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PLASMA PROCESSING APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/959,745, ?led on Nov. 5, 2001, 
Which is a national stage application of PCT/JP00/02770, 
?led on Apr. 27, 2000. This PCT application claims priority 
to Japanese patent application numbers JP 11-125637, ?led 
on May 6, 1999; JP 11-126878, ?led on May 7, 1999; JP 
129696, ?led on May 11, 1999; and JP 11-141209, ?led on 
May 21, 1999. The entire contents of these applications are 
incorporated by reference herein. 

TECHNICAL FIELD 

[0002] The present invention relates to a plasma process 
ing apparatus for performing etching and ?lm forming on a 
substrate such as a semiconductor substrate by plasma 
processing. 

BACKGROUND ART 

[0003] In a process for manufacturing semiconductor 
devices, various plasma processing such as etching, ?lm 
forming by sputtering or CVD ?lm forming (Chemical 
Vapor Depositing) have been frequently employed. 

[0004] There have been knoWn various types of plasma 
processing apparatuses, among Which a capacitive coupling 
type parallel plate plasma processing apparatus is the appa 
ratus the most popularly distributed and used. 

[0005] This type of plasma processing apparatus has a pair 
of parallel ?at plate electrodes (upper and loWer electrodes) 
in a reduced-pressure chamber. A semiconductor Wafer to be 
processed is placed betWeen the electrodes, then process gas 
(treatment gas) is introduced into the chamber and electric 
poWer With high frequency is applied to one of the elec 
trodes. Ahigh frequency electric ?eld generated betWeen the 
electrodes generates plasma from the process gas to perform 
plasma processing on the semiconductor Wafer. 

[0006] In etching an oXide ?lm or the like formed on a 
semiconductor Wafer With use of such a plasma processing 
apparatus, the pressure in the chamber is set at an interme 
diate level to generate plasma having an intermediate den 
sity, thereby the optimum radical control can be attained. In 
such a condition, the optimum plasma can be obtained to 
realiZe etching With good stability and reproducibility at a 
high selective ratio. 

[0007] In accordance With the doWnsiZing of a device, 
hoWever, the request for the ultra-integration of a circuit is 
increased. There are also design rule constraints on features 
like the contact hole. The contact hole is required to be thin 
and deep, i.e., to have higher aspect ratio. The conventional 
oXide ?lm etching method is, therefore, beginning to be not 
good enough to satisfy the demands of the market. 

[0008] To cope With such recent requests, the frequency of 
the electric poWer applied to the electrode is set at a higher 
level to generate plasma having a higher density, so as to 
maintain good dissociation. By generating the plasma in 
such a manner, suitable plasma can be generated in a loWer 
pressure, and thus the device With a smaller design rule can 
be manufactured. 
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[0009] With the conventional plasma processing appara 
tus, hoWever, the upper electrode is formed from a conductor 
or semiconductor. Therefore, When the frequency of the 
electric poWer applied to the upper electrode is set at a high 
level, the inductance on the surface of the electrode Will be 
increased so as not to be neglected, Whereby the electric ?eld 
in the opposite direction Will be uneven. 

[0010] Further, such a higher density of the plasma by the 
higher frequency remarkably causes non-linear characteris 
tics of the plasma, so that a harmonic may be easily 
interposed on the re?ected Wave form the plasma. Particu 
larly, With use of the electrode having a diameter of 250 to 
300 mm, it has been found from experience that such a 
harmonic generates a standing Wave on the surface of the 
electrode, Which makes the electric ?eld on the surface of 
the electrode uneven. 

[0011] If the electric ?eld is made uneven in such a 
manner, the density of plasma Will be also made uneven, 
With the result that the etching rate of etching Will be uneven. 
Accordingly, it is essential to make the etching rate even by 
eliminating the causes of the uneven electric ?eld. 

[0012] The above-mentioned problems in generating a 
high-density plasma, hoWever, have not been recogniZed 
clearly, and thus a proposal for preventing the above 
mentioned uneven electric ?eld has not suf?ciently been 
presented yet. 

[0013] Further, according to the conventional plasma pro 
cessing apparatus, the electric poWer is applied to the upper 
electrode With use of an electric poWer applying rod, and 
thus a boX having a siZe substantially equal to a chamber 
encloses the electric poWer applying rod to shield electro 
magnetic Wave. 

[0014] HoWever, since the inductance of the electric 
poWer applying rod is very high, if the frequency of the high 
frequency poWer supplied to the upper electrode is set at a 
higher level in order to increase the plasma density, the 
harmonic of the Wave re?ected from the plasma is re?ected 
due to the inductance component of the electric poWer 
applying rod. Further, re?ection is caused at every portions 
Within the boX in Which the electric poWer applying is 
disposed, and the resultant re?ected harmonic backs to the 
surface of the upper electrode eXposed to the plasma. 

[0015] With the electrode having a diameter of 250 mm to 
300 mm, a standing Wave Will be easily generated on the 
surface of the electrode due to the higher harmonic (higher 
harmonic), Which makes the electric ?eld on the surface of 
the electrode uneven. 

