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PLASMA ETCHING APPARATUS

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese patent application JP 2011-221688 filed on Oct. 6, 2011,
the content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a plasma etching
apparatus for use in manufacturing a semiconductor device.
[0004] 2. Background Art

[0005] The plasma etching apparatus used in processing of
a semiconductor device generates ions and radicals by disso-
ciating a reactive gas by plasma within a decompression
chamber, and irradiates a surface of a sample with the ions
and the radicals to process the sample. It is general to create
energy for generating the plasma by electromagnetic waves.
From the viewpoint of a method for inputting the electromag-
netic wave, the plasma etching apparatus is roughly classified
into two systems. One of the systems is an electrode discharge
system such as parallel plate plasma or a magnetron RIE in
which an antenna electrode for generating the electromag-
netic wave is disposed in the decompression chamber. The
other system is an electrodeless discharge system such as
microwave plasma (for example, Japanese Patent Application
Laid-Open Publication No. Hei-10-64881) or an inductively
coupled plasma (for example, Japanese Patent Application
Laid-Open Publication No. 2006-517743), in which the
antenna electrode is disposed outside of the decompression
chamber, and the electromagnetic wave is introduced through
a dielectric window that separates the decompression cham-
ber from the external. In a process (front end process) of
forming a transistor among processes for manufacturing the
semiconductor device, in order to prevent a temporal change
in discharge characteristics due to the corrosion of the
antenna electrode, or the deterioration of the transistor char-
acteristic due to heavy metal released from the corroded
antenna electrode, the electrodeless discharge system has
been used. The electrodeless discharge system has such a
feature that non-uniform plasma is generated on the decom-
pression chamber side of the dielectric window. Accordingly,
in order to uniformly etch a sample with a large diameter,
there has been used a method in which the sample is suffi-
ciently distanced from the dielectric window, and ions are
uniformized by diffusion.

SUMMARY OF THE INVENTION

[0006] The recent study has found that the radicals cannot
be sufficiently uniformized in the method in which the sample
is merely sufficiently distanced from the dielectric window.
Under the circumstances, the present inventors have studied
the positive effects of improving the uniformity by the tech-
nique disclosed in Japanese Patent Application Laid-Open
Publication No. Hei-10-64881, that is, by introducing an
additive gas whose slight flow rate needs to be controlled into
a periphery of the sample.

[0007] However, it has been found that even if a gas that is
liable to generate desired radicals is added from an outer
periphery of the sample as the additive gas, there is substan-
tially no positive effect of improving the uniformity.
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[0008] An object of the present invention is to provide a
plasma etching apparatus of the electrodeless system which
can uniformize the radical density to improve the uniformity
of etching.

[0009] In order to achieve the above object, according to
one aspect of the present invention, there is provided a plasma
etching apparatus that has a first gas introduction mechanism
for supplying a first gas into a decompression chamber, gen-
erates plasma by inputting electromagnetic waves from an
external of the decompression chamber into the decompres-
sion chamber through a dielectric window, generates radicals
from the first gas by the plasma, irradiates a sample placed on
a stage with the radicals, and inputs an RF (radio-frequency)
power from a first RF power supply connected to the stage to
generate a bias voltage in the sample for etching, the plasma
etching apparatus including:

[0010] asecond gas introduction mechanism for supplying
a second gas aside from the first gas introduction mechanism;
and

[0011] asecond RF power supply for inputting the stage the
RF power that allows the radicals to be generated in the outer
periphery of the sample, which is different in frequency from
the first RF power supply.

[0012] Also, according to another aspect of the present
invention, there is provided a plasma etching apparatus that
has a first gas introduction mechanism for supplying a first
gas into a decompression chamber, generates plasma by
inputting electromagnetic waves from an external of the
decompression chamber into the decompression chamber
through a dielectric window, generates radicals from the first
gas by the plasma, irradiates a sample placed on a stage with
the radicals, and inputs a RF power from a first RF power
supply connected to the stage to generate a bias voltage in the
sample for etching, the plasma etching apparatus including:
[0013] asecond gas introduction mechanism for supplying
a second gas aside from the first gas introduction mechanism;
[0014] an electrode disposed in an outer periphery of the
sample so as to be isolated from the stage; and

[0015] a second RF power supply for inputting the RF
power that allows the radicals to be generated in the outer
periphery of the sample to the electrode, which is different in
frequency from the first RF power supply.

