
1 5 Description PLASMA THIN-FILM DEPOSMON METHOD Technical Field The
present invention relates to a plasma thin-film deposition method for
depositing a fluorine containing carbon film, which can be used as, e.g.,
an interlayer insulator film of a semiconductor device, by a plasma
treatment. 10Background Art       In order to achieve the high integration
of a semiconductor device, it has been developed to provide devices, such
as the scale down of a pattern and the multflayering of a circuit. As one
of such devices, there is a technique for multilayering wirings. In order
to provide a 15 multi-layer metallization structure, a number n wiring
layer and a number (n+1) wiring layer are connected to each other by means
of a conductive layer, and a thin-film called an interlayer insulator film
is formed in a region other than the conductive layer. A typical interlayer
insulator film is an Si02 film In recent 20 years, in order to more
accelerate the operation of a device, it has been required to reduce the
relative dielectric constant of the interlayer insulator film, and the
material of the interlayer insulator film has been studied. That is, the
relative dielectric constant of an SiO2, film is about 4, and it has been
diligently studied to dig up materials having a smaller 25 relative
dielectric constant than that of the SiO, film As one of such materials, it
has been studied to put an SiOF film having a relative dielectric constant
of 3.5 to practical use. The inventor has taken notice of a fluorine
containing carbon film (which will be hereinafter referred to as a "CF
film") having a still smaller relative dielectric 30 constant. The CF film
is deposited by means of, e.g., the thermal CVD (Chemical Vapor Deposition)
or the plasma CVD.       Therefore, the inventor has intended to produce a
CF film having high adhesion and hardness using a plasma system for
producing a plasma by the electron cyclotron resonance, using gases 35
containing, e.g., a compound gas of carbon (C) and fluorine (F) and a
hydrocarbon gas, as thin-film deposition gases, on various process
conditions.  



2        However, the CF film has the following problems. FIG. 6 shows a
part of a circuit part formed on a wafer, wherein reference numbers 11 and
12 denote CF films, 13 and 14 denoting conductive layers of W (tungsten),
15 denoting a conductive layer of Al (aluminum), 5 16 denoting an Si02
film, into which P and B have been doped, and 17 denoting an n-type
semiconductor region. The W layer 13 is formed at a process temperature of
400 to 450C. At this time, the CF films 11 and 12 are heated to the process
temperature. However, if the CF films are heated to such a high
temperature, a part of C-F bonds are cut, so 10 that F containing gases are
mainly desorbed. The F containing gasses include F, CF, CF2 gases and so
forth.        If the F containing gases are thus desorbed, there are the
following problems. (a)The metal wirings of aluminum, tungsten and so forth
are 15 corroded. (1D)Although the insulator film also has the function of
pressing the aluminum wiring to prevent the swell of aluminum, the pressing
force of the insulator film on the aluminum wiring is decreased by
degassing. As a result, the aluminum wiring swells, so that an 20
electrical defect called electromigration is easily caused.  (c) The
insulator film cracks, so that the insulation performance between the
wirings gets worse. When the extent of the crack increase's, it is not
possible to form a wiring layer at the next stage.       (d) If the amount
of desorbed F increases, the relative dielectric 25 constant increases.
Disclosure of the Invention       It is therefore an object of the present
invention to eliminate the aforementioned problems and to provide a plasma
thin-film deposition method capable of depositing an insulator film of a CF
film, which has 30 strong bonds and high thermostability, e.g., an
interlayer insulator film of a. semiconductor device.        According to
one aspect of the present invention, according to a first aspect of the
present invention, a plasma thin-film deposition method comprises the steps
of: activating a thin-film deposition gas 



35 containing a compound gas of carbon and fluorine and an oxygen
containing gas to form a plasma; and depositing a fluorine containing
carbon film on a substrate to be treated, with the plasma  3        The
oxygen containing gas may be carbon monoxide gas. Alternatively, the oxygen
containing gas may be carbon dioxide gas. The oxygen containing gas may
also be oxygen gas. In addition, the oxygen containing gas may be water
gas. Moreover, the oxygen 5 containing gas may be hydrogen peroxide gas.
The thin-film deposition gas may include a hydrocarbon gas. In addition,
the thin-film deposition gas may be activated by the interaction between a
microwave and a magnetic field to form a plasma. According to a second
aspect of the present invention, a plasma 10 thin-film deposition method
comprises the steps of: activating a thin-film deposition gas containing a
compound gas of =bon and fluorine and a silicon containing gas to form a
plasma; and depositing a fluorine containing carbon film on a substrate to
be treated, with the plasma The silicon containing gas may be a compound
gas of silicon and 15 hydrogen. Alternatively, the silicon containing gas
may be a compound gas of silicon and fluorine.        According to the
second aspect of the present invention, a plasma thin-film deposition
method comprises the steps of: activating a thin-film deposition gas
containing a compound gas of carbon and 20 fluorine, a hydrocarbon gas and
silicon gas to form a plasma; and depositing a fluorine containing carbon
film on a substrate to be treated, with the plasma. The thin-film
deposition gas may include a hydrocarbon gas. The silicon containing gas
may be a compound gas of silicon and hydrogen. Alternatively, the silicon
containing gas may 25 be a compound gas of silicon and fluorine.
According to a third aspect of the present invention, a plasma thin-film
deposition method comprises the steps of: activating a thin-film deposition
gas containing C4F8 gas and acetylene gas to form a plasma; and depositing
a fluorine containing carbon film on a substrate 30 to be treated, with the
plasma The flow ratio of C4F8 gas to acetylene gas may be 4/7 -C4F8
gas/acetylene gas 1. According to a fourth aspect of the present invention,
a plasma thin-film deposition method comprises the steps of: activating a
thin- film deposition gas containing C4F8 gas, acetylene gas and hydrogen
gas 35 to form a plasma; and depositing a fluorine containing carbon film
on a substrate to be treated, with the plasma, wherein the flow ratio of
C4F8 



gas to acetylene gas is 0.7 :5C,F8 gas/acetylene gas -4/3, and the flow  4
ratio of the mixed gas of C4F8 gas and acetylene gas to hydrogen gas is 1
5..the mixed gas/hydrogen gas3.        According to the first through
fourth aspects of the present invention, it is possible to produce a CF
film which has high 5 thermostability and small desorption of F containing
gases. Therefore, if this CF film is used as, e.g., an interlayer insulator
film of a semiconductor device, it is possible to prevent the corrosion of
a metal wiring, the swell of an aluminum wiring and the crack of the film
Since the scale down and accelerating of semiconductor devices have 10 been
required and since CF films have been widely noticed as insulator films
having a small relative dielectric constant, the present invention, is
effective in the practical use of CF films as insulator films Brief
Description of the Drawings           FIG. 1 is a longitudinal section of
an example of a plasma 15 treatment system for carrying out a method
according to the present invention;        FIG. 2 is a schematic diagram
for explaining the graphite structure;              FIG. 3 is a schematic
diagram for explaining the diamond 20 structure;        FIG. 4 is a
schematic sectional view of a measuring device for examining the variation
in weight of a thin-film;        FIG. 5 is a characteristic diagram showing
the Raman spectrum of a CF film; 25FIG. 6 is a structural drawing showing
an example of the structure of a semiconductor device; FIG. 7 is a
characteristic diagram showing the TDS spectrum of a CF film when Sikl, gas
is added as a thin-film deposition gas; FIG. 8 is a characteristic diagram
showing the TDS spectrum of 



30 a CF film when SiH4 gas is not added as a thin-film deposition gas; FIG.
9 is a characteristic diagram showing temperature conditions in the TDS
spectrum;        FIG. 10 is a schematic diagram for explaining the
operation of the third preferred embodiment according to the present
invention; 35FIG. 11 is a characteristic diagram showing the variation in
weight when the flow rate (sccm) of C2H2 gas varies; FIG. 12 is a
characteristic diagram showing the variation in  5 weight when the flow
rate (scam) of H2 gas varies;       FIG. 13 is a characteristic diagram
showing the relationship between the variation in weight and the flow ratio
of C4F8 gas and C2H2 gas when the flow rate of H2 gas is constant;
FIG. 14 is a sequence diagram in the fourth preferred embodiment of the
present invention;       FIG. 15 is a schematic diagram for explaining
bonds existing in a CF film;           FIG. 16 is a characteristic diagram
the relationship between 10 plasma producing gases and the variation in
thermogravity of a CF film; FIG. 17 is another example of a sequence
diagram in the fourth preferred embodiment of the present invention;
FIG. 18 is a characteristic diagram showing the ionization potentials and
voltages at the minimum excitation level of rare gases; 15 FIG. 19 is a
characteristic diagram showing the relationship between plasma producing
gases and the presence of plasma production;       FIG. 20 is a diagram
showing the variation in weight of a CF film when the flow rate (scam) of
CO varies; 



20FIG. 21 is a diagram showing the intensity distributions in spectra of
out gases when the flow rate (sccm) of CO gas varies;       FIG. 22 is a
diagram showing the intensity of an F out gas (a.u.) (TDS spectrum), which
is shown on the left axis of ordinates, with respect to time (min) when the
stage temperature (C) rises with respect 25 to time (min) as shown on the
right axis of ordinates in a case where the flow rate (seem) of CO gas
varies;       FIG. 23 is a diagram showing the variation (%) in weight of a
CF film when the flow rate (scan) of CO, gas varies; FIG. 24 is a diagram
showing the intensity distributions in 30 spectra of out gases when the
flow rate (sccm) of CO, gas varies;       FIG. 25 is a diagram showing the
intensity of an F out gas (a.u.) (TDS spectrum), which is shown on the left
axis of ordinates, with respect to time (min) when the stage temperature
(C) rises with respect to time (min) as shown on the right axis of
ordinates in a case where the 35 flow rate (sccm) of CO, gas varies;
FIG. 26 is a diagram showing the variation (%) in weight of a CF film when
the flow rate (scan) of 02 gas varies;  6        FIG. 27 is a diagram
showing the intensity distributions in spectra of out gases when the flow
rate (sccm) of 02 gas varies;        FIG. 28 is a diagram showing the
intensity of an F out gas (a.u.) (TDS spectrum), which is shown on the left
axis of ordinates, with 5 respect to time (min) when the stage temperature
(C) rises with respect to time (min) as shown on the right axis of
ordinates in a case where the flow rate (sccm) of 02 gas varies;
FIG. 29 is a diagram showing the variation pm in weight of a CF film when
the flow rate (sccm) of H202 gas varies, 10FIG. 30 is a diagram showing the
intensity distributions in spectra of out gases when the flow rate (sccm)
of H202 gas varies; 



