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Title of Invention: SEMICONDUCTOR DEVICE AND MANU-
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FACTURING METHOD THEREFOR
Technical Field

The present invention relates to a semiconductor device and a manufacturing method
therefor. Specifically relates to a semiconductor device adopting a fluorocarbon film as
a portion of an interlayer, and a manufacturing method therefor.

Background

In recent years, with the progress of miniaturization and high integration of semi-
conductor integrated circuits, delay of an electric signal passes through a wiring
(wiring delay) has becoming an issue to the increase in speed of the device operation.
Because this wiring delay is proportional to the product of resistance of the wiring and
the capacity between wirings, it has been demanded to lower the resistance of the
electrode wiring material and lower the permittivity of the interlayer that insulates
between each layer, in order to shorten the wiring delay.

As an interlayer, for example, a film (SiCOH film) having a relative permittivity of
about 2.7 and containing porous silicon, which has sufficient mechanical strength,
carbon, oxygen and hydrogen and a fluorine added carbon film (hereinafter referred as
"fluorocarbon film"), which is a compound of carbon (C) and fluorine (F) that are
lower in relative permittivity compare to the SICOH film, have been considered to be
adopted.

This fluorocarbon film is low in oxidation resistance, heat resistance, pressure re-
sistance, stress resistance and so on, thus it is difficult to apply as a single layer to a
semiconductor device. For this reason, normally an insulator, such as silicon oxide that
has been used as an interlayer material, is formed on a fluorocarbon film and used as a
laminated interlayer.

Onto such an interlayer, a wiring (contact) to electrically connect wirings on upper
and lower layers is formed. That is, the wiring (contact) is formed so as to pass through
the interlayer. The wiring is configured by forming the contact hole passes thorough
the interlayer and filling a conductive material into the contact hole. As a technique to
form a wiring passes through an interlayer using a fluorocarbon film as a portion of in-
terlayer, the technique disclosed in PTL 1 can be considered.

PTL 1 discloses a manufacturing method of a multilayer wiring including the steps of
forming an insulator 17 including at least a low-permittivity organic film (fluorocarbon
film) 15 on a substrate 10, forming a via hole 18 on the insulator 17, and forming a via

plug 23 on the via hole 18, wherein the via plug 23 is formed in a temperature not
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more than 350 degree/C. Further, the PTL 1 discloses that it is preferable to perform
annealing of the low-permittivity organic film 15 before the forming process of the via
plug 23 in a temperature range not less than a temperature for forming the via plug and
not more than a temperature of thermal decomposition of the low-permittivity organic
film 15. In this way, the low-permittivity organic film 15 is densified and the
generation of gas in a small amount can be prevented, thereby resolving the issues of

film peeling and insufficient filling of the via plug.
However, even the conventional technique described above does not consider the

film peeling of a metal film contacting a fluorocarbon film. For this reason, as for the
laminate body formed from a fluorocarbon film and a film containing metal, which
contacts the fluorocarbon film, the development for the laminate body having a
favorable adhesiveness between layers has been desired. Further, the development of a
technique for a semiconductor device and a manufacturing method that are capable of
forming a conductive layer with a favorable adhesiveness on an interlayer when a fluo-

rocarbon film is used as a part of the interlayer, has been desired.
Citation List

Patent Literature
PTL 1: Patent H10-199976
Summary of Invention

One aspect of the present invention is a first semiconductor device including a fluo-
rocarbon film and a film containing metal formed on the fluorocarbon film, wherein a
content amount of the fluorine atom on a surface of the fluorocarbon film, which
contacts the film containing metal, is within predetermined range.

According to the semiconductor device of the embodiment, the content amount of the
fluorine atom on a contact surface of the fluorine film when the fluorine film contacts
the film containing metal is within a predetermined range. Here, the predetermined
range means a range that allows the fluorine film to maintain the adhesiveness with the
film containing metal on the surface of the fluorocarbon film. In this way, a semi-
conductor device provided with a film containing metal favorably adhered to a fluo-
rocarbon film on the fluorocarbon film can be provided.

