
SPECIFICATION 

SUBSTRATE HOLDING DEVICE 

TECHNICAL FIELD 

[0001] 

The present invention relates to a substrate holding device using an 

electrostatic chuck, and particularly to a substrate holding device for clamping and 

holding a substrate in a processing chamber in which plasma processing is carried out. 

BACKGROUND ART 

[0002] 

There are known techniques for obtaining a desired device structure in a 

semiconductor fabrication process as follows: a plasma is produced in a processing 

chamber in which a silicon wafer (hereinafter referred to as a "wafer") as a substrate to 

be processed is placed, and plasma processing such as deposition, ion implantation, 

and etching is carried out on the substrate using the plasma. Such a plasma 

processing system is provided with a substrate holding device including a so-called 

electrostatic chuck in order to align and hold a substrate in the processing chamber. 

[0003] 

As an electrostatic chuck, a so-called bipolar electrostatic chuck in which a 

dielectric chuck plate is attached to an upper surface of a chuck main body having 

positive and negative electrodes embedded therein has been disclosed in, for example, 

Patent Document 1. Moreover, a substrate held by the substrate holding device is 

controlled to be at a predetermined temperature in some cases depending on the plasma 

processing to be carried out in the processing chamber. In such a case, the following 

chuck has been known: for example, electrical resistance heating means is incorporated 

in a chuck main body (or pedestal), and a chuck plate is configured such that a rib 

portion is formed which comes in surface contact with a peripheral edge portion of a 

back surface (on the opposite side from a surface on which predetermined processing 

is performed) of a wafer, and that multiple support portions are provided upright and 
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arranged, for example, concentrically in an internal space surrounded by the rib 

portion. 

[0004] 

In this substrate holding device, when the wafer is heated or cooled, an assist 

gas such as an Ar gas is supplied to the internal space through a gas passage formed in 

the chuck main body, and a gas atmosphere is formed in the internal space defined by 

the rib portion and the back surface of the wafer. Thus, heat transfer from the chuck 

main body to the wafer is assisted, and the wafer can be efficiently heated or cooled. 

Moreover, depending on the plasma processing, a configuration may be employed in 

which a bias voltage can be applied to a substrate clamped by a substrate holding 

device. 

[0005] 

In recent years, there has been a trend toward using wafers having large 

diameters and small thicknesses (700 Jim or less) in order to further improve 

productivity. Such a wafer has warpage, and the warpage state of the wafer is 

changed by the heating or cooling of the wafer or by stress in a film deposited on a 

surface of the substrate by plasma processing. In some cases, the warpage state of the 

wafer is changed by stress in the film even during plasma processing. 

[0006] 

If voltages applied to the positive and negative electrodes are fixed in the 

process of clamping such a warping wafer or during plasma processing, there may 

arise problems: for example, an alignment failure occurs due to a too weak clamping 

force in the process of clamping the wafer, and damage is caused due to a too strong 

clamping force. Also, in the case of a warping wafer, the distance from the upper 

surface of the chuck main body to the back surface of the substrate varies across the 

surface of the substrate according to the warpage state of the substrate. Accordingly, 

the amount of heat transfer through the inert gas atmosphere varies in the process of 

heating or cooling. As a result, the substrate temperature is non-uniform across the 

surface of the substrate. When predetermined plasma processing is performed in a 

state in which the substrate temperature is non-uniform as described above, there is 
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also a problem that the thickness and quality of a film vary. 

[0007] 

Accordingly, the inventors of the present invention have proposed that the 

substrate holding device includes an AC power supply for passing an alternating 

current through the capacitance of a chuck plate, first measuring means for measuring 

a current value of the alternating current passing through the capacitance of the chuck 

plate, second measuring means for measuring a gas flow rate of the gas when the gas is 

caused to flow by gas introduction means, and control means for controlling a DC 

voltage applied between the two electrodes so that at least one of the current value and 

the gas flow rate measured with the first and second measuring means may be in a 

predetermined range (see Japanese Patent Application No, 2008-297295). 

