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(57) ABSTRACT 

The invention provides a means for estimating a self-bias 
Voltage under arbitrary etching conditions via a simple 
procedure. The present invention provides a method for 
measuring self-bias Voltage of an etching apparatus com 
prising an electrostatic chuck mechanism 1 and 10 for 
chucking a sample 2, a mechanism 13 and 14 for Supplying 
cooling gas 12 to a rear Surface of the sample 2 and 
controlling the pressure thereof, and a means for measuring 
the relative force of electrostatic chuck of the sample based 
on the rear Surface pressure control status of the sample 2 
being processed, wherein the relative force of electrostatic 
chuck of the sample and the electrostatic chuck Voltage 
corresponding to the force of electrostatic chuck are 
acquired based on the rear Surface pressure control of the 
sample 2 when high-frequency bias power is applied to the 
sample 2 being processed, and the relative force of electro 
static chuck of the sample and the electrostatic chuck 
Voltage corresponding to the force of electrostatic chuck are 
acquired based on the rear Surface pressure control status of 
the sample when high-frequency bias power is not applied to 
the sample being processed, and the self-bias Voltage is 
estimated using the acquired forces of electrostatic chuck 
and the electrostatic chuck Voltages corresponding to the 
tWO Statuses. 

12 Claims, 6 Drawing Sheets 
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1. 

ETCHINGAPPARATUS, METHOD FOR 
MEASURING SELF-BLAS VOLTAGE, AND 
METHOD FORMONITORNG ETCHING 

APPARATUS 

The present application is based on and claims priority of 
Japanese patent application No. 2006-54913 filed on Mar. 1, 
2006, the entire contents of which are hereby incorporated 
by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to the art of controlling 

processes of semiconductor manufacturing apparatuses. 
2. Description of the Related Art 
In a dry etching process included in the steps for manu 

facturing semiconductor devices, high-frequency power is 
applied to an electrode on which the substrate to be pro 
cessed in the etching apparatus is placed. The high-fre 
quency power is applied via a capacitor, and since more 
electrons than ions are injected to the electrode due to the 
differences in the speed of electrons and ions in the plasma, 
the potential of the electrode becomes negative. The differ 
ence between the potential of the electrode and the ground 
level is called a self-bias voltage. The self-bias voltage 
enables the ion components in the plasma to be accelerated 
and injected to the Substrate, by which the etching process 
is promoted. 

In other words, though the occurrence of self-bias Voltage 
is inevitable for the etching process, too much Voltage may 
damage the Substrate. So it is necessary to set an appropriate 
self-bias Voltage for the etching process. 
As described, in the dry etching process included in the 

steps for manufacturing semiconductor devices, it is neces 
sary to set the self-bias Voltage to an appropriate value, but 
in order to do so, it is necessary to measure the self-bias 
Voltage first. On the other hand, recent etching apparatuses 
adopt electrostatic chuck mechanisms for holding and cool 
ing the Substrate on the electrode. 
The electrode equipped with an the electrostatic chuck 

mechanism has a thin insulating film formed on the Surface 
of the electrode, and DC Voltage is applied via the insulating 
film So as to polarize the insulating film and Support the 
substrate (sample) via the coulomb force by the charge 
generated between the substrate and the electrode. If the 
electrode is not equipped with Such electrostatic chuck 
mechanism, the self-bias Voltage of the processing Substrate 
can be obtained by measuring the potential of the electrode 
itself. However, if the electrode is equipped with the above 
mentioned electrostatic chuck mechanism, the self-bias Volt 
age cannot be acquired directly from the potential of the 
electrode, since the resistance of the insulating film is too 
large. 

Therefore, in an etching apparatus utilizing an electrode 
having an electrostatic chuck mechanism, an additional 
operation was necessary to measure the self-bias Voltage in 
advance using an electrode having no insulating film just for 
measuring the self-bias Voltage, and then to estimate the 
self-bias Voltage under similar etching conditions. 