[0016] According to the present invention, there can be
provided the plasma etching apparatus of the electrodeless
system that enables even etching because a reduction in the
radicals on the outer periphery of the sample can be compen-
sated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a diagram illustrating an overall rough
configuration of an inductively-coupled plasma etching appa-
ratus according to a first embodiment of the present invention;
[0018] FIG. 2A is a top view illustrating a stage of the
inductively-coupled plasma etching apparatus illustrated in
FIG. 1,

[0019] FIG. 2B is a diagram illustrating a contour of a
radical distribution in the vicinity of the stage of the induc-
tively-coupled plasma etching apparatus illustrated in FIG. 1
(a case where gas introduction hole intervals are small);
[0020] FIG. 2C is a diagram illustrating a contour of a
radical distribution in the vicinity of the stage of the induc-
tively-coupled plasma etching apparatus illustrated in FIG. 1
(a case where the gas introduction hole intervals are large);
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[0021] FIG. 2D is a graph illustrating a relationship
between a radical concentration unevenness in a circumfer-
ential direction and a (pitches of gas introduction holes)/b
(distance between sample and gas introduction holes) in the
stage of the inductively-coupled plasma etching apparatus
illustrated in FIG. 1;

[0022] FIG.2E is a diagram illustrating another stage of the
inductively-coupled plasma etching apparatus illustrated in
FIG. 1, in which an upper portion is a top view, and a lower
portion is a cross-sectional view taken along a line X-X;
[0023] FIG. 3A is a graph illustrating an oxygen radical
concentration distribution in the vicinity of a sample surface
(a case where there is no additive gas in the vicinity of the
sample and no RF voltage is applied in the vicinity of the
sample);

[0024] FIG. 3B is a graph illustrating the radial distribution
of a line pattern dimension after a silicon substrate has been
etched in the oxygen radical concentration distribution illus-
trated in FIG. 3A;

[0025] FIG. 4A is a graph illustrating an oxygen radical
concentration distribution in the vicinity of the sample sur-
face (a case where there is the additive gas in the vicinity of
the sample and no RF voltage is applied in the vicinity of the
sample);

[0026] FIG. 4B is a graph illustrating the radial distribution
of the line pattern dimension after the silicon substrate has
been etched in the oxygen radical concentration distribution
illustrated in FIG. 4A;

[0027] FIG. 5A is a graph illustrating an oxygen radical
concentration distribution in the vicinity of the sample sur-
face (a case where there is the additive gas in the vicinity of
the sample and the RF voltage is applied in the vicinity of the
sample);

[0028] FIG. 5B is a graph illustrating the radial distribution
of the line pattern dimension after the silicon substrate has
been etched in the oxygen radical concentration distribution
illustrated in FIG. 5A;

[0029] FIG. 5C is a graph illustrating an oxygen radical
concentration distribution in the vicinity of the sample sur-
face (a case where there is the additive gas in the vicinity of
the dielectric window and the RF voltage is applied in the
vicinity of the sample);

[0030] FIG. 5D is a graph illustrating the radial distribution
of the line pattern dimension after the silicon substrate has
been etched in the oxygen radical concentration distribution
illustrated in FIG. 5C;

[0031] FIG. 5E is a graph illustrating a relationship
between the uniformity of the radical density in the vicinity of
the sample surface, and b (distance between gas introduction
holes and sample)/{b+c (distance between gas introduction
holes and dielectric window)};

[0032] FIG. 6 is a diagram illustrating an overall rough
configuration of a magneto-microwave plasma etching appa-
ratus according to a second embodiment of the present inven-
tion;

[0033] FIG. 7A is a graph illustrating a CxFy radical con-
centration distribution in the vicinity of the sample surface (a
case where there is no additive gas in the vicinity of the
sample and no RF voltage is applied in the vicinity of the
sample);

[0034] FIG. 7B is a graph illustrating the radial distribution
of a line pattern dimension after an Si3N4 film has been
etched in the CxFy radical concentration distribution illus-
trated in FIG. 7A;
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[0035] FIG. 8A is a graph illustrating the CxFy radical
concentration distribution in the vicinity of the sample sur-
face (a case where there is the additive gas in the vicinity of
the sample and no RF voltage is applied in the vicinity of the
sample);

[0036] FIG. 8B isa graph illustrating the radial distribution
of the line pattern dimension after the Si3N4 film has been
etched in the CxFy radical concentration distribution illus-
trated in FIG. 8A;

[0037] FIG. 9A is a graph illustrating the CxFy radical
concentration distribution in the vicinity of the sample sur-
face (a case where there is the additive gas in the vicinity of
the sample and the RF voltage is applied in the vicinity of the
sample);

[0038] FIG. 9B is a graph illustrating the radial distribution
of the line pattern dimension after the Si3N4 film has been
etched in the CxFy radical concentration distribution illus-
trated in FIG. 9A;

[0039] FIG. 10 is a diagram illustrating an overall rough
configuration of a microwave etching apparatus according to
a third embodiment of the present invention;

[0040] FIG. 11 is a cross-sectional view illustrating a pro-
cessed shape of an organic film in an outer periphery of the
sample (a case where there is no additive gas in the vicinity of
the sample and no RF voltage is applied in the vicinity of the
sample);

[0041] FIG. 12 is a cross-sectional view illustrating the
processed shape of the organic film in the outer periphery of
the sample (a case where there is the additive gas in the
vicinity of the sample and no RF voltage is applied in the
vicinity of the sample); and

[0042] FIG. 13 is a cross-sectional view illustrating the
processed shape of the organic film in the outer periphery of
the sample (a case where there is the additive gas in the
vicinity of the sample and the RF voltage is applied in the
vicinity of the sample).

