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(57) ABSTRACT 

A plasma processing apparatus includes a vacuum process 
ing chamber having a pair of opposing electrodes for plasma 
generation, one electrode Serving as a Sample table for a 
Sample including an insulator film. An electroStatic adsorp 
tion film is arranged at the Sample table electrode to Supply 
a thermal conductive gas between the film and the Sample 
rear Surface. A pressure reducing element is also provided. 
In addition, arrangements are provided to Set a gas preSSure 
within said vacuum processing chamber to 0.5 to 4.0 Pa and 
to apply a high frequency power of 30 MHz to 200 MHz 
between the electrodes. An electrode cover is disposed at the 
other electrode, and a clearance between the electrodes is 30 
mm to 100 mm. The electrode cover includes fine apertures 
to introduce a fluorine-containing etching gas, and a power 
Supply accelerates ions in the plasma 
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PLASMA PROCESSINGAPPARATUS 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a plasma process 
ing apparatus and a plasma processing method, and more 
particularly relates to a plasma processing apparatus and a 
plasma processing method Suitable for forming a fine pattern 
in a Semiconductor device manufacturing process. 
0002 The need for improving the fine pattern manufac 
turing capability and the processing Speed in plasma pro 
cessing is growing further as integration of Semiconductor 
devices become higher. In order to respond to this need, it is 
required to decrease the pressure of the processing gas and 
to increase the plasma density. 
0003. In regard to plasma processing apparatuses aiming 
to decrease the pressure of the processing gas and to increase 
the plasma density, there presently are: (1) a method which 
utilizes the electron cyclotron resonance phenomena (here 
inafter referred to as ECR) of a microwave (e.g., 2.45 GHz 
electromagnetic field with a static magnetic field (e.g., 875 
G); and (2) a method which utilizes induction coupling 
processing (hereinafter referred to as ICP) in which a plasma 
is generated by generating an induced electromagnetic field 
by exciting a coil using an RF frequency power Source. 

0004. In a case where a film of the oxide film group is 
etched using a gas of fluorocarbons, when either of the 
methods of the ECR described in the above item (1) or the 
ICP described in the item (2) is employed, it is difficult to 
increase Selectivity of an oxide-film to a base material, for 
example, Si or SiN Since dissociation of the gas progresses 
excessively. 

0005. On the other hand, in a conventional method of 
generating a plasma by applying an RF frequency Voltage 
between a pair of parallel flat plates, it is difficult to stably 
discharge under a pressure condition below 10 Pa. 

0006 As a countermeasure, there are: (3) a two-fre 
quency exciting method in which a plasma is generated 
using a high frequency Voltage above Several tens MHZ and 
bias control of a Sample is performed using a low frequency 
voltage below several MHz, which is disclosed in Japanese 
Patent Application Laid-Open No. 7-297175 or Japanese 
Patent Application Laid-Open No. 3-204925; and (4) a 
magnetron RIE (hereinafter referred to as M-RIE) method 
which utilizes an action of confining electrons by Lorentz 
force of electrons by applying a magnetic field B in a 
direction intersection with a self-bias electron field (E) 
induced on the Surface of the Sample, which is disclosed in 
Japanese Patent Application Laid-Open No. 2-312231. 
0007 Further, a method of increasing plasma density 
under a low pressure condition is described in Japanese 
Patent Application Laid-Open No. 56-13480. This method 
obtains a high plasma density under a low preSSure condition 
of 0.1 Pa to 1 Pa by utilizing an electron cyclotron resonance 
(ECR) effect induced by a microwave of electromagnetic 
waves (e.g., 2.45 GHz) and a static magnetic field (e.g., 875 
gauss). 
0008. On the other hand, in the technical field of per 
forming etching processing or film forming processing of a 
Semiconductor material using a plasma, an apparatus is 
employed having a high frequency power Source for accel 
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erating ions in a plasma to a Sample table for mounting an 
object to be processed (for example, a semiconductor wafer 
Substrate, hereinafter referred to as the sample) and an 
electroStatic attracting film for holding the Sample on the 
Sample table by an electrostatic attracting force. 
0009 For example, in an apparatus disclosed in the 
specification of U.S. Pat. No. 5,320,982, a plasma is gen 
erated by microwaves and a Sample is held on a Sample table 
by an electroStatic force, and using a high frequency power 
Source output having a sinusoidal waveform as a bias 
electric Source, the ion energy incident on the Sample is 
controlled by connecting the power Source to the Sample 
table while the temperature of the Sample is being controlled 
by introducing a heat transfer gas between the Sample and 
the Sample table. 
0010 Further, Japanese Patent Application Laid-Open 
No.62 280378 discloses that a distribution of the ion energy 
incident to the sample can be narrowed by applying a 
pulse-shaped ion control bias Voltage to a Sample table for 
maintaining the electric field intensity between a plasma and 
an electrode at a constant value. Thereby, it is possible to 
improve the dimensional accuracy of plasma etching pro 
cessing and the etching rate ratio of a processed film to a 
base material by Several times. 
0011 Furthermore, Japanese Patent Application Laid 
Open No. 6-61182 discloses that it is possible to prevent the 
occurrence of notches by generating a plasma utilizing 
electron cyclotron resonance and applying a pulse bias 
having a width of pulse duty of 0.1% or more to a sample. 
0012. An example of increasing a plasma density by 
generating cyclotron resonance using an electromagnetic 
wave of VHF band and a static magnetic field is described 
in the Journal of Applied Physics, Japan, Vol.28, No. 10. 
However, in this example, by applying a high frequency 
voltage of 14.4 MHZ to a coaxial central conductor and 
adding a magnetic field of 51 gauSS in parallel to the central 
conductor, cyclotron resonance is formed to generate a high 
density plasma, and a grounded Sample table is arranged in 
a position downstream of the plasma generating portion. 

0013 In the plasma generating methods described in 
Japanese Patent Application Laid-Open No. 7-288.195 or 
Japanese Patent Application Laid-Open No. 7-297175 
among the above-mentioned conventional technologies, a 
plasma is generated by a high frequency Source of 13.56 
MHz or several tens MHz. It is possible to generate a plasma 
appropriate for etching an oxide film under a gas preSSure of 
several tens Pa to 5 Pa (Pascal). However, as a pattern 
dimension becomes as Small as nearly 0.2 um or Smaller, 
Verticality in a processed shape is Strongly required and 
consequently it is inevitable that the gas pressure decreases. 
0014. However, in the two-frequency exciting method or 
the M-RIE method described above, it is difficult to stably 
produce a plasma having a desired density higher than 
nearly 5x10" cm under a pressure condition lower than 4 
Pa (0.4 to 4 Pa). For example, in the two-frequency exciting 
method described above, even if the plasma exciting fre 
quency is increased up to a frequency around 50 MHZ, the 
plasma density cannot be increased but, on the contrary, it 
decreases. Therefore, it is difficult to produce a plasma 
having a desired density higher than nearly 5x10' cm 
under a pressure condition of 0.4 to 4 Pa. 
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0015. Further, in the M-RIE method, the density distri 
bution of a plasma generated by an action of confining 
electrons by Lorentz force of electrons produced on a 
Surface of a Sample must be uniform all over the Surface of 
the Sample. However, there is a disadvantage in that an 
inclination of the plasma density generally occurs over the 
surface of the sample due to drift of ExB. The inclination of 
the plasma density formed by the action of confining elec 
trons cannot be corrected by any method Such as diffusion or 
the like Since the inclination occurs near the sheath in the 
vicinity of the Sample where intensity of the magnetic field 
is strong. 

0016 Japanese Patent Application Laid-Open No. 
7-288.195 discloses a method of solving this problem in 
which it is possible to obtain a uniform plasma without 
inclination by arranging magnets So that the magnetic field 
intensity is weakened in a direction of electron drift due to 
the drift of ExB, even when a magnetic field with a 
maximum value as high as 200 gauSS is applied in parallel 
to a Sample. However, there is a disadvantage with this 
method in that it is difficult to follow a change in a 
processing condition Since a condition for maintaining the 
plasma uniform is limited to a specified narrow range once 
the distribution of magnetic field intensity is fixed. In 
particular, in a case of a large sized Sample having a diameter 
larger than 300 mm, when a distance between the electrodes 
is as narrow as 20 mm or less, preSSure above the central 
portion of the Sample becomes 10% or more greater than 
pressure above the peripheral portion of the sample. In order 
to avoid this pressure difference, the gap between the Sample 
table and the opposite electrode must be set to 30 mm or 
more Since, otherwise, the difficulty is likely to be increased. 
0.017. As described above, in the two-frequency exciting 
method and the M-RIE method, it is difficult to obtain a 
uniform plasma density of 5x10" cm over the surface of 
a Sample having a diameter of 300 mm or more under a 
pressure condition as low as 0.4 to 4 Pa. Therefore, in the 
two-frequency exciting method and the M-RIE method, it is 
difficult to manufacture the fine pattern of 0.2 um or smaller 
on a wafer having a diameter larger than 300 mm uniformly 
and quickly with a high Selectivity of the etching material to 
the base material. 

0.018. On the other hand, a method for substantially 
increasing a plasma density under a low pressure condition 
is disclosed in Japanese Patent Application Laid-Open No. 
56-13480 among the prior art described above. However, 
this method has a disadvantage in that in a case where a 
Silicon oxide film or a Silicon nitride film is etched using a 
gas containing fluorine and carbon, it is difficult to attain a 
desired selectivity to the base material such as Si or the like 
Since dissociation of the gas progresses excessively and a 
large amount of fluorine atoms and/or molecules and/or 
fluorine ions are generated. The ICP method using an 
electromagnetic field induced by an RF power Source also 
has a disadvantage in that dissociation of the gas progresses 
excessively, the same as in the ECR method described 
above. 

0.019 Further, the plasma processing apparatus is gener 
ally constructed in Such a manner that the processing gas is 
exhausted from the peripheral portion of a Sample. In Such 
a case, there is a disadvantage in that the plasma density is 
higher in the central portion of the Sample and lower in the 
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peripheral portion of the Sample, and accordingly uniformity 
in the processing all over the Surface of the Sample is 
degraded. In order to eliminate this disadvantage, a ring 
shaped bank, that is, a focus ring is provided near the 
periphery of the Sample to Stagnate gas flow. However, there 
is another disadvantage in that reaction products attach onto 
the bank which becomes a particle producing Source to 
decrease the product yield. 
0020. On the other hand, in order to control energy of 
ions incident to the Sample, an RF bias with a sinusoidal 
waveform is applied to an electrode mounting the Sample. 
The frequency of the RF bias used is several hundreds kHz 
to 13.56 MHz. However, the energy distribution of incident 
ions becomes of a double peak type. One of the two peaks 
is in a lower energy region and the other is in a higher energy 
region because the ions follow to change in electric field 
inside a sheath when the RF bias has a frequency within this 
frequency band. The ions in the higher energy range can 
process at high Speed but damage the Sample, and the ions 
in the lower energy range can process without damage but 
at low Speed. That is, there is a disadvantage in that the 
processing Speed is decreased when one tries to prevent 
damage of the Sample, and the problem of damage arises 
when one tries to increase the processing Speed. 
0021. On the other hand, when the frequency of the RF 
bias is set to a value higher than, for example, 50 MHz, the 
distribution of incident energy becomes of a Single peak 
type. However, most of the energy is used in plasma 
generation and consequently the Voltage applied to the 
sheath is Substantially decreased. Therefore, there is a dis 
advantage in that it is difficult to control the energy of the 
incident ions independently to the plasma density. 
0022. Further, in the pulse bias power source method 
described in Japanese Patent Application Laid-Open No. 
62-280378 or Japanese Patent Application Laid-Open No. 
6-61182, there is no discussion of a case where a dielectric 
layer for electroStatic attraction is used between a Sample 
table electrode and a Sample while a pulse bias is applied to 
the sample. When the pulse bias method is directly applied 
to the electroStatic attracting method, an ion acceleration 
Voltage applied between a plasma and the Surface of the 
Sample is decreased by the increase of the Voltage generated 
between both ends of the electroStatic attracting film as ion 
current flows within one cycle of the RF bias, and conse 
quently the distribution of ion energy is broadened. There 
fore, the pulse bias power Source method has a disadvantage 
in that it cannot cope with a required fine pattern processing 
while temperature of the Sample is properly being con 
trolled. 

0023. Further, in the conventional sinusoidal wave output 
bias power Source method disclosed in the Specification of 
U.S. Pat. No. 5,320,982, there is a disadvantage in that an 
impedance of the Sheath portion approaches an impedance 
of the plasma itself or lower when the frequency becomes 
high. If this occurs, an unnecessary plasma is generated near 
the sheath in the vicinity of the sample by the bias power 
Source, and accordingly the ions are not effectively accel 
erated and the distribution of the plasma is also degraded to 
lose controllability of ion energy by the bias power Source. 
0024. Furthermore, in plasma processing, in order to 
improve the performance, it is important to properly control 
the amount of ions, the amount of radicals and the kinds of 
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radicals. In the past, a gas to be formed into ions and radicals 
is introduced into a proceSS chamber and the ions and the 
radicals are produced at the Same time by generating a 
plasma in the process chamber. Therefore, as the processing 
of the Sample becomes very Small, it becomes clear that 
there is a limit in the control of the amount of ions, the 
amount of radicals and the kinds of radicals. 

0.025 Further, in regard to an example of utilizing cyclo 
tron resonance of the VHF band, installation of a bias 
electric power Source for applying a Voltage to a Sample 
table and a means for uniformly applying a Voltage all over 
a Sample Surface are described in Journal of Applied Phys 
ics, Japan, Vol.28, No. 10. Further, a processing chamber has 
a height higher than 200 mm. Therefore, the construction 
cannot use reaction on the Surfaces of opposite electrodes 
effectively, and consequently it is difficult to obtain a high 
Selectivity in this construction. 

SUMMARY OF THE INVENTION 

0026. An object of the present invention is to provide a 
plasma processing apparatus and a plasma processing 
method capable of easily performing precise manufacturing 
of a fine pattern on a large sized Sample having a diameter 
of 300 mm or more by obtaining a large-sized and uniform 
plasma in which dissociation of the processing gas does not 
excessively progreSS. 

0027. Another object of the present invention is to pro 
Vide a plasma processing apparatus and a plasma processing 
method capable of performing uniform and high-speed 
processing, and particularly oxide film processing, all over 
the Surface of a large diameter Sample. 
0028. A further object of the present invention is to 
provide a plasma processing apparatus and a plasma pro 
cessing method capable of improving the Selectivity of the 
etching material of insulator films such as SiO2, SiN, BPSG 
and the like to the base material. 