Japanese Patent Number 3635463 (patent document 1) 
discloses a plasma processing apparatus capable of measur 
ing a self bias Voltage of the object to be processed accu 
rately in a short time and hold the object stably with the 
required force of electrostatic chuck, providing a circular 
electrostatic chuck sheet 30 crowned on the upper surface of 
a mounting stage provided at the center of a processing 
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2 
chamber, with a semiconductor wafer mounted on the elec 
trostatic chuck sheet. The electrostatic chuck sheet is con 
stituted by sealing a thin conducting film formed for 
example of a copper coil as an electrode for electrostatic 
chuck between a thin film formed for example of SiC and an 
insulating film formed for example of polyimide. The thin 
conducting film is connected to the output terminal of a 
variable DC power Supply through an ammeter, and the 
ammeter detects the leaking current between the semicon 
ductor wafer and the conducting film, outputting the variable 
DC voltage under the control of a control unit and the 
variable DC power supply. 

According to the prior art plasma processing apparatus, 
however, the self-bias voltage Vsb is measured from the 
leaking current flowing through the electrostatic chuck 
sheet, which is theoretically possible, but the accurate self 
bias Voltage can only be acquired if the quality of the 
insulating film for electrostatic chuck is stable and uniform 
as a premise. Actually, the absolute value of the leaking 
current is very Small, and the film thickness and quality of 
the electrostatic chuck sheet are not uniform, so that the SN 
ratio of the measurement is too small. Therefore, this method 
is not practical. Even further, since the atmosphere within 
the processing chamber varies by time and the status of the 
chuck fluctuates, it is difficult to measure the leaking current 
in a stable manner. Moreover, if the insulating film is 
composed of ceramic that does not have a leaking current, 
it is basically not possible to measure the self-bias voltage 
according to this method. 

SUMMARY OF THE INVENTION 

With respect to the problems in measuring the self-bias 
Voltage in an etching apparatus having electrostatic chuck 
electrode according to the prior art, the present invention 
aims at providing a method for measuring a self-bias Voltage 
of an etching apparatus, an etching apparatus, and a method 
for monitoring the etching apparatus capable of estimating 
the self-bias Voltage under arbitrary etching conditions via a 
simple process, so as to optimize the etching conditions. 

Moreover, the present invention aims at preventing 
defects from occurring during mass production by facilitat 
ing estimation of fluctuation of the self-bias Voltage that 
affects the etching performance. 
The substrate (sample) being subjected to electrostatic 

chuck is cooled by the cooling gas, and in order to realize a 
constant cooling effect, the pressure of the cooling gas is 
controlled. In other words, this control is aimed at main 
taining a constant ratio between the quantity of cooling gas 
flowing into the rear Surface of the Substrate and the quantity 
of leak therefrom, and this quantity of leak is increased or 
decreased depending on the force of electrostatic chuck. 
Therefore, the force of electrostatic chuck can be estimated 
by monitoring the control parameters such as the quantity of 
cooling gas flowing in, the opening of the pressure control 
valve, the control cycles and the like during pressure control. 
Since the self-bias voltage is a DC component, the self-bias 
Voltage is Superposed to the electrostatic chuck Voltage, and 
it contributes to increasing the force of electrostatic chuck. 
Therefore, by measuring the forces of electrostatic chuck for 
the cases in which high-frequency power is applied and in 
which no high-frequency power is applied, it becomes 
possible to estimate the self-bias voltage since the difference 
between the forces of electrostatic chuck is caused by 
self-bias. 

In order to solve the problems mentioned above, the 
present invention provides a method for measuring self-bias 
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Voltage in an etching apparatus comprising an electrostatic 
chuck mechanism for chucking a sample, a mechanism for 
filling a cooling gas to a rear Surface of the sample subjected 
to electrostatic chuck and controlling the pressure of the 
cooling gas, and a means for measuring a relative force of 
electrostatic chuck of the sample based on a status of control 
of the rear Surface pressure of the sample during processing, 
the method comprising acquiring the relative force of elec 
trostatic chuck of the sample and the electrostatic chuck 
Voltage corresponding to the force of electrostatic chuck 
based on the status of control of the rear surface pressure of 
the sample when high-frequency bias power is applied to the 
sample during processing; acquiring the relative force of 
electrostatic chuck of the sample and the electrostatic chuck 
Voltage corresponding to the force of electrostatic chuck 
based on the status of control of the rear surface pressure of 
the sample when high-frequency bias power is not applied to 
the sample during processing; and estimating the self-bias 
Voltage applied to the sample via the high-frequency bias 
power using the acquired forces of electrostatic chuck and 
the electrostatic chuck Voltages corresponding to the forces 
of electrostatic chuck of both statuses. 