In the first semiconductor device pertaining to the present invention, the content
amount of fluorine atom on the surface of the fluorocarbon film may be lower
comparing to the content amount of the fluorine atom in the fluorocarbon film. In this
configuration, since the film containing metal is provided on the surface of the fluo-
rocarbon film, in which the fluorine concentration is decreased, a semiconductor
device, in which a high adhesiveness is maintained between the fluorocarbon film and

the film containing metal, can be provided.
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In the first semiconductor device pertaining to the present invention, the film
containing metal may contain at least tantalum.

A second semiconductor device pertaining to the present invention including a fluo-
rocarbon film provided over a substrate and a film containing metal provided on the
fluorocarbon film, wherein a content amount of the fluorine atom by an XPS analysis
on a surface of the fluorocarbon film contacting the film containing metal is not more
than 50%.

According to the second semiconductor device pertaining to the present invention,
the content amount of the fluorine atom on the fluorocarbon surface which contacts the
film containing metal, is not more than 50%. In this way, as described above, a semi-
conductor device, in which the fluorocarbon film and the film containing metal is
favorably adhered, can be provided.

A third semiconductor device pertaining to the present invention including a semi-
conductor substrate, an inter layer formed over the substrate, which includes a
multilayer containing two or more insulators different from each other, and at least one
of which is a fluorocarbon film, and a contact which passes through the interlayer,
wherein a content amount of the fluorine atom on the surface of the fluorocarbon film,
which contacts the contact, is within a predetermined range.

In the third semiconductor pertaining to the present invention, the contact, which
passes through the interlayer, contacts the fluorocarbon film at a portion of its side
surface. On the surface of the fluorocarbon film, which contacts this contact, the
content amount of the fluorine atom is within a predetermined range. For this reason,
the metal element forming the contact is prevented from reacting with the fluorine
atom. As a result, a semiconductor having a contact which favorably adhering to the
interlayer, can be provided.

In the third semiconductor device pertaining to the present invention, the interlayer
may include a stack of the fluorocarbon film and an insulator.

In the third semiconductor device pertaining to the present invention, the contact
includes a conductive layer and a barrier film provided between the conductive layer
and the interlayer, wherein the barrier film may at least include tantalum.

A manufacturing method of the first semiconductor device pertaining to the present
invention includes the steps of forming a fluorocarbon film over a substrate, exposing
the substrate in atmosphere containing gas of hydrogen-containing compound, and
forming a film containing metal over the fluorocarbon film.

According to the manufacturing method of the first semiconductor device pertaining
to the present invention, the exposed surface of the fluorocarbon film can be exposed
to the gas of hydrogen-containing compound. In this way, the fluorine atom on the

exposed surface of the fluorocarbon film can be reacted with the hydrogen atom in the
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hydrogen-containing compound and removed from the surface of the fluorocarbon
film. For this reason, the reaction of the fluorine atom and the metal element can be
prevented when the film containing metal is formed on such a fluorocarbon film. As a
result, a semiconductor device having a fluorocarbon film and a film containing metal,
which favorably adhere to the fluorocarbon film, can be manufactured.

In the manufacturing method of the first semiconductor device pertaining to the
present invention, the heat treatment may be performed at a temperature of 200 degree/
C to 400 degree/C.

In the manufacturing method of the first semiconductor device pertaining to the
present invention, the hydrogen-containing compound may be a compound containing
Si-H bond.

In the manufacturing method of the first semiconductor device pertaining to the
present invention, the compound containing hydrogen-containing compound may be
organosilane.

In the manufacturing method of the first semiconductor device pertaining to the
present invention, the organsilane may include at least trimethylsilane.

A manufacturing method of the second semiconductor device pertaining to the
present invention include the steps of forming an interlayer including a fluorocarbon
film over a substrate, forming a contact hole pass though the interlayer, exposing the
substrate in atmosphere containing a gas of a hydrogen-containing compound, forming
a barrier metal film on an inner surface of the contact hole, and forming a conductive
layer in the contact hole.