[0008] 

According to this, after a substrate is clamped by the chuck plate, the warpage 

state of the substrate can always be correctly grasped from the gas flow rate and/or an 

impedance (alternating current value) even if the substrate has'warpage in either 

direction. Further, the substrate can be clamped with an appropriate clamping force 

according to the warpage state of the substrate by storing in advance in the control 

means the gas flow rate range and/or the altemating current value range under the 

condition in which a substrate is clamped in a warpage-frce state, and, based on the 

ranges, controlling the DC voltage (i.e., the substrate clamping force) applied between 

the two electrodes so that at least one of the current value and the gas flow rate 

measured with the first and second measuring means may be in a predetermined range. 

[0009] 

However, when the substrate holding device configured as described above is 

used in a plasma processing system, there are cases where the state of the substrate 

cannot be monitored based on the impedance. Also, it has been revealed that there is 

the following problem: even if the DC voltage applied between the two electrodes is 

controlled based on the amount of change in the impedance, a too strong substrate 

clamping force may damages this substrate, or a too weak substrate clamping force 

forms a local gap between the upper surface of the chuck main body and a clamped 
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surface of the substrate, thus inducing an abnormal discharge. 

PRIOR ART DOCUMENTS 

PATENT DOCUMENTS 

[0010] 

Patent Document 1: Japanese Patent Application Publication No. HeiOl-321136 

SUMMARY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0011] 

In view of the above-described circumstances, an object of the present 

invention is to provide a substrate holding device which makes it possible to grasp the 

warpage state of a substrate even during plasma processing and which clamps the 

substrate with an appropriate clamping force without damaging the substrate and 

inducing an abnormal discharge. 

MEANS FOR SOLVING THE PROBLEMS 

[0012] 

To solve the above-described problems, a substrate holding device of the 

present invention is a substrate holding device for clamping a substrate in a processing 

chamber in which plasma processing is carried out, and the substrate holding dcvice 

includes a chuck main body having positive and negative electrodes, a dielectric chuck 

plate having a rib portion capable of bringing a peripheral edge portion of the substrate 

into surface contact therewith and multiple support portions provided upright and 

arranged at predetermined intervals in an internal space surrounded by the rib portion, 

a DC power supply for applying a DC voltage between the two electrodes, an AC 

power supply for passing an alternating current through capacitance of the chuck plate, 

and first measuring means for measuring the alternating current passing through the 

capacitance of the chuck plate, and further includes removing means for removing an 

AC component superimposed on the altemating current from a plasma produced in the 

processing chamber during the plasma processing. 

[0013] 

According to the present invention, in the case where a substrate to be 
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clamped has warpage in, for example, such a direction (compressive direction) that a 

central portion thereof moves away from the internal space, the capacitance varies. 

This causes the impedance value to vary, and causes an altemating current value 

measured with the first measuring means to vary. Accordingly, when the substrate is 

clamped by the chuck plate, the state of the substrate is correctly grasped from the 

impedance, and by extension, the altemating current value. The substrate is clamped 

with a clamping force according to the state of the substrate, i.e., with the DC voltage 

controlled based on the alternating current value under the condition in which a 

substrate is clamped in a warpage-free state. 

[0014] 

Next, plasma processing is carried out on the substrate clamped and held by 

the substrate holding device as described above. During this plasma processing, also, 

the altemating current value is measured with the first measuring means. Here, a 

research by the inventors of the present invention has revealed that during plasma 

processing, since an AC component in a plasma is superimposed on an alternating 

current for grasping the state of the substrate, the impedance value greatly varies. 

[0015] 

Accordingly, in the present invention, since the removing means is provided 

which removes the AC component superimposed on the alternating current from the 

plasma produced in the processing chamber, the amount of variation in. the impedance 

during plasma processing can be reduced. As a result, even in the case where the 

substrate warps due to, for example, stress in a film formed on a surface of the 

substrate by plasma processing, great variations in the impedance value can be easily 

grasped from the above-described amount of variation. Thus, the state of the 

substrate can be reliably monitored. 

