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PLASMA PROCESSING APPARATUS AND PLASMA PROCESSING METHOD

Field of the Invention

The present invention relates to a plasma processing

apparatus and method.

Background of the Invention

Recently, a scaling-down has been in progress through
a plasma processing, demanding for a line width of 20 nm or
less to be formed on a wafer by an etching process.
Therefore, a generation of a fine particle having a size,
which has been treated as Dbeing nonproblematic in a
conventional plasma processing, has- become problematic.
Particularly, for example, if the fine particle having a
size of 60 nm or less falis onto a pattern formed on a wafer,
a line having a line width of, e.g., 20 nm, becomes sghort-
circuited, or the fine particle hinders a folloWing process
such as etching, deposition or the like, so that a line may
not be formed. In other words, a so-called killer defect
occurs. Hence, a region where designed . éiectrical
characteristics are not obtained is generated in the wafer,
which leads to a decrease in productivity. Accordingly, in
comparison to the conventional case, a recent demand for

finer processing and a demand for a reduction and removal of
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fine particles have been markedly increased.

Generally, a processing chamber of an etching
apparatus is made of metal such as aluminum or the like, and
inner surfaces of the chamber are exposed to a plasma during
plasma processing. Thus, a base material of the chamber
wall exposed to the plasma is coated with a plasma-resistant
member to suppress a generation of particles caused by the
etching of the inner wall of the chamber by the plasma.

As for a plasma-resistant member, a thermal-sprayed
film of yttrium oxide Y,0; is recently widely used. If a CF-
based gas is supplied into the chamber in case of using the
thermal-sprayed film of yttrium oxide VY,0;, yttrium oxide
Y,03; i1s consumed by a reaction with the CF-based gas.

Therefore, in Patent Document 1, inner surfaces of a
chamber exposed to a plasma are coated with yttrium fluoride
YF; serving as a plasma-resistant member.

Patent Document 1l: . Japanege Patent Application
Publication No. 2002-252209

However, in Patent Document 1, the inner surfaces of
the chamber exposed to the plasma are coated with yttrium
fluoride in order to solve the problem in which the plasma-
resistant member is consumed when a CF-based gas is supplied
into the chamber. Further, the technical background of the
recent miniaturization technique i1s completely different
from that of Patent Document 1 that has been published more

than ten years ago, because the pattern, which is micro-
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processed in conformity with the recent demand, cannot be
formed by the pattern forming technique of Patent Document 1.
Therefore, in the case of supplying a plasma gas containing
a gas including a CF-based gas and other gases into the
chamber, Patent Document 1 does not provide the sélution for
preventing fine particles from causing a so-called killer
defect by suppressing the generation of the fine particles

each having a size of about 60 nm or less.

Summary of the Invention

In view of the above, the present invention provides a
plasma processing apparatus and a plasma processing method,
capable of suppressing a generation of fine particles during
a plasma processing in which a gas including a halogen-
containing gas and an oxygen gas is introduced;

In accordance with an aspect of the present invention,
there is provided a plasma processing apparatus for
generating a plasma of a gas by applying a high frequency
power and performing a plasma processing on a target object
to be proceésed by an action of the plasma, including: a
depressurizable processing chamber; a lower electrode,
provided in the processing chamber, serving as a mounting
table for mounting thereon the target object; an upper
electrode or an antenna electrode provided at the processing

chamber so as to be opposite to the lower electrode; a gas
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supply source for introducing a gae including a halogen-
containing gas and an oxygen gas intorthe processing chamber;
and a high frequency power supply for applying’ a high
frequency power for generating plasma to‘at least one of the
upper electrode, the antenna electrode, or éthe lower
electrode. - Among inner surfaces of the procesgssing chamber
which are exposed to the plasma, at least a part of or all
of the surfaces between a’mounting position of the target
object and the upper electrode, the antenna electrode, or
the lower electrode are coated with a fluorinated compound.

Further, 1in accordance with another agpect of the
present inventien, there 1is (provided a Vplaema processing
method for a plasma processing apparatus which includes a
depressurizable processing chamber; a lower electrode,
provided in the processing chamber, serving as a mounting
table for mounting thereon a target object to be processed;
an upper electrode or an antenna electrode provided in the
processing chamber so as to be opposite to the lower
electrode; a gas supply source for introducing a gas into
the processing chamber; and a high frequency power supply
for applying a high frequency power for generating plasma to
at least one of the upper electrode, the antenna electrode,
or the lower electrode.

The plasma processing method includes: introducing a
gas including a halogen-containing gas and an oxygen gas

from the gas supplying source into the processing chamber in
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which, among inner surfaces of the processing chamber which
are exposed to the plasma, at least a part of or all of the
surfaces between a mounting position of the target object
and the upper electrode, the antenna electrode, or the lower
electrode are coated with a fluorinated compound; supplying
the high frequency power for generating plasma from the high
frequency power supply into the processing chamber; and
generating a plasma of the 4gas by applying the high
frequency power for generating plasma and performing a
plasma processing on the target object mounted on the

mounting table by an action of the plasma.

"Effect of the Invention

In accordance with the present invention, it becomes
possible to suppress the generation of fine particles during
the plasma processing in which a gas including a halogen-

containing gas and an oxygen gas is introduced.

Brief Description of the Drawings

Fig. 1 shows a schematic configuration of a plasma
procesgsing apparatus in accordance with a first embodiment
of the present invention.

Fig. 2A is an explanatory view showing a sequence of a

plasma processing in the first embodiment, and Fig. 2B is a
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graph comparing a relationship between the number of
particles and the number of processed wafers in the first
embodiment with that in a comparative example.

Fig. 3 is a graph comparing a relationship between an
etching rate and the number of processed wafers in the
plasma processing apparatus of the first embodiment with
that in the comparative example.

Fig. 4 shows analysis results of EDX and ICP-Mass in
the first embodiment and in the comparative example.

Fig. 5 explains a principle of a particle generation
of yttria Y.

Fig. ‘6 shows physical property data of rare earth

oxides.

Fig. 7 explains a test for detecting a cause of

~generation of yttria Y in the first embodiment.

Fig. 8 shows a test result of Fig. 7.

Fig. 9 shows a test result for examining adhesion
strength of thermal-sprayed film of YF; and a test method
thereof.

Fig. 10 shows a schematic configuration of a plasma
processing apparatus in accordance with a second embodiment
of the present invention.

Fig. 11 shows a schematic configuration of a plasma
processing apparatus in accordance with a modification of

the second embodiment.

Fig. 12A is an explanatory view showing a sequence of
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a plasma processing in the second embodiment, and Fig. 12B
is a graph comparing a relatiqnship between the number of
particles (about 0.06 pum or above) and the number of
processed wafers in the plasma processing apparatus with
that in a comparative example. |

Fig. 13A is an explanatory view showing a segquence of
the plasma processing in the second embodiment, and Fig. 13B
is a graph comparing a relationship between the number of
particles (about 0.035 um or above) and the number of
processed wafers in the plasma processing apparatus with
that in a comparative example.

Fig. 14 shows analysis results of EDX and ICP-Mass in
the second embodiment and in the cdmparative example.

Fig. 15 explains a test for detecting a cause of
generation of yttria Y in the second embodiment.

Fig. 16 shows a test result of Fig. 15.

Fig. 17 shows an example of thermal-sprayed film in
the first and the second embodiment.

Fig. 18 shows an example of thermal-sprayed film in
the first and the second embodiment.

Fig. 19 shows an example of thermal-sprayed film in
the first and the second embodiment.

Fig. 20 shows a plasma resistance of each material.

Fig. 21 showsrthe ratio of the abrasion amount of each

material.

Fig. 22 shows a transmission electron microscopy TEM
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image of Y-O-F layer formed on the surface of the thermal-
sprayed film of Y,0;.

Fig. 23 shows a transmission electron microscopy TEM
image of Y-0O-F layer formed on the surface of the thermal-
sprayed f£ilm of YF;.

Fig. 24 shows a surface SEM image of the thermal~
sprayed f£ilm of YF; having a different surface roughness
after recrystallization in one embodiment of the present
invention.

Fig. 25 shows a surface SEM image of the thermal-
sprayed film of YF; having a different surface roughness
after recrystallization in one embodiment of the present
invention.

Fig. 26 shows a cross-sectional SEM image of the
thermal-sprayed £ilm of YF; having a different cross-
sectional porosity after recrystallization in one embodiment
of the present invention.

Fig. 27 shows a cross-sectional SEM image of the
thermal-sprayed £film of YF; having a different cross-
sectional porosity after recrystallization in one embodiment
of the present invention.

Fig. 28 is a graph showing porosities and generation
of white marks and peeling-off of the thermal-gsprayed film
of YF; in one embodiment of the present invention.

Fig. 29 shows a SEM image of white marks generated on

the surface obtained after the thermal-sprayed film of YF,
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has been recrystallized.

Fig. 30 shows a SEM image of white marks generated on
the surface obtained after the thermal-sprayed film of YF;
has been recrystallized.

Fig. 31 shows a comparison between a Y-O-F layer of
the thermal-sprayed film of YF; and a Y-O-F layer of the
thermal-sprayed £ilm VY;0; in one embodiment of the present
invention.

Fig. 32 shows a comparison result between in a case of
sputtering the thermal-sprayed f£ilm of YF; and in a case of
sputtering the thermal-sprayed film Y,0; in one embodiment

of the present invention.

Detailed Description of the Embodiments

Hereinafter, embodiments of the present invention will
be described with reference to the accompanying drawings.
Throughout the specification and drawings, 1like reference
numerals will be given to 1like parts having substantially
the game function and configuration, and a redundant
description thereof will be omitted.