According to the manufacturing method of the second semiconductor device
pertaining to the present invention, the method includes a step of exposing the
substrate in atmosphere containing a gas of hydrogen-containing compound after
forming a contact hole. In this way, the fluorine atom on the surface of the fluo-
rocarbon film exposed in the inner surface of the contact hole can be reacted with the
hydrogen atom in the hydrogen-containing compound. As a result, the fluorine atom on
the fluorocarbon film can be removed, thereby the contact can be formed in the contact
hole with a favorable adhesiveness.

In the manufacturing method of the second semiconductor device pertaining to the
present invention, the substrate may be exposed in the atmosphere of a temperature not
less than 200 degree/C.

In the manufacturing method of the second semiconductor device pertaining to the
present invention, the substrate may be exposed in the atmosphere of temperature not
more than 400 degree/C.

In the manufacturing method of the second semiconductor device pertaining to the

present invention, the hydrogen-containing compound may be organosilane.
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In the manufacturing method of the second semiconductor device pertaining to the

present invention, the conductive layer may mainly contain copper.
In the manufacturing method of the second semiconductor device pertaining to the

present invention, the fluorocarbon film may be formed by using a gas at least one
selected from a group includingC,F,, C,Fs, CsFs, C4Fs, CsFs, CsFs, CH,F,, CHF:.
Brief Description of Drawings

[fig.1]Figure 1 is a cross section diagram illustrating a first semiconductor device
pertaining to an embodiment.

[fig.2]Figure 2 is a cross section diagram illustrating a second semiconductor device
pertaining to the embodiment.

[fig.3]Figure 3 is a cross section diagram illustrating a process of manufacturing
process of a semiconductor device pertaining to the embodiment.

[fig.4]Figure 4 is a cross section diagram illustrating a process of manufacturing
process of a semiconductor device pertaining to the embodiment.

[fig.5]Figure 5 is a cross section diagram illustrating a process of manufacturing
process of a semiconductor device pertaining to the embodiment.

[fig.6a]Figure 6a illustrates a condition of a surface of a fluorocarbon film in a cap film
forming process in a manufacturing method of a semiconductor device pertaining to
the embodiment.

[fig.6b]Figure 6b illustrates a condition of a surface of a fluorocarbon film in a cap
film forming process in a manufacturing method of a semiconductor device pertaining
to the embodiment.

[fig.6c]Figure 6c illustrates a condition of a surface of a fluorocarbon film in a cap film
forming process in a manufacturing method of a semiconductor device pertaining to
the embodiment.

[fig.7]Figure 7 is a cross section diagram illustrating a process of a manufacturing
method of a semiconductor pertaining to the embodiment.

[fig.8]Figure 8 is a cross section diagram illustrating a process of a manufacturing
method of a semiconductor pertaining to the embodiment.

Description of Embodiments

An embodiment of the present invention will be hereinafter explained.

(Semiconductor Device)

A first semiconductor device pertaining to the embodiment will be hereinafter
explained with reference to figure 1. Figure 1 is a cross section diagram illustrating a
semiconductor device pertaining to the embodiment. As shown in figure 1, the semi-
conductor device pertaining to the first embodiment has a substrate 10, a fluorocarbon

film 24 formed over the substrate 10, and a film containing metal 36 on the fluo-
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rocarbon film 24. In addition, the fluorocarbon film 24 contacting the film containing
metal 36 in the semiconductor device pertaining to the embodiment.

A single-crystal silicon substrate or a compound semiconductor substrate may be
used for the substrate 10. The fluorocarbon film 24 is a fluorine added carbon film that
is a compound of carbon (C) and fluorine (F), and generally a CF series material
indicated by (CFy). In addition, hydrogen atoms may partially be contained in the fluo-
rocarbon film 24.

The film containing metal 36 is a film containing a metal element, and it may be
formed only from the metal element, or it may contain an element other than the metal
element. In addition, the metal element is not limited to one type, and it may contain
two or more metal elements. As the film containing metal 36, Ta, TaN, Ti, TiN may be
considered.