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] The present inventors have studied reasons that the
uniformity is not improved even if a gas that is liable to
generate desired radicals is added from an outer periphery of
the sample as an additive gas. As a result, the present inventors
have found, for example, the following facts. Because oxygen
radicals and carbon radicals are high in extinction probability
in the inner wall of the decompression chamber, the radicals
in the vicinity of the inner wall of the decompression chamber
are extinguished while the radiations are diffused from the
plasma generation area in the vicinity of the dielectric win-
dow to the sample, and the radical density in the outer periph-
eral part is reduced in the vicinity of the sample. Because the
radical density is decreased, a pattern dimension after pro-
cessing is thinned in the outer peripheral of the sample. The
gas that is liable to generate the radicals introduced from the
periphery of the sample dissociates in the plasma generation
area which is not in the periphery of the sample, but above the
sample and in the vicinity ofthe dielectric window to generate
the radicals. Therefore, the entire radical density within the
decompression chamber is increased, but there is no effect of
increasing the radical density only in the vicinity of the inner
wall of the decompression chamber, and the radical density is
not uniformized. In order to increase the radical density only
in the vicinity of the inner wall of the decompression chamber
to uniformize the radical density, there is a need to form the
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plasma generation area in the vicinity of the inner wall of a
processing chamber, particularly in the periphery of the
sample. The present invention has been derived from the
above knowledge.

[0044] Hereinafter, embodiments will be described in
detail.

First Embodiment
[0045] A first embodiment of the present invention will be

described with reference to FIGS. 1 to 5E. FIG. 1 is a diagram
illustrating an overall rough configuration of an inductively-
coupled plasma etching apparatus which is one of electrode-
less discharge systems. The same reference numerals or sym-
bols denote identical constituent elements. In the plasma
etching apparatus, an etching gas is supplied from a gas
supply mechanism 16 to a decompression chamber 20
through a gas introduction mechanism 19. Also, an exhaust
velocity in the decompression chamber 20 is adjusted by a
turbo-molecular pump 22 and an adjustable pressure control
valve 23 so that a pressure of the etching gas within the
decompression chamber 20, which is monitored by a manom-
eter 24, can be set to a desired value. Also, when a RF power
of, for example, 13.56 MHz is supplied to an antenna coil 13
located outside of a dielectric window 26 made of alumina
from a RF power supply 15, a ring-shaped plasma generation
area 17 is formed on the decompression chamber side of the
dielectric window 26 under the antennal coil 13. Ions and
radicals are generated from the etching gas by the plasma
generation area 17, and the ions and the radicals are trans-
ported by diffusion so as to be irradiated on a sample 21
located on a stage 18. Also, a RF power supply 29 of 400 kHz
for bias supply is fitted to the stage 18 through a matching box
30 and a low-pass filter 31. A RF voltage is applied from the
RF power supply 29 to the stage 18 to allow the sample 21 to
generate a negative voltage so that positive ions within the
decompression chamber 20 can be accelerated and irradiated.
Aside from this configuration, a RF power supply 2 of 40
MHz for plasma generation is connected to the stage 18
through a matching box 32 and a high-pass filter 33, and the
RF power is input to the stage 18 from the RF power supply
2 so that a ring-shaped plasma generation area 1 can be
formed in the outer periphery of the sample 21. The two RF
power supplies 2 and 29 different in frequency are thus fitted
to the stage 18 so that a negative voltage for accelerating
positive ions and the plasma generation can be controlled,
independently.

[0046] Also, an insulating ring 35 made of dielectric mate-
rial is placed on the outer periphery of the stage 18. As
illustrated in FIG. 2A, 56 gas introduction holes 40 for sup-
plying an additive gas are concentrically arranged in the insu-
lating ring 35 at regular intervals, and the additive gas sup-
plied from a gas supply mechanism 36 can be introduced to
the outer periphery. With the use of this apparatus, the sample
in which an oxide mask having a line pattern 100 nm in
thickness and 50 nm in width is formed on a silicon substrate
of $300 mm is etched. It is desirable that the gas introduction
holes are positioned within 1/5 of a sample diameter from the
outermost periphery of the sample.

