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(7) ABSTRACT

The object of the invention is to provide a plasma processing
apparatus having enhanced plasma processing uniformity.
The plasma processing apparatus comprises a processing
chamber 1, means 13 and 14 for supplying processing gas
into the processing chamber, evacuation means 25 and 26 for
decompressing the processing chamber 1, an electrode 4 on
which an object 2 to be processed such as a wafer is placed,
and an electromagnetic radiation power supply SA, wherein
at least two kinds of processing gases having different
composition ratios of O, or N, are introduced into the
processing chamber through different gas inlets so as to
control the in-plane uniformity of the critical dimension
while maintaining the in-plane uniformity of the process
depth.
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PLASMA PROCESSING APPARATUS

[0001] The present application is based on and claims
priority of Japanese patent application No. 2004-217118
filed on Jul. 26, 2004, the entire contents of which are hereby
incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a plasma process-
ing apparatus used in the fabrication of semiconductors.

DESCRIPTION OF THE RELATED ART

[0003] Heretofore, plasma etching utilizing weakly-ion-
ized plasma is adopted widely in the process of fabricating
a semiconductor device such as a DRAM or a microproces-
sor. Now, FIG. 10 is referred to in explaining the mechanism
of etching, taking the etching of an SiOC film as an example.
A mixed gas containing CHF;, CF, and N, is used as the
processing gas, for example. Radicals such as CF and CF,
dissociated from CHF; and CF, in the plasma are deposited
on the SiOC 51 and resist 52, forming a deposition film 53.
Then, the ions generated in the plasma are accelerated by
bias power to be incident on the object to be processed, by
which energy is applied to the interface between the SiOC
51 and the deposition film 53, causing reaction of the SiOC
51 and the deposition film 53 and progressing etching.

[0004] The finishing contour formed after etching depends
not only on the energy and variation of ions being incident
on the object to be processed but also on the thickness and
composition of the deposition film. For example, according
to conditions where the deposition film becomes excessively
thick or conditions where considerable amount of compo-
nents such as C that inhibit etching are contained in the
deposition film, the etching rate is deteriorated or the etching
is stopped before it is completed. This is because the ions
being incident on the object to be processed cannot easily
reach the interface between the deposition film and SiOC.
Moreover, if the deposition film deposited on the side walls
of the holes or trenches becomes excessively thick, the
etching of the side walls of the holes and trenches may be
suppressed excessively, causing the processed bottom por-
tion of the holes and trenches to have a narrowed tapered
shape. Oppositely, if the deposition film is too thin, the lack
of deposition film to be reacted with SiOC deteriorates the
etching rate. According to the example illustrated in FIG.
10, the thickness and composition of the deposition film
depends mainly on the balance of deposition of radicals such
as CF and CF, radicals dissociated from CHF; and CF,,, the
deposition of reaction products generated by the etching and
being incident on the object again, the removal of the
deposition film by the N radicals dissociated from N,, and
the consumption of the deposition film along with the
progression of etching.

[0005] The mechanism of etching has been described by
taking as an example the etching of SiOC film using CHF,
CF, and N, but in etching SiO, or SiOF films, for example,
a process gas containing Ar, CF-based gas such as C,F or
CsF; and O, is used. In this case, radicals such as CF and
CF, dissociated from C,Fs or CsFg contribute to the genera-
tion of the deposition film, and O radicals dissociated from
O, function to remove the deposition film.

[0006] Next, the general outline of a plasma processing
apparatus is described with reference to the example illus-
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trated in FIG. 11. The present apparatus is a parallel plate
plasma etching apparatus, having equipped in a processing
chamber 1 a substantially disk-like antenna 3 for electro-
magnetic radiation and an electrode 4 on which an object 2
to be processed is placed, which are disposed in parallel and
facing each other. An electromagnetic radiation power sup-
ply SA for generating plasma is connected to the antenna 3
via a matching network 6A.

[0007] Below the antenna 3 is disposed a shower plate 11.
Processing gases are supplied from gas cylinders 20, which
are adjusted to predetermined flow rates via gas flow con-
trollers 13, and introduced through gas holes provided to the
shower plate 11 to the processing chamber 1. Moreover, in
order to control the radical distribution within the plasma, it
is possible to introduce processing gases having different
compositions or flow rates through the inner area and the
outer area of the shower plate 11. An RF power supply 5C
is connected to the electrode 4 via a matching network 6C,
by which the ions being incident on the object 2 is accel-
erated to etch the object.

[0008] There has already been proposed a parallel plate
electrode-type RIE apparatus in which a stage electrode and
a gas supply electrode are disposed in confronting relation-
ship in the etching chamber to realize uniform etching of a
large-diameter wafer, wherein the gas supply surface of the
gas supply electrode is divided into three areas, a first gas
supply area, a second gas supply area and a third gas supply
area, and the gas supply to each gas supply area is controlled
independently through a first gas flow rate control system, a
second gas flow rate control system and a third gas flow rate
control system, respectively. Thereby, the flow rate of etch-
ing gas and the flow ratio of gases having different ionization
potential to be supplied via the first, second and third gas
supply areas are optimized (refer for example to patent
document 1).