In the semiconductor device pertaining to the embodiment, a content amount of the
fluorine atom on the surface of the fluorocarbon film 24, at the contact surface to the
film containing metal 36, is within a predetermined range. Here, the predetermined
range means a range within which at least a portion of the boundary between the fluo-
rocarbon film 24 and the film containing metal 36 can maintain an adhered state. For
example, on the surface of the fluorocarbon film 24 contacting the film containing
metal 36, the atomic ratio (F/C) of carbon atom (C) and fluorine atom (F) may be
preferably 1.0 to O and the atomic ratio (F/C) may be more preferably 0.2 to 0. Further,
the content amount of the fluorine atom on the surface of the fluorocarbon film 24,
which contacts the film containing metal 36 may be lower comparing to the content
amount of the fluorine atom in the fluorocarbon film 24.

Next, a second semiconductor device will be explained with reference to figure 2.
Figure 2 is a cross section diagram illustrating the second semiconductor device. In
addition, in the semiconductor device shown in figure 2, the same reference numbers
are used for the same members contained in the semiconductor device shown in figure
1 and the detailed explanation of those members will be omitted.

The second semiconductor device includes a substrate 10, a first interlayer 12, a
second interlayer 20 and a contact 30 passes though the second interlayer 20. The first
interlayer 12 is provided over the substrate 10. Although figure 2 does not illustrate in
detail, various semiconductor elements or other wirings may be formed between the
substrate 10 and the first interlayer 12. The second interlayer 20 is configured by
stacking films formed from various insulating materials. The contact 30 including a
barrier metal 32 and a conductive layer 34. A cap 40 film is formed to cover at least
the conductive layer 34. In this embodiment, the cap film 40 is provided over the
contact 30 and the second interlayer 20.

Silicon oxide (Si0Oy), silicon nitride (SixNy), carbonitride silicon (SiCN) and SiON
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film may be used for the first interlayer 12. A wiring (not shown) may be formed
between the first interlayer 12 and the second interlayer 20.

The second interlayer 20 is configured by stacking a first insulator 22, a low-
permittivity film 24 and a second insulator 26 in series. As the first insulator 22 and the
second insulator 26,

silicon oxide (Si0,), silicon nitride (Si,Ny), silicon carbide (SiC) and silicon nitride
(SiCN), SiON film, SiCO film, SiCHO film and

a -C

film may be used. The first insulator 22 and the second insulator 26 may be formed
from an identical material or materials different from each other. The second insulator
26 can act as a hard mask of the low-permittivity film 24 at patterning to form a
contact hole 31 (described later), or an etching stopper at a CMP process after filling a
conductive material layer in the contact hole (described later).

The film thickness of the first insulator 22 is preferably Snm-30nm, and the film
thickness of the second insulator 26 is preferably Snm-30nm.

A low-permittivity film containing fluorine atom may be used as the low-permittivity
film 24. For example, a fluorocarbon film may be considered as the low-permittivity
film 24. In addition, the low-permittivity film 24 is referred as a fluorocarbon film 24
in the explanation below. The film thickness of the fluorocarbon film 24 is preferably
70nm-150nm.

The contact 30 passes through the second interlayer 20. And the contact 30 functions
to connect a lower layer wiring (not shown) and an upper layer wiring (not shown).
Specifically, the contact 30 includes a contact hole 31 passes though the second in-
terlayer 20, a barrier film 32 covers an inner surface of the contact hole 31 and a
conductive layer 34 filling the contact hole 31.

In the semiconductor device pertaining to the embodiment, a bottom surface of the
contact hole 31 is formed from the first interlayer 12, and a side surface is formed from
the first insulator 22, fluorocarbon film 24 and second insulator 26. Namely, the barrier
film 32 is formed on the surface of the first interlayer 12, first insulator 22, fluo-
rocarbon film 24 and second insulator 26. At this time, a content amount of the
fluorine atom in the surface of the fluorocarbon film 24 contacting the barrier film 32
is within a predetermined range. Specifically, it is a range within which at least portion
of the fluorocarbon film 24 and the barrier film 32 contacting the fluorocarbon film 24
are able to maintain an adhered condition. Further, a content amount of the fluorine
atom on the fluorocarbon film 24, which contacts the barrier film 32, may be lower

than the content amount of the fluorine atom in the fluorocarbon film 24.
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Further, the semiconductor device pertaining to the present invention is characterized
by having a C-Si bond on the contact surface to the film containing metal 36, that is the
surface of the fluorocarbon film 24. Further, on the surface of the fluorocarbon film 24,
the atomic ratio (F/C) of carbon atom (C) and fluorine atom (F) may be preferably
1.0-0 and the atomic ratio (F/C) may be more preferably 0.2-0.