<Introductions

Recently, a scaling-down has been in progress through
a plasma processing, demanding for a line width of 20 nm or
less to be formed on a semiconductor wafer (hereinafter,

referred to as “wafer”) by an etching process. Therefore, a
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generation of a fine particle having a size, which has been
treated as being nonproblematic in - a conventional plasma
processing, becomes problematic. Particularly, i1f the fine
particle having a size of 60 nm or less falls onto a pattern
formed on a wafer, a line having a line width of, e.g., 20
nm, becomes short-circuited, or the fine particle hinders a
following proceés such as etching, deposition or the like,
so that a line may not be formed. In other words, a so-
called killer defect occurs. The killer defect could cause
a decrease 1in productivity since a region where designed
electrical characteristics are not obtained is generated in
the wafer. Accordingly, in comparison td the conventional
case, a recent demand for fine processing and a demand for
reduction and removal of fine particles have been markedly
increased.

During the plasma processing, a éhamber is exposed to
the plasma. Accordingly, a surface of a base material of a
chamber wall, which is exposed to the plasma, is coated with
a plasma-resistant member, thus making it possible to
suppress a particle generation due to the plasma attack on
the chamber wall. As for the plasma-registant member, there
has been used a thermally sprayed film of yttrium oxide Y,0;.

However, the present inventors have found that at
least 50% of the killer defects were identified as defects
caused by particles generated from yttria Y. Therefore,

there has been an increase in demand for an improvement in a

-10-
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thermal-sprayed surface of yttrium oxide Y,0; of a member in
the chamber or a demand for a substitution material for
yvttrium Y.

Hence, in the embodiments of the present invention
which will be described hereinafter, there will -be described
a plasma processing apparatus capable of suppressing the
generation of fine particles during a plasmgﬂérdceésihg in‘“
which a gas, including a halogen-containing gas and an
oxygen gas, is introduced.

In the following description, yttrium fluoride YF; will
be described as an example of the halogen—containing gas.
First, in a first embodiment, there will be described, with
reference to Figs. 2 to 9, a result of a test on particles
generated 1in the case where a thermal-sprayed film of
yttrium fluoride YF3; is formed on inner surfaces of the
chamber exposed to a plasma in the plasma procegsing
apparatus shown in Fig. 1. Next, in a second embodiment,
there will be described, with reference to Figs. 12A to 16,
a result of a test on particles generated in the case where
a thermal-sprayed f£ilm of yttrium fluoride YF; is formed on
inner surfaces of the chamber exposed to the plasma in the
plasma processing apparatus shown in Figs. 10 and 11.
Finally, with reference to Figs. 16 to 21, there will be
described variations of the thermal-sprayed f£ilm of yttrium
fluoride YF; and a material that can be the substitution

material for yttrium fluoride YF;.

~171 -
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<First embodiments>

[Schematic configuration of plasma processing
apparatus]
First, with reference to Fig. 1, there will be

described a schematic configuration of a plasma‘processing
apparatus 10 in accordance with thc‘first embodimenc of the
present invention. Fig.\J.iis a vertical ,croés sectional
view showing a schematic configuration of the’ plasma
processing apparatus 10 1in accordance with the first
embodiment.

The | plasma processing apparatus 10 includes a
cylindrical proceésing chamber 12 made of metal, e.g.,
aluminum, stainless steel or the like. The processing
chamber 12 is grounded. The processing chamber 12 has an
upper opening, and an upper electrode 16 is provided at the
upper opening via an insulator 14. Accordingly, a cover
portion is formed to cover the opening of the processing
chamber 12. Further, the upper electrode 16 includes: an
electrode plate 15 having a plurality of gas openings 15a in
a surface opposite to the mountiﬁg table 20 and an electrode
support body 17 to which the electrode plate 15 1is
detachably,attachéd.‘ The electrode suppcrt body 17 has a
water cooling structure and is made of a conductive material,

e.g., aluminum. The electrode plate 15 is made of, e.g., Si,

'S$iC, quartz, or the like. A high freguency power source 18

is connected to the upper electrode 16 wvia a matching unit

-12-
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(not shown). The high frequency power source 18 applies, to
the upper electrode 16, a high frequency power of, e.g.,
60MHz for generating plasma. Accordingly, the high
frequency power from the high frequency power source 18 is
capacitively epplied. betWeerl the 1nounting'vtable 20 and a
shower head 30.

The high frequency power source 18 1is an example of a
power source for supplying a high frequency power for
generating ~plasma to the electrode provided in the
processing chamber 12. In the present embodiment, the high
frequency power is applied to the upper electrode 16.
However, the high frequency power for generating plasma may
be applied to either the upper electrode 16 or a lower
electrode (the mounting table 20).

In the processing chamber 12, the mounting table 20
for mounting ehereon a semiconductor wafer W (hereinafter,
referred to as “wafer W”) is provided. The mounting table
20 1is made of, e.g., aluminum, and supported in the
processing chamber 12 via an insulating support (not shown) .
Provided on a top surface thereof is an electrostatic chuck
22 for holding the wafer W by an electrostatic adsorptive
force. The wafer W is electrostatically adsorbed onto the
electrostatic chuck 22 by a Coulomb force generated with a
DC voltage applied from a DC power supply 24 to an electrode
plate 22a in the electrostatic chuck 22. The wafer W is

mounted on the electrostatic chuck 22. A focus ring 26 is

-13-
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provided to gurround the peripheral portion of the wafer W.
If the focus ring 26 is made of gquartz, a thermal-sprayed
film 27 of yttrium fluoride YF; is formed on a top surface
of the focus ring 26 exposed to the plasma.

A high frequency power source 28 1is connected to the
mounting table 20 via a matching unit (not shown). The high
frequency power source 28 applies a bias high frequency
power of, e.g., about 13.56 MHz, to the mounting table 20.
Therefore, the mounting table 20 also serves as the lower
electrode. The upper electrode 16 provided at the ceiling
portion of the processing chamber 12 has a plurality of gas
openings 15a. The plasma gas supplied from a gas supply
source 32 1s supplied into the processing chamber 12 throughr
the gag openings 15a. Accordingly, the upper electrode 16

serves as the shower head 30.

A gasvexhaust path 34 is formed between a sidewall of

the processing chamber 12 and a sidewall of the mounting

table 20. A baffle plate 36 for gas flow control is
provided in the gas exhaust path 34. The gas exhaust path
28 is connected to a gas exhaust unit (not shown), and a

pressure in a processing space in the processing chamber 12

1s decreased to a predetermined vacuum level by using a

vacuum pump .

Attached to the sidewall of the processing chamber 12
are a deposition shield wupper portion 38U, a deposition

shield lower portion 38L, and a shutter 40 for opening and

-14 -
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closing for the loading/unloading of the wafer W. The
deposition shield upper portion 38U is attached to  the
sidewall of the processing chamber which is located between
the upper electrode 16 and the mounting position of the
wafer W, and the deposition shield lower portion 38L is
attached to the sidewall of the processing chamber which is
located below the mounting position of the wafer W. A ring
bottom shield 42 is attached to the sidewall of the mounting
table 20. A thermally-sprayed film 43 of YF; is formed on
the surfaces of the deposition shield upper portion 38U, the
deposition shield lower portion 38L, the shutter 40, and the
ring bottom shield 42. In the present embodiment, the
deposition shield 1is divided into the deposition shield
upper portion 38U and the deposition shield lower portion
38L. However, the deposition shield may not be divided into
an upper and a lower portion.

In the processing chamber 12, a vertical RF éiectric
field i1s formed in a plasma generation space between the
shower head 30 and the mounting table 20 by the high
frequency power source 18. A high-density plasma 1is
generated near the surface of the electrostatic chuck 22 by
the high frequency discharge. Due to the action of the
plasma thus generated, the wafer W is etched in the
processing chamber 12.

[Examination of particle generation]

{the number of particles)

-15-
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The number of particles being generated was observed
by using the plasma processing apparatus 10 having a related
configuration. First, the maintenance of the processing
chamber, which included a wet cleaning in the processing
chamber or the iike, was performed; and then, ayéet process
éf’a plasma processing on a dummy wafer and a waferless dry
cleaning (WLDC) was repeated for 25 wafers, .as shown in Fig;
2A. Next, a general dry cleaning (DC) wusing a cleaning
wafer or the like was performed, and a non plasma particle
cleaning (NPPC) was performed. NPPC was carried out to
clean the processing chamber by intermittently applying a
high voltage from a high voltage power source into the
processing chamber while introducing‘a purge gas into the
vacuum apparatus and exhausting the vacuum apparatus. The
recipe for the dummy wafer had two steps. As for the
processing gases for the dummy wafers, CF-based gas/CHF-
based gas/Ar gas/O, gas were supplied in the first step and
N,/N, gases were supplied in the second step. In WLDC and DC,
Ar/0, gases were supplied. Hence, the surface of the
processing chamber 12 which was exposed to the plasma was
repetitively subjected to a cycle of fluorination, reduction,
and oxidation.

The result of repetition of the above plasma
processing for 2000 wafers is shown in a graph of Fig. 2B,

A horizontal axis and a vertical axis in the graph indicate

‘the number of wafers and the number of particles having a

-16-
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size of 0.06 um or above, respectively.

According to this result, in the case of the thermal-
sprayed film of yttrium oxide Y,0;, the number of particles
having a size of 0.06 ym or above was sharply increased when
the number of processed wafers exceeded about 1000. | In
contrast, in the case of the thermal-sprayed film of yttrium
fluoride YF,;, the number of particles having a size of 0.06
um or above remained stably about 1 to 3 without being
sharply increased even when the number of processed wafers
reached about 2000. This result shows that the particle
level in the thermal-sprayed £ilm of vyttrium fluoride YF,
was more stable than that in the thermal-sprayed film of
yttrium oxide Y;0;. In the case of using yttrium oxide Y,0;,
the number of particles was rapidly increased particularly
when the number of processed wafers exceeded about 1000.
However, in the case of using yttrium fluoride YF;, the
number of particles was stabilized at a low level even when
the number of processed wafers exceeded about 1000.

(Etching rate)

Next, it was examined whether or not the etching rate
of the plasma processing was different between the case of
using yttrium fluoride YF; for a thermal-gsprayed film and
the case of using yttrium oxide Y,0; for a thermal-sprayed
film. The result thereof is shown in a graph of Fig. 3. A
horizontal axis and a vertical axis in this graph indicate

the number of particles and an etching rate E/R (nm/min),

-7 -
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respectively. Here, an SiC film was etched.