[0016] 

Moreover, in the present invention, the following configuration may be 

employed: the substrate holding device further includes control means for controlling 

operation of the DC power supply and the AC power supply, and the control means 

controls the DC voltage applied between the two electrodes so that an altemating 
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current value measured with the first measuring means may be in a predetermined 

range. In this configuration, based on variations in the impedance value during 

plasma processing, the substrate can be clamped with an optimum clamping force 

according to the warpage of the substrate. As a result, it is possible to prevent 

damage to the substrate and the induction of an abnormal discharge during the plasma 

processing. Also, when the present invention is used in, for example, deposition by 

sputtering, since the substrate is held in a warpage-free state, the distance from a target 

to a surface of the substrate is approximately uniform across the entire surface of the 

substrate. Thus, the uniformity of film thickness across the surface of the substrate 

can also be improved. 

[0017] 

Furthermore, in the present invention, the following configuration may be 

employed: the substrate holding device further includes gas introduction means for 

introducing a predetermined gas into the internal space and second measuring means 

for measuring a gas flow rate of the gas introduced into the internal space, and the 

control means controls the DC voltage applied between the two electrodes so that the 

gas flow rate measured with the second measuring means may be in a predetermined 

range. In this configuration, when a substrate to be clamped waips during plasma 

processing in such a direction (tensile direction) that a gap between the rib portion and 

the periphery of the surface of the substrate increases, the amount of leakage of the gas 

from the internal space through the gap changes, and this causes the gas flow rate 

measured with the second measuring means to vary. In such a case, by controlling 

the DC voltage applied between the two electrodes based on the gas flow rate under 

the condition in which a substrate is clamped in a warpage-free state, the plasma 

processing can be performed with the substrate clamped with an appropriate electric 

power for clamping. 

[0018] 

In the present invention, the removing means may be any one of a filter circuit 

for removing AC components of specific frequency band and a digital signal processor 

which functions as a filter for removing AC components of specific frequencies. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

[FIG. 1] FIG. 1 is a view for schematically explaining the configuration of an 

electrostatic chuck of an embodiment of the present invention. 

[FIG. 2] FIG. 2 is a view for schematically explaining the warpage of a substrate. 

[FIG. 3] FIG. 3 is a graph showing results of an experiment in which variations in an 

impedance value, an alternating current value, and the flow rate of an assist gas are 

measured during plasma processing in the case where a substrate holding device of a 

prior art is used. 

[FIG. 4] FIGS. 4A and 4B are graphs showing results of an experiment in which the 

change in an impedance value is measured with respect to the flow rate of gas 

introduced and power supplied during plasma processing. 

[FIG. 5] FIG. 5 is a view for explaining the configuration of removing means of the 

embodiment of the present invention. 

[FIG. 6] FIG. 6 is a graph showing results of an experiment in which variations in an 

impedance value, an altemating current value, and the flow rate of assist gas are 

measured during plasma processing in the case where the substrate holding device of 

the embodiment of the present invention is used. 

MODES FOR CARRYING OUT THE INVENTION 

[0020] 

Hereinafter, referring to the drawings, a substrate holding device EC of this 

embodiment winch is placed in a plasma processing system will be described with a 

substrate to be processed assumed to be a wafer W. Here, a plasma processing system 

in which the substrate holding device EC of this embodiment is used may be a 

publicly-known plasma processing system such as a DC or AC sputtering system or a 

reactive ion etching system irrespective of a method for producing a plasma 

atmosphere in the processing chamber, and therefore will not be describe in detail here. 

[0021] 

As shown in FIG 1, the substrate holding device EC is a so-called 

electrostatic chuck, and includes a chuck main body 1 placed on a bottom portion in an 
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unillustrated processing chamber directly or with a pedestal interposed therebetween 

and a dielectric chuck plate 2 provided on an upper surface of the chuck main body 1. 