The barrier film 32 functions to increase the adhesiveness of the metal material
forming the conductive layer 34 and the second interlayer 20, and to suppress the metal
material from diffusing into the second interlayer 20. As the barrier film 32, a high-
melting point metal, or a high-melting point metal compound may be used. Concretely,
Ta, TaN, Ti, TiN may be considered. The film thickness of the barrier film is
preferably 5-15nm. Further, the barrier film 32 may be configured by a single layer, or
a multilayer.

The conductive layer 34 is preferably formed from a conductive material mainly
containing one or more types of metal element. As such a metal element, copper or Al
may be used. By using the copper as a conductive material, a low-resistance wiring can
be realized. In addition, the main component referred here is that a component makes
up not less than half of the material when entire the conductive material is 100%.

The cap film 40 is formed at least on the conductive layer 34. The cap film 40 is a
layer to suppress the diffusion of the conductive material to the interlayer (not shown)
formed over the contact 30, and diffusion of the main component forming the contact.
Specifically, the film thickness of the cap film 40 is preferably 10-30nm and more
preferably 30-60nm. SiCN film, SiC film, SiN film and

a -C

film may be used as the cap film 40. In addition, the cap film 40 in the embodiment
may also be referred as a protective film 40.

The semiconductor device pertaining to the embodiment is a semiconductor device
having an insulator (for example, the fluorocarbon film 24) containing fluorine atom
contacting to a film containing metal such as the barrier film 32, and a content amount
of the fluorine atom in the contact surface is within a predetermined range. Concretely,
the content amount of the fluorine atom on the contact surface to the film containing
metal is lower comparing to the content amount of the fluorine atom in the film.
Further, in the semiconductor device pertaining to the embodiment, the content amount
of silicon atom on the surface contacting the film containing metal 36 on the surface of
the fluorocarbon film 24 is larger than the content amount of the silicon atom in the
film. By adopting such a configuration, the fluorine atom on the surface of the fluo-

rocarbon film 24 is suppressed from reacting with the film containing metal 36. For
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this reason, the fluorocarbon film 24 and the film containing metal 36 can favorably be
adhered. As a result, a semiconductor device with a high-reliability, in which peeling
of the contact 30 from the contact hole 31 is prevented, can be provided.

(Manufacturing Method of Semiconductor Device)

Next, a manufacturing method of the semiconductor device of the preset invention
will be explained. The manufacturing method of the semiconductor device pertaining
to the present invention is characterized by including the steps of; forming an in-
terlayer including a fluorocarbon film over a substrate, forming a contact hole passes
though the interlayer, exposing the substrate in atmosphere containing a gas of
hydrogen-containing compound, forming a barrier metal on an inner surface of the
contact hole and forming a conductive layer in the contact hole.

Further, another manufacturing method of the semiconductor device pertaining the
present invention is characterized by including the steps of; forming a fluorocarbon
film on a substrate, performing a heat treatment to an exposing surface of the fluo-
rocarbon film in atmosphere containing a gas of hydrogen-containing compound and
forming a film containing metal on the fluorocarbon film after the heat treatment
process. That is, the manufacturing method of the semiconductor device pertaining to
the present invention is a manufacturing method of a semiconductor device to form a
film containing metal, which contacts a fluorocarbon film, and characterized by
including a step of performing a treatment to an exposing surface of the fluorocarbon
film before forming the film containing metal.

An embodiment of the manufacturing method of the semiconductor device of the
present invention will be explained below with reference to figures 3 to 8. In addition,
explained below is the manufacturing method of the semiconductor device shown
figure 2. However, needless to say, the manufacturing method explained below may be
applied to the manufacturing method of the semiconductor device shown in figure 1.

