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(57) ABSTRACT 

A sample processing method includes electrostatically 
attracting and holding a sample on an electrostatic chuck 
Which includes a pair of electrodes having different polari 
ties and being concentrically disposed, and a dielectric ?lm 
formed on top surfaces of the pair of electrodes, by applying 
a DC voltage betWeen the pair of electrodes. The sample 
Which is attracted and held on the chuck through the 
dielectric ?lm is subjected to plasma processing While 
applying a bias voltage. The application of the bias voltage 
applied during plasma processing is stopped after termina 
tion of processing the sample, and an unbalance betWeen 
electric charges stored on attracting portions of the dielectric 
?lm formed on the electrodes is eliminated by continuing 
generation of the plasma for a speci?c time after stopping 
the application of the bias voltage. The plasma is extin 
guished after an elapse of the speci?c time. 
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ELECTROSTATIC CHUCK, AND METHOD OF 
AND APPARATUS FOR PROCESSING SAMPLE 

USING THE CHUCK 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation of US. application Ser. No. 
09/382,779, ?led Aug. 25, 1999, Which is a continuation of 
US. application Ser. No. 08/927,278, ?led Sep. 11, 1997, 
now US. Pat. No. 5,946,184, issued Aug. 31, 1999, the 
subject matter of Which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to an electrostatic 
chuck, and a method of and an apparatus for processing a 
sample using the chuck. The invention relates particularly to 
an electrostatic chuck suitable for electrostatically holding a 
sheet-like sample, such as a semiconductor substrate or a 

liquid crystal substrate, When the sample is processed or 
carried, and a method of and an apparatus for processing a 
sample using the chuck. 

[0003] An example of a bipolar type electrostatic chuck 
using a pair of electrodes having different polarities, in the 
form of an electrostatically attracting apparatus having a pair 
of semi-circular or concentrically-circular shaped ?at elec 
trodes, is disclosed in Japanese Patent Laid-open No. 64950/ 
1982. According to this document, by increasing the ratio 
betWeen the area of the electrostatically attracting apparatus 
and the electrode area of the pair of ?at electrodes, mounting 
a substance on the pair of ?at electrodes through an insulator 
having a thickness of 50 to 200 pm, and electrostatically 
attracting the substance by applying a voltage betWeen the 
?at electrodes, it is possible to employ the electrostatically 
attracting apparatus to hold both a conductive substance and 
a conductive substance Whose surface is covered With a thin 
insulating ?lm to provide a stronger attracting force and to 
simplify the structure of the apparatus. The document also 
describes that the attracting force is maximiZed When the 
areas of the pair of positive and negative electrodes are equal 
to each to other. Also, another bipolar type electrostatic 
chuck is disclosed in Japanese Patent Laid-open No. 
120329/1994. 

[0004] The method of holding a sample, for example, a 
Wafer using such an electrostatic chuck has advantages in 
that: (1) since the surface of a Wafer to be processed is not 
mechanically contacted by the chuck, the Wafer can be 
prevented from being contaminated by abrasive particles 
and the like; and (2) since the entire back surface of a Wafer 
is ?xedly attracted on the chuck, the camber of the Wafer can 
be corrected, so that the contact of the Wafer With an 
attracting surface of the chuck becomes more reliable When 
the Wafer is ?nely processed by etching or the like, to 
improve the thermal conductivity of the Wafer, thereby 
facilitating the temperature control of the Wafer. For these 
reasons, the electrostatic chuck is being extensively used as 
a sample stage (referred to simply as an “electrode”) of a dry 
etching apparatus or a plasma processing apparatus, such as 
a CVD apparatus. 

[0005] Abipolar type electrostatic chuck used for a plasma 
processing apparatus, in the form of an electrostatically 
attracting apparatus, for example, in Japanese Patent Publi 
cation No. 44747/1982. The document indicates that a larger 
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attracting force can be obtained during plasma discharge by 
making the area of the positive electrode larger than that of 
the negative electrode, and that the attracting force in the 
case of generation of no plasma is maximiZed When the ratio 
betWeen the areas of the positive and negative electrodes is 
set at 1. 

[0006] Another disadvantage of the electrostatic chuck 
Will be described beloW. In general, to remove a Wafer from 
the electrostatic chuck after termination of the processing of 
the Wafer, bar-like supports (generally, called “pushers” or 
“lift pins”) are lifted or pushed up from the interior of the 
electrostatic chuck for pushing up the Wafer therefrom. The 
mechanism involving such bar-like supports is knoWn, for 
example, from US. Pat. No. 4,565,601 or Japanese Patent 
Laid-open No. 252253/1994. HoWever, in the case Where 
there exists a residual attracting force betWeen an electro 
static chuck and a Wafer, if a Wafer is forcibly peeled from 
the electrostatic chuck by applying a strong force against the 
residual attracting force, there arises a problem that the 
Wafer may be cracked or undergo an abnormal discharge 
suf?ciently large to destroy devices of the Wafer. 