The chuck main body 1 is made of, for example, aluminum nitride, and has positive 

and negative electrodes 3a and 3b embedded therein with an unillustrated insulating 

layer interposed therebetween. A DC voltage is applied between the two electrodes 

3a atid 3b from a DC power supply El in a power supply circuit E. 

[0022] 

Moreover, the chuck main body 1 has a gas passage 4 passing therethrough in 

the vertical direction. A lower end of the gas passage 4 communicates with a gas 

source 7 containing an assist gas made of an inert gas with a gas pipe 6 interposed 

therebetween. The gas pipe 6 has an APC (automatic pressure controller) 5 installed 

at a point therein. These parts constitute gas introduction means of this embodiment. 

Furthermore, the chuck main body 1 has an electrical resistance heater 8 incorporated 

therein so that a wafer W can be heated and maintained at a predetermined temperature. 

Incidentally, a configuration in which the wafer W can be cooled may also be 

employed by forming a cooling passage in the chuck main body 1 and circulating a 

coolant. 

[0023] 

The chuck plate 2 is made of, for example, aluminum nitride, and includes a 

ring-shaped rib portion 2a capable of bringing a peripheral edge portion of a back 

surface of the wafer W into surface contact therewith, and multiple stick-shaped 

support portions 2c provided upright and arranged concentrically in an internal space 

2b surrounded by the rib portion 2a. Further, after the wafer W is mounted on the 

chuck plate 2, the wafer W is clamped on a surface of the chuck plate 2 by an 

electrostatic force generated by applying a DC voltage between the two electrodes 3a 

and 3b through the DC power supply El. At this time, the peripheral edge portion of 

the back surface of the wafer W comes in surface contact with the rib portion 2a 

throughout the entire circumference thereof, and thus the internal space 2b is 

approximately hermetically sealed (in this case, the wafer W is approximately parallel 

to the surface of the chuck plate 2). When the assist gas is supplied by the gas introduction 
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means in this state, a gas atmosphere is formed in the internal space 2b. Thus, by 

forming the gas atmosphere in the internal space 2b defined by the rib portion 2a and 

the back surface of the wafer W, heat transfer to the wafer W is assisted, and the wafer 

W can be efficiently heated or cooled. 

[0024] 

In the above-described substrate holding device EC, control means C 

including a microcomputer and the like performs the following control in an integrated 

manner: the control of application of voltage from the DC power supply El in the 

chuck power supply E to the two electrodes 3a and 3b, the control of supply of the 

inert gas by the gas introduction means, and the like. Here, since no seal member is 

provided between the peripheral edge portion of the back surface of the wafer W and 

the rib portion 2a, a very small amount (e.g., 0.01 to 0.03 seem) of the inert gas leaks 

out even in the case where the peripheral edge portion of the back surface of the wafer 

W is in surface contact with the rib portion 2a throughout the entire circumference 

thereof. 

[0025] 

As shown in FIGS. 2A and 2B, the wafer W has warpage in the compressive 

or tensile direction caused by, for example, stress in the wafer W itself or stress in a 

film formed on a surface of the wafer W. Accordingly, when the wafer W is clamped 

in a state in which voltages applied to the two electrodes 3a and 3b are controlled 

based on a constant set voltage registered in advance in the control means C, the wafer 

W may clamped by the chuck plate 2 in a warping state, depending on the wafer W. 

[0026] 

Here, a description will be made by taking a wafer W having warpage in the 

compressive direction as an example. Distances D1 and D2 from the upper surface of 

the chuck main body 1 to the back surface of the wafer on the chuck plate 2 are not 

equal to each other between a central portion of the wafer W (distance Dl) and a 

peripheral portion of the wafer W (distance D2) (see FIG. 2A). In such a case, when 

the heater 8 is turned on to heat the wafer W, the amount of heat transfer to the wafer 

W through the inert gas atmosphere varies across the surface of the wafer W. As a 
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result, the following problem occurs: the temperature of the wafer W is non-uniform 

across the surface of the wafer W. 