Moreover, the present invention provides the method for 
measuring self-bias Voltage mentioned above, further com 
prising estimating the self-bias Voltage with the high-fre 
quency bias power applied by computing the difference 
between electrostatic chuck Voltages at a point where the 
acquired forces of electrostatic chuck are equal for both 
statuses. Furthermore, the present invention provides the 
method for measuring self-bias Voltage mentioned above, 
comprising acquiring the force of electrostatic chuck for 
chucking the sample by the electrostatic chuck mechanism 
based on the flow rate of the cooling gas Supplied to the rear 
Surface of the sample, or based on the pressure of the cooling 
gas Supplied to the rear Surface of the sample. 
The present invention also provides a method for moni 

toring an etching apparatus, comprising acquiring a plurality 
of estimated self-bias voltages of the sample estimated by 
the above-mentioned method for measuring self-bias volt 
age, and monitoring the status of the etching apparatus based 
on the transition thereof. 
The present invention also provides an etching apparatus 

comprising an electrostatic chuck mechanism for chucking 
a sample, a mechanism for filling a cooling gas to a rear 
Surface of the sample subjected to electrostatic chuck and 
controlling the pressure thereof, a means for acquiring a 
relative force of electrostatic chuck of the sample and the 
electrostatic chuck Voltage corresponding to the force of 
electrostatic chuck based on a status of control of the rear 
Surface pressure of the sample during processing, and a 
means for estimating the self bias Voltage applied to the 
sample via the high-frequency bias power, using the respec 
tively acquired electrostatic chuck Voltages corresponding to 
the same force of electrostatic chuck respectively acquired 
by applying high-frequency bias power to the sample and 
acquired by not applying high-frequency bias power thereto. 

Moreover, the present invention provides an etching appa 
ratus comprising an electrostatic chuck mechanism for 
chucking a sample, mechanism for filling a cooling gas to a 
rear Surface of the sample subjected to electrostatic chuck 
and controlling the pressure thereof, a means for acquiring 
a relative force of electrostatic chuck of the sample and the 
electrostatic chuck Voltage corresponding to the force of 
electrostatic chuck based on a status of control of the rear 
Surface pressure of the sample during processing, a means 
for estimating the self bias Voltage applied to the sample via 
the high-frequency bias power, using the electrostatic chuck 
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4 
Voltages corresponding to the same force of electrostatic 
chuck respectively acquired by applying high-frequency 
bias power to the sample and acquired by not applying 
high-frequency bias power thereto, and a means for moni 
toring the status of the etching apparatus based on the 
transition of self-bias Voltages respectively estimated for a 
plurality of Samples. 

According to the present invention, it becomes possible to 
estimate the self-bias Voltage under arbitrary etching con 
ditions via a simple process, so the etching conditions can be 
optimized easily. Furthermore, since the fluctuation of self 
bias Voltage affects the etching performances, the present 
invention can be applied to mass-production to prevent 
occurrence of defective products. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view illustrating the outline of the arrangement 
of an etching apparatus to which the present invention is 
applied; 

FIG. 2A is a view illustrating how the pressure of the 
wafer cooling gas is controlled, showing the time variation 
of pressure; 

FIG. 2B is a view illustrating how the pressure of the 
wafer cooling gas is controlled, showing the time variation 
of cooling gas flow rate during control; 

FIG. 3 is a view showing the measurements of the 
integrated value of cooling gas flow rate during a certain 
period of time excluding the initial dead time as according 
to FIG. 2B, which is measured while changing the electro 
static chuck Voltage; 

FIG. 4 is a view illustrating the properties of electrostatic 
chuck when reaction products are attached to the inner side 
of the processing chamber by the increase in the number of 
Substrates being etched and the etching atmosphere is 
changed thereby; 

