
DESCRIPTION 

Title of the Invention 

PULSE-MODULATED HIGH-FREQUENCY POWER CONTROL METHOD AND PULSE-
5 MODULATED HIGH-FREQUENCY POWER SOURCE DEVICE 

Field of the Invention 

[0001] 

As a method for controlling RF power to be supplied to 

10 a load, there are known a method for performing a control to 

establish constant forward power outputted from the RF power 

supply device (PF control) and a method for performing a control 

to establish constant load power which is obtained by 

subtracting reflected power from the forward power (PL control). 

15 (Patent documents 1, 2) 

[0002] 

As a method for controlling amplitude of outputted power, 

there are known a continuous power control method for 

controlling power amplitude of continuous power, and a pulse 

20 power control method for changing a duty ratio of a pulse width 

or a pulse. (Patent document 3) 

[0003] 

In controlling the pulse power or the continuous power, 

it is known that, in the case where the reflected power is 

25 increased, the output power is lowered so as to protect the RF 

power supply device. In a peak load power control for 

controlling a peak value of load power, the peak forward power 

is controlled to be variable, when the peak reflected power 

fluctuates. 

30 
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Prior Art documents 

Patent documents 

[0004] 

Patent Document 1: 

5 Japanese Unexamined Patent Application Publication No. 

2007-087908 (See paragraphs 0002 to 0009, 0026, and 0027) 

Patent Document 2: 

Japanese Unexamined Patent Application Publication No. 

2009-111940 (See paragraphs 0002 and 0011) 

10 Patent Document 3: 

Japanese Patent No. 4065820 (See paragraphs 0014 and 0015) 

Disclosure of the Invention 

Problem to be solved by the Invention 

15 [0005] 

In a conventional power control, when the peak forward 

power is changed along with the fluctuation of the reflected 

power, the peak forward power is increased or decreased. 

Fluctuations of the peak forward power may produce problems, 

20 such as rendering output power unstable and affecting a process 

that is carried out in a chamber on the load side. 

[0006] 

By way of example, a matching circuit provided between 

the RF power source and the load matches the impedance variation 

25 caused by the increase or decrease of the peak forward power, 

by a matching operation. On this occasion, a matching point 

fluctuates according to this matching operation of the matching 

circuit. This fluctuation of the matching point destabilizes 

the impedance in a plasma chamber to process the plasma on the 

30 load side, and causes further fluctuations of the reflected 
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power. Consequently, the output power becomes unstable. In 

addition, when the peak forward power fluctuates, plasma density 

and plasma atmosphere within the chamber are varied 

simultaneously, and accordingly, the homogeneity and yield of 

5 a process performed in the chamber may be affected adversely. 

[0007] 

During the operation of the process performed by the 

plasma on the load side, if outputting of the forward power is 

lowered to protect the RF power supply device, in the case where 

10 the peak reflected power is increased in the chamber due to a 

variation of the impedance, there is a problem that lowering 

of the forward power may cause a loss of plasma activation, 

interrupt the process development, and affect a product quality. 

[0008] 

15 At the time of process start on the load side, the reflected 

power is generally apt to become large in the state where the 

plasma has not been ignited yet. Here, a problem is pointed 

out that if the output of the forward power is lowered so as 

to protect the RF power supply device from the increase of the 

20 reflected power, ignition of the plasma may become more 

difficult. 

[0009] 

The patent document 1 describes that there are following 

problems, in the case where the reflected power is increased 

25 while the forward power is controlled to be constant. 

[0010] 

In the case where the forward power is controlled to be 

constant, a peak value of the forward power is controlled to 

be constant. Therefore, if the reflected power is increased, 

30 the amount of the power supplied to the load is lowered, and 
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a plasma state within the chamber is changed, thereby causing 

the load impedance to fluctuate. This fluctuation may cause 

a deviation from the matching state, failing to keep the plasma, 

and accordingly, the plasma disappears. 

5 [0011] 

Furthermore, when the amount of the power supplied to the 

load becomes unstable and the load side impedance fluctuates, 

a target point of the matching also becomes unstable. 

Accordingly, a target position of a variable impedance element 

10 of the matching circuit may also become unstable, and there is 

a possibility that the variable impedance element causes a 

hunting phenomenon. Such hunting phenomenon during the process 

of matching as described above may operate only a part of the 

variable impedance element of the matching circuit, and it may 

15 shorten a lifetime of the variable impedance element. 

[0012] 

Therefore, in a conventional power control, when the 

output power such as forward power and load power is controlled, 

the output power is increased or decreased in accordance with 

20 the fluctuations of the reflected power. Therefore, power 

amplitude of the output power becomes unstable, causing problems 

such as fluctuations of the plasma state within the chamber. 

[0013] 

An object of the present invention is to solve such 

25 conventional problems as described above by controlling the 

power amplitude (peak power) of the output power to be constant 

against the power variation in a pulse power control, so as to 

avoid an effect on the load due to the fluctuations of the power 

amplitude of the output power. 

30 [0014] 

4 



Another object of the present invention is to control 

stably the power amplitude of the output power, thereby 

stabilizing the plasma density and plasma atmosphere on the load 

side, and enhancing both the process homogeneity obtained by 

5 the plasma treatment and a product quality obtained by the 

process. 

[0015] 

Furthermore, another object of the present invention is 

to suppress average reflected power against the increase of 

10 reflected power, so as to protect the power supply device, and 

simultaneously maintain the power amplitude of the forward power 

(peak forward power), thereby eliminating unnecessary matching 

operation of the matching circuit and stabilizing the plasma 

load. 

15 [0016] 

Another object of the present invention is to facilitate 

generation of plasma within the chamber at the time of process 

start at the load. 

20 Means to Solve the Problems 

[0017] 

The present invention is directed to a power control 

including; an output amplitude control which performs a constant 

power control so that the power amplitude of output power becomes 

25 equal to a set value, and a duty control for controlling a duty 

ratio of pulse power so that an amount corresponding to an amount 

of the output power becomes equal to a set value, thereby 

establishing a stable control over the power amplitude of the 

output power and protecting the power supply device against the 

30 increase of reflected power. 
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[0018] 

The present invention includes an aspect of a pulse 

modulated RF power control method and an aspect of a pulse 

modulated RF power supply device, and both or each of the aspects 

5 of the invention commonly incorporates an output amplitude 

control which performs a constant power control over the power 

amplitude of the output power, and a duty control for controlling, 

by use of the duty ratio of pulse power, an amount corresponding 

to an amount of the output power, thereby implementing a stable 

10 control over the power amplitude of the output power and 

protection of the power supply device against the increase of 

reflected power. 

[0019] 

A pulse modulated RF power control method according to 

15 the present invention is a method for controlling RF power, which 

controls the RF power to be supplied to a load. The RF output, 

which is outputted to the load according to the control method 

of the present invention, is a pulse output. A continuous output 

is a RF power which is outputted continuously in time wise, 

20 whereas the pulse output is a RF power which is outputted 

intermittently in time wise. The pulse output being 

intermittent in time wise is provided with two time periods 

alternately? a time period when peak power is supplied to the 

load (ON period), and a time period when power smaller than the 

25 peak power is supplied to the load (OFF period). In here, the 

time period when the peak power is supplied to the load is assumed 

as ON period, and the time period when power smaller than the 

peak power is supplied to the load is assumed as the OFF period. 

The power is supplied in a combination of the ON period and the 

30 OFF period, the combination being assumed as one cycle. 
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[0020] 

FIG. 27 is a diagram for explaining a pulse modulated RF 

control in which a pulse output of RF power is supplied to a 

load. In FIG. 27A, the RF power is supplied intermittently in 

5 time wise, in which Tcyc is assumed as one cycle. The one cycle 

(Tcyc) is provided with ON period (Ton) and OFF period (Toff). 

The pulse modulated RF power control controls a power to he 

supplied to a load by taking control of a ratio of ON period 

and OFF period (duty ratio) in which a RF power is supplied in 

10 ON period and a FR power is regulated in OFF period. 

[0021] 

FIG. 27A and FIG. 27B illustrate a same output sate. 

FIG. 27B shows a simplified change state of a RF power 

in ON period. 

15 Each figure in the following description simplifies an 

output state of a RF power in the same way as FIG. 27B. 

[0022] 

It is assumed that the OFF period in the present invention 

includes a time period for supplying power smaller than the peak 

20 power, in addition to the time period when the peak power is 

not supplied to the load. Furthermore, in the present invention, 

it is assumed that the term "peak" of the peak power indicates 

maximum power amplitude. By way of example, the "peak forward 

power" represents forward power having the maximum amplitude 

25 value, among the forward power that travels from the RF power 

source to the load. On the other hand, the forward power whose 

amplitude value has not reached the maximum amplitude is simply 

denoted as "forward power". 

[0023] 

30 The pulse modulated RF power control method of the present 
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invention includes an output amplitude control step for 

controlling amplitude of a pulse output, and a duty control step 

for controlling a duty ratio of the pulse output. 

[0024] 

The output amplitude control step controls an amplitude 

value of the pulse output and performs a constant amplitude 

control so that an amplitude value becomes equal to a set 

amplitude value. For example, the constant amplitude control 

according to the output amplitude control gives a feedback of 

the amplitude value of the pulse output, which is outputted by 

the power control, obtains a difference value between the 

feedback value and a set amplitude value, and controls the 

amplitude value of the pulse output so that the difference value 

becomes zero. The output amplitude control can be implemented 

by the PWM (pulse width modulation) control. For example, 

duration of the ON period is adjusted to form a pulse control 

signal based on the difference value, and then, inputted DC power 

is subjected to switching by the pulse control signal being 

formed, thereby controlling the amplitude value of the pulse 

output. 

[0025] 

A duty control step controls the duty ratio of the pulse 

output, and performs the constant power control so that a power 

amount determined by the duty ratio becomes equal to a set power 

value. 

[0026] 

Here, the power amount to be subjected to the constant 

power control by the duty control step may be, for instance, 

an average power value of the peak forward power, or an average 

power value of peak load power which is obtained from the peak 
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forward power and peak reflected power. Here, the peak 

reflected power corresponds to the maximum amplitude of the 

reflected power which returns to the RF power source side from 

the load, and the peak load power corresponds to the maximum 

5 amplitude of the load power which is supplied to the load. 

[0027] 

Both the average power value of the peak forward power 

and the average power value of the peak load power correspond 

to an average power value of the power which is supplied from 

10 the RF power source side to the load side. 

[0028] 

The constant power control in the duty control step is 

to control the power amount supplied from the RF power source 

to the load side so that the power amount becomes equal to a 

15 set power value, and it is kept constant independently of the 

temporal fluctuations. The power amount is not limited to the 

average power value of the peak forward power or the peak load 

power, taken as an example in the description above, but a media 

value or a most-frequent value of the peak forward power or the 

20 peak load power may also be applicable, which are values 

constantly representing the amount of the power. 

[0029] 

The pulse modulated RF power control method according to 

the present invention performs the output amplitude control step 

25 and the duty control step independently, and performs pulse 

modulation of the RF power, whereby the both controls are 

operated without interfering with each other. Accordingly, for 

example, it is possible to operate the controls so that the peak 

forward power becomes constant, and simultaneously the average 

30 forward power also becomes constant. 
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[0030] 

The output amplitude control step and the duty control 

step may also perform the controls, assuming the voltage and 

current supplied to the load as control targets of the pulse 

output, in addition to the power supplied to the load. 

[0031] 

In the pulse modulated RF power control method according 

to the present invention, the duty control step further includes 

a step for setting the OFF-time in which a RF power is not 

outputted to zero by controlling the duty ratio so as to switch 

the pulse output to a continuous output. This control makes the 

power amount of the pulse output to become equal to an amplitude 

value of the pulse output. 

[0032] 

The pulse modulated RF power control method of the present 

invention may include two modes? a mode for performing a control 

assuming the peak forward power as a control target, and a mode 

for performing a control assuming average load power as the 

control target. 

[0033] 

In the duty control step, in the mode for performing the 

control assuming the peak forward power as the control target, 

the control target of the pulse output is directed to the peak 

forward power. In the output amplitude control step, the 

constant amplitude control is performed so that an amplitude 

value of the peak forward power becomes equal to a set amplitude 

value. In the duty control step, the constant power control 

is performed so that an average power value of the peak forward 

power determined by the duty ratio becomes equal to a set power 

value, and accordingly, the peak forward power is controlled. 
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[0034] 

The duty control step includes a pulse output control for 

producing discontinuous output, and a continuous output control 

for rendering the pulse output to be a continuous output. 

5 [0035] 

In the pulse output control, the ON period is set to be 

less than 100% in the duty ratio which is determined by the ON 

period and OFF period in one cycle of a pulse output, and an 

average power value of the peak forward power is controlled to 

10 become smaller than an amplitude value of the peak forward power, 

so that the pulse output is rendered to be a discontinuous 

output. 

