrode side, which is caused by
electrons bounced off a plasma sheath generated on a processing target object when a high
frequency power is supplied to a lower electrode.

The foregoing summary is illustrative only and is not intended to be in any way limiting.
In addition to the illustrative aspects, embodiments, and features described above, further
aspects, embodiments, and features will become apparent by reference to the drawings and the

following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

In the detailed description that follows, embodiments are described as illustrations only
since various changes and modifications will become apparent to those skilled in the art from the
following detailed description. The use of the same reference numbers in different figures
indicates similar or identical items.

[0013] FIG. 1 is a cross sectional view schematically illustrating a plasma etching
apparatus equipped with a power supply system according to an exemplary embodiment;

FIG. 2 is a diagram illustrating a configuration of the power supply system according to
the exemplary embodiment;

FIG. 3 is a circuit diagram illustrating a configuration of a DC power supply according to
the exemplary embodiment;

FIG. 4 is an example time chart of a power supply control process according to the
exemplary embodiment;

FIG. 5 is a diagram for describing a conventional power supply control process;



FIG. 6 is a diagram for describing a mechanism of suppressing an electric discharge by
performing a power supply control process according to the exemplary embodiment;

FIG. 7 is diagram showing an example of experimental results showing a relationship
between a plurality of candidate periods as candidates of a voltage stop period Ala and a Vpp
variation ratio corresponding to each of the candidate periods;

FIG. 8A is a diagram showing an example of experimental results showing a relationship
between the candidate periods as the candidates of the voltage stop period Ala and an etching
rate reduction ratio corresponding to each of the candidate periods;

FIG. 8B is a diagram for describing a relationship between an etching rate and a voltage
stop period ratio shown in FIG. 8A;

FIG. 8C is a diagram for describing a relationship between the etching rate reduction ratio
and the voltage stop period ratio shown in FIG. 8A;

FIG. 9 is a diagram showing an example of presence or absence of an electric discharge in
case of varying a second high frequency power in the power supply control process according to
the exemplary embodiment;

FIG. 10 is a flowchart illustrating an example flow of the power supply control process
according to the exemplary embodiment;

FIG. 11 is a flowchart illustrating an example flow of a first calibration process according
to the exemplary embodiment; and

FIG. 12 is a flowchart illustrating an example flow of a second calibration process

according to the exemplary embodiment.



DETAILED DESCRIPTION

[0014] In the following detailed description, reference is made to the accompanying
drawings, which form a part of the description. In the drawings, similar symbols typically identify
similar components, unless context dictates otherwise. Furthermore, unless otherwise noted,
the description of each successive drawing may reference features from one or more of the
previous drawings to provide clearer context and a more substantive explanation of the current
exemplary embodiment. Still, the exemplary embodiments described in the detailed description,
drawings, and claims are not meant to be limiting. Other embodiments may be utilized, and
other changes may be made, without departing from the spirit or scope of the subject matter
presented herein. It will be readily understood that the aspects of the present disclosure, as
generally described herein and illustrated in the drawings, may be arranged, substituted,
combined, separated, and designed in a wide variety of different configurations, all of which are
explicitly contemplated herein.

[0015] FIG. 1 is a cross sectional view schematically illustrating a plasma etching
apparatus equipped with a power supply system according to an exemplary embodiment. The
plasma etching apparatus 1 shown in FIG. 1 is configured as a capacitively coupled parallel plate
type plasma etching apparatus, and includes a substantially cylindrical processing vessel 10. The
processing vessel 10 is formed of, for example, aluminum having an anodically oxidized surface.
This processing vessel 10 is frame-grounded.

[0016] An insulating plate 12 made of ceramics or the like is provided on a bottom
portion of the processing vessel 10, and a cylindrical susceptor supporting table 14 is disposed on
the insulating plate 12. A lower electrode 16, which is made of, for example, aluminum and

serves as a susceptor, is provided on the susceptor supporting table 14. In the exemplary



embodiment, the lower electrode 16 forms a mounting table configured to mount thereon a
semiconductor wafer W as a processing target object. In the plasma etching apparatus 1, a
cylindrical inner wall member 26 is provided on a side surface of the susceptor supporting table
14 and a side surface of the lower electrode 16. The inner wall member 26 is made of, but not
limited to, quartz.

[0017] An electrostatic chuck 18 configured to attract and hold the semiconductor
wafer W by an electrostatic force is provided on a top surface of the lower electrode 16. The
electrostatic chuck 18 includes a pair of insulating layers or insulating sheets; and an electrode 20,
as a conductive film, embedded therebetween. The electrode 20 is electrically connected to a DC
power supply 22. The electrostatic chuck 18 is capable of attracting and holding the
semiconductor wafer W by the electrostatic force such as a Coulomb force generated by a DC
voltage applied from the DC power supply 22.

[0018] A focus ring (calibration ring) 24 is provided on the top surface of the lower
electrode 16 to surround the electrostatic chuck 18. The focus ring 24 has conductivity and is
made of, for example, silicon. The focus ring 24 is configured to improve etching uniformity.

[0019] A coolant path 28 is provided within the susceptor supporting table 14. A
coolant of a preset temperature, for example, cooling water is supplied into and circulated
through the coolant path 28 from an external chiller unit via a pipe 30a and a pipe 30b. By
controlling the temperature of the coolant circulated in this way, a temperature of the
semiconductor wafer W mounted on the lower electrode 16 is controlled.

[0020] Further, the plasma etching apparatus 1 is further equipped with a gas supply

line 32. The gas supply line 32 is configured to supply a heat transfer gas such as, but not limited



to, a He gas from a heat transfer supply device into a gap between a top surface of the
electrostatic chuck 18 and a rear surface of the semiconductor wafer W.

[0021] An upper electrode 34 is provided above the lower electrode 16, facing the
lower electrode 16. The lower electrode 16 and the upper electrode 34 are arranged to be
substantially parallel to each other. Formed between the upper electrode 34 and the lower
electrode 16 is a processing space E in which a plasma etching process is performed on the
semiconductor wafer W as the processing target object. The upper electrode 34 forms a surface,
i.e., a facing surface, which faces the semiconductor wafer W on the lower electrode 16 while
being in contact with the processing space E as a plasma generation space.

[0022] The upper electrode 34 is supported at an upper portion of the processing
vessel 10 with an insulating shield member 42 therebetween. The upper electrode 34 may
include an electrode plate 36 and an electrode supporting body 38. The electrode plate 36 forms
the facing surface with respect to the lower electrode 16, and is provided with a multiple number
of gas discharge holes 37. The electrode plate 36 may be made of a conductor or a
semiconductor having low Joule heat and low resistance. As will be discussed later, for the
purposes of enhancing a resist, the electrode plate 36 may be made of silicon or a silicon-
containing material such as SiC.

[0023] The electrode supporting body 38 is configured to support the electrode plate
36 in a detachable manner, and is made of a conductive material such as, but not limited to,
aluminum. The electrode supporting body 38 may have a water-cooling structure. A gas
diffusion space 40 is formed within the electrode supporting body 38. A multiple number of gas
through holes 41 is extended downwards from the gas diffusion space 40, and these gas through

holes 41 respectively communicate with the gas discharge holes 37. Further, the electrode



supporting body 38 is also provided with a gas inlet opening 62 through which a processing gas is
introduced into the gas diffusion space 40, and this gas inlet opening 62 is connected to a gas
supply line 64.

[0024] The gas supply line 64 is connected to a processing gas supply unit 66. The gas
supply line 64 is equipped with a mass flow controller (MFC) 68 and an opening/closing valve 70
provided in sequence from the upstream side. Instead of the MFC, a FCS may be provided. The
processing gas supply unit 66 is configured to supply a gas containing a fluorocarbon gas CF,
such as C4F5 gas as a processing gas for etching. The processing gas supplied from the processing
gas supply unit 66 reaches the gas diffusion space 40 through the gas supply line 64 and is
discharged into the processing space E through the gas thorough holes 41 and the gas discharge
holes 37. That is, the upper electrode 34 serves as a shower head configured to supply the
processing gas.

[0025] Further, the plasma etching apparatus 1 may further include a grounding
conductor 10a. The grounding conductor 10a has a substantially cylindrical shape and is
extended upwards from a side wall of the processing vessel 10 up to a position higher than the
upper electrode 34.

[0026] The plasma etching apparatus 1 includes a power supply system 90 according to
the exemplary embodiment. The power supply system 90 is configured to apply a high frequency
power to the lower electrode 16 and apply a DC voltage to the upper electrode 34. This power
supply system 90 will be elaborated later.

[0027] Further, in the plasma etching apparatus 1, a deposition shield 11 is provided
along an inner wall of the processing vessel 10 in a detachable manner. The deposition shield 11

may be also provided on an outer surface of the inner wall member 26. The deposition shield 11
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is configured to suppress an etching byproduct (deposit) from adhering to the processing vessel
10, and is formed by coating an aluminum member with ceramics such as Y,0s.