0029. A still further object of the present invention is to 
provide a plasma processing apparatus and a plasma pro 
cessing method capable of improving the Selectivity of 
plasma processing Stably with low-damage and high con 
trollability. 

0.030. A further object of the present invention is to 
provide a plasma processing apparatus and a plasma pro 
cessing method capable of performing processing of a 
required fine pattern manufacturing highly accurately and 
Stably by improving temperature control through electro 
Static attracting of a Sample. 
0.031) A still further object of the present invention is to 
provide a plasma processing apparatus and a plasma pro 
cessing method capable of controlling the generation of ions 
and radicals independently. 
0.032 The present invention is characterized by a plasma 
processing apparatus comprising a Vacuum processing 
chamber, a plasma generating means including a pair of 
electrodes, a Sample table having a Sample mounting Surface 
for mounting a Sample to be processed inside the vacuum 
processing chamber, and an evacuating means for evacuat 
ing the vacuum processing chamber, which further com 
prises a high frequency electric power Source for applying a 
high frequency electric power of a VHF band from 30 MHz 
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to 300 MHz between the pair of electrodes; and a magnetic 
field forming means for forming a static magnetic field or a 
low frequency magnetic field in a direction interSecting an 
electric field generated between the pair of electrodes and 
the Surrounding vicinity by the high frequency electric 
power Source, whereby an electron cyclotron resonance 
region is formed between the electrodes by the magnetic 
field and the electric field. 

0033. The present invention is also characterized by a 
plasma processing apparatus comprising a Vacuum proceSS 
ing chamber, a plasma generating means including a pair of 
electrodes, a Sample table for mounting a Sample to be 
processed inside the vacuum processing chamber and also 
Serving as one of the electrodes, and an evacuating means 
for evacuating the Vacuum processing chamber, which fur 
ther comprises a high frequency electric power Source for 
applying an electric power of a VHF band from 50 MHz to 
200 MHz between the pair of electrodes; and a magnetic 
field forming means for forming a static magnetic field or a 
low frequency magnetic field not weaker than 17 gauSS and 
not stronger than 72 gauSS in a direction interSecting an 
electric field generated between the pair of electrodes and 
the Surrounding vicinity by the high frequency electric 
power Source. The magnetic field forming means is Set So 
that a portion where a component of the magnetic field in a 
direction along the Surface of the sample table becomes 
maximum is brought to a position on the opposite Side of the 
sample table from the middle of both electrodes. With this 
arrangement, an electron cyclotron resonance region is 
formed between the electrodes by the magnetic field and the 
electric field. 

0034. The present invention is further characterized by a 
method of plasma-processing a Sample using a plasma 
processing apparatus comprising a Vacuum processing 
chamber, a plasma generating means including a pair of 
electrodes, a Sample table for mounting a Sample to be 
processed inside the vacuum processing chamber and also 
Serving as one of Said electrodes, and an evacuating means 
for evacuating the vacuum processing chamber, the method 
comprising the Steps of evacuating inside the vacuum pro 
cessing chamber by Said evacuating means, forming a Static 
magnetic field or a low frequency magnetic field not weaker 
than 10 gauSS and not stronger than 110 gauSS in a direction 
interSecting an electric field between the pair of electrodes 
by a magnetic field forming means, forming an electron 
cyclotron resonance region between both electrodes by 
interaction of the magnetic field and an electric field gen 
erated by a high frequency electric power Source by apply 
ing an electric power of a VHF band from 30 MHz to 300 
MHz between the pair of electrodes using the high fre 
quency electric power Source, and processing the Sample by 
a plasma produced by the cyclotron resonance of electrons. 
0035. According to the present invention, in order not to 
excessively progreSS dissociation of a processing gas and in 
order to obtain a uniform plasma which has a diameter larger 
than 300 mm and a Saturation ion current distribution 
Smaller than tS%, a high frequency electric power Source 
having a frequency of 30 MHz to 300 MHz, preferably 50 
MHz to 200 MHz, is used for generating a plasma. Further, 
a Static magnetic field or a low frequency magnetic field is 
formed in a direction interSecting an electric field generated 
between the pair of electrodes. Thereby, an electron cyclo 
tron resonance region is formed between the pair of elec 
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trodes along the Surface of the Sample table and on the 
opposite side of the sample table from the middle of both 
electrodes by the magnetic field and the electric field. Thus, 
the Sample is processed using the plasma produced by the 
cyclotron resonance of electrons. 
0036). In regard to the magnetic field, the static magnetic 
field or the low frequency magnetic field (lower than 1 kHz) 
partially has an intensity not weaker than 10 gauSSes and not 
Stronger than 100 gauSS, preferably not weaker than 17 gauSS 
and not stronger than 72 gausses. In regard to the gas 
pressure, it is set to a low pressure from 0.4 Pa to 4 Pa. In 
addition to these, the distance between the electrodes is Set 
to a value from 30 mm to 100 mm, preferably, 30 mm to 60 

. 

0037. In regard to the frequency f of the high frequency 
electric power source, by employing VHF in the range 50 
MHzsfs200 MHz the plasma density is decreased by one 
order to two orders compared to that in a case of a micro 
wave ECR. The dissociation of gas is also decreased and 
accordingly generation of unnecessary fluorine atoms and/or 
molecules and ions are also decreased by one order or more. 
By using the frequency in the VHF band and the cyclotron 
resonance, it is possible to obtain a plasma having an 
appropriately high density and a high processing rate under 
a pressure condition of 0.4 Pa to 4 Pa. Further, since the 
dissociation of processing gas is not excessively progressed, 
the selectivity to the base material such as Si, SiN or the like 
is not significantly degraded. 
0.038 Although the dissociation of processing gas only 
progresses slightly compared to that in a conventional 
apparatus of the parallel flat plate electrode type using a 
frequency of 13.56 MHz, the disadvantage of the small 
increase in the amount of fluorine atoms and/or molecules 
and/or ions can be eliminated by providing a material 
containing Silicon or carbon on the Surface of the electrodes 
and/or a wall Surface of the chamber, and further by applying 
a bias Voltage to the electrodes and the chamber or by 
exhausting fluorine through coupling the fluorine with 
hydrogen using a gas containing hydrogen atom. 
0039. Further, according to the present invention, a por 
tion where the component of the magnetic field parallel to 
the Sample table between the electrodes is Set at a position 
on the side opposite to the sample table from the middle of 
both electrodes and the magnetic field intensity on the 
Surface of the Sample table mounting the Sample parallel to 
the sample table is set below 30 gauss, preferably, below 15 
gauss. Thereby, a Lorentz force (ExB) acting on electrons 
near the sample mounting Surface is made Small, and con 
Sequently occurrence of non-uniformity by the electron drift 
effect due to the Lorentz force on the Sample mounting 
Surface can be eliminated. 

0040. The present invention is characterized by the fact 
that the cyclotron resonance effect of electrons is larger in a 
portion within a range from the periphery of a Sample to the 
outer Side of the periphery than in the center of the Sample 
So as to increase the generation of plasma in the portion 
within the range from the periphery of the Sample to the 
outer Side of the periphery than in the center of the sample. 
A means for decreasing the effect of the cyclotron resonance 
of electrons can be attained by increasing the distance 
between the cyclotron resonance region and the Sample, or 
decreasing the degree of interSection between the magnetic 
field and the electric field. 
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0041 When a gradient of the magnetic field near the 
cyclotron resonance region Bc is steepened to narrow the 
ECR resonance region, the cyclotron effect can be weak 
ened. The ECR resonance region is formed in a range of a 
magnetic field intensity B, Bc(1-a)sBs Bc(1+a) where 
0.05s as 0.1. 

0042. A large amount of ions are generated in the ECR 
resonance region Since dissociation of the processing gas 
progresses there. On the other hand, a large amount of 
radicals are generated in the region other than the ECR 
resonance region Since the dissociation of the processing gas 
does not progreSS Significantly compared to progression in 
the ECR resonance region. By adjusting a width of the ECR 
resonance region and a high frequency electric power 
applied to the upper electrode, it is possible to independently 
control the amount of generated ions and the amount of 
generated radicals appropriate for processing the sample. 
0043. The present invention is characterized by a plasma 
processing apparatus comprising a Vacuum processing 
chamber, a Sample table for mounting a Sample to be 
processed in the vacuum processing chamber, and a plasma 
generating means including a high frequency electric power 
Source, which further comprises an electrostatic attracting 
means for holding the Sample onto the Sample table by an 
electroStatic attracting force; and a pulse bias applying 
means for applying a pulse bias Voltage to the Sample, the 
high frequency electric power Source applying a high fre 
quency voltage of 10 MHz to 500 MHz, the vacuum 
processing chamber being depressurized to 0.5 to 4.0 Pa. 
0044) The present invention is further characterized by a 
plasma processing apparatus comprising a Vacuum proceSS 
ing chamber, a Sample table for mounting a Sample to be 
processed in the vacuum processing chamber, and a plasma 
generating means including a high frequency electric power 
Source, which further comprises an electrostatic attracting 
means for holding Said Sample onto the Sample table by an 
electroStatic attracting force; a pulse bias applying means 
connected to the Sample table and for applying a pulse bias 
Voltage to the Sample, and a Voltage Suppressing means for 
Suppressing a Voltage rise generated by applying a pulse bias 
Voltage corresponding to an electroStatic attracting capacity 
of the electroStatic attracting means. 
004.5 The present invention is also characterized by a 
method of plasma processing comprising the Steps of plac 
ing a Sample on one of a pair of electrodes opposite to each 
other provided in a vacuum processing chamber; holding the 
Sample onto the electrode by an electroStatic attracting force; 
introducing an etching gas into an environment in which the 
Sample is placed; evacuating the environment to a preSSure 
condition of 0.5 Pa to 4.0 Pa; forming the etching gas into 
a plasma under the pressure condition by applying a high 
frequency electric power of 10 MHz to 500 MHz; etching 
the Sample by the plasma; and applying a pulse bias Voltage 
to the one of the pair of electrodes. 
0046) The present invention is further characterized by a 
method of plasma processing comprising the Steps of plac 
ing a Sample on one of the electrodes opposite to each other; 
holding the placed Sample onto the electrode by an electro 
Static attracting force, introducing an etching gas into an 
environment in which the Sample is placed; forming the 
introduced etching gas into a plasma; etching the Sample by 
the plasma; and applying a pulse bias Voltage having a pulse 
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width of 250 V to 1000 V and a duty ratio of 0.05 to 0.4 to 
the one of electrodes during etching, whereby an insulator 
film, such as SiO, SiN, BPSG or the like, in the sample is 
plasma-processed. 

0047 According to another characteristic of the present 
invention, by applying a pulse-shaped bias Voltage having a 
proper characteristic to a Sample table having an electro 
Static attracting means with a dielectric layer for electroStatic 
attracting, it is possible to appropriately control the tem 
perature of a Sample and Stably perform required fine pattern 
processing. That is, the plasma processing apparatus com 
prises an electroStatic attracting means for holding a Sample 
onto a Sample table by an electrostatic attracting force, and 
a pulse bias applying means connected to the Sample table 
for applying a pulse bias Voltage to the Sample table. The 
pulse bias Voltage has a period of 0.2 to 2 uS and a duty cycle 
in the positive direction less than one-half, and is applied to 
the Sample through a capacitance element. 
0.048. According to a further characteristic of the present 
invention, in regard to a Voltage Suppressing means for 
Suppressing change in a Voltage generated by applying the 
pulse bias Voltage corresponding to an electroStatic attract 
ing capacity of the electroStatic attracting means, the Voltage 
Suppressing means is designed So that Voltage change due to 
an electrostatic attracting film of the electroStatic attracting 
means during one cycle of pulse is Suppressed to one-half of 
the pulse bias Voltage. In detail, this can be attained by 
reducing a thickness of an electrostatic chuck film made of 
a dielectric material provided on the Surface of the lower 
electrode, or by employing a material having a large Specific 
dielectric coefficient. Further, it is also possible to employ a 
method of Suppressing an increase of Voltage applied to both 
ends of the dielectric layer by shortening the period of the 
pulse bias Voltage. 
0049 According to a further characteristic of the present 
invention, by applying a pulse bias Voltage having a pulse 
width of 250 V to 1000 V and a duty ratio of 0.05 to 0.4 to 
the one of electrodes during etching, it is possible to improve 
the plasma processing Selectivity of the base material of an 
insulator film, such as SiO, SiN, BPSG or the like. 
0050. The present invention is characterized by a plasma 
processing apparatus comprising a Vacuum processing 
chamber, a Sample table for mounting a Sample to be 
processed in the vacuum processing chamber, and a plasma 
generating means, which further comprises an electroStatic 
attracting means for holding the Sample onto the Sample 
table by an electroStatic attracting force; a bias applying 
means for applying a bias Voltage to the Sample, a radical 
Supplying means having a means decomposing a gas for 
generating radicals in advance and for Supplying a required 
amount of the radicals to the vacuum processing chamber; a 
means for Supplying a gas for generating ions to the vacuum 
processing chamber; and a plasma generating means for 
generating a plasma in the vacuum processing chamber, 
wherein SiO2 is used as the Sample. 
0051. The present invention is further characterized by a 
plasma processing apparatus comprising a Vacuum proceSS 
ing chamber, a Sample table for mounting a Sample to be 
processed in the vacuum processing chamber, and a plasma 
generating means including a high frequency electric power 
Source, which further comprises an electroStatic attracting 
means for holding the sample onto the Sample table by an 
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electroStatic attracting force; a pulse bias applying means for 
applying a pulse bias Voltage to the Sample; a radical 
generating plasma Supplying means for forming a gas for 
generating radicals into a plasma in advance and for Sup 
plying a required amount of the radicals to the vacuum 
processing chamber; and the plasma generating means for 
Supplying a gas for generating ions to the Vacuum proceSS 
ing chamber and for generating a plasma in the vacuum 
processing chamber, whereby the high frequency electric 
power Source applying a high frequency Voltage of 10 MHZ 
to 500 MHz, the vacuum processing chamber can be depres 
Surized to 0.5 to 4.0 Pa. 

0052 According to another characteristic of the present 
invention, by controlling the amounts and the qualities of 
ions and radicals independently and applying a pulse bias 
Voltage having an appropriate characteristic to a Sample 
table having an electroStatic attracting means with a dielec 
tric layer for electrostatic attracting, it is possible to properly 
control temperature of a Sample and to Stably perform 
required fine pattern processing. 