[0036] 

In the continuous output control, the OFF period is set 

15 to be 0% and the ON period is set to be 100% in the duty ratio 

which is determined by the ON period and OFF period within one 

cycle of the pulse output, so that the pulse output is rendered 

to be a continuous output. 

This control makes the average power value of the peak 

20 forward wave power is controlled to become equal to the amplitude 

value of the peak forward wave power. 

[0037] 

In the duty control step, in the mode for performing the 

controlling assuming the average load power as a control target, 

25 a control target of the pulse output is directed to the peak 

forward power in the output amplitude control step, and a control 

target of the pulse output is directed to the average load power 

in the duty control step. The output amplitude control step 

performs the constant amplitude control so that the amplitude 

30 value of the peak forward power becomes constant, and the duty 
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control step performs the constant power control so that an 

average power value of the peak load power, obtained from the 

peak forward power and peak reflected power determined by the 

duty ratio, becomes equal to a set power value, and accordingly, 

the average load power is controlled. 

[0038] 

In the duty control according to the present invention, 

the duty ratio of the pulse output is increased or decreased, 

on the basis of a feedback value which is obtained by the constant 

power control in the output amplitude control step. 

[0039] 

In the control for increasing or decreasing the duty ratio, 

the duty control step gives a feedback of the peak reflected 

power value, and when the peak reflected power is increased, 

the proportion of the ON period in the duty ratio is reduced, 

so as to suppress the increase of the average reflected power. 

[0040] 

In the control for increasing or decreasing the duty ratio, 

the duty control step gives a feedback of the peak reflected 

power value, and when the peak reflected power is increased, 

the proportion of the ON period in the duty ratio is enlarged, 

so as to control the average load power to be constant. 

[0041] 

In the load power control, upon the fluctuation of the 

peak reflected power, if the peak forward power is controlled 

to perform the peak load power control, there is a possibility 

that the plasma density on the load side may fluctuate and it 

may bring about instability due to the fluctuation of the peak 

forward power. On the other hand, if the proportion of the ON 

period of the duty ratio is adjusted to control the average load 
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power to become a constant value, it is possible to stabilize 

an output of the peak forward power. 

[0042] 

In the case where RF power is controlled by the continuous 

5 output control, if an amplitude value of the peak reflected power 

is excessive, a pulse modulated RF power control method 

according to the present invention can be applied, thereby 

suppressing the increase of the average reflected power. 

[0043] 

10 A control mode to which the pulse modulated RF power 

control can be applied, instead of the continuous output control, 

includes a continuous forward power control mode and a process 

start control mode; the former is a control mode for supplying 

the peak forward power according to a continuous output in a 

15 steady-state, and the latter is a control mode for starting the 

plasma load process by an RF power supply device and igniting 

the plasma. 

[0044] 

In the continuous forward power control mode, a constant 

20 peak forward power is outputted continuously in the steady-state, 

and when the amplitude value of the peak reflected power becomes 

excessive during this continuous outputting, a pulse output 

control is applied by switching from the continuous output 

control, thereby controlling the duty ratio and accordingly 

25 suppressing the increase of the average reflected power. 

[0045] 

On the other hand, in the process start control mode, the 

pulse output control is applied during a stage for increasing 

the peak forward power, and after the peak forward power reaches 

30 a predetermined value, the pulse output control is switched to 
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the continuous output control. When an amplitude value of the 

peak reflected power becomes excessive during the increase of 

the peak forward power, the continuous output control is 

switched to the pulse output control and it is applied, thereby 

5 controlling the duty ratio and accordingly suppressing the 

increase of the average reflected power. 

[0046] 

In the control mode for supplying the peak forward power 

in the steady-state (continuous forward power control mode), 

10 there is a possibility that the impedance within the chamber 

is changed due to a variation of gas pressure or ion reactions 

during the process, and the reflected power is increased 

temporarily. In the situation where the reflected power is 

increased as described above, if the output power is lowered 

15 as conventional manner, the plasma within the chamber becomes 

unstable due to combined movement of the matching operations 

of the matching circuit. 

[0047] 

On the other hand, in the present invention, the 

20 proportion of the ON period of the pulse duty ratio is assumed 

as 100%, and the average forward power and the peak forward power 

are made to match, so as to establish the continuous forward 

power control mode. Under such condition, if an amplitude value 

of the peak reflected power is excessive, the proportion of the 

25 ON period of the duty ratio is reduced from 100%, and the 

continuous output control is switched to the pulse output 

control, thereby suppressing the increase of the average 

reflected power. 

[0048] 

30 With the control as described above, it is possible to 

14 



avoid variation of the peak forward power, enabling 

stabilization of the power supply to the load. 

[0049] 

It is to be noted that in the process start control mode, 

5 there is a tendency that the peak reflected power is increased 

before the ignition of plasma. On this occasion, if the output 

power is lowered as conventionally done, the output voltage 

becomes lower than the voltage necessary for igniting the plasma 

in the chamber, making it difficult to ignite the plasma. 

10 [0050] 

On the other hand, in the process start control mode of 

the present invention, the peak forward power is supplied while 

being increased in the continuous output control, and if an 

amplitude value of the peak reflected power is excessive in the 

15 course of increasing the peak forward power, the proportion of 

the ON period of the duty ratio is reduced from 100% and the 

continuous output control is switched to the pulse output 

control. Then, following after the peak reflected power is 

lowered to an allowable range by igniting the plasma, the peak 

20 forward power is increased, and subsequently, the proportion 

of the ON period of the duty ratio is restored to 100% and the 

pulse output control is switched to the continuous output 

control. Accordingly, it is possible to suppress the increase 

of the average reflected power during the time period when the 

25 peak forward power is increased. 

[0051] 

According to the control as described above, even when 

the peak reflected power is increased, supplying of the peak 

forward power is maintained while suppressing the average 

30 reflected power. Therefore, this facilitates ignition of 
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plasma, and after the ignition of plasma within the chamber, 

the plasma atmosphere becomes normal and the peak reflected 

power is decreased. Accordingly, the proportion of the ON 

period of the duty ratio is restored to 100% by the duty control, 

and the pulse output control is switched to the continuous output 

control. 

[0052] 

It is determined whether the amplitude value of the peak 

reflected power is excessive or not, by comparing a feedback 

value of the peak reflected power with a set value, for example. 

In addition, it is further possible to make a determination by 

comparing an increase rate of the feedback value of the peak 

reflected power with a set value. 

[0053] 

The process start control mode can be executed by the duty 

control, instead of the aforementioned continuous output 

control. 

[0054] 

In the duty control during the process start control mode, 

when an amplitude value of the peak reflected power is excessive, 

the proportion of the ON period of the duty ratio is gradually 

increased, thereby suppressing the increase of the average 

reflected power. 

[0055] 

With the control above, even when the peak reflected power 

is increased, supplying of the peak forward power can be 

maintained while suppressing the average reflected power. 

Therefore, ignition of plasma is enabled, and after the ignition 

of the plasma within the chamber, the plasma atmosphere becomes 

normal, then reducing the peak reflected power. Consequently, 
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the proportion of the ON period of the duty ratio is changed 

to 100% by the duty control, and the duty control is switched 

to the continuous output control. 

[0056] 

5 In the duty control of the pulse modulated RF power control 

according to the present invention, one cycle of the pulse output 

includes ON period and OFF period, and there are two power 

control modes according to the power level in each of the time 

periods. 

10 [0057] 

One of the power control modes is ON/OFF power control 

where a power value of the pulse output during the OFF period 

is assumed as zero, and a power value of the pulse output during 

the ON period is assumed as a set power value, in the duty control. 

15 The other power control mode is HIGH/LOW power control where 

a power value of the pulse output during the OFF period is assumed 

as a predetermined power value which is defined between zero 

and a set power value, and a power value of the pulse output 

during the ON period is assumed as the set power value. 

20 [0058] 

The HIGH/LOW power control sets the power level of the 

pulse during the LOW period to be equal to or higher than the 

predetermined value, thereby avoiding the state that the plasma 

during the OFF period disappears. 

25 [0059] 

In the pulse modulated RF power control of the present 

invention, more than one control mode can be applied as the duty 

control. 

[0060] 

30 One of the control modes as the duty control is the PWM 
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(puis© width modulation) control which uses aconstant frequency, 

and it controls a ratio of duration between the ON period 

duration and the ON period duration, while keeping the frequency 

constant. The other control mode of the duty control is the 

PFM (pulse frequency modulation) control which uses constant 

ON period duration or constant OFF period duration, and it 

controls the frequency of the pulse output by varying the OFF 

period duration, while keeping the ON period duration constant, 

or by varying the duration of the ON period, while keeping the 

duration of the OFF period constant. 

[0061] 

The PWM amplitude control performed by the output 

amplitude control is to control an amplitude value of the pulse 

output by switching the input DC power, and the PWM control 

performed by the duty control is to control the average forward 

power while keeping the amplitude value controlled by the output 

amplitude control. Control targets of those controls are 

different from each other, and they do not interfere to each 

other, thereby allowing independent controls, respectively. 

Accordingly, even when the peak reflected power is increased, 

it is possible to control the average forward power without 

lowering the amplitude value of the peak forward power. 

[0062] 

Next, one aspect of the pulse modulated RF power supply 

device according to the present invention will be explained. 

[0063] 

The pulse modulated RF power supply device of the present 

invention is to supply RF power to a load, and includes an RF 

output part for outputting an RF output of a pulse output, an 

output amplitude control part for controlling amplitude of the 
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pulse output, and a duty control part for controlling a duty 

ratio of the pulse output. 

[0064] 

The output amplitude control part controls an amplitude 

5 value of the pulse output, and performs the constant amplitude 

control so that the amplitude value becomes equal to a set 

amplitude value. The duty control part controls the duty ratio 

of the pulse output, and performs the constant power control 

so that a power amount determined by the duty ratio becomes equal 

10 to a set power value. The output amplitude control part and 

the duty control part respectively control the RF output part 

independently, thereby performing pulse modulation of the RF 

power. 

[0065] 

15 The pulse modulated RF power supply device of the present 

invention has the configuration including the output amplitude 

control part and the duty control part as described above, and 

this configuration allows implementation of each of the control 

elements incorporated in the pulse modulated RF power control 

20 as discussed above. 

[0066] 

It is to be noted that the control elements of the pulse 

modulated RF power control, which are implemented by the pulse 

modulated RF power supply device, are the same as those already 

25 described above, and therefore tedious explanations will not 

given here. 

[0067] 

Hardware for implementing each of the control elements 

of the pulse modulated RF power control may constitute the output 

30 amplitude control part and the duty control part. In addition. 
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a CPU, programs for implementing each of the control elements, 

a memory for storing calculation results, and the like, may also 

constitute those control parts. 

[0068] 

The output amplitude control part may incorporate, for 

example, an error detector for obtaining a difference between 

the set amplitude value (amplitude command value) and an 

amplitude value of the pulse output which is a feedback from 

the RF output part, and a PWM controller for performing the PWM 

control based on a difference value detected by the error 

detector, as to the pulse signals from an oscillator. 

[0069] 

The duty control part may incorporate, for example, an 

error detector for obtaining a difference value between the set 

power value (average power command value) and an average value 

of the feedback from the RF output part, and a duty ratio modifier 

which modifies the duty ratio of the pulse signal based on a 

difference value detected by the error detector, as to the pulse 

signals from the oscillator. 

[0070] 

The RF output part performs pulse modulation of DC power 

and outputs RF power. The RF output part performs the constant 

amplitude control of the DC power based on control signals from 

the output amplitude control part, and performs pulse modulation 

so that an amplitude value becomes equal to the set amplitude 

value. Subsequently, the RF control part controls the duty 

ratio of the pulse output which is subjected to the constant 

amplitude control by the output amplitude control part, based 

on the control signal from the duty control part, and performs 

the constant power control so that the amount of pulse output 
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power becomes equal to the set power value. 

[0071] 

The RF output part is provided with an amplifier which 

performs the constant amplitude control over DC power based on 

5 the control signal from the output amplitude control part and 

outputs a pulse output, and a switching circuit for performing 

the constant power control over the pulse output from the output 

amplitude control part, based on the control signal from the 

duty control part. In addition, the RF output part is further 

10 provided with a detector for detecting the pulse output 

subjected to the pulse modulation in the duty control part, and 

gives a feedback of the pulse output to the output amplitude 

control part and the duty control part. The detector provided 

in the RF output part not only detects the power of the pulse 

15 output, but also detects voltage and current, allowing any of 

such detected values to be used as a feedback value. 

[0072] 

The RF output part supplies the pulse output to a load. 

In supplying the pulse output, a matching box is provided between 

20 the RF output part and the load, so as to carry out impedance 

matching. 