[0028] At a bottom portion of the processing vessel 10, a gas exhaust plate 83 is
provided between the inner wall member 26 and the inner wall of the processing vessel 10. The
gas exhaust plate 83 may be made of, by way of example, an aluminum member coated with
ceramic such as Y,0s;. The processing vessel 10 is also provided with a gas exhaust opening 80
under the gas exhaust plate 83, and the gas exhaust opening 80 is connected with a gas exhaust
device 84 via a gas exhaust line 82. The gas exhaust device 84 includes a vacuum pump such as a
turbo molecular pump, and is capable of decompressing the inside of the processing vessel 10 to
a required pressure level. Further, a carry-in/out opening 85 for the semiconductor wafer W is
formed at a sidewall of the processing vessel 10, and this carry-in/out opening 85 is opened or
closed by a gate valve 86.

[0029] Further, a conductive member (GND block) 88 is provided at the inner wall of
the processing vessel 10. The conductive member 88 is arranged at the inner wall of the
processing vessel 10 such that it is located at a position substantially same level as the
semiconductor wafer W in a height direction. The conductive member 88 is DC-connected to the
ground and has an effect of suppressing an abnormal discharge. Further, the arrangement
position of the conductive member 88 may not be limited to the position shown in FIG. 1 as long
as it is provided within the plasma generation region. For example, the conductive member 88
may be provided at the side of the lower electrode 16 (for example, around the lower electrode
16), or may be provided in the vicinity of the upper electrode 34 (for example, provided in a ring

shape at an outside of the upper electrode 34).
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[0030] Individual components of the plasma etching apparatus 1, for example, the
power supply system, the gas supply system, the driving system, the power supply system 90,
and so forth are connected to and controlled by a main control device 100 including a
microprocessor (computer). Further, a user interface 100a is connected to the main control
device 100, and the user interface 100a includes a keyboard through which an operator inputs a
command to manage the plasma etching apparatus 1; a display configured to visually display an
operational status of the plasma etching apparatus 1; and so forth.

[0031] Further, connected to the main control device 100 is a storage unit 100b having
stored thereon a control program for implementing various processes performed in the plasma
etching apparatus 1 under the control of the main control device 100, and a program for allowing
each component of the plasma etching apparatus 1 to perform a process according to processing
conditions, i.e., processing recipes. The processing recipes are stored in a storage medium within
the storage unit 100b. The storage medium may be a hard disk or a semiconductor memory, or
may be a portable device such as a CD-ROM, a DVD, or a flash memory. Further, the processing
recipes may be appropriately transmitted from another apparatus through, e.g., a dedicated line.

[0032] Further, a necessary recipe is retrieved from the storage unit 100b and
executed by the main control device 100 in response to an instruction from the user interface
10043, so that a desired process is performed in the plasma etching apparatus 1 under the control
of the main control device 100.

[0033] Below, referring to FIG. 2, the power supply system 90 will be described in
detail. FIG. 2 is a diagram illustrating a configuration of the power supply system according to
the exemplary embodiment. As depicted in FIG. 2, the power supply system 90 includes a DC

power supply 91, a first high frequency power supply 92, a second high frequency power supply
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93 and a control unit 94. Further, the power supply system 90 also includes a low pass filter (LPF)
96, a first matching device 97 and a second matching device 98. Further, the power supply
system 90 further includes a Vpp measuring unit 99 and an etching rate (E/R) acquiring unit 110.

[0034] The first high frequency power supply 92 is configured to generate a first high
frequency power for plasma generation and output the first high frequency power to the first
matching device 97 via a line L1. The first high frequency power output from the first high
frequency power supply 92 has a frequency ranging from 27 MHz to 100 MHz, for example, 40
MHz. Further, the first high frequency power supply 92 is connected to the lower electrode 16
via the first matching device 97. The first matching device 97 is configured to match a load
impedance with an internal (or output) impedance of the first high frequency power supply 92.
The first matching device 97 is configured to match an output impedance of the first high
frequency power supply 92 and the load impedance when plasma is generated within the
processing vessel 10, and is also configured to output the first high frequency power to the lower
electrode 16 via a line L2. The first high frequency power supply 92 is an example of a high
frequency power supply configured to supply a high frequency power for plasma generation to
the lower electrode 16.

[0035] The second high frequency power supply 93 is configured to generate a second
high frequency power for ion attraction into the semiconductor wafer W by applying a bias to the
semiconductor wafer W, and is also configured to output the second high frequency power to the
second matching device 98 via a line L3. The second high frequency power output from the
second high frequency power supply 93 has a frequency ranging from 400 kHz to 13.56 MHz, for
example, 3 MHz. The second high frequency power supply 93 is connected to the lower

electrode 16 via the second matching device 98. The second matching device 98 is configured to
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match a load impedance with an internal (or output) impedance of the second high frequency
power supply 93. The second matching device 98 is configured to match an output impedance of
the second high frequency power supply 93 and the load impedance when the plasma is
generated within the processing vessel 10, and is also configured to output the second high
frequency power to the lower electrode 16 via a line L4. The second high frequency power
supply 93 is an example of another high frequency power supply configured to supply a high
frequency power for ion attraction to the lower electrode 16.

[0036] The DC power supply 91, the high frequency power supplies 92 and 93 and the
matching devices 97 and 98 are connected to and controlled by the control unit 94. The control
unit 94 includes a storage device having a non-illustrated central processing unit (CPU) and a
memory. The control unit 94 reads out and executes a program stored in the storage device in
response to a control signal input from the main control device 100, so that a required process is
performed in the power supply system 90. For example, the control unit 94 performs a power
supply control process for applying a high frequency power to the lower electrode 16 and a DC
voltage to the upper electrode 34. For instance, the control unit 94 also performs a first
calibration process and a second calibration process of correcting a time period during which the
supply of the DC voltage to the upper electrode 34 is stopped. Details of the power supply
control process and the first and second calibration processes by the control unit 94 will be
described later.

[0037] The control unit 94 includes a system control unit 94a and a pulse generation
unit 94b. The system control unit 94a is connected to the pulse generation unit 94b. The system
control unit 94a is configured to output a signal for generating a pulse signal to the pulse

generation unit 94b based on the control signal input from the main control device 100.
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[0038] The pulse generation unit 94b is connected to the first high frequency power
supply 92, the second high frequency power supply 93, the first matching device 97 and the
second matching device 98. The pulse generation unit 94b is configured to output several pulse
signals each having a preset frequency and a preset duty ratio based on a signal input from the
system control unit 94a. Here, an amplitude of a pulse signal has a first level and a second level
alternately. Below, the first level is described to be higher than the second level. However, it is
also possible that the second level is higher than the first level. Further, in the following
description, the first level will be referred to as “H-level,” and the second level, “L-level.”

[0039] The control unit 94 is configured to control on/off operation of the first high
frequency power supply 92. To this end, the control unit 94 supplies one of the pulse signals
output from the pulse generation unit 94b to the first high frequency power supply 92 via a line
L5 as a control signal C1. The control signal C1 may be a first control signal according to the
exemplary embodiment. The first high frequency power supply 92 is configured to output the
first high frequency power and stop the output of the first high frequency power according to a
level of the control signal C1. For example, when the control signal C1 is at the H-level, the first
high frequency power supply 92 outputs the first high frequency power, and when the control
signal C1 is at the L-level, the first high frequency power supply 92 stops the output of the first
high frequency power. As a result, a state in which plasma exists and a state in which the plasma
is extinguished are created within the processing vessel 10 alternately.

[0040] Further, the control unit 94 is configured to control on/off operation of the
second high frequency power supply 93. To elaborate, the control unit 94 controls on/off
operation of the second high frequency power supply 93 such that the second high frequency

power is output from the second high frequency power supply 93 for a time period during which
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the first high frequency power supply 92 is outputting the first high frequency power and such
that the output of the second high frequency power from the second high frequency power
supply 93 is stopped for a time period during which the output of the first high frequency power
from the first high frequency power supply 92 is stopped. For this purpose, the control unit 94
supplies one of the pulse signals output from the pulse generation unit 94b to the second high
frequency power supply 93 via a line L6 as a control signal C2. The second high frequency power
supply 93 outputs the second high frequency power and stops the output of the second high
frequency power according to a level of the control signal C2. For example, when the control
signal C2 is at the H-level, the second high frequency power supply 93 outputs the second high
frequency power, and when the control signal C2 is at the L-level, the second high frequency
power supply 93 stops the output of the second high frequency power.