[0007] To cope With the disadvantages due to a residual 
attracting force, various methods for eliminating an electric 
charge stored on an electrostatic chuck have been proposed. 
For example, a method of eliminating an electric charge 
stored on an electrostatic chuck upon removal of a sample 
from the chuck is described in US. Pat. No. 5,117,121, 
Wherein a residual attracting force eliminating voltage, hav 
ing a polarity reversed With respect to that of an attracting 
voltage and Which is higher than the attracting voltage, is 
applied betWeen the electrodes of the chuck. Another 
method of eliminating an electric charge stored on an 
electrostatic chuck is described in Japanese Patent Laid 
open No. 185773/1983, Wherein a DC voltage for generating 
an electrostatic attracting force is turned off, and thereafter 
the radio frequency poWer for generating a plasma is turned 
off. Besides these, various methods of removing a sample 
from an electrostatic chuck are described, for example, in 
Japanese Patent Laid-open Nos. 112745/1989 and 247639/ 
1992. 

SUMMARY OF THE INVENTION 

[0008] The electrostatic chucks described in Japanese 
Patent Laid-open No. 64950/1982 and Japanese Patent Pub 
lication No. 4474/1982 have failed to examine the residual 
attracting force. 

[0009] Namely, in the case Where the temperature of a 
Wafer as a sample is required to be controlled at a speci?c 
value during processing of the Wafer, for example, at a 
plasma processing step, a heat transfer gas is supplied 
betWeen the back surface of the Wafer and the electrostatic 
chuck. For this purpose, the electrostatic chuck has a struc 
ture in Which the Wafer mounting surface of the chuck is 
provided With a dispersion groove (called “a gas groove”) 
for uniformly supplying a heat transfer gas. An electrostatic 
chuck used for holding a Wafer subjected to plasma pro 
cessing is described, for example, in Japanese Patent Laid 
open No. 86382/1995, Wherein a Wafer mounting surface of 
the chuck has a recess for reducing the contact area betWeen 
the Wafer mounting surface and the Wafer, thereby suppress 
ing adhesion of contaminants on the Wafer. With respect to 
the dispersion groove or recess, various patterns have been 
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developed. In the case Where a groove or recess is provided 
in a Wafer mounting surface of an electrostatic chuck as 
described above, the attracting areas on the positive and 
negative electrode sides change depending on the siZe and 
shape of the dispersion groove or recess, so that a residual 
attracting force is generated. 

[0010] Further, even in the case Where an electrostatic 
chuck is used during plasma processing the, the amounts of 
the electric charges stored on attracting surfaces on the 
positive electrode side and the negative electrode side are 
different from each other as a result of generation of a 
self-bias voltage due to the plasma and the application of a 
radio frequency bias, so that a residual attracting force is 
generated. 

[0011] As a result, even the bipolar type electrostatic 
chuck requires a step of eliminating the electric charge 
stored on the chuck for removing a residual attracting force, 
so that there arises a problem in terms of loWering the 
throughput in carrying Wafers. Another problem is that, 
since an electric charge remains in a dielectric ?lm consti 
tuting an attracting surface of the electrostatic chuck, the 
attracting surface is liable to attract contaminants Which in 
turn adhere on the back surface of a neW sample attracted on 
the attracting surface. In particular, When a Wafer is pro 
cessed using a CVD apparatus Which generates deposits 
having electric charges, such a problem becomes signi?cant. 

[0012] Further, the method of eliminating a residual 
attracting force, as described in US. Pat. No. 5,117,121, 
requires the step of eliminating an electric charge stored on 
the chuck by neWly applying a reverse voltage. This causes 
a problem in terms of loWering the throughput in carrying a 
sample. Also, if the reverse voltage becomes excessively 
large, there arises another problem in that an electrostatic 
attracting force is produced again, to thereby generate a 
residual attracting force. Besides, in the method of elimi 
nating a residual attracting force, as described in Japanese 
Patent Laid-open No. 185773/1983, since, after stopping of 
the supply of the DC voltage for electrostatic attraction, 
supply of the radio frequency poWer for generating a plasma 
is stopped, the time required for eliminating the electric 
charge must be made longer. This causes a problem in terms 
of loWering the throughput in carrying a Wafer. In the case 
of supplying a heat transfer gas to the back surface of a 
sample simultaneously With electrostatic attraction, supply 
of the transfer gas is usually stopped upon stopping the 
supply of the DC voltage for electrostatic attraction. As a 
result, the temperature of the sample is increased and 
thereby plasma continuous to be produced, so that process 
ing of the sample continues, thereby eXerting an adverse 
effect on the sample, the processing of Which should have 
been terminated. 