[0009] Moreover, the present applicant has filed a patent
application disclosing a plasma etching apparatus compris-
ing a processing chamber for performing plasma etching to
an object to be processed, a first gas supply source for
supplying processing gas, a second gas supply source dis-
posed independently from the first processing gas, a first gas
inlet for introducing the processing gas into the processing
chamber, a second gas inlet disposed independently from the
first gas inlet, a flow controller for controlling the flow rate
of the processing gas, and a gas flow divider for dividing the
process gas into plural flows, wherein the second gas is
supplied between the gas flow divider and at least one of the
first or second gas inlets so as to supply the processing gas
via two systems (refer for example to patent document 2).

[Patent document 1]

[0010] Japanese Patent Application Laid-Open No. 2002-
184764

[Patent document 2]
[0011] Japanese Patent Application No. 2003-206042

[0012] In order to perform uniform etching across the
plane of an object such as a wafer, the in-plane distribution
of ions being incident on the surface of the object (plasma
distribution) and the thickness and composition of the depo-
sition film being deposited on the object must be uniform
across the plane of the object. The conventional plasma
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processing apparatus mentioned earlier is equipped with a
means for controlling the plasma distribution and radical
distribution in order to carry out uniform plasma processing
across the plane of the object. However, the process dimen-
sion regarded important in the fabrication of semiconductor
devices include the process depth and the critical dimension
(CD), and according to the prior art plasma processing
apparatus, the in-plane uniformity of the process depth and
the in-plane uniformity of the critical dimension could not
be controlled independently. Here, critical dimension (CD)
refers for example to the width of a trench, a width of a line
or a diameter of a hole in the micropattern formed on the
object being processed. Therefore, the in-plane uniformity
of the critical dimension may be deteriorated by enhancing
the in-plane uniformity of process depth, so it is necessary
to seek the process conditions that fulfill both the in-plane
uniformity of process depth and in-plane uniformity of
critical dimension through trial and error, by adjusting little
by little the flow rate and composition of the process gases
supplied through the inner area and outer area of the shower
plate, the bias power and the discharge power.

[0013] Compared to the process depth, the critical dimen-
sion depends greatly on the thickness and composition of the
deposition film, so it is preferable that the in-plane distri-
bution of the critical dimension be uniformized without
changing the uniformity of process depth by appropriately
controlling the thickness and composition of the deposition
film. Since the method for controlling the composition and
flow rate of gases being introduced through the inner gas
holes and the outer gas holes of the shower plate allows a
large degree of freedom of radical distribution control, the
method is promising as a way for appropriately controlling
the thickness and composition of the deposition film.

SUMMARY OF THE INVENTION

[0014] In consideration of the above-mentioned problems,
the present invention aims at providing a plasma processing
apparatus that optimizes the gas supply system thereof to
enable the process depth uniformity and the critical dimen-
sion uniformity of the object to be controlled independently,
or in other words, to enable the critical dimension to be
controlled without changing the process depth uniformity.

[0015] The present invention provides a plasma process-
ing apparatus comprising a processing chamber, a means for
supplying processing gas to the processing chamber, an
evacuation means for decompressing the processing cham-
ber, an electrode on which an object to be processed is
placed, and an electromagnetic radiation power supply,
wherein at least two kinds of processing gases having
different flow ratio or O, or N, composition ratio are intro-
duced from different gas inlets to thereby uniformize the
critical dimension across the plane of the object while
maintaining a uniform process depth across the plane of the
object.

[0016] Furthermore, according to the present invention,
process gases other than O, and N, are divided into plural
flows as first processing gas, and O, and N, are added as
second gas to the first gas having been divided, so that
processing gases having different O, or N, composition or
different flow rate can be introduced through different gas
inlets into the processing chamber. At this time, regardless of
the amount of O, or N, to be added to the first gas having
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been divided into plural flows, a gas distributor for dividing
the first gas into plural flows is used to divide the first
processing gas into predetermined flow ratios.

[0017] Moreover, the present invention is equipped with a
gas distributor for dividing O, or N, into predetermined flow
ratios in order to add the O, or N, of predetermined flow
ratios to the divided first gas.

[0018] Further, the present invention characterizes in dis-
posing gas flow meters between the first gas outlet provided
in the processing chamber and the gas distributor and
between the second gas outlet provided in the processing
chamber and the gas distributor, so as to monitor whether the
gas distributors are operating normally.

[0019] Even further, the present invention characterizes in
connecting gas lines for evacuating processing gases without
passing through the processing chamber between the first
gas outlet provided in the processing chamber and the gas
distributor and between the second gas outlet provided in the
processing chamber and the gas distributor, so as to check
whether the gas distributors are operating normally.

[0020] According further to the present invention, an
O-ring is used to divide the gas dispersion plate for dispers-
ing processing gases into a first gas dispersion area and a
second gas dispersion area, and the dispersion plate is
screwed onto the antenna or a top panel so that it will not be
lifted by the O-ring and that the O-ring stays in position.

[0021] Moreover, the present invention characterizes in
that the gas holes provided to the shower plate are arranged
substantially concentrically, so that the gas holes of the
shower plate do not overlap with the position of the O-ring.

[0022] Even further, the present invention characterizes in
that the area for dispersing the second gas in the gas
dispersion plate is donut-shaped, and in order to uniformly
disperse the gas in the donut-shaped area, plural gas outlets
for ejecting the second processing gas onto the dispersion
plate is arranged substantially circumferentially.