[0041] Further, the control signal C1 sent to the first high frequency power supply 92
and the control signal C2 sent to the second high frequency power supply 93 may be
synchronized. That is, a phase of the control signal C1 and a phase of the control signal C2 may
coincide with each other. Furthermore, a single pulse signal may be used as the control signal C1
and the control signal C2. On the contrary, it may be also possible that a phase difference may
be set between the control signal C1 and the control signal C2. That is, a preset phase difference
may be set between the control signal C1 and the control signal C2 such that the second high
frequency power is output from the second high frequency power supply 93 for a part of the
time period during which the first high frequency power supply 92 is outputting the first high
frequency power and such that the output of the second high frequency power from the second
high frequency power supply 93 is stopped for a part of the time period during which the output

of the first high frequency power from the first high frequency power supply 92 is stopped.
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[0042] Furthermore, the control unit 94 is also configured to control the first matching
device 97 such that a matching operation of the first matching device 97 is synchronized with the
on/off operation of the first high frequency power supply 92. For this purpose, the control unit
94 sends one of the pulse signals output from the pulse generation unit 94b to the first matching
device 97 as a control signal C3 via a line L7. Further, the control unit 94 is also configured to
control the second matching device 98 such that a matching operation of the second matching
device 98 is synchronized with the on/off operation of the second high frequency power supply
93. For this purpose, the control unit 94 sends one of the pulse signals output from the pulse
generation unit 94b to the second matching device 98 as a control signal C4 via a line L8.

[0043] When the first matching device 97 is not capable of keeping up with the on/off
operation of the first high frequency power supply 92, the control unit 94 may control the first
matching device 97 not to be operated. That is, the control unit 94 may control the first
matching device 97 such that the first matching device 97 maintains a matched state with the
first high frequency power supply 92 being in an on-state even when the first high frequency
power supply 92 is off. Further, in case that the second matching device 98 is not capable of
keeping up with the on/off operation of the second high frequency power supply 93, the control
unit 94 may control the second matching device 98 not to be operated. That is, the control unit
94 may control the second matching device 98 such that the second matching device 98
maintains a matched state with the second high frequency power supply 93 being in an on-state
even when the second high frequency power supply 93 is off. If, however, the operations of the
first matching device 97 and the second matching device 98 are sufficiently rapid, the first
matching device 97 may be controlled such that the internal impedance of the first high

frequency power supply 92 and the load impedance containing the plasma within the processing
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vessel 10 are matched. Likewise, the second matching device 98 may be controlled such that the
internal impedance of the second high frequency power supply 93 and the load impedance
containing the plasma within the processing vessel 10 are matched.

[0044] As depicted in FIG. 2, the DC power supply 91 is configured to apply an output
voltage, which is a negative DC voltage, to the upper electrode 34. The DC power supply 91 is
connected to the control unit 94 via lines L9a and L9b, and also connected to the LPF 96 via a line
L10. Further, the LPF 96 is connected to the upper electrode 34 via a line L11. Hereinafter,
referring to FIG. 2 and FIG. 3, the DC power supply 91 will be further elaborated. FIG. 3 is a
circuit diagram illustrating a configuration of the DC power supply according to the exemplary
embodiment. The DC power supply 91 shown in FIG. 3 includes a first DC power supply unit 101,
a second DC power supply unit 102, a selecting circuit 103 and a discharging circuit 104.

[0045] The first DC power supply unit 101 is electrically connected to the selecting
circuit 103, and is configured to supply a first DC voltage which is a negative DC voltage. The first
DC voltage is set within a range from, by way of example, but not limitation, 0 V to -800 V. In the
exemplary embodiment, a circuit unit 106 for stabilizing a value of the first DC voltage is provided
between the first DC power supply unit 101 and the selecting circuit 103. The circuit unit 106
includes a capacitor 106a and a resistor element 106b. One end of the resistor element 106b is
connected to the first DC power supply unit 101, and the other end of the resistor element 106b
is connected to the selecting circuit 103. Further, one end of the capacitor 106a is connected to a
ground potential, and the other end of the capacitor 106a is connected to a connection point
between the first DC power supply unit 101 and the resistor element 106b. The capacitor 106a
has a capacity of, for example, 1 uF, and the resistor element 106b has a resistance of, for

example, 50 Q.
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[0046] The second DC power supply unit 102 is electrically connected to the selecting
circuit 103, and is configured to supply a second DC voltage. The second DC voltage is a negative
DC voltage, and an absolute value thereof is larger than an absolute value of the first DC voltage.
It is desirable that the absolute value of the second DC voltage becomes larger. There is no upper
limit in the absolute value of the second DC voltage. In consideration of tolerance of the plasma
etching apparatus 1, however, the absolute value of the second DC voltage may be set to be
smaller than 2000 V. Further, provided between the second DC power supply unit 102 and the
selecting circuit 103 is a circuit unit 107 for stabilizing a value of the second DC voltage. The
circuit unit 107 includes a capacitor 107a and a resistor element 107b. One end of the resistor
element 107b is connected to the second DC voltage unit 102, and the other end of the resistor
element 107b is connected to the selecting circuit 103. Further, one end of the capacitor 107a is
connected to a ground potential, and the other end of the capacitor 107a is coupled to a
connection point between the second DC power supply unit 102 and the resistor element 107b.
The capacitor 107a has a capacity of, for example, 1 pF, and the resistor element 107b has a
resistance of, for example, 50 Q.

[0047] The selecting circuit 103 is configured to selectively connect the first DC power
supply unit 101 and the second DC power supply unit 102 to the upper electrode 34. In the
exemplary embodiment, the selecting circuit 103 includes a switching device 103a, a switching
device 103b and a switching device 103c. Each of the switching devices 103a to 103c has a first
terminal, second terminal and a control terminal. The first terminal of the switching device 103c
is electrically connected to the first DC power supply unit 101. The first terminal of the switching
device 103b is electrically connected to the second terminal of the switching device 103c. The

first terminal of the switching device 103a is electrically connected to the second DC power
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supply unit 102. The second terminal of the switching device 103a and the second terminal of
the switching device 103b are electrically connected to each other, and a connection point
between these output terminals is connected to the upper electrode 34 via the LPF 96. Further,
the LPF 96 is configured to block high frequency powers from the first high frequency power
supply 92 and the second high frequency power supply 93, as will be described later, and may be
implemented by, but not limited to, an LR filter or an LC filter. Further, a rectifying device 103d, a
rectifying device 103e and a rectifying device 103f are connected in parallel to the switching
device 103a, the switching device 103b and the switching device 103c, respectively.

[0048] The control terminals of the switching devices 103a to 103c are connected to
the pulse generation unit 94b of the control unit 94 via a circuit unit 108. The circuit unit 108
includes a reversing circuit 108a, a non-reversing circuit 108b, a reversing circuit 108c and an
AND gate 108d. The reversing circuit 108a is connected to the switching device 103a. The non-
reversing circuit 108b is connected to either one of two input terminals of the AND gate 108d.
The reversing circuit 108c is connected to the other of the two input terminals of the AND gate
108d. The AND gate 108d is configured to output a control signal having an amplitude level of H-
level to the switching devices 103b and 103c only when the level of the control signal input from
the non-reversing circuit 108b is the H-level and the level of the control signal input from the
reversing circuit 108c is the H-level. One of the pulse signals output from the pulse generation
unit 94b of the control unit 94 is sent to the DC power supply 91 as a control signal C5, and
another one of the pulse signals output from the pulse generation unit 94b of the control unit 94
is sent to the DC power supply 91 as a control signal C6. A frequency of the control signal C6 is
the same as a frequency of the control signal C5, and a duty ratio of the control signal C6 is

smaller than a duty ratio of the control signal C5. Further, the frequency of the control signal C5
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and the frequency of the control signal C6 are the same as a frequency of the control signal C1
sent to the first high frequency power supply 92 and a frequency of the control signal C2 sent to
the second high frequency power supply 93.