FIG. 31 is a diagram showing the intensity of an F out gas (a.u.) (TDS
spectrum), which is shown on the left axis of ordinates, with respect to
time (min) when the stage temperature (C) rises with respect 15 to time
(min) as shown on the right axis of ordinates in. a case where the flow
rate (scan) of H202 gas varies;        FIG. 32 is a diagram showing the
variation rk) in weight of a CF film when the flow rate (scan) of I-120 gas
varies; FIG. 33 is a diagram showing the intensity distributions in 20
spectra of out gases when the flow rate (sccm) of H20 gas varies; and
FIG. 34 is a diagram showing the intensity of an F out gas (a.u.) (TDS
spectrum), which is shown on the left axis of ordinates, with respect to
time (min) when the stage temperature (C) rises with respect to time (min)
as shown on the right axis of ordinates in a case where the 25 flow rate
(sccm) of H20 gas varies; Best Mode for_Carrying_Out tile Invention FIG. 1
shows an example of a plasma treatment system for use in the preferred
embodiments of the present invention. This system has a vacuum vessel 2 of,
e.g., aluminum The vacuum vessel 2 30 comprises a first cylindrical vacuum
chamber 21, which is arranged in an upper portion for producing a plasma,
and a second cylindrical vacuum chamber 22, which is communicated with and
connected to the lower portion of the first vacuum chamber 21 and which has
a greater diameter than that of the first vacuum chamber 21. 35
Furthermore, the vacuum vessel 2 is grounded to have a zero potential. The
upper end of the vacuum vessel 2 is open. A transmission 



window 23 of a microwave permeable material, e.g., quartz, is airtightly  7
provided in the open upper end of the vacuum vessel 2 so as to hold vacuum
in the vacuum vessel 2. Outside of the transmission window 23, there is
provided a waveguide 25 connected to a high-frequency power supply part 24
for producing a microwave of, e.g., 2.45 GHz. 5 The microwave produced by
the high-frequency power supply part 24 is guided by the waveguide 25 in,
e.g., a TE mode, or the microwave guided in the TE mode is converted by the
waveguide 25 into a TM mode, to be introduced from the transmission window
23 into the first vacuum chamber 21. 10In the side wall defining the first
vacuum chamber 21, gas nozzles 31 are arranged at regular intervals along,
e.g., the periphery thereof. The gas nozzles 31 are connected to a plasma
producing gas source (not shown), e.g., an Ar gas source, and a hydrogen
plasma producing gas source, e.g., an H2 (hydrogen) gas source, so that a
15 plasma producing gas, e.g., Ar gas or H2 gas, can be uniformly supplied
to the upper portion in the first vacuum chamber 21.        In the second
vacuum chamber 22, a mounting table 4 for a semiconductor wafer (which will
be hereinafter referred to as a 'wafer') is provided so as to face the
first vacuum chamber 21. The mounting 20 table 4 has an electrostatic chuck
41 on the surface thereof. The electrode of the electrostatic chuck 41 is
connected to a dc power supply (not shown) for absorbing a wafer and to a
high-frequency power supply part 42 for applying a bias voltage for
implanting ions into the wafer. On the crthCT hand, in the upper portion of
the second vacuum 25 chamber 22, i.e., in a portion of the second vacuum
chamber 22 communicated with the first vacuum chamber 21, a ring-shaped
thin-film deposition gas supply part 5 is provided. For example, two kinds
of thin-film deposition gases, which include a compound gas of C and F,
e.g., C4F8 gas, and a hydrocarbon gas, e.g., C2H4 gas, are supplied from 30
gas supply pipes 51 and 52 to the thin-film deposition gas supply part 5,
so that the mixed gas thereof is supplied to the vacuum vessel 2 via gas
holes 53 formed in the inner peripheral surface of the thin-film deposition
gas supply part 5. In the vicinity of the outer periphery of the side wall
defining the 35 first vacuum chamber 21, a magnetic field forming means,
e.g., a ring- shaped main electromagnetic coil 26, is arranged. Below the
second vacuum chamber 22, a ring-shaped auxiliary electromagnetic coil 27
is  



8 arranged. To the bottom of the second vacuum chamber 22, exhaust pipes 28
are connected at, e.g., two positions which are symmetrical with respect to
the central axis of the vacuum chamber 22. The first through fourth
preferred embodiments of a plasma 5 treatment method for a wafer 10, which
is a substrate to be treated, using the system shown in FIG. 1 according to
the present invention will be described below.        First, the first
preferred embodiment of the present invention will be described below. 10A
method for depositing an interlayer insulator film of a CF film on a wafer
10, which is a substrate to be treated, using the system shown in FIG. 1
will be described. First, a gate valve (not shown) provided in the side
waJi of the vacuum vessel 2 is open, and a wafer 10, on which a wiring of,
e.g., aluminum, has been formed, is introduced 15 from a load-lock chamber
(not shown) by means of a transport arm (not shown) to be mounted on the
mounting table 4 to be electrostatically absorbed by means of the
electrostatic chuck 41.        Subsequently, after the gate valve is closed
to seal the interior of the vacuum vessel 2, the internal atmosphere is
exhausted by the 20 exhaust pipes 28, and the interior of the vacuum vessel
2 is evacuated to a predetermined degree of vacuum. Then, Ar gas is
introduced from the plasma gas nozzles 31 into the first vacuum chamber 21
at a predetermined flow rate, and a thin-film deposition gas is introduced
from the thin-film deposition gas supply part 5 into the second vacuum 25
chamber 22 at a predetermined flow rate.        This preferred embodiment
is characterized by the thin-film deposition gas. As the thin-film
deposition gas, a compound gas of C and F (which will be hereinafter
referred to as a "CF containing gag'), e.g., C4F8 gas, a hydrocarbon gas,
e.g., C,H., gas, and an oxygen 30 containing gas, e.g., carbon monoxide
(CO) gas, carbon dioxide (CO2), oxygen gas (02), water (H20) or hydrogen
peroxide (H202), are used. These gasses are supplied to the vacuum vessel 2
via the thin-film deposition gas supply part 5 from the gas supply pipes 51
through 53, respectively. 35Then, the interior of the vacuum vessel 2 is
held under a predetermined process pressure, and a bias voltage of 13. 56
MHz and 1500 W is applied to the mounting table 4 by means of the high-
frequency power supply part 42. In addition, the surface temperature of the
mounting table 4 is set to be about 400C.        On the other hand, a
high-frequency wave (a microwave) of 2.45 GHz and 2700 W from the
high-frequency power supply part 24 



5 passes through the waveguide 25 to reach the ceiling of the vacuum vessel
2, and passes through the transmission window 23 to be introduced into the
first vacuum chamber 21. In addition, a magnetic field extending from the
upper portion of the first vacuum chamber 21 to the lower portion of the
second vacuum chamber 22 is formed in the 10 vacuum vessel 2 by the main
electromagnetic coil 26 and the auxiliary electromagnetic coil 27. The
intensity of the magnetic field is, e.g., 875 gausses, in the vicinity of
the lower portion of the first vacuum chamber 21. Thus, the electron
cyclotron resonance is produced by the interaction between the magnetic
field and the microwave. By this 15 resonance, Ar gas is activated as
plasma and enriched.        The plasma thus produced flows from the first
vacuum chamber 21 into the second vacuum chamber 22 to activate C4F8 gas,
C2H4 gas and the oxygen containing gas, which have been supplied thereto,
to form active species to deposit a CF film on the wafer 10. 20 Thereafter,
when a device is actually produced, the CF film is etched with a
predetermined pattern, and a W film is embedded in a groove portion to form
a W wiring. The CF film thus deposited has strong bonds, and high
thermostability as can be seen from the results of experiments which 25
will be described later. That is, the amounts of desorbed F containing
gases are small even at a high temperature.        It is considered that
the reason for this is as follows. A case where carbon monoxide (CO) gas is
adopted as the oxygen containing gas will be described as an example. 30If
a CF containing gas and a hydrocarbon gas are combined as a thin-film
deposition gas to form a CF film, it is considered that C-C bonds having a
structure approximating to the graphite structure (which will be
hereinafter referred to as "graphite-like bonds"), C-C bonds having a
structure approximating to the diamond structure 35 (which will be
hereinafter referred to as "diamond-like bonds"), and uru-eacted substances
incorporated in the CF film exist in the CF film. On the other hand, it is
guessed that if an oxygen containing  10 gas, such as CO gas, is added to
the mixture of a CF containing gas and a hydrocarbon gas, the oxygen
containing gas, such as CO gas, reacts with the graphite-like bonds and
unreacted substances to oxidize and remove the graphite-like bonds and so
forth, so that the diamond-like 5 bonds remain to increase the proportion
of the diamond-like bonds to the graphite-like bonds.       The graphite
structure and the diamond structure will be briefly described. As shown in
FIG. 2, the graphite structure is a structure wherein six-carbon rings,
each of which is formed by the 



10 bonds of C atoms, are laminated. As shown in FIG. 3, the diamond
structure is a structure wherein four C atoms are coordinated with a C atom
to form a tetrahedron. Comparing the graphite structure with the diamond
structure, the graphite structure is a laminated structure and has a low
bonding strength between the surfaces of layers, whereas 15 the diam.ond
structure is a three-dimensional structure so that the whole crystal is
regarded as a macromolecule, and has a high bonding strength.
Therefore, if the proportion of the diamond-like bonds to the graphite-like
bonds is increased by adding the oxygen containing gas, 20 such as CO gas,
the number of strong bonds increases. The desorption of Fs occurs when C-C
bonds are cut by heat during a heat treatment at a high temperature so that
F, CF and CF2 scatter as gases. It is considered that if the bonds are
strengthen by the increase of the proportion of the diamond-like bonds as
described above, the bonds are 25 difficult to be cut even at a high
temperature, so that the thermostability of the CF film is enhanced.
Comparing Examples with Comparative Examples, the advantages of the method
of the present invention will be described below. First, a case where CO
gas is adopted as the oxygen containing 30 gas will be described below.
(Example 1) Using the plasma treatment system shown in FIG. 1, a CF film
having a thickness of 2 # m was deposited on the wafer 10 by introducing AT
gas as a plasma producing gas at a flow rate of 150 35 sccm , and C4F8 gas,
C2I-14 gas and CO gas as thin-film deposition gases at flow rates of 40
scan, 30 sccm. and 2 seem, respectively. The microwave power (the
high-frequency power supply part 24) and the  11 bias power (the
high-frequency power supply part 42) were set to be 2700 W and 1500 W,
respectively. In addition, the temperature of the surface of the mounting
table 4 was set to be 400C, and the process pressure was set to be 0.2 Pa.
5 (Example 2) 