[0023] As explained, according to the present invention, at
least two kinds of processing gases having different O, or N,
composition ratios or different flow rates are introduced
through different gas inlets at predetermined flow rate and
composition into the processing chamber, to thereby uni-
formize the critical dimension across the plane of the object
independently from the in-plane uniformity of the process
depth. Thus, the uniformity of both the process depth and the
critical dimension across the plane of the object can be
improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a schematic view showing a first embodi-
ment in which the present invention is applied to a parallel
plate ECR plasma etching apparatus;

[0025] FIG. 2 is an explanatory view showing that the
process depth uniformity and critical dimension uniformity
across the object plane can be controlled independently;

[0026] FIG. 3 is an explanatory view showing the gas flow
according to the gas supply system when introducing gases
having the same composition from the inner and outer gas
holes;
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[0027] FIG. 4 is an explanatory view showing the gas flow
according to the gas supply system when the amount of N,
to be introduced through the inner gas holes is greater than
the amount of N, to be introduced through the outer gas
holes;

[0028] FIG. 5 is a schematic view of a second embodi-
ment in which the present invention is applied to a parallel
plate ECR plasma etching apparatus;

[0029] FIG. 6 is an explanatory view of a third embodi-
ment in which the present invention is applied to a CCP
plasma processing apparatus;

[0030] FIG. 7 is a partially enlarged view of FIG. 6;

[0031] FIG. 8 is an explanatory view showing the struc-
ture of the antenna;

[0032] FIG. 9 is an explanatory view of a fourth embodi-
ment in which the present invention is applied to a CCP
plasma processing apparatus;

[0033] FIG. 10 is an explanatory view showing the
mechanism of etching; and

[0034] FIG. 11 is an explanatory view showing the par-
allel plate plasma processing apparatus according to the
prior art.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0035] Now, a first preferred embodiment of the present
invention will be explained with reference to the drawings.
FIG. 1 illustrates the first embodiment in which the present
invention is applied to a parallel-plate ECR plasma process-
ing apparatus. A substantially disk-shaped antenna 3 for
electromagnetic radiation and an electrode 4 parallel to and
in confronting relation with the antenna 3 on which an object
2 to be processed is placed are disposed in a processing
chamber 1. An electromagnetic radiation power supply SA
for plasma generation is connected to the antenna 3 via a
matching network 6A. The frequency of the electromagnetic
radiation power supply 5Ais set for example to 100 through
450 MHz. A coil 8 and a yoke 9 are disposed outside the
processing chamber 1 for generating a magnetic field. The
present apparatus is capable of generating plasma efficiently
through the interaction of magnetic field and electric field,
and also capable of controlling the plasma generating posi-
tion or plasma transport by adjusting the magnetic field
distribution.

[0036] A shower plate 11 is placed below the antenna 3 via
a dispersion plate 10. The material of the shower plate 11 is
Si. Apart from the electromagnetic radiation power supply
5A, the antenna 3 is connected to an RF power supply 5B via
a matching network 6B, through which the plasma distri-
bution and radical distribution of F or the like can be
controlled. The frequency of the RF power supply 5B can be
set from a few hundred kHz to a little over ten MHz.

[0037] According to the present apparatus, the area above
the antenna is atmospheric, so an O-ring 21 is disposed to
seal the antenna 3 and a quartz member 28.

[0038] An RF power supply 5C is connected to the elec-
trode 4 via a matching network 6C so as to control the flux
or energy of ions being incident on the object 2 to be
processed. The RF power supply has the same frequency as
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the RF power supply 5B, and the RF power generated by the
RF power supply 6C is set to be in opposite phase to that of
the RF power supply 6B through use of a phase controller 7,
according to which the confinement of plasma is enhanced.
The electrode 4 can be moved in the vertical direction, and
the plasma distribution and radical distribution can be con-
trolled by adjusting the distance between the antenna 3 and
the electrode 4.

[0039] A refrigerant is set to flow within the electrode 4
(not shown) to control the temperature of the object 2 to be
processed. Moreover, the surface of the electrode 4 is
provided with a groove that allows helium to flow through
between the back surface of the object 2 and the electrode so
as to cool the object. Moreover, the flow path of helium is
divided into two parts, the inner area and the outer periphery
of the electrode, so as to control the temperature of the object
to be processed independently at the inner area and the outer
periphery of the object. Helium can be supplied to the inner
area and to the outer periphery of the electrode at different
flow rates via a helium inlet passage 16-1 for supplying
helium to the inner area of the electrode and a helium inlet
passage 16-2 for supplying helium to the outer periphery of
the electrode.

[0040] In order to secure the object 2 to be processed to the
electrode 4 via electrostatic chuck, a dipole power supply
(not shown) is connected to the electrode 4. The processing
chamber is set to earth potential.

[0041] Processing gas is fed to the processing chamber 1
through the electromagnetic radiation antenna 3, the gas
dispersion plate 10 and the shower plate 11. The shower
plate 11 has multiple gas holes provided thereto. The gas
holes are arranged substantially concentrically, for example,
with 10 mm intervals within a 300 mm diameter area.

[0042] The gas dispersion plate 10 is separated by a
substantially ring-shaped partition 12 for controlling the
radical distribution in the plasma, enabling processing gases
having different compositions or different flow rates to be
introduced via gas holes of the shower plate 11 positioned in
the inner area of the ring-shaped partition 12 (hereinafter
called “inner gas holes”) and gas holes of the shower plate
11 positioned outside the ring-shaped partition 12 (herein-
after called “outer gas holes”). An O-ring can be used for
example as the ring-shaped partition 12, and the inner
diameter of the ring-shaped partition is between approxi-
mately 50 through 250 mm.