According to this result, the etching rate E/R in the
case of using yttrium oxide YF; for a thermal-sprayed £ilm
was substantially the same as that in the case “of using
yvitrium oxide Y,0; for a thermal-sprayed film. Therefore,
the increase in the etching rate E/R by the supply of a
fluoride-baged gas from yttrium fluoride YF; to the wafer
was not monitored. Hence, in the case of using the thermal-
sprayed film of yttrium fluoride YF;, it ig unnecessary to
change the process recipe éreated for the case of using the
thermal-sprayed film of yttrium oxide Y,0;. Accordingly, it
has been found that the process recipe created for the case
of using the thermal-sprayed film of yttrium oxide Y,0; may
be used as the process recipe for the case of using the
thermal-sprayed film of yttrium fluoride YF;.

(ICP-MASS and EDX analysis) |

Next, the case of using yttrium fluoride YF; to form a
thermal-sprayed film and the case of using yttrium oxide
Y,0; to form a thermal-sprayed film were analyzed by using
an ICP-Mass (inductively coupled plasma mass spectrometry)
and EDX (energy dispersive x-ray s?ectroscopy). The
analysis result is shown in Fig. 4.

In the ICP-Mass, the total number of particles on the
wafer can be obtained by an analysis method for measuring
the contamination of the wafer surface by dissolving the

wafer surface. However, it is difficult to obtain the

-18-
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composition of an individual particle.

From the ICP-Masgs analysis result, i1t has been found
that the analysis values were not greatly wvaried either in
the case of using yttrium £luoride YF; to form a thermal-
sprayed film or in the case of using vyttrium oxide Y,0; to
form a thermal-sprayed f£ilm. Accordingly, it has been found
that the total nﬁmber of particles on the wafer surface was
not greatly changed even when the number of processed wafers
was increased.

In regard to such results, in both of the case of
using yttrium fluoride YF; and the case of using yttrium
oxide Y,0; to form a thermal-sprayed f£ilm, gince the thermal
spraying method and the film thickness are the same, the
surface areas of the thermal spraying for both cases are the
same. If the surface areas are the same, the contamination
levels, measured when the surfaces of the thermal-sprayed
films are sputtered by the plasma generated by the high
frequency power, are generally the same and hardly changed.
Further, since the ICP-Mass can detect vyttria Y of an atom
level, such results may be obtained by detecting yttira Y of
such a small molecule or an atom level.

Meanwhile, in the EDX, particles having a size of 0.06
pm or above are analyzed by radiating X-rays to the
particles, and the composition of the particles can be
obtained. From the analysis result of Fig. 4, in the case

of using yttrium oxide Y,0; to form a thermal-sprayed £ilm,

-19-
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the number of particles containing yttrium Y in the total
number of particles (i.e., contribution of Y) was found to
be increased as the number of processed wafers was ihcreased.

On the other hand, in the case of using vyttrium
fluoride YF; to form a thermal-sprayed film, it has been
found that the number of particles containing yttria Y was
not increased even when the number of processed wafers was
increased. ©No yttria Y existed on the wafer, or if any, a
single yttria Y existed on a single wafer. Therefore, it
was proved that when yttrium fluoride YF; was used to form a
thermal-sprayed £ilm, the total number of particles was
small and, particularly, the number of yttria Y in the
particles was considerably small.

The average (Ave SS Result) shown in the center of the
graph indicates the average number of particles having a
size of 0.06 pm or above detected on ten wafers. For
example, in the case of processing 25 wafer while yttrium
fluoride YF; was used to form a thermal-sprayed £ilm, the
total number of particles “10” indicates the total number of
particles detected on 25™ wafer while the total number of
particles detected on ten wafers was 153.

Accordingly, when yttrium fluoride YF; was used to form
a thermal-sprayed film, the number of particles containing
yttrium Y in the total number of particles (i.e.,
contribution of Y) was not increased even 1f the number of

processed wafers was increased, and the number of particles

-20~



10

15

20

25

was considerably small, compared to when yttrium oxide Y,0;
was used to form a thermal-sprayed £ilm. Further, the
number of particles containing yttrium Y on a single wafer
wag 0 or 1 in any of 2000 processed wafers.

(Principle of yttria Y particle generation)

Here, the principle of vyttria Y particle generation
will be described with reference to Figs. 5A and 5B. The
upper image in Fig. 5 shows the case where a thermal-sprayed
film of yttrium oxide Y,0; is formed on inner surfaces of
the processing chamber which are exposed to the plasma, and
the lower image in Fig. 5 shows the case where a thermal-
sprayed film of yttrium fluoride YF; is formed on the inner
surfaces of the processing chamber which are exposed to the
plasma. Both images show how the outermost layer is
transformed (from left to zright) by the plasma of the
halogen-containing gas (here, a fluorine-based gas).

If .yﬁtrium oxide Y,0; shown in the upper image is
exposed to the fluorine-based plasma, yttrium oxide Y,0; is
reduced by the fluorine in the plasma since yttrium oxide
Y,0; is an oxide f£ilm. As a result, the outermost layer is
fluorinated and becomes a Y-O-F layer.

Referring to the physical property data of rare earth
oxides in Fig. 6, the rare earth oxide Y,0; has a density of
5.03 (g/Cm3), whereas fluorinated rare earth YF; has a
density of 4.01 (g/cm’). As can be seen from this physical

property data, when the oxide film of yttria i1s fluorinated
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to be transformed into a fluorine containing compound, the
density of the transformed layer is decreased. At this time,
the volume of the transformed Y-0-F layer is expanded, so
that the surface of the Y-O-F laver is distorted; Hence, a
friction develops between cracks, thereby generating
particles containing Y-O-F. In this state, oxidation and
fluorination are repeated and, hence, particles containing
yttria Y are generated.

On the other hand, since the surface of the yttrium
fluoride YF3; shown in the lower image has been already
fluorinated, the wvolume of the outermost layer 1is not
expanded even if the outermost surface is fluorinated by the
exposufe of the surface of yttrium fluoride YF; to the
fluorine-based plasma. Hence, no friction develops between
the cracks on the surface of yttrium fluoride YF,. Further,
the binding energy of Y-F i1s higher than that of Y-0, so that
the surface of YF; is hardly oxidized.

According to the test result obtained by using a
transmission electron microscope TEM which was performed by
the present inventors, the thickness of the Y-0-F layer
transformed from yttrium oxide Y,0, sho&m. in Fig. 22 was
about 30 nm, whereas the thickness of the Y-0-F layer
transformed from yttrium fluoride YF; shown in Fig. 23 was
about 20 nm or less. This test result shows that yttrium
fluoride YF3; 1s mnot easily transformed and more gtable

compared to yttrium oxide Y,0;. Besides, it has been found
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that yttrium fluoride YF; hardly generates particles.

From the above, it wasg experimentally . and
theoretically found that when the thermal-sprayed film of
yttrium oxide Y,0; was exposed to the fluorine-based plasma,
the friction developed between the cracks and this caused a
generation of dust containing yttria Y. However, when the
surface of yttrium fluoride YF; was exposed to the fluorine-
based plasma, no friction occurred between the cracks and
this caused no generation of dust.

Further, as described above, in the case of yttrium
fluoride YF;, the Y-O-F layer has a thickness of 20 nm or
less, so that the particles generated from the transformed
layer has a size less than 20 nm. In the recent fine
processing, the particles having a size less than 20 nm do
not cause so-called killer defects which cause the line
having a line width of, e.g., 20 nm to be short-circuited.

(Detection of causes of generation of yttria Y)

Next, the present inventors have examined causes of
generation of yttria Y in such a manner that the thermal-
sprayed films of yttrium oxide Y,03;, which were formed on
the plasma-resistant members in the plasma processing
apparatus 10, such as the deposition shield upper portion,
the shutter, the deposition shield lower portion, the baffle
plate, and the ring bottom shield, were individually exposed
by removing covers therefrom.

In other words, as shown in Fig. 7, the thermal-
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sprayed films of yttrium Qxide Y;0; were exposed in the
following order: (1) the entire yttrium oxide Y,0; surface
was exposed; (2) the entire yttrium oxide Y,0; surface was
covered so as not to be exposed; (3) only the yttrium oxide
Y,0; surface of the ring bottom shield was éxposed from the
state cf. (2); (4) the yttrium oxide Y,0; surface of the
baffle plate was further exposed from the state of (3); (5)
the vttrium oxide Y,0; .surface of the deposition shield
lower portion was further exposed from the state of (4); (6)
the vyttrium oxide Y,0; surface of the shutter was further
exposed from the state of (5); and (7) the vyttrium oxide
Y.0; surface of the deposition shield upper portion was
further exposed from the state of (6) (i.e., the same state
as the state of (1)). In this manner, the causes of
generation of yttria Y were examined.

Fig. 8 shows the EDX analysis result obtained in the
case of exposing the vyttrium oxide Y,0; surfaces of the
plasma-resistant members in the order from (1) to (7). The
ratio of particles containing yttria Y with respect to the
total particles 1is expressed as a contribution ratio. When
the exposure to the fluorine-based plasma was carried out in
a state where the yttrium oxide Y,0; surfaces of the other
members (here, the ring bottom shield, the baffle plate, and
the deposition shield lower portion) were exposed to the
fluorine-based, the ratio of particles containing yttria Y

with respect to the total particles was 26%. When the
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exposure to the fluorine-based plasma was carried out in the
state of (6) in which the yttrium oxide Y,0; surface of the
shutter was further exposed»from the state ofv(S), the ratio
of particles containing yttria Y with respect to the total
particles was slightly increased to 29%. When the exposure
to the fluorine-based plasma was carried out in a state of -
(7) in which the vyttrium oxide Y,0; surface of the
deposition shield upper portion was exposed, the’ratio of
particles containing yttria Y with respect to the total
particles was sharply increased to 87%.