Using the plasma treatment system shown in FIG. 1, a CF film having a
thickness of 2 At m was deposited on the wafer 10 by introducing Ar gas as
a plasma producing gas at a flow rate of 150 sccm , and C4F8 gas, C2H4 gas
and CO gas as thin-film deposition gases 10 at flow rates of 40 scan, 30
scan and 2 sccm, respectively. The microwave power and the bias power were
set to be 2700 W and 1500 W, respectively. In addition, the temperature of
the surface of the mounting table 4 was set to be 420C, and the process
pressure was set to be 0.2 Pa. 15 (Example 3)        Using the plasma
treatment system shown in FIG. 1, a CF film having a thickness of 2 ,u m
was deposited on the wafer 10 by introducing Ar gas as a plasma producing
gas at a flow rate of 30 scan, and C4F8 gas, C21-I4 gas and CO gas as
thin-film deposition gases at flow 20 rates of 40 scam, 30 scan and 2 scan,
respectively. The microwave power and the bias power were set to be 2700 W
and 1500 W, respectively. In addition, the temperature of the surface of
the mounting table 4 was set to be 400C, and the process pressure was set
to be 0.1 Pa. 25 (Comparative Example)        Using the plasma treatment
system shown in FIG. 1, a CF film having a thickness of 2 ,a m was
deposited on the wafer 10 by introducing Ar gas as a plasma producing gas
at a flow rate of 150 sccm , and C4F8 gas and C2H4 gas as thin-film
deposition gases at flow 30 rates of 40 sccm and 30 sccm, respectively. The
microwave power and the bias power were set to be 2700 W and 1500 W,
respectively. In addition, the temperature of the surface of the mounting
table 4 was set to be 400C, and the process pressure was set to be 0.2 Pa.
Using a measuring device shown in FIG. 4, the variations in 35 weight of
the deposited CF films at a high temperature were examined as indexes of
the thermostability of the thin-film As a measuring method, there was
adopted a method for shaving the CF film on the  12 wafer to put the shaven
CF film in a crucible 63 to raise the temperature in the crucible 63 to
425C under an atmosphere of nitrogen to heat the CF film for 2 hours to
examine the variation in weight in a weight measuring part 64. 5The
variation in weight means a value of {(A-13)/A} x 100 assuming that the
weight of the thin-film in the crucible before heating is A and the weight
of the thin-film in the crucible after heating is B. When this value is
small, the desorption of F containing gasses is small, and thermostability
is high. 10As a result, the variation in weight of the CF film deposited on



the process conditions in Example 1 was 2.3 %, and the variation in weight
of the CF film deposited on the process conditions in Example 2 was 1.7 %.
In addition, the variation in weight of the CF film deposited on the
process conditions in Example 3 was 2.0 %, and the variation in 15 weight
of the CF film deposited on the process conditions in Comparative Example
was 4.4 %. Thus, it can be understood that if CO gas is added, the
variation in weight of the deposited CF film reduces, so that the
desoiption of F containing gases decrease to enhance thermostability. 20The
CF film deposited on the process conditions in Example 1  and the CF film
deposited on the process conditions in Comparative Example were analyzed by
the Raman spectrometry. The results thereof are shown in FIG. 5. In the
drawing, the curve shown by a chain line represents the Raman spectrum of
the CF film deposited on 25 the process conditions in Comparative Example,
i.e., when no CO gas is added, and the clu-ve shown by a solid line
represents the Raman spectrum of the CF film deposited on the process
conditions, i.e., when CO gas is added. Each of these spectra has two
peaks. One peak at a wave 30 number of 1600 cm-' (al) is derived from the
graphite-like bonds, and the other peak at a wave number of 1340 cm-' (
ci2) is derived from the diamond-like bonds. The intensities of these peaks
are in proportion to the number of the bonds, respectively. Therefore, it
can be understood that if no CO gas is added, the numbers of the
graphite-like 35 bonds and the diamond-like bonds are substantially equal
to each other, whereas if CO gas is added, the number of the graphite-131(e
bonds decreases and the number of the diamond-like bonds increases.  13
Referring to FIGS. 20 through 22, the results of measurements of CF films
deposited by using CO gas as an oxygen containing gas at various flow rates
(sccm) will be described in detail below. Using the plasma treatment system
shown in FIG. 1, a CF film having a thickness 5 of 2 gm was deposited on
the wafer 10 by introducing Ar gas as a plasma producing gas at a flow rate
of 30 sccin, and C4F8 gas (40 seem), C21-14 gas (30 scan) and CO gas as
thin-film deposition gases. The microwave power (the high-frequency power
supply part 24) and the bias power (the high-frequency power supply part
42) were set to be 



10 2700 W and 1500 W, respectively, and the temperature of the surface of
the mounting table 4 was set to be 400C.        FIG. 20 shows the variation
(cY0) in weight of the CF film examined by means of the measuring device
shown in FIG. 4 when the flow rate (scam) of CO gas varies. When the flow
rates of CO gas were 0 15 sccm, 2 seem, 5.0 sccm, 8 scan and 10 scan, the
variations in weight were 2.5 %, 2.0 %, 1.4 %, 0.9 A, and 0.8 cY0,
respectively. It can be understood that the variation (%) in weight
decreases as the flow rate (seem) of CO gas increases. FIG. 21 shows the
intensity distributions of the TDS (Thermal 20 Desorption Spectroscopy)
spectra of H2, F, HF, CO, N2) C2H4P CF.) CO2) C3H8) CF2 and CF3 when the
flow rates of CO gas are 0 seem, 5 sccm and 10 scan. This measurement was
carried out by a mass spectrometer connected to a vacuum vessel, in which a
predetermined amount of thin-film was put and the interior of which was
heated to 25 425 C. In FIG. 21, the axis of ordinates denotes dimensionless
amounts corresponding to the intensities of spectra, and the peaks thereof
denote the amounts of desorbed gases. In addition, the axis of abscissas
denotes time after the temperature rise in the vacuum vessel begins. The
temperature rises at a rate of 10C /min from room 30 temperature. After the
temperature reaches 425C, it is held for 30 minutes. It can be seen from
FIG. 21 that the amounts of desorbed CF, CF2 and CF, decrease as the flow
rate of CO gas increases. It is guessed from these results that C-C bonds
are difficult to be cut when the thin-film deposition gas includes an
oxygen containing gas. 35 FIG. 22 shows the intensity of an F out gas
(a.u.), which is shown on the left axis of ordinates, with respect to time
(min) when the stage temperature (C) of a measuring stage, on which a
predetermined  14 amount of CF film is put, rises with respect to time
(min) as shown on the right axis of ordinates in a rase where the flow
rates (scan) of CO gas are 0 sccm, 5 scan and 10 scan. When the stage
temperature is 500C, the temperature of the wafer is 425C. It can be seen
from FIG. 5 22 that the intensity of the F out gas decreases as the flow
rate of CO gas increases.        It can be understood from FIGS. 20 through
22 that if CO gas is adopted as an oxygen containing gas, the variation in
weight of the deposited CF film decreases by adding CO gas, so that the
amounts of 10 desorbed F containing gases decrease to enhance
thermostabffity.        Referring to FIGS. 23 through 25, the results of
measurements of CF films deposited by using CO2 gas as an oxygen containing
gas at various flow rates (sccm) will be described in detail below. Using
the plasma treatment system shown in FIG. 1, a CF film having a thickness
15 of 2gEn was deposited on the wafer 10 by introducing Ar gas as a plasm
a producing gas at a flow rate of 30 sccm., and C4F8, C2I-14 and 002 gases
as thin-film deposition gases at flow rates of 40 scan and 30 scan and at a
variable flow rate, respectively. The microwave power (the high-frequency
power supply part 24) and the bias power (the 20 high-frequency power
supply part 42) were set to be 2700 W and 1500 W, respectively, and the
temperature of the surface of the mounting table 4 was set to be 400C.
FIG. 23 shows the variation (%) in weight of the CF film examined by means
of the measuring device shown in FIG. 4 when the 



25 flow rate (scan) of CO2 gas varies. When the flow rates of CO2 gas were
0 scam, 2 scan, 4.0 scan and 5 scan, the variations in weight were 2.5 %,
1.2 %, 1.01:70 and 0.8 %, respectively. It can be understood that the
variation r/O) in weight decreases as the flow rate (sccm) of CO2 gas
increases. 30FIG. 24 shows the intensity distributions of the TDS spectra
of H2, F, HF, CO, N2) C2R4, CF, CO2, C3H8, CF, and CF3when the flow rates
of CO2 gas are 0 scan, 2 scan and 5 scan. This measurement was carried out
by a mass spectrometer connected to a vacuum vessel, in which a
predetermined amount of thin-film was put and the interior of 35 which was
heated to 425C. In FIG. 24, the axis of ordinates denotes dimensionless
amounts corresponding to the intensities of spectra, and the peaks thereof
denote the amounts of desorbed gases. In addition,  15 the axis of
abscissas denotes time after the temperature rise in the vacuum vessel
begins. The temperature rises at a rate of 10C/min from room temperature.
After the temperature reaches 425C, it is held for 30 minutes. It can be
seen from FIG. 24 that the amounts of 5 desorbed CF, CF2 and CF3 decrease
as the flow rate of CO2 gas increases. It is guessed from these results
that C-C bonds are difficult to be cut when the thin-film deposition gas
includes an oxygen containing gas. FIG. 25 shows the intensity of an F out
gas (au.), which is 10 shown on the left axis of ordinates, with respect to
time (min) when the stage temperature (C) of a measuring stage, on which a
predetermined amount of CF film is put, rises with respect to time (min) as
shown on the right axis of ordinates in a case where the flow rates (sccm)
of CO2 gas are 0 sccm, 2.5 sccm and 5 sccm When the stage temperature is 15
500C, the temperature of the wafer is 425C. It can be seen from FIG. 25
that the intensity of the F out gas decreases as the flow rate of CO2 gas
increases.        It can be understood from FIGS. 23 through 25 that if CO,
gas is adopted as an oxygen containing gas, the variation in weight of the
20 deposited CF film decreases by adding CO2 gas, so that the amounts of 



desorbed F containing gases decrease to enhance thermostabflity.
Referring to FIGS. 26 through 28, the results of measurements of CF films
deposited by using 02 gas as an oxygen containing gas at various flow rates
(scan) will be described in detail below. Using the 25 plasma treatment
system shown in FIG. 1, a CF film having a thickness of 2,um was deposited
on the wafer 10 by introducing Ar gas as a plasma producing gas at a flow
rate of 30 scam, and C4F8y CAI and 02 gases as thin-film deposition gases
at flow rates of 70 sccm and 30 scan and at a variable flow rate,
respectively. The microwave power 30 (the high-frequency power supply part
24) and the bias power (the high-frequency power supply part 42) were set
to be 2700 W and 1500 W, respectively, and the temperature of the surface
of the mounting table 4 was set to be 430C. FIG. 26 shows the variation
(y.) in weight of the CF film 35 examined by means of the measuring device
shown in FIG. 4 when the flow rate (scan) of 02 gas varies. When the flow
rates of 02 gas were 0 sccm, 1 scan, 2 scan, 4 sccm and 5 scan, the
variations in weight were  16  1.3 %, 1.1 %, 0.9 %, 0.9 % and 0.9 %,
respectively. It can be understood that the variation cy.) in weight
decreases as the flow rate (sccm) of 02 gas increases. FIG. 27 shows the
intensity distributions of the TDS spectra of 5 H2, F, HF, CO, N2, C2H4,
CF, CO2, C3H8, CF2 and CF3 when the flow rates of 02 gas are 1 sccm, 2 sccm
and 5 sccm This measurement was carried out by a mass spectrometer
connected to a vacuum vessel, in which a predetermined amount of thin-film
was put and the interior of which was heated to 425C. In FIG. 27, the axis
of ordinates denotes 10 dimensionless amounts corresponding to the
intensities of spectra, and the peaks thereof denote the amounts of
desorbed gases. In addition, the axis of abscissas denotes time after the
temperature rise in the vacuum vessel begins. The temperature rises at a
rate of 10C/rain from room temperature. After the temperature reaches 425C,
it is 15 held for 30 rainutes. It can be seen from FIG. 27 that the amounts
of desorbed CF, CF2 and CF3 decrease as the flow rate of 02 gas increases.
It is guessed from these results that C-C bonds are difficult to be cut
when the thin-film deposition gas includes an oxygen containing gas. FIG.
28 shows the intensity of an F out gas (a.u.), which is 20 shown on the
left axis of ordinates, with respect to time (rain) when the stage
temperature (C) of a measuring stage, on which a predetermined amount of CF
film is put, rises with respect to time (rain) as shown on the right axis
of ordinates in a case where the flow rates (seem) of 02 gas are 1 sccm, 2
sccm and 5 scan. When the stage temperature is 500C, 25 the temperature of
the wafer is 425C. It can be seen from FIG. 28 that the intensity of the F
out gas decreases as the flow rate of 02 gas increases. 