FIG. 5 is an explanatory view showing how the property 
of electrostatic chuck can be acquired from cooling gas 
control cycles; 

FIG. 6 is an explanatory view showing the case in which 
the property of the force of electrostatic chuck is controlled 
via the pressure control valve of the cooling gas; 

FIG. 7 is a view illustrating the outline of a dipole-type 
electrostatic chuck mechanism; and 

FIG. 8 is an explanatory view showing how the dipole 
type mechanism becomes equivalent to the arrangement of 
FIG 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 is referred to in describing the configuration of an 
etching apparatus to which the present invention is applied. 
The etching apparatus has a wafer (sample) 2 placed on an 
electrode 1 disposed in a processing chamber, and generates 
plasma 3 to subject the wafer to etching. In further detail, a 
process gas from a gas Supply system 4 controlled to a 
constant flow rate via a mass flow controller 5 is supplied to 
a processing chamber 16, and discharged from the chamber 
via an exhaust system 6. While controlling the interior of the 
processing chamber 16 to an appropriate pressure, high 
frequency power for generating plasma is applied from a 
plasma generating high-frequency power Supply 7, which 
acts with a magnetic field generated via a magnetic field 
generating coil 20 to generate plasma 3 within the process 
ing chamber 16. A bias-applying high-frequency power 
Supply 8 is connected via a coupling capacitor 9 to the 



US 7,330,346 B2 
5 

electrode 1 on which the wafer 2 is placed, and by applying 
high-frequency power from this power Supply, a self-bias 
Voltage is generated to the electrode 1 through the functions 
mentioned above, by which the ions in the plasma 3 are 
attracted toward the wafer to perform etching. 
An electrostatic chuck power Supply 10 is connected to 

the electrode 1, for chucking the wafer 2 by coulomb force 
to the electrode via an insulating film 15. In order to prevent 
the wafer 2 from being heated by the plasma during etching, 
a cooling gas 12 is flown via the mass-flow controller 13 to 
the rear surface of the wafer, allowing the heat of the wafer 
to be transmitted toward the electrode. In order to achieve a 
constant cooling effect, a cooling gas pressure on the rear 
side of the wafer is monitored via a manometer 14 So as to 
control the pressure to a fixed pressure. 

In an etching apparatus without an electrostatic chuck 
mechanism, it is possible to measure the self-bias Voltage 
applied to the wafer 2 via a voltmeter 11 for measuring the 
potential of the electrode, but in the present type of electrode 
equipped with an electrostatic chuck mechanism, the DC 
component is cut by the insulating film 15, making it 
impossible to measure the self-bias voltage by the voltmeter. 
The method for estimating the self-bias Voltage according 

to the present invention will now be described in detail. 
FIGS. 2A and 2B illustrate how the pressure of the wafer 
cooling gas is controlled. There are several methods for 
controlling the pressure of the cooling gas, and one method 
is taken as an example in which the cooling gas flow 
supplied to the rear surface of the wafer is turned on and off 
intermittently. FIG. 2A shows the time variation of the 
cooling gas pressure, and FIG. 2B shows the time variation 
of the cooling gas flow rate value during pressure control. 
During pressure control, the pressure of the cooling gas 12 
is monitored via a cooling gas manometer 14 while the 
cooling gas is turned on and off intermittently, wherein 
during the period in which the pressure is steady, it is 
considered that the quantity of cooling gas being Supplied is 
equal to the cooling gas quantity leaking out from the 
chucked surface between the electrode and the wafer. 

This quantity of leak of the cooling gas varies according 
to the force of electrostatic chuck between the wafer 2 and 
the electrode 1, and the quantity of leak reduces as the force 
of electrostatic chuck increases. 