[0049] Of the two control signals C5 and C6, the control signal C6 controls the
switching devices 103b and 103c and a switching circuit 105 to be described later such that
connections of the upper electrode 34 to the first DC power supply unit 101 and the second DC
power supply unit 102 are disconnected and the discharging circuit 104 is connected to a
connection point 109 between the selecting circuit 103 and the upper electrode 34 during a
preset time period from the beginning of the supply of the first high frequency power while the
first high frequency power is being supplied from the first high frequency power supply 92. In
the following description, the preset time period from the beginning of the supply of the first
high frequency power will be referred to as “voltage stop period.” The voltage stop period is an
example of a first period. The voltage stop period is increased or decreased according to the duty
ratio of the control signal C6. That is, the voltage stop period is increased or decreased according
to a variation of the pulse width of the control signal C6. The control signal C5 controls the
switching devices 103a, 103b and 103c in cooperation with the control signal C6 such that the
first DC power supply unit 101 is connected to the upper electrode 34 for a time period except
the voltage stop period within the time period during which the first high frequency power is
being supplied from the first high frequency power supply 92 and, also, such that the second DC
power supply unit 102 is connected to the upper electrode 34 for a time period during which the
supply of the first high frequency power from the first high frequency power supply 92 is stopped.
The time period except the voltage stop period is an example of a second period. For example,

when the control signal C6 has the H-level, the switching circuit 105 is closed so that the
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discharging circuit 104 is connected to the connection point 109, and, also, the switching devices
103a to 103c are opened regardless of which one of the H-level and the L-level the control signal
C5 has. Further, for example, when the control signal C6 has the L-level and the control signal C5
has the H-level, the switching devices 103b and 103c are closed, so that the first DC power supply
unit 101 is connected to the upper electrode 34. Furthermore, for example, when the control
signal C6 has the L-level and the control signal C5 has the L-level, the switching device 103a is
closed, so that the second DC power supply unit 102 is connected to the upper electrode 34. If
these control signals C5 and C6 are sent to the DC power supply 91, a reverse pulse signal of the
control signal C5 from the reversing circuit 108a is sent to the control terminal of the switching
device 103a. Further, a non-reverse pulse signal of the control signal C5 from the non-reversing
circuit 108b is sent to the control terminals of the switching devices 103b and 103c via the AND
gate 108d. Furthermore, a reverse pulse signal of the control signal C6 from the reversing circuit
108c is sent to the control terminals of the switching devices 103b and 103c via the AND gate
108d. Further, the control signal C6 itself is sent to the switching circuit 105.

[0050] The discharging circuit 104 is connected to the connection point 109 between
the selecting circuit 103 and the upper electrode 34 via the switching circuit 105. When the first
DC power supply unit 101 and the second DC power supply unit 102 are disconnected from the
upper electrode 34, the discharging circuit 104 discharges an electric field of the upper electrode
34 to the grounding potential to set a voltage of the upper electrode 34 to zero (0). In the
exemplary embodiment, the discharging circuit 104 includes a resistor element 104a. One end of
the resistor element 104a is connected to a ground potential, and the other end thereof is
coupled to the connection point 109. The resistor element 104a may have a resistance of 50 Q.

The switching circuit 105 is provided between the discharging circuit 104 and the connection
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point 109, and a rectifying device 105a is connected in parallel to the switching circuit 105. The
switching circuit 105 can be connected to the upper electrode 34 selectively via the connection
point 109. To elaborate, in case that the first DC power supply unit 101 or the second DC power
supply unit 102 is connected to the upper electrode 34, the switching circuit 105 disconnects the
connection between the discharging circuit 104 and the connection point 109. Meanwhile, in
case that the first DC power supply unit 101 and the second DC power supply unit 102 are
disconnected from the upper electrode 34, the switching circuit 105 connects the discharging
circuit 104 and the connection point 109. The control of this switching circuit 105 can be
performed by the control signal C6 from the control unit 94.

[0051] Referring back to FIG. 2, the Vpp measuring unit 99 is connected to the second
matching device 98, and is configured to measure a Vpp (Volt peak to peak) value which is an
amplitude value of a voltage corresponding to the second high frequency power for ion
attraction. The Vpp measuring unit 99 outputs the measured Vpp value to the control unit 94.

[0052] The E/R acquiring unit 110 is configured to acquire an etching rate of the
semiconductor wafer W as a processing target object. For example, the E/R acquiring unit 110
acquires an etching rate of the semiconductor wafer W input through the user interface 100a by
the user of the plasma etching apparatus 1. The E/R acquiring unit 110 outputs the acquired
etching rate to the control unit 94.

[0053] Now, a power supply control process performed by the control unit 94 shown in
FIG. 2 will be explained. FIG. 4 is a diagram showing an example time chart of the power supply
control process according to the exemplary embodiment.

[0054] In FIG. 4, “HF” is a time chart indicating a waveform of the control signal C1

supplied to the first high frequency power supply 92, and “LF” is a time chart indicating a
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waveform of the control signal C2 supplied to the second high frequency power supply 93. “Top
DC(-)"” is a time chart indicating a waveform of the DC voltage supplied to the upper electrode 34
from the DC power supply 91. “SW1, 4” is a time chart indicating a waveform of a control signal
for controlling opening/closing of the switching device 103b and the switching device 103c.
“SW2” is a time chart indicating a waveform of a control signal for controlling opening/closing of
the switching device 103a. “SW3” is a time chart indicating a waveform of a control signal for
controlling opening/closing of the switching circuit 105. “C5” is a time chart indicating a
waveform of the control signal C5 supplied to the DC power supply 91. “C6” is a time chart
indicating a waveform of the control signal C6 supplied to the DC power supply 91.

[0055] As depicted in FIG. 4, the control unit 94 repeats a supply and a stop of the
supply of the high frequency power to the lower electrode 16 alternately.

[0056] To be specific, during a period Al, the control unit 94 supplies the first high
frequency power for plasma generation to the lower electrode 16 from the first high frequency
power supply 92 by using the control signal C1 having the H-level, and also supplies the second
high frequency power for ion attraction to the lower electrode 16 from the second high
frequency power supply 93 by using the control signal C2 having the H-level. Accordingly, plasma
of a processing gas supplied into the processing space E between the upper electrode 34 and the
lower electrode 16 is generated, and a plasma sheath is begun to be grown on a semiconductor
wafer W. Meanwhile, during a period A2, the control unit 94 stops the supply of the first high
frequency power for plasma generation from the first high frequency power supply 92 by using
the control signal C1 having the L-level, and also stops the supply of the second high frequency

power for ion attraction from the second high frequency power supply 93 by using the control
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signal C2 having the L-level. As a result, the plasma is extinguished, and the plasma sheath on the
semiconductor wafer W is reduced or extinguished.

[0057] Further, the control unit 94 stops the supply of the first DC voltage V1 and the
second DC voltage V2 to the upper electrode 34 during a voltage stop period Ala, which is a
preset time period from the beginning of the supply of the high frequency power while the high
frequency power is being supplied. Here, the voltage stop period Ala is a preset time period
taken before the growth of the plasma sheath on the semiconductor wafer W is completed after
the plasma sheath is begun to be grown.

[0058] To elaborate, during the voltage stop period Ala, the control unit 94 controls
the selecting circuit 103 (the switching devices 103a, 103b and 103c) by using the control signal
C6 having the H-level such that the first DC power supply unit 101 and the second DC power
supply unit 102 are disconnected from the upper electrode 34, and also controls the switching
circuit 105 such that the discharging circuit 104 is connected to the connection point 109.
Accordingly, in the state that the plasma sheath generated on the semiconductor wafer W is not
fully grown, the voltage to the upper electrode 34 is set to be zero (0).

[0059] Further, the control unit 94 supplies the first DC voltage V1 to the upper
electrode 34 during a period Alb except the voltage stop period Ala within the period Al while
the high frequency power is being supplied.

[0060] To elaborate, the control unit 94 controls the selecting circuit 103 (the
switching devices 103a, 103b and 103c) by using the control signal C6 having the L-level and the
control signal C5 having the H-level such that the first DC power supply unit 101 is connected to
the upper electrode 34 during the period Alb. Accordingly, in the state that the growth of the

plasma sheath generated on the semiconductor wafer W is completed, the first DC voltage V1 is
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supplied to the upper electrode 34, and electrons emitted as a result of collision of positive ions
with the upper electrode 34 are accelerated toward the semiconductor wafer W.

[0061] Further, the control unit 94 supplies the second DC voltage V2 to the upper
electrode 34 for the period A2 during which the supply of the high frequency powers is stopped.

[0062] To elaborate, the control unit 94 controls the selecting circuit 103 (the
switching devices 103a, 103b and 103c) by using the control signal C6 having the L-level and the
control signal C5 having the L-level such that the second DC power supply unit 102 is connected
to the upper electrode 34 during the period A2. Accordingly, in the state that the plasma sheath
on the semiconductor wafer W is reduced or extinguished, the electrons emitted as a result of
collision of the positive ions with the upper electrode 34 are accelerated toward the
semiconductor wafer W on the lower electrode 16.

[0063] As stated above, the plasma etching apparatus 1 according to the exemplary
embodiment performs the power supply control process in which the supply of the high
frequency powers and the stop of the supply of these high frequency powers are repeated
alternately; the supply of the first DC voltage V1 and the supply of the second DC voltage V2 are
stopped during the voltage stop period Ala, which is the preset time period from the beginning
of the supply of the high frequency powers within the period Al during which the high frequency
powers are being supplied; the first DC voltage V1 is supplied during the period Alb except the
voltage stop period Ala within the period Al; and the second DC voltage V2 is supplied during
the period A2 during which the supply of the high frequency powers is stopped. Accordingly, it is
possible to suppress electrons from being bounced off the plasma sheath generated on the
semiconductor wafer W, which is accompanied by supplying the high frequency powers to the

lower electrode 16. As a result, according to the plasma etching apparatus 1 of the present
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exemplary embodiment, it is possible to suppress the electric discharge from occurring at the
upper electrode 34 side.