0053. Further, it is possible to improve the selectivity of 
plasma processing with a stable and better control condition 
by controlling the amounts and the qualities of ions and 
radicals independently and by obtaining a narrow ion energy 
distribution. 

0054 Furthermore, the amounts and the qualities of ions 
and radicals are independently controlled, and a Voltage 
Suppressing means, which Suppresses change in a Voltage 
corresponding to an electroStatic attracting capacity of the 
electroStatic attracting means generated by applying the 
pulse bias Voltage, is designed So that Voltage change due to 
an electrostatic attracting film of the electroStatic attracting 
means during one cycle of pulse is Suppressed to one-half of 
the pulse bias Voltage. In detail, this can be attained by 
reducing a thickness of an electrostatic chuck film made of 
a dielectric material provided on the Surface of the lower 
electrode, or by employing a material having a large specific 
dielectric coefficient. Further, it is also possible to employ a 
method of Suppressing an increase of Voltage applied to both 
ends of the dielectric layer by shortening the period of the 
pulse bias Voltage. 

0055 According to a further characteristic of the present 
invention, Since the amounts and the qualities of ions and 
radicals are independently controlled and a pulse bias Volt 
age having a pulse width of 250 V to 1000 V and a duty ratio 
of 0.05 to 0.4 is applied to the one of electrodes during 
etching, it is possible to improve the plasma processing 
Selectivity of the base material to an insulator film, Such as 
SiO, SiN, BPSG or the like. 

0056 Further according to a characteristic of the present 
invention, the amounts and the qualities of ions and radicals 
are independently controlled, a high frequency electric 
power Source for generating a plasma of a high frequency 
voltage of 10 MHz to 500 MHz is used, and gas pressure in 
the processing chamber is set to a low pressure of 0.5 Pa to 
4.0 Pa. Thereby, it is possible to obtain a stable plasma. 
Further, by using Such a high frequency Voltage, the plasma 
is well ionized and the control of Selectivity during proceSS 
ing a Sample is improved. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0057 FIG. 1 is a vertical cross-sectional view-showing 
an embodiment of a plasma etching apparatus of a two 
electrode type in accordance with the present invention. 
0.058 FIG. 2 is a graph showing an example of change in 
plasma density when the frequency of a high frequency 
electric power Source for generating a plasma is changed 
under a condition where a magnetic field for producing 
cyclotron resonance of electrons is applied. 
0059 FIG. 3 is a graph showing energy gains k of 
electrons obtained from a high frequency electric field under 
conditions with and without cyclotron resonance. 
0060 FIG. 4 is a graph showing the relationship between 
intensity of a magnetic field and an ion acceleration Voltage 
V induced in a sample, as well as the deviation A V of an 
induced Voltage in the Sample when an upper electrode of a 
magnetron discharge electrode is grounded and a lower 
electrode is applied with a magnetic field B and a high 
frequency electric power. 
0061 FIG. 5 is a graph showing a magnetic field char 
acteristic of the plasma etching apparatus of FIG. 1. 
0.062 FIG. 6 is a graph explaining an ECR region of the 
plasma etching apparatus of FIG. 1. 

0063 FIGS. 7(A) and 7(B) are charts showing examples 
of preferable output wave-forms used in a pulse bias electric 
power Source in accordance with the present invention. 
0064 FIGS. 8(A) to 8(E) are charts showing electric 
potential wave-forms on a Sample Surface and probability 
distribution of ion energy when T is varied while a pulse 
duty ratio (T/To) is being kept constant. 
0065 FIG. 9 is a chart showing an electric potential 
wave-form on a Sample Surface and probability distribution 
of ion energy when T is varied while a pulse duty ratio is 
being kept constant. 
0.066 FIG. 10 is a graph showing the relationship 
between the pulse OFF period (T-T) and maximum volt 
age V during one cycle of a Voltage induced between both 
ends of an electroStatic attracting film. 
0067 FIG. 11 is a graph showing the relationship 
between pulse duty ratio and (V/V). 
0068 FIG. 12 is a graph showing energy dependence of 
the Silicon etching rate ESi and oxide film etching rate 
ESiO, when chlorine gas of 5 mTorr is formed in a plasma. 
0069 FIG. 13 is a graph showing ion energy distribu 
tions of the oxide film etching rate ESiO2 and Silicon etching 
rates ESi as an example of etching of a oxide film when CF4 
gas of 5 mTorr is formed in a plasma. 

0070 FIG. 14 is a vertical cross-sectional view showing 
another embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention. 
0071 FIG. 15 is a vertical cross-sectional view showing 
a further embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention. 
0.072 FIG. 16 is a graph explaining an ECR region of the 
plasma etching apparatus of FIG. 15. 
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0073 FIG. 17 is a graph showing a magnetic field 
distribution characteristic of the plasma etching apparatus of 
FIG. 15. 

0074 FIG. 18 is a vertical cross-sectional view showing 
a further embodiment of a plasma etching apparatus in 
accordance with the present invention. 
0075 FIG. 19 is a graph showing a magnetic field 
distribution characteristic of the plasma etching apparatus of 
FIG. 18. 

0076 FIG. 20 is a vertical cross-sectional view showing 
a further embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention. 
0077 FIG. 21 is a vertical cross-sectional view showing 
a further embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention. 
0078 FIG. 22 is a graph showing a magnetic field 
distribution characteristic of the plasma etching apparatus of 
FIG. 21. 

007.9 FIG. 23 is a cross-sectional side view showing the 
main portion of a further embodiment of a plasma etching 
apparatus of a two-electrode type in accordance with the 
present invention. 
0080 FIG. 24 is a vertical cross-sectional view showing 
the plasma etching apparatus of FIG. 23. 

0081 FIG. 25 is a view showing another embodiment of 
a magnetic field forming means. 
0082 FIG. 26 is a vertical cross-sectional view showing 
another embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention. 
0083 FIG. 27 is a vertical cross-sectional view showing 
another embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention. 
0084 FIG. 28 is a vertical cross-sectional view showing 
another embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention. 
0085 FIG. 29 is a graph showing a magnetic field 
distribution characteristic of the plasma etching apparatus of 
FIG. 28. 

0086 FIG. 30 is a vertical cross-sectional view showing 
a further embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention. 
0087 FIG. 31 is a vertical cross-sectional view showing 
an embodiment of a plasma etching apparatus of a two 
electrode type which is a modification of one shown in FIG. 
1. 

0088 FIG. 32 is a graph showing the relationship 
between frequency of a plasma generating electric power 
Source and a lowest gas pressure condition for Stable dis 
charge. 

0089 FIG. 33 is a graph showing the relationship 
between frequency of a pulse bias electric power Source and 
cumulative electric power. 
0090 FIG. 34 is a vertical cross-sectional view showing 
an embodiment of a plasma etching apparatus of an induc 
tion coupling discharge type and a non-magnetic field type 
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among external energy Supplying discharge types to which 
the present invention is applied. 
0.091 FIG. 35 is a vertical cross-section view showing a 
further embodiment of a plasma etching apparatus in accor 
dance with the present invention. 
0092 FIG. 36 is a vertical cross-sectional front view 
showing a part of a microwave processing apparatus to 
which the present invention is applied. 
0093 FIG. 37 is a vertical cross-sectional view showing 
a further embodiment of a plasma etching apparatus in 
accordance with the present invention. 
0094 FIG. 38 is a vertical cross-sectional front view 
showing a further embodiment of a plasma processing 
apparatus in accordance with the present invention. 
0.095 FIG. 39 is a vertical cross-sectional view showing 
a further embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention 
which is capable of controlling ions and radicals indepen 
dently. 

0.096 FIG. 40 is a vertical cross-sectional view showing 
a further embodiment of a plasma etching apparatus of a 
two-electrode type in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0097 Embodiments of the present invention will be 
described below. FIG. 1 shows a first embodiment of a 
plasma etching apparatus using opposed electrodes to which 
the present invention is applied. 
0.098 Referring to FIG. 1, a processing chamber 10 of a 
Vacuum container has a pair of opposed electrodes com 
posed of an upper electrode 12 and a lower electrode 15. On 
the lower electrode 15 a sample 40 is mounted. The distance 
of a gap between the electrodes 12 and 15 is preferably not 
Smaller than 30 mm in order to Suppress a preSSure differ 
ence on the sample to within 10% when the sample has a 
large diameter of about 300 mm or larger. In order to 
decrease amounts of fluorine atoms, molecules and ions, the 
distance is desired to be not larger than 100 mm, preferably, 
not larger than 60 mm from the view point of effectively 
using a reaction product on the Surfaces of the upper and the 
lower electrodes. A high frequency electric power Source 16 
for Supplying a high frequency energy is connected to the 
upper electrode 12 through a matching box 162. The refer 
ence character 161 indicates a high frequency electric power 
modulating Signal Source. Between the upper electrode 12 
and the ground there is connected a filter 165 which becomes 
a low impedance to the frequency component of a bias 
electric power Source 17 and becomes a high impedance to 
the frequency component of the high frequency electric 
power Source 16. The reference character 13 indicates an 
insulator member made of aluminum oxide or the like. 

0099. The area of the upper electrode 12 arranged nearly 
parallel to the Sample table is larger than an area of the 
sample 40 to be processed so that voltage of the bias electric 
power source 17 is effectively and uniformly applied to the 
sheath on the sample table. 
0100. An upper electrode cover 30 of a fluorine removing 
plate made of Silicon, carbon or SiC is provided on the 
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bottom Surface of the upper electrode 12. Further, a gas 
introducing chamber 34 is provided having a gas diffusion 
plate 32 for diffusing gas in a desired distribution. A gas 
necessary for processing operations Such as etching the 
Sample is Supplied to the processing chamber 10 from a gas 
Supplying unit 36 through the gas diffusion plate 32 of the 
gas introducing chamber 34, and holes 38 are provided in the 
in the upper electrode 12 and the upper electrode cover 30. 
An outer chamber 11 is evacuated by a vacuum pump 18 
connected to the outer chamber 11 through a valve 14 to 
adjust pressure in the processing chamber 10 to a process 
preSSure. A discharge confining ring 37 is provided in the 
processing chamber 10 to increase plasma density and make 
the reaction inside the processing chamber uniform. The 
discharge confining ring 37 has gaps for evacuation. 

0101. Above the upper electrode 12, there is provided a 
magnetic field forming means 200 which forms a magnetic 
field intersecting with an electric field E formed between the 
electrodes at a right angle and parallel to the Surface of the 
sample 40. The magnetic field forming means 200 has a core 
201, an electromagnetic coil 202 and an insulator member 
203. A material for constructing the upper electrode 12 is a 
non-magnetic conductor Such as aluminum, an aluminum 
alloy or the like. A material for constructing the processing 
chamber 10 is a non-magnetic material Such as aluminum, 
an aluminum alloy, aluminum oxide, quartz, SiC or the like. 
The core 201 is formed in an axial-rotating symmetrical 
Structure having a nearly E-shaped croSS Section with the 
cores 201A, 201Bso as to form a magnetic field B of which 
the magnetic fluxes extend from the upper central portion of 
the processing chamber 10 toward the upper electrode 12 
and then extend along and in parallel to the upper electrode 
12 toward the periphery of the upper electrode. The mag 
netic field formed between both electrodes by the magnetic 
field forming means 200 has a portion of a Static magnetic 
field or a low frequency magnetic field (lower than 1 kHz) 
having an intensity of 10 gauSS to 110 gauSS, preferably, 17 
gauSS to 72 gauSS for producing cyclotron resonance. 

0102) It is well-known that the relationship between an 
intensity B (gauss) of the magnetic field for producing 
cyclotron resonance and a frequency f (MHz) of the plasma 
forming high frequency Source can be expressed as 
B=0.357Xf (MHz). 
0103) The two electrodes 12 and 15 in the present struc 
ture may have Some indent portions or projecting portions 
depending on, for example, a requirement of a plasma 
forming characteristic as far as the pair of opposite elec 
trodes 12 and 15 are substantially in parallel to each other. 
In such a two-electrode type, the electric field distribution 
between the two electrodes can be easily made uniform. 
Accordingly, generation of plasma by cyclotron resonance 
can be made uniform comparatively easily by improving the 
uniformity of the magnetic field interSecting with the electric 
field at a right angle. 

0104. The lower electrode 15 mounting and holding the 
sample 40 has a two-pole type electrostatic chuck 20. That 
is, the lower electrode 15 is composed of a first lower 
electrode 15A in the outer side and a second lower electrode 
15B arranged in the inner Side through an insulator member 
21, and an electrostatic attracting dielectric layer 22 (here 
inafter referred to as an electrostatic attracting film) is 
provided on the upper Surfaces of the first and the Second 
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lower electrodes. A direct current Source 23 is connected to 
the first and second lower electrodes through coils 24A, 24B 
for cutting a high frequency component to apply a direct 
current voltage between both lower electrodes so that the 
second lower electrode 15B is charged positively. Thereby, 
the sample 40 is attracted and held onto the lower electrode 
15 by a Coulomb force acting between the sample 40 and 
both lower electrodes through the electrostatic attracting 
film 22. A material usable for the electroStatic attracting film 
22 is a dielectric material Such as aluminum oxide, titanium 
oxide containing aluminum oxide or the like. AS the electric 
Source 23, a direct current Source of Several hundred Volts 
can be used. 

0105. A pulse bias electric power source 17 for supplying 
a pulse bias having an amplitude of 20 V to 1000 V is 
connected to the lower electrodes 15A, 15B through block 
ing capacitors 19A, 19B for cutting Direct current compo 
nents, respectively. 
0106 Although the electrostatic chuck of a two-pole type 
has been described above, an electrostatic chuck of another 
type Such as a single-pole type or an e-pole type (n23) may 
be applicable. 
0107 When etching is performed, the sample 40 of an 
object to be processed is mounted on the lower electrode 15 
in the processing chamber 10 and attracted by the electro 
Static chuck 20. On the other hand, a gas required for etching 
the sample 40 is supplied to the processing chamber 10 from 
the gas Supplying unit 36 through the gas introducing 
chamber 34. The outer chamber 11 is vacuum-pumped by 
the vacuum pump 18 to be evacuated and depressurized So 
that pressure of the processing chamber becomes a proceSS 
ing pressure of the Sample, for example, a pressure of 0.4 Pa 
to 4.0 Pa. Then, a high frequency electric power of 30 MHz 
to 300 MHz, preferably 50 MHz to 200 MHz, is output from 
the high frequency electric power Source 16 to form the 
processing gas in the processing chamber 10 into a plasma. 
0108) By the high frequency electric power of 30 MHz to 
300 MHz and the portion of static magnetic field of 10 gauss 
to 110 gauSS formed by the magnetic field forming means 
200, cyclotron resonance of electrons is generated between 
the upper electrode 12 and the lower electrode 15 to form a 
plasma having a low pressure, 0.4 to 4.0 Pa in this case, and 
a high density. 