It can be understood from FIGS. 26 through 28 that if 02 gas is adopted as
an oxygen containing gas, the variation in weight of the 30 deposited CF
film decreases by adding 02 gas, so that the amounts of desorbed F
containing gases decrease to enhance thermostability.        Referring to
FIGS. 29 through 31, the results of measurements of CF films deposited by
using H202 gas as an oxygen containing gas at various flow rates (sccm)
will be described in detail below. Using the 35 plasma treatment system
shown in FIG. 1, a CF film having a thickness of 2 gra was deposited on the
wafer 10 by introducing Ar gas as a plasma producing gas at a flow rate of
150 sccm, and C4F8, C21-1.4 and  17 H202 gases as thin-film deposition
gases at flow rates of 40 scan and 30 scan and at a variable flow rate,
respectively. The microwave power (the high-frequency power supply part 24)
and the bias power (the high-frequency power supply part 42) were set to be
2700 W and 1500 5 W, respectively, and the temperature of the surface of
the mounting table 4 was set to be 400C.        FIG. 29 shows the variation
(%) in weight of the CF film examined by means of the measuring device
shown in FIG. 4 when the flow rate (sccm) of H202 gas varies. When the flow
rates of H202 gas 10 were 0 sccm, 2 scan, 5 scan and 10 scan, the
variations in weight were 2.5%, 1.7%, 1.3 % and 1.4 %, respectively. It can
be understood that the variation r/o) in weight tends to decrease as the
flow rate (sccrn) of H202 gas increases. FIG. 30 shows the intensity
distributions of the TDS spectra of 15 H2, F, HF, CO, N2, C21-14, CF, CO2,
C3I-18, CF2 and CF3when the flow rates of H202 gas are 0 scan, 5 seem and
10 sccm. This measurement was carried out by a mass spectrometer connected
to a vacuum vessel, in which a predetermined amount of thin-film was put
and the interior of which was heated to 425C. In FIG. 30, the axis of
ordinates denotes 20 dimensionless amounts corresponding to the intensities
of spectra, and the peaks thereof denote the amounts of desorbed gases. In
addition, the axis of abscissas denotes time after the temperature rise in
the vacuum vessel begins. The temperature rises at a rate of 10C/ min from
room temperature. After the temperature reaches 425C, it is 25 held for 30
minutes. It can be seen from FIG. 30 that the amounts of desorbed CF, CF2
and CF3 decrease as the flow rate of H202 gas increases. It is guessed from
these results that C-C bonds are difficult to be cut when the thin-film
deposition gas includes an oxygen containing gas. 30FIG. 31 shows the
intensity of an F out gas (au.), which is shown on the left axis of
ordinates, with respect to time (min) when the stage temperature (C) of a
measuring stage, on which a predetermined 



amount of CF film is put, rises with respect to time (min) as shown on the
right axis of ordinates in a case where the flow rates (sccm) of 1-1202 35
gas are 0 sccm, 5 seem and 10 scan. When the stage temperature is 500C, the
temperature of the wafer is 425C. It can be seen from FIG. 31 that the
intensity of the F out gas decreases as the flow rate of H202  18 gas
increases.        It can be understood from FIGS. 29 through 31 that if
H202 gas is adopted as an oxygen containing gas, the variation in weight of
the deposited CF film decreases by adding H202 gas, so that the amounts of
5 desorbed F containing gases decrease to enhance thermostabflity.
Referring to FIGS. 32 through 34, the results of measurements of CF films
deposited by using H20 gas as an oxygen containing gas at various flow
rates (scan) will be described in detail below. Using the plasma treatment
system shown in FIG. 1, a CF film having a thickness 10 of 2,um was
deposited on the wafer 10 by introducing Ar gas as a plasma producing gas
at a flow rate of 150 sccm, and C4F8, C2H4 and H20 gases as thin-film
deposition gases at flow rates of 40 sccm and 30 sccm and at a variable
flow rate, respectively. The microwave power (the high-frequency power
supply part 24) and the bias power (the 15 high-frequency power supply part
42) were set to be 2700 W and 1500 W, respectively, and the temperature of
the surface of the mounting table 4 was set to be 400C.        FIG. 32
shows the variation (%) in weight of the CF film examined by means of the
measuring device shown in FIG. 4 when the 20 flow rate (scan) of H20 gas
varies. When the flow rates of H20 gas were 0 scan, 5 scan, 10 seam, 15
scan, 17 scan and 20 scam, the variations in weight were 2.4%, 1.7%, 1.6 %,
2.0 /0, 2.3 A) and 2.9 %, respectively. It can be understood that the
variation (%) in weight is minimum when the flow rate (sccm) of H20 gas is
10 scan 25FIG. 33 shows the intensity distributions of the TDS spectra of
H2, F, HF, CO, N2, C2H4, CF, CO2, C3H8, CF2 and CF3 when the flow ratios of
C4F8 gas and H20 gas are 1:0 (flow rate of H20 gas: 0 scan), 4:1 



(flow rate of H20 gas: 10 seem) and 2:1 (flow rate of H20 gas: 20 seem)
This measurement was carried out by a mass spectrometer connected 30 to a
vacuum vessel, in which a predetermined amount of thin-film was put and the
interior of which was heated to 425C. In FIG. 33, the axis of ordinates
denotes dimensionless amounts corresponding to the intensities of spectra,
and the peaks thereof denote the amounts of desorbed gases. In addition,
the axis of abscissas denotes time after 35 the temperature rise in the
vacuum vessel begins. The temperature rises at a rate of 10 C /min from
room temperature. After the temperature reaches 425C, it is held for 30
minutes. It can be seen  19 from FIG. 33 that the amounts of desorbed CF,
CF2 and CF3 are small when the flow rate of H20 gas is 10 sccm. It is
guessed from these results that C-C bonds are difficult to be cut when the
thin-film deposition gas includes an adequate amount of H20 gas. 5FIG. 34
shows the intensity of an F out gas (au.), which is shown on the left axis
of ordinates, with respect to time (min) when the stage temperature (C) of
a measuring stage, on which a predetermined CF film is put, rises with
respect to time (min) as shown on the right axis of ordinates in a case
where the flow ratios of C4F8 gas and H20 gas 10 are 1:0 (flow rate of H20
gas: 0 seem), 4:1 (flow rate of H20: 10 sccm) and 2:1 (flow rate of H20
gas: 20 scam). When the stage temperature is 500C, the temperature of the
wafer is 425C. It can be seen from FIG. 34 that the intensity of the F out
gas is low when the flow rate of H20 gas is 10 sccm. 15It can be understood
from FIGS. 32 through 34 that if H20 gas is adopted as an oxygen containing
gas, the variation in weight of the deposited CF film decreases by adding
H20 gas, so that the amounts of desorbed F containing gases decrease to
enhance theimostabflity. 



According to the present invention, it is required to use an 90 oxygen
containing gas, such as carbon monoxide (CO) gas, carbon dioxide (CO2) gas,
oxygen gas (02), water (H20) gas and hydrogen peroxide (H202), as a
thin-film deposition gas. The CF containing gas added to the oxygen
containing gas may be CF" gas, C2F6 gas, C3F8 gas or the like.
Alternatively, the CF containing gas may be a gas 25 containing C, F and H,
e.g., CHF3 gas. The hydrocarbon gas may be CH, gas, C2H2 gas, C2H6 gas,
C3H8 gas, C,H, gas or the like. Alternatively, hydrogen gas may be used in
place of hydrocarbon gas.        Moreover, the present invention should not
be limited to the production of a plasma using the ECR, but the invention
may be 30 applied to the production of a plasma using, e.g., a method
called ICP (Inductive Coupled Plasma) for applying electric and magnetic
fields to a process gas from a coil wound onto a dome-shaped container, or
a conventional plasma producing method, such as the parallel plate plasma
producing method. 35The second preferred embodiment of the present
invention will be described below. A method for depositing an interlayer
insulator film of a CF film  20 on a wafer 10, which is a substrate to be
treated, using the system shown in FIG. 1 will be described. First, a gate
valve (not shown) provided in the side wall of the vacuum vessel 2 is open,
and a wafer 10, on which an aluminum wiring has been formed, is introduced
from a 5 load-lock chamber (not shown) by means of a transport arm (not
shown) to be mounted on the mounting table 4 to be electrostatically
absorbed by means of the electrostatic chuck 41.        Subsequently, after
the gate valve is dosed to seal the interior of the vacuum vessel 2, the
internal atmosphere is exhausted by the 10 exhaust pipes 28, and the
interior of the vacuum vessel 2 is evacuated to a predetermined degree of
vacuum Then, Ar gas is introduced from the plasma gas nozzles 31 into the
first vacuum chamber 2]. at a predetermined flow rate, and a thin-film
deposition gas is introduced from the thin-film deposition gas supply part
5 into the second vacuum 15 chamber 22 at a predetermined flow rate.
This preferred embodiment is characterized by the thin-film deposition
gases. The thin-film deposition gases include a compound gas of carbon (C)
and F (which will be hereinafter referred to as a "CF containing gag'),
e.g., C4F8 gas, a hydrocarbon gas, e.g., C2H4 gas, and a 20 silicon
containing gas, e.g., SR, gas. These gases are supplied into the vacuum
vessel 2 from the gas supply pipes 51 through 53, respectively. Then, the
interior of the vacuum vessel 2 is held at a predetermined process
pressure, and a bias voltage of, e.g., 13. 56 MHz and 1500 W, is applied to
the mounting table 4 by means of the high-frequency power 25 supply part
42. In addition, the surface temperature of the mounting table 4 is set to
be about 400C. 