[0064] Furthermore, from a relationship of the respective time charts shown in FIG. 4,
a duty ratio of the control signal C5 is defined by (voltage stop period Ala + period Alb)/ (period
A1l during which the high frequency power is being supplied + period A2 during which the supply
of the high frequency power is stopped). Further, a duty ratio of the control signal C6 is defined
by (voltage stop period Ala)/ (period Al during which the high frequency power is being supplied
+ period A2 during which the supply of the high frequency power is stopped). That is, the duty
ratio of the control signal C6 is smaller than the duty ratio of the control signal C5.

[0065] Here, a mechanism of suppressing the electric discharge by the power supply
control process according to the exemplary embodiment will be described in detail. Before
describing the mechanism of suppressing the electric discharge by the power supply control
process according to the exemplary embodiment, however, a conventional power supply control
process will be explained first for reference. FIG. 5 is a diagram for describing the conventional
power supply control process. In FIG. 5, “e” denotes an electron, and “+” indicates a positive ion.

[0066] The control unit 94 supplies the second DC voltage V2 to the upper electrode 34
for the period A2 during which the supply of the high frequency power to the lower electrode 16
is stopped. Accordingly, as depicted in (1) of FIG. 5, electrons emitted as a result of collision of
positive ions with the upper electrode 34 are accelerated toward the semiconductor wafer W on
the lower electrode 16 in the state that a plasma sheath on the semiconductor wafer W is
reduced or extinguished. Here, for the period A2, since the second DC voltage V2 having a larger
absolute value than that of the first DC voltage V1 is supplied to the upper electrode 34, a larger

amount of electrons are supplied to the semiconductor wafer W, as compared to the period Al.
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Consequently, the positive ions collected in the bottom portion of the hole of the semiconductor
wafer W are neutralized efficiently. Further, in (1) of FIG. 5, a length of an arrow of the positive
ion indicates that the positive ion reaches the upper electrode 34, and a length of an arrow of the
electron indicates that the electron reaches the semiconductor wafer W on the lower electrode
16.

[0067] If the supply of the high frequency power to the lower electrode 16 is resumed,
the control unit 94 supplies the first DC voltage V1 to the upper electrode 34 concurrently with
the supply of the high frequency power. Accordingly, as depicted in (2) of FIG. 5, for the period
A1l during which the high frequency power is being supplied to the lower electrode 16, collision
of the positive ions with the upper electrode 34 is accelerated in the state that the plasma sheath
S, which is generated on the semiconductor wafer W and accompanied by supplying the high
frequency power to the lower electrode 16, is not fully grown. At this time, the electrons
emitted as a result of the collision of the positive ions with the upper electrode 34 are
accelerated toward the semiconductor wafer W. Then, the accelerated electrons are bounced
off in a direction S1 approaching the upper electrode 34 by the plasma sheath S which is growing
in a direction away from the semiconductor wafer W, i.e., in the direction S1 approaching the
upper electrode 34. The electrons bounced in the direction S1 approaching the upper electrode
34 by the plasma sheath S which is growing in the direction S1 approaching the upper electrode
34 are accelerated by receiving relatively large kinetic energy. As a result, in the conventional
power supply control process, the electric discharge may occur at the upper electrode 34 side
due to the bounced electrons having the high energy. In (2) of FIG. 5, the length of the arrow of

the positive ion indicates that the positive ion is reaching the upper electrode 34, and the length
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of the arrow of the electron indicates that the electron is bounced off the surface of the plasma
sheath S.

[0068] Meanwhile, a mechanism of suppressing the electric discharge by the power
supply control process according to the exemplary embodiment will now be described. FIG. 6 is a
diagram for describing the mechanism of suppressing the electric discharge by the power supply
control process according to the exemplary embodiment. In FIG. 6, “e” denotes an electron, and
“+” denote a positive ion. Further, in (1) to (3) of FIG. 6, the length of the arrow of the electron
and the length of the arrow of the positive ion indicates the amount of kinetic energy applied to
the electron or the positive ion when they are accelerated.

[0069] For the period A2 during which the supply of the high frequency power to the
lower electrode 16 is stopped, the control unit 94 supplies the second DC voltage V2 to the upper
electrode 34. Accordingly, as shown in (1) of FIG. 6, the electrons emitted as a result of the
collision of the positive ions with the upper electrode 34 are accelerated toward the
semiconductor wafer W on the lower electrode 16 in the state that the plasma sheath on the
semiconductor wafer W is reduced or extinguished. Here, for the period A2, since the second
negative DC voltage V2 having the absolute value larger than that of the first DC voltage V1 is
supplied to the upper electrode 34, a larger amount of electrons are supplied to the
semiconductor wafer W, as compared to that for the period Al. As a result, the positive ions
collected in the bottom portion of the hole of the semiconductor wafer W can be efficiently
neutralized.

[0070] If the supply of the high frequency power to the lower electrode 16 is resumed,
the control unit 94 stops the supplies of the first DC voltage V1 and the second DC voltage V2 to

the upper electrode 34 during the voltage stop period Ala which is the preset time period from
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the beginning of the supply of the high frequency power. Accordingly, as shown in (2) of FIG. 6,
since a voltage of the upper electrode 34 is set to be zero (0) in the state that the plasma sheath
S generated on the semiconductor wafer W is not completely grown, the collision of positive ions
with the upper electrode 34 is suppressed. Accordingly, emission of the electrons from the upper
electrode 34 is also suppressed during the voltage stop period Ala. Thus, during the voltage stop
period Ala, it is possible to avoid the above-stated problem that the electrons are bounced off by
the plasma sheath S which is growing on the semiconductor wafer W in the direction S1
approaching the upper electrode 34. As a result, it is possible to suppress the electric discharge
at the upper electrode 34 side during the voltage stop period Ala.

[0071] The control unit 94 supplies the first DC voltage V1 to the upper electrode 34
during the period Alb except the voltage stop period Ala within the period Al during which the
high frequency power is being supplied. Accordingly, as shown in (3) of FIG. 6, the electrons
emitted as a result of collision of the positive ions with the upper electrode 34 are accelerated
toward the semiconductor wafer W. A part of the accelerated electrons is bounced off in the
direction S1 approaching the upper electrode 34 by the plasma sheath S which is completely
grown in the direction S1 approaching the upper electrode 34. Here, within the period Alb, the
growth of the plasma sheath S generated on the semiconductor wafer W is already completed.
Accordingly, in the period Alb, the electrons bounced in the direction S1 approaching the upper
electrode 34 are not accelerated. As a result, it is possible to suppress the electric discharge at
the upper electrode 34 side during the period Alb.

[0072] Now, the first calibration process performed by the control unit 94 shown in FIG.
2 will be explained. The voltage stop period Ala in the power supply control process is a time

period taken before the growth of the plasma sheath on the semiconductor wafer W is
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completed after the growth thereof is started, as stated above. A speed of the growth of the
plasma sheath on the semiconductor wafer W varies depending on the Vpp value which is an
amplitude value of a voltage corresponding to the second high frequency power for ion
attraction. Meanwhile, since the Vpp value sharply increases when an abnormal electric
discharge occurs, by checking a degree of the variation of the Vpp value, it is possible to select an
appropriate time length of the voltage stop period Ala during which the abnormal electric
discharge does not occur. In this regard, in the plasma etching apparatus 1 according to the
exemplary embodiment, the first calibration process, in which the voltage stop period Ala is
corrected to an appropriate time period during which the abnormal electric discharge does not
occur, is performed by using the Vpp value.

[0073] First, the control unit 94 performs the power supply control process while
changing the voltage stop period Ala to a plurality of candidate periods, which are candidates of
the voltage stop period Ala. The control unit 94 receives a Vpp value which is input from the
Vpp measuring unit 99. For each candidate period, the control unit 94 calculates a Vpp variation
ratio indicating the degree of the variation of the Vpp value. The Vpp variation ratio is a
parameter which increases depending on a frequency of the occurrence of the abnormal electric
discharge. The Vpp variation ratio is calculated by using the following equation (1), for example.
By calculating the Vpp variation ratio with respect to corresponding candidate period, data
indicating a relationship between the Vpp variation ratios and the candidate periods are created.

[0074] Vpp variation ratio = 100 x (Vpp_max - Vpp_ave) / Vpp_ave - (1)

Here, Vpp_max denotes a maximum of the Vpp value in a preset time T, and Vpp_ave

indicates an average of the Vpp value in the preset time T.
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[0075] Subsequently, based on the data indicating the relationship between the Vpp
variation ratios and the candidate periods, the control unit 94 selects a candidate period which
allows the Vpp variation ratio to be equal to or less than a preset tolerance value, and corrects
the voltage stop period Ala to the selected candidate period. When there is a plurality of
candidate periods that allow the Vpp variation ratio to be equal to or less than the preset
tolerance value, the control unit 94 corrects the voltage stop period Ala to a candidate period
that allows the lowest Vpp variation ratio.