First, as shown in figure 3, a first interlayer 12 is formed over a substrate 10. The
first interlayer 12 may be formed by, for example, a CVD method. At this time, the
film thickness of the first interlayer 12 may be 100nm-300nm. Next, a second in-
terlayer 20 is formed on the first interlayer 12. When forming the second interlayer 20,
specifically, a first insulator 22 is formed at first. The insulating material that can be
used as the first insulator 22 is what is as described above. However, it is preferably
SiCN. As a forming method, the CVD method may be employed. When forming SiCN
as the first insulator 22, methane, silane, monomethylsilane (1MS), dimethylsilane
(2MS), trimethylsilane (3MS), tetramethylsilane (4MS) and silazane may be used as a
supply gas. Theses gasses may be used by mixing them. Further, in addition to the
gasses above, nitrogen (N,), ammonia (NH3) or the like may be added to form a film.

The film thickness of the first insulator 22 may be Snm-60nm.
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Next, a fluorocarbon film 24 is formed on the first insulator 22. The fluorocarbon
film 24 may be formed by, for example, the CVD method. When CVD method is used,
C,F,, C.Fs, CsFs, C,Fs, CsFs, CsFs, CH,F,, CHF; or the like may be considered as a
material gas (supply gas). For example, CsFs may be octafluorocyclopentene, octafluo-
ropentyne or octafluoropentadiene. Hydrogen atom may partially be contained in the
formed fluorocarbon film 24. At this time, a parallel plate type CVD device or a CVD
device employing microwave plasma using RLSA (Radial Line Slot Antenna) may be
used as a CVD device. Further, the film thickness of the fluorocarbon film 24 is
preferably 70nm-150nm.

Next, a second insulator 26 is formed on the fluorocarbon film 24. The second
insulator 26 may be formed as the first insulator 22. This second insulator 26 acts as a
hard mask when forming a contact hole described later, or an etching mask or a CMP
stopper when forming a contact 30. The film thickness of the second insulator 26 is
preferably 30nm-60nm.

Next, as shown in figure 4, a contact hole 31 is formed on the second interlayer 20.
In this process, specifically, a mask M1 having an opening in a predetermined area is
formed on the second interlayer 20. For example, a resist may be used as the mask M1.
Next, the contact hole 31 can be formed by etching the second interlayer 20 by using
the mask M1 as a mask. The etching of the second interlayer 20 may be performed, for
example, by a wet etching method or a dry etching method. The contact hole 31
formed in this way has a bottom surface formed by the first interlayer 12, and a side
surface formed by the first insulator 22, fluorocarbon film 24 and second insulator 26.
Namely, the fluorocarbon film 24 is exposed to the inner surface of the contact hole
31.

Next, the substrate 10 is exposed in atmosphere containing hydrogen contained
compound as shown in figure 5. In this way, a treatment can be performed on the
surface of the fluorocarbon film 24 exposed on the inner surface of the contact hole 31.
The hydrogen-containing compound is to be an organosilane compound and a
compound in which at least one or more hydrogen atom is bond to the silicon in the
silane compound. For example, monomethyl silane (1MS), dimethyl silane (2MS),
trimethyl silane (3MS), tetramethyl silane (4MS), SiH, and Si,Hs may be considered as
the compound.

In this process, the temperature of treatment atmosphere is preferably 200 degree/
C-400 degree/C. When the temperature of the treatment atmosphere is lower than 200
degree/C, the surface of the fluorocarbon film 24 cannot be treated favorably. In this
process, concentration of the hydrogen-containing compound is preferably 20-100%,
more preferably 100%. When lower than 20%, the fluorine atom concentration on the

surface cannot be decreased. In the treatment atmosphere, an inert gas, such as Ar, may
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be contained other than the hydrogen compound within the range described above.