A high-frequency wave (a microwave) of 2.45 GHz from the high-frequency
power supply part 24 passes through the waveguide 25 to reach the ceiling
of the vacuum vessel 2, and passes through the 30 transmission window 23 to
be introduced into the first vacuum chamber 21. On the other hand, a
magnetic field extending from the upper portion of the first vacuum chamber
21 to the lower portion of the second vacuum chamber 22 is formed in the
vacuum vessel 2 by the main electromagnetic coil 26 and the auxiliary
electromagnetic coil 27. 35 Thus, the intensity of the magnetic field is,
e.g., 875 gausses, in the vicinity of the lower portion of the first vacuum
chamber 21. The interaction between the magnetic field and the microwave
produces  21 electron cyclotron resonance, by which Ar gas is activated as
plasma and enriched.        The plasma flowing from the first vacuum
chamber 21 into the second vacuum chamber 22 activates C4F8 gas, C2H4 gas
and SiR4 gas, 5 which have been supplied thereto, to form active species to
deposit a CF film on the wafer 10. Thereafter, when a device is actually
produced, the CF film is etched with a predetermined pattern, and a film
of, e.g., W, is embedded in a groove portion to form a W wiring. The CF
film thus deposited has strong bonds and high 10 thermostability as can be
seen from the results of experiments which will be described later. That
is, the amounts of desorbed F containing gases are small even at a high
temperature. 



It is considered that the reason for this is as follows. That is, if Si-14
gas is added to the mixture of the CF containing gas and the 15 hydrogen
gas as the thin-film deposition gas, the active species of C, H and Si
react with each other to form Si-C bonds and Si-F bonds in addition to C-F
bonds, C-C bonds and C-H bonds. The bonds produced by adding S&L, gas, such
as Si-C bonds and Si-F bonds, are stronger bonds than C-F bonds for reasons
which will be described 20 later, and difficult to be cut even at a high
temperature of, e.g., 400C-- 450C.        Therefore, stronger bonds than
C-F bonds exist in a part of the CF film, and even if a part of C-F bonds
are cut by heat at a high temperature, F containing gases of cut F, CF and
so forth can not pass 25 through the strong bonds to be confined in the CF
film, so that the desorption of the F containing gasses is inhibited.
The reason why Si-C bonds and Si-F bonds are stronger bonds than C-F bonds
will be described below.              First, the adhesion and hardness of
an SiC film having Si-C 30 bonds were measured, so that it was found that
both were higher than those of a CF film . Therefore, Si-C bonds are
stronger bonds than C-F bonds.        The amounts of F containing gases
degassed from an SiOF film having Si-F bonds were measured, so that it was
found that the 35 degassed amounts were smaller than those degassed from a
CF film The SiOF film has Si-0 bonds, Si-F bonds and so forth. The fact
that the F containing gases are degassed from the SiOF film means that Si-
22 F bonds are cut, and the fact that the F containing gases are degassed
from the CF film means that C-F bonds are cut as described above.
Therefore, the fact that the amounts of F containing gasses degassed from
the SiOF film are smaller than the amounts of F containing gasses 5
degassed from the CF film means that Si-F bonds are more difficult to be
cut by heat to be stronger bonds than C-F bonds.        If 511-14 gas is
added to the mixture of a CF containing gas and a hydrocarbon gas as a
thin-film deposition gas, the bonds of a CF film are strengthen to enhance
thermostabflity. However, if the number of 10 Si-C bonds increases, the
dielectric constant of the CF film increases. Therefore, in order to
suppress the dielectric constant of the CF film to be 2.5 or less, the
proportion of Si-C bonds is preferably a few percents or less. Therefore,
the flow rate of the silicon containing gas to the CF containing gas and
the hydrocarbon gas is set so that the percentage of 15 Si-C bonds is a few
percents or less. For example, in the aforementioned example, the flow
rates of C4F8 gas, C2H4 gas and Sin, gas are set to be C4F8/C2H4/Sill4 =60
sccra/30 sccrn /5 sccm. 



Experiments, which were carried out in order to measure thermostability of
thin-films, will be described below. Using the 20 plasma treatment system
shown in FIG. 1, a CF film was deposited using Ar gas as the plasma
producing gas, and C4F8 gas, C2H4 gas and      gas as the thin-film
deposition gases. The flow rates of Ar gas, C4F8 gas, C2H4 gas and Sill,
gas were set to be 150 scan, 60 sccm, 30 sccm and 5 sccm, respectively. The
microwave power (the high- 25 frequency power supply. part 24) and the bias
power (the high-frequency power supply part 42) were set to be 2700 W and
1500 W, respectively, and the process pressure was set to be 0.3 Pa
(Example 1). The TDS (Thermal Desorption Spectroscopy) spectrum of the
deposited CF film was measured. 30Similarly, a CF film was deposited when
SiH4 gas was not added as the thin-film deposition gas, and the TDS
spectrum thereof was measured. In this case, the kinds and flow rates of
the used gases were Ar gas (150 scan) as the plasma producing gas, and C4F8
gas (60 sccm) and C211, gas (30 scan) as the thin-film deposition gases 35
(Comparative Example 1).         These results are shown in FIGS. 7 and 8.
FIG. 7 shows a case where Sill., gas is added as the thin-film deposition
gas (Example 1),  23 and FIG. 8 shows a case where SiH4 gas is not added
(Comparative Example 1). These spectra show the amounts (degassed amounts)
of gases emitted from the CF film when the CF film is heated. The
temperature conditions during measuring the TDS spectrum are 5 shown in
FIG. 9.        It can be understood from FIGS. 7 through 9 that although
degassing of F containing gases, such as F gas, CF gas, CF2 and CF3 gas,
from all the CF films occurs at about 425C (40 minutes after the
measurement begins), the degassed amounts of all the F containing 10 gasses
when SiH4 gas is added are smaller than those when SiH, gas is not added,
so that the thermostability of the CF film is enhanced by adding SiH, gas
to the thin-film deposition gas. The dielectric constant of the CF film, to
which SiF14 gas has been added, was measured to be about 2.4, so that it
was found that there is no problem in that the CF 15 film is used as an
interlayer insulator film.        The kind of gas was changed to carry out
experiments. That is, a CF film was deposited using Ar gas (150 sccm) as
the plasma producing gas, and C4F8 gas (60 sccm), C2H4 gas (30 sccm) and
SiF4 gas (5 scan) as the thin-film deposition gases, on other conditions
which 20 are the same as those in the above described Example 1 (Example
2). Then, the variation in weight of the CF film thus deposited was
measured by the TGA (Thermal Gravimetry Analysis). This variation of weight
is an index of the thermostability of the thin-film As this value is small,
the amounts of desorbed F containing gases are small, so that 25 therm
ostability is high. 



Similarly, a CF film was deposited without the addition of SiF4, and the
variation in weight thereof was measured by the TGA. In this case, the
kinds and flow rates of the used gases were Ar gas (150 sccm) as the plasma
producing gas, and C4F8 gas (60 sum) and C2H4 gas (30 30 scan) as the
thin-film deposition gases (Comparative Example 2).        In addition, a
CF film was deposited using Ar gas (150 scan) as the plasma producing gas
and C4F8 gas (60 sccm), H2 gas (30 scan) and SiF4 gas (5 sccm) as the
thin-film deposition gases, on other conditions which are the same as those
in the above described Example 1 35 (Example 3), and a CF film was
deposited using Ar gas (150 seem) as the plasma producing gas and C4F8 gas
(60 sccm) and H2 gas (30 scan) as the thin-film deposition gases, on other
conditions which are the  24 same as those in the above described Example 1
(Comparative Example 3). Then, the variations in weight of the CF films
thus deposited were measured by the TGA As a result, in all Examples 2, 3
and Comparative Examples 2, 5 3, the temperature at the starting point was
423.9 C, and the temperature at the end point 2 hours after the experiment
begins was 424.95C. The variations in weight of the CF films were 1.05 % in
Example 2, 4.102 % in Comparative Example 2, 0.98 % in Example 3, and
4.0082 % in Comparative Example 3. Thus, it can be seen that 10 when SiF,
and SiH4 gases, which are silicon containing gases, are added, the
variations in weight of the CF films are smaller than those when no silicon
containing gases are added, so that the amounts of desorbed F containing
gases decrease to enhance thermostability. In addition, it is confirmed
that even if hydrogen gas is added as the thin- 15 film deposition gas in
place of the hydrocarbon gas as Example 3, thermostability is enhanced by
adding the silicon containing gas.        The silicon containing gas added
as the thin-film deposition gas should not be limited to SiH4 gas, but it
may be a compound gas of silicon and hydrogen, such as Si2H6 gas, a
compound gas of silicon and 20 fluorine, such as SiF, gas and Si2F6 gas, or
a compound gas of silicon and hydrogen and fluorine, such as Si-12F2 gas.
The CF containing gas may be CF., C2F6 or C3F8 gas. In place of the CF
containing gas, a compound gas of C, F and H, such as CHF3 gas, may be
used. The hydrocarbon gas may be CH4, C2F12, C2H6, C31-18, C4H8 or the
like. In 25 place of the hydrocarbon gas, hydrogen gas may be used. lithe
thin-film deposition gas includes C, F and H, the thin-film deposition gas
may be a mixture of a compound gas of carbon and fluorine and a silicon
containing gas. Moreover, the present invention should not be limited to
the 30 production of a plasma using the ECR, but the invention may be
applied to the production of a plasma using, e.g., a method cAlled ICP
(Inductive Coupled Plasma) for applying electric and magnetic fields to a
process gas from a coil wound onto a dome-shaped container, or the
conventional parallel plate plasma producing method. 35The third preferred
embodiment of the present invention will be 



described below. A method for depositing an interlayer insulator film of a
CF film  25 on a wafer 10, which is a substrate to be treated, using the
system shown in FIG. 1 will be described. First, a gate valve (not shown)
provided in the side wall of the vacuum vessel 2 is open, and the wafer 10,
on which an aluminum wiring has been formed, is introduced from 5 a
load-lock chamber (not shown) by means of a transport aim (not shown) to be
mounted on the mounting table 4 to be electrostatically absorbed by means
of the electrostatic chuck 41. Subsequently, after the gate valve is closed
to seal the interior of the vacuum vessel 2, the internal atmosphere is
exhausted by the exhaust pipes 28, and the 10 interior of the vacuum vessel
2 is evacuated to a predetermined degree of vacuum Then, Ar gas is
introduced from the plasma gas nozzles 31 into the first vacuum chamber 21
at a predetermined flow rate, and a thin-film deposition gas is introduced
from the thin-film deposition gas supply part 5 into the second vacuum
chamber 22 at a predetermined 15 flow rate.        This preferred
embodiment is characterized by the thin-film deposition gases. The
thin-film deposition gases include C4F8 gas as a gas containing C and F,
and acetylene gas (C2H4 gas) as a hydrocarbon gas. These gases are supplied
into the vacuum vessel 2 from the gas 20 supply pipes 51 and 52,
respectively. Then, the interior of the vacuum vessel 2 is held at a
predetermined process pressure, and a bias voltage of 13. 56 MHz and 1500 W
is applied to the mounting table 4 by means of the high-frequency power
supply part 42. On the other hand, a high-frequency wave (a microwave) of
25 2.45 GHz and 2000 W from the high-frequency power supply part 24 passes
through the waveguide 25 to reach the ceiling of the vacuum vessel 2, and
passes through the transmission window 23 to be introduced into the first
vacuum chamber 21. In addition, a magnetic field extending from the upper
portion of the first vacuum chamber 21 30 to the lower portion of the
second vacuum chamber 22 is formed in the vacuum vessel 2 by the main
electromagnetic coil 26 and the auxiliary electromagnetic coil 27. Thus,
the intensity of the magnetic field is, e.g., 875 gausses, in the vicinity
of the lower portion of the first vacuum chamber 21. 35Thus, the
interaction between the magnetic field and the microwave produces electron
cyclotron resonance, by which Ar gas is activated as plasma and enriched.
The plasma thus produced flows  26 