Therefore, as shown in FIG. 2B, by setting up a dead time 
during which the pressure control reaches a steady state, and 
integrating the flow rate of the cooling gas during a certain 
period of time after the dead time to acquire an average flow 
rate during the integrated period, it becomes possible to 
evaluate the force of electrostatic chuck based on the aver 
age flow rate. 
The method for estimating the self-bias voltage is 

described with reference to FIG. 3 showing a graph illus 
trating the integrated value of the cooling gas flow rate 
during a certain period of time excluding the initial dead 
time while varying the electrostatic chuck Voltage. This 
method acquires the forces of electrostatic chuck and the 
electrostatic chuck Voltages corresponding to the forces of 
electrostatic chuck for both statuses in which the bias power 
Supply is turned on and turned off, and acquires a self-bias 
voltage based on the difference of electrostatic chuck volt 
ages corresponding to the same force of electrostatic chuck. 
FIG. 3 shows the result of measuring the above-mentioned 
average flow rate (force of electrostatic chuck) with the 
electrostatic chuck Voltages Vesc varied in multiple step-like 
manner. It can be seen that the average flow rate reduces as 
the electrostatic chuck Voltage Vesc increases and the force 
of electrostatic chuck is enhanced. In other words, the result 
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6 
proves that it is possible to evaluate the force of electrostatic 
chuck based on the average flow rate, as assumed earlier. 
FIG.3 plots the change in average flow rate not only with 

the electrostatic chuck voltage Vesc varied, but with the 
high-frequency bias power turned on and off. As shown in 
this graph, by applying high-frequency bias power, the 
whole graph representing the cooling gas average flow rate 
shifts toward the reducing direction. This is considered to be 
caused by the self-bias voltage Vsb by high-frequency bias 
power being Superposed to the electrostatic chuck Voltage 
Vesc, so that the chuck is assumed to be equivalently 
realized by a voltage in which the self-bias voltage Vsb is 
added to the electrostatic chuck voltage Vesc. 

Further according to the present embodiment, the elec 
trostatic chuck Voltage Vesc applies a positive Voltage 
toward the electrode, by which the self-bias voltage Vsb 
operates to increase the force of electrostatic chuck. By 
aligning the graphs side by side in which the application of 
high frequency bias power are on and off, computing the 
electrostatic chuck voltages Vesc in which the average flow 
rate are the same, and calculating the differences thereof, the 
obtained value equals the self-bias voltage Vsb. Based on 
the procedure described above, an estimated value Vsb of 
the self-bias voltage Vsb is computed. 

Next, we will describe a case in which the number of 
Substrates being etched in the etching apparatus is increased 
and the atmosphere inside the processing chamber is varied 
from the initial atmosphere. As the number of substrates 
Subjected to etching increases, reaction products adhere on 
the inner wall Surfaces of the processing chamber or the 
surface of electrodes and so on. The atmosphere within the 
processing chamber is changed by the adhered particles and 
outgases or the like generated from the particles, causing the 
plasma impedance to vary and the self-bias Voltage to be 
changed from the initial value. 

Since the self-bias voltage is an important factor for the 
etching process, as mentioned earlier, the change of the 
self-bias Voltage may cause deterioration of the performance 
of the apparatus. Therefore, in order to maintain the perfor 
mance of the etching process, it becomes possible to mea 
sure or monitor the self-bias voltage when the number of 
Substrates Subjected to etching increases. However, accord 
ing to the prior art method for measuring the Voltage for the 
electrode without an insulating film, the Voltage of the 
present etching apparatus cannot be measured since the 
actual environment of use cannot be reproduced. 
How the property of the force of electrostatic chuck 

changes when the etching atmosphere is changed by adhe 
sion of reaction products in the processing chamber due to 
the increase in the number of substrates being etched 
depends on the reaction products, but the change in chamber 
atmosphere can be cancelled by computing the self-bias 
voltage based on the relative difference of voltages when the 
bias power is turned on and off. FIG. 4 shows the operation 
of the present invention applied to the state in which the 
atmosphere within the processing chamber has changed. In 
the drawing, the broken lines represent the property of the 
force of electrostatic chuck in which the atmosphere in the 
processing chamber is clean, and the Solid lines represent the 
property of the force of electrostatic chuck in which reaction 
products are adhered to the processing chamber. When 
reaction products are adhered to the interior of the process 
ing chamber 16, the surface of the electrode 1 supporting the 
wafer is also dusted with reaction products, and these 
reaction products may fill the space formed between the 
wafer 2 and the electrode 1, by which the sealing property 
is sometimes improved. Thereby, when the electrode is 
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dusted, the quantity of leak of cooling gas is reduced, and it 
may seem as if the force of electrostatic chuck is improved 
apparently as shown in FIG. 4. 