[0027] 

Accordingly, the following way has been adopted. An AC power supply E2 

is connected to the DC power supply El in parallel in the chuck power supply E so that 

the control means C may cause an alternating current to pass through the capacitance 

of the electrostatic chuck from the AC power supply E2, and an impedance value is 

monitored based on a current value measured with a publicly-known ammeter (not 

illustrated) (first measuring means) M. Also, a publicly-known mass flow meter 

(second measuring means) 9 is installed downstream of the APC 5 at a point in the gas 

pipe 6 to monitor a gas flow rate. Further, when at least one of the impedance and the 

gas flow rate varies out of a predetermined range, the control means C changes the 

clamping voltage from the DC power supply El to change the force that clamps the 

wafer W so that the wafer W may be approximately parallel to the surface of the chuck 

plate 2, i.e., so that the distances D1 and D2 from the upper surface of the chuck main 

body 1 to the back surface of the wafer W may be made equal to each other. The 

control of clamping of a wafer W in the electrostatic chuck EC will be specifically 

described below. 

[0028] 

Prior to plasma processing for a wafer W as a product, a wafer W which is 

identical to one to be used in processing is mounted on the surface of the chuck plate 2, 

the wafer W is mounted on the surface of the chuck plate 2, and then an alternating 

current is caused to flow by the AC power supply E2. Based on the current value at 

that time, the impedance value of the capacitance is measured. Next, a predetermined 

DC voltage is applied between the two electrodes 3a and 3b by the DC power supply 

El to clamp the wafer W to the surface of the chuck plate 2. At this time, the DC 

voltage is controlled so that the entire peripheral edge portion of the back surface of 

the wafer W may come in surface contact with the rib portion 2a and that the wafer W 

may be in an approximately horizontal position (see FIG. 1). Further, the impedance 

value is measured when the wafer W is thus clamped in surface contact. A result of 
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this measurement (reference value) is stored in advance in the control means C. 

Incidentally, whether or not the wafer W is in an approximately horizontal position can 

be determined by using, for example, a publicly-known displacement meter. 

[0029] 

In this state, an Ar gas is introduced" into the internal space 2b at a constant 

flow rate by the gas introduction means, and the gas flow rate is measured with the 

mass flow meter 9. The flow rate is initially high, and then shows a constant value 

with the elapse of time. A result of this measurement (another reference value) is 

stored in advance in the control means C. Further, based on the above-described 

reference values, predetermined ranges acceptable for clamping and holding the wafer 

W in an approximately horizontal position are determined to be stored in the control 

means C. Thus, preparation for wafer clamping is completed. 

[0030] 

Next, a wafer W as a product is transferred onto the chuck plate 2, aligned, 

and then clamped, to the surface of the chuck plate 2. At this time, an alternating 

current is caused to flow from the AC power supply E2. The impedance at that time 

is measured with the ammeter M, and the gas flow rate is measured with the mass flow 

meter 9. 

[0031] 

Here, in the case where the wafer W has warpage in the compressive direction, 

the impedance changes to a high value. On the other hand, in the case where the 

wafer W has warpage in the tensile direction, even when the wafer W is clamped to the 

chuck plate 2, the rib portion 2a and-the peripheral edge portion of the wafer W do not 

come in surface contact with each other. The gap therebetween is large, and the 

amount of leakage of the gas is large. Accordingly, the gas flow rate measured with 

the mass flow meter 9 changes to a high value. In this way, the warpage state of the 

wafer W clamped to the chuck plate 2 is grasped. 