[0016] The electric poWer applying rod is provided to the 
center of the upper electrode on the rear surface thereof. 
When the frequency of the electric poWer applied to the 
electrode is increased to generate high-density plasma, the 
high frequency current ?oWs only on the surface of the 
electrode. The high frequency electric poWer applied from 
the electric poWer applying rod to the upper electrode ?oWs 
through the rear surface of the electrode to the outer periph 
ery of the round electrode to be supplied from the outer 
periphery to the center of the electrode. 

[0017] The outer periphery of the electrode is enclosed by 
an insulator (capacity component) and the chamber enclos 
ing the insulator is grounded. With this structure, the stand 
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ing Wave is generated on the plasma contacting face of the 
upper electrode by the interference, Which makes the electric 
?eld on the electrode in the direction of the diameter uneven. 
The unevenness of the electric ?eld also makes the density 
of the plasma uneven, Which causes an uneven etching rate. 
Accordingly, these causes need to be eliminated to make the 
etching rate even. 

[0018] HoWever, as mentioned before, the problems in 
generating the high-density plasma, have not been recog 
niZed clearly, and thus a proposal for preventing the above 
mentioned uneven electric ?eld has not been suf?ciently 
presented yet. 

DISCLOSURE OF INVENTION 

[0019] The present invention is intended to provide a 
plasma processing apparatus capable of making the density 
of plasma even by suppressing the unevenness of the electric 
?eld on the surface of an electrode in the plasma processing 
using high-density plasma With use of Which a device can be 
formed ?ner. 

[0020] In order to attain the above-mentioned object, the 
present invention provides a plasma processing apparatus 
comprising a chamber containing a substrate to be pro 
cessed; a ?rst electrode and a second electrode arranged to 
be opposed to each other in the chamber; high frequency 
electric poWer applying means for applying high frequency 
electric poWer to the ?rst electrode; a harmonic absorbing 
member arranged to come into contact With one of an outer 
periphery and an outer peripheral face on an opposing face 
(on Which the ?rst electrode faces the second electrode) of 
the ?rst electrode being opposed to the second electrode, for 
absorbing a harmonic generated by the high frequency 
electric poWer applied by the high frequency electric poWer 
applying means; exhaust means for exhausting the chamber 
to maintain a pressure in the chamber at a reduced level; and 
process gas introducing means for introducing process gas 
into the chamber, Wherein in a state that one of the ?rst and 
second electrodes is caused to hold the substrate to be 
processed, While the harmonic absorbing member absorbs 
the harmonic generated by the high frequency electric 
poWer, a high frequency electric ?eld is formed betWeen the 
?rst and the second electrodes to generate plasma of the 
process gas, and the substrate to be processed is subjected to 
plasma processing With the plasma While the harmonic 
absorbing member absorbs the harmonic generated by the 
high frequency electric poWer. 

[0021] In the plasma processing apparatus of the present 
invention, high frequency electric poWer is applied to the 
?rst electrode. There is provided a harmonic absorbing 
member for absorbing a harmonic of the high frequency 
electric poWer source so as to come into contact With a 

peripheral portion or circumference of a face of the ?rst 
electrode, Which is opposite to the second electrode. The 
harmonic absorbing member absorbs a harmonic re?ected 
from plasma before the harmonic returns to the high fre 
quency electric poWer source. By absorbing the harmonic in 
this manner, the standing Wave due to the harmonic Will be 
effectively prevented from being generated, and the density 
of plasma is made even. With such a structure, the standing 
Wave due to the harmonic can be prevented to suppress the 
unevenness of the electric ?eld on the surface of the elec 
trode due to the standing Wave, With the result that the 
density of plasma can be made even. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0022] FIG. 1 is a sectional vieW shoWing the plasma 
etching apparatus according to the ?rst embodiment of the 
present invention. 

[0023] FIG. 2 is a schematic vieW for explaining the cause 
of the standing Wave formed on the electrode applied With 
a high frequency Wave. 

[0024] FIG. 3 is a sectional vieW shoWing an example of 
an arrangement of a high frequency Wave absorbing mem 
ber. 

[0025] FIG. 4 is a graph shoWing frequency characteris 
tics of return loss When a ferrite sinter having a thickness of 
7 mm is used as the high frequency Wave absorbing member. 

[0026] FIG. 5 is a graph shoWing frequency characteris 
tics of return loss When a ferrite sinter having a thickness of 
4.5 mm is used as the high frequency Wave absorbing 
member. 

[0027] FIG. 6 is a sectional vieW shoWing the plasma 
etching apparatus according to the second embodiment of 
the present invention. 

[0028] FIG. 7 is a sectional vieW schematically shoWing 
the supply path of the high frequency electric poWer on the 
electrode. 

[0029] FIG. 8 is a bottom vieW schematically shoWing the 
supply path of the high frequency electric poWer on the 
electrode. 

[0030] FIG. 9 is a sectional vieW schematically shoWing 
a ?rst example of the upper electrode according to the 
second embodiment of the present invention. 

[0031] FIG. 10 is a sectional vieW schematically shoWing 
a second example of the upper electrode according to the 
second embodiment of the present invention. 

[0032] FIG. 11 is a sectional vieW schematically shoWing 
a supply path of the high frequency electric poWer in the 
second example of the upper electrode according to the 
second embodiment of the present invention. 

[0033] FIG. 12 is a sectional vieW schematically shoWing 
a third example of the upper electrode according to the 
second embodiment of the present invention. 