[0047] First, as the etching gas, a mixed gas of chlorine,
hydrogen bromide, and oxygen is introduced from the gas
introduction mechanism 19, no additive gas is supplied from
the gas introduction holes 40, no RF voltage is applied from
the RF power supply 2 for plasma generation, and the RF
voltage is applied from the RF power supply 29 for bias to
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etch the silicon substrate. An oxygen radical concentration
distribution in the vicinity of the sample surface in this situ-
ation is illustrated in FIG. 3A. Itis found from FIG. 3A that an
oxygen radical concentration is high in the center of the
sample 21, and low in the outer periphery thereof. The radial
distribution of the dimension of the pattern of the sample after
processing in this situation is illustrated in FIG. 3B. It is found
from FIG. 3B that the pattern dimension is large in the center
of'the silicon substrate and small in the outer periphery of the
sample as with the oxygen radical concentration distribution.
Accordingly, it is found that this is because the density of the
oxygen radical is low in the outer periphery of the sample 21.

[0048] Under the circumstances, in order to increase the
oxygen radical density in the sample outer periphery, an oxy-
gen gas of 10 sccm is added from the gas introduction holes
40 to execute etching. The oxygen radical concentration dis-
tribution in the vicinity of the sample surface is illustrated in
FIG. 4A. The oxygen radical concentration is increased in
whole, but there is no change in a status where the oxygen
radical concentration is high in the center of the sample, and
low in the outer periphery. The radial distribution of the
dimension of the pattern of the sample after processing in this
situation is illustrated in FIG. 4B. The pattern dimension is
larger in whole, but there is no change in a status where the
pattern dimension is large in the center of the sample 21, and
small in the outer periphery of the sample 21.

[0049] Under the circumstances, the RF power of 100 W is
input from the RF power supply 2 for plasma generation to
execute etching. The oxygen radical concentration distribu-
tion in the vicinity of the sample surface in this situation is
illustrated in FIG. 5A. It is found from FIG. 5A that the
oxygen radical concentration in the center of a wafer (sample)
is decreased, and the oxygen radical concentration in the
outer periphery is increased so that the oxygen radical con-
centration becomes uniform. The radial distribution of the
dimension of the pattern of the sample after processing in this
situation is illustrated in FIG. 5B. The dimension of the pat-
tern in the outer periphery of the sample is increased, and the
pattern dimension becomes substantially uniform within the
sample plane.

[0050] Subsequently, an influence of the pitches of the gas
introduction holes 40 has been studied. FIGS. 2B and 2C
illustrate the radical distributions by contours when the num-
ber of gas introduction holes 40 is 56 and 10, respectively. In
any cases, the radical density is higher in the vicinity of the
holes, and lower with distance from the holes. In the case of
FIG. 2B, because the number of holes is large, the concentric
radical distribution can be realized within the wafer plane. On
the other hand, in the case of FIG. 2C, because the number of
holes is small, the radical distribution is not concentric even
within the wafer plane, and portions higher in the concentra-
tion and portions lower in the concentration are found in the
circumferential direction. The radical concentration uneven-
ness in the circumferential direction has a very close correla-
tion with a rate a/b between a pitch a of the holes and a
distance b between the holes and the wafer (outermost periph-
ery). The results of examining this relationship are illustrated
in FIG. 2D. It is found from FIG. 2D that the radical concen-
tration unevenness is reduced more as a/b is smaller, and the
concentration unevenness is substantially eliminated when
a/b is 1 or lower. That is, it is desirable that the pitch a of the
gas introduction holes 40 is shorter than the distance b
between the holes and the wafer. Also, if a structure in which
the pitch a of the holes is shortened to the extreme, that is, a
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slit-like gas introduction mechanism is provided as illustrated
in FIG. 2E, it is conceivable that the uniform gas supply can
be conducted.

[0051] Subsequently, an influence of the position of the gas
introduction holes 40 has been studied. In the above-men-
tioned configuration, the gas introduction holes 40 are formed
in the outermost periphery of the dielectric window 26, and
the results of examining the radical concentration distribution
in the vicinity of the wafer as in FIG. 5A are illustrated in FIG.
5C. The radical concentration is increased in whole, but the
status in which the radical concentration is low remains as it
is. The radial distribution of the dimension of the pattern of
the sample after processing is illustrated in FIG. 5D. The
pattern dimension becomes larger in whole, but there is no
change in the status in which the pattern dimension is large in
the center of the sample and small in the outer periphery of the
sample. That is, it is found that no positive effect is obtained
if the gas introduction holes 40 are distant from the sample
even if the gas introduction holes 40 are formed in the outer
periphery of the sample. Whether the positive eftect of the gas
addition is obtained or not depends on distance b between the
gas introduction holes 40 and the wafer and a distance ¢
between the gas introduction holes 40 and the dielectric win-
dow 26. A relationship between the uniformity of the radical
concentration distribution in the vicinity of the wafer and
b/(b+c) is illustrated in FIG. 5E. In a range where b/(b+c) is
smaller than 0.5, it is found that the uniformity of the radical
concentration distribution is improved in proportion to b/(b+
¢). That is, it is found that in order to obtain the positive effect
of the radical distribution uniformity, there is a requirement
that the gas introduction holes 40 are closer to the wafer than
the dielectric window 26.