Since according to the present invention, the self-bias 
voltage Vsb is computed from the relative difference in 
forces of electrostatic chuck when the bias power is turned 
on and off, so the self-bias voltage Vsb can be estimated 
even when the atmosphere within the processing chamber 16 
is varied. 

According to the above procedure, it is not necessary to 
compute the absolute value of the measurement of the force 
of electrostatic chuck, and it is only necessary to compute a 
value functioning as an indicator capable of relatively com 
paring the force of electrostatic chuck. Therefore, the elec 
trostatic chuck property can be computed from the control 
cycles, instead of the integrated value of cooling gas as 
illustrated in FIG. 2. In other words, it is possible to obtain 
an indicator of the force of electrostatic chuck by measuring 
the control cycles as illustrated in FIG. 5. 

Furthermore, the pressure of the cooling gas can also be 
controlled not through the flow rate but through the pressure 
of the cooling gas. When the pressure is controlled via a 
pressure control valve; the force of electrostatic chuck can 
be acquired for example by disposing a cooling gas flow 
meter or by monitoring the opening of the valve and the like. 
FIG. 6 illustrates an arrangement in which the pressure on 
the rear surface of the wafer 2 is controlled, not via inter 
mittent control of cooling gas as mentioned above, but via 
a pressure control valve 18 based on the values detected by 
a cooling gas manometer 14 and a flowmeter 17. Also 
according to this example, the relative force of electrostatic 
chuck can be acquired by monitoring the flow rate by 
disposing the flowmeter 17 on the Supply path of the cooling 
gas 12 as illustrated, or by monitoring the opening of the 
pressure control valve 18. 

Furthermore, one method for realizing electrostatic chuck 
is a dipole method in which different voltages are applied 
respectively to the outer side and the inner side of the wafer, 
as illustrated in FIG. 7. According to this method, as 
illustrated in FIG. 7, a +V1 voltage is applied to the outer 
chuck electrode 1-1 and a -V2 voltage is applied to the inner 
chuck electrode 1-2, according to which the charges within 
the wafer 2 are polarized, causing the forces of electrostatic 
chuck to occur corresponding to the respectively applied 
voltages V1 and V2 to the outer chuck electrode 1-1 and the 
inner chuck electrode 1-2. 
When bias power is applied in this state with positive and 

negative Voltages applied, the self-bias Voltage Vsb is added 
to the electrostatic chuck voltage V1 and the force of 
electrostatic chuck increases at the outer chuck electrode 
1-1, but the self-bias voltage Vsb operates to cancel the 
Voltage -V2, so the force of electrostatic chuck decreases at 
the inner electrode 1-2. 
As described above, according to the dipole method, the 

balance of the force of electrostatic chuck is disrupted when 
the bias is turned on and off, so the self-bias voltage will not 
have the characteristics illustrated in FIG. 3, and the self 
bias Voltage Vsb cannot be measured if nothing is done. 

If such dipole method is adopted in the electrostatic 
chuck, by setting the outer and inner electrodes to have the 
same Voltage and the same polarity, the chuck mechanism 
can be made equivalent to that illustrated in FIG. 1. There 
fore, by setting the outer chuck electrode 1-1 and the inner 
chuck electrode 1-2 to have the same voltage V1 and the 
same polarity, as illustrated in FIG. 8, the arrangement 
becomes equivalent to that illustrated in FIG. 1, and the 
self-bias voltage Vsb can be estimated by the procedures 
described earlier. 

According to the above-mentioned method for measuring 
self-bias Voltage, by setting the measurement recipe to fall 
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8 
within the recipe of wafer processing, the measurement can 
be completed by executing the recipe only once. Therefore, 
by processing a dummy wafer via the measurement recipe 
arbitrarily during operation of the etching apparatus, it 
becomes possible to check the variation of property with 
time of the etching apparatus. 
As described, by measuring the self-bias voltage Vsb, it 

becomes possible to capture the transition of the status of the 
etching apparatus during operation, and by taking measures 
when the apparatus is malfunctioning Such as outputting an 
alarm or stopping the operation of the apparatus, it becomes 
possible to Suppress product defects from occurring. 