0109. On the other hand, a pulse bias voltage of 20 V to 
1000 V having a period of 0.1 us to 10 us, preferably 0.2 us 
to 5 us, and a duty in a positive pulse portion of 0.05 to 0.4 
is applied to the lower electrode 15 from the pulse bias 
electric power source 17 to etch the sample while the 
electrons and the ions in the plasma are being controlled. 
0110. The etching gas is formed in a desired distribution 
by the gas diffusion plate 32 and then introduced into the 
processing chamber 10 through the holes 38 bored in the 
upper electrode 12 and the upper electrode cover 30. 
0111 Materials which can be used for the upper electrode 
cover 30, include carbon, Silicon or a material containing 
carbon or Silicon which removes the components of fluorine 
and/or oxygen to improve the Selectivity to the resist and/or 
Silicon to the base material. 

0112) In order to improve the micro workability of a large 
diameter Sample, it is preferable that a plasma generating 
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high frequency electric power Source 16 having a high 
frequency is used to attempt to Stabilize discharge in a low 
preSSure region. In the present invention, the plasma gener 
ating high frequency electric power Source 16 is connected 
to the upper electrode 12 in order to obtain a plasma which 
is a low pressure of 0.4 Pa to 4.0 Pa and a plasma density of 
5x10" to 5x10, cm, and dissociation of the processing 
gas is not excessively progressed and has a uniform and 
large diameter. On the other hand, an ion energy controlling 
bias electric Source 17 is connected to the lower electrode 15 
mounting the Sample, and the distance between the elec 
trodes is set between 30 mm to 100 mm. 

0113. Further, using a VHF voltage of 30 MHz to 300 
MHz, preferably 50 MHz to 200 MHz, for the plasma 
generating high frequency electric power Source 16, and by 
the interaction with the portion of the Static magnetic field or 
the low frequency (lower than 1 kHz) magnetic field having 
an intensity of 10 gauSS to 110 gauSS, preferably 17 gauSS to 
72 gauSS, cyclotron resonance of electrons is formed 
between the upper electrode 12 and the lower electrode 15. 
0114 FIG. 2 shows an example of the change in plasma 
density when the frequency of a high frequency electric 
power Source for generating a plasma is changed under a 
condition where a magnetic field for producing cyclotron 
resonance of electrons is applied. The gas used is argon with 
2 to 10% of CFs added thereto, and the pressure of the 
processing chamber is 1 Pa. The plasma density in the figure 
is shown as a normalized value by letting the density in a 
case of a microwave ECR with f=2450 MHz be 1 (one). The 
dashed line in the figure shows a result obtained in a case 
without a magnetic field. 
0115 The plasma density is lower by one order to two 
orders compared to that in the microwave ECR when the 
frequency is in the range of 50 MHzsfs200 MHz. Further, 
dissociation of the gas is also decreased and generation of 
unnecessary fluorine atoms, molecules and ions is decreased 
by one order or more. By using the frequency in the VHF 
band and cyclotron resonance, a plasma having appropri 
ately high density, namely, a plasma density above 5x10" 
cm in absolute value is obtained, and a high rate process 
ing is also possible under a low pressure of 0.4 Pa to 4.0 Pa. 
Furthermore, Since dissociation of the gas is not excessively 
progressed, the Selectivity of an insulator film Such as SiO2 
to the base material such as Si or SiN is not appreciably 
degraded. 

0116. When the frequency is within the range of 50 
MHzsfs 200 MHz, the dissociation of the processing gas is 
Slightly progressed compared to that in a conventional 
apparatus of parallel flat plate electrode type using a fre 
quency of 13.56 MHz, and the disadvantage of a small 
increase in the amount of fluorine atoms and/or molecules 
and/or ions can be eliminated by providing a material 
containing Silicon or carbon to the Surface of the electrodes 
and wall Surface of the chamber, and further by applying a 
bias Voltage to the electrodes and the wall Surface of the 
chamber or by exhausting fluorine through coupling the 
fluorine with hydrogen using a gas containing hydrogen 
atOmS. 

0.117) When the frequency of the high frequency electric 
power source is above 200 MHz, particularly, above 300 
MHz, the plasma density becomes high. However, it is not 
preferable since the dissociation of the processing gas 
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becomes large and fluorine atoms and/or molecules and ions 
are extremely increased, and consequently the Selectivity to 
the base material is largely degraded. 
0118 FIG. 3 shows an energy gains k of electrons 
obtained from a high frequency electric field under condi 
tions with and without cyclotron resonance. Letting an 
energy obtained by an electron during one cycle of a high 
frequency Source under a condition without the magnetic 
field be eo, and an energy obtained by an electron during one 
cycle of a high frequency Source under a condition applied 
with a cyclotron resonance magnetic field B=2tf(m/e) be 
e1, eo and e are expressed as the following equations. 

0120 Letting the ratio (=e/e) be k, k is expressed by the 
following equation, where m is the mass of an electron, e is 
the charge of an electron and f is charged frequency: 

(Equation 1) 

0121 where V is collision frequency, w is exciting angu 
lar frequency, and wc is cyclotron angular frequency. 
0122). In general, the value k becomes larger as the gas 
pressure is lower and the frequency is higher. FIG. 3 is a 
result obtained using argon gas in which ke150 when fe50 
MHz under a condition of pressure P=1 Pa, and dissociation 
of the processing gas is progressed even under a low 
preSSure compared to in a case without the magnetic field. 
The cyclotron resonance effect is rapidly decreased under a 
condition of pressure P=1 Pa when the frequency is below 
nearly 20 MHz. It can be understood from the characteristic 
shown in FIG. 2 that when the frequency is lower than 30 
MHz, there is little difference in the result from that in a case 
without the magnetic field, and the cyclotron resonance 
effect is Small. 

0123. Although the cyclotron resonance effect can be 
increased by decreasing the gas pressure, electron tempera 
ture of the plasma is increased and there occurs an opposite 
effect in that the dissociation of the gas is excessively 
progressed when the gas pressure is lower than 1 Pa. In order 
to SuppreSS the excessive dissociation of gas and to increase 
the plasma density above 5x10" cm, the gas pressure is 
set to at a value in the range of 0.4 Pa to 4 Pa, preferably, 1 
Pa to 4 Pa. 

0.124. In order to attain an effective cyclotron resonance 
effect, it is necessary to Set the value k to Several tens or 
larger. It can be understood from FIG. 2 and FIG. 3 that in 
order to effectively use the cyclotron resonance effect with 
out excessively progressing dissociation of the gas, it is 
required to set the gas pressure to a value of 0.4 Pa to 4 Pa 
and to use a VHF of 30 MHz to 300 MHz, preferably, 50 
MHz to 200 MHz for plasma generating high frequency 
electric power. 
0.125 FIG. 4 shows the relationship between intensity of 
a magnetic field and an ion acceleration voltage V 
induced in a Sample, deviation A V of an induced Voltage in 
the Sample when an upper electrode of a magnetron dis 
charge electrode is grounded and a lower electrode is applied 
with a magnetic field B and a high frequency electric power. 
AS the intensity of magnetic field is increased, the ion 
acceleration Voltage V becomes Small by Lorentz force 
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action on electrons and consequently the plasma density is 
increased. However, Since the intensity of magnetic field B 
is as large as 200 gauSS in the conventional magnetron 
discharge type, there is a disadvantage in that uniformity of 
plasma density in the Surface is degraded and the deviation 
A V of the induced Voltage becomes large to increase 
damage of the Sample. 

0126. It can be understood from FIG. 4 that in order to 
decrease the deviation A V to /s to /10 of that in the 
conventional magnetron discharge type having a magnetic 
field intensity of 200 gauSS, in order to eliminate Sample 
damage the intensity of the magnetic field B is Set to a value 
below 30 gauSS near the Sample Surface, preferably, Set to a 
value Smaller than 15 gauSS. 
0127. A cyclotron resonance region is formed between 
the upper electrode 12 and the lower electrode 15 and 
slightly on the side of the upper electrode from the middle 
position of both electrodes. The abscissa in FIG. 5 indicates 
distance from the sample surface (the lower electrode 15) to 
the upper electrode 12, and the ordinate indicates magnetic 
field. FIG. 5 shows an example obtained under a condition 
of an applied frequency f, of 100 MHz, B, of 37.5G and a 
distance between the electrodes of 50 mm, in which an ECR 
region is formed in a position about 30 mm from the Sample 
Surface. 

0128. As described above, in the present invention, a 
portion where the component of magnetic field parallel to 
the lower electrode 15 (the sample mounting Surface) 
becomes maximum is set on the upper electrode Surface or 
on the Side of the upper electrode from the middle position 
between the two electrodes. By doing so, the intensity of the 
magnetic field parallel to the Sample on the lower electrode 
Surface is set to a value Smaller than 30 gauSS, preferably, 
Smaller than 15 gauss to make the Lorentz force (ExB) 
acting on electrons near the lower electrode Surface a Small 
value, and consequently it is possible to eliminate the 
non-uniformity in the plane of plasma density due to the 
electron drift effect caused by Lorentz force on the lower 
electrode Surface. 

0129. According to the magnetic field forming means 200 
in the embodiment of FIG. 1, the ECR region is formed 
nearly in the same level from the lower electrode 15 (the 
Sample mounting Surface) except for the central portion of 
the sample, as shown in FIG. 6. Therefore, a sample having 
a large diameter can be plasma-processed uniformly. How 
ever, the ECR region in the central portion of the sample is 
formed in a position of higher level from the Sample 
mounting surface. Since the distance between the ECR 
region and the Sample table is larger than 30 mm, ions and 
radicals are diffused and averaged in the gap. Therefore, 
there is no problem in a general plasma processing opera 
tion. However, in order to perform plasma-processing all 
over the sample uniformly, it is preferable that the ECR 
region is formed in a position of the Same level from the 
sample surface all over the surface of the sample, or the ECR 
region is formed in a position slightly closer to the periphery 
of the sample table compared to the level of the ECR region 
in the central portion. The method of forming Such a plasma 
will be described later. 

0.130. As described above, in the embodiment of the 
present invention shown in FIG. 1, since a VHF voltage of 
30 MHz to 300 MHz forming the plasma generating high 
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frequency electric power Source 16 is used and dissociation 
of the processing gas is progressed by electron cyclotron 
resonance, it is possible to obtain a stable plasma even when 
gas pressure inside the processing chamber is as low as 0.4 
Pa to 4 Pa. Further, since ion collision in the sheath is 
reduced, moving directions of ions during processing the 
sample 40 are well aligned to improve the verticality in the 
fine pattern processing. 
0131). In regard to the Surrounding of the processing 
chamber 10, since the plasma is confined in the vicinity of 
the sample 40 by the discharge confining ring 37, the plasma 
density is increased and attaching of unnecessary deposits to 
portions outside the discharge confining ring 37 is mini 
mized. 

0132 A material used for the discharge confining ring 37 
is a Semiconductor material or a conductor material Such as 
carbon, silicon or SiC. When the discharge confining ring 37 
is connected to a high frequency electric power Source to 
cause Sputtering by ions, it is possible to decrease attaching 
of deposits to the ring 37 and also to remove fluorine. 
0.133 Since fluorine can be removed by providing a 
Suscepctive cover 39 made of carbon, Silicon or a material 
containing carbon or Silicon on the insulator member 13 near 
the Sample when an insulator film Such as SiO2 is plasma 
processed using a gas containing fluorine, the Selectivity can 
be improved. In this case, when the thickness of the insulator 
member 13 in a portion under the susceptive cover 39 is 
thinned to 0.5 mm to 5 mm, the effect described above can 
be promoted by the Sputtering effect by ions. 

0134) Further, an electrostatic attracting circuit is formed 
through the lower electrode 15 (15A, 15B) and the sample 
40 interposing the electrostatic attracting film 22 of dielec 
tric material. In this state, the sample 40 is held and 
maintained onto the lower electrode 15 by an electrostatic 
force. Along the back side surface of the sample 40 held by 
the electroStatic attracting force, a heat transfer gas Such as 
helium, nitrogen, argon or the like is Supplied. The heat 
transfer gas is filled between the back side surface of the 
sample 40 and the lower electrode 15, and the heat transfer 
gas is set to a pressure of Several hundreds pascals to Several 
thousands pascals. It is considered that the electroStatic 
attracting force is nearly Zero between the indented portions 
existing in gaps and acts only in the projecting portions of 
the lower electrode 15. However, as described later, since it 
is possible to Set an attracting force large enough to with 
Standing the preSSure of the heat transfer gas by properly 
Setting a Voltage of the direct current electric power Source 
23, the sample 40 cannot be moved or blown off by the heat 
transfer gas. 
0135 The electrostatic attracting film 22 acts to decrease 
the bias function of pulse bias to ions in the plasma. The 
function exists in a conventional method of biasing using a 
Sinusoidal electric power Source, but the problem does not 
clearly appear. However, the problem becomes clear in the 
pulse bias method Since the characteristic of the pulse bias 
method of narrow ion energy width is lost. 
0.136 The present invention is characterized by a voltage 
Suppressing means that is provided in order to SuppreSS the 
increase of the Voltage difference generated between the 
ends of the electrostatic attracting film 22 accompanied by 
application of the pulse bias to increase the pulse bias effect. 
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0.137 AS an example of the Voltage Suppressing means, it 
is preferable that the Voltage change (VM) in one cycle of 
the bias Voltage generated between the ends of the electro 
Static attracting film accompanied by application of the pulse 
bias is lower than one-half of the voltage (V) of the pulse 
bias. In detail, there is a method for increasing the electro 
Static capacity of the dielectric member by thinning a 
thickness of the electrostatic attracting film made of a 
dielectric material provided on the surface of the lower 
electrode, or by employing a material having a large specific 
dielectric coefficient. 

0.138 Further, as another example of the voltage Sup 
pressing means, there is a method of Suppressing the 
increase of the Voltage VM by Shortening the period of the 
pulse bias Voltage. Furthermore, it is also considered that the 
electroStatic attracting circuit and the pulse bias Voltage 
applying circuit are Separately arranged in different posi 
tions, for example, another different electrode opposite to 
the electrode mounting and holding the Sample, or a third 
electrode provided Separately. 