[0052] In this embodiment, the frequency of the RF power
supply 2 for plasma generation is set to 40 MHz. However, if
the RF power supply is 4 MHz or higher, the same effect is
obtained even ifthe RF power supply 2 is set to any frequency.
Also, in this embodiment, the frequency of the RF power
supply 29 for bias application is set to 400 kHz. However, if
the frequency is 100 kHz or higher and lower than the fre-
quency of the RF power supply 2 for plasma generation, the
same effect is obtained even if the RF power supply 29 is set
to any frequency. Also, in this embodiment, the gas introduc-
tion holes 40 for additive gas are formed in the insulating ring
35 placed on the outer periphery of the stage 18. However, the
same effect is obtained if the gas introduction holes 40 are
formed in the outer periphery of the sample 21 and at a
position closer to the sample 21 than the dielectric window
26. Ifthe pitch of the gas introduction holes 40 is shorter than
the distance between the gas introduction holes 40 and the
sample 21, the same effect is obtained. Also, in this embodi-
ment, the plasma etching apparatus of the inductively-
coupled plasma system is used. However, the same effect is
obtained if the plasma etching apparatus is of the electrode-
less discharge system. In this embodiment, oxygen is used as
the additive gas. However, the same effect is obtained even by
other additive gases if the etching gas or the sample structure
is different.

[0053] As described above, according to this embodiment,
there can be provided the plasma etching apparatus of the
electrodeless system which generates the radicals in the outer
periphery ofthe sample to uniformize the radical density so as
to improve the uniformity of etching. Also, because both of
the RF voltage for bias application and the RF voltage for
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plasma generation are applied to the stage, the structure is
simple, and an increase in the costs can be suppressed.

Second Embodiment

[0054] A second embodiment of the present invention will
be described with reference to FIGS. 6 to 9B. The configura-
tions described in the first embodiment but not described in
this embodiment can be applied to this embodiment unless
the circumstances are exceptional. FIG. 6 is a diagram illus-
trating an overall rough configuration of a magneto-micro-
wave plasma etching apparatus according to this embodi-
ment. In this plasma etching apparatus, an etching gas goes
through a gas reservoir 10 formed within the dielectric win-
dow 26 made of quartz from the gas supply mechanism 16,
and is then introduced into the decompression chamber 20
from a plurality of holes 11 (shower plate structure) formed
on the decompression chamber of the dielectric window 26.
Also, the exhaust velocity in the decompression chamber 20
is adjusted by the turbo-molecular pump 22 and the adjust-
able pressure control valve 23 so that a pressure of the etching
gas within the decompression chamber 20 can be set to a
desired value. Also, microwaves generated by magnetrons 53
are supplied into the decompression chamber 20 through a
waveguide 54, a cavity resonance part 55, and the dielectric
window 26. The plasma generation area 17 can be formed in
an upper part of the decompression chamber 20 by mutual
interaction of a lateral electric field produced by the micro-
waves and a longitudinal magnetostatic field produced by the
coils 56.

[0055] Ions and radicals are generated from the etching gas
by the plasma generation area 17, and the ions and the radicals
are transported by diffusion, and can be irradiated on the
sample 21 placed on the stage 18. Also, the RF power supply
29 of 400 kHz for bias supply is fitted to the stage 18 through
the matching box 30 and the low-pass filter 31. A RF voltage
is applied from the RF power supply 29 to the stage 18 to
allow the sample 21 to generate a negative voltage so that
positive ions within the decompression chamber 20 can be
accelerated and irradiated. Aside from this configuration, the
RF power supply 2 of 27 MHz for plasma generation is
connected to the stage 18 through the matching box 32 and the
high-pass filter 33, and the RF power is input to the stage 18
from the RF power supply 2 so that a ring-shaped plasma
generation area 1 can be formed in the outer periphery of the
sample 21. In particular, in the apparatus having the longitu-
dinal magnetostatic field within the decompression chamber
as in the magneto-microwave plasma etching apparatus,
plasma can be efficiently generated in only the outer periph-
ery ofthe sample 21, by mutual interaction of a lateral electric
field produced in the outer periphery of the sample 21 by the
electric power supplied from the RF power supply 2 for the
plasma generation, and a longitudinal magnetostatic field
produced by coils 56. The two RF power supplies 2 and 29
different in frequency are thus fitted to the stage 18 so that a
negative voltage for accelerating positive ions and the plasma
generation can be controlled, independently.

[0056] Also, the insulating ring 35 made of dielectric mate-
rial is placed on the outer periphery of the stage 18. As
illustrated in FIG. 2A, the gas introduction holes 40 for sup-
plying an additive gas are concentrically arranged in the insu-
lating ring 35, and the additive gas supplied from the gas
supply mechanism 36 can be introduced to the outer periph-
ery of the sample 21.
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[0057] With the use of this apparatus, a sample in which an
Si3N4 film 300 nm in thickness is deposited on a silicon wafer
of $300 mm, and a mask made of an organic material having
a line pattern 200 nm in thickness and 50 nm in width is
formed on that film is etched.