[0032] 

Next, the control means C determines whether or not the above-described 

impedance value and gas flow rate are in the above-described predetermined ranges. 
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As a result, if any one of the measurement values is out of the predetermined range, the 

DC voltage applied between the two electrodes 3a and 3b by the DC power supply El 

is changed by the control means C to be controlled such that the measurement value is 

in the predetermined range. On the other hand, if each of the measurement values is 

in the predetermined range, for example, the heater 8 is turned on, and the wafer W is 

heated to a predetermined temperature (e.g., 400°C) and maintained at the 

predetermined temperature. In this state, plasma processing is performed on the 

wafer W. 

[0033] 

During plasma processing, also, measurements are intennittently or 

continuously made as to whether or not the impedance is in the predetermined range. 

It has been revealed that there are cases where the state of the wafer W cannot be 

monitored based on the change of this impedance, and that the force that clamps the 

wafer W becomes too strong or too weak. This seems to be caused by the following 

phenomenon: an AC component in a plasma produced in the processing chamber is 

superimposed on the alternating current, and causes variations in the impedance value. 

Specifically, a description will be made by taking as an example the case where a film 

is formed on the wafer W by a DC sputtering system. A sputtering power supply for 

supplying DC power to a target generally rectifies commercial AC power to convert 

the AC power to DC power (in some cases, further converts the DC power to AC 

power again using an inverter and rectifies the output), and then supplies the DC power 

to the target. Accordingly, when a plasma is produced in the processing chamber, an 

AC component from the sputtering power supply is contained in the plasma. This AC 

component is superimposed on the alternating current in the chuck power supply E to 

cause variations in the impedance value. Such variations in the impedance value also 

occur in the case where an AC power supply or a high frequency power supply is used 

as a power supply for producing a plasma or the case where a high frequency power 

supply is connected to the chuck main body 1 to apply a bias voltage to the substrate. 

[0034] 
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To confirm the above-described variations in the impedance value, the 

following experiment was carried out using a publicly-known DC sputtering system 

provided with the substrate holding device EC having the above-described 

configuration. Specifically, conditions for sputtering were as follows: a target is 

made of Ti, the DC power supplied from the sputtering power supply is 18 kW, and the 

flow rate of an argon gas (sputtering gas) is 8 seem. 

[0035] 

After the wafer W was aligned and placed on the chuck plate 2 of the substrate 

holding device EC, the DC voltage was applied between the two electrodes 3a and 3b 

by the DC power supply El to clamp the wafer W to the surface of the chuck plate 2. 

At this time, the voltage from the DC power supply El was 0.8 kV, and the gas 

pressure of the assist gas from the gas introduction means was 400 Pa. The 

impedance value in this case was approximately 17.5 kQ (see FIG. 3). 

[0036] 

Next, under the above-described conditions, a vacuum chamber is evacuated 

to a vacuum, argon is introduced thereto, and then the sputtering power supply is 

turned on to supply power to the target. At this time, the voltages applied from the 

DC power supply El to the two electrodes 3a and 3b are constant. In this case, as 

shown in FIG 3, it can be seen that immediately after the beginning of supply of power, 

the alternating current value measured with the ammeter M starts varying, and the 

impedance value is as low as approximately 13 kfi; during the supply of power, the 

impedance value greatly varies, and gradually decreases with the elapse of time. 

Here, in FIG. 3, a line al indicates the amount of variation in the impedance, a line bl 

indicates the amount of variation in the direct current, and a line cl indicates the 

amount of variation in the flow rate of the assist gas. 

[0037] 

Moreover, the amount of variation in the gas flow rate of the assist gas 

measured with the mass flow meter 9 also decreases with the elapse of time. Thus, in 

the above-described experiment, the amount of variation in the impedance value is 

large. Accordingly, in some cases, a determination cannot be made as to whether or 
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not the wafer W has warped due to stress in a Ti film during deposition. Moreover, 

since the impedance value becomes small during plasma processing (after the 

sputtering power supply is turned on), if the DC voltage from the DC power supply El 

is controlled as described above, the force that clamps the wafer W is weakened. In 

such a case, stress in a film during deposition may cause a clamping failure or induce 

an abnormal discharge. 