[0073] 

According to an aspect of the present invention, the power 

amplitude of the output power is stably controlled, thereby 

25 stabilizing plasma density and plasma atmosphere on the load 

side, and enhancing both the process homogeneity obtained by 

the plasma treatment and a product quality obtained by the 

process. 

[0074] 

30 According to an aspect of the present invention, the 
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average reflected power is suppressed against the increase of 

the reflected power, so as to protect the power supply device, 

while the power amplitude (peak forward power) of the forward 

power is maintained, thereby eliminating the need for 

unrequisite matching operations of the matching box, and 

stabilizing the plasma load. 

[0075] 

Furthermore, according to an aspect of the present 

invention, generation of plasma within the chamber is 

facilitated at the time of process start on the load side. 

Effect of the Invention 

[0076] 

As described above, according to the pulse modulated RF 

power control method and the pulse modulated RF power supply 

device of the present invention, it is possible to control the 

power amplitude (peak power) of the output power to be constant 

against the power fluctuations in the pulse power control, 

thereby avoiding effects on the load, which is caused by the 

fluctuation of the power amplitude of the output power. 

Brief Description of the Drawings 

[0077] 

FIG. 1 is a diagram for explaining a schematic 

configuration of a pulse modulated RF power supply device 

according to the present invention. 

FIG. 2 is a diagram for explaining a duty control according 

to the present invention. 

FIG. 3 is a diagram for explaining the duty control 

according to the present invention. 
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FIG. 4 illustrates control modes of the duty control 

according to the present invention. 

FIG. 5 is a diagram for explaining a detailed 

configuration example of the pulse modulated RF power supply 

5 device according to the present invention. 

FIG. 6 is a diagram for explaining a configuration example 

in the case where forward power is assumed as a control target 

in a first embodiment of the present invention. 

FIG. 7 is a flowchart for explaining an operation example 

10 of the duty control in the case where forward power is assumed 

as a control target in the first embodiment of the present 

invention. 

FIG. 8 illustrates signal diagrams for explaining an 

operation example of the duty control in the case where forward 

15 power is assumed as a control target in the first embodiment 

of the present invention. 

FIG. 9 is a diagram for explaining a configuration example 

of the control by reflected power in a second embodiment of the 

present invention. 

20 FIG. 10 is a flowchart for explaining an operation example 

at the time when reflected power is increased in the second 

embodiment of the present invention. 

FIG. 11 illustrates signal diagrams for explaining an 

operation example at the time when reflected power is increased 

25 in the second embodiment of the present invention. 

FIG. 12 illustrates a signal diagram for explaining an 

operation example at the time when reflected power is increased 

in the second embodiment of the present invention. 

FIG. 13 is a diagram for explaining a configuration 

30 example of a load power control in a third embodiment of the 
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present invention. 

FIG. 14 is a flowchart for explaining an operation example 

of the load power control in the third embodiment of the present 

invention. 

5 FIG. 15 illustrates signal diagrams for explaining an 

operation example of the load power control in the third 

embodiment of the present invention. 

FIG. 16 illustrates signal diagrams for explaining a 

conventional operation example of the load power control in the 

10 third embodiment of the present invention. 

FIG. 17 is a diagram for explaining a configuration 

example to apply the duty control to a continuous forward power 

control mode in a fourth embodiment of the present invention. 

FIG. 18 is a flowchart for explaining a control operation 

15 example to apply the duty control to the continuous forward power 

control mode in the fourth embodiment of the present invention. 

FIG. 19 illustrates signal diagrams for explaining a 

control operation example to apply the duty control to the 

continuous forward power control mode in the fourth embodiment 

20 of the present invention. 

FIG. 20 illustrates signal diagrams for explaining a 

conventional control operation example of the continuous 

forward power control mode in the fourth embodiment of the 

present invention. 

25 FIG. 21 is a diagram for explaining a configuration 

example in the case where the duty control is applied to the 

continuous forward power control mode to increase the peak 

forward power in a fifth embodiment of the present invention. 

FIG. 22 is a flowchart for explaining a control operation 

30 example in the case where the duty control is applied to the 
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continuous forward power control mode to increase the peak 

forward power in the fifth embodiment of the present invention. 

FIG. 23 illustrates signal diagrams for explaining a 

control operation example in the case where the duty control 

5 is applied to the continuous forward power control mode to 

increase the peak forward power in the fifth embodiment of the 

present invention. 

FIG. 24 illustrates signal diagrams for explaining a 

conventional control operation example in the case where the 

10 peak forward power is increased in the continuous forward power 

control mode in the fifth embodiment of the present invention. 

FIG. 25 is a flowchart for explaining the control 

operation example to increase the peak forward power at the 

timing such as a process start in the duty control in a sixth 

15 embodiment of the present invention. 

FIG. 26 illustrates signal diagrams for explaining the 

control operation example to increase the peak forward power 

at the timing such as the process start in the duty control in 

the sixth embodiment of the present invention. 

20 FIG. 27 is a diagram for explaining a pulse output of RF 

power performed by a pulse modulated RF power control. 

Description of Reference Numerals 

[0078] 

25 1 pulse modulated RF power supply device 

1A pulse modulated RF power supply device 

IB pulse modulated RF power supply device 

1C pulse modulated RF power supply device 

ID pulse modulated RF power supply device 

30 IE pulse modulated RF power supply device 
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2 output amplitude control part 

2A peak forward power control part 

2B peak forward power control part 

2C peak forward power control part 

5 2D peak forward power control part 

2E peak forward power control part 

2a error detector 

2b oscillator 

2c control circuit 

10 3 duty control part 

3A average forward power control part 

3B average forward power control part 

3C average load power control part 

3D average forward power control part 

15 3E average forward power control part 

3a error detector 

3b oscillator 

3c duty ratio change circuit 

4 RF output part 

20 4A RF output part 

4B RF output part 

4C RF output part 

4D RF output part 

4E RF output part 

25 4a switching circuit 

4b smoothing circuit 

4c switching circuit 

4d power detector 

4d0 RF output circuit 

30 4dl directional coupler 
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4d2 forward power detecting part 

4d3 reflected power detecting part 

5 matching circuit 

6 load 

5 7 average processing circuit 

7A average processing part 

7B average processing part 

7C average processing part 

7D average processing part 

10 7E average processing part 

7cl, 7c2 average processing part 

8D duty control part 

8E duty control part 

Pp peak forward power 

15 PFAV average forward power 

Piow forward power low level 

PL peak load power 

PLAV average reflected power 

PLAVO average load power command value 

20 PR peak reflected power 

PRAV average reflected power 

TCyc cycle 

Thigh HIGH duration 

Tiow LOW duration 

25 OFF duration 

Ton ON duration 

Description of the Preferred Embodiments 

[0079] 

30 Hereinafter, with reference to the accompanying drawings, 
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preferred embodiments of the present invention will be explained 

in detail. 

[0080] 

With reference to FIG. 1 to FIG. 5, a basic configuration 

of the pulse modulated RF power supply device of the present 

invention and the pulse modulated RF power control method of 

the present invention will be explained; with reference to FIG. 

6 to FIG. 8, an explanation will be made as to an example where 

forward power is taken as a control target; with reference to 

FIG. 9 to FIG. 12, an explanation will be made as to an example 

of a processing when the peak reflected power is increased; with 

reference to FIG. 13 to FIG. 16, an explanation will be made 

as to the case where a load of the pulse output is controlled 

by the pulse peak load power control; with reference to FIG. 

17 to FIG. 20, an explanation will be made as to the case where 

the duty control is applied to the continuous forward power 

control mode; with reference to FIG. 21 to FIG. 24, an 

explanation will be made as to the case where the duty control 

is applied to the continuous forward power control mode to 

increase the peak forward power at a timing such as a process 

start; with reference to FIG. 25 and FIG. 26, an explanation 

will be made as to the case where the peak forward power at the 

timing such as the process start is increased in the duty 

control. 

[0081] 

[Basic configuration of the pulse modulated RF power control] 

Firstly, with reference to FIG. 1, an explanation will 

be made as to a schematic configuration of the pulse modulated 

RF power supply device according to the present invention. 

[0082] 
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The pulse modulated RF power supply device 1 incorporates 

an output amplitude control part 2 for controlling amplitude 

of a pulse output, a duty control part 3 for controlling a duty 

ratio of the pulse output, and an RF output part 4 for outputting 

5 an RF output of the pulse output, and the RF output part 4 outputs 

the RF output to a load 6. The load 6 may be a plasma load, 

which is generated within a chamber, for instance. 

[0083] 

A matching circuit 5 may be connected between the RF output 

10 part 4 and the load 6, so as to match impedance therebetween. 

[0084] 

The RF output part 4 performs pulse modulation of DC power 

and generates an RF output. The DC power can be obtained from 

a DC power source, or the DC power is obtained by subjecting 

15 AC power to AC/DC conversion. The power is transferred 

bi-directionally between the RF output part 4 and the load 6. 

Forward power is supplied from the RF output part 4 to the load 

6, and reflected power is returned from the load 6 to the RF 

output part 4. According to a difference between the forward 

20 power and the reflected power, load power directing from the 

RF output part 4 to the load 6 is supplied. In here, maximum 

amplitude of the forward power is referred to as "peak forward 

power" , and maximum amplitude of the reflected power is referred 

to as "peak reflected power". 

25 [0085] 

The pulse modulation is performed according to an 

amplitude control of the pulse output by the output amplitude 

control part 2 and according to a power amount control by the 

duty control part 3. 

30 [0086] 
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The output amplitude control part 2 inputs a set amplitude 

value as a command value, inputs an amplitude value of the pulse 

output as a feedback value, and performs a constant amplitude 

control so that the amplitude value becomes equal to the set 

5 amplitude value. A power value, a voltage value, or a current 

value may be assumed as the amplitude value of the pulse output, 

and a detector provided within the RF output part 4, or a detector 

provided between the RF output part 4 and the load 6 is able 

to detect this amplitude value. In the constant amplitude 

10 control of the output amplitude control part 2, an amplitude 

value (peak value) of the pulse output is controlled to become 

equal to the set value. 

[0087] 

The duty control part 3 inputs a set value as a command 

15 value and inputs a pulse output value as a feedback value. Then, 

the duty control part controls the duty ratio so that the pulse 

output value becomes equal to the set value, and performs a 

constant value control so that a value defined by the duty ratio 

becomes equal to the set value. The pulse output value may be 

20 represented by a power value, a voltage value, or a current 

value. 

[0088] 

It is possible to assume that an amount corresponding to 

the power value of the pulse output is an average forward power, 

25 for instance. In this case, an average output power command 

value is used as the set value. The constant power control by 

the duty control part 3 is to perform control so that the power 

amount becomes equal to the average output power command value 

constantly, without depending on temporal fluctuations, as to 

30 the power supplied from the RF power source side to the load 
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side. This value is not limited to an average power value of 

the peak forward power or peak load power, but another value 

constantly representing a power amount may be applicable, such 

as a media value or a most frequent value of the peak forward 

5 power or the peak load power. 

[0089] 

The output amplitude control part 2 and the duty control 

part 3 of the present invention control the RF output part 4, 

independently, so as to perform the pulse modulation of the RF 

10 power. 

[0090] 

It is to be noted that in FIG. 1, the output amplitude 

control part 2 and the duty control part 3 are illustrated as 

separate elements for ease of explanation, but they may be 

15 configured as one control part. Furthermore, the RF output part 

4 is illustrated as an individual element, but it may be 

configured as one circuit together with the combined control 

part incorporating the output amplitude control part 2 and the 

duty control part 3. 

20 [0091] 

It is to be noted that each control part and the RF output 

part may be a hardware configuration, or a software 

configuration incorporating a CPU, a memory, and the like, which 

store programs to allow the CPU to execute each signal, and 

25 computational processing results. 

[0092] 

[Duty control] 

With reference to FIG. 2 and FIG, 3, a duty control 

according to the duty control part 3 will be explained. 

30 [0093] 
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In the duty control, a duty ratio of a pulse output is 

changed, thereby performing pulse modulation of an output power 

value. In here, an explanation will be made taking forward power 

as an example. In the pulse modulated RF power control according 

to the present invention, the output amplitude control part 2 

performs a control so that the maximum amplitude value (peak 

value) of the peak forward power PF becomes equal to a set value. 

While the peak forward power is maintained to be the set value, 

the duty ratio is controlled so that the average forward power 

PFAV becomes equal to a set power value. 

[0094] 

One cycle of the pulse power is provided with ON period 

and OFF period, and there are two power control modes depending 

on the power level in each of the periods. 

[0095] 

One power control mode is ON/OFF power control in the duty 

control, in which a power value of the pulse output is assumed 

as zero during the OFF period, and a power value of the pulse 

output during the ON period is assumed as a set power value. 