from the first vacuum chamber 21 into the second vacuum chamber 22 to
activate C4F8 gas and C2H4 gas, which have been supplied thereto, (as
plasma) to form active species (plasma) to deposit a CF film on the wafer
10. Thereafter, when a device is actually produced, the CF film is 5 etched
with a predetermined pattern, and a film of, e.g., W, is embedded in a
groove portion to form a W wiring.        The CF film thus deposited has
strong bonds and high thermostability. That is, the desorption of F
containing gases is small even at a high temperature. Examples of
experiments, which were 10 carried out in order to examine the
thermostability of CF films deposited by the above described method, will
be described below. Using the plasma treatment system shown in FIG. 1, a CF
film was deposited on a wafer 10 by introducing Ar gas at a flow rate of 30
sccm, C4F8 gas at a flow rate of 40 sccm and C2H2 gas at a flow rate of 30
scan. Then, the 15 CF film thus deposited was maintained at 425C in an
atmosphere of N2 gas for 2 hours to examine the variation in weight of the
deposited CF film at a high temperature, e.g., 425C, by means of an
electronic force balance. This variation in weight is an index of the
thermostability of the thin-film As the variation in weight is small, the
20 amounts of F containing gases are small, and thermostability is high.
Furthermore, the microwave power and the bias power were se to be 2000 W
and 1500 W, respectively.        As Comparative Example, C,H, gas was
introduced at a flow rate of 30 sum as a hydrocarbon gas in place of C21-12
gas to deposit a 25 CF film to measure the variation in weight thereof. The
conditions for depositing the CF film were the same as those in the above
described Example.        As a result, the variation in weight of the CF
film was 2.68 % when C2H2 gas was used, whereas it was 4.3 % when C2H4 gas
was 30 used. Thus, it was confirmed that C4F8 gas was combined with C2H2
gas to decrease the variation in weight of the CF film to decrease the
amounts of desorbed F containing gases to enhance thermostability.
It is guessed that the reason for this is as follows. That is, C2H2 gas has
a triple bond between carbons. If C2H2 is activated, 35 decomposition
products having triple bonds, double bonds and single bonds are produced as
shown in FIG. 10. These decomposition products are bonded to decomposition
products of C4F5 to produce a  27 three-dimensional structure having triple
bonds and double bonds. On the other hand, since C2H4 gas has a double
bond, the decomposition products of C2H4 bonded to the decomposition
products of C4F8 to produce a three-dimensional structure having double
bonds. 5 As the multiplicity of a bond increases from a single bond to a
triple bond via a double bond, the bonding strength increases, and the bond
is difficult to be cut by heat, so that degassing is difficult to occur
from the CF film Therefore, it is presumed that the CF film produced using
C2H2 gas having a double bond and a triple bond has high 10
thermostability. In addition, H separated from C21-12 gas is bonded to F,
which is weakly bonded in the film, to produce HF gas to be desorbed from
the CF film Since F weakly bonded in the film is easily desorbed by heat,
it is presumed that thermostability is also enhanced by removing such F.
15Subsequently, in order to optimize the flow ratio of C4F8 gas and 



C21-12 gas, the inventors carried out the following experiments. Using the
plasma treatment system shown in FIG. 1, a CF film was deposited on a wafer
10 by introducing Ar gas at a flow rate of 30 scan, C4F8 gas at a flow rate
of 40 scan, and C2H2 gas at a flow rate of from 30 scan to 20 70 sccm Then,
the variation in weight of the CF film thus deposited was examined by the
above described method. At this time, the microwave power and the bias
power were set to be 2000 W and 1500 W, respectively. The results are shown
in FIG. 11. It was confirmed from these 25 results that the variation in
weight of the CF film was about 2.7 % when the flow rate of C2H2 gas was 35
scan or less, whereas the variation in weight was decreased to about 1.7 %
when the flow rate of C2H2 gas was 40 sccm or more. However, if the flow
rate of C2H2 gas exceeds 75 scam, the peeling of the film occurs. 30Thus,
it was confirmed that the flow ratio of C4F8 gas and C2H2 gas had an
optimum value, and the flow rate of C2H2 gas was preferably in the range of
from 40 scan to 70 scan when the flow rate of C4F8 gas was 40 scan That is,
it was confirmed that if 40 sccna/ 70 sccm gas/ C2H2 gas -.40 sccm/ 40 scan
(4/7 ..C4F8gas/C,H2 gas:5.1) was set, 35 the variation in weight of the CF
film was decreased to reduce the amounts of desorbed F containing gases to
enhance thermostability. It is considered that the reason for this is that
when the flow  28 ratio is C4F8 gas/ C2H2 gas 1, the amount of C2H2 gas in
the deposited thin-film decreases to difficult to form a three-dimensional
structure, so that the proportion of strong C-F' bonds in the CF film
decreases. Another example in this preferred embodiment will be 5 described
below. This example is characterized in that C4F8 gas, C2H2 gas and H2 gas
are used as thin-film deposition gases. Also if such combined thin-film
deposition gases are used, it is possible to enhance the thermostabflity of
a CF film. These thin-film deposition gases are supplied by the thin-film
deposition gas supply part 5 in the above 10 described plasma treatment
system.        In order to confirm advantages of this method, an example of
experiment will be described below. Using the plasma treatment system shown
in FIG. 1, a CF film was deposited on a wafer 10 by introducing Ar gas,
C4F8 gas, C2H2 gas and H2 gas at flow rates of 30 15 scan, 40 scan, 30 scan
and 25 scan, respectively. The variation in weight of the CF film thus
deposited was examined by the above described method. The microwave power
arid the bias power were set to be 2000 W and 1500 W, respectively. 



As a result, the variation in weight of the CF film was 1.89 "Yo, 20 which
was less than the variation in weight (4.3 %) when C4F8 gas was combined
with C2H4 gas to deposit the CF film as the above described Comparative
Example. Therefore, it was confirmed that if C,F8 gas, C2H2 gas and H2 gas
were combined, the variation in weight of the CF film reduced to decrease
the amounts of desorbed F containing gases to 25 enhance thermostability.
Then, the inventors tried to optimize the flow ratio of C4F8 gas, C2H2 gas
and H2 gas by the following method. First, in order to optimize the flow
ratio of a mixed gas of C4F8 gas and C2I-12 gas to H2 gas, the following
experiment was carried out. 30Using the plasma treatment system shown in
FIG. 1, CF films were deposited by introducing Ar gas at a flow rate of 30
scan and H2 gas at a flow rate of 10 scan to 60 seem, while setting the
flow ratio of a raixed gas to C4F8 gas/C2H2 gas = 4/6 and while setting the
total flow rate of the mixed gas and H2 gas to 100 sccm. Then, the
variations in 35 weight of the CF films thus deposited were examined by the
above described method. The microwave power and the bias power were set to
be 2000 W and 1500 W, respectively.  29        The results are shown in
FIG. 12. It was confirmed from these results that the variation in weight
of the CF film was about 2.8 % when the flow rate of H2 gas was 20 sccm or
less, whereas the variation in weight was decreased to about 1.7 % when the
flow rate of H2 gas was 5 in the range of from 25 scan to 50 sccm.
Furthermore, when the flow rate of H2 gas exceeds 55 scan, the peeling of
the film occurs.        Thus, it was confirmed that there is an optimum
flow ratio (mixed gas/H2 gas) of the mixed gas to H2 gas, the lower limit
of which is 50 sccm/50 sccm and the upper limit of which is 75 scan/25
scan, i.e., 10 the optimum flow ratio is 1 5_mixed gas/H2 gas5-3.
Then, in order to optimize the mixing ratio of the mixed gas, the following
experiments were carried out Using the plasma treatment system shown in
FIG. 1, CF films were deposited on a wafer 10 by introducing Ar gas at a
flow rate of 30 scan, H2 gas at a flow rate of 30 15 scan, and the mixed
gas at a flow ratio of 0.6 _C4F8 gas/ C2H2 Then, the variations in weight
of the CF films thus deposited were examined by the above described method.
At this time, the microwave power and the bias power were set to be 2000 W
and 1500 W, respectively. 20The results are shown in FIG. 13. It was
confirmed from these results that the variations in weight of the CF films
were 2.9 % or more when the mixing ratio of the mixed gas was 1.4 or
higher, whereas the variations in weight were decreased to about 1.7 % when
the mixing ratio was in the range of from 0.7 to 4/3. Furthermore, if the 



25 mixing ratio is less than 0.65, the peeling of the film occurs.
Thus, it was confirmed that there was the optimum mixing ratio of the mixed
gas, which was 0.7 C4F8gas/ C2H2 gas 4/ 3.        As can be seen from these
results, if C4F8 gas, C21-14 gas and H2 gas are used as thin-film
deposition gases, the optimum flow ratios of 30 these gases are 0.7 -C4F8
gas/C2H2 gas:54/3 and 1 mixed gas/H2 gas -5.3. Thus, if such a flow ratio
is set, the variation in weight of the CF film reduces to decrease the
amounts of desorbed F containing gases to enhance thermostability. In
addition, it was confirmed that the optimum flow ratio was 35 4/7 <C4F8
gas/C2H2 gas 51 if C4F8 gas and C2H2 gas were used as thin-film deposition
gases, whereas the upper limit of the optimum flow ratio was 4/3 if H2 gas
was added to these gases, so that the upper limit  30 increased, i.e., the
lower limit of the flow rate of C2H2 gas decreased.        It is guessed
that the reason for this is as follows. If H2 gas is mixed, H produced by
activating H2 gas as plasma is bonded to F, which is weakly bonded in the
film, to produce HF gas to be desorbed 5 from the CF film Since F weakly
bonded in the film is easily desorbed by heat, thermostability is enhanced
by removing such F'. Therefore, when H2 is mixed, the lower limit of the
flow rate of C2H2 decreases.        According to this preferred embodiment,
the plasma producing method should not be limited to the ECR, but this
preferred 10 embodiment may be applied to the production of a plasma called
an ICP (Inductive Coupled Plasma) by a method for applying electric and
magnetic fields to a process gas from a coil wound onto a dome-shaped
container. Moreover, this preferred embodiment may be applied to the
production of a plasma called a helicon wave plasma by the interaction 15
between a helicon. wave of, e.g., 13.56 MHz, and a magnetic field applied
to a magnetic coil, the production of a plasma called a magnetron plasma by
applying a magnetic field to two parallel cathodes substantially in
parallel, and the production of a plasma by applying a high-frequency power
between electrodes called parallel plates facing 20 each other.        The
fourth preferred embodiment of the present invention will be described
below. 