Moreover, since the self-bias voltage Vsb can be esti 
mated easily for process conditions with an unknown self 
bias Voltage Vsb during process development, the present 
invention contributes to improving the efficiency of process 
development. 

What is claimed is: 
1. A method for measuring self-bias Voltage in an etching 

apparatus comprising an electrostatic chuck mechanism for 
chucking a sample, a mechanism for filling a cooling gas to 
a rear Surface of the sample subjected to electrostatic chuck 
and controlling the pressure of the cooling gas, and a means 
for measuring a relative force of electrostatic chuck of the 
sample based on a status of control of the rear Surface 
pressure of the sample during processing, the method com 
prising the steps of 

acquiring the relative force of electrostatic chuck of the 
sample and the electrostatic chuck Voltage correspond 
ing to the force of electrostatic chuck based on the 
status of control of the rear surface pressure of the 
sample when high-frequency bias power is applied to 
the sample during processing: 

acquiring the relative force of electrostatic chuck of the 
sample and the electrostatic chuck Voltage correspond 
ing to the force of electrostatic chuck based on the 
status of control of the rear surface pressure of the 
sample when high-frequency bias power is not applied 
to the sample during processing; and 

estimating the self-bias Voltage applied to the sample via 
the high-frequency bias power using the acquired 
forces of electrostatic chuck and the electrostatic chuck 
Voltages corresponding to the forces of electrostatic 
chuck of both of the status of control when the high 
frequency bias power is applied to the sample during 
processing and the status of control when the high 
frequency bias power is not applied to the sample 
during processing. 

2. The method for measuring self-bias Voltage according 
to claim 1, wherein the step of estimating the self-bias 
Voltage includes computing the difference between electro 
static chuck Voltages at a point where the acquired forces of 
electrostatic chuck are equal for both of the status of control 
when the high-frequency bias power is applied to the sample 
during processing and the status of control when the high 
frequency bias power is not applied to the sample during 
processing. 

3. The method for measuring self-bias Voltage according 
to claim 1, wherein the steps of acquiring the relative force 
include acquiring the force of electrostatic chuck for chuck 
ing the sample by the electrostatic chuck mechanism based 
on the flow rate of the cooling gas Supplied to the rear 
Surface of the sample. 

4. The method for measuring self-bias Voltage according 
to claim 1, wherein 

the steps of acquiring the relative force include acquiring 
the force of electrostatic chuck of the sample by the 
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electrostatic chuck mechanism based on the flow rate of 
the cooling gas Supplied to the rear Surface of the 
sample; and 

the step of estimating the self-bias Voltage includes com 
puting the difference between electrostatic chuck volt 
ages at a point where the acquired forces of electro 
static chuck are equal for both of the status of control 
when the high-frequency bias power is applied to the 
sample during processing and the status of control 
when the high-frequency bias power is not applied to 
the sample during processing. 

5. The method for measuring self-bias Voltage according 
to claim 1, wherein the steps of acquiring the relative force 
includes acquiring the force of electrostatic chuck for chuck 
ing the sample by the electrostatic chuck mechanism based 
on the pressure of the cooling gas Supplied to the rear Surface 
of the sample. 

6. The method for measuring self-bias Voltage according 
to claim 1, wherein 

the steps of acquiring the relative force include acquiring 
the force of electrostatic chuck for chucking the sample 
by the electrostatic chuck mechanism based on the 
pressure of the cooling gas Supplied to the rear Surface 
of the sample; and 

the step of estimating the self-bias Voltage includes com 
puting the difference between electrostatic chuck volt 
ages at a point where the acquired forces of electro 
static chuck are equal for both of the status of control 
when the high-frequency bias power is applied to the 
sample during processing and the status of control 
when the high-frequency bias power is not applied to 
the sample during processing. 