The above result shows that, in the plasma processing
apparatus having the configuration shown in Fig. 1, when the
high frequency power for generating plasma of 60 MHz was
applied to the wupper electrode and a gap A (distance from
the electrode plate 15 of the upper electrode to the top
surface of the electrostatic chuck 22) was greater than that
in a plasma processing apparatus shown in Fig. 10 to be
described later, the particles were mainly generated from
the deposition shield upper portion. As a result, it has
been found that the deposition shield wupper portion was
sputtered by the plasma and the yttria Y generated therefrom
caused a contamination.

Therefore, in the respective embodiments of the
present invention, among the inner surfaces of the
processing chamber which are exposed to the plasma, at least

a part of or all of the surfaces between a mounting position
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of the wafer W and an electrode to which the high frequency
power for generating plasma is applied; or at least a part
of‘or all of the surfaces of a facing electrode opposite to
the electrode for the plasma generation need to be coated
with a fluorinated compound. Particularly :].rlw the plasma
processing apparatus having the configuration of Fig. 1, at
least the deposition shield upper portion needs to be coated
with a fluorinated compound. Hence, the generation of
particles containing yttria Y can be substantially prevented.

(Film surface and porosity)

The present inventors have observed surfaces and cross
sections of the thermal-sprayed films of vyttrium oxide Y,0s
and yttrium fluoride YF; by using an SEM (scanning electron
microscope) . As a result, 1t has been found that both
thermal-sprayed f£films have the same surface state. The
porosity of- yttrium oxide Y;0; was 3.3%, and that of yttrium
fluoride YF; was 2.1%. Therefore, the density of the
thermal-sprayed f£ilm of yttrium fluoride YF; was slightly
higher. From the above, it has been proved that the
thermal-sprayed f£ilm of vyttrium fluoride YF; has an
identical or a highér film guality than that of yttrium
oxide Y.0;. |

(Adhesion strength of thermal—sprayed film of YF;)

The present inventors have performed a tension test in
order to examine adhesion strength of the thermal-sprayed

film of yttrium fluoride YF;. In the model at the right
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side of Fig. 9, there is shown a structure of a test sample
used in the tension test, and the table of Fig. 9 shows the
test result of the adhesion strength of the thermal-sprayed
film of yttrium fluoride YF;.

As shown in the model of Fig. 9, the test sample has a
structure in which a surface of an aluminum base is covered
by a thermal-sprayed film (e.g., 300 to 350 um) of yttrium
oxide Y,03 or yttrium fluoride YF; and an adhesive agent is
adhered thereon such that a base on the adhesive agent is
adhered to the thermal-sprayed £ilm. In that state, the
test sample was pulled vertically, and it was examined
whether or not a bfeaking occurred in a position A at an
interface between the thermal-sprayed f£ilm and the aluminum
base, a position B between the thermal-sprayed film layers,
and a position C on an interface between the thermal-sprayed
film and the adhesive agent. | |

As a result, 1in all the five tests, the breaking
occurred in the position A. Further, the average of the
breaking stress was 9.1 MPa in the case of the thermal-
sprayed film of vyttrium oxide ¥,0; and 10.8 MPa in the case
of the thermal-sprayed film of yttrium fluoride YF;, as
shown 1in the table of Fig. 9. From the average of the
breaking stress, it has been found that both films have the
same strength.

As described above, in accordance with the present

embodiment, at least a part of or all of the surfaces
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located between the upper electrode 12 and the mounting
position of the wafer among ,the inner surfaces of the
processing chamber 12 which are exposed to the plasma are
coated with a fluorinated compound in plasma processing
apparatus 10, which includes the processing chamberblz, the
mounting table 20 for mounting thereon a wafer W in the
processing chamber 12, the gas supply source 32 for
introducing a gas including a halogen-containing gas and an
oxygen gas 1into the processing chamber 12, the high
frequency power éource 18 for applying a high frequency
power for generating plasma to the upper electrode 16 in the
prdcéésing.éhamber 12, and the unit for generating a plasma
of the gas including the halogen-containing gas and the
oxygen gas by the high frequency power for generating plasma
and processing the wafer W on the mounting table 20 by the
action of the plasma, as shown in Fig. 1.

In the plasma processing apparatus 10 of the present
embodiment, among the inner surfaces of the processing
chamber which are exposed to the plasma, at least one of ﬁhe
inner surfaces located between the upper electrode 16 and
the mounting position of the wafer W i1s coated with a
fluorinated compound. Further, it has been found from the
result shown in Fig. 8 that it 1s preferable to coat the
deposition shield upper portion 38U with a fluorinated
compound. Instead of the deposition shield upper portion

38U, the surface of at least one of the depogition shield
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lower portion 38L, the shutter 40, the baffle plate 36 or

the ring bottom shield 42 which is exposed to the plasma,

may be coated with a fluorinated compound. The top surface
of the insulating ring 27, which is provided to surround the
peripheral portion of the wafer W mounted on the mounting
table 20, may be coated with a fluorinated film. Moreover,
other chamber wall surfaces may be coated with a fluorinated
compound.

When the inner surfaces of the processing chamber
which are exposed to the plasma are coated with yttrium
fluoride YF; or yttrium oxide Y,0;, the outermost layer is
transformed into a Y-O-F layer by the plasma of the gas
including the halogen-containing gas (here, the fluorine gas)
and the oxygen gas. At this time, in thekcase of using the

thermal-sprayed film of yttrium oxide Y,0;, the Y-0-F layer

- formed on the outermost surface is expanded in volume due to

its lower density compared to vyttrium oxide Y,0; formed
therebelow. As a consequence, the surface of the Y-0-F is
distorted and a friction develops between the cracks,
thereby generating particles containing Y-0-F, asg described
above. By repeating oxidation and fluorination in this
state, particles containing yttria Y are generated.
In,accordance with the plasma processing apparatus 10
of the présent embodiment, the inner surfaces of the
processing chamber which are exposed to the plasma, are

coated with the thermal-sprayed film of yttrium fluoride YFs.
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The outermost layer of the vyttrium fluoride YF; 1is
transformed into a Y-O0-F layer by the plasma of the gas
including the halogen-containing gas (here, the fluorine gas)

and the oxygen gas. The Y-O-F layer formed on the outermost

“surface is not expanded in volume due to its higher density

compared to yttrium fluoride  YFs formed therebelow.
Therefore, no friction develops between the crack$ on the
surface of the yttrium fluoride YF;. Further, the binding
energy of Y-F is higher than that of Y-O, so that the surface
of vyttrium fluoride YF; is mnot easily oxidized. From the
above reasons,' the surface of> yvttrium fluoride YF:; 1is
stabilized, and the number of particles generated on ’the
wafer can be extremely reduced to 0, 1 or 2, as‘shown in the
graph of Fig. 2.

Further, in the case where the yttrium oxide YF; is
transformed into the Y-O-F layer by the plasma of the gas
including the halogen-containing gas (here, the fluorine gas)
and the oxygen gas, the Y-O0-F layer has a thickness of 20 nm
or less. Therefore, even 1if particles are generated from
the transformed Y-O-F layer, the particles may have a gize
less than 20 nm. The particles having a size less than 20
nm do not cause the so-called killer defects which cause the
line having a line width of 20 nm to be short-circuited in
the recent fine processing. Hence, in accordance with the
plasma processing apparatus 10 of the present embodiment,

the number of fine particles can be reduced to almost zero
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during the plasma processing in which a gas including a
halogen-containing gas (here, a fluorine gas) and an oxygen
gas is ihtroduced.

<Second embodiment:

[Schematic configuration of plasma processing

apparatus]

Next, a schematic configuration of a plasma processing
apparatus 50 in accordance with a second embodiment of the
present invention will be described with reference to Fig.
10. Fig. 10 is a vertical cross sectional view showing a
schematic configuration of the plasma processing apparatus
50 of the second embodiment. The ©plasma processing
apparatus 50 of the second embodiment is configured as a
magnetron RIE plasma processing apparatus, and includes a
cylindrical processing chamber 52 made of metal, e.g.,
aluminum, stainless steel or the like. The processing
chamber 52 is grounded.

In the processing chamber 52, the mounting table 60
for mounting thereon the wafer W is provided. The mounting
table 60 is made of, e.g., aluminum, and supported in the
processing chamber 52 via an insulating support member (not
shown) . Provided on a top surface of the mounting table 60
is an electrostatic chuck 62 for holding the wafer W by an
electrostatic adsorptive force. The wafer W is
electrostatically adsorbed on the electrostatic chuck 62 by

a Coulomb force generated with a DC voltage applied from a
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DC power supply 64 to an electrode plate 62a in the
electrostatic chuck 62. The ,wafer W i1s mounted on the
electrostatic chuck 62. A  thermal-sprayed £ilm 67 of
yvttrium fluoride YF; is formed on at least a sidepsurface of
the'electroétatic chuck 62, because the side surface of the
electrostatic chuck 62 1is exposed to the plasma. The
thermal-sprayed film 67 of yvttrium oxide YF; may be formed
on a top surface as well as the side surface or the entire
surface of the electrostatic chuck 62. Particularly, the
top surface of the electrostatic chuck 62 is exposed to the
plasma during the waferless dry c¢leaning WLDC. Thus, by
forming the thermal-sprayed film 67 of yttrium oxide YF: on
the top surface of the’ electrostatic chuck 62, the
generation of @particles containing yttria Y can be
suppressed. :

A high frequency power source 68 is éonnected to the
mounting table 60 via a matching unit (not shown). The high
frequency power source 68 applies a high frequency power of,
e.g., 13.56 MHz for generating plasma, to the mounting table
60. In this manner, the moﬁhting table 60 also serves as a
lower electrode. A gas including a halogen-containing gas
and an oxygen gas is supplied into the processing chamber 12
by a gas supply source (not shown).

A gas exhaust path 74 is formed between a sidewall of
the processing chamber 52 and a sidewall of the mounting

table 20. A Dbaffle plate 76 for gas flow control is
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provided at an upper portion of the gas exhaust path 74.
The baffle plate 76 1is located substantially at the same
level as that of the wafer or the electrostatic chuck 62.