[0043] The processing gases introduced to the processing
chamber 1 can include, for example, Ar, CHF;, CH,F,, CH,,
C,F,, C,Fg, CFg, Co, O, and N,. Of the listed processing
gases, Ar, CH,, C,F,, C,Fg, CFq, CHF;, CH,F, and CO can
be supplied via gas flow controllers 13-1 through 13-8 at
predetermined flow rates to reach a first gas distributor 14-1.
The gases that have reached the first gas distributor 14-1 are
called a first gas. The first gas is divided by the first gas
distributor into predetermined flow ratios as a first gas to be
introduced through the inner gas holes and a first gas to be
introduced through the outer gas holes.

[0044] O, and N, are supplied via gas flow controllers
13-9 and 13-10 at predetermined flow rates to reach a second
gas distributor 14-2. The gases that have reached the second
gas distributor 14-2 are called a second gas. The second gas
is divided by the second gas distributor into predetermined
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flow ratios, wherein one flow is mixed at a gas junction 15-1
with the first gas to be introduced through the inner gas holes
and the other is mixed at a gas junction 15-2 with the first
gas to be introduced through the outer gas holes.

[0045] A turbo molecular pump 25 is connected via a gate
valve 24 to the processing chamber 1 to decompress the
processing chamber 1, enabling the chamber 1 to be main-
tained at predetermined pressure while the processing gas is
supplied thereto. A dry pump 26 is connected to the exhaust
side of the turbo molecular pump 25.

[0046] Next, the procedure for uniformizing the process
depth and the critical dimension across the wafer plane will
be explained, taking deep hole etching of an SiOC film as an
example. CF, and CHF; were used as the fist gas, and the
flow rates of CF, and CHF; were each set to 20 ccm at the
gas flow controllers 13-2 and 13-6. N, was used as the
second gas, and the flow rate thereof was set to 100 ccm at
the gas flow controller 13-10.

[0047] At first, the processing gas introduced through the
inner gas holes and the processing gas introduced through
the outer gas holes are set to have the same composition, and
etching was performed without carrying out any plasma
distribution control through the magnetic field. The gas flow
in the gas supply system is illustrated in FIG. 3. The first gas
distributor 14-1 divides 40 ccm of mixed gas containing CF,,
and CHF; equally into 20 ccm, and the second gas distribu-
tor 14-2 divides N, equally into 50 ccm. The wafer in-plane
distribution of the process depth and the critical dimension
of the hole bottom of this example are illustrated in FIG.
2(A). The etching rate is higher at the center of the wafer and
lower at the outer periphery of the wafer, and the holes are
deeper at the wafer center where the hole bottom critical
dimension is smaller than at the outer periphery of the wafer.

[0048] Next, plasma distribution was controlled via the
magnetic field to uniformize the process depth across the
wafer plane. The wafer in-plane distribution of the process
depth and hole bottom critical dimension according to this
example is illustrated in FIG. 2(B). As shown, by applying
a magnetic field, the in-plane distribution of the etching rate
can be uniformized, and thus the in-plane distribution of the
process depth can also be uniformized. On the other hand,
the hole bottom critical dimension is still small at the wafer
center, which is presumed to be caused by the excessive
thickness of the deposition film or the large amount of
deposition of etching inhibitors at the wafer center.

[0049] Next, as shown in FIG. 4, 10 ccm each of CF, and
CHF; were introduced into the processing chamber uni-
formly through the inner and outer gas holes, respectively,
and N, which contributes to removal of the deposition film
is introduced at flow rates of 80 ccm from the inner gas holes
and 20 ccm from the outer gas holes, while performing
plasma distribution control through the magnetic field. At
this time, the first gas distributor 14-1 divides the mixed gas
of 40 ccm composed of CF, and CHF; equally into 20 ccm,
and the second gas distributor 14-2 divides N, into flow
ratios of 8:2. In other words, the first gas distributor 14-1 and
the second gas distributor 14-2 control the ratio of flow of N,
supplied through the inner gas holes and N, supplied
through the outer gas holes into the processing chamber,
without changing the flow rate of CF, and CHF; supplied
through the inner and outer gas holes into the processing
chamber. The wafer in-plane distribution of the process
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depth and the hole bottom critical dimension according to
the present example is illustrated in FIG. 2(C). Through
comparison with FIG. 2(B), it can be seen that the hole
bottom critical dimension can be uniformized across the
wafer plane without changing the in-plane uniformity of the
process depth.

[0050] According to the above explanation, the first gas
distributor 14-1 divides the first gas evenly, but it is also
possible to adjust the gas distribution ratio of the first gas
distributor 14-1 during the state of FIG. 2(B) to control the
flow ratio of the first gas supplied through the inner gas holes
and through the outer gas holes, in order to further enhance
the process depth uniformity. However, the in-plane unifor-
mity of the critical dimension may change by enhancing the
process depth uniformity through adjustment of the distri-
bution ratio of the first gas distributor 14-1, so it is preferable
to adjust the first gas distribution ratio of the first gas
distributor 14-1 before uniformizing the in-plane distribu-
tion of the critical dimension.