FIG. 2 illustrates this ON/OFF power control. In FIG. 2, one 

cycle Tcyc includes ON duration Ton which is a period for 

outputting the peak forward power, and OFF duration T0ff which 

is a period when there is no power output, and the duty ratio 

is determined based on Ton and Toff. For example, the duty ratio 

is represented by ON duty D0n, which is a ratio of ON duration 

Ton to one cycle Tcyc. 

Don ~ Ton / (Ton + ) 

TCyC = Ton T0ff 

[0096] 

The average forward power PPAV can be expressed by the 
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following formula, by using ON duty Don. 

PFAV = PF X Don 

[00973 

Therefore, by changing ON duty Don# it is possible to 

5 perform a control so as to allow the average forward power PFAV 

to be a predetermined power value. 

[0098] 

In this duty control, when the duty ratio is controlled 

so that the average forward power PFAv becomes equal to the set 

10 power value, there is a possibility that the average forward 

power PPAV is made to droop. For example, increase of reflected 

power (FIG. 2B) or increase of the reflected voltage or current 

may be a factor which causes drooping of the average forward 

power PFAV • 

15 [0099] 

As shown in FIG. 2A, it is controlled so that ON duty Don 

is lowered, thereby reducing the average forward power PFAV/ 

against the factor to cause the drooping of the average forward 

power PFAV* 

20 [0100] 

Another power control mode is HIGH/LOW power control in 

the duty control, in which a power value of the pulse output 

during the OFF period is assumed as a predetermined power value 

defined in a duration between and equal to zero and a set power 

25 value and a power value of the pulse output during the ON period 

is assumed as the set power value. 

[0101] 

FIG. 3 illustrates the HIGH/LOW power control. In FIG. 

3, one cycle TCyC includes HIGH duration Thigh which is a period 

30 for outputting the peak forward power, and LOW duration Tiow which 
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is a period for allowing the power output to be the forward power 

low level Plow/ being lower than the peak forward power. The 

duty ratio is determined based on Thigh and Tiow. For example, 

the duty ratio can be represented by the ratio of the HIGH 

duration Thigh to one cycle Tcyc» for instance. The average 

forward power PFAV is determined by this duty ratio, the peak 

forward power PF, and the forward power low level Plow 

[01023 

The HIGH/LOW power control sets a power level of a pulse 

during the LOW-period to be equal to or higher than a 

predetermined value, thereby avoiding the state that the plasma 

disappears during the LOW-period. 

[0103] 

Next, with reference to FIG. 4, control modes of the duty 

control will be explained. 

[0104] 

One control mode of the duty control is the PWM control 

which keeps the frequency constant. FIG. 4A is a diagram to 

explain the PWM control. 

[0105] 

The frequency is kept constant. In FIG. 4A to FIG. 4C, 

the cycle Tcyc is kept constant. The ratio of time duration 

between the ON period duration Ton and the OFF period duration 

T0ff is controlled. FIG. 4A to FIG. 4C are illustrated in an 

ascending order of the ratio of the time duration Ton. 

[0106] 

Another control mode of the duty control is the PFM control 

which keeps the ON-duration or OFF-duration constant. 

[0107] 

FIG. 4D to FIG. 4F illustrate examples of the PFM control 

34 



which keeps the time duration of ON period constant, and varies 

the time duration of OFF period, those examples being 

illustrated in an ascending order of the OFF period time duration 

T0ff • 

5 [0108] 

FIG. 4G to FIG. 41 illustrate examples of the PFM control 

which keeps the time duration of OFF period constant, and varies 

the time duration of ON period, those examples being illustrated 

in an ascending order of the ON period time duration Ton* 

10 [0109] 

[Configuration example of pulse modulated RF power supply 

device] 

Next, with reference to FIG. 5, an explanation will be 

made as to a more detailed configuration example of the pulse 

15 modulated RF power supply device 1. 

[0110] 

The RF output part 4 is provided with a circuit part for 

performing the PWM control over an amplitude value of DC input 

power based on a control signal from the output amplitude control 

20 part 2, and a circuit part for controlling a duty ratio of a 

pulse output based on a control signal from the duty control 

part 3. 

[0111] 

For example, the circuit part for operating the PWM 

25 control may incorporate a switching circuit 4a for changing an 

amplitude value of the DC input power, and a smoothing circuit 

4b for removing a noise component from the DC power whose 

amplitude value has been controlled by the switching circuit 

4a. 

30 [0112] 
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As the DC input power, it is possible to employ DC input 

power obtained from a DC power source, and in addition, DC power 

which has been converted from AC power obtained from an AC power 

source via an AC/DC converter is also applicable. 

5 [0113] 

The circuit part for controlling the duty ratio may 

incorporate a switching circuit 4c which uses as the pulse output, 

the DC power subjected to the amplitude control by the 

aforementioned circuit part, and controls the duty ratio of the 

10 pulse output so that the power amount becomes equal to a set 

power value. 

[0114] 

The RF output part 4 may incorporate a detection circuit 

for detecting a feedback value which is given as a feedback to 

15 the output amplitude control part 2 and the duty control part 

3. It is to be noted that this detection circuit may be provided 

outside the RF output part 4. 

[0115] 

FIG. 5 shows as a detector, a power detector 4d for 

20 detecting peak forward power. The power detector 4d selects 

and detects the peak forward power by a directional coupler not 

illustrated. The peak forward power being detected is given 

as a feedback to the output amplitude control part 2, and 

simultaneously average forward power, which has been obtained 

25 by average processing in the average processing circuit 7, is 

given as a feedback to the duty control part 3. 

[0116] 

The output amplitude control part 2 may incorporate an 

error detector 2a, an oscillator 2b, and a PWM control circuit 

30 2c, for instance. The error detector 2a inputs a set amplitude 
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value as a command value, simultaneously inputs the peak forward 

power being a feedback from the RF output part 4 as a pulse output 

amplitude value of the feedback value, and detects a difference 

value between the pulse output amplitude value and the set 

5 amplitude value. 

[0117] 

The PWM control circuit 2c assumes the difference value 

detected by the error detector 2a as a control signal, and 

performs the PWM control over the pulse signal from the 

10 oscillator 2b. According to the PWM control, the PWM control 

2c forms another control signal for performing the control to 

achieve that the amplitude value becomes equal to the set 

amplitude value. 

[0118] 

15 The switching circuit 4a of the RF output part 4 controls 

the amplitude value of DC power, based on the control signal 

from the PWM circuit 2c. 

[0119] 

The duty control part 3 may incorporate an error detector 

20 3a, an oscillator 3b, and a duty ratio change circuit 3c, for 

instance. 

[0120] 

The error detector 3a inputs a set power value as a command 

value, simultaneously inputs as a power value of a feedback, 

25 average forward power which is given as a feedback from the RF 

output part 4 and having been subjected to the average processing 

in the average processing circuit 7, and detects a difference 

value between the power value given as a feedback and the set 

power value. 

30 [0121] 
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The duty ratio change circuit 3c assumes the difference 

value detected by the error detector 3a as a control signal, 

and changes the duty ratio of the pulse signal from the 

oscillator 3b. With the change of the duty ratio, the duty ratio 

change circuit 3c forms a control signal for performing the 

control to achieve that the power value becomes equal to the 

set power value. 

[0122] 

The switching circuit 4c of the RF output part 4 controls 

the duty ratio of the pulse output, based on the control signal 

from the duty ratio change circuit 3c. 

[0123] 

[First embodiment: Configuration and control when forward 

power is assumed as a control target] 

Next, as a first embodiment of the present invention, a 

configuration and control operations will be explained with 

reference to FIG. 6 to FIG. 8, as to the case where forward power 

is assumed as a control target. 

[0124] 

FIG. 6 is a diagram for explaining a configuration example 

in the case where the forward power is assumed as the control 

target. In FIG. 6, a configuration of the pulse modulated RF 

power supply device 1A is almost the same as the configuration 

as shown in FIG. 1, incorporating a peak forward power control 

part 2A as the output amplitude control part 2 for controlling 

amplitude of a pulse output, an average forward power control 

part 3A as the duty control part 3 for controlling a duty ratio 

of the pulse output, and an RF output part 4A as the RF output 

part 4 for outputting an RF output of the pulse output. The 

RF output part 4A outputs the RF output to a load. 
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[0125] 

The peak forward power control part 2A inputs a peak 

forward power command value as an amplitude command value, 

inputs the peak traveling wave feedback value as an amplitude 

5 value of the pulse output, and performs a constant amplitude 

control over the RF output circuit 4d0 of the RF output part 

4A so that the amplitude value of the peak forward power becomes 

equal to the peak forward power command value. 

[0126] 

10 The average forward power control part 3A inputs an 

average forward power command value as a power command value, 

inputs the average traveling wave feedback value as a power value 

of the pulse output, and performs the duty control over the RF 

output circuit 4d0 of the RF output part 4A, so that the power 

15 value of the average forward power becomes equal to the average 

forward power command value. In this duty control, when the 

duty ratio is controlled so that the average forward power 

feedback value becomes equal to the average forward power 

command value, if a drooping factor arises which makes the 

20 average forward power to droop (e.g., increase of reflected 

power, reflected voltage, current, and the like), ON duty Don 

is controlled to be lowered, thereby reducing the average 

forward power. 

[0127] 

25 The directional coupler 4dl provided in the RF output part 

4A separates the forward power, thereby allowing the forward 

power detector 4d2 to detect a peak traveling wave feedback value. 

The peak forward power control part 2A inputs this peak traveling 

wave feedback value. 

30 [0128] 
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The average processing part 7A subjects the peak traveling 

wave feedback value to the average processing, so as to obtain 

average forward power. The average forward power control part 

3A inputs this average forward power as a feedback value. 

5 [0129] 

FIG. 7 and FIG. 8 are a flowchart and a signal diagram, 

respectively, for explaining an operation example of the duty 

control using the forward power as a control target. 

[0130] 

10 The forward power detecting part 4d2 detects the peak 

forward power (SI), an average value of the peak forward power 

being detected is obtained in the average processing part 7A, 

and the average forward power being obtained is inputted into 

the average forward power control part 3A (S2). 

15 [0131] 

The average forward power control part 3A obtains a 

difference between the average forward power being inputted and 

the average forward power command value (S3). As to the 

difference being obtained, if the average forward power is 

20 smaller than the average forward power command value (S4), ON 

duty Don is set to be a larger value (S5), and when the average 

forward power is larger than the average forward power command 

value. On duty Don is set to be a smaller value (S6). 

[0132] 

25 When the average forward power matches the average forward 

power command value, the value of ON duty Don is kept the same 

without any change (S7). 

[0133] 

In the signal diagrams shown in FIG. 8, FIG. 8A illustrates 

30 the peak forward power PF, FIG. 8B illustrates the average 
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forward power PFAV, and FIG. 8C illustrates the duty ratio (ON 

duty Don). 

[0134] 

When the feedback value of the average forward power 

5 (indicated by the solid line in FIG. 8B) becomes lower than the 

average forward power command value (indicated by the broken 

line in FIG. 8B) (time point A in FIG 8B), ON duty Don is made 

larger (time point A in FIG. 8C). When ON duty Don becomes large, 

the ratio of ON period of the peak forward power PF is also 

10 enlarged (time point A in FIG. 8A), and accordingly, the average 

forward power is increased. 

[0135] 

When the feedback value of the average forward power 

(indicated by the solid line in FIG. 8B) is increased and reaches 

15 the average forward power command value (indicated by the broken 

line in FIG. 8B) (time point B in FIG. 8B), the ON duty Don is 

restored (time point B in FIG. 8C). By restoring the ON duty 

Don# the ratio of the ON period of the peak forward power PP is 

restored (time point B in FIG. 8A). 

20 [0136] 

When the feedback value of the average forward power 

(indicated by the solid line in FIG. 8B) rises higher than the 

average forward power command value (indicated by the broken 

line in FIG. 8 B) (time point C in FIG. 8B), ON duty Don is reduced 

25 (point C in FIG. 8 C). When ON duty Don is reduced, the ratio 

of the ON period of the peak forward power Pp becomes smaller 

(time point C in FIG. 8A), and accordingly, the average forward 

power is decreased. 

[0137] 

30 When the feedback value (indicated by the solid line in 
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FIG. 8B) of the average forward power is decreased, and the 

feedback value reaches the average forward power command value 

(indicated by the broken line in FIG. 8B) (time point D in FIG. 

8B), ON duty Don is restored (time point D in FIG. 8C) . When 

ON duty Don is restored, the ratio of the ON period of the peak 

forward power PP is also restored (time point D in FIG. 8A) . 

[0138] 

[Second embodiment: Control example when peak reflected power 

is increased] 

Next, as a second embodiment of the present invention, 

a control of the forward power will be explained with reference 

to FIG. 9 to FIG. 12, as to the case where the peak reflected 

power is increased. 