A method for depositing an interlayer insulator film of a CF film on a
wafer 10, which is a substrate to be treated, using the system 25 shown in
FIG. 1 will be described. First, a gate valve (not shown) provided in the
side wall of the vacuum vessel 2 is open, and a wafer 10, on which an
aluminum wiring has been formed, is introduced from a load-lock chamber
(not shown) by means of a transport arm (not shown) to be mounted on the
mounting table 4 to be electrostatically 30 absorbed by means of the
electrostatic chuck 41. Subsequently, after the gate valve is closed to
seal the interior of the vacuum vessel 2, the internal atmosphere is
exhausted by the exhaust pipes 28, and the interior of the vacuum vessel 2
is evacuated to a predetermined degree of vacuum Then, Ne gas is introduced
from 35 the plasma gas nozzles 31 into the first vacuum chamber 21 at a
predetermined flow rate, and a thin-film deposition gas is introduced from
the thin-film deposition gas supply part 5 into the second vacuum  31
chamber 22 at a predetermined flow rate. Then, the interior of the vacuum
vessel 2 is held at a predetermined process pressure, and a bias voltage of
13. 56 MHz and 1500W is applied to the mounting table 4 by means of the
high-frequency power supply part 42. 5On the other hand, a high-frequency
wave (a microwave) of 2.45 GHz and 2000 W from the high-frequency power
supply part 24 passes through the waveguide 25 to reach the ceiling of the
vacuum vessel 2, and passes through the transmission window 23 to be
introduced into the first vacuum chamber 21. In addition, a magnetic 10
field extending from the upper portion of the first vacuum chamber 21 to
the lower portion of the second vacuum chamber 22 is formed in the vacuum
vessel 2 by the main electromagnetic coil 26 and the auxiliary
electromagnetic coil 27. Thus, the intensity of the magnetic field is,
e.g., 875 gausses, in the vicinity of the lower portion of the first vacuum
15 chamber 21.        Thus, the interaction between the magnetic field and
the microwave produces electron cyclotron resonance, by which Ne gas is
activated as plasma and enriched. The plasma thus produced flows from the
first vacuum chamber 21 into the second vacuum chamber 22 



20 to activate C4F8 gas and C2I-14 gas, which have been supplied thereto,
(as plasma) to form active species (plasma).        On the other hand, Ne
gas is drawn into the wafer 10 by the bias voltage to shave off the corners
of a pattern (a recessed portion) in the surface of the wafer 10 to
increase the frontage thereof. Then, a CF 25 film is formed by the plasma
of the thin-film deposition in addition to the sputter etching function to
be embedded in the recessed portion. Thus, an interlayer insulator film of
the CF film is deposited on the wafer 10. Thereafter, when a device is
actually produced, the CF film is etched with a predetermined pattern, and
a film of, e.g., W, is embedded 30 in a groove portion to form a W wiring.
FIG. 14 shows a sequence of the above described process. In an actual
process, the introduction of Ne gas and the application of the microwave
power (the high-frequency power supply part 24) are substantially
simultaneously carried out to produce a plasma. 35 Subsequently, a
predetermined time, e.g., 30 seconds, after the introduction of Ne gas, the
application of the bias power (the high- frequency power supply part 42)
and the introduction of C4F8 gas and  32 C2H4 gas are substantially
simultaneously carried out to start a thin-film deposition treatment. The
reason why the introduction timing of Ne gas is shifted from the
introduction liming of C4F8 gas and so forth is that it is required to
stabilize the plasma and to heat the wafer. 5 The CF film thus deposited
has stiong bonds, and high thermostabffity as can be seen from the results
of experiments which will be described later. That is, the amounts of
desorbed F containing gases are small even at a high temperature. It is
considered that the reason for this is that Ne gas is used as the plasma
producing gas. 10 That is, it is considered that if a CF film is deposited
using the combination of a CF containing gas with a hydrocarbon gas as the
thin-film deposition gas, C-C bonds, C-F bonds and C-H bonds exist in the
deposited CF film as shown in FIG. 15, and these bonds are sputtered by the
plasma producing gas during the thin-film deposition 15 treatment since the
plasma producing gas has the sputtering function as described above.
13y the way, the sputtering effect is related to the magnitude of collision
energy. Therefore, in general, if a gas of an atom having large mass is
used as a sputter gas, the sputtering effect increases, and if a 



20 gas of an atom having small mass is used as a sputter gas, the
sputtering effect decreases. Conventionally, Ar gas is used as a plasma
producing gas since it is easy to produce a plasma. Comparing the mass of
Ar with that of Ne, Ne is about half the mass of Ar (the atomic weight of
Ar is 39.948 and the atomic weight of Ne is 20.179). 25 Therefore, it is
presumed that when Ar gas is used, the sputtering effect is greater than
that when Ne gas is used.        lithe CF film is sputtered, the above
described C-C bonds and so forth are physically struck. If the sputtering
effect is great, these bonds are struck. It is considered that if Ar gas is
used, C-H bonds 30 and C-F bonds, which are weak bonds, are not only cut,
but a part of C-C bonds, which are strong bonds, are also cut, so that the
amount of strong bonds in the whole film decreases. On the other hand, it
is considered that if Ne gas is used, C-C bonds, which are strong bonds,
are not cut although C-F bonds and 35 C-H bonds, which are weak bonds, are
cut. Therefore, H and F produced by the cutting of the bonds are scattered
to the outside of the CF film during the deposition of the CF film, and C,
from which F and H  33 have been cut, are bonded to another C to form a new
C-C bond. Thus, C-C bonds form a three-dimensional structure, so that the
bonds constituting the CF film are strengthen. Therefore, since the
sputtering function is carried out from the 5 surface of the CF film thus
formed, the number of weak bonds decreases in the whole CF film, and strong
bonds also exist in the surface layer of the film The desorption of F
containing gases occurs if F, CF, CF2 and so forth, which are produced by
cutting C-C bonds and C-F bonds by heat during a heat treatment at a high
temperature, are 10 scattered as gases. If the weak bonds are previously
struck during the thin-film deposition treatment; the number of bonds cut
by heat decreases, so that the desorption of F containing gases can be
suppressed. In addition, if the surface layer of the film is strengthen,
C-C 15 bonds in this portion are difficult to be cut even at a high
temperature. Therefore, even if weak bonds are cut below the surface layer
to cause degassing, the strong film of the surface layer serves as a
barrier to inhibit F containing gasses from passing therethrough. Thus, in
the CF film formed using Ne gas as the plasma producing gas, the 20
degassing of F containing gasses is inhibited even during a heat treatment
at a high temperature, so that the thermostability of the CF film is
improved. On the other hand, when Ar is used as the plasma producing gas,
the proportion of weak bonds in the whole film is large, and the proportion
of strong bonds existing in the surface layer of the 



25 film is small. Therefore, the amount of bonds, which are cut during a
heat treatment at a high temperature, is large, and the degassed amount of
F containing gases is large. In addition, it is difficult to confine
degassing, so that the degassed amount increases. Then, examples of
experiments, which were carried out in order 30 to examine the
thermostability of a CF film formed by the method of the present invention,
will be described below. Using the plasma treatment system shown in FIG. 1,
a CF film having a. thickness of 2u m was deposited on a wafer 10 by
introducing Ne gas as a plasma producing gas at a flow rate of 150 scan,
and C4F8 gas and C2H4 gas as 35 thin-film deposition gases at flow rates of
40 scan and 30 sccm, respectively. In this case, the thin-film deposition
gases were introduced 30 minutes after the introduction of Ne gas. In
addition,  34 the microwave power and the bias power were set to be 2700 W
and 1500 W, respectively. Moreover, the temperature of the surface of the
mounting table 4 was set to be 300C, and the process pressure was set to be
0.2 Pa (Example 1). 5The CF film thus deposited was annealed at 425C for 2
hours, and the variation in weight of the CF film before and after
annealing was examined by an electron force balance. This variation in
weight is an index of the thermostability of a thin-film As this value is
small, the amounts of desorbed F containing gases are small, and
thermostability 10 is high.        In addition, experiments were carried
out when Ne gas was introduced as the plasma producing gas at a flow rate
of 150 sccm, C4F8 gas and hydrogen (H2) gas were introduced as the
thin-film deposition gases at flow rates of 40 scan and 50 scan,
respectively, and all other 15 conditions were the same as those in Example
1 (Example 2), when Ar gas was used as the plasma producing gas
(Comparative Example 1), when Kr gas was used as the plasma producing gas
(Comparative Example 2), and when Xe gas was used as the plasma producing
gas. In Comparative Examples 1, 2 and 3, all of the flow rates of Ar gas
and 



20 so forth and other conditions were the same as those in Example 1.
The results are shown in FIG. 16, in which Ne(1) and Ne(2) show Examples 1
and 2, respectively. It was confirmed from these results that the
variations in weight of the CF film were about 2.6 A when Ne gas was used
as the plasma producing gas (Example 1), about 25 3.5 % when Ar was used as
the plasma producing gas (Comparative Example 1), about 6 % when Kr gas was
used as the plasma producing gas (Comparative Example 2), and about 8.7 A
when Xe gas was used as the plasma producing gas (Comparative Example 3).
The atomic weights of Xe and Kr are 131.29 and 83.80, respectively, which
are far 30 greater than those of Ar and Ne. Therefore, it can be seen that
the mass of the plasma producing gas is in proportion to the variation in
thermogravity of the CF film, and as the mass of the plasma producing gas
decreases, the variation in weight of the CF film decreases, so that therm
ostability is enhanced. 35When the CF film was deposited by the process in
Example 2, the variation in thermogravity was 1.7 %, which was smaller than
those in Comparative Examples 1, 2 and 3. Therefore, it was confirmed that
35 even if the CF film was deposited using H2 gas as the thin-film
deposition gas in place of the hydrocarbon gas, the thermostability of the
CF film was enhanced in comparison with the case where Ne gas was used.
5Another example of this preferred embodiment will be described below. When
Ne gas is used as the plasma producing gas as described above, there is an
advantage in that it is possible to enhance the thermo stability of the CF
Crn However, there are some cases where no plasma is produced unless a few
seconds or about 10 seconds 10 elapse after the microwave power is applied
(the introduction of Ne gas begins). In order to improve this point, this
example is carried out. This example is characterized in that a mixed gas
of Ne gas and Ar gas, a mixed gas of Ne gas and Kr gas, or a mixed gas of
Ne gas and Xe gas is introduced as the plasma producing gas at least when a
plasma is 15 produced.        A case where C4F8 gas and C2H4 gas are used
as the thin-film deposition gases in this preferred embodiment will be
specifically described on the basis of a sequence of FIG. 17. First, Ne gas
and Ar gas were substantially simultaneously introduced into the plasma 20
thin-film deposition system shown in FIG. 1. Substantially at the same
time, the application of a microwave power is carried out to produce a
plasma Subsequently, a predetermined time, e.g., 30 seconds, after the
introduction of Ne gas, the application of a bias power and the
introduction. of C4F8 gas and C2H, gas are substantially 25 simultaneously
carried out to start a thin-film deposition treatment. At the same time
that the thin-film deposition treatment begins, i.e., a predetermined time,
e.g., 30 seconds, after the introduction of Ar gas, the introduction of Ar
gas is stopped. As an example of process conditions in this case, the flow
rates 