The gas exhaust path 74 is connected to a gas exhaust unit

- (not shown), and a pressure in a processing space in the

processing chamber 52 1is decreased to a predetermined vacuum
level by using a vacuum pump.
Attached to the sidewall of the processing chamber 52

are a deposition shield 78 and a shutter 80 for opening and

closing a loading/unloading opening of the wafer W. A ring -

bottom shield 82 is attached to the sidewall of the mounting
table 20. The surfaces of the - baffle plate 76, the
deposition shield 78, the shutter 80 and the ceiling surface
84 (the upper electrode), which are made of, e.g., aluminum
and exposed to the plasma, are coated with thermal-sprayed
films 90 of yttrium fluoride YFs.

An upper and a lower magnet 92 extending in a ring
shape or a coaxial shape are provided to surround the
processing chamber 52, so that the plasma is controlled by
magnetic force. In the procéssing chamber 52, a vertical RF
electric field 1s formed 1in a plasma generation space
between the ceiling surface 84 and the mounting table 60 by
the high frequency power source 68. A high-density plasma
is generated near the surface of the electrostatic chuck 62
by the high frequency discharge. Due to the action of the

plasma thus generated, the wafer W 1is etched in the

-33 -



10

15

20

25

processing chamber 52.

(Schematic configuration/modification of plasma
processing apparatus)

- The plasma processing apparatus 50 shown in Figf 11 is
different from the plasma processing apparatus 50 shown in
Fig. 10 in that a circular plate-shaped member 94 made of
silicon is formed on a bottom surface of the ceiling surface
84 (upper electrode) so as to face the wafer W. The
thermal-sprayed film of vyttrium fluoride YF; is not formed
on the circular plate-shaped member 94.

In this case, the generation of particles containing
yttria Y can be reliably reduced by forming the thermal-
sprayed film of vyttrium oxide YF; on the inner surfaces
around the circular plate-shaped member 94, which are
exposed to the plasma. Further, when the uppér eieétrode is
made of silicon, the contamination level is decreased by two
order of magnitude (E+10 atm/cm’) compared to when the upper
electrode is made of quartz. Even in this case, yttria Y
may be attached to the wafer. In that case, it is effective
to form the thermal-sprayed film of yttrium oxide YF; on the
depogition shield. | o

(Gap)

In any of the plasma processing apparatuses 50 shown
in Figs. 10 and 11, the gap B between the ceiling surface 84
and the mounting table 60, and the gap B between the

circular plate-shaped member 94 and the mounting table 60
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are small and each corresponds to about 1/4 of the gap A in
the plasma processing apparatus, 10 shown in Fig. 1. In the
plasma processing apparatus 10 shown in Fig. 1 in which the
gap is large, the ground surface, when viewed from the
plasma, with respect to the upper electrode to which the
high frequency power for generating plasma is applied is
mainly the side surface of the plasma generation space, i.e.,
the deposition shield upper portion, above the wafer W.
Thus, ag can be seen from the test result of Fig. 8, the
particles containing yttria Y were mainly generated from the
deposition shield upper portion.

However, in the plasma processing apparatus 50 in
which the gap is small, the lower electrode and the upper
electrode are close to each other, so that the yttria Y is
generated mainly from the wupper electrode that 1is the
electrode opposite to the lower electrode (the mounting
table 60) to which the high frequency power for generating
plasma is applied, as compared with the plasma processing
apparatus 10 of Fig. 1 in which the gap is large.

[Examination of particle generation]

(The number df particles)

Based on the above prediction, the number of particles
being generated was observed by using the plasma processing
apparatus 50 of the second embodiment. Here, as the
sequence of the plasma processing shown in Fig. 122, first,

the maintenance of the chamber, which includes a wet
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cleaning 1in the processing chamber or the 1like, was
performed and then, twenty-five dummy wafers were subjected
to plasma processing while setting an atmdsphere in the
processing chamber (seasoning). Next, a non-plasma particle
cleaning (NPPC) was performed. The recipe for the dummy
wafers -had a single step, and CHF;/CH,/Ar/0, gases were
supplied as a processing gas for the dummy wafers. In the
dry cleaning (DC), O, gas was supplied. Accordingly, the
surface of the processing chamber 12 which was exposed to
the plasma, was repetitively subjected to a cycle of
fluorination and oxidation.

The result of repetition of the above-described plasma
processing is shown in a graph of Fig. 12B. A horizontal

axis and a vertical axis in the graph represent the number

of wafers and the number of particles having a size of 0.06

um or above, respectively.

According to this result, in the case of forming the
thermal-sprayed film of yttrium oxide Y,0;, the number of
particles having a size of 0.06 um or above was rapidly
increased after 1500 wafer was processed as in the first
embodiment. However, in the case of forming the thermal-

sprayed f£ilm of yttrium fluoride YF;, the rapid increase in

~the number of particles having a size of 0.06 um or above

was not observed unlike the case of yttrium oxide Y,0; and
the number of particles stably maintained at 1 or 2 even

after 2000%® wafer was processed.
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This result shows that the particle level in the
thermal-sprayed film of yttrium fluoride YF; was stabilized
at a low level compared to that in the thermal-sprayed film
of yttrium oxide Y.0;. Particularly, it was proved that the
number of particles was rapidly increased after the 1500
wafer was processed in the case of using yttrium oxide Y,0,,
whereas the number of particles was stabilized at a low
level even after the 1500 wafer was processed in the case
of using yttrium oxide YFs.

While the graph of Fig. 12B shows the test result of
particles having a size of 0.06 um or above, the graph of
Fig. 13B shows the test result of particles having a size of
0.035 um or above. A horizontal axis and a vertical axis in
the graph of Fig. 13B indicate the number of wafers and the
number of particles having a size of 0.035 um or above,
réspectively. The graph of Fig. 13B shows the result of the
processing wafers in the sequence of the plasma processing
described in Fig. 13A. The plasma processing seguence shown
in Fig. 13A is the same as that shown in Fig. 122, so that
the description thereof will be omitted.

According to this result, in the case of forming the
thermal-sprayed f£ilm of yttrium oxide Y,0;, the number of
particles having a size of 0.035 um or above as well as the
particles having a size of about 0.06 um or above was
rapidly increased after the 1500 wafer was processed.

However, in the case of using the thermal-sprayed film of
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yttrium fluoride YF;, the number of particles having a size
of 0.035 um was stabilized at about 1 to 3 without béiﬁg
sharply increased even after the 2000"" wafer was processed.
This result shows that the particle level in the thermal-
sprayed f£ilm of yttrium fluoride YF; was stabilized at a
lower level compared to that in the thermal-sprayed film of
yttrium oxide Y,0;.

(EDX and ICP-Mass analysis)

Next, in the plasma processing apparatus 50 of the
second embodiment, the case of using yttrium fluoride YF; to
form a thermal-sprayed film and the case of using yttrium
oxide Y,0; to form a thermal-sprayed film were analyzed by
using ICP-Mass and EDX. The result thereof is shown in Fig.
14.

From the ICP-Mass analysis result, as described in the
first embodiment, it has been found that the analysis values
were not greatly varied either in the case of using yttrium
fluoride YF3; to form a thermal-sprayed f£ilm or in the case
of using yttrium oxide Y03 to form a thermal-sprayed film.
Hence, it has been found that the number of particles on the
entire wafer surface was not considerably changed even after
the number of processed wafers was increased.

Meanwhile, the EDX analysis result shows that when
yvttrium oxide Y,0; was used to form a thermal-sprayed film,
the number of particles containing yttrium Y in the total

number of particles (i.e. contribution of Y) was increased
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ags the number of processed wafers was increased. On the
other hand, when vyttrium fluoride YF; was used to form a
thermal-sprayed £ilm, the number of particles contéining
yvttrium Y was not increased even 1if the number of processed
wafers was increased. If any, a single particle containing
yvttrium Y existed on a single wafer. Accordingly, it was
proved that when yttrium fluoride YF; was used to form a
thermal-sprayed film, the number of particles was small and
the number of particles containing yttrium Y in the
particles was considerably small.

Therefore, in the plasma processing apparatus 50 of
the second embodiment as well as that of the ‘firét
embodiment, when vyttrium fluoride YF; was used to form a
thermal-sprayed film, the particles containing yttrium Y in
the total number of particles (i.e., contribution of Y) was
not increased even as the number of processed wafers was
increased, unlike when yttrium oxide Y,0; was used to form a
thermal-sprayed film. Further, the number of particles was
small, and the number of particles containing yttrium Yvon a
single wafer was about 0, 1, or 2 even after 2000 wafers
were processed.

(Detection of causes of generation of yttria Y)

Next, in the second embodiment, the present inventors
have examined causes of generation of yttria Y by exposing
the thermal-sprayed films of yttrium oxide Y,0;, which were

formed on the plasma-resistant members in the plasma
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processing apparatus 50 of the second embodiment, such as
the deposition shield, the shutter, the baffle plate, and
the upper electrode.

In other words, as shown 1in Fig. 15, the thermal-
sprayed £films of vyttrium oxide Y,0; were exposed in the
following order: (1) the entire surface was exposed to
yttrium oxide Y,0;; (2) the entire surface was covered so as
not to be exposed to yttrium oxide Y,0;; (3) only the
yttrium oxide Y,0; surface of the shutter was exposed from
the state of (2); (4) the yttrium oxide Y,0; surface of the
deposition shield was further exposed from the state of (3);
(5) the yttrium oxide Y,0; surface of the baffle plate was
further exposed from the state of (4); and (6) the yttrium
oxide Y,0; surface of the upper electrode wag further
exposed from the state of (5) (i.e., the same state as the
state (1)). In this manner, the generation causes of yttria
Y were examined.