[0038] 

Next, using the same sputtering system as described above, dependences on 

the flow rate (range of 5 to 40 seem) of the sputtering gas introduced into a plasma 

atmosphere and the power (range of 5 to 20 kW) supplied to the target have been 

confirmed. In this experiment, variations in the impedance in the case where a 

discharge is not allowed to occur in the processing chamber by appropriately 

controlling the sputtering power supply were also confirmed. As indicated by dotted 

lines in FIGS. 4A and 4B, this has proved that the impedance value greatly varies with 

increasing amount of the sputtering gas introduced during sputtering, but the 

impedance not greatly decreases when the input power is changed. 

[0039] 

Here, FIG 4A shows variations in the impedance value when the gas flow rate 

is changed. In FIG. 4A, a dotted line with open diamonds indicates the case where a 

discharge is not allowed to occur, and a dotted line with open squares indicates the case 

where a discharge is allowed to occur. Moreover, FIG. 4B shows variations in the 

impedance value when the input power from the sputtering power supply is changed. 

A dotted line with open diamonds indicates the case where a discharge is not allowed 

to occur, and a dotted line with open squares indicates the case where a discharge is 

allowed to occur. It should be noted that though a description will not be particularly 

made with reference to drawings, the following has been confirmed: in the case where 

a plasma is produced in a processing chamber using a high frequency power supply, 

the impedance value becomes low, and in the case where a bias voltage is applied to a 

substrate using a high frequency power supply during plasma processing, the 

impedance value decreases with increasing applied voltage. 
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[0040] 

Based on the above-described experimental results, in an embodiment of the 

present invention, a filter circuit F for removing AC components of specific 

frequencies is provided in the chuck power supply E (see FIG. 1). As the filter circuit 

F, as shown in FIG. 5, a so-called low pass filter is used which is formed by connecting 

circuits, each including resistors Rl, R2 (R3, R4), capacitors Cl, C2 (C3, C4), and an 

operational amplifier OP1 (OP2), in series. The low pass filter blocks a band of 

frequencies higher than a predetermined cutoff frequency. In this case, the cutoff 

frequency is appropriately selected according to components (type of the power supply 

and the presence or absence of application of a bias voltage) of the plasma processing 

system in which the substrate holding device EC is used, and process conditions 

(pressure in a processing chamber during plasma processing, and the type and flow rate 

of the gas introduced during processing). 

[0041] 

To confirm the above-described effects, using the same sputtering system as in 

the above-described experiment, a film was formed on a wafer W under the same 

sputtering conditions. In this case, a circuit shown in FIG. 5 was used as a filter 

circuit F provided in the chuck power supply E. In this experiment, as shown in FIG. 

6, it can be seen that immediately after the beginning of supply of power, the 

alternating current value measured with the ammeter M starts increasing, and the 

impedance value decreases, but the amount of the decrease thereof (approximately 9 

kft) is small; during the supply of power from the sputtering power supply (during 

sputtering), the amount of variation in the impedance is also small. Here, in FIG. 6, a 

line a2 indicates the amount of variation in the impedance, a line b2 indicates the 

amount of variation in an altemating current, and a line c2 indicates the amount of 

variation in the flow rate of the assist gas. Moreover, as indicated by solid lines in 

FIGS. 4A and 4B, it can be seen that the impedance value varies little by changing the 

amount of sputtering gas introduced or the input power during sputtering. In FIG. 4A, a 

solid line with filled triangles indicates the case where a discharge is not allowed to 

occur, and a solid line with filled squares indicates the case where a discharge is 
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allowed to occur. Moreover, in FIG. 4B, a solid line with filled triangles indicates the 

case where a discharge is not allowed to occur, and a solid line with filled squares 

indicates the case where a discharge is allowed to occur. 

