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Solution to Problem 

[0005] According to a first aspect of the present invention, there is 

provided a plasma processing apparatus comprising a chamber, a 

substrate support, a radio frequency power supply, and a bias power 

supply.  The substrate support is disposed in the chamber.  The radio 5 

frequency power supply is configured to supply a source radio frequency 

power to generate plasma from a gas in the chamber.  The bias power 

supply is configured to supply an electric bias having a waveform cycle 

to the substrate support.  The radio frequency power supply is 

configured to determine a first temporal change pattern of a source 10 

frequency of the source radio frequency power in the waveform cycle 

which most suppresses a degree of reflection of the source radio 

frequency power.  The radio frequency power supply determines the first 

temporal change pattern by using respective source frequencies of the 

source radio frequency power at a plurality of first time points in the 15 

waveform cycle and an interpolated source frequency in each of a 

plurality of first division periods, while changing the respective source 

frequency at the plurality of first time points.  The plurality of first 

division periods are divided by the plurality of first time points.  The 

radio frequency power supply is configured to determine a second 20 

temporal change pattern of the source frequency in the waveform cycle 

which most suppresses a degree of reflection of the source radio 

frequency power.  The radio frequency power supply determines the 

second temporal change pattern by using the respective source 

frequencies of the source radio frequency power at a plurality of second 25 

time points in the waveform cycle and an interpolated source frequency 
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in each of a plurality of second division periods, while changing the 

respective source frequency at the plurality of second time points based 

on the first temporal change pattern or a temporal change pattern of the 

source frequency generated from the first temporal change pattern.  The 

plurality of second division periods are divided by the plurality of 5 

second time points.  A number of the plurality of second division periods 

is greater than a number of the plurality of first division periods. 

[0005a] According to a second aspect of the present invention, there is 

provided a power supply system comprising: 

a radio frequency power supply configured to generate a source 10 

radio frequency power used to generate plasma; and

a bias power supply configured to generate an electric bias used 

to attract ions from the plasma, the electric bias having a waveform 

cycle, 

wherein the radio frequency power supply is configured to 15 

determine a first temporal change pattern of a source 

frequency of the source radio frequency power in the waveform cycle 

which most suppresses a degree of reflection of the source radio 

frequency power, by using respective source frequencies of the source 

radio frequency power at a plurality of first time points in the waveform 20 

cycle and an interpolated source frequency in each of a plurality of first 

division periods of the waveform cycle divided by the plurality of first 

time points, while changing the respective source frequency at the 

plurality of first time points, and 

determine a second temporal change pattern of the source 25 

frequency in the waveform cycle which most suppresses a degree of 
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reflection of the source radio frequency power, by using the respective 

source frequencies of the source radio frequency power at a plurality of 

second time points in the waveform cycle and an interpolated source 

frequency in each of a plurality of second division periods of the 

waveform cycle divided by the plurality of second time points, while 5 

changing the respective source frequency at the plurality of second time 

points based on the first temporal change pattern or a temporal change 

pattern of the source frequency generated from the first temporal change 

pattern, and 

a number of the plurality of second division periods is greater 10 

than a number of the plurality of first division periods. 

[0005b] According to a third aspect of the present invention, there is 

provided a  frequency control method comprising: 

supplying a source radio frequency power from a radio 

frequency power supply to generate plasma from gas in a chamber of a 15 

plasma processing apparatus; and

supplying an electric bias having a waveform cycle to a substrate 

support disposed in the chamber, 

wherein the supplying a source radio frequency power includes 

determining a first temporal change pattern of a source 20 

frequency of the source radio frequency power in the waveform cycle 

which most suppresses a degree of reflection of the source radio 

frequency power, by using respective source frequencies of the source 

radio frequency power at a plurality of first time points in the waveform 

cycle and an interpolated source frequency in each of a plurality of first 25 

division periods of the waveform cycle divided by the plurality of first 
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time points, while changing the respective source frequency at the 

plurality of first time points, and 

determining a second temporal change pattern of the 

source frequency in the waveform cycle which most suppresses a degree 

of reflection of the source radio frequency power, by using the respective 5 

source frequencies of the source radio frequency power at a plurality of 

second time points in the waveform cycle and an interpolated source 

frequency in each of a plurality of second division periods of the 

waveform cycle divided by the plurality of second time points, while 

changing the respective source frequency at the plurality of second time 10 

points based on the first temporal change pattern or a temporal change 

pattern of the source frequency generated from the first temporal change 

pattern, and 

a number of the plurality of second division periods is greater 

than a number of the plurality of first division periods. 15 

Advantageous Effects of Invention 

[0006] According to the example embodiment, it is possible to reduce a 

degree of reflection of source radio frequency power. 

Brief Description of Drawings 20 

[0007] FIG. 1 is a diagram for illustrating a configuration example of a 

plasma processing system. 

FIG. 2 is a diagram for illustrating a configuration example of a 

capacitively coupled plasma processing apparatus. 

FIG. 3 is a diagram illustrating a configuration example of a 25 

power supply system in a plasma processing apparatus according to one 
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example embodiment. 

Each of (a) of FIG. 4 and (b) of FIG. 4 is a diagram illustrating an 

example of the waveform of an electric bias. 

FIG. 5 is a diagram for describing an example of an optimization 

process of a temporal change pattern of a source frequency. 5 

FIG. 6 is a diagram for describing an example of an optimization 

process of a temporal change pattern of a source frequency. 

FIG. 7 is a diagram for describing an example of an optimization 

process of a temporal change pattern of a source frequency.