[0034] FIG. 13 is a sectional vieW schematically shoWing 
a fourth example of the upper electrode according to the 
second embodiment of the present invention. 

[0035] FIG. 14 is a sectional vieW schematically shoWing 
a ?fth example of the upper electrode according to the 
second embodiment of the present invention. 

[0036] FIG. 15 is a sectional vieW schematically shoWing 
a sixth example of the upper electrode according to the 
second embodiment of the present invention. 

[0037] FIG. 16 is a sectional vieW shoWing the plasma 
etching apparatus according to the third embodiment of the 
present invention. 

[0038] FIGS. 17A and 17B are schematic vieWs for 
explaining the principle of the third embodiment of the 
present invention. 
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[0039] FIG. 18 is a sectional vieW showing the plasma 
etching apparatus according to the fourth embodiment of the 
present invention. 

[0040] FIG. 19 is a sectional vieW shoWing the plasma 
etching apparatus according to the ?fth embodiment of the 
present invention. 

[0041] FIG. 20 is a circuit diagram shoWing an equivalent 
circuit of an electric poWer supplying rod and a cylindrical 
conductive member in the plasma etching apparatus accord 
ing to the ?fth embodiment of the present invention. 

[0042] FIG. 21 is a circuit diagram shoWing an equivalent 
circuit of an upper surface of the upper electrode (electrode 
supporting body) and a plate-like conductive member in the 
plasma etching apparatus according to the ?fth embodiment 
of the present invention. 

[0043] FIG. 22 is a sectional vieW shoWing the plasma 
etching apparatus according to the siXth embodiment of the 
present invention. 

BEST MODE FOR CARRYING OUT OF THE 
INVENTION 

[0044] The present invention can be more fully understood 
from the folloWing detailed description of embodiments of 
the invention in conjunction With the accompanying draW 
ings. 

[0045] FIG. 1 is a sectional vieW schematically showing 
the plasma etching apparatus according to the ?rst embodi 
ment of the present invention. 

[0046] Aplasma processing apparatus 1 is constituted as a 
capacitive coupling type parallel plate etching apparatus 
having tWo electrode plates being opposed to each other 
(arranged in parallel and facing each other) one of Which is 
connected to a plasma generating electric poWer source. 

[0047] The plasma processing apparatus 1 has a chamber 
2 formed of aluminum in a cylinder shape the surface of 
Which is processed (subjected to an anodic oxidation pro 
cess) to form alumite. The chamber 2 is grounded. 

[0048] The chamber 2 is provided on the bottom face With 
an insulator 3, such as a ceramic, upon Which a suscepter 
supporting body 4 formed in a substantially columnar shape 
is placed, for mounting an object to be processed, such as a 
semiconductor Wafer (hereinafter referred to as “Wafer”) W. 
There is further provided on the suscepter supporting body 
4 a suscepter 5 constituting a loWer electrode. The suscepter 
5 is connected to a high-pass ?lter (HPF) 6. 

[0049] The suscepter supporting body 4 contains a refrig 
erant passage 7 into Which a refrigerant such as liquid 
nitrogen is introduced through a refrigerant pipe 8 and 
circulates therein. The coldness of the refrigerant is trans 
mitted to the Wafer W via the suscepter 5 to control the 
surface of the Wafer W Which is to be processed at a desired 
temperature. 

[0050] The suscepter 5 is formed in a disk-like shape the 
center of the upper side of Which protrudes upWards, and 
mounts the Wafer W and an electrostatic chuck 11. The 
electrostatic chuck 11 has an electrode 12 implanted in the 
body formed of an insulator, and electrostatically holds the 
Wafer W With use of the Coulomb force or the like When the 

Mar. 24, 2005 

electrode 12 is applied With a direct voltage of 1.5 kV, for 
eXample, by a direct voltage source 13. 

[0051] The insulating plate 3, the suscepter supporting 
body 4, the suscepter 5, and the electrostatic chuck 11 is 
provided With a gas path 14 for supplying a temperature 
transmission medium such as He gas to the rear surface of 
the Wafer W, via Which the coldness of the suscepter 5 is 
transmitted to the Wafer W to control the Wafer W at a 
predetermined temperature. The suscepter 5 is provided on 
the outer periphery of the upper surface With a circular focus 
ring 15 to surround the Wafer W mounted on the electrostatic 
chuck 11. The focus ring 15 is formed of a conductive 
material such as silicon and facilitates even etching of the 
Wafer. 

[0052] The suscepter 5 functions as the loWer electrode. 
There is provided an upper electrode 21 above and opposite 
the suscepter 5. 

[0053] The faces of the suscepter 5 and the upper electrode 
21 Which face each other are referred to as “opposing faces” 
hereinafter. The faces not being opposed to each other are 
referred to as non-opposing faces. 

[0054] The opposing face of the upper electrode 21 is 
formed as an electrode plate 23 having a number of delivery 
holes 24. The electrode plate 23 is ?Xed to an electrode 
supporting body 22. The body 22 is a Water-cooled structure 
formed from a conductive material such as aluminum the 
surface of Which has been processed to form alumite. The 
upper electrode 21 according the embodiments to be 
described beloW is comprised by the electrode plate 23 and 
the electrode supporting body 22. 