[0042] 

As described above, in this embodiment, by optimizing the filter circuit F, the 

state of a substrate (whether or not warpage has been caused by film stress, and the 

like) can be reliably grasped from variations in the impedance value without the 

influence of the AC component during plasma processing. Also, by the control 

means C controlling the DC voltage from the DC power supply El according to the 

amount of variation in the impedance during plasma processing, the substrate can be 

clamped with an optimum substrate clamping force. As a result, it is possible to 

prevent damage to a wafer W and the induction of an abnormal discharge during 

plasma processing. It should be noted that in the case where the control means C 

controls the DC voltage from the DC power supply El according to the amount of 

variation in the impedance during plasma processing, control can be performed by 

acquiring the amount of variation in the impedance at the pressure (or the amount of 

gas to be introduced during plasma processing) in the processing chamber in advance 

and compensating this amount of variation. 

[0043] 

Moreover, in the above-described embodiment, a description has been made 

by taking as an example a configuration in which the filter circuit F is provided. 

However, the present invention is not limited to this. The removing means is not 

particularly limited as long as the removing means can filter out AC components in a 

specific frequency band. For example, a digital signal processor can be used which 

functions as a filter for removing AC components in a specific frequency band. 

Moreover, depending on the plasma processing system, a filter circuit and a digital 

signal processor can also be used in combination. 

[0044] 

Moreover, though in the above-dcscribed embodiment a description has been 

made based on the experiments in the DC sputtering system, it has been confirmed that 
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a wafer can be clamped and held with an optimum clamping force when the present 

invention is applied to a self-bias sputtering system or a reactive ion etching system. 

Moreover, it has also been confirmed that the uniformity of film thickness distribution 

across the surfacc of the wafer can be improved. 

Explanation of Reference Numerals 

[0045] 
EC...substrate holding dcvice (electrostatic chuck), 1...chuck main body, 

2.,.chuck plate, 2a...rib portion, 2b...internal space, 2c...support portions, 3a and 

3b...(positive and negative) electrode, 5, 6, 7...gas introduction means, 9...mass flow 

meter, C.,.contro! means, El ...DC power supply, E2...AC power supply, F...filter circuit 

(removing means), M...ammeter. 
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CLAIMS 

[Claim 1] A substrate holding device for clamping a substrate in a processing chamber in 

which plasma processing is carried out, the substrate holding device comprising: 

a chuck main body having positive and negative electrodes; 

a dielectric chuck plate having a rib portion capable of bringing a peripheral edge 

portion of the substrate into surface contact therewith, and multiple support portions provided 

upright and arranged at predetermined intervals in an internal space surrounded by the rib 

portion; 

a DC power supply for applying a DC voltage between the two electrodes; 

an AC power supply for passing an altemating current through capacitance of the 
chuck plate; 

first measuring means for measuring the alternating current passing through the 
capacitance of the chuck plate; 

removing means for removing an AC component superimposed on the alternating 

current from a plasma produced in the processing chamber during the plasma processing; and 

control means for controlling operation of the DC power supply and the AC power 

supply, 

wherein the control means controls the DC voltage applied between the two 

electrodes so that an alternating current value measured with the first measuring means is in a 

predetermined range, and 

wherein the predetermined range is determined from variations in impedance value 

due to warpage in the substrate, the variations in impedance value being measured in advance 
and stored in the control means. 

[Claim 2] The substrate holding device according to claim 1, further comprising: gas 

introduction means for introducing a predetermined gas into the internal space; and second 

measuring means for measuring a gas flow rate of the gas introduced into the internal space, 

wherein 

the control means controls the DC voltage applied between the two electrodes so that 

the gas flow rate measured with the second measuring means is in a predetermined range. 

[Claim 3] The substrate holding device according to any one of claims 1 and 2, wherein 

the removing means is any one of a filter circuit for filtering out AC components in a specific 

frequency band and a digital signal processor which functions as a filter for filtering out AC 

components in a specific frequency band. 
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