0.139. Description will be made in detail below on the 
relationship between the voltage change (V) in one cycle 
of the bias Voltage generated between the ends of the 
electroStatic attracting film and the pulse bias Voltage which 
should be brought by the Voltage Suppressing means in 
accordance with the present invention, referring to FIG. 7 to 
FIG. 13. 

0140 FIGS. 7(A) and 7(B) show an example of a desir 
able output waveform used in the pulse bias power source 17 
in accordance with the present invention. In the figure, pulse 
amplitude is V, pulse period is To, and positive direction 
pulse width is T. 
0141 When the wave-form of FIG. 7(A) is applied to a 
Sample though a blocking capacitor and an electroStatic 
attracting dielectric layer (hereinafter referred to as electro 
Static attracting film), the Voltage wave-form on the Surface 
of the Sample under a steady-State condition where a plasma 
is generated by another power Source becomes as shown in 
FIG. 7 (B). Referring to the labelling of FIG. 7(B), V is 
direct current component Voltage of the wave-form V is 
floating potential of the plasma, and VM is maximum 
Voltage during one cycle of the Voltage produced between 
both ends of the electrostatic attracting film. 
0142. The portion (1) which is positive voltage to V in 
FIG. 7(B) is a portion where only electron current is mainly 
dragged, the portion which is negative Voltage to Vf is a 
portion where ion current is dragged, and the portion V is 
a portion where electrons and ions are balanced. The Voltage 
V is generally several volts to Several tens of volts. 
0143. In the description according to FIG. 7(A) and 
thereafter, it is assumed that the capacitance of the blocking 
capacitor and the capacitance of the insulator member near 
the Sample Surface are Sufficiently larger than the capaci 
tance of the electrostatic attracting film (hereinafter referred 
to as electrostatic attracting capacitance). 
0144) The value V is expressed by the following 
equation: 

0145. In this equation, q is ion current density (averaged 
value) entering into the sample during the period of (To-T), 

(Equation 2) 
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i is ion current density, d is film thickness of the electroStatic 
attracting film, K is electrode cover ratio of the electroStatic 
attracting film (s.1), e is the specific dielectric constant of 
the electrostatic attracting film, and e is dielectric constant 
of vacuum (constant value). 
0146 FIGS. 8(A) to 8(E) and FIG. 9 show electric 
potential wave-forms on the Sample Surface and probability 
distribution of ion energy when T is varied while a pulse 
duty ratio (T/To) is being kept constant. Therein, 
To:To:To:To:Tos=16:8:4:2:1. 
0147 As shown in FIG. 8(A), when the pulse period To 
is too large, the electric potential on the Sample Surface is 
largely deformed from a rectangular wave-form and 
becomes a triangular wave-form. The distribution of ion 
energy becomes constant from a low ion energy region to a 
high ion energy region, as shown in FIG. 9, which is not 
preferable. 

0148. As shown in FIGS. 8(B) to (E), as the pulse period 
To is decreased to Small, the value (VM/V) becomes 
Smaller than 1 (one), and the ion energy distribution is also 
narrowed. 

0149. In FIGS. 8(A) to 8(E) and FIG. 9, the relationship 
To-To, To, Tos, To, Tos corresponds to (VcM/V)=1, 0.63, 
0.31, 0.16, 0.08. 

0150. Next, FIG. 10 shows the relationship between 
pulse OFF period (T-T) and maximum voltage VM 
during one cycle of a Voltage induced between both ends of 
the electrostatic attracting film. 

0151. The solid bold line (line for reference condition) in 
FIG. 10 ShowS change of the value VM in a plasma having 
a medium density of ion current density i=5 mA/cm when 
about 50% of the area of the electrode (K=0.5) is flattened 
to touch to the back side of the sample 40, and is covered 
with aluminum oxide containing titanium oxide (e=10) 
with a thickness of 0.3 mm. 

0152. It can be understood from FIG. 10 that as the pulse 
OFF period (T-T) is increased, the Voltage V.M. induced 
between both ends of the electroStatic attracting film is 
increased proportional to the period and becomes higher 
than the pulse voltage V generally used. 
0153. For example, in a plasma etching apparatus, the 
pulse voltage V is generally limited as follows in connec 
tion to occurrence of damage, Selectivity to base material 
and/or a mask, a shape and So on: 

0154) For gate etching: 20 voltss vs 100 volts 
(O155 For metal etching: 50 voltssvs200 volts 
0156) For oxide film etching: 250 voltss vs 1000 
volts 

0157. When it is tried to satisfy the condition (VM/ 
V)s 0.5, to be described later, in the reference condition, 
the limit in the pulse OFF period (T-T) becomes as 
follows: 

0158 For gate etching: (T-T)s O.15us 

0159 For metal etching. (T-T)s O.35 us 
0160 For oxide film etching: (T-T)s 1.2 us 
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0.161 When To approaches to 0.1 us, unnecessary plasma 
is generated and the bias electric Source is not effectively 
used for ion acceleration Since the impedance of the ion 
sheath approaches to or becomes lower than the impedance 
of the plasma. Thereby, controllability of ion energy by the 
bias electric power Source is degraded. Therefore, it is 
desired that the period To is larger than 0.1 us, preferably, 
larger than 0.2 uS. 
0162) In a gate etching apparatus in which V can be 
Suppressed to a low value, it is necessary to employ a 
material having a Specific dielectric constant as high as 10 to 
100 for the electrostatic attracting film, for example, a 
dielectric constante of Ta-O is 25, and to also decrease the 
film thickness, for example, to a thickness of 10 um to 400 
tim, preferably, to a thickness of 10 um to 100 um, without 
reducing the insulating withstanding Voltage. 

0163. In FIG. 10, there are also shown the values of V. 
when electroStatic capacitance per unit area is increased by 
2.5 times, 5 times and 10 times. Even if an electrostatic 
attracting film is improved, it is thought that the electroStatic 
capacitance c can be increased by Several times in the 
present situation. ASSuming Vs 300 volts, cs 10cc, the 
following relation can be obtained: 

0.1 uss (ToT)s 10 us 
0164. A portion effective for plasma processing by ion 
acceleration is the portion (To-T), and therefore it is pref 
erable that the pulse duty (T/T) is as Small as possible. 
(0165 FIG. 11 shows (V/v) which means an efficiency 
of plasma processing taking time average into consideration. 
It is preferable to make (T/To) Small and (VD/v) large. 
(0166 ASSuming (V/v)20.5 as an efficiency of plasma 
processing and taking a condition to be described later 
(VD/v)sO.5, the pulse duty becomes (T/ 
T)s approximately 0.4. 
0167 The pulse duty (T/T) is effective for ion energy 
control when it is Small. However, when it is unnecessarily 
Small, a pulse width T, becomes as Small as 0.05 u and 
consequently the pulse bias contains frequency components 
in the range of Several tens of MHz. As a result, it becomes 
difficult to Separate from the plasma generating high fre 
quency component which is to be described later. AS shown 
in FIG. 11, since decrease of (VD/v) in the range of 
0s (T/T)s 0.05 is small, no problem occurs when (T/T) 
is set to a value above 0.05. 

0168 As an example of gate etching, FIG. 12 shows an 
energy dependence of the Silicon etching rate ESi and oxide 
20 film etching rate ESiO, when chlorine gas of 10 mTorris 
formed in a plasma. The Silicon etching rate ESi becomes a 
constant value in a low ion energy region. In a region of ion 
energy above approximately 10 V, ESi increases as the ion 
energy increases. On the other hand, the etching rate ESiO2 
for the oxide film of the base material is zero when the ion 
energy is Smaller than nearly 20 V, and when the ion energy 
exceeds nearly 20 V, the etching rate ESiO increase as the 
ion energy is increased. 
0169. As a result, when the ion energy is below nearly 20 
V, there is a region where the Selectivity to the base material 
ESi/ESiO becomes OO (infinity). When the ion energy is 
above nearly 20 V, the selectivity ESi/ESiO2 to the base 
material rapidly decreases as the ion energy is increased. 
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0170 As an example of etching of an oxide film (SiO, 
BPSG, HISO, TEOS or the like) as a kind of insulator films, 
FIG. 13 shows ion energy distributions of the oxide film 
etching rate ESiO, and Silicon etching rates ESi when CFs 
gas of 1.0 Pa is formed in a plasma. 
0171 The oxide film etching rate ESiO becomes nega 
tive and deposits are produced when the ion energy is low. 
The oxide film etching rate ESiO, Steeply increases at the 
ion energy of nearly 400 V, and after that gradually 
increases. On the other hand, the etching rate ESi for Silicon 
to be used as the base material is Switched from negative 
(etching) to positive (etching) at an ion energy higher than 
the ion energy where ESiO is Switched from negative to 
positive, and then gradually increases. 
0172. As the result, the selectivity ESi/ESiO2 to the base 
material becomes OO (infinity) at an ion energy where ESiO2 
is Switched from negative to positive, and in the ion energy 
above the Switching point the selectivity ESi/ESiO steeply 
decreases as the ion energy increases. 
0173 When the results of FIG. 12 and FIG. 13 are 
applied to a practical process, ion energy is Set to an 
appropriate value by adjusting the bias electric power Source 
with taking the values of ESi, ESiO, ESi/ESiO, and the 
magnitude of the value ESi/ESiO. 
0.174 Abetter characteristic can be obtained by Switching 
the ion energy just before and just after etching, that is, 
etching until exposing a base film, with giving a priority to 
the etching rate just before the etching and giving a priority 
to the Selectivity just after the etching. 
0175. The characteristic shown in FIG. 12 and FIG. 13 

is a characteristic for a case where the ion energy distribu 
tion is limited in a narrow range. Since an etching rate for 
a case where the ion energy distribution Spreads in a wide 
range is expressed by the time averaged value, it cannot be 
Set at the optimum value and accordingly the Selectivity is 
Substantially degraded. 
0176). According to an experiment, when the value (V/ 
VP) was Smaller than about 0.3, a deviation of ion energy 
was Smaller than nearly it 15%, and a high Selectivity higher 
than 30 was attained with the characteristic of FIG. 12 and 
FIG. 13. Further, as far as (VfV)s0.5, the selectivity 
was improved compared to a conventional Sinusoidal wave 
bias method. 

0177 As described above, as the voltage suppressing 
means for Suppressing the Voltage change (VcM) in one 
cycle of the bias Voltage generated between the ends of the 
electroStatic attracting film, it is preferable that the Voltage 
change (VM) is lower than one-half of the voltage (V) of 
the pulse bias. In detail, there is a method to decreasing a 
thickness of the electroStatic chuck film 22 made of a 
dielectric material provided on the surface of the lower 
electrode 15, or by employing a material having a large 
Specific dielectric coefficient. Further, there is a method to 
SuppreSS the Voltage change between the ends of the elec 
troStatic attracting film by Shortening the period of the pulse 
bias Voltage to 0.1 us to 10 us, preferably, 0.2 liS to 5 uS 
(corresponding to repeating frequency of 0.2 MHZ to 5 
MHz) so that the pulse duty (T/T) is set as 0.05s (T/ 
T)s 0.4. 
0.178 Furthermore, it is possible to make the voltage 
change (VcM) in one cycle of the bias Voltage generated 
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between the ends of the electroStatic attracting film Satisfy 
the above-described condition (V/V)s 0.5. 
0179 An embodiment of using the vacuum processing 
chamber for etching of an insulator film (SiO, BPSG, TEOS, 
HISO or the like) will be described below. 
0180 A processing gas 36 used for the etching operation 
is composed of CF of 1 to 5%, Ar of 90 to 95% and O of 
0 to 5%; or CF of 1 to 5%, Ar of 70 to 90%, O of 0 to 5% 
and CO of 10 to 20%. The plasma generating high frequency 
electric power Source 16 used has a higher frequency, for 
example 40 MHz, compared to a conventional one to 
Stabilize discharge under a low pressure range of 1 to 3 Pa. 
0181. When dissociation of the processing gas progresses 
to exceed the necessary amount by using the high frequency 
of the plasma generating high frequency power Source 16, 
the output of the high frequency power source 16 is ON-OFF 
controlled or level modulation controlled using a high 
frequency electric power modulating Signal Source 161. 
When the level is high, ions are generated more than 
generation of radicals, and when the level is low, radicals are 
generated more than generation of ions. An ON time (or the 
high level time for the level modulation) used is 5 to 50 us, 
and an OFF time (or the low level time for the level 
modulation) used is 10 to 200 us, while a period used is 20 
to 250 uS. By doing So, it is possible to avoid unnecessary 
dissociation and to attain a desired ion-radical ratio. 

0182. A modulating period of the plasma generating high 
frequency power Source is generally longer than the period 
of the pulse bias. Therefore, the modulating period of the 
plasma generating high frequency power Source is set to a 
value of an integer times the period of the pulse bias to 
optimize the phase between them. By doing So, the Selec 
tivity can be improved. 
0183) On the other hand, ion energy is controlled so that 
ions in the plasma are accelerated and Vertically irradiated 
onto the Sample by applying a pulse bias Voltage. By using 
an electric power Source having, for example, a pulse bias 
period T of 0.65 us, a pulse width T1 of 0.15us and a pulse 
amplitude V of 800 V as the pulse bias power source 17, it 
is possible to perform plasma processing having a better 
characteristic in which the width of ion energy distribution 
is +15% and the selectivity to the base material is 20 to 50. 
0.184 Another embodiment of a plasma etching appara 
tus of two-electrode type in accordance with the present 
invention will be described below, referring to FIG. 14. 
Although this embodiment has a similar construction as 
shown by FIG. 1, a different point of this embodiment from 
FIG. 1 is that the lower electrode 15 holding the sample has 
a single pole type electroStatic chuck 20. An electroStatic 
attracting dielectric layer 22 is provided on the upper Surface 
of the lower electrode 15, and the positive side of the direct 
current source 23 is connected to the lower electrode 15 
through a coil 24 for cutting the high frequency component. 
Further, the pulse bias electric power source 17 for supply 
ing a positive pulse bias voltage of 20 V to 1000 V is also 
connected to the lower electrode through a blocking capaci 
tor 19. 

0185 Discharge confining rings 37A, 37B are provided 
in the periphery of the processing chamber 10 to increase a 
plasma density and to minimize attaching of unnecessary 
deposits onto the outside portions of the discharge confining 
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rings 37A, 37B. In the discharge confining rings 37A, 37B 
of FIG. 14, a diameter of the bank portion of the discharge 
confining ring 37A in the lower electrode side is formed 
Smaller than a diameter of the bank portion of the discharge 
confining ring 37B in the upper electrode Side So that 
distribution of reaction products around the Sample is made 
uniform. 