[0058] First, astheetching gas, a mixed gas of CHF3 and Ar
is introduced from the gas supply mechanism 16, no additive
gas is supplied from the gas introduction holes 40, no RF
voltage is applied from the RF power supply 2 for plasma
generation, and the RF voltage is applied only from the RF
power supply 29 of 400 kHz for bias to etch the silicon
substrate. A CxFy radical concentration distribution in the
vicinity of the sample surface in this situation is illustrated in
FIG. 7A. It is found from FIG. 7A that the oxygen radical
concentration is high in the center of the sample 21, and low
in the outer periphery thereof. The radial distribution of the
dimension of the pattern of the sample 21 after processing in
this situation is illustrated in FIG. 7B. It is found from FIG. 7B
that the pattern dimension is large in the center of the sample
21 and small in the outer periphery of the sample 21 as with
the CxFy radical concentration distribution. That is, it is
found that this is because the density of the CxFy radical is
low in the outer periphery of the sample 21.

[0059] Under the circumstances, in order to increase the
CxFy radical density in the sample outer periphery, CH2F2 of
10 scem is added from the gas introduction holes 40 for
additive gas introduction to execute etching. The radical con-
centration distribution in the vicinity of the sample surface is
illustrated in FIG. 8A. The CxFy radical concentration is
increased in whole, but there is no change in a status where the
radical concentration is high in the center of the sample 21,
and low in the outer periphery thereof. The radial distribution
of'the dimension of the pattern of the sample after processing
in this situation is illustrated in FIG. 8B. The pattern dimen-
sion is larger in whole, but there is no change in a status where
the pattern dimension is large in the center of the sample 21,
and small in the outer periphery of the sample 21.

[0060] Under the circumstances, the RF power of 50 W is
input from the RF power supply 2 for plasma generation to
execute etching. The dimension of the pattern in the outer
periphery of the sample 21 is increased, and the pattern
dimension becomes substantially uniform within the sample
plane.

[0061] Under the circumstances, the RF power of 100 W is
input from the RF power supply 2 for plasma generation to
execute etching. The CxFy radical concentration distribution
in the vicinity of the sample surface in this situation is illus-
trated in FIG. 9A. It is found from FIG. 9A that the radical
concentration in the center of a wafer (sample) is decreased,
and the radical concentration in the outer periphery is
increased so that the radical concentration becomes uniform.
The radial distribution of the dimension of the pattern of the
sample after processing in this situation is illustrated in FIG.
9B. The dimension of the pattern in the outer periphery of the
sample is increased, and the pattern dimension becomes sub-
stantially uniform within the sample plane.

[0062] In this embodiment, the frequency of the RF power
supply 2 for plasma generation is set to 27 MHz. However, if
the RF power supply is 4 MHz or higher, the same effect is
obtained even ifthe RF power supply 2 is set to any frequency.
Also, in this embodiment, the frequency of the RF power
supply 29 for bias application is set to 400 kHz. However, if
the frequency is 100 kHz or higher and lower than the fre-
quency of the RF power supply 2 for plasma generation, the
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same effect is obtained even if the RF power supply 29 is set
to any frequency. Also, in this embodiment, the gas introduc-
tion holes 40 for additive gas are formed in the insulating ring
35 placed on the outer periphery of the stage 18. However, the
same effect is obtained if the gas introduction holes 40 are
formed in the outer periphery of the sample 21 and at a
position closer to the sample 21 than the dielectric window
26. Also, in this embodiment, the plasma etching apparatus of
the magneto-microwave plasma system is used. However, the
same effect is obtained if the plasma etching apparatus is of
the electrodeless discharge system. In this embodiment,
CH2F2 is used as the additive gas. However, the same effect
is obtained if the additive gas is fluorocarbon gas. Also, the
same effect is obtained even by other additive gases if the
etching gas or the sample structure is different.

[0063] As described above, according to this embodiment,
there can be provided the plasma etching apparatus of the
electrodeless system which generates the radicals in the outer
periphery ofthe sample to uniformize the radical density so as
to improve the uniformity of etching. Also, because both of
the RF voltage for bias application and the RF voltage for
plasma generation are applied to the stage, the structure is
simple, and an increase in the costs can be suppressed.