[0139] 

In FIG. 9, a configuration of the pulse modulated RF power 

supply device IB is almost the same as the configuration as shown 

in FIG. 6, incorporating a peak forward power control part 2B 

for controlling an amplitude of a pulse output, an average 

forward power control part 3B for controlling a duty ratio of 

the pulse output, an RF output part 4B for outputting an RF output 

of the pulse output, and an average processing part 7B. The 

RF output part 4B is provided with an RF output circuit 4d0, 

a forward power detecting part 4d2, a reflected power detecting 

part 4d3 for detecting peak reflected power, and a directional 

coupler 4dl for achieving separation between the peak forward 

power and the peak reflected power to retrieve the power 

respectively. 

[0140] 

The constitutional elements except the reflected power 

detecting part 4d3 are almost the same as the configuration of 
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the pulse modulated RF power supply device 1A as shown in FIG. 

6. Therefore, mainly the reflected power detecting part 4d3 

will be explained hereinafter. 

[0141] 

5 The directional coupler 4dl achieves separation between 

the peak forward power and the peak reflected power, inputs the 

peak forward power in the forward power detecting part 4d2, and 

inputs the peak reflected power in the reflected power detecting 

part 4d3. 

10 [0142] 

The reflected power detecting part 4d3 transmits the peak 

reflected power value being detected to the average forward 

power control part 3B. The average forward power control part 

3B uses the peak reflected power value being transmitted to 

15 adjust the duty control. Such duty control adjustment is 

carried out for protecting the power source by suppressing the 

average reflected power, when the peak reflected power is 

increased, for instance. In this duty control adjustment, the 

peak forward power Pp is controlled to be constant. Therefore, 

20 a matching operation of the matching circuit becomes stable, 

thereby stabilizing the power injection into the chamber. 

[0143] 

FIG. 10, 11, and 12 are a flowchart and signal diagrams 

for explaining operation examples of the duty control in the 

25 case where the reflected power is increased. 

[0144] 

In the duty control (Sll), the reflected power detecting 

part 4d3 detects the reflected power. When the reflected power 

is increased (SI2), the duty ratio obtained in the duty control 

30 by the average forward power control part 3B is reduced (S13), 
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and average reflected power PRAV is suppressed (S14). 

[0X45] 

If suppression of the average reflected power PRAV is 

insufficient (S15), the duty ratio is further reduced in the 

step S13. After the average reflected power PRAV is sufficiently 

suppressed (S15), the reduced duty ratio is restored (S16). 

[0146J 

The signal diagrams as shown in FIG. 11 illustrate that 

the average reflected power is suppressed, in the case where 

the peak reflected power is increased while the duty control 

is being performed. 

[0147] 

FIG. 11A illustrates the peak reflected power PR and the 

average reflected power PRAV# FIG. 11B illustrates the duty ratio 

(ON duty Don) # and FIG. 11C illustrates the peak forward power 

Pp and the average forward power PPAv. 

[0148] 

When the peak reflected power PR (indicated by a solid 

line in FIG. 11A) is increased (time point E in FIG. 11A), ON 

duty Don is reduced (time point E in FIG. 11B) . By reducing ON 

duty Don# the ratio of the ON period of the peak forward power 

Pp is made smaller (time point E in FIG. 11B), the average forward 

power PPAV is decreased (time point E in FIG. 11C), and 

accordingly, the average reflected power PRAV is also decreased 

(time point E in FIG. 11A). 

[0149] 

When the feedback value of the peak reflected power is 

decreased (time point F in FIG. 11A), ON duty Don is restored 

(time point F in FIG. 11B) . By restoring ON duty Don# the ratio 

of the ON period of the peak forward power PF is restored (time 
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point F in FIG. 11B), the average forward power PFAV is also 

restored (time point F in FIG. 11C), and then, the average 

reflected power PRAV is restored (time point F in FIG. 11A). 

[0150] 

5 FIG. 12 illustrates a signal diagram for explaining the 

relationship between the increase or decrease of the duty ratio 

(On duty Don) and the increase or decrease of the average forward 

power PFAV- FIG. 12 shows the case where the cycle (Tcyc) is kept 

constant, and the ON-duration Ton is shortened and the 

10 OFF-duration T0ff is expanded, thereby reducing ON duty Don. By 

shortening the period of the ON-duration Ton and expanding the 

period of the OFF-duration T0ff, the power amount of the forward 

power is decreased, which is supplied in the direction of load 

within one cycle, and accordingly, the average forward power 

15 PFAV is decreased. 

[0151] 

[Third embodiment: Configuration and control of load power 

control] 

Next, as a third embodiment of the present invention, a 

20 configuration of the load power control and control operations 

thereof will be explained with reference to FIG. 13 to FIG. 16. 

[0152] 

The load power is obtained by subtracting reflected power 

from forward power, and the load power control controls average 

25 load power which is substantially supplied from the pulse 

modulated RF power supply device to the load, thereby 

stabilizing the peak forward power output. 

[0153] 

The load power control assumes the peak forward power as 

30 a control target as to the pulse output in the output amplitude 
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control, assumes the average load power as a control target as 

to the pulse output in the duty control step. The output 

amplitude control performs constant amplitude control so that 

an amplitude value of the peak forward power becomes constant. 

5 The duty control controls the average load power, by performing 

the constant power control so that an average power value of 

the peak load power becomes equal to a set power value, the 

average power value being obtained from the peak forward power 

and the peak reflected power determined by the duty ratio 

10 according to the duty control. 

10154] 

In FIG. 13, a configuration of the pulse modulated RF power 

supply device 1C has almost the same configuration as shown in 

FIG. 9, incorporating a peak forward power control part 2C for 

15 controlling an amplitude of the peak forward power, an average 

load power control part 3C for controlling the duty ratio of 

a pulse output, an RF output part 40 for outputting an RF output 

of the pulse output, and an average processing parts 7cl and 

7c2. The RF output part 4C incorporates an RF output circuit 

20 4d0, a forward power detecting part 4d2 for detecting the peak 

forward power, a reflected power detecting part 4d3 for 

detecting the peak reflected power, and a directional coupler 

4dl for achieving separation between the peak forward power and 

the peak reflected power to retrieve the power respectively. 

25 [0155] 

The average processing part 7cl obtains average forward 

power from the peak forward power detected by the forward power 

detecting part 4d2, and the average processing part 7c2 obtains 

average reflected power from the reflected power detected by 

30 the reflected power detecting part 4d3. 
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[0156] 

The constitutional elements except the average load power 

control part 3C for performing the duty control over the average 

load power, and the average processing part 7c2 for obtaining 

5 average reflected power from the reflected power are the same 

as the configuration of the pulse modulated RF power supply 

device IB as shown in FIG. 9 . Therefore, mainly the duty control 

operations of the average load power will be explained 

hereinafter. 

10 [0157] 

The directional coupler 4dl achieves separation between 

the peak forward power and the peak reflected power, inputs the 

peak forward power in the forward power detecting part 4d2, and 

inputs the peak reflected power in the reflected power detecting 

15 part 4d3. 

[0158] 

The forward power detecting part 4d2 transmits the peak 

forward power value being detected to the peak forward power 

control part 2C, and simultaneously transmits the peak forward 

20 power value being detected to the average processing part 7cl. 

The average processing part 7cl transmits average forward power 

being obtained to the average load power control part 3C. In 

addition, the reflected wave detecting part 4d3 transmits the 

peak reflected power value being detected to the average 

25 processing part 7c2, and the average processing part 7c2 

transmits average reflected power to the average load power 

control part 3C. 

[0159] 

The average load power control part 3C is provided with 

30 an average load power detecting part (not illustrated) for 
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subtracting the average reflected power value from the average 

forward power value to obtain an average load power value, and 

the obtained average load power value, being a feedback value, 

is compared with the average load power command value, and the 

5 duty control is performed so that the average load power value 

becomes equal to the average load power command value. 

[0160] 

It is to be noted that the average load power detecting 

part is not limited to such configuration as being incorporated 

10 in the average power control part 3C. The average load power 

detecting power may be configured in a circuit, for example the 

average processing part 7cl or 7c2, or it may be configured as 

a self-contained circuit. 

[0161] 

15 The average load power control part 3C uses the peak 

reflected power value transmitted from the reflected power 

detecting part 4d3 to adjust the duty control. The adjustment 

of the duty control is performed, for example, to suppress the 

average load power when the peak reflected power is increased, 

20 and by suppressing the average load power, the peak forward power 

is suppressed, thereby enabling a protection of the power supply 

device. In this duty control adjustment, the peak forward power 

Pp is controlled to be constant. Therefore, a matching 

operation of the matching circuit becomes stable, thereby 

25 stabilizing the power injection into the chamber. 

[0162] 

FIG. 14, 15, and 16 are a flowchart and signal diagrams 

for explaining operation examples of the load power control in 

the case where the peak reflected power is increased. 

30 [0163] 
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In the load power control, the duty control is performed 

so that the average load power becomes equal to an average load 

power command value. 

[0164] 

5 Average forward power PFAV is obtained in the average 

processing part 7cl (S21), and average reflected power PRAV is 

obtained in the average processing part 7c2 (S22). The average 

load power detecting part calculates a difference between the 

obtained average forward power PFAV and average reflected power 

10 PRAV to obtain average load power PLAV according the following 

formula (S23): 

PLAV = PFAV " PRAV 

[0165] 

The average load power control part 3C obtains a 

15 difference between the average load power PLAV being obtained 

and the average load power command value PLAVO (S24), modifies 

the duty value based on this difference value, and performs 

control so that the difference becomes zero (S26). 

[0166] 

20 By performing the duty control so that the difference 

between the average load power PLAV and the average load power 

command value PLAVO becomes zero, it is possible to control the 

average load power PLAV to become equal to the set value without 

changing the amplitude value of the peak forward power (S25) . 

25 [0167] 

During the operation of the duty control, the reflected 

power which is detected by the reflected power detecting part 

4d3 is obtained so as to monitor the increase of the reflected 

power. If the reflected power is increased (S27), the duty ratio 

30 obtained by the duty control of the average load power control 
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part 3C (ON duty Don) is raised (S28), and the average forward 

power PPAV is also raised (S29). Accordingly, the average load 

power PLAV is suppressed and kept constant (S30), thereby 

stabilizing the output of the peak forward power PF. 

5 [0168] 

If the peak reflected power is decreased (S31), the duty 

ratio having been raised is restored (S32), and a normal duty 

control is performed. 

[0169] 

10 The signal diagrams as shown in FIG. 15 illustrate that 

the average load power is suppressed, when the peak reflected 

power is increased while the duty control is being performed. 

[0170] 

FIG. 15A illustrates the peak reflected power PR and the 

15 average reflected power PRAV/ FIG. 15B illustrates the duty ratio 

(ON duty D0n), FIG. 15C illustrates the peak forward power PP 

and the average forward power PFAV, and FIG. 15D illustrates the 

peak load power PL and the average load power PLAV-

[0171] 

20 When the peak reflected power PR (indicated by a solid 

line in FIG. 15A) is increased during the duty control, the 

average reflected power PRAV is also increased (between the time 

points G and H in FIG. 15A), whereas the peak load power PL and 

the average load power PLAV are decreased (between the time points 

25 G and H in FIG. 15D). 

[0172] 

Upon detecting the increase of the peak reflected power 

PR, the average load power control part 3C raises the ON duty 

D0n (time point H in FIG. 15B). By raising the ON duty Don» the 

30 average forward power PFAV is increased (time point H in FIG. 
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15C), and then, the average load power PLAV is increased, thereby 

being restored (time point H in FIG. 15D). 

[0173] 

Afterwards, when the increase of the peak reflected power 

5 is canceled and then restored, the average reflected power PRAV 

is also lowered and restored (time point I in FIG. 15A). 

[0174] 

When the average load power control part 3C detects the 

resumption of the peak reflected power PR, it reduces the ON 

10 duty Don for restoration (time point I in FIG. 15B). By lowering 

the ON duty Donr the average forward power PPAv is decreased and 

restored (time point I in FIG, 15C) . Since the average forward 

power PFAV is restored, it is possible to maintain the peak load 

power PL and the average load power PLAV to be in the original 

15 state in the normal duty control (time point I in FIG. 15D). 

[0175] 

FIG. 16 illustrates operation examples of a conventional 

pulse peak load control. In the pulse peak load control, when 

the peak reflected power fluctuates, the peak forward power is 

20 controlled so as to control the peak load power. 

[0176] 

By way of example, when the peak reflected power PR is 

increased (time point J in FIG. 16A), the peak forward power 

PF is controlled to increase (time point J in FIG. 16B). The 

25 peak forward power PP is controlled to increase so that the peak 

load power PL may be kept constant (time point J in FIG. 16C). 