0186. A material used for the discharge confining rings 
37A, 37B, at least for the side facing the processing chamber 
Side, is a Semiconductor or a conductor Such as carbon, 
silicon or SiC. Further, a bias electric power source 17A of 
100 kHz to 13.56 MHz for the discharge confining ring is 
connected to the ring 37A in the lower electrode side through 
a capacitor 19A, and the ring 37B in the upper electrode side 
is constructed So that a part of the Voltage of the high 
frequency electric power source 16 is applied to the ring 37B 
in the upper electrode side. Thereby, attaching of deposits 
onto the rings 37A, 37B due to the sputtering effect of ions 
is decreased and the fluorine removing effect is provided. 
0187. The reference characters 13A, 13C of FIG. 14 are 
insulator members made of aluminum oxide or the like, and 
the reference character 13B is an insulator member having 
a conductor Such as SiC., glassy carbon, Si or the like. 
0188 When the conductivity of the rings 37A, 37B is 
low, conductors made of a metal are embedded inside the 
rings 37A, 37B and distance between the Surface of the ring 
and the embedded conductor is made small. Thereby, the 
high frequency electric power easily radiates from the 
surfaces of the rings 37A, 37B to decrease reduction of the 
Sputter effect. 
0189 The upper electrode cover 30 is fixed to the upper 
electrode 12 generally only in the peripheral portion of the 
cover with bolts 250. A gas is supplied to the upper electrode 
cover 30 from the gas Supply unit 36 through the gas 
introducing chamber 34, the gas diffusion plate 32 and the 
upper electrode 12. The holes provided in the upper elec 
trode cover 30 have a very small diameter of 0.3 to 1 mm to 
reduce the likelihood of the occurrence of abnormal dis 
charge in the hole. The gas pressure in the upper portion of 
the upper electrode cover 30 is a fraction of one atmospheric 
preSSure to one-tenth of one atmospheric pressure. For 
example, a force of nearly 100 kg acts on the upper electrode 
cover 30 having a diameter of larger than 300 mm as a 
whole. Therefore, the upper electrode cover 30 is deformed 
in a convex shape to the upper electrode 12 and accordingly 
a gap is produced having Several hundreds micro-meters 
near the central portion. 
0190. In that case, when the frequency of the high fre 
quency electric power Source 16 is increased up to approxi 
mately more than 30 MHz, resistance in the lateral direction 
of the upper electrode cover 30 cannot be neglected and 
particularly the plasma density near the central portion is 
decreased. In order to Solve this problem, the upper elec 
trode cover 30 is fixed to the upper electrode 12 in portions 
near the center Side of the upper electrode cover, not the 
peripheral portion. In the embodiment of FIG. 14, the upper 
electrode cover is fixed to the upper electrode 12 in Several 
portions near the central side of the upper electrode cover 30 
using bolts 251 made of a semiconductor Such as SiC or 
carbon or an insulator Such as aluminum oxide to make 
distribution of the high frequency field applied from the 
upper electrode 12 side uniform. 
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0191 The method of fixing the upper electrode cover 30 
to the upper electrode 12 at least near the center of the cover 
is not limited to using the bolts 251 described above. For 
example, the upper electrode cover 30 may be fixed to the 
upper electrode 12 using a Substance having adhesiveness all 
over the Surface or at least near the center of the upper 
electrode cover. 

0192) In FIG. 14, the sample 40 to be processed is 
mounted on the lower electrode 15 and attracted by the 
electrostatic chuck 20, that is, by a Coulomb force produced 
between both ends of the electrostatic attracting film 22 by 
positive charge by the direct current electric power Source 23 
and negative charge Supplied from the plasma. 
0193 The operation of this apparatus is the same as that 
of the two-electrode type plasma etching apparatus shown in 
FIG. 1. When etching is performed, the sample 40 of an 
object to be processed is mounted on the lower electrode 15 
and attracted by an electroStatic force. While a processing 
gas is being Supplied to the processing chamber 10 from the 
gas Supplying unit 36, on the other hand, the processing 
chamber is evacuated and depressurized by the vacuum 
pump 18 So that pressure of the processing chamber 
becomes a processing pressure of the sample, that is, a 
pressure of 0.5 Pa to 4.0 Pa. Then, the high frequency 
electric power Source 16 is Switched on to apply a high 
frequency electric power of 20 MHz to 500 MHz, preferably 
30 MHZ to 100 MHz, between the electrodes 12 and 15 to 
form the processing gas into a plasma. On the other hand, a 
positive pulse bias voltage of 20 V to 1000 V having a period 
of 0.1 us to 10 us, preferably 0.2 uS to 5 us, and a duty in a 
positive pulse portion of 0.05 to 0.4 is applied to the lower 
electrode 15 from the pulse bias electric power source 17 to 
etch the Sample while the electrons and the ions in the 
plasma are being controlled. 
0194 By applying the pulse bias voltage in such a 
manner, ions and/or electrons in the plasma are accelerated 
and vertically irradiated onto the Sample to perform highly 
precise shape control or highly precise Selectivity control. 
The characteristics required for the pulse bias power Source 
17 and the electrostatic attracting film 22 are the same as in 
the embodiment of FIG. 1, and accordingly detailed descrip 
tion will be omitted here. 

0.195 A further embodiment according to the present 
invention will be described below, referring to FIG. 15 to 
FIG. 17. Although this embodiment is similar to the plasma 
etching apparatus of the two-electrode type construction 
shown in FIG. 1, a different point of this embodiment from 
FIG. 1 is in construction of the magnetic field forming 
means 200. The core 201 of the magnetic field forming 
means 200 is eccentrically arranged and driven by a motor 
204 So as to be rotated at a speed of Several rotations per 
minute to Several tens of rotations per minute around an axis 
corresponding to the center of the sample 40. The core 201 
is grounded. 
0196. In order to perform plasma-processing all over the 
Surface of the Sample highly accurately, cyclotron resonance 
effect of electrons is larger in the peripheral portion or the 
portion outside of the peripheral portion than in the center So 
that generation of plasma becomes large in the peripheral 
portion or the portion outside of the peripheral portion of the 
Sample than in the center of the Sample. However, in the 
embodiment of FIG. 1, there is no ECR region in the central 
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portion of the Sample and the plasma density near the center 
of the sample sometimes becomes too low, as shown in FIG. 
6. 

0197). In the embodiment of FIG. 15, the magnetic field 
distribution is varied by rotation of the eccentric core 201 of 
the magnetic field forming means 200, and accordingly in 
the central portion of the sample the ECR region is formed 
in a low position from the Sample Surface at time t=0 and 
t=To, and formed in a high position from the sample Surface 
at time t=(1/2)To Since the core 201 is rotated at a speed of 
Several rotations per minute to Several tens of rotations per 
minute, the averaged value of the magnetic field intensity in 
the middle portion between the electrodes in the direction 
parallel to the Sample Surface becomes nearly the same value 
by the time averaging due to the rotation, as shown in FIG. 
17. That is, the ECR region is formed in nearly the same 
level from the Sample Surface except for the peripheral 
portion of the Sample. 

0198 As shown by dash-and-dot lines in the core 201 
portion of FIG. 15, the thickness of the core composing the 
magnetic circuit in the Side near the eccentric central core is 
formed thin and the thickness of the core composing the 
magnetic circuit in the Side far from the eccentric central 
core is formed thick. By doing So, uniformity of the mag 
netic field intensity is further improved. 
0199 A still further embodiment in accordance with the 
present invention will be described below, referring to FIG. 
18 and FIG. 19. Although this embodiment is similar to the 
plasma etching apparatus of the two-electrode type construc 
tion shown in FIG. 15, a different point of this embodiment 
from FIG. 15 is in construction of the magnetic field 
forming means 200. The core 201 of the magnetic field 
forming means 200 has a concave surface edge 201A in a 
portion corresponding to the center of the processing cham 
ber and also has another edge 201B in the side position of 
the processing chamber. By operation of the concave Surface 
edge 201A, the magnetic flux B has a component in the 
inclined direction. As a result, distribution of the magnetic 
field is varied and the component of the magnetic field 
intensity in the direction parallel to the Sample Surface is 
formed to be more uniform compared to on the case of FIG. 
1, as shown in FIG. 19. 

0200. A further embodiment in accordance with the 
present invention will be described below, referring to FIG. 
20. Although this embodiment is similar to the plasma 
etching apparatus of the two-electrode type construction 
shown in FIG. 15, a different point of this embodiment from 
FIG. 15 is in construction of the magnetic field forming 
means 200. The core 201 of the magnetic field forming 
means 200 is of a fixed type, and forms a magnetic circuit 
together with a core 205 arranged in a position correspond 
ing to the central portion of the processing chamber. The 
core 205 is rotated around an axis passing through the center 
of the edge 201A together with an insulator member 203. By 
Such a construction, the same as the embodiment of FIG. 15, 
the averaged position of the ECR region near the central 
portion of the Sample is formed in nearly the same level from 
the Sample Surface all over the Surface of the Sample. 
0201 A still further embodiment of a two-electrode type 
plasma etching apparatus in accordance with the present 
invention will be described below, referring to FIG. 21 and 
FIG. 22. In this embodiment, the magnetic field forming 
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means 200 has two pairs of coils 210, 220 in the circum 
ferential portion of the processing chamber, and a rotating 
magnetic field is formed by Successively Switching the 
direction of the magnetic field in each of the pairs of coils 
as shown by the arrows (1), (2), (3), (4). The position of the 
center 0-0' of the coils 210, 220 is set at a level in the upper 
electrode 12 side from the middle level between the elec 
trodes 12 and 15. Thereby, the apparatus is constructed so 
that the magnetic field intensity on the Sample 40 becomes 
Smaller than 30 gauSS, preferably, Smaller than 15 gauSS. 
0202) The distribution of the magnetic field intensity for 
each portion on the sample Surface can be adjusted by 
appropriately choosing the position and the diameter of the 
coils 210, 220 So as to increase plasma generation in the 
periphery or the Outer Side of the periphery of the Sample. 
0203) A further embodiment of a two-electrode type 
plasma etching apparatus in accordance with the present 
invention will be described below, referring to FIG. 23 and 
FIG. 24. In this embodiment, the magnetic field forming 
means 200 has a pair of coils 210' arranged in an arc-shape 
in a horizontal plane along the circumference of the circular 
processing chamber. The polarity of the magnetic field is 
varied with a constant period as shown by the arrows (1), (2) 
in FIG. 23 by controlling current flowing in the pair of coils 
210'. 

0204 Since the magnetic flux expands with respect to a 
Vertical plane in the central portion of the processing cham 
ber as shown by the dashed lines in FIG. 24, the intensity of 
the magnetic field in the central portion of the processing 
chamber is reduced. However, the pair of coils 210' are 
curved along the processing chamber, and the magnetic flux 
B is concentrated in the central portion of the processing 
chamber. Therefore, the intensity of the magnetic field in the 
central portion of the processing chamber can be increased 
compared to the embodiment of FIG. 22. In other words, in 
the embodiment of FIG. 23, it is possible to suppress a 
decrease in the magnetic field in the central portion of the 
processing chamber compared to in the embodiment of FIG. 
22, and, accordingly, the uniformity of the magnetic field on 
the Sample mounting Surface of the Sample table can be 
improved. 
0205 Further, by varying the polarity of the magnetic 
field with a certain period, drift effect of ExB can be 
reduced. 

0206. In this type, two pair of coils as in the embodiment 
of FIG.22 may be employed as the magnetic field forming 
means 200. 

0207. Further, instead of the arc-shaped coil 210' the 
magnetic field forming means 200 may employ a convex 
coil 210" shown in FIG. 25 which is formed by combining 
a plurality of Straight Shaped coil Sections arranged along the 
circumference of the circular processing chamber 10. In this 
case, the magnetic flux B concentrates in the central portion 
of the processing chamber and, accordingly, the same effect 
as in the embodiment of FIG. 23 can be obtained. 

0208 Furthermore, as shown in FIG. 26, the center axis 
of a pair of coils may be inclined with respect to a vertical 
plane So as to approach the Sample Surface in the central 
portion of the processing chamber. According to this 
embodiment, Since the magnetic field intensity in the central 
portion of the processing chamber can be increased and the 
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magnetic field intensity in the peripheral portion of the 
processing chamber can be decreased, the uniformity of the 
magnetic field on the Sample mounting Surface of the Sample 
table can be improved. In order to make the magnetic field 
intensity uniform, it is preferable that the inclining angle 0 
of the center axis of the coil is set from 5 degrees to 25 
degrees. 
0209 Further, as shown in FIG. 27, a pair of coils 210B 
are arranged near a pair of coils 210A. By controlling 
currents flowing in the two pair of coils, the position of the 
ECR resonance as well as the gradient of the magnetic field 
near the position of the ECR resonance are varied to change 
the width of the ECR resonance region. By optimizing the 
width of the ECR resonance region for each process, it is 
possible to obtain an ion/radical ratio Suitable for each 
proceSS. 

0210. It is possible to further improve the uniformity of 
magnetic field intensity distribution and the controllability 
by properly combining the embodiments of FIG. 23 to FIG. 
27 described above, if necessary. 
0211) A still further embodiment of a two-electrode type 
plasma etching apparatus in accordance with the present 
invention will be described below, referring to FIG. 28 and 
FIG. 29. In this embodiment, a part of the processing 
chamber is made of a conductor and grounded. On the other 
hand, the magnetic field forming means 200 has coils 230, 
240 in the peripheral portion and the upper portion of the 
processing chamber 10. The direction of the magnetic flux B 
formed by the coil 230 and the direction of the magnetic flux 
B' formed by the coil 240 cancel each other in the central 
portion of the processing chamber 10, and Superpose each 
other in the peripheral portion and the outer portion of the 
peripheral portion of the processing chamber 10, as shown 
by the arrows. As a result, the distribution of the magnetic 
field intensity at each position of the Sample Surface 
becomes as shown in FIG. 29. In addition to this, in the 
portion of the mounting Surface for the Sample 40, the 
direction of the electric field and the direction of the mag 
netic field between the upper electrode 12 and the lower 
electrode 15 are the same. On the other hand, in the portion 
outside the mounting Surface for the sample 40, the com 
ponent of the magnetic field in the vertical direction inter 
Secting with the component of electric field in the lateral 
direction at a right angle is formed in the peripheral portion 
of the upper electrode 12 and the portion between the upper 
electrode 12 and the wall of the processing chamber. 
0212. Therefore, according to the embodiment of FIG. 
38, the cyclotron resonance effect of electrons in the central 
portion of the sample can be decreased and generation of 
plasma in the peripheral portion and the outside portion of 
the peripheral portion of the Sample can be increased. 
0213. A further embodiment in accordance with the 
present invention will be described below, referring to FIG. 
30. In the two-electrode type plasma etching apparatus 
shown in FIG. 1, there are some cases where Sufficiention 
energy cannot be obtained with the high frequency electric 
power f applied from the high frequency electric power 
Source 16 to the upper electrode 12. In Such a case, this 
embodiment increases the ion energy to 100 V to 200 V by 
applying a high frequency Voltage f having a frequency, for 
example, below 1 MHz from a low frequency electric power 
Source 163 to the upper electrode 12 as a bias. Here, the 
reference characters 164, 165 indicate filters. 
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0214) An embodiment of a two-electrode type plasma 
etching apparatus of non-magnetic field type in accordance 
with the present invention will be described below, referring 
to FIG. 31. 