[0076] As described above, in the plasma etching apparatus 1 according to the
exemplary embodiment, the first calibration process, in which the voltage stop period Ala is
corrected to the candidate period which allows the Vpp variation ratio indicating the variation
degree of the Vpp value to be equal to or less than the preset tolerance value, is performed.
Accordingly, it is possible to correct the voltage stop period Ala to an appropriate time period
when the growth of the plasma sheath on the semiconductor wafer W is completed. Therefore,
in the voltage stop period Ala, it is possible to certainly avoid bouncing of electrons by plasma
sheath which is growing on the semiconductor wafer W in the direction approaching the upper
electrode 34. As a result, the electric discharge in the upper electrode 34 can be securely
suppressed during the voltage stop period Ala.

[0077] FIG. 7 is a diagram illustrating an example of experimental results showing a
relation between a plurality of candidate periods as candidates of the voltage stop period Ala
and Vpp variation ratios corresponding to the candidate periods. On each graph shown in FIG. 7,
a horizontal axis represents a time (sec), and a vertical axis indicates a Vpp variation ratio (%).
Further, in FIG. 7, “Delay time” indicates candidate periods (usec) as candidates of the voltage

stop period Ala, and “Pressure” indicates a pressure (mTorr) within the processing vessel 10.
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[0078] Further, in FIG. 7, as other processing conditions, a processing gas of C4Fg / C4Fs
/ O, / Ar / C4Fg = 85 sccm / 88 sccm / 170 sccm / 400 sccm / 5 scem is used; the first high
frequency power from the first high frequency power supply 92 is set to 2000 W; the second high
frequency power from the second high frequency power supply 93 is set to 14 kW; frequencies of
the first and second high frequency powers are set to be 5 kHz; duty ratios of the first and second
high frequency powers are 20%; DC voltages applied to the upper electrode 34 is set to be (first
DC voltage V1) / (second DC voltage V2) = - 500 V / - 1000 V; and a processing time is set to be 60
sec. Further, in the following description, the Vpp variation ratio indicates a Vpp variation ratio
except a Vpp variation ratio corresponding to an on/off switching time of the first high frequency
power supply 92 and the second high frequency power supply 93.

[0079] As clearly seen from the experimental result of FIG. 7, when the candidate
period is zero (0) (that is, when the voltage stop period Ala is not set), the Vpp variation ratio has
a maximum value, and as the candidate period increases from zero (0), the Vpp variation ratio
decreases. Based on this experimental results, the inventors have further investigated and found
out that, if the candidate period is less than 5 usec, the Vpp variation ratio exceeds about 2.0% as
indicated by a dashed-line frame 501 of FIG. 7; if the candidate period is equal to or longer than 5
usec, the Vpp variation ratio is suppressed equal to or below about 2.0%, as indicated by a solid-
line frame 502 of FIG. 7. Further, the inventors also found out that if the Vpp variation ratio is
equal to or less than 2.0%, the electric discharge in the upper electrode 34 is suppressed. In view
of this experimental results, it is desirable to set the voltage stop period Ala to be equal to or
longer than 5 psec, which corresponds to the solid-line frame 502 of FIG. 7. Therefore, in the
exemplary embodiment, the control unit 94 selects a candidate period (for example, a period

equal to or longer than 5 usec) which allows the Vpp variation ratio to be equal to or less than
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the preset tolerance value (e.g., 2.0%), and corrects the voltage stop period Ala to the selected
candidate period. As a result, it is possible to suppress the electric discharge in the upper
electrode 34 securely during the voltage stop period Ala.

[0080] Now, the second calibration process performed by the control unit 94 shown in
FIG. 2 will be explained. It is desirable that the voltage stop period Ala in the power supply
control process is equal to or longer than 5 psec in view of suppressing the electric discharge in
the upper electrode 34, without having any specific upper limit. If, however, the voltage stop
period Ala increases excessively, the amount of the electrons accelerated toward the
semiconductor wafer W after emitted from the upper electrode 34 decreases. If the amount of
the electrons accelerated toward the semiconductor wafer W is reduced, plasma density
decreases, and the degree of reduction of the etching rate of the semiconductor wafer W would
be increased. Accordingly, in the plasma etching apparatus 1 according to the exemplary
embodiment, the second calibration process, in which the voltage stop period Ala is corrected by
using the etching rate of the semiconductor wafer W from the viewpoint of setting the upper
limit of the voltage stop period Ala, is performed.

[0081] First, the control unit 94 performs the power supply control process while
changing the voltage stop period Ala to a plurality of candidate periods, which are candidates of
the voltage stop period Ala. The control unit 94 receives an etching rate which is input from the
E/R acquiring unit 110. For each candidate period, the control unit 94 calculates an etching rate
reduction ratio indicating the degree of the variation of the etching rate. The etching rate
reduction ratio is calculated by using the following equation (2), for example. By calculating the
etching rate reduction ratio with respect to corresponding candidate period, data indicating a

relationship between the etching rate reduction ratios and the candidate periods are created.
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[0082] Etching rate reduction ratio = 100 x (ERO - ER) / ERO -+ (2)

Here, ERO denotes an etching rate of the semiconductor wafer W when the candidate
period (i.e., the voltage stop period Ala) is zero (0), and ER indicates an etching rate of the
semiconductor wafer W when the candidate period (i.e., the voltage stop period Ala) is other
than zero (0).

[0083] Subsequently, based on the data indicating the relationship between the
etching rate reduction ratios and the candidate periods, the control unit 94 selects a candidate
period which allows the etching rate reduction ratio to be equal to or less than a preset tolerance
value, and corrects the voltage stop period Ala to the selected candidate period.

[0084] As stated above, in the plasma etching apparatus 1 according to the exemplary
embodiment, the second calibration process, in which the voltage stop period Ala is corrected to
the candidate period that allows the etching rate reduction ratio to be equal or less than the
preset tolerance value, is performed. Accordingly, it is possible to set the upper limit of the
voltage stop period Ala such that the degree of the reduction of the etching rate is suppressed.
As a result, it is possible to maintain a required etching rate while suppressing the electric
discharge in the upper electrode 34.

[0085] Furthermore, the exemplary embodiment has been described for the case
where the control unit 94 performs the second calibration process, it is also possible for a user of
the plasma etching apparatus 1 to perform a part of or the whole of the second calibration
process.

[0086] FIG. 8A is a diagram illustrating an example of experimental results indicating a
relationship between a plurality of candidate periods as candidates of the voltage stop period

Ala and etching rate reduction ratios corresponding to the candidate periods. In FIG. 8A, “Film
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type” indicates a target film on the semiconductor wafer W to be etched. “Poly” indicates a
polysilicon film, and “Ox” indicates an SiO, film. Further, “ON time” indicates the period Al (usec)
during which the high frequency power is supplied to the lower electrode 16. Further, “Delay
time” indicates the plurality of candidate periods (usec) as candidates of the voltage stop period
Ala, and “Voltage stop period ratio” indicates a ratio (%) of the voltage stop period Ala with
respect to the period Al. Further, “E/R” indicates the etching rate (nm/min) of the
semiconductor wafer W. Furthermore, “E/R reduction ratio” indicates the etching rate reduction
ratio (%) corresponding to the candidate period.

[0087] Further, in FIG. 8A, as processing conditions, the frequencies of the first high
frequency power and the second high frequency power are set to be 10 kHz, and the duty ratios
of the first high frequency power and the second high frequency power are set to be 60%.

[0088] FIG. 8B is a diagram for describing a relationship between the voltage stop
period ratio and the etching rate shown in FIG. 8A, and FIG. 8C is a diagram for describing a
relationship between the voltage stop period ratio and the etching rate reduction ratio shown in
FIG. 8A. In each of FIG. 8B and FIG. 8C, a horizontal axis represents a voltage stop period ratio
(%). Further, in FIG. 8B, a left vertical axis indicates the etching rate (nm/min) of the SiO, film on
the semiconductor wafer W, and a right vertical axis indicates the etching rate (nm/min) of the
polysilicon film on the semiconductor wafer W. Furthermore, in FIG. 8C, a left vertical axis
indicates the etching rate reduction ratio (%) of the SiO, film on the semiconductor wafer W, and
a right vertical axis indicates the etching rate reduction ratio (%) of the polysilicon film on the
semiconductor wafer W.

[0089] Furthermore, in FIG. 8B, a graph 601 is a graph of the etching rate of the

polysilicon film on the semiconductor wafer W, and a graph 602 is a graph of the etching rate of

36



the SiO, film on the semiconductor wafer W. Further, in FIG. 8C, a graph 701 is a graph of the
etching rate reduction ratio of the polysilicon film on the semiconductor wafer W, and a graph
702 is a graph of the etching rate reduction ratio of the SiO, film on the semiconductor wafer W.