7. A method for monitoring an etching apparatus com 
prising an electrostatic chuck mechanism for chucking a 
sample, a mechanism for filling a cooling gas to a rear 
Surface of the sample subjected to electrostatic chuck and 
controlling the pressure of the cooling gas, and a means for 
measuring a relative force of electrostatic chuck of the 
sample based on a status of control of the rear Surface 
pressure of the sample during processing, the method com 
prising the steps of 

acquiring the relative force of electrostatic chuck of the 
sample and the electrostatic chuck Voltage correspond 
ing to the force of electrostatic chuck based on the 
status of control of the rear surface pressure of the 
sample when high-frequency bias power is applied to 
the sample during processing: 

acquiring the relative force of electrostatic chuck of the 
sample and the electrostatic chuck Voltage correspond 
ing to the force of electrostatic chuck based on the 
status of control of the rear surface pressure of the 
sample when high-frequency bias power is not applied 
to the sample during processing: 

estimating the self-bias Voltage applied to the sample via 
the high-frequency bias power using the acquired 
forces of electrostatic chuck and the electrostatic chuck 
Voltages corresponding to the forces of electrostatic 
chuck of both of the status of control when the high 
frequency bias power is applied to the sample during 
processing and the status of control when the high 
frequency bias power is not applied to the sample 
during processing; and 

acquiring a plurality of estimated self-bias Voltages of the 
sample, and monitoring the status of the etching appa 
ratus based on a transition thereof. 

8. The method for monitoring the etching apparatus 
according to claim 7, wherein the step of estimating the 
self-bias voltage includes computing the difference between 
electrostatic chuck Voltages at a point where the acquired 
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forces of electrostatic chuck are equal for both of the status 
of control when the high-frequency bias power is applied to 
the sample during processing and the status of control when 
the high-frequency bias power is not applied to the sample 
during processing. 

9. The method for monitoring the etching apparatus 
according to claim 7, wherein 

the steps of acquiring the relative force include acquiring 
the force of electrostatic chuck of the sample by the 
electrostatic chuck mechanism based on the flow rate of 
the cooling gas Supplied to the rear Surface of the 
sample; and 

the step of estimating the self-bias Voltage includes com 
puting the difference between electrostatic chuck volt 
ages at a point where the acquired forces of electro 
static chuck are equal for both of the status of control 
when the high-frequency bias power is applied to the 
sample during processing and the status of control 
when the high-frequency bias power is not applied to 
the sample during processing. 

10. The method for monitoring the etching apparatus 
according to claim 7, wherein 

the steps of acquiring the relative force include acquiring 
the force of electrostatic chuck for chucking the sample 
by the electrostatic chuck mechanism based on the 
pressure of the cooling gas Supplied to the rear Surface 
of the sample; and 

the step of estimating the self-bias Voltage includes com 
puting the difference between electrostatic chuck volt 
ages at a point where the acquired forces of electro 
static chuck are equal for both of the status of control 
when the high-frequency bias power is applied to the 
sample during processing and the status of control 
when the high-frequency bias power is not applied to 
the sample during processing. 

11. An etching apparatus comprising: 
an electrostatic chuck mechanism for chucking a sample: 

a mechanism for filling a cooling gas to a rear Surface 
of the sample Subjected to electrostatic chuck and 
controlling the pressure thereof; 

a means for acquiring a relative force of electrostatic 
chuck of the sample and the electrostatic chuck Voltage 
corresponding to the force of electrostatic chuck based 
on a status of control of the rear surface pressure of the 
sample when a high-frequency bias power is applied to 
the sample during processing and for acquiring a rela 
tive force of electrostatic chuck of the sample and the 
electrostatic chuck Voltage corresponding to the force 
of electrostatic chuck based on a status of control of the 
rear Surface pressure of the sample when the high 
frequency bias power is not applied to the sample 
during processing; and 

a means for estimating the self bias Voltage applied to the 
sample via the high-frequency bias power, using the 
electrostatic chuck Voltages corresponding to the same 
force of electrostatic chuck respectively acquired by 
applying high-frequency bias power to the sample and 
acquired by not applying high-frequency bias power 
thereto. 

12. The etching apparatus according to claim 11, com 
prising: 

a means for monitoring the status of the etching apparatus 
based on a transition of self-bias Voltages respectively 
estimated for a plurality of samples. 

k k k k k 