0215. As described above, in order to improve micro 
workability of a Sample, it is preferable that a plasma 
generating high frequency electric power Source 16 has a 
higher frequency and discharge under a low gas preSSure is 
stabilized. In the embodiment of the present invention, the 
preSSure processing a Sample in the processing chamber is 
set to 0.5 to 4.0 Pa. By setting the gas pressure in the 
processing chamber 10 to a low pressure below 40 mTorr, 
probability of ion collision in the sheath is decreased. 
Therefore, in processing a Sample 40, directivity of ions is 
increased and accordingly it becomes possible to perform 
Vertical fine pattern. However, in order to attain the same 
processing rate under a pressure below 5 mTorr, the exhaust 
ing System and the high frequency electric power Source 
become large in size, and dissociation of the processing gas 
occurs excessively due to increase of electron temperature, 
as a result, the processing characteristic is likely to be 
degraded. 

0216) In general, between a frequency of a plasma gen 
erating electric power Source for a pair of electrodes and a 
minimum gas pressure capable of Stably discharging, there 
is relationship that the lowest gas pressure for Stable dis 
charge is decreased as the frequency of the electric power 
Source is increased and the distance between the electrodes 
is increased. In order to avoid ill effects Such as attaching of 
deposits onto Surrounding walls and onto the discharge 
confining ring 37 and to effectively perform a function of 
removing fluorine or oxygen by the upper electrode cover 
30, the Susceptive cover 39 and the resist in the sample, it is 
preferable that the distance between the electrodes is set to 
a value Shorter than 50 mm which corresponds to a distance 
Smaller than 25 times of mean-free-path at the maximum gas 
pressure of 40 mTorr. On the other hand, in order to attain 
Stable discharge, the distance between the electrode is 
required to be 2 to 4 times (4 mm to 8 mm) or larger of the 
mean-free-path at the maximum gas pressure (40 mTorr). 

0217. In the embodiment shown in FIG. 31, since a high 
frequency electric power of 20 MHz to 500 MHz, preferably 
30 MHz to 200 MHz, is used as the plasma generating high 
frequency electric power Source 16, it is possible to obtain 
a stable plasma and to improve micro workability even if the 
gas pressure in the processing chamber is Set to a low 
pressure of 0.5 to 4.0 Pa. Further, by using such a high 
frequency electric power, dissociation of gas plasma is 
improved and controllability of Selectivity during processing 
of a Sample is improved. 

0218. In the embodiments of the present invention 
described above, the occurrence of interference between the 
output of the pulse bias electric power Source and the output 
of the plasma generating electric power Source can be 
considered. Therefore, the countermeasure for this problem 
will be described below. 

0219. In an ideal rectangular pulse having a pulse width 
of T, a pulse period of To and rise/fall Speeds of infinity, as 
shown in FIG. 33, 70% to 80% of the electric power is 
included in the frequency range of fis3fo (fo=(1/T)). How 
ever, the wave-form actually applied has rise/fall Speeds of 
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finite values, convergence of electric power is further 
improved and 90% of electric power can be included in the 
frequency range of fis3f. 
0220. In order to uniformly apply a pulse bias having a 
high frequency component of 3f over the Surface of a 
Sample, it is preferable to provide opposing electrodes 
parallel to the Sample Surface and to ground a pulse bias 
having a frequency component within a range of fis3f. 
where 3f is obtained from Equation 3 as follows: 

3f-3 (10/0.2)=15 MHz, when T-0.2 us 
3f-30 MHz, when T-0.1 us 

0221) In the embodiment shown in FIG. 31, a counter 
measure is provided for interference between the output of 
the pulse bias electric power Source and the output of the 
plasma generating electric power Source. That is, in the 
plasma etching apparatus, the plasma generating high fre 
quency electric power Source 16 is connected to the upper 
electrode 12 opposite to the sample 40. In order to set the 
upper electrode 12 to the ground level of the pulse bias, the 
frequency f of the plasma generating electric power Source 
16 is set to a value larger than 3f described above and the 
upper electrode 12 and the ground level are connected with 
a band eliminator 141 of which the impedance is large 
around f=f, and Small for the other frequencies. 
0222. On the other hand, the sample table 15 and the 
ground level are connected with a band pass filter 142 of 
which the impedance is Small around f=f, and large for the 
other frequencies. By constructing in Such a way, the inter 
ference between the output of the pulse bias electric power 
Source 17 and the output of the plasma generating electric 
power Source 16 can be Suppressed to a level which creates 
no problem and a better bias can be applied to the sample 40. 

0223 FIG. 34 shows an embodiment of a plasma etching 
apparatus of the induction coupling discharge type and the 
non-magnetic field type among the external energy Supply 
ing discharge type to which the present invention is applied. 
The reference character 52 indicates a flat coil, and the 
reference character 54 indicates a high frequency electric 
power Source for applying a high frequency Voltage of 10 
MHz to 250 MHz to the flat coil. The plasma etching 
apparatus of the induction coupling discharge type can 
generate a stable plasma with a lower frequency and under 
a lower gas pressure compared to the type shown in FIG. 10. 
On the contrary, dissociation of gas is apt to be progressed. 
Therefore, unnecessary dissociation is prevented by modu 
lating the output of the high frequency electric power Source 
1 using the high frequency electric power Source modulating 
signal source 161, as shown in FIG. 1. The processing 
chamber 10 of a vacuum vessel comprises a sample table 15 
which mounts the Sample 40 on the electrostatic attracting 
film 22. 

(Equation 3) 

0224. When etching is performed, the sample 40 of an 
object to be processed is mounted on the lower electrode 15 
and attracted by an electroStatic force. While a processing 
gas is being Supplied to the processing chamber 10 from the 
gas Supplying unit, not shown, on the other hand, the 
processing chamber is evacuated and depressurized by the 
Vacuum pump So that preSSure of the processing chamber 
becomes a processing preSSure of the sample, that is, a 
pressure of 0.5 Pa to 4.0 Pa. Then, a high frequency electric 
power of 13.56 MHz is applied from the high frequency 
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electric power source 54 to the flat coil 52 to form a plasma 
in the processing chamber 10. The sample 40 is etched using 
the plasma. On the other hand, during etching, a pulse bias 
Voltage having a period of 0.1 uS to 10 us, preferably 0.2 uS 
to 5 us is applied to the lower electrode 15. The amplitude 
of the pulse bias Voltage used is in a different range 
depending on the kind of the film, as described in the 
embodiment of FIG. 1. By applying the pulse bias voltage 
in Such a manner, ions in the plasma are accelerated and 
Vertically irradiated onto the Sample to perform highly 
precise shape control or highly precise Selectivity control. 
Accordingly, it is possible to perform accurate etching even 
if a resist mask pattern of the Sample is of a Submicron 
pattern. 

0225. In a plasma etching apparatus of the induction 
coupling discharge type and the non-magnetic field type, a 
Faraday Shield plate 53 having a gap, which is grounded, and 
a thin Shield plate protective insulator plate 54 having a 
thickness of 0.5 mm to 5 mm may be provided on the 
processing chamber 10 Side of the induction high frequency 
magnetic field output portion. Since the capacitance com 
ponent between the coil and the plasma is reduced by 
providing the Faraday shield plate 53, it is possible to reduce 
energy of ions impinging on a quartz plate under the coil 52 
of FIG. 34 and the shield plate protective insulator plate 54 
to reduce damage of the quartz plate and the insulator plate, 
and to prevent foreign from mixing into the plasma. 

0226 Further, since the Faraday shield plate 53 also 
Serves as a grounded electrode for the pulse bias electric 
power Source 17, it is possible to apply the pulse bias 
between the sample 40 and the Faraday shield plate 53 
uniformly. In this case, no filter is required between the 
upper electrode and the sample table 15. 

0227 FIG. 36 is a vertical cross-sectional front view 
showing a part of a microwave processing apparatus to 
which the present invention is applied. A pulse bias electric 
power Source 17 and a direct current Source 13 are connected 
to a lower electrode 15 also serving as a sample table 15 
mounting a Sample 40 on an electrostatic attracting film 22. 
The reference character 41 indicates a magnetron of a 
microwave oscillating Source, the reference character 42 
indicates a microwave guide tube, and the reference char 
acter 43 indicates a quartz plate for vacuum-Sealing a 
processing chamber 10, noting that these elements are used 
to Supply the microwave to the processing chamber. The 
reference character 47 indicates a first Solenoid coil for 
Supplying a magnetic field, and the reference character 48 
indicates a Second Solenoid coil for Supplying a magnetic 
field. The reference character 49 indicates a proceSS gas 
Supplying System which Supplies a proceSS gas for perform 
ing processing Such as etching, film-forming and So on into 
the processing chamber 10. The processing chamber 10 is 
evacuated by a vacuum pump, not shown. The characteris 
tics required for the pulse bias electric power Source 17 and 
the electroStatic chuck 20 are the Same as in the embodiment 
of FIG. 1, and accordingly detailed description will be 
omitted here. 

0228. When etching is performed, the sample 40 of an 
object to be processed is mounted on the lower electrode 15 
and attracted by an electroStatic force. While a processing 
gas is being Supplied to the processing chamber 10 from the 
gas Supplying unit 49, on the other hand, the processing 
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chamber is evacuated to a vacuum by the vacuum pump So 
that pressure of the processing chamber becomes a proceSS 
ing pressure of the sample, that is, a pressure of 0.5 Pa to 4.0 
Pa. Then, the magnetron 41 and the first and the second 
Solenoid coils 47, 48 are Switched on, and a microwave 
generated in the magnetron 41 is guided to the processing 
chamber through the wave-guide tube 42 to produce a 
plasma. The Sample 40 is etched using the plasma. On the 
other hand, during etching, a pulse bias Voltage having a 
period of 0.1 uS to 10 us, preferably 0.2 uS to 5 uS is applied 
to the lower electrode 15. 

0229. By applying the pulse bias voltage in such a 
manner, ions in the plasma are accelerated and vertically 
irradiated onto the Sample to perform high precision shape 
control or high precision Selectivity control. Thereby, it is 
possible to perform accurate etching processing even if a 
resist mask pattern of the Sample is of a Submicron pattern. 

0230. In the plasma etching apparatuses in accordance 
with the present invention depicted in FIG. 1 and the 
following figures, the direct current Voltage of the electro 
Static attracting circuit and the pulse Voltage of the pulse bias 
electric power Source circuit may be generated by Super 
posing each other. Thereby, both circuits can be constructed 
in common. Further, the electroStatic attracting circuit and 
the pulse bias electric power Source circuit may be sepa 
rately provided So that the pulse bias does not adversely 
affect the electrostatic attraction. 

0231. Instead of the electrostatic attracting circuit in the 
embodiment of the plasma etching apparatus of FIG. 1, 
another attracting means Such as a vacuum attracting means 
may be employed. 

0232 The above-mentioned plasma processing appara 
tuses having the electrostatic attracting circuit and the pulse 
bias Voltage applying circuit in accordance with the present 
invention can be applied not only to an etching processing 
apparatus but also to a plasma processing apparatus Such as 
a CVD apparatus by changing the etching gas to a CVD gas. 

0233. A description will be provided below regarding a 
further embodiment of a plasma etching apparatus capable 
of Submicron plasma-processing by overcoming conven 
tional disadvantages and by controlling quantity and quality 
of ions and radicals, referring to FIG. 37 depicting the 
further embodiment in accordance with the present inven 
tion. 

0234. A first plasma generating portion is provided in a 
place upstream of a vacuum processing chamber where a 
Sample is placed noting that the first plasma generating 
portion is different from the vacuum processing chamber. 
Quasi-stable atoms generated in the first plasma generating 
portion are injected into the vacuum processing chamber, 
and then the quasi-stable atoms are formed into a Second 
plasma in the Vacuum processing chamber. In addition to the 
plasma etching apparatus shown in FIG. 1, an ion/radical 
forming gas Supply unit 60 and a plasma generating chamber 
62 for generating the quasi-stable atoms are provided. Fur 
ther, a route for introducing a gas containing the quasi-stable 
atoms into the vacuum processing chamber and an intro 
ducing route connected to the ion/radical forming gas Supply 
unit are provided in the upper electrode 12. 

Sep. 16, 2004 

0235. The characteristics of this embodiment are as fol 
lows. 

0236 (1) A gas supplied from the quasi-stable atom 
forming gas Supply unit 36 is formed into a plasma by being 
applied with a high frequency electric power in the quasi 
Stable atom forming plasma generating chamber 62, and a 
required amount of quasi-stable atoms are generated in 
advance to be introduced into the processing chamber 10. In 
order to efficiently generate the quasi-stable atoms, preSSure 
of the quasi-stable atom forming plasma generating chamber 
62 is set to a high pressure of several hundred mTorr to 
several tens of mTorr. 

0237 (2) On the other hand, a gas is introduced into the 
processing chamber from the ion/radical forming gas Supply 
unit 60. 