[0090] As depicted in FIG. 8A and FIG. 8B, when the voltage stop period ratio is zero (0)
(that is, when the voltage stop period Ala is not set), the etching rates of the polysilicon film and
the SiO, film are both maximum, and as the voltage stop period ratio increases from zero (0), the
etching rates of both the polysilicon film and the SiO, film decrease.

[0091] As can be seen from FIG. 8A and FIG. 8C, as the voltage stop period ratio
increases from zero (0), the etching rate reduction ratios of both the polysilicon film and the SiO,
film increase. Furthermore, the etching rate reduction ratios of the polysilicon film and the SiO,
film are almost equal.

[0092] From the experimental results of FIG. 8A to FIG. 8C, it is found out that if the
voltage stop period ratio is equal to or less than 40%, the etching rate reduction ratios of the
polysilicon film and the SiO, film are suppressed to about 6% or less. Therefore, it is desirable
that the voltage stop period ratio, i.e., the ratio of the voltage stop period Ala with respect to the
period Al during which the high frequency power is being supplied to the lower electrode 16 is
equal to or less than 40%. Thus, in the exemplary embodiment, the control unit 94 selects a
candidate period that allows the etching rate reduction ratio to be equal to or less than 6%,
which is the preset tolerance value, and corrects the voltage stop period Ala to the selected
candidate period. Accordingly, it is possible to maintain a required etching rate while
suppressing the electric discharge in the upper electrode 34.

[0093] Now, presence or absence of the electric discharge in case of varying the

second high frequency power in the power supply control process according to the exemplary
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embodiment will be explained. FIG. 9 is a diagram illustrating an example of presence or absence
of the electric discharge when the second high frequency power is varied in the power supply
control process according to the exemplary embodiment. In FIG. 9, “DC On delay 15 ps”
indicates a result of investigating presence or absence of the electric discharge in case of
changing the second high frequency power from 12 kW to 15 kW in the power supply control
process according to the exemplary embodiment. Further, “STD DC power supply” indicate a
result of investigating presence or absence of the electric discharge in case of changing the
second high frequency power from 12 kW to 15 kW in the power supply control process in the
comparative example. Furthermore, in case of “DC On delay 15 us,” the voltage stop period Ala
is set to 15 psec, and in case of “STD DC power supply,” the voltage stop period Ala is not set.

n ou n
X

Further, in both cases of “DC On delay 15 us” and “STD DC power supply, indicates the Vpp
variation ratio exceeds the preset tolerance value of 2.0%, that is, the electric discharge has
occurred. Further, “O” indicates that the Vpp variation ratio is equal to or less than the preset
tolerance value of 2.0%, that is, no electric discharge has occurred.

[0094] Furthermore, in FIG. 9, as other processing conditions, the processing gas of
CsFg / C4F5/ O, / Ar / C4Fg = 85 scem / 88 sccm / 170 sccm / 400 scem / 5 scem is used; a the first
high frequency power from the first high frequency power supply 92 is set to 2000 W;
frequencies of the first high frequency power and the second high frequency power are set to be
in the range from 4 kHz to 10 kHz; duty ratios of the first high frequency power and the second
high frequency powers are set to be in the range from 20% to 60%; DC voltages applied to the

upper electrode 34 is set to be (first DC voltage V1) / (second DC voltage V2) =-500 V /- 1000 V;

and the processing time is set to be 60 sec.
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[0095] As shown in FIG. 9, in case of “DC On delay 15us,” occurrence of the electric
discharge is suppressed, as compared to the case of “STD DC power supply.” That is, as can be
found out from the result of FIG. 9, it is possible to increase the second high frequency power by
setting the voltage stop period Ala in the power supply control process according to the
exemplary embodiment.

[0096] Now, an example flow of the power supply control process performed in the
plasma etching apparatus 1 shown in FIG. 1 will be explained. FIG. 10 is a flowchart for
describing an example flow of the power supply control process according to the exemplary
embodiment.

[0097] As shown in FIG. 10, if it is time for starting the power supply control process
(process S101; Yes), the semiconductor wafer W, for example, is loaded into the processing
vessel 10 to be placed on the lower electrode 16, and the inside of the processing vessel 10 is
evacuated by the vacuum pump of the gas exhaust device 84. Further, the processing gas is
supplied into the processing vessel 10 from the processing gas supply unit 66. Then, the control
unit 94 supplies the first high frequency power for plasma generation to the lower electrode 16
(process S102). Further, the control unit 94 also supplies the second high frequency power for
ion attraction to the lower electrode 16.

[0098] During the voltage stop period Ala within the period Al during which the high
frequency powers are being supplied, the control unit 94 stops the supply of the first DC voltage
V1 and the supply of the second DC voltage V2 to the upper electrode 34 (process S103).

[0099] If the voltage stop period Ala has not elapsed from the beginning of the supply
of the high frequency powers (process S104: No), the control unit 94 returns the process back to

process S103.
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[00100] Meanwhile, if the voltage stop period Ala has elapsed from the beginning of
the supply of the high frequency powers (process S104; Yes), the control unit 94 supplies the first
DC voltage V1 to the upper electrode 34 during the period Alb except the voltage stop period
Ala within the period Al (process S105).

[00101] The control unit 94 stops the supply of the first high frequency power for
plasma generation to the lower electrode 16 (process S106). Further, the control unit 94 also
stops the supply of the second high frequency power for ion attraction to the lower electrode 16.

[00102] The control unit 94 supplies the second DC voltage V2 to the upper electrode 34
for the period A2 during which the supply of the high frequency powers is stopped (process $S107).

[00103] Ifitis not time for finishing the power supply control process (process S108; No),
the control unit 94 returns the process to process $102, and if it is time for finishing the power
supply control process (process S108; Yes), the control unit 94 finishes the power supply control
process.

[00104] Now, an example flow of the first calibration process performed in the plasma
etching apparatus 1 shown in FIG. 1 will be explained. FIG. 11 is a flowchart for describing an
example flow of the first calibration process according to the exemplary embodiment. Further,
the first calibration process shown in FIG. 11 is performed by using a dummy wafer instead of the
exemplary semiconductor wafer W prior to starting the power supply control process shown in
FIG. 10, for example.

[00105] As depicted in FIG. 11, if it is time for starting the first calibration process
(process S111; Yes), the control unit 94 sets the voltage stop period Ala to the initial value of the
candidate periods (process S112). Then, the control unit 94 performs the power supply control

process shown in FIG. 10 (process S113).
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[00106] The control unit 94 calculates the Vpp variation ratio (process S114). If it is not
completed to change the voltage stop period Ala to each of the candidate periods (process S115;
No), the control unit 94 changes the voltage stop period Ala to a next candidate period (process
$116), and returns the process back to process S113.

[00107] Meanwhile, if the changing of the voltage stop period Ala to each of the
candidate periods is completed (process S115; Yes), the control unit 94 selects the candidate
period that allows the Vpp variation ratio to be equal to or less than the preset tolerance value,
and corrects the voltage stop period Ala to the selected candidate period (process S117).

[00108] Now, an example flow of the second calibration process performed in the
plasma etching apparatus 1 shown in FIG. 1 will be explained. FIG. 12 is a flowchart for
describing an example flow of the second calibration process according to the exemplary
embodiment. Further, the second calibration process shown in FIG. 12 is performed prior to
starting the power supply control process shown in FIG. 10, for example.

[00109] As depicted in FIG. 12, if it is time for starting the second calibration process
(process S121; Yes), the control unit 94 sets the voltage stop period Ala to the initial value of the
candidate periods (process $122). Then, the control unit 94 performs the power supply control
process shown in FIG. 10 (process S123).

[00110] The control unit 94 calculates the etching rate reduction ratio (process S124). If
it is not completed to change the voltage stop period Ala to each of the candidate periods
(process S125; No), the control unit 94 changes the voltage stop period Ala to a next candidate
period (process S126), and returns the process back to process $123.

[00111] Meanwhile, if the changing of the voltage stop period Ala to each of the

candidate periods is completed (process S125: Yes), the control unit 94 selects the candidate
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period that allows the etching rate reduction ratio to be equal to or less than the preset
tolerance value, and corrects the voltage stop period Ala to the selected candidate period
(process S127).

[00112] Further, a part of or the whole of the second calibration process depicted in FIG.
12 may be performed by a user of the plasma etching apparatus 1.