[0055] The outer periphery of the upper electrode 21 is 
provided With insulating member 25 formed in a ring-like 
shape to be placed therein. 

[0056] There is provided a harmonic absorbing member 
51 formed in a ring-shape so as to come in contact With the 
outer peripheries of the electrode plate 23 and the insulating 
member 25. There is also provided an insulating member 52 
formed in a ring-shape so as to bridge the electrode plate 23 
and the insulating member 25 and cover the harmonic 
absorbing member 51. 

[0057] With this structure, the upper electrode 21 is ?Xed 
to on the chamber 2 to be put into the insulating material 52. 
The suscepter 5 is separated from the upper electrode 21 by 
around 10 to 60 mm. 

[0058] The harmonic absorbing member 51 is designed to 
absorb or attenuate the harmonic generated by the high 
frequency electric poWer re?ected by plasma by using the 
magnetic resonance loss effect. As a material absorbing the 
harmonic, ferrite is Well-knoWn, and thus the harmonic 
absorbing member 51 is formed of a material containing 
ferrite. By varying the thickness and the material of the 
harmonic absorbing member 51, the frequency band of the 
harmonic to be absorbed can be adjusted. 

[0059] On the other hand, the frequency band of the 
harmonic to be absorbed can be Widened by forming the 
harmonic absorbing member 51 of laminated materials 
having different frequency characteristics. In this manner, a 
standing Wave can be prevented by absorbing and attenuat 
ing the harmonic having the desired frequency. 
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[0060] The electrode supporting body 22 of the upper 
electrode 21 is provided With a gas inlet 26 connected to a 
gas supplying pipe 27. The gas supplying pipe 27 is con 
nected to a process gas source 30 via a valve 28 and a mass 

?oW controller 29. The process gas source 30 supplies 
process gas for plasma processing such as etching. 

[0061] The gas conventionally employed in the plasma 
processing can be employed as the process gas. It is pref 
erable to employ gas containing elements of the halogen 
series, such as ?uorocarbon gas (CXFy) or hydro?uorocar 
bon gas (CpHqFr). The rare gas such as Ar, He, and the like 
and N2 can be added, of course. The bottom portion of 
chamber 2 is provided With an exhaust pipe 31 connected to 
an eXhaust system 35. The exhaust system 35 has a vacuum 
pump such as a turbo molecule pump Which can reduce the 
pressure in the chamber 2 to a predetermined pressure such 
as 1 Pa or less. 

[0062] The chamber 2 is provided With a gate valve 32 on 
a sideWall. When the gate valve 32 is opened, the Wafer W 
is conveyed to/from a load lock chamber (not shoWn) 
adjacent to the chamber 2. 

[0063] The upper electrode 21 is connected to a high 
frequency electric poWer source 40 for generating plasma 
via a matching device 41. The electric poWer from the high 
frequency electric poWer source 40 is supplied to the upper 
electrode 21 via an electric poWer supplying rod 33. 

[0064] The upper electrode 21 is connected to a loW pass 
?lter (LPF) 42. The high frequency electric poWer source 40 
supplies electric poWer having a frequency of 27 MHZ or 
higher. By applying electric poWer having such a high 
frequency, a high density plasma can be generated so as to 
maintain the chamber 2 at a good dissociation condition to 
enable plasma processing under a loW pressure. 

[0065] In this eXample, an electric poWer source 40 sup 
plies electric poWer having a frequency of 60 MHZ. The 
suscepter 5 as the loWer electrode is connected to a high 
frequency electric poWer source 50 via a matching device 51 
on the supplying line. 

[0066] The high frequency electric poWer source 50 sup 
plies high frequency electric poWer having an arbitrary 
frequency Within a range of 100 kHZ to 10 MHZ. By 
applying the electric poWer Within such a frequency band, a 
suitable ion effect can be applied to the Wafer W Without any 
damage. In this embodiment, an electric poWer source for 
supplying electric poWer having a frequency of 2 MHZ is 
used as the high frequency electric poWer source 50. 

[0067] The process using the plasma etching apparatus 1 
constituted as above Will be described beloW. 

[0068] After the gate valve 32 is opened, the Wafer W is 
conveyed to the chamber 2 from the load lock chamber (not 
shoWn) to be mounted on the electrostatic chuck 11. The 
direct voltage source 13 then applies a direct voltage to 
electrostatically absorb the Wafer W on the electrostatic 
chuck 11. 

[0069] The gate valve 32 is then closed and the eXhaust 
system 35 reduces the pressure in the chamber 2 to the 
desired level. 

[0070] Subsequently, the valve 28 is opened to introduce 
the process gas into the upper electrode 21 from the process 
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gas source 30 through the process gas supplying pipe 27 and 
the gas inlet 26 While the gas ?oW rate is controlled by the 
mass ?oW controller 29. The process gas passes through the 
delivery holes 24 of the electrode plate 23 and is delivered 
evenly to the Wafer W as indicated by an arroW shoWn in 
FIG. 1 so as to maintain the pressure in the chamber 2 at a 
predetermined value. 

[0071] The high frequency electric poWer source 40 
applies electric poWer having a high frequency no loWer 
than 27 MHZ, for eXample, 60 MHZ, to the upper electrode 
21. By applying the high frequency Wave in such a manner, 
a high frequency electric ?eld is generated betWeen the 
upper electrode 21 and the suscepter 5 as the loWer elec 
trode. The process gas is dissociated to be plasma in the 
electric ?eld, and the plasma etches the Wafer W. 