[0051] As described above, it has been shown that in the
processing of SiOC, the process depth can be uniformized
by the magnetic field and the hole bottom critical dimension
can be uniformized by adjusting the flow ratio of N,
introduced through the inner and outer gas holes. In the
etching of SiO, or SiOF, Ar, CF-based gas such as C,F, and
O, are used, for example, and in such case, the distribution
ratio of O, can be adjusted through the second gas distributor
14-2 to thereby uniformize the hole bottom critical dimen-
sion and other critical dimensions across the wafer plane
while maintaining a uniform wafer in-plane process depth.

[0052] Now, we will describe the method for confirming
the operation of the gas distributors. Gas flowmeters 22-1
and 22-2 are disposed between the first gas distributor 14-1
and processing chamber 1, and gas flowmeters 22-3 and
22-4 are disposed between the second gas distributor 14-2
and processing chamber 1. By comparing the gas distribu-
tion ratio set for the first gas distributor 14-1 and the flow
ratio of gas flowmeters 22-1 and 22-2 while supplying the
first gas, for example, it is possible to check whether the first
gas distributor 14-1 is operating normally or not.

[0053] Further, by supplying only the second gas and not
supplying the first gas, it is possible to check whether the
second gas distributor 14-2 is operating normally or not by
comparing the gas distribution ratio set for the second gas
distributor 14-2 and the flow ratio of gas flowmeters 22-3
and 22-4.

[0054] Moreover, valves 23-1 and 23-2 are disposed
downstream from the first gas distributor 14-1 and the
second gas distributor 14-2 and upstream of the processing
chamber 1, and the gas pipes equipped with the valves 23-3
and 23-4 are branched at the upstream side of the valves and
downstream side of the gas flowmeters 22-3 and 22-4, to
enable the processing gases to be bypassed to the dry pump
26 and evacuated therethrough, for example, without pass-
ing through the processing chamber 1, so that the operation
of the gas distributors can be checked. The procedure for this
operation check will be described hereinafter taking the first
gas distributor 14-1 as the example.

[0055] First of all, valves 23-1 and 23-4 are opened and
valves 23-2 and 23-3 are closed, so that the processing gas
to be supplied through the inner gas holes is introduced to
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the processing chamber 1, and the processing gas to be
supplied through the outer gas holes normally is evacuated
through the dry pump 26 without passing through the
processing chamber 1. Thereafter, the gate valve 24 and
valve 23-5 are closed, and 500 ccm of Ar gas is supplied, for
example. The gas distribution ratio at the first gas distributor
14-1 is set to a:b, for example. The flow rate of Ar gas
introduced through the inner gas holes into the processing
chamber 1 can be calculated based on the volume of the
processing chamber 1 and the pressure rising speed, and the
calculated value is set as A.

[0056] Next, valves 23-2 and 23-3 are opened and valves
23-1 and 23-4 are closed, so that the processing gas to be
supplied through the inner gas holes normally is evacuated
through the dry pump 26 without being introduced to the
processing chamber 1 while the processing gas to be sup-
plied through the outer gas holes is introduced into the
processing chamber 1. Then, 500 ccm of Ar gas is supplied
and the flow ratio of the second gas distributor 14-1 is set as
it is to a:b. The flow rate of Ar gas can be calculated based
on the capacity of the processing chamber 1 and the pressure
rising speed, and the calculated flow rate is set as B.
Thereafter, by comparing the ratio of A:B and a:b, it is
possible to confirm whether the first gas distributor 14-1 is
operating normally or not.

[0057] The first embodiment has been explained up to
now, but the control of gas supply similar to that of the first
embodiment can be performed without using gas distribu-
tors. Thus, a second embodiment of the present invention
will now be explained with reference to FIG. 5. In FIG. 5,
the explanations on the portions equivalent to those of FIG.
1 are omitted. The present embodiment comprises gas flow
controllers 13-11 through 13-20, one for each processing
gas, for controlling the amount of processing gas supplied
through the inner gas holes, and gas flow controllers 13-1
through 13-10 for controlling the amount of processing gas
supplied through the outer gas holes. As can be seen through
comparison with FIG. 1, the necessary number of gas flow
controllers 13 is greater compared to the example where the
gas distributors 14 are adopted, but the gas supply can be
controlled similarly as FIG. 1.

[0058] The first and second embodiments described above
have illustrated cases in which the present invention was
applied to the parallel plate ECR plasma processing appa-
ratus having a large degree of freedom in controlling the
plasma distribution via the magnetic field. However, the
present invention can be widely applied to plasma process-
ing apparatuses that control the uniformity of plasma dis-
tribution through means other than magnetic fields.

[0059] As an example, a third embodiment of the present
invention will now be described. FIG. 6 illustrates an
example in which the present invention is applied to a CCP
(capacitively coupled plasma) type plasma processing appa-
ratus. The present apparatus radiates electromagnetic waves
with a frequency in the range between 10 and 200 MHz from
the electromagnetic radiation antenna, and generates plasma
by the RF electric field generated between electrodes. The
electromagnetic radiation antenna is divided into two parts,
for example, an inner antenna 3-1 and an outer antenna 3-2,
and by changing the ratio of RF powers radiated from the
inner and outer antennas 3-1 and 3-2 via an RF power
distributor 17, the freedom of control of plasma distribution
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is increased. An electrode 4 on which an object 2 to be
processed is placed is disposed within a processing chamber
1, and an RF power supply 5C is connected to the electrode
4 via a matching network 6C for controlling the flux and
incident energy of ions being incident on the object 2 to be
processed. According to the third embodiment shown in
FIG. 6, the combination of gas flow controllers and gas
distributors 14-1 and 14-2 are the same as that of the first
embodiment, but a gas supply system similar to that of the
second embodiment can also be adopted.