[00113] As stated above, the plasma etching apparatus 1 according to the exemplary
embodiment performs the power supply control process in which the supply of the high
frequency power and the stop of the supply of this high frequency powers are repeated
alternately; the supply of the first DC voltage V1 and the second DC voltage V2 are stopped
during the voltage stop period Al, which is the preset time period from the beginning of the
supply of the high frequency powers within the period Al while the high frequency powers are
being supplied; the first DC voltage V1 is supplied during the period Alb except the voltage stop
period Ala within the period Al; and the second DC voltage V2 is supplied during the period A2
during which the supply of the high frequency powers is stopped. Accordingly, it is possible to
suppress the electrons from being bounced off the plasma sheath generated on the
semiconductor wafer W, which is accompanied by supplying the high frequency powers to the
lower electrode 16. As a result, according to the plasma etching apparatus 1 of the present
exemplary embodiment, it is possible to suppress the electric discharge in the upper electrode 34.

[00114] Furthermore, in the plasma etching apparatus 1 according to the exemplary
embodiment, the first calibration process, in which the voltage stop period Ala is corrected to
the candidate period which allows the Vpp variation ratio indicating the degree of the variation
of the Vpp value to be equal to or less than the preset tolerance value, is performed. Accordingly,

it is possible to correct the voltage stop period Ala to the appropriate time period when the

42



growth of the plasma sheath on the semiconductor wafer W is completed. Therefore, it is
possible to certainly avoid bouncing of the electrons by the plasma sheath which is growing on
the semiconductor wafer W in the direction approaching the upper electrode 34. As a result, the
electric discharge in the upper electrode 34 can be securely suppressed during the voltage stop
period Ala.

[00115] Moreover, in the plasma etching apparatus 1 according to the exemplary
embodiment, the second calibration process, in which the voltage stop period Ala is corrected to
the candidate period that allows the etching rate reduction ratio to be equal or less than the
preset tolerance value, is performed. Accordingly, it is possible to set the upper limit of the
voltage stop period Ala such that the degree of the reduction of the etching rate is suppressed.
As a result, it is possible to maintain the required etching rate while suppressing the electric
discharge in the upper electrode 34.

From the foregoing, it will be appreciated that various embodiments of the present
disclosure have been described herein for purposes of illustration, and that various modifications
may be made without departing from the scope and spirit of the present disclosure. Accordingly,
the various embodiments disclosed herein are not intended to be limiting, with the true scope

and spirit being indicated by the following claims.

43



WE CLAIM

1. A power supply system, comprising:

a first high frequency power supply configured to supply a first high frequency power for
plasma generation to a lower electrode configured to mount a processing target object thereon;

a DC power supply configured to supply a first negative DC voltage or a second negative
DC voltage having an absolute value larger than that of the first DC voltage to an upper electrode
provided to face the lower electrode;

a control unit configured to perform a power supply control process of repeating a supply
of the first high frequency power and a stop of the supply of the first high frequency power
alternately; stopping a supply of the first DC voltage and a supply of the second DC voltage for a
first period, which is a time period from a beginning of the supply of the first high frequency
power within a period during which the first high frequency power is being supplied; supplying
the first DC voltage for a second period except the first period within the period during which the
first high frequency power is being supplied; and supplying the second DC voltage for a period
during which the supply of the first high frequency power is stopped;

a second high frequency power supply configured to supply a second high frequency
power for ion attraction, which is different from the first high frequency power, to the lower
electrode; and

a Vpp measuring unit configured to measure a Vpp value which is an amplitude value of a
voltage corresponding to the second high frequency power,

wherein the control unit is further configured to perform a first calibration process of

performing the power supply control process while changing the first period to a plurality of
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candidate periods as candidates of the first period; calculating a Vpp variation ratio indicating a
degree of variation of the Vpp value for each of the candidate periods; selecting, among the
candidate periods, a candidate period which allows the Vpp variation ratio to be equal to or less

than a preset tolerance value; and correcting the first period to the selected candidate period.
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2. The power supply system of Claim 1, further comprising:

an etching rate acquiring unit configured to acquire an etching rate of the processing
target objet,

wherein the control unit is further configured to perform a second calibration process of
performing the power supply control process while changing the first period to a plurality of
candidate periods as candidates of the first period; calculating an etching rate reduction ratio
indicating a degree of reduction of the etching rate for each of the candidate periods; selecting a
candidate period which allows the etching rate reduction ratio to be equal to or less than a

predetermined tolerance value; and correcting the first period to the selected candidate period.

3. The power supply system of Claim 1 or 2,

wherein a ratio of the first period with respect to the period during which the first high

frequency power is being supplied is equal to or less than 40%.

4, The power supply system of any one of Claims 1 to 3,

wherein the first period is equal to or longer than 5 usec.
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5. The power supply system of any one of Claims 1 to 4,

wherein the DC power supply comprises:

a first DC power supply unit configured to supply the first DC voltage;

a second DC power supply unit configured to supply the second DC voltage;

a selecting circuit configured to selectively connect the first DC power supply unit and the
second DC power supply unit to the upper electrode; and

a discharging circuit connected to a connection point between the selecting circuit and
the upper electrode via a switching circuit,

wherein the control unit is further configured to, when performing the power supply
control process, control the selecting circuit to disconnect the upper electrode from the first and
second DC power supply units and control the switching circuit to connect the discharging circuit
to the connection point for the first period within the period during which the first high frequency
power is being supplied; and control the selecting circuit to connect the first DC power supply
unit to the upper electrode for the second period; and control the selecting circuit to connect the
second DC power supply unit to the upper electrode for the period during which the supply of the

first high frequency power is stopped.

6. A plasma processing apparatus, comprising:

a processing vessel;

a gas supply unit configured to supply a processing gas into the processing vessel;

a lower electrode which is provided within the processing vessel and configured to mount

a processing target object thereon;
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an upper electrode provided within the processing vessel to face the lower electrode; and

a power supply system,

wherein the power supply system includes:

a first high frequency power supply configured to supply a first high frequency power for
plasma generation to the lower electrode;

a second high frequency power supply configured to supply a second high frequency
power for ion attraction, which is different from the first high frequency power, to the lower
electrode;

a Vpp measuring unit configured to measure a Vpp value which is an amplitude value of a
voltage corresponding to the second high frequency power;

a DC power supply configured to supply a first negative DC voltage or a second negative
DC voltage having an absolute value larger than that of the first DC voltage to the upper
electrode; and

a control unit configured to perform a power supply control process of repeating a supply
of the first high frequency power and a stop of the supply of the first high frequency power
alternately; stopping a supply of the first DC voltage and a supply of the second DC voltage for a
first period, which is a time period from a beginning of the supply of the first high frequency
power within a period during which the first high frequency power is being supplied;, supplying
the first DC voltage for a second period except the first period within the period during which the
first high frequency power is being supplied; and supplying the second DC voltage for a period

during which the supply of the first high frequency power is stopped,
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wherein the control unit is further configured to perform a first calibration process of
performing the power supply control process while changing the first period to a plurality of
candidate periods as candidates of the first period; calculating a Vpp variation ratio indicating a
degree of variation of the Vpp value for each of the candidate periods; selecting, among the
candidate periods, a candidate period which allows the Vpp variation ratio to be equal to or less

than a preset tolerance value; and correcting the first period to the selected candidate period.

7. A power supply control method performed in a power supply system including a
first high frequency power supply configured to supply a first high frequency power for plasma
generation to a lower electrode configured to mount a processing target object thereon; a second
high frequency power supply configured to supply a second high frequency power for ion
attraction, which is different from the first high frequency power, to the lower electrode; and a
DC power supply configured to supply a first negative DC voltage or a second negative DC voltage
having an absolute value larger than that of the first DC voltage to an upper electrode provided to

face the lower electrode, the method comprising:
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performing a power supply control process of repeating a supply of the first high
frequency power and a stop of the supply of the first high frequency power alternately; stopping
a supply of the first DC voltage and a supply of the second DC voltage for a first period, which is a
time period from a beginning of the supply of the first high frequency power within a period
during which the first high frequency power is being supplied; supplying the first DC voltage for a
second period except the first period within the period during which the first high frequency
power is being supplied; and supplying the second DC voltage for a period during which the
supply of the first high frequency power is stopped;

measuring a Vpp value which is an amplitude value of a voltage corresponding to the
second high frequency power for ion attraction; and

performing a first calibration process of performing the power supply control process
while changing the first period to a plurality of candidate periods as candidates of the first period;
calculating a Vpp variation ratio indicating a degree of variation of the Vpp value for each of the
candidate periods; selecting, among the candidate periods, a candidate period which allows the
Vpp variation ratio to be equal to or less than a preset tolerance value; and correcting the first

period to the selected candidate period.
8. The power supply control method of Claim 7, further comprising:

acquiring an etching rate of the processing target object; and

performing a second calibration process of performing the power supply control process
while changing the first period to a plurality of candidate periods as candidates of the first period;
calculating an etching rate reduction ratio indicating a degree of reduction of the etching rate for
each of the candidate periods; selecting a candidate period which allows the etching rate
reduction ratio to be equal to or less than a tolerance value; and correcting the first period to the

selected candidate period.
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