[0072] On the other hand, the high frequency electric 
poWer source 50 applies electric poWer having high fre 
quency Within the range of 100 kHZ to 10 MHZ, for eXample, 
2 MHZ, to the suscepter 5. By applying the high frequency 
Wave in such a manner, the ions in the plasma are introduced 
into the side of the suscepter 5, and anisotropic property of 
the etching is improved by the ion assistance. 

[0073] By setting the frequency of the high frequency 
electric poWer applied to the upper electrode 21 at 27 MHZ 
or higher, the density of plasma can be increased. HoWever, 
merely by setting the frequency of the high frequency 
electric poWer applied to the upper electrode at the high 
level, the harmonic is re?ected from the plasma. The 
re?ected harmonic generates the standing Wave under the 
electrode plate 23, Which causes the unevenness of the 
electric ?eld under the electrode plate 23. 

[0074] More speci?cally, When the high frequency Wave 
of 27 MHZ or higher is employed to generate plasma, a 
harmonic n times higher than the frequency of the applied 
electric poWer Will be easily generated by plasma. When the 
harmonic backs to the high frequency Wave source from the 
upper electrode 21, the harmonic is re?ected at the portions 
such as a border betWeen the upper electrode 21 and the 
insulating member 25 as indicated as A and B and the 
electric poWer supplying position indicated as C in FIG. 2, 
and generates the standing Wave betWeen these portions and 
the center of the upper electrode 21 indicated as D. 

[0075] When the Wavelength of the standing Wave equals 
to 1A1 times of a Wavelength 7» of a harmonic, i.e., M4, the 
density of plasma is increased near the center of the upper 
electrode 21, Which Will cause uneven plasma. For eXample, 
When a high frequency Wave having a frequency of 60 MHZ 
is employed as the high frequency electric poWer source 40, 
the Wavelength of the high frequency Wave is 5 m. Assuming 
that the distance betWeen the portions A to D is set at 0.14 
m, the calculation indicates that the harmonic of the ninth 
degree Will be easily generated. 

[0076] In consideration of the Wavelength shortening rate 
proportional to the 1/2th poWer of the dielectric constant of 
high frequency Wave path material, the harmonic of the third 
to siXth degree Will be easily generated. When the distance 
betWeen the portions A to D is set at 0.07 m, hoWever, the 
similar problem Will occur even using the high frequency 
Wave of 13.56 MHZ. 

[0077] In contrast, according to the present embodiment, 
the harmonic back to the high frequency electric poWer 
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source 40 is absorbed by providing the harmonic absorbing 
member 51 to the electrode plate 23 on the side of the 
opposing face, thereby the generation of the standing Wave 
can be prevented. 

[0078] The harmonic absorbing member 51 is formed in a 
ring-like shape in the present embodiment to improve the 
harmonic absorbing effect. It goes Without saying that the 
shape of the harmonic absorbing member 51 is not limited 
to a ring. The same effect can be also attained by providing 
the harmonic absorbing member 51 to the outer periphery of 
the upper electrode 21, as shoWn in FIG. 3. 

[0079] When the harmonic absorbing member 51 is 
formed of ferrite sinter, the harmonic absorbing member 51 
can absorb and attenuate harmonic using the magnetic 
resonance loss effect, as described above. In this case, the 
frequency band that can be attenuated Will be shifted by the 
thickness of the harmonic absorbing member 51. When the 
thickness of the harmonic absorbing member 51 is halved, 
the frequency band that can be attenuated Will be doubled. 

[0080] More speci?cally, When the thickness of the har 
monic absorbing member 51 is 7 mm, the harmonic of 200 
to 800 MHZ can be attenuated by 20 dB, as shoWn in FIG. 
4. When the thickness of the harmonic absorbing member 51 
is 4.5 mm, the harmonic of 700 MHZ to 3 GHZ can be 
attenuated by 20 dB, as shoWn in FIG. 5. The frequency 
band that can be attenuated can be Widened by laminating 
ferrite layers having different frequency characteristics. For 
eXample, When the above-mentioned layers having a thick 
ness of 7 mm and 4.5 mm are laminated, the harmonic 
having a Wide frequency band from 200 MHZ to 3 GHZ can 
be attenuated. 

[0081] The present embodiment Will not be limited to the 
?rst embodiment and various modi?cations can be attained. 

[0082] For eXample, the case Where the upper electrode is 
applied With electric poWer having high frequency of 27 
MHZ is described in the ?rst embodiment, but the frequency 
loWer than 27 MHZ is also effective. 

[0083] Further, in the present embodiment, the upper and 
loWer electrodes are applied With electric poWer having high 
frequency in the ?rst embodiment, the type that only the 
upper electrode is applied With electric poWer having high 
frequency may be employed. The present embodiment can 
be applied to the apparatus Wherein the loWer electrode is 
applied With electric poWer having high frequency. In this 
case, the harmonic absorbing member is arranged to come 
into contact With the edge portion of the face of the loWer 
electrode, Which is opposed to the upper electrode, or the 
periphery of the loWer electrode. 