Fig. 16 shows the EDX result obtained in the case of
exposing the vyttrium oxide Y,0; surfaces of the plasma-
resistant members in the order from (1) to (6) shown in Fig.
15. In this case, yttria Y was not detected when the
exposure to a fluorine-based plasma was carried out in a
state of (3) in which the yttrium oxide Y,0; surface of the
shutter was exposed. When the exposure to a fluorine-based
plasma was carried out in a state of (4) in which the

yvttrium oxide Y;0; surface of the deposition shield was
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exposed, the ratio of particles containing vyttria Y with
respect to the total number of particles was 0.29 %, which
was low. When the exposure to a fluoriné—based plasma was
carried out 1in a state of (5) in which the vyttrium oxide
Y,0; surface of the baffle plate was exposed, the ratio of
particles containing vyttria Y with respect to the total
number of'particies was 0.88%, which was still low.. When
the exposure to a fluorine-based plasma was carried out in a
state of (6) in which the yttrium oxide Y,0; surface of the
upper electrode was exposed, the ratiol‘of particles

containing vyttria Y with respect to the total number of

o\

particles was sharply increased to 98.5
The above result shows that in the plasma processing

apparatus having the configuration shown in Fig. 10, when

the high frequency power for generating plasma of 13.56 MHz - -~

is applied to the lower electrode aﬁd the gap A is smaller
than that in the plasma processing apparatus (see Fig. 1) of
the first embodiment, the particles are mainly generated
from the upper electrode. In other words, the upper
electrode serves as an electrode opposite to an electrode
(the lower electrode in the present embodiment) to which the
high frequency power for generating plasma is applied, and
since the upper electrode 1is sputtered, most o©of the
contamination of yttria Y is caused by the upper electrode.
Therefore, in the respective embodiments of the

present invention, among the inner surfaces of the
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processing chamber which are exposed to the plasma, at least
a part of or all of the surfaces between the mounting
position of the wafer W and an electrode to which the high
frequency power for generating plasma 1s applied; or at
least a part of or all of the surfaces of a facing electrode
opposite to the electrode for the plasma generation need to
be coated with a fluorinated compound. Particularly in the
plasma processing apparatus having the configuration of Fig.
10, at least the upper electrode needs to be coated with a
fluorinated compound. Hence, the generation of particles
containing yttria Y can be substantially prevented.

As described above, in accordance with the present

~embodiment, at least a part of or all of the surfaces

located between the mounting position of the wafer W and the
upper electrodes 84 and 94 among the inner surfaces of the
processing chamber 52 which are exposed to the plasma are
coated with a fluorinated compound in plasma processing
apparatus 10, which includes the processing chamber 52, the
mounting table 60 for mounting thereon a wafer W in the
processing chamber 52, the gas supply source for introducing
a gas including a halogen-containing gas and an oxygen gas
into the processing chamber 52, the high frequency power
source 68 for applying a high frequency power for generating
plasma to the lower electrode (mounting table 60) in the
processing chamber 52, and the unit for generating a plasma

of the gas including the halogen-containing gas and the
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oxygen gas by the high frequency power for generating plasma
and processing the wafer W on the mounting table 20 by the
action of the plasma, as shown in Figs. 10 and 11.

In the plasma‘processing apparatus 10 of the present
embodiment, among the inner surfaces of the processing
chamber which are exposed to the plasma, a part of or all of
the surfaces located between the electrode and the baffle
plate, or a part of or all of the surfaces located between a
facing electrode opposite the above electrode and the baffle
plate may be coated with a fluorinated compound. Further,
it has been found from thé result shown in Figs. 15 and 16
that it is preferable to coat the upper electrodes 84 and 94
with a fluorinated compound. Instead of the wupper
electrodes 84 and 94, the surface of at least one of the
deposition shield, the shutter, or the baffle plate which is
exposed to the plasma may be coated with a fluorinated
compound. Further, a side surface of the electrostatic
chuck 62 or thé side surfacé and a top surface thereof may
be coated with a fluorinated film. Moreover, other chamber
wall surfaces may be coated with a fluorinated compound.

The first and the second embodiment have described the
case of forming thermal-sprayed films of yvttrium fluoride
YF; at the ’membérs in the processing chamber which are
exposed to the plasma in the plasma processing apparatuses

having gap sizes that are different from each other by a

factor of four.
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However, the configuration of the plasma processing
apparatus is not limited to that shown in Figs. 1, 10 or 11.
Therefore, inner surfaces of the processing chambér exposed
to the plasma which will be coated with a fluorinated
compound can be determined depending on the gap‘size from
the mounting table to the ceiling surface of the processing
chamber;

(Variation 1)

Next, examples of the thermal-sprayed film of yttrium
fluoride YF; in the first and the second embodiment will be
described with reference to Figs. 17 to 19. As shown in

Figs. 17 to 19, various examples of forming the thermal-

sprayed film of yttrium fluoride YF; are described. As an

example, 1in Fig. 17, an anodically oxidized alumina Al.0;
120 is directly coated on an Al base 110 forming a chamber
wall or the 1ike of the processing chamber; and a thermal-
sprayed film of vyttrium oxide Y03 130 isgs formed thereon;
and, then, a thermal-sprayed film of yttrium fluoride YF,
100 i1s formed on the outermost lavyer. Here, the vyttrium

oxide Y,0; 130 has a thickness of 190 um, and the yttrium

- fluoride- YF; 100 has a thickness of 10 um. When the

thermal-sprayed films are made of the yttrium oxide Y,0; 130

and the yttrium f£fluoride YF; 100, the thickness of the
yvttrium fluoride YF; 100 with respect to the total thickness
of 200 um is less than 200 um. More preferably, the yttrium

fluoride YF; 100 may have a thickness ranging from 100 nm to
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50 pm and the yttrium oxide Y,0; 130 may have the remaining
thickness out of the total thickness of 200 um.

Further, as another example, in Fig. 18, the
anodically oxidized alumina Al,0; 120 is directly coated on
the Al base 110 forming the chamber wall or the like of the
processing chamber and then, the thermal—sprayed film of .
yvttrium fluoride YF; 100 1is formed thereon. Here, the
vttrium fluoride YF; 100 has a thickness of 200 um.

Further, as still another example, in Fig. 19, the
thermal-sprayed film of the yttrium fluoride YF: 100 may be
directly formed on the Al base 110. Here, the vyttrium
fluoride YF; 100 has a thickness of 200 um.

As described above, the yttrium fluoride YF; 100 may be

formed on the metal base directly or on the outermost layer

through one or more insulating films. Further, the yttrium
fluoride YF; 100 may be formed on the Al base directly or on
the base of the alumina Al,0; film or the yttrium oxide Y,0s
film to obtain the withstand voltage of the component.

By forming the yttrium fluoride YF; 100 on the
outermost layer, the generation of particles containing
yvttria 'Y can be suppressed. Particularly, since the
thermal-sprayed £film has & two-layer gtructure of the
yttrium oxide Y,0; 130 and the yttrium fluoride YF; 100 as
shown i1in Fig. 18, the cost and the withstand voltage
guitable for conventional products can be obtained, thus

making the installation easy.
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(Variation 2)
In the above embodiments, yttrium fluoride YF; has been
described as an example of a fluorinated compound. However,

another fluorinated compound may also be used in the plasma

processing apparatus of each of the above embodiments. For

example, the material forming the fluorinated compound may
include a rare earth element, or an alkaline earth element
containing Ca or Mg. |

As for the thermal spraying material, a rare metal
fluorinated compound with plasma resistance may be used
other than yttrium fluoride YF;. The material forming the
fluorinated compound may contain any one of Y, Ce, Eu, Sm,
Yb, Dy, Gd, Ca, and Mg. For example, referring to the data
of Fig. 6, rare earth fluorides YF;, CeFi;, SmF:, EuF:, GdF.,
DyF;, ErF; and YDbF; have lower densities compared to rare
earth oxides Y,03, Cey0;, 8my0;, Euz03;, Gdp03;, Dy.03;, Er,0; and
Yb,0;. In other words, the thermal-sprayed films made of
those compounds are not expanded in volume. Hence, as can
be seen from the principle of particle generation, no
friction develops between the cracks in the case of the
thermal-sprayed films made of those compounds, and the
generation of particles can be effectively suppressed. For
example, a fluorinated compound containing Ce, Sm and Yb may
be used instead of Y. Specifically, it is preferable to use
SmF;, GdF;, DyFs;, YbF; or the like that is not expanded in

volume and has an equal or higher plasma resistance than
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that of vyttrium oxide Y,0;. Further, the references of Fig.
6 are (1) SCIENCE OF RARE EARTH (Ginya Adachi, Kagaku-Dojin
Publishing Co., Inc., 1999) and (2) THE HANDBOOK OF OXIDE,
Physical-Chemical properties, Samsonov (1978).

Fig. 20 shows an evaluation of the plasma-resistance
of each of the rare metal thermal-sprayed £films. Here,
CF,/Ar/0, gases were supplied, and the plasma processing was
performed for 10 hours under the conditions that the inside
of the processing chamber had been cleaned without deposits.
Then, the step height was measured by a laser displacement
sensor. Fig. 20 shows the amount of abrasion (etching rate)
per hour. Particularly, referring to the abrasion amount of
the materials which is an indicator of the plasma resistance
in Fig. 20, Dy,0; and Yb,0; have high abrasion resistance and
high plasma resistance. Therefore, it is preferable to use
fluorinated compounds of Dy,0; and Yb,0;, i.e., DyF; and YbF;
to thereby suppress the generation of particles containing
yttria Y and to make it difficult to be consumed by the
plasma attack. GdF; and SmF; have substantially the same
abragion amount as that of Y;0; and thus, the plasma-
resistance thereof is practically applicable. Accordingly,
GdF; and SmF; may be used, instead of yttrium fluoride YFs,
in the plasma processing apparatus.

The histogram of Fig. 21 shows the ratio of the
abrasion amount of materials relative to single crystalline

gsilicon Si on the assumption that the abrasion amount of
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single crystalline silicon Si is 100. Referring thereto,
Ces05, Eu,03;, Gd;0; and Dy,0; have substantially the same or
smaller abrasion amount as that of vyttrium oxide Yb203.
Therefore, Ce,0;, Eu;0;, Gd,0;, and Dy,0:; can be used, instead
of vyttrium fluoride YF;, in the plasma processing apparatus.
Moreover, a fluorinated compound CaF,; of Ca as an alkaline
earth element has a smaller abrasion amount relative to
single crystalline silicon Si and thus is considered as a
material having a high plasma resistance. Further, CaF, is
suitable for suppressing the generation of particles
containing vyttria Y. MgF, may provide the same effect.