[0013] Additionally, in a plasma processing apparatus, 
generally, a radio frequency voltage is applied to a sample 
stage for controlling an incident energy of ions in a plasma 
against the sample by means of a bias voltage generated at 
the sample stage. When such a plasma processing apparatus 
uses a bipolar type electrostatic chuck, it is dif?cult to 
equally apply the bias voltage to the sample resulting from 
the electrode structure of the chuck, as compared With the 
case of using a monopole type electrostatic chuck. This 
possibly eXerts an adverse effect on uniform processing of 
the sample. 
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[0014] In vieW of the foregoing, the present invention has 
been made, and a ?rst object of the present invention is to 
provide an electrostatic chuck Which is capable of reducing 
a residual attracting force to a value in a substantially 
practically usable range. 

[0015] To achieve the ?rst object, according to the present 
invention, there is provided an electrostatic chuck including: 
a pair of electrodes having different polarities; and, a dielec 
tric ?lm formed on top surfaces of the pair of electrodes on 
Which a sample is electrostatically attracted and held When 
a DC voltage is applied betWeen the pair of electrodes; 
Wherein the amounts of electric charges stored on attracting 
portions of the dielectric ?lm corresponding to the pair of 
electrodes, directly before stopping the supply of the DC 
voltage applied betWeen the pair of electrodes, are substan 
tially equal to each other. 

[0016] Another object of the present invention is to pro 
vide a sample processing method Which is capable of 
reducing the standby time upon removal of a sample from an 
electrostatic chuck for improving the throughput. 

[0017] To achieve the second object, according to the 
present invention, there is provided a sample processing 
method including the steps of: electrostatically attracting 
and holding a sample on an electrostatic chuck including a 
pair of electrodes having different polarities and a dielectric 
?lm formed on top surfaces of the pair of electrodes, by 
applying a DC voltage betWeen the pair of electrodes; and 
processing the sample electrostatically attracted and held on 
the chuck through the dielectric ?lm; Wherein the amounts 
of electric charges stored on attracting portions of the 
dielectric ?lm corresponding to the pair of electrodes, 
directly before stopping the supply of the DC voltage 
applied betWeen the pair of electrodes after termination of 
processing the sample, are substantially equal to each other, 
so that the electric charges stored on the attracting portions 
of the dielectric ?lm after stopping the supply of the DC 
voltage are eliminated due to the balance therebetWeen, 
Whereby the sample can be removed from the sample 
mounting surface Without addition of any special step. 

[0018] A further object of the present invention is to 
provide a sample processing apparatus Which is capable of 
reducing the stand-by time upon removal of a sample from 
an electrostatic chuck for improving the throughput. 

[0019] To achieve the third object of the present invention, 
there is provided a sample processing apparatus for process 
ing a sample electrostatically attracted and held on an 
electrostatic chuck, the electrostatic chuck including: a pair 
of electrodes having different polarities; and a dielectric ?lm 
formed on top surfaces of the pair of electrodes on Which a 
sample is electrostatically attracted and held When a DC 
voltage is applied betWeen the pair of electrodes; Wherein a 
recess Which is not in contact With the back surface of the 
sample is formed in a surface of the dielectric ?lm on Which 
the sample is disposed; and the amounts of electric charges 
of different polarities stored on the attracting portions of the 
surface of the dielectric ?lm, excluding the recess, are equal 
to each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a vertical sectional vieW of one eXample 
of a sample processing apparatus using an electrostatic 
chuck, representing a ?rst embodiment of the present inven 
tion; 
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[0021] FIG. 2 is a sectional vieW taken on line II-II of 
FIG. 1, showing the electrostatic chuck; 

[0022] FIG. 3 is a sectional vieW showing the details of a 
portion III of FIG. 1; 

[0023] FIG. 4 is a timing diagram shoWing potentials of a 
Wafer and electrodes of the electrostatic chuck shoWn in 
FIG. 1; 

[0024] FIG. 5 is a time chart shoWing steps of attracting 
a Wafer, processing the Wafer, and eliminating electric 
charges in the case of processing using the apparatus shoWn 
in FIG. 1; 

[0025] FIG. 6 is a graph shoWing a relationship betWeen 
a residual attracting force and a time elapsing from the 
stopping of supply of a radio frequency voltage to plasma 
extinction in the case of processing using the apparatus 
shoWn in FIG. 