[0084] In addition, the case Where the semiconductor 
Wafer is used as the substrate to be processed and etched is 
described in this embodiment, but the substrate is not limited 
to the semiconductor Wafer, but the other substrate such as 
a liquid display apparatus (LCD) or the like may be pro 
cessed. The plasma processing is not limited to the etching, 
but an other processing such as sputtering, CVD, or the like 
may be performed. 

[0085] According to the present embodiment, the ?rst 
electrode is applied With electric poWer having high fre 
quency, and the harmonic absorbing member for absorbing 
harmonic having frequency of the high frequency Wave 
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electric poWer applied by the high frequency Wave electric 
poWer applying means is arranged to come in contact With 
the edge portion of the face of the ?rst electrode, Which is 
opposed to the second electrode, or the periphery of the ?rst 
electrode. With this method, the harmonic re?ected by 
plasma passes through the electrode and reaches the har 
monic absorbing member before returning to the high fre 
quency electric poWer source, Where the harmonic Will be 
absorbed. 

[0086] Accordingly, the standing Wave due to the har 
monic Will be prevented from being generated, and the 
unevenness of the electric ?eld on the surface of the elec 
trode, Which is caused by the standing Wave, can be sup 
pressed to make the density of plasma even. 

[0087] FIG. 6 shoWs an eXample of a constitution of a 
plasma processing apparatus according to the second 
embodiment of the present invention, used as a capacitive 
coupling type parallel plate etching apparatus. The constitu 
ent elements as the main feature of the apparatus according 
to the present embodiment Will be described beloW, and the 
same constituent elements as those of the ?rst embodiment 
shoWn in FIG. 1 Will be denoted by the same symbols and 
the description thereof Will be omitted. 

[0088] The upper electrode 21 of this etching apparatus 
102 is arranged on the upper portion in the chamber 2 to be 
opposed to a suscepter 5 via an insulating member 25 
covering the electrode like a ring along the outer periphery 
thereof. The upper electrode 21 is constituted by the elec 
trode plate 23 having numerous delivery holes 24 and the 
electrode supporting body 22 so as to be integrated. 

[0089] The upper electrode of the present embodiment 
does not have the harmonic absorbing member 51 or the 
insulating member 52 described in the ?rst embodiment, but 
is attached directly to the chamber 2 by the insulating 
member 25. The other structure is the same as that described 
in the ?rst embodiment. 

[0090] The structure of the upper electrode 21 Will be 
described beloW in detail. 

[0091] The electrode 23 of the upper electrode 21 is 
normally formed of a conductor or semiconductor such as 
Si, SiC or the like. When the frequency of the high frequency 
electric poWer 40 supplied via the electric poWer supplying 
rod 33 is increased, the skin effect Will be generated to 
supply electric poWer only to the surface of the electrode. As 
shoWn in FIG. 7, the electric poWer passes the surface of the 
electric poWer supplying rod 33, the upper surface of the 
electrode supporting body 22, the side face of the electrode 
supporting body 22, and the side face of the electrode plate 
23, and reaches the loWer surface of the electrode plate 23, 
Which is a plasma contacting face. 

[0092] In this case, the electric poWer supplying rod 33 is 
connected to the center of the non-opposing face of the 
upper electrode 21, and thus the electric poWer has the same 
phase anyWhere in the edge portion on the opposing face of 
the electrode plate 23. As shoWn in FIG. 8, the electric 
poWer having the same phase is supplied gradually toWard 
the center of the opposing face from the edge portion of the 
electrode plate 23. With this constitution, the phase differ 
ence d/7» (7» is the Wavelength of the electric Wave on the 
electrode, and d is a radius of the electrode) is generated 
betWeen the center and the edge portion of the electrode 
plate 23. 
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[0093] When the frequency of the high frequency electric 
power applied is increased, the inductance (LuujQ) in the 
direction in Which the electrode plate 23 is opposed to the 
suscepter 5 is not neglected. The impedance at the center of 
the opposing face of the electrode plate 23 Will be decreased 
due to the interference by the phase difference d/7», thereby 
the strength of the electric ?eld of the center of the electrode 
plate 23 is higher than that of the edge portion. The center 
of the electrode plate 23 comes in contact With plasma, and 
thus is an open-circuit terminal of an RF equivalent circuit. 

[0094] Accordingly, the electric ?eld supplied to plasma is 
similar to the standing Wave, Which causes the unevenness 
of the density of plasma. 

[0095] In the ?rst example to solve the unevenness of the 
density of plasma, the opposing face of the electrode plate 
23 is constituted by an outer portion 61 formed in a ring 
shape having a circumference corresponding to the outer 
periphery of the electrode plate 23 and made of a conductor 
or semiconductor having a loW resistivity of around 50 
mQ-cm and a central portion 62 formed of a dielectric, as 
shoWn in FIG. 9. By forming the central portion 62 of 
dielectric, the capacitance betWeen the plasma and the 
dielectric is added at the portion. The impedance Z Will be 
expressed as folloWs: 

[0097] The inductance component (Lou) in the direction of 
the diameter of the electrode plate 23 in the impedance Z can 
be thus offset by the capacitance component (—1/Cu)) of the 
capacitance C of the dielectric member 62. 