[0177] 

When the increase of the peak reflected power PR is 

canceled (time point K in FIG. 16A), the peak forward power PF 

30 is controlled to be reduced and restored (time point K in FIG. 
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16B) . 

[0178] 

In this pulse peak load control, the peak forward power 

fluctuates. Therefore, supplying of the peak forward power to 

5 the load also fluctuates, and this may cause a fluctuation of 

plasma density at the load, thereby incurring instability. 

[0179] 

On the other hand, according to the duty control of the 

present invention, it is possible to control the average load 

10 power while keeping the peak forward power constant, and avoid 

an unstable operation due to the fluctuation of the peak forward 

power. 

[0180] 

[Fourth embodiment: Configuration and control in the case where 

15 duty control is applied to continuous forward power control 

mode] 

Next, as a fourth embodiment of the present invention, 

a configuration and control operation will be explained with 

reference to FIG. 17 to FIG. 20, as to the case where the duty 

20 control is applied to the continuous forward power control mode. 

[0181] 

The duty control step of the present invention may include 

a pulse output control for producing discontinuous output, and 

a continuous output control for producing continuous output from 

25 a pulse output. 

[0182] 

In the pulse output control, the ON period is set to be 

less than 100% in the duty ratio which is determined by the ON 

period and OFF period within one cycle of the pulse output, and 

30 the average power value of peak forward power is controlled to 
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become smaller than the peak forward power, so that the pulse 

output is rendered to be a discontinuous output. 

[0183] 

On the other hand, in the continuous output control, the 

5 OFF period is set to be 0% and the ON period is set to be 100% 

in the duty ratio which is determined by the ON period and OFF 

period within one cycle of the pulse output, and the average 

power value of peak forward power is controlled to be equal to 

the peak forward power, so that the pulse output is rendered 

10 to be a continuous output. 

[0184] 

The continuous forward power control mode is a mode for 

performing the continuous output control over the forward power. 

In the continuous forward power control mode, when the forward 

15 power is supplied to the load in a constant state, such as in 

the course of a process, if the impedance of the load is changed 

in such a case that the impedance within the chamber is changed 

due to a factor including a gas pressure variation and ion 

reactions within the chamber, there is a possibility that the 

20 reflected power is increased temporarily. 

[0185] 

The present invention applies the duty control to the 

continuous forward power control mode as described above, and 

even when the peak reflected power is increased, the average 

25 reflected power is suppressed without changing the peak forward 

power, unlike a conventional control, thereby supplying the 

power to the load in a stable manner. 

[01863 

FIG. 17 illustrates a configuration example when the duty 

30 control is applied to the continuous forward power control mode. 
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[0187] 

In FIG. 17, the configuration of the pulse modulated RF 

power supply device ID is almost the same as the configuration 

as shown in FIG. 9, incorporating a peak forward power control 

5 part 2D for controlling an amplitude of peak forward power, an 

average forward power control part 3D for controlling a duty 

ratio of a pulse output, an RF output part 4D for outputting 

an RF output of the pulse output, and an average processing part 

7D, and the configuration is further provided with a duty control 

10 part 8D for controlling a duty ratio of the duty control which 

is performed by the average forward power control part 3D. 

[0188] 

The RF output part 4D incorporates an RF output circuit 

4d0, a forward power detecting part 4d2 for detecting peak 

15 forward power, a reflected power detecting part 4d3 for 

detecting peak reflected power, and a directional coupler 4dl 

for achieving separation between the peak forward power and the 

peak reflected power to retrieve the power respectively. 

[0189] 

20 The average processing part 7D obtains average forward 

power based on the peak forward power being detected by the 

forward power detecting part 4d2, and gives the average forward 

power being obtained as a feedback to the average forward power 

control part 3D. 

25 [0190] 

The constitutional elements except the average traveling 

wave control part 3D for performing the duty control over the 

average forward power, and the duty control part 8D, are almost 

the same as the configuration of the pulse modulated RF power 

30 supply device IB as shown in FIG. 9. Therefore, mainly the 
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continuous output control and the duty control operations of 

the average forward power control part 3D will be explained 

hereinafter. 

[0191] 

5 The directional coupler 4dl achieves separation between 

the peak forward power and the peak reflected power, inputs the 

peak forward power in the forward power detecting part 4d2, and 

inputs the peak reflected power in the reflected power detecting 

part 4d3. 

10 [0192] 

The forward power detecting part 4d2 transmits the peak 

forward power value being detected to the peak forward power 

control part 2D, and simultaneously transmits the peak forward 

power being detected to the average processing part 7D. The 

15 average processing part 7D transmits the average forward power 

being obtained to the average forward power control part 3D. 

The reflected power detecting part 4d3 transmits the peak 

reflected power value being detected to the duty control part 

8D, and the duty control part 8D changes the duty ratio of the 

20 duty control which is performed in the average forward power 

control part 3D, in response to the fluctuation of the reflected 

power. 

[0193] 

The average forward power control part 3D compares the 

25 average forward power from the average processing part 7D as 

a feedback value, with the average forward power command value, 

and performs the duty control so that the average forward power 

value becomes equal to the average forward power command value. 

[0194] 

30 In the average forward power control part 3D, in a normal 
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state, a continuous output control is performed setting the duty 

ratio (ON duty Don) to 100%. Then, the duty control is adjusted 

according to the control signal transmitted from the duty 

control part 8D, and switching is done between the continuous 

output control and the pulse output control. Here, the 

continuous output control is a control mode for setting the duty 

ratio (ON duty Don) to 100% in the duty control, and the pulse 

output control is a control mode for performing the duty control 

at the duty ratio (ON duty Don) being smaller than 100%. 

[0195] 

Such duty control adjustment is carried out when the peak 

reflected power is increased, for instance, by switching the 

duty ratio (ON duty Don) from 100% to a predetermined value 

smaller than 100%. Accordingly, switching is done from the 

continuous output control to the pulse output control, thereby 

suppressing the average reflected power, and the power source 

is protected. In this duty control adjustment, since the peak 

forward power PF is controlled to be constant, a matching 

operation of the matching circuit becomes stable, thereby 

stabilizing the power injection into the chamber. 

[0196] 

FIG. 18, FIG. 19, and FIG. 20 are a flowchart and signal 

diagrams for explaining operation examples of the traveling wave 

control in the case where the peak reflected power is increased 

in the continuous forward power control mode. 

[0197] 

In a normal state, the average forward power control part 

3D performs the continuous output control so that the average 

forward power becomes equal to the average forward power command 

value. 
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[0198] 

In this control state, the duty ratio (ON duty Don) is set 

to be 100% (S41), and the peak forward power is controlled in 

the continuous forward power control mode (S42). 

5 [0199] 

In this continuous forward power control mode, the duty 

control part 8D monitors the peak reflected power which is 

detected by the reflected power detecting part 4d3. Upon 

detecting the increase of the peak reflected power (S43), the 

10 duty control part 8D performs switching from the continuous 

output using the duty ratio (ON duty Don) of 100% to the pulse 

output using the duty ratio (ONdutyDon) being smaller than 100%. 

Accordingly, it is possible to suppress the average reflected 

power, while keeping the state that the output of the peak 

15 forward power PP is stabilized (S44). 

[0200] 

Upon detecting the decrease of the peak reflected power 

(S45), the duty control part 8D restores the duty ratio (ON 

duty Don) to 100%, performs switching from the pulse output to 

20 the continuous output, and resumes the continuous forward power 

control mode according to the continuous output (S46). 

[0201] 

The signal diagrams shown in FIG. 19 illustrate the 

switching between the continuous output and the pulse output. 

25 [0202] 

FIG. 19A illustrates the peak reflected power PR and the 

average reflected power PRAV# FIG. 19B illustrates the duty ratio 

(ON duty Don)# and FIG. 19C illustrates the peak forward power 

PF and the average forward power PFAV« 

30 [0203] 

57 



In the continuous forward power control mode, while the 

continuous output is performed setting the duty ratio (ON duty 

Don) to 100%, if the peak reflected power PR (indicated by the 

solid line in FIG. 19A) is increased, the average reflected power 

5 PRAV (indicated by the broken line in FIG. 19A) is also increased 

(between the time points L and M in FIG. 19A). 

[0204] 

Upon detecting the increase of the peak reflected power 

PR, the duty control part 8D lowers the ON duty Don from 100% 

10 (time point L in FIG. 19B). By lowering the ON duty Don/ the 

average forward power PpAV is decreased (time point L in FIG. 

19C). 

[0205] 

Afterwards, when the increase of the peak reflected power 

15 PR is canceled and it is restored, the duty control part 8D 

detects the decrease of the peak reflected power PRr and restores 

the ON duty Don to 100% (time point M in FIG. 19B) . By resuming 

the continuous control with the ON duty Don being 100%, the 

average forward power PFAv is restored to the original state 

20 (point M in FIG. 19C). 

[0206] 

According to an embodiment of the control of the present 

invention, the continuous output control is carried out setting 

the ON duty Don to 100% in a normal state, and when the peak 

25 reflected power is increased, the ON duty Don is set to be smaller 

than 100% and the pulse output control is performed. 

Consequently, the average forward power is lowered and the 

average reflected power is suppressed. 

[0207] 

30 FIG. 20 illustrates an operation example of a conventional 
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continuous output control. In this continuous output control, 

when the peak reflected power fluctuates, the peak forward power 

is controlled so as to control the average forward power. 

[0208] 

5 For example, when the peak reflected power PR is increased 

(time point O in FIG. 20B), a control is performed in such a 

manner that the peak forward power PF is decreased (time point 

O in FIG. 20A). By decreasing the peak forward power PF, the 

average forward power is suppressed. 

10 [0209] 

When the increase of the peak reflected power PR is 

canceled (time point P in FIG. 20B), a control is performed in 

such a manner that the peak forward power PF is increased and 
t 

restored (time point P in FIG. 20A). 

15 [0210] 

In this continuous output control, since the peak forward 

power fluctuates, supplying of the peak forward power to the 

load also fluctuates, and this may cause variation of plasma 

density at the load with incurring of instability. 

20 [0211] 

On the other hand, according to the control of the present 

invention, it is possible to control the average forward power 

while keeping the peak forward power constant, and avoid 

unstable operations due to the fluctuations of the peak forward 

25 power. 

[0212] 

[Fifth embodiment: Configuration and control in the case where 

duty control is applied to continuous forward power control mode 

to increase peak forward power (FIG. 21 to FIG* 24)] 

30 Next, as a fifth embodiment of the present invention, a 
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configuration and control operations will be explained with 

reference to FIG. 21 to FIG. 24, as to the case where the duty 

control is applied to the continuous forward power control mode 

to increase the peak forward power. 

5 [0213] 

On the occasion of generating plasma in the chamber on 

the load side, there is a tendency that reflected power is 

increased before the ignition of the plasma for starting a 

process of generating the plasma. In the conventional control 

10 method, the forward power is made to droop against the increase 

of the reflected power, thereby reducing an effect on the RF 

output power source side. However, in such control as allowing 

the forward power to droop, there is a problem that the state 

of the voltage within the chamber being lowered than the plasma 

15 ignition voltage may cause a failure of the plasma ignition. 

[0214] 

The present embodiment applies the duty control to the 

continuous forward power control mode, in the same manner as 

the aforementioned embodiment, and even when the peak reflected 

20 power is increased, it is possible to suppress the average 

reflected power without changing the peak forward power, unlike 

the conventional control, and supply the power to the load in 

a stable manner. 

[0215] 

25 A difference between the present embodiment and the 

aforementioned embodiment is as the following; the 

aforementioned embodiment relates to power supplying in a normal 

state for supplying constant peak forward power, whereas the 

present embodiment relates to power supplying which gradually 

30 increases the peak forward power at the time of process start. 
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or the like, 

[02X6] 

FIG. 21 illustrates a configuration example in the case 

where the duty control is applied to the continuous forward power 

5 control mode to increase the peak forward power, and it is 

possible to configure the present example in the same manner 

as the configuration example as shown in FIG, 17, 

[02X7] 

In FIG. 21, the configuration of the pulse modulated RF 

10 power supply device IE incorporates a peak forward power control 

part 2E for controlling amplitude of the peak forward power, 

an average forward power control part 3D for controlling a duty 

ratio of a pulse output, an RF output part 4E for outputting 

the RF output of the pulse output, and an average processing 

15 part 7E, and it is further provided with a duty control part 

8E for controlling the duty ratio of the duty control that is 

performed by the average forward power control part 3E. 

[0218] 

The RF output part 4E incorporates an RF output circuit 

20 4d0, a forward power detecting part 4d2, a reflected power 

detecting part 4d3 for detecting peak reflected power, and a 

directional coupler 4dl for achieving separation between the 

peak forward power and the peak reflected power to retrieve the 

power respectively. 