[0026] FIG. 7 is a vertical sectional vieW of the electro 
static chuck portion shoWn in FIG. 1; 

[0027] FIG. 8 is a graph shoWing a load applied to a Wafer 
upon removal of the Wafer from the electrostatic chuck 
shoWn in FIG. 7; 

[0028] FIGS. 9(a) to 9(c) are vertical sectional vieWs 
shoWing other electrode arrangements of the electrostatic 
chuck shoWn in FIG. 1; 

[0029] FIG. 10 is a vertical sectional vieW shoWing 
another example of connection of a DC poWer supply for the 
electrostatic chuck shoWn in FIG. 1; 

[0030] FIG. 11 is a timing diagram shoWing potentials of 
a Wafer and electrodes of the electrostatic chuck shoWn in 
FIG. 10; 

[0031] FIG. 12 is a vertical sectional vieW shoWing a 
further example of connection of a DC poWer supply for the 
electrostatic chuck shoWn in FIG. 1; 

[0032] FIG. 13 is a timing diagram shoWing potentials of 
a Wafer and electrodes of the electrostatic chuck shoWn in 
FIG. 12; 

[0033] FIG. 14 is a perspective vieW shoWing an electro 
static chuck representing a second embodiment of the 
present invention; 

[0034] FIG. 15 is a plan vieW of the electrostatic chuck 
shoWn in FIG. 14; 

[0035] FIGS. 16(a) to 16(c) are diagrams each shoWing a 
relationship betWeen a gap and an attracting force upon 
electrostatic attraction; 

[0036] FIG. 17 is a graph shoWing a change in resistivity 
of a dielectric ?lm of the electrostatic chuck shoWn in FIG. 
14 depending on the temperature; 

[0037] FIGS. 18(a) and 18(b) shoW a sectional vieW and 
an enlarged vieW shoWing a third embodiment using the 
electrostatic chuck of the present invention, shoWing a state 
in Which contaminants adhering on a dielectric ?lm are 
transferred on a dummy Wafer; 

[0038] FIG. 19 is a Waveform diagram shoWing another 
example of removal of contaminants shoWn in FIG. 18, 
shoWing a DC voltage applied to the electrostatic chuck in 
such a manner as to be alternately changed in polarity; 
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[0039] FIG. 20 is an elevational vieW shoWing a sample 
processing apparatus as a fourth embodiment using the 
electrostatic chuck of the present invention, in Which the 
electrostatic chucks are used for all Wafer holding portions 
of the apparatus; 

[0040] FIG. 21 is a sectional vieW shoWing the details of 
a Wafer holding portion of a carrying robot in the apparatus 
shoWn in FIG. 20; 

[0041] FIG. 22 is a circuit diagram shoWing an equivalent 
circuit of the electrostatic chuck; 

[0042] FIG. 23 is a graph shoWing a relationship betWeen 
a volume resistivity of a ceramic material and an applied 
voltage; 

[0043] FIGS. 24(a) to 24(c) are circuit diagrams each 
shoWing an attracting action and an electric charge elimi 
nating action in the equivalent circuit shoWn in FIG. 22; and 

[0044] FIG. 25 is a graph shoWing a relationship betWeen 
a residual attracting force and a leaving time using an 
attracting area ratio as a parameter. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] Prior to description of the preferred embodiments, 
the cause for generation of a residual attracting force and the 
effect of the present invention Will be described With refer 
ence to FIGS. 22 to 25. FIG. 22 shoWs a simple equivalent 
circuit of an electrostatic chuck in Which the ratio betWeen 
the areas of the actual attracting portions of tWo electrodes 
(for example, electrodes A and B) is set at 2.8, that is, 
electrode A side electrode B side=2.8 (152.5 cm2):1 (54 
cm2) The equivalent circuit of the electrostatic chuck being 
actuated to attract a Wafer Will be brie?y described. In the 
equivalent circuit shoWn in FIG. 22, a parallel circuit 
including an electrostatic capacity Ca of the electrode A and 
the resistance Ra of a dielectric ?lm formed on the electrode 
A is connected in series to a parallel circuit including an 
electrostatic capacity Cb of the electrode B and the resis 
tance Rb of a dielectric ?lm formed on the electrode B 
through a resistance RW (suf?ciently smaller than each of Ra 
and Rb) of the Wafer. 

[0046] Letting Va, Vb be potential differences ?nally 
generated betWeen the electrodes A and B and the Wafer 
When a voltage of 400 V is applied betWeen the electrodes 
A and B in such a state, the folloWing equations are given in 
a stable state. 

Va+Vb=4OO (1) 

Ra.'Rb=Va.'Vb (2) 

[0047] In the case of using a dielectric ?lm made from a 
ceramic material, hoWever, the volume resistivity thereof is 
changed depending on the applied voltage, as shoWn in FIG. 
23. Accordingly, letting V be the applied voltage, the volume 
resistivity of the dielectric ?lm of the electrostatic chuck 
used for the present invention is expressed by the folloWing 
equation: 

volume resistivity=1><10 (119530300764 V) (3) 

[0048] Since the resistance of the actual attracting portion 
of the dielectric ?lm formed on each electrode can be 
calculated from the volume resistivity of the dielectric ?lm, 
the potential difference betWeen each electrode and the 
