In the process of exposing the substrate 10 in the atmosphere containing the
hydrogen-containing compound, the substrate 10 may be exposed to the atmosphere, in
which plasma of the hydrogen-containing compound is generated. In such a case, a
parallel flat plate type plasma generator or a microwave plasma generator using RLSA
(Radial Line Slot Antenna) may be utilized as a method for generating plasma of the
hydrogen-containing compound. When the microwave plasma generator is utilized,
low energy plasma can be obtained, and there is an advantage of suppressing damage
to the substrate 10.

A reaction that occurs on the surface of the exposed fluorocarbon film 24 when
exposing the substrate 10 in the atmosphere of hydrogen-containing compound in this
way, will be hereinafter explained with reference to figure 6. Figures 6a to 6c illustrate
a condition of the surface of the fluorocarbon film. Figure 6a shows a composition of
the surface of the fluorocarbon film prior to exposing the substrate 10 in the hydrogen
compound atmosphere. Figure 6b and 6¢ illustrate a condition of the reaction occurred
on the surface during the process of exposing the substrate 10 in the hydrogen-
containing compound atmosphere. Explained below is a case where the trimethylsilane
is used as a hydrogen contained compound.

An example of condition for the process of exposing the substrate 10 in the at-
mosphere of hydrogen-containing compound, that is, a treatment process of the surface
of the fluorocarbon film 24 will be explained hereinafter. Explained below is a case
where the trimethylsilane is used as a hydrogen contained compound. Concretely, the
condition of forming a film is preferably as follows, treatment temperature; 380
degree/C, forming pressure; 180mTorr, trimethylsilane flow rate; 100sccm, Ar flow
rate; 2000, sccm microwave power; 4500W and RF bias power; 0-10W. Further, the
treatment time is preferably 6 seconds to 13 seconds. Also, Explained below is a case
where the trimethylsilane is used as a hydrogen contained compound without plasma
(since only gas is used, the microwave power and RF bias power is not used).
Concretely, the condition of forming a film is preferably as follows, 3MS/Ar gas con-
centration; 20%-100% (the total amount of gas may be 420sccm), forming pressure;
2Torr-10Torr, treatment time; 30seconds-7200seconds, treatment temperature;
200-400 degree/C. In addition, the best treatment condition is below, forming pressure;
10Torr, 3MS/Ar gas concentration; 100%, treatment time; 60seconds, treatment tem-
perature; 380 degree/C.

There are two important reactions in the present invention, one of the important
reactions is that hydrogen atom provided from trimethylsilane (3MS) removes fluorine
atom on surface of CF, film. The hydrogen atom combines with fluorine atom to form

hydrogen fluoride (HF). The other important reaction is to cap carbon atom resulting
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from removal fluorine atom on surface of CF, film. For example, Si(CH;); may be used
to cap the carbon atom. As can be noted from the foregoing, the atomic ratio of
fluorine atom/carbon atom (F/C) is very important value for the present invention.

[0063] Next, the contact 30 is formed on the contact hole 31. At the forming of the contact
30, first, a barrier film 32 is formed at least on an inner surface of the contact hole 31
as shown in figure 7. The barrier film 32 may be formed, for example, by a sputtering
method. Next, a conductive material layer 35, which is the conductive layer 34, is
formed so as to cover inside the contact hole 31 and over the second interlayer 20. The
conductive layer 35 is preferably mainly containing copper. The sputtering method,
electrolytic plating method, or electroless plating method may be used to form the
conductive layer 35.

[0064]  Next, as shown in figure 8, a portion of the conductive material layer 35 and the
barrier film 34 is removed until an upper surface of the interlayer 20 is exposed. The
removal of the conductive material layer 35 and the barrier film 34 may be performed,
for example, by a CMP (Chemical Mechanical Polishing) method. In this way, the
contact 30 can be formed in the contact hole 31.

[0065]  Next, as shown in figure 2, the cap film 40 is formed at least on the contact 30. As
the cap film 40, for example, SiCN film, SiC film, SiN film,

a -C

film may be formed. This cap film 40 functions to prevent the conductive material
forming the contact 30 from diffusing into the interlayer (not shown) formed over the
contact 30. The semiconductor device pertaining to the embodiment can be manu-
factured by the processes above.