Therefore, the material of the fluorinated compound
may be YF; or a fluorinated compound that does not contain Y.
If the material of the fluorinated compound does not contain
Y, the particles containing yttria Y are not generated.

Further, the material of the fluorinated cdmpound”may
be fluorinated compounds of Al and Si.

(Test of thermal-sprayed f£ilm of YF;)

Various tests on the thermal-sprayed f£ilms of YF; in
the above respective embodiments were carried out. First,
the surface roughness R of the thermal-sprayed £ilm of YF;
was tested. Figs. 24 and 25 show examples of surface SEM
images of the thermal-sprayed £films of YF; having different
surface roughnesses after being melted by using energy rays
such as electron beams or the like and recrystallizing the

melted films in one embodiment of the present invention.
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Fig. 24 shows the surface SEM image of the thermal-sprayed
films of YF; having a surface rqughness Ra of 10.2. Fig. 25
shows the surface SEM image o©of the thermal-sprayed films of

YF; having a surface roughness Ra of 5.4. In the case of the

surface roughness Ra of 10.2 ghown in Fig. 24, a non-

densified defective portion T was generated on the
recrystallized surface of the thermal-sprayed film of YF;.
On the other hand, in the case of the surface roughness Ra
of 5.4 ghown in Fig. 25, the recrystallized surface of the
thermal-sprayed f£ilm of YFE was densified and smooth.

The above test results show that when the surface of
thejthermal—sprayed film of YF; is rough, the melting and
the recrystallization of YFg are not uniformly performed and
thus, a non-densified portion may be generated. Therefore,
the surface layer of the thermal-sprayed f£ilm of YF; before
being melted needs to be densified to a certain level. It
has been found based on the results shown in Figs. 24 and 25
that the surface roughness Ra of the thermal-sprayed film of
YF; is preferably 7.0 or less.

Next, the porosity of the thermal-sprayed £ilm of YF;
was examined. Figs. 26 andw 27 show cross-gectional SEM
images of the thermal-sprayed films of YF; having different
cross-sectional ©porosities aﬁter recrystallizing in one
embodiment of the present invention. Fig. 26 shows a cross-
sectional SEM image of the thermal-sprayed f£ilm of YF;

having a cross sectional porosity of 12.8%. Fig. 27 shows a
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cross-sectional SEM image of the thermal-sprayed f£film of YF;
having a cross sectional porosity of 3.2%. In the case of
the cross sectional porosity of“12.8% shown in Fig. 26,
peeling R developed on a part of the‘fecrystallized thermal-
sprayed film of YF;. On the other hand, in the case of the
cross sectional porosity of 3.2% -shown in Fig. 27, the
surface layer of the recrystallized thermal-sprayed film of
YF; was densified and smoothened and, thus, no defect such
as peeling or the like developed. As can be seen from the
above test results, if thé thermal-sprayed film of YF;
before being melted has high porosity, the £ilm is
recrystallizea in a sfate where pores are connected to one
another by the melting of YF;. As a result, cavities occur
on a part of the thermal-sprayed film of YF;, and the
peeling R develops.

Further, a test fdf ékamining relationship between the
porosity of the thermal-sprayed film of YF; and the
occurrence of white marks and peeling was performed. The
result thereof is shown in Fig. 28. When the porosity was
in a range from 3% to 7%, mno white marks or peeling
developed on the surfacéilayer of the thermal-sprayed £f£ilm
of YF;. -On the other hand, when the porosity was in a range
from 9% to 15%, white marks or peeling developed on the
surface layer of the thermal-sprayed f£ilm of YF;.

The examples of existence and non-existence of white

marks are shown in, e.g., Figs. 29 and 30. Figs. 29 and 30
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show examples of SEM images of the surface layers of the
thermal-sprayed films of YF; after melting the thermal-
sprayed films of YF; Dby using electron  beams and
recrystallizing the melted films. Fig. 29 shows the case in
which no white marks are geﬁerated, and Fig. 30 shows the
case in which white marks S are ggperated. If the thermal-
sprayed film of YF; before being melted has non-densified
portions, a part of the thermal-sprayed film of YF; is not
melted when electron beams are irradiated, and such part
remains as the non-densified region on the surface layer of
the thermal-sprayed film of YF; after recrystallization.
The white marks S8 correspond to such non-densified portions
on the surface of the thermal-sprayed film of YFs. Since
the thermal-sprayed £ilm of YF; having the white marks is
soft, particles may be easily generated and plasma
resistance may be decreased.

(Transformation test of thermal-sprayed £ilm of YF; by
plasma)

A transformation test of the thermal-sprayed f£ilm of
YF; by a'plasma was performed. This test was compared with
the transformation test of the thermal-sprayed film of Y,0;
by a plasma. Fig. 31 shows the comparison result between
the thermal-sprayed films of YF; and Y,0; after an exposure
to a plasma of a halogen-containing gas of CF, and a plasma

of an 0O, gas.

The uppermost portion of Fig. 31 shows cross-sectional
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TEM images of surface layers of the coating films.
Referring thereto, in the case of exposing the thermal-
sprayed film of VY.0; to the plasma, the outermost léyer
thereof was transformed to a depth of about 42 nm to be
transformed into a Y-O-F layer. On the other hénd, in the
cagse of exposing the thermal-sprayed film of YF; to the
plasma, the outermost layer thereof was transformed to a
depth of 15.6 nm to be transformed into a Y-O-F layer. In
other words, the thickness of the Y-O-F layer which was the
outermost layer of the thermal-sprayed f£ilm of YF; was 1/3
of that of the Y-O-F layer which was the outermost layer of
the thermal-sprayed film of Y,0;.

Therefore, for the problem of a generation of dust
from the Y—0-F layer, the following conclusions can be
deduced. Since the thickness of the Y-0O-F layér of the
thermal-sprayed £film of YF; was thin, the generated
particles had sizes smaller than 20 nm, which did not affect
the process. On the contrary, since the thickness of the Y-
O-F layer of the thermal-sprayed film of Y,0, was thick, the
generated particles had sizes greater than 20 nm, thus
affecting the process.

The center portion of Fig. 31 shows sputter rates of
base layers and Y-O-F layers of the coating films.
Referring thereto, a sputter rate of the Y-0O-F layer was
highest when the base layer was the thermal-sprayed film of

Y,0;. In other words, in the case where the base layer was
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the thermal-sprayed f£ilm of Y,0;, the Y-0O-F layer that had
been transformed by exposure to the plasma was soft and
easily abraded. Therefore, it has been found that particles
were easily generated and plasma resistance was decreased.

On the other hand, a sputter rate of the Y-O-F layer
was low when the base layer was the thermal-sprayed film of
ny In other words, in the case where the base layer was
the thermal-sprayed film of YF;, the Y-O-F layer that had
been transformed by exposure to the plasma was hardened due
to its high density and was not easily abraded. Therefore,
it has been found that particles were hardly generated, and
plasma resistance was increased.

The lowermost part of Fig. 31 shows XPS (X-ray Photo
electron Spectroscopy) spectrums indicating the composition
of surface layers of the coating films. Referring thereto,
in the surface layer of the thermal-sprayed £ilm of Y,03;, a
large amount of the thermal-sprayed £film of Y,0; was
transformed into the Y-O-F at a depth of Z. The portion
where the amount of transformation into the Y-O-F layer was
large became particularly soft, so that it was expected that
dust from the Y-O-F layer was easily generated in that
portion.

On the other hand, in the thermal-sprayed film of YF;,
the portion where the amount of transformation from the
thermal-sprayed £ilm of YF; into the Y-0-F layer was

extremely large was not observed. In other words, the Y-O-F
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layer of the thermal-sprayed film of YF; was thinner and
denser than the Y-O0-F layer of the thermal-sprayed film of
Y,0;, so that dust was hardly generated. Further, even if
the dust was generated, the sizeg of partiéles were smaller
than about 20 nm, which did not affect the process. From
the above, 1t 1s clear that the Y-0-F layer, which was
transformed from a base layer of a thermal-sprayed film of
YF;, had a high plasma resistance and, thus, dust generation
was suppressed. Further, even i1f the dust was generated, it
did not affect the process. For that reason, the Y-O-F
layer of the thermal-sprayed film of YF; can be effectively
used as a coating f£ilm.

In Fig. 32, a pailr of left bar graphs and a pair of
right bar graphs show results of sputtering of the Y-0O-F
layers on the surfaces of the coating films, which were
formed by thermal spraying and PVD (physical wvapor
depogition) by the plasma of Ar gas, respectively. In each
of the pair of left bar graphs and the pair of right bar
graphs, a left bar shows the case of Y,0; and a right bar
shows the case of YF;. Further, the graphs of Fig. 32
respectively show, from top to bottom, the thicknesses, the
sputtering time and the sputtering rates of the Y-O-F layers
of the thermal-sprayed £films after the exposure to the
plasmas of a CF, gas as a halogen-containing gas and an O,

gas.

Referring to this, in both of the thermal spraying and
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the PVD, the thermal-sprayed film of YF; has a thinner Y-O-F
layer and a lower sputtering rate compared to the thermal-
sprayed film of ¥Y,0;. In other words, it is clear that the
thermal-sprayed £ilm of YF; 1s not easily transformed
compared to the thermal-sprayed £ilm of Y,0;, and the
transformed Y-O-F layer is not easily sputtered.

It is also clear that the coating film formed by the
PVD has a thinner Y-O-F layer and a lower sputtering rate
compared to the coating film formed by the thermal spraying.
In other words, the cocating film formed by the PVD is not
easily transformed compared to the coating f£ilm formed by
the thermal spraying, and the transformed Y-O-F layer is not
easily sputtered.