[0060] FIG. 7 is an enlarged view showing the portion
where the gas dispersion plate 10 is divided into two areas,
one area for dispersing the processing gas introduced
through the inner gas holes into the processing chamber, and
the other area for dispersing the processing gas introduced
through the outer gas holes into the processing chamber.
According to the third embodiment, two gas dispersion
plates 10-1 and 10-2; one superposed on the other, are used
to disperse the processing gas. The gas dispersion plates
10-1 and 10-2 are divided into two areas, respectively, with
ring-shaped partitions (for example, O-rings) 12-1 and 12-2.
Moreover, the gas dispersion plates 10-1 and 10-2 are
screwed using as crew 32 onto the antenna 3 via an alumi-
num spacer 33, for example, in order to prevent the gas
dispersion plates 10-1 and 10-2 from being bent by the
thickness of the O-rings. Furthermore, the gas dispersion
plates 10-1 and 10-2 and the antenna 3 are separated via an
insulator 31 so as to enable different RF power to be
supplied respectively via an inner antenna 3-1 and an outer
antenna 3-2.

[0061] The supply of gas and input of RF power to the
antenna 3 will be described with reference to FIG. 6 and
FIG. 8 illustrating the shape of the antenna 3 seen from the
upper direction of the processing chamber. The RF power
supplied to the inner antenna 3-1 is fed via a power connect
portion 34-1 positioned substantially at the center of the
inner antenna 3-1. The RF power supplied to the outer
antenna 3-2 is fed via power connect portions 34-2 posi-
tioned substantially along the circumference of the outer
antenna 3-2.

[0062] The processing gas to be introduced through the
inner gas holes into the processing chamber is led through
the gas inlet 35-1 provided so as not to overlap with the
power connect portion 34-1 to the inner side of the inner
antenna 3-1, then through the gas flow path 27-1 provided in
the antenna and out through the gas outlet 36-1 provided
substantially at the center of the antenna onto the upper
surface of the gas dispersion plate 10-1. The processing gas
to be introduced through the outer gas holes into the pro-
cessing chamber is led from above the outer antenna 3-2
through the gas inlet 35-2 provided to the antenna and
through the gas flow path 27-2 provided in the outer antenna
3-2 to be ejected from the gas outlet 36-2 onto the upper
outer surface of the gas dispersion plate 10-1. In order to
uniformly supply the processing gas to be introduced
through the outer gas holes into the processing chamber
through the gas holes provided to the outer side of the
shower plate, plural gas inlets 35-2 are arranged substan-
tially concentrically for leading into the antenna the pro-
cessing gas to be introduced through the outer gas holes into
the processing chamber. Further, in order to uniformly
disperse the processing gas to be introduced into the pro-
cessing chamber through the outer gas holes at the outer area
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of the gas dispersion plate 10-1, plural gas outlets 36-2 are
arranged substantially along the circumference of the outer
antenna 3-2 for ejecting the processing gas onto the gas
dispersion plate.

[0063] In order to etch the object to be processed uni-
formly across the plane thereof according to the present
apparatus, at first, the power ratio of RF power radiated via
the inner and outer antennas 3-1 and 3-2 are controlled, for
example, to uniformize the process depth across the plane of
the object. Thereafter, the flow ratio of O, or N, gas
introduced through the inner and outer gas holes into the
processing chamber is controlled so as to uniformize the
critical dimension across the plane of the object while
maintaining a uniform process depth.

[0064] Next, the fourth embodiment of the present inven-
tion will be described with reference to FIG. 9. According
to the apparatus of the present embodiment, two RF power
supplies SA and 5C with different frequencies are connected
to the electrode 4 via matching networks 6A and 6C,
respectively. The present apparatus generates plasma
through the RF power supplies from the RF power supplies
5A and 5C and controls the distribution of plasma by the
balance of power output from the RF power supplies SA and
5C.

[0065] In order to perform uniform etching across the
plane of the object according to the present apparatus, for
example, the balance between the output power of RF power
supply SA and the output power of RF power supply 5C is
adjusted to control the plasma distribution and to uniformize
the process depth across the plane of the object. Thereafter,
by controlling the flow ratio of O, or N, supplied via gas
outlets 36-1 and 36-2 of the top plate and through the inner
gas holes and the outer gas holes of the shower plate 11 into
the processing chamber 1, the critical dimension can be
uniformized across the plane of the object while maintaining
a uniform process depth across the plane of the object.

[0066] The embodiments of the present invention have
been described up to now with respect to various plasma
sources, but the present invention is not limitedly applied to
the described plasma sources, and can be applied widely to
other plasma processing apparatuses.