[0066]  According to the manufacturing method of a semiconductor device pertaining to the
embodiment, the surface of the fluorocarbon film 24 exposing to the inner surface of
the contact hole 31 can be treated by exposing the substrate 10 to the atmosphere
containing hydrogen-containing compound after forming the contact hole 31.
Concretely, the fluorine atom on the surface of the fluorocarbon film 24 can be
removed. This can keep the content amount of the fluorine atom on the fluorocarbon
film 24 within a predetermined range. As a result, the adhesiveness of the contact 30
filled in the contact hole 31 can be increased, thereby a semiconductor device with a
high reliability can be manufactured. In addition, the adhesiveness of the contact 30

may be verified by SEM or visual observation.
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Claims

A semiconductor device comprising:

a fluorocarbon film formed over a substrate; and

a film containing metal formed on the fluorocarbon film,

wherein a content amount of the fluorine atom on a surface of the fluo-
rocarbon film, which contacts the film containing metal, is within a pre-
determined range.

The semiconductor device of claim 1, wherein the content amount of
the fluorine atom on the surface of the fluorocarbon film is lower than
the content amount of the fluorine atom in the fluorocarbon film.

The semiconductor device of claim 2, wherein the film containing
metal contains at least Ta.

A semiconductor device comprising:

a fluorocarbon film formed over a substrate; and

a film containing metal, formed on the fluorocarbon film,

wherein a content amount of the fluorine atom by an XPS analysis at a
surface of the fluorocarbon film contacting the film containing metal is
50%.

A semiconductor device comprising:

a substrate;

an interlayer formed over the substrate, which includes a multi layer
containing at least a fluorocarbon film; and

a contact which passes through the interlayer,

wherein a content amount of the fluorine atom on the surface of the flu-
orocarbon film, which contacts the contact, is lower than a content
amount of the fluorine atom in the film.

The semiconductor device of claim 5, wherein the interlayer includes a
stack of the fluorocarbon film and an inorganic insulator.

The semiconductor device of claim 6, wherein the contact includes a
conductive layer and a barrier film, which is formed between the
conductive layer and the interlayer, and the barrier film contains at least
Ta.

A manufacturing method for a semiconductor device, comprising the
steps of :

forming a fluorocarbon film over a substrate;

exposing the surface of the fluorocarbon film in atmosphere, which

contains the gas of hydrogen-containing compound; and
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forming a film containing metal on the fluorocarbon film.

[Claim 9] The manufacturing method of claim 10, wherein the substrate is
exposed at a temperature of 200degree/C to 400 degree/C.

[Claim 10] The manufacturing method of claim 9 wherein the compound
containing hydrogen contains a Si-H bond.

[Claim 11] The manufacturing method of claim 10, wherein the compound
containing hydrogen is organosilane.

[Claim 12] The manufacturing method of claim 11, wherein the organosilane
includes at least monomethylsilane, dimethylsilane, trimethylsilane,
silane or disilane.

[Claim 13] A manufacturing method for a semiconductor device, comprising the
steps of:
constituting an interlayer, which contains a fluorocarbon film over a
substrate;
structuring a contact hole, which passes through the insulator;
exposing the substrate in a hydrogen-containing compound atmosphere;
forming a barrier metal film on an inner surface of the contact hole; and
forming a conductive layer in the contact hole.

[Claim 14] The manufacturing method of claim 13, wherein the substrate is
exposed to the atmosphere at the temperature not less than 200 degree/
C.

[Claim 15] The manufacturing method of claim 14, wherein the substrate is
exposed to an atmosphere at a temperature of not more than 400
degree/C.

[Claim 16] The manufacturing method of claim 15, wherein the hydrogen-
containing compound is an organosilane.

[Claim 17] The manufacturing method of claim 16, wherein the conductive layer
contains copper as a major proportion.

[Claim 18] The manufacturing method of claim 17, wherein the fluorocarbon film
is formed by using gas at least one selected from the group consisting
of CF,, C,Fs, C3F;, C4Fs, CsFs, CeFs, CH,F, and CHF;
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