In other words, the various characteristics of the Y-
O-F layer obtained depending on the f£ilm quality or the
crystal structure of the thermal-sprayed film serving as a
base layer formed by thermal spraying or the film formed by
PVD or CVD (Chemical vapor Deposition) can be used. In the
present embodiment, the film of YF; having a surface
roughness Ra of 7.0 or less and a film cross section
porosity of 8.0 % or less 1is <formed by using highly
developed thermal spraying technique, PVD or CVD.
Accordingly, no defects such as white marks, peeling and the
like develop on the surface layer of the film of YF;, and
the high plasma resistance is ensured. Further, the Y-0-F

layer as the surface layer of the film of YF; is thin and
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hard, so that dust is hardly generated. Even if the dust is
generated, it will have no effect on the process since the
particles generated during the process are smaller than
about 20 nm.

From the above, it~ “has been proved that the
transformed Y-O-F layer of the thermal-sprayed £film of YF;
has superior characteristics than those of the transformed
Y-O-F layer of the thermal-sprayed £ilm of Y,0;. Further, it
has been proved that there are various methods for forming
the Y-O-F layer depending on the film quality or the crystal
structure of the thermal-sprayed film. As a regult, it has
been found that it is preferable that the thermal-sprayed
film of YF;, having a surface roughness Ra of 7.0 or less
and a film cross section porosity of 8.0% or less, is formed
and an outermost layer thereof is transformed by the plasma
to thereby form a Y-O-F layer. In this example, CF, gas has
been described as an example of a halogen-containing gas.
However, the halogen-containing gas,is‘not limited thereto,
and may be a single gas such as HBr gas or Cl, gas. A
gaseous mixture of two or more gases selected among CF; gas,
HBr gas and Cl, gas may be used for the halogen-containing
gas. In that case, the Y-O-F layer as a transformed layer
further contains Cl or Br.

<Conclusion>

While the embodiments of the plasma processing

apparatus and the plasma processing method of the present
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invention have been described in detail with reference to
the accompanying drawings, the present invention is not
limited thereto. It will be understood by those skilled in
thé art that various changes and modifications may be made
without departing from the scope of the invention as defined
in the following claims. It 1s obvious that such changes
and modifications are also included in the technical range
of the plasma processing apparatus and the plasma processing
method of the present invention.

For example, in the present invention, the fluorinated
compound formed on the surface exposed to the plasma is not
limited to a thermal-sprayed film formed by thermal spraying
or plasma spraying, and may also be formed by CVD or PVD.
The fluorinated compounds thereof may be laminated by CVD or
PVD,

‘The outermost layer of the fluorinated compound may be
melted by irradiation of energy rays and then recrystallized.
Accordingly, the generation of particles may be further
suppressed. |

The plasma processing of the present invention which
is performéd by the plasma processing apparatus is not
limited to etching, and may also be film formation, ashing,
sputtering or the like.

The ©plasma processing apparatus of the present
invention is not 1limited to a parallel plate type plasma

processing apparatus and may also be used for an a
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semiconductor manufacturing apparatus having an antenna
electrode opposite to a lower, electrode, such as an ICP
(inductively coupled plasma) semiconductor manufacturing
apparatus, a microwave semiconductor manufacturing apparatus
for generating a microwave excitation surface wave plasma
including an SPA (Slot Plane Antenna) plasma; or a microwave
plasma generated by a radial line slot antenna.

When the film thickness of the fluorinated compound 1is
300 um or above, the fluorinated compound is easily peeled
off from the base layer due to the thermal expansion
difference between the film of the fluorinated compound and

the base layer. Thus, the film thickness of the fluorinated

compound is preferably less than 300 um, and more preferably

less than 200 pm.

The target object to Dbe processed in the present
invention 1s mnot limited to a (semiconductor) wafer
described in the above embodiments, and may also be, é.g., a
large-scale substrate such as a flat panel display, an EL
device or a substrate for a solar cell.

This PCT application claims priority to Japanese
Patent Application No. 2011-2658%97 filed on December 5, 2011
and Japanese Patent Application No. 2012-259114 filed on
November 27, 2012, the entire contents of which are

incorporated herein by reference.
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16
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380
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78
84

94

50

52
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plasma processing apparatus
processing chamber

upper electrode

high frequency power souxrce
mounting table (lower electrode)
electrostatic chuck

focus ring

thermal-sprayed film

gas supply source

baffle plate

deposition shield upper portion

deposition shield lower portion

ring bottom shield
deposition ghield
ceiling surface (upper electrode)

circular plate-shaped member
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Claims:

1. A plasma processing apparatus for generating a plasma of a gas and
performing a plasma processing on a target object to be processed by an action of
the plasma, comprising:

a depressurizable processing chamber;

a lower electrode, provided in the processing chamber, serving as a
mounting table for mounting thereon the target object;

a facing electrode, serving as an upper electrode or an antenna electrode,
provided at the processing chamber so as to be opposite to the lower electrode;

a gas supply source for introducing a gas including a halogen-containing
gas and an oxygen gas into the processing chamber; and

a plasma generation unit for generating a plasma of the gas including the
halogen-containing gas and the oxygen gas in the processing chamber,

wherein, among inner surfaces of the processing chamber which are
exposed to the piasma of the gas including the halogen-containing gas and the
oxygen gas, at least a part of or all of the surfaces between a mounting position of
the target object and the facing electrode; or at least a part of or all of the surfaces
of the facing electrode are coated with a fluorinated compound,

wherein the fluorinated compound contains YF3, and

wherein an outermost layer of the fluorinated compound is transformed into
a transformed layer containing Y, O and F or containing Y, O, F and at least one of

Cl and Br by the plasma of the gas including the halogen-containing gas and the

oxygen gas.

2. The plasma processing apparatus of claim 1, wherein the transformed layer

has a thickness of 20 nm or less.
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3. The plasma processing apparatus of claim 1, wherein the fluorinated
compound is formed by a thermal spraying, a physical vapor deposition, or a

chemical vapor deposition.

4. The plasma processing apparatus of claim 1, wherein the material of the

fluorinated compound contains Al or Si.

5. The plasma processing apparatus of claim 1, wherein the fluorinated
compound is directly formed on a metal base, or the fluorinated compound is

formed on an outermost layer through one or more insulating films.

6. The plasma processing apparatus of claim 5, wherein the fluorinated
compound is directly formed on any one of an Al base, an Y03 film, or an Al,O3

film.

ocessing apparatus of claim 1, wherein the fluorinated
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compound has a film thickness smaller than 300 ym.

8. The plasma processing apparatus of claim 1, wherein the fluorinated

compound has a film thickness smaller than 200 ym.

9. The plasma processing apparatus of claim 1, wherein an outermost layer of
the fluorinated compound is melted by an irradiation of energy rays and then

crystallized.

10. The plasma processing apparatus of claim 1, wherein, among the inner
surfaces of the processing chamber which are exposed to the plasma, a part of or

all of the surfaces located between the facing electrode and a baffle plate are
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coated with the fluorinated compound.

1. The plasma processing apparatus of claim 1, wherein, among the inner
surfaces of the processing chamber which are exposed to the plasma, an inner
surface to be coated with the fluorinated compound is determined by a gap

between the mounting table and a ceiling surface of the processing chamber.

12. The plasma processing apparatus of claim 1, wherein a surface of at least
one of a deposition shield, a shutter, a baffle plate, or a ring bottom shield provided
in the processing chamber, the surface being exposed to the plasma of the gas
including the halogen-containing gas and the oxygen gas, is coated with the

fluorinated compound.

13. The plasma processing apparatus of claim 1, wherein a side surface of an
electrostatic chuck on the mounting table is coated with the fluorinated compound,
or the side surface and a top surface of the electrostatic chuck are coated with the

fluorinated compound.

14. The plasma processing apparatus of claim 1, wherein a top surface of a
focus ring provided to surround a peripheral portion of the target object mounted on

the mounting table is coated with the fluorinated compound.

15. A plasma processing method for use with a plasma processing apparatus
which includes a depressurizable processing chamber; a lower electrode provided
in the processing chamber and serving as a mounting table for mounting thereon a
target object to be processed; a facing electrode, serving as an upper electrode or
an antenna electrode, provided in the processing chamber so as to be opposite to

the lower electrode; a gas supply source for introducing a gas including a halogen-
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containing gas and an oxygen gas into the processing chamber; and a plasma
generation unit for generating a plasma of the gas including the halogen-containing
gas and the oxygen gas in the processing chamber, the plasma processing method
comprising:

introducing the gas including the halogen-containing gas and the oxygen
gas from the gas supplying source into the processing chamber in which, among
inner surfaces of the processing chamber which are exposed to the plasma of the
gas including the halogen-containing gas and the oxygen gas, at least a part of or
all of the surfaces between a mounting position of the target object and the facing
electrode; or at least a part of or all of the surfaces of the facing electrode are
coated with a fluorinated compound;

generating the plasma of the gas including the halogen-containing gas and
the oxygen gas by using the plasma generation unit; and

performing a plasma processing on the target object mounted on the
mounting table by an action of the plasma of the gas including the halogen-
containing gas and the oxygen gas,

wherein a material forming the fluorinated compound contains YF3;, and

wherein an outermost layer of the fluorinated compound is transformed into
a transformed layer containing Y, O and F or containing Y, O, F and at least one of
Cl and Br by the plasma of the gas including the halogen-containing gas and the

oxygen gas.

16. The plasma processing apparatus of claim 1, wherein a thermally sprayed
film of Y,O5 is formed beneath the fluorinated compound, and a thickness of the
fluorinated compound is equal to or less than that of the thermally sprayed film of

Y203.

17. The plasma processing apparatus of claim 1, a surface roughness of the
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fluorinated compound is equal to or less than 7.0 ym.

18. The plasma processing apparatus of claim 1, a porosity of the fluorinated

compound is in a range from 3% to 7%.

19. The plasma processing apparatus of claim 15, wherein a thermally sprayed
film of Y,03 is formed beneath the fluorinated compound, and a thickness of the

fluorinated compound is equal to or less than that of the thermally sprayed film of

Y20s.

20. The plasma processing apparatus of claim 15, a surface roughness of the

fluorinated compound is equal to or less than 7.0 um.

21. The plasma processing apparatus of claim 15, a porosity of the fluorinated

compound is in a range from 3% to 7%.
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