0238 (3) A high frequency Voltage having a compara 
tively Small power is output from the plasma generating 
electric power Source 16 to form a plasma in the processing 
chamber 10. Since ions are efficiently formed with electrons 
having a low energy lower than nearly 5 eV because of 
injection of the quasi-stable atoms, it is possible to obtain a 
plasma which is in a low electron temperature lower than 6 
eV, preferably, lower than 4 eV and which has a very small 
amount of high energy electrons above 15 eV. Therefore, the 
radical forming gas is not excessively dissociated and 
accordingly a necessary quantity and a necessary quality of 
the radicals can be maintained. On the other hand, a quantity 
of the ions can be controlled by the amount of the quasi 
Stable atoms generated in the quasi-stable atom forming 
plasma generating chamber 62 and the amount of ion 
forming gas from the ion/radical forming gas Supply unit 60. 
0239 Since the quantity and the quality of the ions and 
radicals can be controlled in Such a manner, a better perfor 
mance can be attained even in Submicron plasma processing. 
The radical forming gas used is CHF, CHF, or a fluoro 
carbon gas Such as CF or CF, or adding a gas containing 
C and H such as CH, CH, CHOH, if necessary. The 
quasi-stable forming gas used is a gas composed of one kind 
or two kinds of rare gas as a base gas. The ion forming gas 
used is a gas having the following characteristic which 
efficiently forms ions. 
0240 The gas used as an ion forming gas is one having 
an ionization level which is lower than an energy level of the 
quasi-stable atoms, or a gas having an ionization level which 
is higher than an energy level of the quasi-stable atoms, 
noting, however, that the difference is as Small as 5 eV or 
leSS. 

0241. It is also possible to use the quasi-stable atom 
forming gas or the radical forming gas described above 
instead of the ion forming gas, though the performance is 
likely to be degraded. 

0242 FIG.38 shows a still further embodiment in accor 
dance with the present invention in which a quantity and a 
quality of ions and radicals are controlled. This embodiment 
is the same as the embodiment of FIG. 37 in its basic idea. 
In FIG. 37, when the distance between the quasi-stable atom 
forming plasma chamber 62 and the vacuum processing 
chamber 10 is large, decay of the quasi-stable atoms in the 
passage becomes large. This embodiment is a countermea 
Sure for Such a case. The reference character 41 indicates a 
magnetron of a microwave oscillating Source, the reference 
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character 42 indicates a microwave guide tube, the reference 
character 43 indicates a quartz plate for vacuum-Sealing a 
first plasma generating chamber 45 and allowing the micro 
wave to pass through, and the reference character 44 is a 
quartz plate for diffusing gas. In the first plasma generating 
chamber 45, a plasma is generated by the microwave under 
a gas pressure of Several hundred mTorr to Several tens of 
mTorr to form quasi-stable atoms. 
0243 Since the distance between the place generating the 
quasi-stable atoms and the vacuum processing chamber in 
the apparatus of FIG. 38 is short compared with in the 
apparatus of FIG. 37, it is possible to inject the quasi-stable 
atoms with a high density and accordingly an amount of ions 
in the vacuum processing chamber 10 can be increased. By 
maintaining the processing chamber 10 at a pressure of 5 to 
50 mTorr and using the high frequency electric power Source 
16 having a frequency above 20 MHz, a high density and 
low electron temperature plasma having a density of order of 
10' to 10'/cm and an electron temperature of 5 eV, 
preferably, 3 eV and dissociation of the ion forming gas is 
progressed while avoiding dissociation of CF which 
requires a dissociation energy of 8 eV. AS a result, on the 
Surface of the Sample 40, the following reaction is mainly 
progressed with the assistance of incidentions accelerated at 
several hundred volts by the bias electric power source 17. 

0244. Since Si and SiN used as a base material are not 
etched by CF, it is possible to perform oxide film etching 
with a high Selectivity. 
0245 Increases in the amount of fluorine due to partial 
dissociation of CF can be decreased by virtue of the upper 
electrode cover 30 being made of silicon, carbon or SiC. 
0246. As described above, by adjusting the radical form 
ing gas and the ion forming gas the ratio of ions and radicals 
in the processing chamber 10 can be independently con 
trolled, and consequently the reaction on the Surface of the 
sample 40 can be easily controlled. 
0247 The plasma processing apparatus having the elec 
troStatic attracting circuit and the pulse bias Voltage applying 
circuit in accordance with the present invention can be 
applied not only to an etching processing apparatus but also 
to a plasma processing apparatus Such as a CVD apparatus 
by changing the etching gas to a CVD gas. 
0248 FIG. 39 shows a further embodiment in accor 
dance with the present invention in which a quantity and a 
quality of ions and radicals are independently controlled. In 
FIG. 39, the radical forming gas used is CHF, CHF, or a 
fluorocarbon gas Such as CF or CF, or adding a gas 
containing C and H such as CH, CH, CH-OH, if neces 
Sary. The radical forming gas is introduced into the radical 
forming plasma generating chamber 62 through a valve 70 
shown by an arrow A in FIG. 39. 
0249. In the radical forming plasma generating chamber 
62, a plasma is generated by applying an output having a 
frequency of several MHz to several tens of MHz of an RF 
power source 63 to the coil 65 under a pressure of several 
hundred mTorr to several tens mTorr to produce mainly CF 
radicals. The amounts of CF and F produced at the same 
time are reduced by an H component. 
0250 Since it is difficult to largely reduce the amounts of 
CF and O components in the radical forming plasma gen 
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erating chamber 62, an unnecessary component removing 
chamber 65 is provided downstream of the radical forming 
plasma generating chamber. In the unnecessary component 
removing chamber, an inner wall made of a material con 
taining carbon or Silicon Such as carbon, Si, SiC or the like 
is provided to reduce the unnecessary components or to 
convert the unnecessary components into other gasses of 
less ill effect. A valve 71 is connected to an exit of the 
unnecessary component removing chamber 65 to Supply a 
gas which is mainly composed of CF. 

0251 Since a large amount of sediment such as deposits 
is accumulated between the valve 70 and the valve 71, it is 
necessary to perform cleaning or exchanging that portion in 
a comparatively short period. Therefore, in order to easily 
perform opening-to-atmosphere and exchanging work and 
to shorten vacuum build-up time at restarting, the portion 
between the valve 70 and the valve 71 is connected to an 
evacuation system 74 through a valve 72. The evacuation 
System 74 may also Serve as an evacuation System for the 
processing chamber 10. 
0252) The ion forming gas of a rare gas Such as argon gas, 
Xenon gas or the like indicated by B in the figure is Supplied 
to the processing chamber through a valve 73. The passage 
is connected to the exit of the valve 71. 

0253). By maintaining the processing chamber 10 at a 
preSSure of 5 to 50 mTorr and using the high frequency 
electric power Source 16 having a modulated frequency 
above 20 MHz, a high density and low electron temperature 
plasma is provided having a density on the order of 10' to 
10'/cm and an electron temperature of 5 eV, preferably, 3 
eV, and dissociation of the ion forming gas is progressed 
while avoiding dissociation of CF which requires a disso 
ciation energy of 8 eV. AS a result, on the Surface of the 
Sample 40, the following reaction is mainly progressed with 
assistance of incident ions accelerated at Several hundred 
volts by the bias electric power source 17. 

0254. Since Si and SiN used as a base material are not 
etched by CF, it is possible to perform oxide film etching 
with a high Selectivity. 

0255 Increases in the amount of fluorine due to partial 
dissociation of CF can be decreased by virtue of the upper 
electrode cover 30 being made of silicon, carbon or SiC. 

0256 AS described above, by adjusting the radical form 
ing gas A and the ion forming gas B, the ratio of ions and 
radicals in the processing chamber 10 can be independently 
controlled, and consequently the reaction on the Surface of 
the sample 40 can be easily controlled. Further, since 
unnecessary deposits are removed by the unnecessary com 
ponent removing chamber 65 So as to enter the processing 
chamber 10 to as Small a degree as possible, the amount of 
deposits in the processing chamber 10 is Substantially 
reduced and accordingly frequency of cleaning the proceSS 
ing chamber 10 by opening to the atmosphere is also 
Substantially reduced. 

0257 FIG. 40 shows a further embodiment in accor 
dance with the present invention in which a quantity and a 
quality of ions and radicals are independently controlled. 
Hexa-fluoro-propylene oxide gas (CFCFOCF, hereinafter 
referred to as HFPO) is passed through a heating pipe 
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portion 66 via a valve 70 from the portion indicated by A in 
the figure, and through an unnecessary component removing 
chamber 65 and a valve 71, and then mixed with an ion 
forming gas B to transfer toward the processing chamber 10. 
In the heating pipe portion 66, the HFPO is heated at a 
temperature of 800° C. to 1000° C. to form CF, by thermal 
decomposition expressed by the following chemical for 
mula: 

0258 Although CFCFO is comparatively stable and 
hardly decomposed, part of the CFCFO is decomposed to 
produce O and F. Therefore, the unnecessary component 
removing chamber 65 is provided downstream of the heating 
pipe portion 66 to remove the unnecessary components or 
convert to substances which will have ill effects. Although 
a part of the CFCFOCF flows into the processing chamber 
10, there is no problem since it is not dissociated by the low 
electron temperature plasma below 5 eV. 
0259 Use of the valve 72 and the evacuating system 74 
and reaction in the processing chamber is the same as 
described for the case of FIG. 39. 

0260 The plasma processing apparatus having the elec 
troStatic attracting circuit and the pulse bias Voltage applying 
circuit in accordance with the present invention can be 
applied not only to an etching processing apparatus but also 
to a plasma processing apparatus Such as a CVD apparatus 
by changing the etching gas to a CVD gas. 

0261 According to the present invention, it is possible to 
provide a plasma processing apparatus and a plasma pro 
cessing method capable of easily performing precise work 
ing of a fine pattern to a large sized Sample having a diameter 
of 300 mm or larger, and also capable of improving a 
Selectivity during micro processing. Further, it is possible to 
provide a plasma processing apparatus and a plasma pro 
cessing method capable of performing processing, particu 
larly, oxide film processing all over the Surface of a large 
sized Sample uniformly and rapidly. 

0262 According to the present invention, it is possible to 
provide a plasma processing apparatus and a plasma pro 
cessing method capable of improving the Selectivity of 
plasma processing of insulator films Such as SiO, SiN, 
BPSG and the like. 

0263. Further, it is possible to provide a plasma process 
ing apparatus and a plasma processing method capable of 
improving the Selectivity of plasma processing by obtaining 
a narrow ion energy distribution having better controllabil 
ity. 

0264. Furthermore, in a case of using a sample table 
having an electroStatic attracting dielectric layer, it is poS 
Sible to provide a plasma processing apparatus and a plasma 
processing method capable of improving the Selectivity of 
plasma processing by obtaining a narrow ion energy distri 
bution having better controllability. 
0265. Further, it is possible to provide a plasma process 
ing apparatus and a plasma processing method capable of 
easily performing precise working of a fine pattern and 
improving the Selectivity during fine pattern processing. 

0266 Furthermore, it is possible to provide a plasma 
processing apparatus and a plasma processing method 
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capable of improving the Selectivity of plasma processing of 
insulator films such as SiO, SiN, BPSG and the like by 
controlling the quantity and the quality of ions and radicals 
independently. 

What is claimed is: 
1. A plasma processing apparatus comprising: 

a vacuum processing chamber; 
a pair of electrodes opposite to each other in Said vacuum 

processing chamber, one of the electrodes being used 
also as a Sample table capable of holding a Sample 
which includes an insulator film; 

a plasma generating means including Said pair of elec 
trodes; 

an electrostatic adsorption film arranged at the electrode 
used as Said Sample table to cause a thermal conductive 
gas to be Supplied between Said film and a rear Surface 
of Said Sample, and 

a preSSure reducing means for reducing a pressure within 
Said vacuum processing chamber, 

wherein the apparatus includes: 
a means for Setting a gas preSSure within Said vacuum 

processing chamber to 0.5 to 4.0 Pa; 
a high frequency power Supply for applying a high 

frequency electric power of 30 MHz to 200 MHz 
between Said pair of electrodes, 

an electrode cover disposed at the other electrode of Said 
pair of electrodes with a clearance between Said pair of 
electrodes being 30 mm to 100 mm; 

a gas introducing means having fine plural apertures 
provided at Said electrode cover So as to introduce a 
fluorine-containing etching gas to Said vacuum pro 
cessing chamber; and 

a power Supply for accelerating ions in a plasma con 
nected to Said one electrode. 

2. A plasma processing apparatus comprising: 

a vacuum processing chamber; 
a pair of electrodes opposite to each other in Said vacuum 

processing chamber, one of the electrodes being used 
also as a Sample table capable of holding a Sample 
which includes an insulator film and having a diameter 
of 300 mm or more; 

a plasma generating means including Said pair of elec 
trodes; 

an electrostatic adsorption film arranged at the electrode 
used as Said Sample table to cause a thermal conductive 
gas to be Supplied between Said film and a rear Surface 
of Said Sample, and 

a preSSure reducing means for reducing a pressure within 
Said vacuum processing chamber, 

wherein the apparatus includes: 
a means for Setting a gas preSSure within Said vacuum 

processing chamber to 0.5 to 4.0 Pa; 
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an electrode cover disposed at the other electrode of Said 
pair of electrodes with a clearance between Said pair of 
electrodes being 30 mm to 60 mm; 

a gas introducing means having fine plural apertures 
provided at Said electrode cover So as to introduce a 
fluorine-containing etching gas to Said vacuum pro 
cessing chamber; 

a high frequency power Supply for applying a high 
frequency electric power of 30 MHz to 200 MHz to 
Said pair of electrodes to form Said introduced gas into 
a plasma; and 

a power Supply for accelerating ions in a plasma con 
nected to Said one electrode. 

3. A plasma processing apparatus comprising: 
a vacuum processing chamber; 
a pair of electrodes opposite to each other in Said vacuum 

processing chamber, one of the electrodes being used 
also as a Sample table capable of holding a Sample 
which includes an insulator film and which has a 
diameter of 300 mm or more; 

a plasma generating means including Said pair of elec 
trodes; 

an electrostatic adsorption film arranged at the electrode 
used as Said Sample table to cause a thermal conductive 
gas to be Supplied between the film and a rear Surface 
of Said Sample, and 
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a preSSure reducing means for reducing a pressure within 
Said vacuum processing chamber, 

wherein the apparatus includes: 

a means for Setting a gas preSSure within Said vacuum 
processing chamber to 0.5 to 4.0 Pa; 

an electrode cover disposed at the other electrode of Said 
pair of electrodes with a clearance between Said pair of 
electrodes being 30 mm to 60 mm; 

a gas introducing means having fine plural apertures 
provided at Said electrode cover So as to introduce a 
fluorine-containing etching gas to Said vacuum pro 
cessing chamber; 

a high frequency power Supply for applying a high 
frequency electric power of 30 MHz to 200 MHz to 
Said pair of electrodes to form Said introduced gas into 
a plasma; 

a power Supply for accelerating ions in a plasma con 
nected to Said one electrode; and 

a Suscepter cover comprising a material containing Si or 
C located near Said Sample. 