[0098] Accordingly, the change of the impedance Z due to 
the phase is prevented almost perfectly in the opposing face 
of the electrode plate 23, thereby the electric ?eld strength 
of the center of the opposing face of the electrode plate 23 
is decreased, Which makes the electric ?eld applied to 
plasma from the loWer face of the electrode even, and the 
density of plasma can be also made even. 

[0099] The diameter of the central portion 62 formed of 
dielectric is preferably 10 to 50 mm(]) When the diameter of 
the electrode plate 21 is set at 300 mm(]). The dielectric 
constant of the dielectric comprising the central portion 62 
needs to be set merely enough to offset the inductance 
component Lu), and thus the central portion 62 may be 
formed from a polyimide resin having a dielectric constant 
of 3, for example. The outer portion 61 can be formed from 
conductor or semiconductor such as Si, SiC or the like, 
Which is normally used to form an electrode plate. 

[0100] The second example of the upper electrode 21 Will 
be described beloW. 

[0101] According to the second example, the electrode 
plate 23 is constituted by an outer portion 63 formed of 
conductor or semiconductor having relatively loW resistivity 
of 50 mQ-cm for example, and a central portion 64 formed 
of high resistant member having relatively high resistivity of 
1 to 100 cm, as shoWn in FIG. 10. 

[0102] By forming the central portion 64 of such a high 
resistant member, the thickness of the portion supplied With 
electric poWer at the portion, i.e., so-called skin depth 6 Will 
be varied. More speci?cally, the skin depth 6 can be 
expressed as 
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6=(Z/0JO'/,t)1/2 

[0103] [Where (I is conductivity, p is magnetic permeabil 
ity] 

[0104] When the resistance becomes larger to decrease the 
conductivity 0, the skin depth 6 Will become larger. 

[0105] When the skin depth 6 of the high resistance 
member 64 increases more than the thickness of the high 
resistance member 64, the high frequency electric poWer 
reaches the rear face (non-opposing face) of the high resis 
tance member 64 to be supplied there as shoWn in FIG. 11. 
On the Way from the rear face to the loWer face of the high 
resistance member 64, the high frequency electric poWer 
Will be discharged as Joule heat. 

[0106] By virtue of the heat discharge, the electric ?eld 
strength of the center of the opposing face of the electrode 
plate 23 is made even, as the result, the electric ?eld applied 
to plasma from the opposing face of the electrode plate 23 
is made even, and the density of plasma can be also made 
even. 

[0107] The diameter of the central portion of the high 
resistance member 64 is preferably 50 to 220 mm(]) When the 
diameter of the electrode 21 is set at 300 mm(]). It is 
preferable that the high resistance member (central portion) 
64 is formed from Si since the resistance can be adjusted 
merely by adjusting the amount of the dopant such as boron. 

[0108] The outer portion 63 can be formed from a con 
ductor or semiconductor such as Si, SiC or the like, Which 
is normally used to form an electrode plate. It is easier to 
form the entire electrode plate 23 from Si and form the outer 
portion 63 and the high resistance member 64 by changing 
the doping amount of the dopant such as boron. 

[0109] The third example of the upper electrode 21 Will be 
described beloW. 

[0110] According to the present example, a dielectric 
member 65 is provided to the electrode plate 23 to come in 
contact With the center of the non-opposing face of the 
electrode plate 23, as shoWn in FIG. 12. In this example, the 
electrode plate 23 is formed of conductor or semiconductor 
having resistivity Within 1 to 100 Q-cm, such that the skin 
depth 6 is larger than the thickness of the electrode plate 23. 

[0111] By forming the electrode plate 23 in such a manner, 
the high frequency electric poWer reaches the rear face 
(non-opposing face) of the electrode plate 23 to be supplied 
there. By arranging the dielectric member 65 on the central 
portion of the rear surface of the electrode plate 23, the 
capacitance betWeen the plasma and the dielectric is added 
at the portion. 

[0112] Accordingly, as in the ?rst example, the inductance 
component (00L) in the direction of the diameter in the 
impedance Z can be thus offset by the capacitance compo 
nent (—1/Cu)) of the capacitance C of the dielectric member 
62. The change of the impedance Z due to the phase is thus 
decreased in the central portion of the opposing face of the 
electrode plate 23, thereby the electric ?eld strength of the 
center of the opposing face of the electrode plate 23 is 
decreased, Which makes the electric ?eld applied to plasma 
from the loWer face of the electrode even, and the density of 
plasma can be also made even. 
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[0113] In the third example, the electrode plate 23 need not 
be divided into tWo portions, unlike the ?rst and second 
examples, and the conventional integrated electrode plate 
formed of a conductor and semiconductor can be employed. 

[0114] The diameter of the dielectric member 65 formed 
of a dielectric is preferably 50 to 220 mm(]) When the 
diameter of the electrode 21 is set at 300 mm(]). The dielectric 
constant of the dielectric member 65 needs to be set merely 
enough to offset the inductance component Lu), and thus the 
dielectric member 65 may be formed from a polyimide resin 
having a dielectric constant of 3, for example. 

[0115] The fourth example of the upper electrode 21 Will 
be described beloW. 

[0116] According to the present example, a high resistant 
member 66 is provided to the electrode plate 23 to come in 
contact With the center of the rear face of the electrode plate 
23, as shoWn in FIG. 13. According to the fourth example, 
the high resistance member 60 electrode plate 23 is formed 
of a high resistant member having resistivity Within a range 
of 1 to 100 Q-cm and the skin depth 6 is larger than the 
thickness of the electrode plate 23. 