25 [0219] 

The average processing part 7E obtains average forward 

power from the peak forward power being detected by the forward 

power detecting part 4d2, and gives the average forward power 

being obtained as a feedback to the average forward power control 

30 part 3E. 
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[0220] 

The directional coupler 4dl achieves separation between 

the peak forward power and the peak reflected power, inputs the 

peak forward power in the forward power detecting part 4d2, and 

5 inputs the peak reflected power in the reflected power detecting 

part 4d3. 

[0221] 

The forward power detecting part 4d2 transmits the peak 

forward power value being detected to the peak forward power 

10 control part 2E, and simultaneously transmits the peak forward 

power being detected to the average processing part 7E. The 

average processing part 7E transmits the average forward power 

being obtained to the average forward power control part 3E. 

The reflected power detecting part 4d3 transmits the peak 

15 reflected power value being detected to the duty control part 

8E, and the duty control part 8E changes the duty ratio of the 

duty control which is performed in the average forward power 

control part 3E in response to the fluctuation of the reflected 

power, at the time of the process start. 

20 [0222] 

The average forward power control part 3E compares the 

average forward power value from the average processing part 

7E as a feedback value, with the average forward power command 

value, and performs the duty control so that the average forward 

25 power value becomes equal to the average forward power command 

value. 

[0223] 

In the average forward power control part 3E, at the time 

of process start and in a normal state, the continuous output 

30 control is started setting the duty ratio (ON duty Don) to 100%, 
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and then, the duty control is adjusted according to the control 

signal transmitted from the duty control part 8E, whereby 

switching is done between the continuous output control and the 

pulse output control. Here, the continuous output control is 

5 a control mode for setting the duty ratio (ON duty Don) to 100% 

in the duty control, and the pulse output control is a control 

mode for performing the duty control at the duty ratio (ON duty 

Don) being smaller than 100%. 

[0224] 

10 Such duty control adjustment is carried out when the peak 

reflected power is increased, for instance, by switching the 

duty ratio (ON duty Don) from 100% to a predetermined value 

smaller than 100%. Accordingly, switching is done from the 

continuous output control to the pulse output control and the 

15 average reflected power is suppressed, thereby protecting the 

power source. In this duty control adjustment, since the peak 

forward power PF is controlled to be constant, a matching 

operation of the matching circuit becomes stable, thereby 

stabilizing the power injection into the chamber. 

20 [0225] 

FIG. 22, FIG. 23, and FIG. 24 are a flowchart and signal 

diagrams for explaining operation examples of the traveling wave 

control in the case where the peak reflected power is increased 

at the time of process start in the continuous forward power 

25 control mode. 

[0226] 

The average forward power control part 3E performs the 

continuous output control at the time of process start and in 

a normal state, so that the average forward power is controlled 

30 to become equal to the average forward power command value. In 
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the peak forward power control part 2E, at the time of process 

start, the power is increased from zero to a constant power value 

at a predetermined increase rate, and the process is started 

based on the peak forward power command which achieves the 

5 constant power value in the normal state (S51). 

[0227] 

At the time of process start, the average forward power 

control part 3E sets the duty ratio (ON duty Don) to 100%, and 

performs the control in the continuous forward power control 

10 mode (S52). 

[0228] 

In the continuous forward power control mode, the duty 

control part 8E monitors the peak reflected power which is 

detected by the reflected power detecting part 4d3. Upon 

15 detecting the increase of the peak reflected power (S53), the 

duty control part 8E performs switching from the continuous 

output at the duty ratio (ON duty Don) of 100% to the pulse output 

at the duty ratio (ON duty Don) being smaller than 100%. 

Accordingly, it is possible to suppress the average reflected 

20 power in the state where the output of the peak forward power 

PF is stabilized (S54). 

[0229] 

Upon detecting ignition or acceptable peak reflected 

power (S55), the duty control part 8E restores the duty ratio 

25 (ON duty Don) to 100%, performs switching from the pulse output 

to the continuous output, and resumes the continuous forward 

power control mode according to the continuous output (S56). 

Detection of the ignition can be achieved by detecting a 

fluctuation of the reflected power, for instance. 

30 [0230] 
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The signal diagram as shown in FIG. 23 illustrates the 

switching between the continuous output and the pulse output 

at the time of process start. 

[0231] 

5 FIG. 23A illustrates the peak reflected power PR and the 

average reflected power PRAV# FIG. 23B illustrates the duty ratio 

(ON duty Don) / and FIG. 23C illustrates the peak forward power 

PP and the average forward power PFAV» 

[0232] 

10 In the continuous forward power control mode, the 

continuous output is performed setting the duty ratio (ON duty 

Don) to 100%, and the peak forward power is increased from zero 

toward a predetermined peak forward power value at the start 

of process start (Q in FIG. 23C). At this time of process start, 

15 if the peak reflected power PR (indicated by the solid line in 

FIG. 23A) is increased, the average reflected power PRAV 

(indicated by the broken line is also increased (time point R 

in FIG. 23A). 

[0233] 

20 Upon detecting the increase of the peak reflected power 

PR, the duty control part 8E reduces the ON duty Don from 100% 

(time point R in FIG. 23B) . By reducing the ON duty Don# the 

increase of the average forward power PFAv is suppressed (period 

R - S in FIG. 23C), and accordingly, the increase of the average 

25 reflected power PRAV is also suppressed (period R - S in FIG. 

23A). 

[0234] 

Afterwards, when the increase of the peak reflected power 

PR is canceled and restored, the duty control part 8E detects 

30 the decrease of the peak reflected power PR, and restores the 
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ON duty Don to 100% (time point S in FIG. 23B). By resuming the 

continuous control with the ON duty Don being 100%, the average 

forward power PFAV becomes the normal state (point S in FIG. 23C). 

[0235] 

5 According to an embodiment of the control of the present 

invention, the continuous output control is carried out, setting 

the ON duty Don to 100% at the time of process start, and when 

the peak reflected power is increased, the ON duty Don is set 

to be smaller than 100% to perform the pulse output control, 

10 thereby lowering the average forward power and suppressing the 

average reflected power. 

[0236] 

FIG. 24 illustrates an operation example of a conventional 

continuous output control. In this continuous output control, 

15 when the peak reflected power fluctuates at the time of process 

start, the peak forward power is controlled so as to control 

the average forward power. 

[0237] 

For example, when the peak reflected power PR is increased 

20 (time point T in FIG. 24B), a control is performed so as to lower 

the peak forward power PF (time point T in FIG. 24A) . 

Accordingly, the peak forward power PF is decreased, thereby 

suppressing the average forward power. 

[0238] 

25 In this continuous output control, since the peak forward 

power fluctuates, supplying of the peak forward power to the 

load also fluctuates, and this may cause variation of plasma 

density at the load with incurring of instability. 

[0239] 

30 On the other hand, according to the control of the present 
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invention, it is possible to control the average forward power 

while keeping the peak forward power constant, and avoid 

unstable operations due to the fluctuations of the peak forward 

power. 

5 [0240] 

[Sixth embodiment: Configuration and control in the case where 

peak forward power is increased in duty control] 

Next, as a sixth embodiment of the present invention, a 

configuration and control operations will be explained with 

10 reference to FIG. 25 and FIG. 26, as to the case where the peak 

forward power is increased in the duty control. 

[0241] 

The embodiment described here is a control mode at the 

time of process start, which is similar to the aforementioned 

15 embodiment. In the aforementioned embodiment, the duty control 

is applied to the continuous forward power control mode, and 

when the peak reflected power is increased, the continuous 

output is switched to the pulse output by the duty control. On 

the other hand, the present embodiment is a control mode to 

20 perform the forward power control so that amplitude of the peak 

forward power becomes constant, and simultaneously, initiate 

the process start according to the pulse output, then allowing 

the duty ratio (ON duty D0n) to increase, and in a steady state, 

the duty ratio (ON duty Don) is set to be 100% to do switching 

25 from the pulse output to the continuous output. 

[0242] 

According to this control mode, even when the peak 

reflected power is increased at the time of process start, the 

duty ratio (ON Duty Don) is in the state being smaller than 100%. 

30 Therefore, the average reflected power is suppressed without 
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changing the peak forward power, unlike a conventional control, 

and supplies power to the load in a stable manner. 

[0243] 

Since the configuration of this embodiment may be the same 

5 as the fifth configuration example as shown in FIG. 21, it will 

not be explained tediously. 

[0244] 

FIG. 25 and FIG. 26 are a flowchart and signal diagrams 

for explaining operation examples of the traveling wave control 

10 in the case where the peak forward power is increased at the 

time of process start in the duty control. 

[0245] 

The average forward power control part increases the 

average forward power by the duty control at the time of process 

15 start, and controls the power to become predetermined average 

forward power in a steady state by the duty control. This 

control can be achieved by a control based on a comparison 

between the average forward power command value and a feedback 

value. 

20 [0246] 

In addition, the peak forward power control part subjects 

an amplitude value of the peak forward power to the constant 

amplitude control, based on a peak forward power command value 

having a predetermined size. 

25 [0247] 

At the time of process start (S61), the average forward 

power control part increases the duty ratio (ON duty Don) 

sequentially from zero to 100% (S62, S63). Plasma is ignited 

during these steps. In this embodiment, the duty control is 

30 performed until the average forward power reaches a power amount 
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of the steady state, thereby suppressing the average forward 

power supplied to the load. Accordingly the reflected power 

is also suppressed. 

[0248] 

5 The signal diagram as shown in FIG. 26 illustrates the 

duty control at the time of process start. FIG. 26A illustrates 

the duty ratio (ON duty Don), FIG. 26B illustrates the peak 

reflected power PR and the average reflected power PRAV# and FIG. 

26C illustrates the peak forward power PF and the average forward 

10 power PFAV-

[0249] 

At the time of process start, the duty ratio (ON duty Don) 

is gradually increased from 0% to 100% (FIG. 26A), and the 

average forward power is increased from zero to a predetermined 

15 average forward power value (FIG, 26C). 

[0250] 

At the time of process start, when the peak reflected power 

PR (indicated by the solid line in FIG. 26B) is increased, the 

average reflected power PRAV (indicated by the broken line in 

20 FIG. 26B) is also increased. 

[0251] 

At the time of process start, the average forward power 

PFAV is already suppressed. Therefore, even when a reflected 

wave occurs, it is possible to suppress an effect on the RF power 

25 source, since the average reflected power PRAV is also 

suppressed. 

[0252] 

It is to be noted that the present invention is not limited 

to each of the above embodiments. It is understood that many 

30 modifications are possible in the exemplary embodiments without 
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materially departing from the teachings and advantages of this 

invention. Accordingly, all such modifications are intended 

to be included within the scope of the invention. 

5 Industrial applicability 

[0253] 

The pulse modulated RF power control method and the pulse 

modulated RF power supply device according to the present 

invention may be applied to supplying of RF power to the load, 

10 in a plasma treatment apparatus for performing plasma etching 

and plasma CVD, and the like. 
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What is claimed is: 

1. A pulse modulated RF power control method for 

controlling RF power to be supplied to a load, the load 

5 impedance of which fluctuating in accordance with a 

plasma state, the RF power being a pulse output, the 

RF power being a pulse output which is a RF output 

outputted intermittently in time wise, the RF power 

control performs the pulse modulation of the pulse 

10 output outputted an input DC power intermittently in 

time wise, 

in the method, the pulse modulation comprising, 

an output amplitude control step for controlling 

amplitude of the pulse output, and 

15 a duty control step for controlling a duty ratio 

of the pulse output being amplitude controlled in the 

output amplitude control step, wherein, 

the output amplitude control step performs a 

constant amplitude control to control an amplitude 

20 value of the pulse output so that the amplitude value 

becomes equal to a set amplitude value, 

the duty control step performs a constant power 

control to control the duty ratio of the pulse output 

being constant amplitude controlled in the output 

25 amplitude control step so that a power amount 

determined by the duty ratio becomes equal to a set 

power value, and 

the output amplitude control step and the duty 

control step are operated independently to perform 

30 pulse modulation of the RF power. 

2. The pulse modulated RF power control method, 
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according to claim 1, wherein, 

the output amplitude control step and the duty 

control step use as a control target of the pulse output, 

any one of the followings to be supplied to the load; 

5 power, voltage, and current. 

3. The pulse modulated RF power control method, 

according to claim 1, wherein, 

the duty control step includes a step for 

10 controlling the duty ratio to set zero to OFF period, 

and controlling the power amount of the pulse output 

to be equal to the amplitude value of the pulse output, 

so as to render the pulse output to be a continuous 

output. 

15 

4. The pulse modulated RF power control method, 

according to any one of claim 1 to claim 3, wherein, 

peak forward power is assumed as a control target 

of the pulse output, 

20 the output amplitude control step performs the 

constant amplitude control so that an amplitude value 

of the peak forward power becomes equal to a set 

amplitude value, and 

the duty control step performs the constant power 

25 control so that an average power value of the peak 

forward power determined by the duty ratio becomes 

equal to a set power value, thereby controlling the 

peak forward power. 