Third Embodiment

[0064] A third embodiment of the present invention will be
described with reference to FIGS. 10 to 13. The configura-
tions described in the first or second embodiment but not
described in this embodiment can be applied to this embodi-
ment unless the circumstances are exceptional. FIG. 10 is a
diagram illustrating an overall rough configuration of a
microwave plasma etching apparatus according to this
embodiment. In this plasma etching apparatus, an etching gas
goes through the gas reservoir 10 formed within the dielectric
window 26 made of quartz from the gas supply mechanism
16, and is then introduced into the decompression chamber 20
from the plurality of holes 11 (shower plate structure) formed
on the decompression chamber 20 of the dielectric window
26. Also, the exhaust velocity in the decompression chamber
20 is adjusted by the turbo-molecular pump 22 and the adjust-
able pressure control valve 23 so that a pressure of the etching
gas within the decompression chamber 20 can be set to a
desired value. Also, microwaves generated by magnetrons 53
are supplied into the decompression chamber 20 through the
waveguide 54, the cavity resonance part 55, and the dielectric
window 26. The plasma generation area 17 can be formed in
the vicinity of'the dielectric window 26 by mutual interaction
of'a lateral electric field produced by the electric power of the
input microwaves.

[0065] Ions and radicals are generated from the etching gas
by the plasma generation area 17, and the ions and the radicals
are transported by diffusion, and can be irradiated on the
sample 21 placed on the stage 18. Also, the RF power supply
29 of 400 kHz for bias supply is fitted to the stage 18 through
the matching box 30 and the low-pass filter 31. A RF voltage
is applied from the RF power supply 29 to the stage 18 to
allow the sample 21 to generate a negative voltage so that
positive ions within the decompression chamber 20 can be
accelerated and irradiated.

[0066] Also, the insulating ring 35 made of dielectric mate-
rial is placed on the outer periphery of the stage 18. As in the
figure of the first embodiment, the gas introduction holes 40
for supplying an additive gas are concentrically arranged in
the insulating ring 35 as illustrated in FIG. 2A, and the addi-
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tive gas supplied from the gas supply mechanism 36 can be
introduced to the outer periphery of the sample 21.

[0067] An electrode 41 insulated from the stage 18 is
mounted on the insulating ring outside of the gas introduction
holes 40. The RF power supply 2 of 27 MHz for plasma
generation is connected to the stage 18 through the matching
box 32 and the high-pass filter 33, and the RF power is input
to the electrode 41 from the RF power supply 2 so that the
plasma generation area 1 can be formed in the outer periphery
of the sample 21. The two RF power supplies 2 and 29
different in frequency are thus fitted to the stage 18 and the
insulated electrode 41 so that the negative voltage for accel-
erating the positive ions and the plasma generation can be
controlled, independently.

[0068] With the use of this apparatus, a sample in which an
organic film 300 nm in thickness is deposited on a silicon
wafer of $300 mm, and a mask made of SiO2 having a line
pattern 20 nm in thickness and 50 nm in width is formed on
the organic film is etched.

[0069] First, as the etching gas, a mixed gas of O2 and Ar is
used, no additive gas is supplied, no RF voltage of 27 MHz for
plasma generation is applied, and the RF voltage of 400 kHz
for bias is applied to execute etching. The processing shape of
the organic film in the outer periphery of the sample 21 after
processing is illustrated in FIG. 11. It is found from FIG. 11
that a pattern 60 of the organic film is inclined toward the
center of the sample 21. It is known that the pattern 60 of the
organic film is liable to be inclined when the oxygen radical
density distribution becomes non-uniform. As a result of
study, it is confirmed that the oxygen radical density in the
outer periphery of the sample 21 is lower than that in the
center of the sample 21, and the oxygen radical density dis-
tribution becomes non-uniform.

[0070] Under the circumstances, in order to increase the
oxygen radical density in the outer periphery of the sample
21, oxygen of 10 sccm is added from the gas introduction
holes 40 for additive gas introduction to execute etching. The
processing shape of the organic film in the outer periphery of
the sample 21 after processing is illustrated in FIG. 12. It is
found from FIG. 12 that the pattern 60 of the organic film is
inclined toward the center of the sample 21. As a result of
study, it is found that, in this method, the oxygen radical
density in the outer periphery of the sample 21 is not suffi-
ciently increased.

[0071] Under the circumstances, the RF power of 100 W is
input from the RF power supply 2 for plasma generation to
execute etching. The shape after processing in this situation is
illustrated in FIG. 13. In this case, no inclination toward the
center of the sample is found. Also, the dimension of the
pattern in the outer periphery of the sample is increased, and
the pattern dimension becomes substantially uniform within
the sample plane. The cross-sectional shape after processing
is identical with that even in the etching of the silicon sub-
strate in the first embodiment and the etching of the Si3N4
film in the second embodiment.