[0117] By forming the electrode plate 23 in this manner, 
the high frequency electric poWer reaches the non-opposing 
face of the electrode plate 23 to be supplied there. By 
arranging the high resistant member 66 in the central portion 
of the rear face of the electrode plate 23, the high frequency 
electric poWer supplied thereto Will be discharged as Joule 
heat. By virtue of the heat discharge, the electric ?eld 
strength of the center of the opposing face of the electrode 
plate 23 is decreased. Accordingly, the electric ?eld applied 
to plasma from the opposing face of the electrode is made 
even, and the density of plasma can be also made even. Also 
in the fourth example, the electrode plate 23 needs not to be 
divided into tWo portions, unlike the ?rst and second 
examples, and the conventional integrated electrode plate 
formed of conductor and semiconductor can be employed. 

[0118] The diameter of the high resistant member 66 
formed of dielectric is preferably 50 to 220 mm(]) When the 
diameter of the electrode 21 is set at 300 mm. It is preferable 
that the high resistant member 66 is formed from Si since the 
resistance can be adjusted merely by adjusting the amount of 
the dopant such as boron. 

[0119] The ?fth example of the upper electrode 21 Will be 
described beloW. 

[0120] According to the present example, an insulating 
layer 67 is provided on the opposing face of the electrode 
plate 23, as shoWn in FIG. 14. The insulating layer 67 can 
be formed by the frame spraying of ceramic or the like, but 
can also be formed in other Ways. By forming the insulating 
layer 67 in this manner, the capacitive coupling is formed 
betWeen plasma and the electrode plate 23 via the insulating 
layer 67. 

[0121] In other Words, there are a plenty of capacitors 
betWeen the electrode plate 23 and plasma in an RF equiva 
lent circuit. As a result, the inductance component (00L) in 
the direction in Which the suscepter 5 and the electrode plate 
23 are opposed to each other can be thus offset by the 
capacitance component (-1/Cuu) of the insulating layer 67. 

[0122] The change of the impedance Z due to the phase is 
thus prevented almost perfectly on the opposing face of the 

Mar. 24, 2005 

electrode plate 23, thereby the electric ?eld applied to 
plasma from the opposing face of the electrode is made 
even, and the density of plasma can be also made even. 

[0123] The material and the thickness of the insulating 
layer 67 are determined such that the capacitance of the 
insulating layer is set high enough to offset the inductance 
component (00L) 
[0124] The unevenness of the electric ?eld on the oppos 
ing face of the electrode plate 23 of the upper electrode 21 
is caused not only by the change in direction of the induc 
tance on the surface of the electrode When the frequency of 
the electric poWer applied to the electrode is increased. The 
unevenness of the electric ?eld on the opposing face of the 
electrode plate 23 Will be caused also in the case Where the 
non-linear characteristics of plasma remarkably appears, a 
harmonic of the re?ection Wave from plasma is increased, 
and the harmonic generates a standing Wave on the surface 
of the electrode. 

[0125] More speci?cally, the re?ection Wave of the high 
frequency electric poWer from the plasma contains so much 
amount of harmonics. The harmonics are further re?ected by 
the inductance component of the electric poWer supplying 
rod 33. Some of the harmonics contain the re?ection Waves 
re?ected by the rod 33 having a Wavelength for forming the 
standing Wave When the diameter of the electrode 21 is set 
at 250 to 300 mm(]), the standing Wave is formed on the 
opposing face of the electrode plate 23 to increase the 
electric ?eld strength in the central portion of the surface of 
the electrode plate 23. 

[0126] In order to solve the above-mentioned problem, 
according to the sixth example of the upper electrode 21, a 
member 68 having an electromagnetic Wave absorbing 
effect, such as ferrite sinter, is provided to the electrode plate 
23 so as to come in contact With the central portion of the 
non-opposing face of the electrode plate 23, as shoWn in 
FIG. 15. With use of such a member 68, the harmonic from 
plasma is absorbed. By absorbing the harmonic in this 
manner, the standing Wave can be prevented from being 
generated, the electric ?eld on the opposing face of the 
electrode plate 23 is made even, and the density of plasma 
can be made even. 

[0127] In this case, the member 68 having the electromag 
netic Wave absorbing effect is formed from the material 
having a property that absorbs the harmonic from plasma but 
does not absorb the frequency of the higher frequency 
electric poWer. The frequency band to be absorbed by the 
member 68 can be adjusted by the type of material and 
component. 

[0128] The above-mentioned ?rst to sixth examples of the 
upper electrodes in the second embodiment is effective 
particularly in the case Where the frequency of the electric 
poWer applied to the electrode is 27 MHZ or more, and the 
density of plasma is as high as 1><1011/cm3 or higher. 

[0129] Next, the etching apparatus according to the second 
embodiment Will be described about the example in Which 
an oxide ?lm formed on the Wafer W is etched. 

[0130] As in the ?rst embodiment, the Wafer W is trans 
ferred into the chamber 2 to be electrostatically attached to 
an electrostatic chuck 11. After the pressure of the chamber 
2 is reduced to a predetermined level, the process gas is 
