What is claimed is:

1. Aplasma processing apparatus comprising a processing
chamber, a means for supplying a processing gas to the
processing chamber, an evacuation means for decompress-
ing the processing chamber, an electrode on which an object
to be processed is placed, and an electromagnetic radiation
power supply; wherein

the apparatus further comprises a means for supplying
mixed processing gases having different composition
ratios or different flow ratios respectively to a center
portion and an outer periphery portion of the object to
be processed, so as to control a uniformity of a critical
dimension across a plane of the object without chang-
ing a uniformity of a process depth across the plane of
the object.

2. The plasma processing apparatus according to claim 1,
further comprising a means for controlling the plasma
distribution at the center portion and at the periphery portion
of the plane of the object to be processed, so as to control the
uniformity of the critical dimension across the plane of the
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object without changing the uniformity of the process depth
across the plane of the object.

3. The plasma processing apparatus according to claim 2,
wherein the means for controlling the plasma distribution is
a means for controlling the ratio of power to be supplied to
the center portion and to the periphery portion of the plane
of the object, a means for controlling the magnetic field, or
a means for controlling the power balance of RF powers
having two different frequencies and applying them to the
electrode, so as to control the uniformity of the critical
dimension across the plane of the object without changing
the uniformity of the process depth across the plane of the
object.

4. A plasma processing apparatus comprising a processing
chamber, a means for supplying a processing gas to the
processing chamber, an evacuation means for decompress-
ing the processing chamber, an electrode on which an object
to be processed is placed, and an electromagnetic radiation
power supply; wherein

the apparatus further comprises supplying at least two
kinds of processing gases having different composition
ratios of O, or N, or different flow ratios of O, or N,
respectively to a center portion and to an outer periph-
ery portion of the object to be processed, so as to
control a uniformity of a critical dimension across a
plane of the object without changing a uniformity of a
process depth across the plane of the object.

5. A plasma processing apparatus comprising a processing
chamber, a means for supplying a processing gas to the
processing chamber, an evacuation means for decompress-
ing the processing chamber, an electronic on which an object
to be process is placed, an electromagnetic radiation power
supply, an electromagnetic radiation antenna, and a means
for generating a magnetic field; wherein

the apparatus further comprises supplying at least two
kinds of processing gases having different composition
ratios of O, or N, or different flow ratios of O, or N,
respectively to a center portion and to an outer periph-
ery portion of the object to be processed, so as to
control a uniformity of a critical dimension across a
plane of the object without changing a uniformity of a
process depth across the plane of the object.

6. Aplasma processing apparatus comprising a processing
chamber, a means for supplying a processing gas to the
processing chamber, an evacuation means for decompress-
ing the processing chamber, an electrode on which an object
to be processed is placed, an electromagnetic radiation
power supply, and an electromagnetic radiation antenna;
wherein

the apparatus further comprises a power distributing
means for distributing and supplying power from the
electromagnetic radiation power supply to a center
portion and to an outer periphery portion of the elec-
tromagnetic radiation antenna; and

supplying at least two kinds of processing gases having
different composition ratios Of O, or N, or different
flow ratios Of O, or N, respectively to a center portion
and to an outer periphery portion of the object to be
processed, so as to control a uniformity of a critical
dimension across a plane of the object without chang-
ing a uniformity of a process depth across the plane of
the object.
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7. Aplasma processing apparatus comprising a processing
chamber, a means for supplying a processing gas to the
processing chamber, an evacuation means for decompress-
ing the processing chamber, an electrode on which an object
to be processed is placed, and an electromagnetic radiation
power supply; wherein

the electrode on which the object is placed has RF power
of two different frequencies applied thereto; and

at least two kinds of processing gases having different
composition ratios of O, or N, or different flow ratios
of O, or N, are supplied respectively to a center portion
and to an outer periphery portion of the object to be
processed, so as to control a uniformity of a critical
dimension across a plane of the object without chang-
ing a uniformity of a process depth across the plane of
the object.

8. Aplasma processing apparatus comprising a processing
chamber, a means for supplying a processing gas to the
processing chamber, an evacuation means for decompress-
ing the processing chamber, an electrode on which an object
to be processed is placed, an electromagnetic radiation
power supply, an electromagnetic radiation antenna, and a
means for generating magnetic field; wherein

a uniformity of a process depth across a plane of the
object is controlled by controlling a plasma distribution
mainly through the magnetic field, and at least two
kinds of processing gases having different composition
ratios of O, or N, or different flow ratios of O, or N,, are
supplied respectively to a center portion and to an outer
periphery portion of the plane of the object to be
processed so as to control a uniformity of a critical
dimension across the plane of the object.

9. Aplasma processing apparatus comprising a processing
chamber, an evacuation means for decompressing the pro-
cessing chamber, an electrode on which an object to be
processed is placed, an electromagnetic radiation power
supply, a first gas inlet, and a second gas inlet; wherein

gases other than O, and N, are set as a first gas, the first
gas is divided into plural predetermined flow ratios by
a gas distributor, and O, or N, is supplied between the
gas distributor and at least one of the first or second gas
inlets.

10. A plasma processing apparatus comprising a process-
ing chamber, an evacuation means for decompressing the
processing chamber, an electrode on which an object to be
processed is placed, an electromagnetic radiation power
supply, a first gas inlet, and a second gas inlet; wherein

a first gas is divided into plural predetermined flow ratios
by a first gas distributor, and a second gas divided into
plural predetermined flow ratios by a second gas dis-
tributor is supplied between the first gas distributor and
the first gas inlet and between the first gas distributor
and the second gas inlet.