[0072] In this embodiment, the frequency of the RF power
supply 2 for plasma generation is set to 27 MHz. However, if
the RF power supply is 4 MHz or higher, the same effect is
obtained even ifthe RF power supply 2 is set to any frequency.
Also, in this embodiment, the frequency of the RF power
supply 29 for bias application is set to 400 kHz. However, if
the frequency is 100 kHz or higher and lower than the fre-
quency of the RF power supply 2 for plasma generation, the
same effect is obtained even if the RF power supply 29 is set
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to any frequency. Also, in this embodiment, the gas introduc-
tion holes 40 for additive gas are formed in the insulating ring
35 placed on the outer periphery of the stage 18. However, the
same effect is obtained if the gas introduction holes 40 are
formed in the outer periphery of the sample 21 and at a
position closer to the sample 21 than the dielectric window
26. Also, in this embodiment, the plasma etching apparatus of
the microwave plasma system is used. However, the same
effect is obtained if the plasma etching apparatus is of the
electrodeless discharge system. In this embodiment, oxygen
is used as the additive gas. However, the same effect is
obtained even by other additive gases if the etching gas or the
sample structure is different.

[0073] As described above, according to this embodiment,
there can be provided the plasma etching apparatus of the
electrodeless system which generates the radicals in the outer
periphery ofthe sample to uniformize the radical density so as
to improve the uniformity of etching. Also, the plasma gen-
eration area formation electrode in the periphery of the
sample is insulated from the stage, so that the negative voltage
for accelerating the positive ions and the plasma generation
can be controlled, independently.

[0074] The present invention is not limited to the above-
mentioned embodiments, but includes a variety of modified
examples. For example, the above-mentioned embodiments
are described in detail for facilitating the understanding of the
present invention, and the present invention is not always
limited to the inclusion of all the above-described configura-
tions. Also, a part of a configuration in one embodiment can
be replaced with a configuration in another embodiment, and
the configuration of one embodiment can be added with the
configuration of another embodiment. A part of the configu-
rations in the respective embodiments can be subjected to
addition, deletion, or replacement of another configuration.

What is claimed is:

1. A plasma etching apparatus that has a first gas introduc-
tion mechanism for supplying a first gas into a decompression
chamber, generates plasma by inputting electromagnetic
waves from an external of the decompression chamber into
the decompression chamber through a dielectric window,
generates radicals from the first gas by the plasma, irradiates
a sample placed on a stage with the radicals, and inputs a RF
power from a first RF power supply connected to the stage to
generate a bias voltage in the sample for etching, the plasma
etching apparatus comprising:

a second gas introduction mechanism for supplying a sec-

ond gas aside from the first gas introduction mechanism;
and

a second RF power supply for inputting the stage the RF
power that allows the radicals to be generated in the
outer periphery of the sample, which is different in fre-
quency from the first RF power supply.

2. The plasma etching apparatus according to claim 1,
wherein the second gas is supplied from a position within

1/5 of a diameter of the sample from an outermost
periphery of the sample.

3. The plasma etching apparatus according to claim 1,
wherein the frequency of the second RF power supply is 4
MHz or higher, and the frequency of the first RF power

supply is lower than the frequency of the second RF
power supply.
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4. The plasma etching apparatus according to claim 1,

wherein the electromagnetic waves are microwaves, and a
solenoid coil for generating a magnetic field within the
decompression chamber is provided.

5. The plasma etching apparatus according to claim 1,

wherein a ring made of a dielectric material is disposed in
an outer periphery of the stage, and introduction holes of
the second gas are formed in the ring.

6. The plasma etching apparatus according to claim 3,

wherein a ring made of a dielectric material is disposed at
an outer periphery of the stage, and introduction holes of
the second gas are formed in the ring.

7. The plasma etching apparatus according to claim 5,

wherein the introduction holes of the second gas are con-
nected each other and formed a circumferential slit in the
ring.

8. The plasma etching apparatus according to claim 5,

wherein the introduction holes of the second gas are
arranged at a pitch a along the ring, and at a distance b
from the outermost periphery of the sample, and a/b is 1
or lower.

9. The plasma etching apparatus according to claim 5,

wherein the introduction holes of the second gas are
arranged so that the distance from the outermost periph-
ery of the sample is b, and a distance from the dielectric
window is ¢, and b/(b+c) is 0.5 or lower.
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10. The plasma etching apparatus according to claim 1,

wherein the second gas is oxygen gas or fluorocarbon gas.

11. A plasma etching apparatus that has a first gas intro-
duction mechanism for supplying a first gas into a decom-
pression chamber, generates plasma by inputting electromag-
netic waves from an external of the decompression chamber
into the decompression chamber through a dielectric window,
generates radicals from the first gas by the plasma, irradiates
a sample placed on a stage with the radicals, and inputs a RF
power from a first RF power supply connected to the stage to
generate a bias voltage in the sample for etching, the plasma
etching apparatus comprising:

a second gas introduction mechanism for supplying a sec-

ond gas aside from the first gas introduction mechanism;
anelectrode disposed in an outer periphery of the sample so
as to be isolated from the stage; and

a second RF power supply for inputting the RF power that

allows the radicals to be generated in the outer periphery
of the sample to the electrode, which is different in
frequency from the first RF power supply.

12. The plasma etching apparatus according to claim
wherein the second gas is supplied from a position within 1/5
of a diameter of the sample from an outermost periphery of
the sample.