30 5. The pulse modulated RF power control method, 

according to claim 4, wherein, 
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the duty control step comprises, 

a pulse output control which sets less than 100% 

to ON period of the duty ratio determined by the ON 

period and the OFF period within one cycle of the pulse 

5 output, and controls the average power value of the 

peak forward power to be smaller than the amplitude 

value of the peak forward power, so that the pulse 

output is rendered to be a discontinuous output, and 

a continuous output control which sets 0% to the 

10 OFF period and 100% to the ON period of the duty ratio 

determined by the ON period and the OFF period within 

one cycle of the pulse output, and controls the average 

power value of the peak forward power to become equal 

to the amplitude value of the peak forward power, so 

15 that the pulse output is rendered to be a continuous 

output. 

6. The pulse modulated RF power control method, 

according to any one of claim 1 to claim 3, wherein, 

20 peak forward power is assumed as a control target 

of the pulse output in the output amplitude control 

step, 

average load power is assumed as a control target 

of the pulse output in the duty control, 

25 the output amplitude control step performs the 

constant amplitude control so that the amplitude value 

of the peak forward power becomes constant, and 

the duty control step performs the constant power 

control so that an average power value of peak load 

30 power which is obtained from the peak forward power 

and peak reflected power determined by the duty ratio, 
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becomes equal to a set power value, thereby controlling 

the average load power. 

7. The pulse modulated RF power control method, 

5 according to any one of claim 1 to claim 6, wherein, 

the duty control step increases or decreases the 

duty ratio of the pulse output, based on a feedback 

value obtained by the constant power control in the 

output amplitude control step. 

10 

8. The pulse modulated RF power control method, 

according to claim 4, wherein, 

in controlling the peak forward power assuming 

the peak forward power as the control target of the 

15 pulse output, 

the duty control step gives a peak reflected power 

value as a feedback, and suppresses increase of average 

reflected power by reducing the proportion of the ON 

period of the duty ratio, when the peak reflected power 

20 is increased. 

9. The pulse modulated RF power control method, 

according to claim 6, wherein, 

in controlling load power assuming the peak 

25 forward power and the average load power as the control 

targets of the pulse output, 

the duty control step gives the peak reflected 

power as a feedback, and controls the average load 

power to be constant by enlarging the proportion of 

30 the ON period of the duty ratio, when the peak reflected 

power is increased. 
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10. The pulse modulated RF power control method, 

according to claim 3, wherein, 

in the continuous output control/ when an 

5 amplitude value of peak reflected power is excessive, 

the proportion of the ON period of the duty ratio is 

reduced from 100%, and the continuous output control 

is switched to the pulse output control, thereby 

suppressing increase of average reflected power. 

10 

11. The pulse modulated RF power control method, 

according to claim 3, wherein, 

during the period when the peak forward power is 

increased by the continuous output control, 

15 when an amplitude value of peak reflected power 

is excessive, the proportion of the ON period of the 

duty ratio is reduced from 100%, and the continuous 

output control is switched to the pulse output control, 

and 

20 after the peak forward power is increased, the 

proportion of the ON period of the duty ratio is 

restored to 100%, and the pulse output control is 

switched to the continuous output control, thereby 

suppressing increase of average reflected power during 

25 the period when the peak forward power is increased. 

12. The pulse modulated RF power control method, 

according to claim 4, wherein, 

during the period when the peak forward power is 

30 increased by the duty control, 

increase of average reflected power is suppressed 
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by gradually increasing the proportion of the ON period 

of the duty ratio. 

13. The pulse modulated RF power control method/ 

5 according to any one of claim 1 to claim 12, wherein, 

in the duty control, a power value of the pulse 

output during the OFF period is assumed as zero, and 

a power value of the pulse output during the ON period 

is assumed as a set power value. 

10 

14. The pulse modulated RF power control method, 

according to any one of claim 1 to claim 12, wherein, 

in the duty control, a power value of the pulse 

output during the OFF period is assumed as a 

15 predetermined power value defined between zero and a 

set power value, and a power value of the pulse output 

during the ON period is assumed as the set power value. 

15. The pulse modulated RF power control method, 

20 according to any one of claim 1 to claim 12, wherein, 

in the duty control, a frequency is kept constant 

and a ratio of duration between ON period duration and 

OFF period duration is controlled. 

25 16. The pulse modulated RF power control method, 

according to any one of claim 1 to claim 12, wherein, 

in the duty control, OFF period duration varies 

while ON period duration is kept constant, or the ON 

period duration varies while the OFF period duration 

30 is kept constant, thereby controlling the frequency 

of the pulse output. 
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17. A pulse modulated RF power supply device for 

supplying RF power to a load, the load impedance of 

which fluctuating in accordance with a plasma state, 

comprising, 

an RF output part for outputting an RF output of 

a pulse output, by pulse modulating an input DC power 

intermittently in time wise, 

a control part for controlling the pulse 

modulation of the RF output part, wherein, 

an output amplitude control part for controlling 

amplitude of the pulse output, and 

a duty control part for controlling a duty ratio 

of the pulse output constant amplitude controlled in 

the output control part, wherein, 

the output amplitude control part performs a 

constant amplitude control to control an amplitude 

value of the pulse output so that the amplitude value 

becomes equal to a set amplitude value, 

the duty control part performs a constant power 

control to control the duty ratio of the pulse output 

so that a power amount determined by the duty ratio 

becomes equal to a set power value, and 

the output amplitude control part and the duty 

control part independently operate the RF output part 

to perform pulse modulation of the RF power. 

18. The pulse modulated RF power supply device, 

according to claim 17, wherein, 

the output amplitude control part and the duty 

control part use as a control target of the pulse output, 
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any one of the followings to be supplied to the load; 

power, voltage, and current. 

19. The pulse modulated RF power supply device, 

5 according to claim 17, wherein, 

the duty control part controls the duty ratio to 

set zero to OFF period, controls the power amount of 

the pulse output to become equal to the amplitude value 

of the pulse output, so as to render the pulse output 

10 to be a continuous output. 

20. The pulse modulated RF power supply device, 

according to claim 17, wherein, 

peak forward power is assumed as a control target 

15 of the pulse output, 

the output amplitude control part performs the 

constant amplitude control so that an amplitude value 

of the peak forward power becomes equal to a set 

amplitude value, 

20 the duty control part performs the constant power 

control so that an average power value of the peak 

forward power determined by the duty ratio becomes 

equal to a set power value, thereby controlling the 

peak forward power. 

25 

21. The pulse modulated RF power supply device, 

according to claim 20, wherein, 

the duty control part enables switching between; 

a pulse output control which sets less than 100% 

30 to ON period of the duty ratio determined by the ON 

period and the OFF period within one cycle of the pulse 
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output, and controls the average power value of the 

peak forward power to be smaller than the amplitude 

value of the peak forward power, so that the pulse 

output is rendered to be a discontinuous output, and 

5 a continuous output control which sets 0% to the 

OFF period and 100% to the ON period of the duty ratio 

determined by the ON period and the OFF period within 

one cycle of the pulse output, and controls the average 

power value of the peak forward power to become equal 

10 to the amplitude value of the peak forward power, so 

that the pulse output is rendered to be a continuous 

output. 

22. The pulse modulated RF power supply device, 

15 according to claim 17, wherein, 

peak forward power is assumed as a control target 

of the pulse output in the output amplitude control 

part, 

average load power is assumed as a control target 

20 of the pulse output in the duty control part, 

the output amplitude control part performs the 

constant amplitude control so that an amplitude value 

of the peak forward power becomes constant, and 

the duty control part performs the constant power 

25 control so that an average power value of peak load 

power which is obtained from the peak forward power 

and peak reflected power determined by the duty ratio, 

becomes equal to a set power value, thereby controlling 

the average load power. 

30 

23. The pulse modulated RF power supply device, 
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according to claim 22, wherein, 

the duty control part increases or decreases the 

duty ratio obtained by the constant power control, 

based on a feedback value of the pulse output. 

24. The pulse modulated RF power supply device, 

according to claim 20, wherein, 

in controlling the peak forward power assuming 

the peak forward power as the control target of the 

pulse output, 

the duty control part gives a reflected power 

value as a feedback, and suppresses increase of average 

reflected power by reducing the proportion of the ON 

period of the duty ratio, when the reflected power is 

increased. 

25. The pulse modulated RF power supply device, 

according to claim 22, wherein, 

in controlling load power assuming the peak 

forward power and the average load power as the control 

targets of the pulse output, 

the duty control part gives the peak reflected 

power as a feedback, and controls the average load 

power to be constant by enlarging the proportion of 

the ON period of the duty ratio, when the peak reflected 

power is increased. 

26. The pulse modulated RF power supply device, 

according to claim 19, wherein, 

in the continuous output control, when an 

amplitude value of peak reflected power is excessive, 
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the duty control part reduces the proportion of the 

ON period of the duty ratio from 100%, and performs 

switching from the continuous output control to the 

pulse output control, thereby suppressing increase of 

average reflected power. 

27. The pulse modulated RF power supply device, 

according to claim 19, wherein, 

during the period when the peak forward power is 

increased by the continuous output control, 

when an amplitude value of peak reflected power 

is excessive, the duty control part reduces the 

proportion of the ON period of the duty ratio from 100%, 

and performs switching from the continuous output 

control to the pulse output control, and 

after the peak forward power is increased, the 

duty control part restores the proportion of the ON 

period of the duty ratio to 100%, and performs 

switching from the pulse output control to the 

continuous output control, thereby suppressing 

increase of average reflected power during the period 

when the peak forward power is increased. 

28. The pulse modulated RF power supply device, 

according to claim 20, wherein, 

during the period when the peak forward power is 

increased by the duty control, 

the duty control part suppresses increase of 

average reflected power by gradually increasing the 

proportion of the ON period of the duty ratio. 
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29. The pulse modulated RF power supply device, 

according to claim 17, wherein, 

the duty control part assumes a power value of 

the pulse output during the OFF period as zero, and 

5 assumes a power value of the pulse output during the 

ON period as a set power value. 

30. The pulse modulated RF power supply device, 

according to claim 17, wherein, 

10 the duty control part assumes a power value of 

the pulse output during the OFF period as a 

predetermined power value defined between zero and a 

set power value, and assumes a power value of the pulse 

output during the ON period as the set power value. 

15 

31. The pulse modulated RF power supply device, 

according to claim 11, wherein, 

the duty control part keeps a frequency constant 

and controls a ratio of duration between ON period 

20 duration and OFF period duration. 

32. The pulse modulated RF power supply device, 

according to claim 17, wherein, 

the duty control part varies the OFF period 

25 duration while keeping the ON period duration constant, 

or varies the ON period duration while keeping the OFF 

period duration constant, thereby controlling the 

frequency of the pulse output. 

30 33. The pulse modulated RF power control method, 

according to claim 5, wherein, 
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in the continuous output control, when an 

amplitude value of peak reflected power is excessive, 

the proportion of the ON period of the duty ratio is 

reduced from 100%, and the continuous output control 

5 is switched to the pulse output control, thereby 

suppressing increase of average reflected power. 

34. The pulse modulated RF power control method, 

according to claim 5, wherein, 

10 during the period when the peak forward power is 

increased by the continuous output control, 

when an amplitude value of peak reflected power 

is excessive, the proportion of the ON period of the 

duty ratio is reduced from 100%, and the continuous 

15 output control is switched to the pulse output control, 

and 

after the peak forward power is increased, the 

proportion of the ON period of the duty ratio is 

restored to 100%, and the pulse output control is 

20 switched to the continuous output control, thereby 

suppressing increase of average reflected power during 

the period when the peak forward power is increased. 

35. The pulse modulated RF power supply device, 

25 according to claim 21, wherein, 

in the continuous output control, when an 

amplitude value of peak reflected power is excessive, 

the duty control part reduces the proportion of the 

ON period of the duty ratio from 100%, and performs 

30 switching from the continuous output control to the 

pulse output control, thereby suppressing increase of 
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average reflected power. 

36. The pulse modulated RF power supply device, 

according to claim 21, wherein, 

5 during the period when the peak forward power is 

increased by the continuous output control, 

when an amplitude value of peak reflected power 

is excessive, the duty control part reduces the 

proportion of the ON period of the duty ratio from 100%, 

10 and performs switching from the continuous output 

control to the pulse output control, and 

after the peak forward power is increased, the 

duty control part restores the proportion of the ON 

period of the duty ratio to 100%, and performs 

15 switching from the pulse output control to the 

continuous output control, thereby suppressing 

increase of average reflected power during the period 

when the peak forward power is increased. 
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