11. The plasma processing apparatus according to claim

10, wherein

the first gas is composed of gases other than O, and N,
and the second gas is composed of O, or N,.

12. A plasma processing apparatus comprising a process-

ing chamber, an evacuation means for decompressing the

processing chamber, an electrode on which an object to be
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processed is placed, an electromagnetic radiation power
supply, a first gas inlet, a second gas inlet, and a gas
distributor; wherein

gas flow meters are disposed between the gas distributor
and the first gas inlet and between the gas distributor
and the second gas inlet.

13. A plasma processing apparatus comprising a process-
ing chamber, an evacuation means for decompressing the
processing chamber, an electrode on which an object to be
processed is placed, an electromagnetic radiation power
supply, a first gas inlet, a second gas inlet, and a gas
distributor; wherein

gas lines for evacuating the processing gas without pass-
ing through the processing chamber are disposed
between the gas distributor and the first gas inlet and
between the gas distributor and the second gas inlet.
14. A plasma processing apparatus comprising a process-
ing chamber, an evacuation means for decompressing the
processing chamber, an electrode on which an object to be
processed is placed, an electromagnetic radiation power
supply, a gas dispersion plate, an O-ring for separating the
gas dispersion plate into plural areas, a first gas inlet, and a
second gas inlet; wherein

the gas distribution plate is screwed onto an antenna or a
top panel so that the plate will not be lifted by the
O-ring.

15. A plasma processing apparatus comprising a process-
ing chamber, an evacuation means for decompressing the
processing chamber, an electrode on which an object to be
processed is placed, an electromagnetic radiation power
supply, a first gas outlet, a second gas outlet, and an antenna;
wherein

the antenna has a first gas flow path for a first processing
gas to pass therethrough and a second gas flow path for
a second gas to pass therethrough, and outlets of the
first gas flow path or outlets of the second gas flow path
are arranged substantially circumferentially around a
substantial center of the antenna as the center point.
16. A plasma processing apparatus comprising a process-
ing chamber, an evacuation means for decompressing the
processing chamber, an electrode on which an object to be
processed is placed, an electromagnetic radiation power
supply, a gas dispersion plate, first gas outlets for ejecting a
first processing gas onto the gas dispersion plate, and second
gas outlets for ejecting a second processing gas onto the gas
dispersion plate; wherein

the first gas outlets or the second gas outlets are arranged
substantially circumferentially around a center of the

gas dispersion plate as the substantial center point.
17. A plasma processing apparatus comprising a process-
ing chamber, an evacuation means for decompressing the
processing chamber, an electrode on which an object to be
processed is placed, an electromagnetic radiation power
supply, a gas dispersion plate, and a shower plate; wherein

gas holes formed to the shower plate are arranged con-
centrically around a substantial center of the shower
plate.

18. A plasma processing apparatus comprising a process-
ing chamber, an evacuation means for decompressing the
processing chamber, an electrode on which an object to be
processed is placed, an electromagnetic radiation power
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supply, a first gas inlet and a second gas inlet, capable of
introducing at least two kinds of processing gases having
different flow rates or different composition ratios respec-
tively through the different gas inlets into the processing
chamber; wherein

in processing an SiOC film, a gas containing N, and CHF;
or CF, is used, and at least two kinds of processing
gases having different N, composition ratios or N, flow
ratios are introduced respectively through different gas
inlets into the processing chamber, so as to control a
uniformity of a critical dimension across a plane of the
object without changing a uniformity of a process depth
across the plane of the object.

19. A plasma processing apparatus comprising a process-
ing chamber, an evacuation means for decompressing the
processing chamber, an electrode on which an object to be
processed is placed, an electromagnetic radiation power
supply, a first gas inlet and a second gas inlet, capable of
introducing at least two kinds of processing gases having
different flow rates or different composition ratios through
the different gas inlets into the processing chamber; wherein

in processing an SiO, or SiOF film, a gas containing at
least CF, or C,Fg or C,F, or CsFg or CHF;, and Ar and
O, is used, and at least two kinds of processing gases
having different O, composition ratios or O, flow ratios
are introduced respectively through different gas inlets
into the processing chamber, so as to control a unifor-
mity of a critical dimension across a plane of the object
without changing a uniformity of a process depth
across the plane of the object.
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20. A method for checking a gas distributor in a plasma
processing apparatus comprising a processing chamber, an
evacuation means for decompressing the processing cham-
ber, an electrode on which an object to be processed is
placed, an electromagnetic radiation power supply, a first
gas inlet, a second gas inlet, and a gas distributor; the
method comprising

providing gas lines between the gas distributor and the
first gas inlet and between the gas distributor and the
second gas inlet for evacuating a processing gas with-
out passing through the processing chamber;

supplying one processing gas divided by the gas distribu-
tor into the processing chamber, evacuating the other
processing gas without passing through the processing
chamber, and calculating a flow rate of the one pro-
cessing gas based on a capacity of the processing
chamber and a pressure rising speed in the processing
chamber;

supplying the other processing gas divided by the gas
distributor into the processing chamber, evacuating the
one processing gas without passing through the pro-
cessing chamber, and calculating a flow rate of the
other processing gas based on the capacity of the
processing chamber and the pressure rising speed in the
processing chamber; and

checking a normality of the gas distributor utilizing the
ratio between the flow rate of the one processing gas
and the flow rate of the other processing gas.
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