30 of Ne gas and Ar gas are 150 sccm and 30 sccm, respectively, and the
flow rates of C4F8 gas and C21-14 gas are 40 sccm and 30 sccm,
respectively. In addition, the microwave power is 2.7 kW, and the bias
power is 1.5 kW. Thus, if a mixed gas of Ne gas and Ar gas is used as the
plasma 35 producing gas, there is an advantage in that plasma is easily
produced, and a stable thin-film deposition treatment can be carried out.
It is considered that the reason for this is as follows. That is, the
ionization  36 potential and voltage at the minimum excitation level of Ne
are higher than those of Ar, Xe, Kr and H, as can be seen from FIG. 18,
which shows the ionization potentials and voltages at the minimum
excitation level of hydrogen gas and rare gases. 5The fact that the
ionization potential and so forth of a gas are high means that the gas is
difficult to be activated to form a plasma, and high energy is required to
produce a plasma Therefore, if conditions, such as the microwave power and
so forth, are the same, Ne gas is more difficult to produce a plasma than
Ar gas and so forth. It is considered 10 that if a mixed gas of Ne gas and
Ar gas is introduced when the plasma is produced, the mixed gas is more
easily activated to form a plasma by the Penning effect of Ar gas (an
effect that if one of gases, which has a slightly higher break-down voltage
than that of the other gas, is mixed with the other gas, the break-down
voltage decreases) than the case 15 where Ne gas is used alone, since Ar
gas has a lower ionization potential than that of Ne gas to be easily
activated to form a plasma.        Therefore, if conditions, such as the
microwave power and so forth, are the same, when the mixed gas is used,
time from the application of a microwave power to the production of a
plasma is 20 shorter than that when Ne gas is used alone, so that the
plasma is produced in a very short time, e.g., about 1 second. In addition,
the production of the plasma is stable, so that it is difficult that the
plasma is produced and not produced by turns. Therefore, it is easy to make
a process sequence during mass production, so that it is possible to carry
25 out a stable plasma treatment. On the other hand, since the introduction
of Ar is stopped at the same time that the thin-film deposition treatment
begins, it is possible to inhibit the thermostability of the CF film from
being decreased by the sputtering function of Ar gas when the thin-film
deposition treatment is carried out. 30Then, examples of experiments, which
were carried out in order to confirm advantages of this preferred
embodiment, will be described below. Using the plasma treatment system
shown in FIG. 1, a CF film 



having a thickness of 2 gra was deposited on a wafer 10 by introducing Ne
gas and Ar gas as plasma producing gases at flow rates of 150 sccm 35 and
30 sccm, respectively, and C4F8 gas and C21-14 gas as thin-film deposition
gases at flow rates of 40 sccm and 30 sccm, respectively. In this case, the
microwave power and the bias power were set to be 2700  37 W and 1500 W,
respectively. In addition, the introducing and stopping timings of Ne gas,
Ar gas and the thin-film deposition gases, and the applying and stopping
timings of the microwave power and the bias power were the same as those in
the sequence of FIG. 17, respectively 5 (Example 3). When the thin-film
deposition treatment is carried out, the presence of the production of a
plasma was confirmed by the naked eye 3 seconds after the application of
the microwave power.        In addition, experiments were carried out when
a mixed gas of Ne gas and Kr gas was used as the plasma producing gas to be
10 introduced at flow rates of 150 seem and 30 scan, respectively (Example
4), when a mixed gas of Ne gas and Xe gas was used as the plasma producing
gas to be introduced at flow rates of 150 sccm and 30 scan, respectively
(Example 5), and when Ne gas was used alone as the plasma producing gas to
be introduced at a flow rate of 150 scan 15 (Comparative Example 4). In
these Examples, other conditions were the same as those in Example 3.
The results are shown in FIG. 19. It was confirmed from these results that
it took a little time to produce a plasma when the mixed gas of Ne gas and
Ar gas was used as the plasma producing gas (Example 3), 20 when the mixed
gas of Ne gas and Kr gas was used as the plasma producing gas (Example 4),
when the mixed gas of Ne gas and Xe gas was used as the plasma producing
gas (Example 5) and when Ne gas was used alone (Comparative Example 4). As
the thin-film deposition gas, there may be used a compound 25 gas of C and
F, such as CF4, C2F6, C3F8, C6F8 and C6F6 gases, and a gas containing C, F
and H, such as CHF3 gas. There may also used a hydrocarbon gas, such as
CH4, C2H2, C2H6, C3H8 and C4H8 gases. In place of the hydrocarbon gas,
hydrogen gas may be used. According to this preferred embodiment, the
plasma producing 30 method should not be limited to the ECR, but this
preferred 



embodiment may be applied to the production of a plasma called an ICP
(Inductive Coupled Plasma) by a method for applying electric and magnetic
fields to a process gas from a coil wound onto a dome-shaped container.
Moreover, this preferred embodiment may be applied to the 35 production of
a plasma called a helicon wave plasma by the interaction between a helicon
wave of, e.g., 13.56 MHz, and a magnetic field applied to a magnetic coil,
and the production of a plasma called a magnetron  38 plasma by applying a
magnetic field to two parallel cathodes substantially in parallel, and the
production of a plasma by applying a high-frequency power between
electrodes called parallel plates facing each other. 5According to the
fourth preferred embodiment, it is possible to form a CF film which has
high therrnostability and small desorption of F containing gases. In
addition, if a gas containing neon gas and argon gas, krypton gas or xenon
gas is activated to form a plasma, it is easy to produce the plasma, so
that it is possible to shorten time to produce the 10 plasma        The
first through fourth preferred embodiments of the preset invention have
been described above. According to any one of these preferred embodiments,
it is possible to form a CF film which has high therm ostability and small
desorption of F containing gases. Therefore, 15 if this CF film is used as,
e.g., an interlayer insulator film of a semiconductor device, it is
possible to prevent the corrosion of a metal wiring, the swell of an
aluminum wiring and the crack of the film Since the scale down and
accelerating of semiconductor devices have been required and since CF films
have been widely noticed as insulator 20 films having a small relative
dielectric constant, the present invention is effective in the practical
use of CF films as insulator films  39 



Claims  1. A plasma thin-film deposition method comprising the steps of:
activating a thin-film deposition gas containing a compound gas of carbon
and fluorine and an oxygen containing gas to form a plasma; and
depositing a fluorine containing carbon film on a substrate to be treated,
with said plasma.  2. A plasma thin-film deposition method as set forth in
claim 1, wherein said oxygen containing gas is carbon monoxide gas.  3. A
plasma thin-film deposition method as set forth in claim 1, wherein said
oxygen containing gas is carbon dioxide gas.  4. A plasma thin-film
deposition method as set forth in claim 1, wherein said oxygen containing
gas is oxygen gas.  5. A plasma thin-film deposition method as set forth in
claim 1, wherein said oxygen containing gas is water gas.  6. A plasma
thin-film deposition method as set forth in claim 1, wherein said oxygen
containing gas is hydrogen peroxide gas.  7. A plasma thin-film deposition
method as set forth in claim 1, wherein said thin-film deposition gas
includes a hydrocarbon gas.  8. A plasma thin-film deposition method as set
forth in claim 1, wherein said thin-film deposition gas is activated by the
interaction between a microwave and a magnetic field to form a plasma.  9.A
plasma thin-film deposition method comprising the steps of:
activating a thin-film deposition gas containing a compound gas of carbon
and fluorine and a silicon containing gas to form a plasma; and
depositing a fluorine containing carbon film on a substrate to be treated,
with said plasma  40  10. A plasma thin-film deposition method as set forth
in claim 9, wherein said silicon containing gas is a compound gas of
silicon and hydrogen.  11. A plasma thin-film deposition method as set
forth in cLaim 9, wherein said silicon containing gas is a compound gas of
silicon and fluorine. 



12. A plasma thin-film deposition method comprising the steps of:
activating a thin-film deposition gas containing a compound gas of carbon
and fluorine, a hydrocarbon gas and silicon gas to form a plasma; and
depositing a fluorine containing carbon film on a substrate to be treated,
with said plasma  13. A plasma thin-film deposition method as set forth in
claim 12, wherein said silicon containing gas is a compound gas of silicon
and hydrogen.  14. A plasma thin-film deposition method as set forth in
claim 12, wherein said silicon containing gas is a compound gas of silicon
and fluorine. 15. A plasma thin-film deposition method comprising the steps
of: activating a thin-film deposition gas containing C,F, gas and acetylene
gas to form a plasma; and        depositing a fluorine containing carbon
film on a substrate to be treated, with said plasma  16. A plasma thin-film
deposition method as set forth in claim 15, wherein the flow ratio of C4F8
gas to acetylene gas is 4/7 gas/acetylene gas 5_ 1. 17. A plasma thin-film
deposition method comprising the steps of: activating a thin-film
deposition gas containing C4F8 gas, acetylene gas and hydrogen gas to form
a plasma; and depositing a fluorine containing carbon film on a substrate
to  41 be treated, with said plasma,        wherein the flow ratio of C4F8
gas to acetylene gas is 0.7 gas/acetylene gas .4/3, and the flow ratio of
the mixed gas of C,F8 gas and acetylene gas to hydrogen gas is 1 the mixed
gas/hydrogen gas 3. 18. A plasma thin-film deposition method comprising the
steps of: activating a plasma producing gas containing neon gas to form a
first plasma; and        activating a thin-film deposition gas containing a
compound gas of carbon and fluorine with said first plasma to form a second
plasma to deposit a fluorine containing carbon film on a substrate to be
treated, with said second plasma.  19. A plasma thin-film deposition method
as set forth in claim 18, 



wherein said thin-film deposition gas includes a hydrocarbon gas.  20. A
plasma thin-film deposition method as set forth in claim 18, wherein said
step of activating said plasma producing gas containing neon gas activates
a plasma producing gas containing neon gas and argon gas at least when the
plasma is produced.  21. A plasma thin-film deposition method as set forth
in claim 18, wherein said step of activating said plasma producing gas
containing neon gas activates a plasma producing gas containing neon gas
and krypton gas at least when the plasma is produced.  22. A plasma
thin-film deposition method as set forth in claim 18, wherein said step of
activating said plasma producing gas containing neon gas activates a plasma
producing gas containing neon gas and xenon gas at least when the plasma is
produced. 




