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SEMICONDUCTOR DEVICE AND METHOD OF
MANUFACTURING SEMICONDUCTOR DEVICE

CROSS REFERENCES TO RELATED
APPLICATIONS

[0001] The present invention contains subject matter
related to Japanese Patent Application JP 2005-172031 filed
in the Japanese Patent Office on Jun. 13, 2005, the entire
contents of which being incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to a semiconductor
device and a method of manufacturing the same by which it
is possible to prevent galvanic corrosion from occurring in
a dual metal gate structure.

[0004] 2. Description of the Related Art

1. Field of the Invention

[0005] Transistors with a higher degree of integration and
a higher operating speed have been realized by miniaturiza-
tion of the transistors, based on the scaling rule. Thinning of
the gate insulation film has progressed, and in a transistor of
a gate length of, for example, 0.1 um or less, it may be
necessary to reduce the thickness of the gate insulation film
to or below 2 nm.

[0006] As a gate electrode material, normally, polycrys-
talline Si (polysilicon) is used. The reasons for this include
the stability of the interface between the gate electrode and
the gate insulation film beneath the gate electrode. Another
reason lies in that, since an impurity can be easily introduced
into the inside of polysilicon by such techniques as ion
implantation and diffusion, it is possible to obtain an opti-
mum threshold by forming gate electrodes with optimum
work functions for nMOS and pMOS through appropriately
selecting the impurity element and the concentration thereof.

[0007] However, attendant on the miniaturization of tran-
sistors, the problem of depletion of the gate electrode has
become conspicuous. The depletion of the gate electrode is
a phenomenon which is difficult to restrain, because poly-
silicon is a semiconductor. In view of this, it has been widely
reported that the depletion of the gate electrode can be
restrained by forming a film of a metal, in place of poly-
silicon, directly on the gate insulation film, and attention has
therefore been paid to the development of a metal gate.

[0008] However, in the case where the metal gate is
composed of a single kind of metal, the work function of the
gate electrode for an nMOS transistor and that for a pMOS
transistor are equal to each other. Therefore, it is difficult to
regulate the work function of the gate electrode for the
nMOS transistor and the work function of the gate electrode
for the pMOS transistor, and it may be impossible to obtain
a proper threshold value.

[0009] In order to overcome this problem, a dual metal
gate has been proposed in which metallic materials are
selected individually for the gate electrode of the nMOS
transistor and the gate electrode of the pMOS transistor; for
example, a metallic material having a work function com-
parable to that of n-type polysilicon is adopted for the gate
electrode of the nMOS transistor and a metallic material
having a work function comparable to that of p-type poly-
silicon is adopted for the gate electrode of the pMOS
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transistor (refer to, for example, Japanese Patent Laid-open
Nos. 2003-258121 and 2003-45995).

[0010] Now, a method of producing a transistor with a
dual metal gate electrode according to the related art will be
described below, referring to manufacturing step sectional
diagrams shown in FIGS. 6A to 61.

[0011] First, as shown in FIG. 6A, trenches 112 and 113
for forming metal gates are formed in a layer insulation film
111 formed on a substrate, by a lithography technique and a
dry etching technique. The layer insulation film 111 is
composed, for example, of a silicon oxide film.

[0012] Next, as shown in FIG. 6B, a gate insulation film
121 and a metal gate material layer 122 for a pMOS
transistor are formed on the whole surface of the layer
insulation film 111 inclusive of the inside surfaces of the
trenches 112, 113. The gate insulation film 121 in a thickness
of, for example, several micrometers, and the metal gate
material layer 122 is formed of a pMOS metal gate material
in a thickness of about 10 to 40 nm. Incidentally, the
substrate 11 portion is omitted in FIGS. 6B to 61.

[0013] Subsequently, as shown in FIG. 6C, a resist is
applied to the whole upper surface of the metal gate material
layer 122 (the whole upper surface of the substrate), to form
a resist film 123.

[0014] Next, as shown in FIG. 6D, an opening portion 124
is formed in the resist film 123 on the upper side of an nMOS
transistor forming region, by a lithography technique. In this
case, the resist film 122 is left on the upper side of a pMOS
transistor forming region.

[0015] Subsequently, as shown in FIG. 6E, with the resist
film 123 as an etching mask, the metal gate material layer
122 for the pMOS transistor in the nMOS transistor forming
region is selectively etched by use of a chemical liquid. As
a result, the metal gate material layer 122 for the pMOS
transistor is left in the pMOS transistor forming region.

[0016] Next, the resist film 123 is removed by use of an
organic solvent. As a result, the metal gate material layer 122
for the pMOS transistor is exposed, as shown in FIG. 6F.

[0017] Subsequently, as shown in FIG. 6G, a metal gate
material layer 125 for the nMOS transistor is formed to
cover the metal gate material layer 122 and to cover the
whole surface of the layer insulation film 111 inclusive of the
inside surfaces of the trenches 112, 113. The metal gate
material layer 125 is formed of an nMOS metal gate material
in a thickness of 10 to 40 nm, for example.

[0018] Next, as shown in FIG. 6H, an electrode metallic
material layer 126 is formed on the metal gate material layer
125 for the nMOS transistor inclusive of the inside surfaces
of the trenches 112, 113.

[0019] Subsequently, as shown in FIG. 61, surplus por-
tions of the electrode metallic material layer 126, the metal
gate material layer 125 for the nMOS transistor and the
metal gate material layer 122 for the pMOS transistor on the
layer insulation film 111 are removed by chemical mechani-
cal polishing (hereinafter abridged as CMP), whereby a
metal gate 131 having the metal gate material layers 122,
125 and the electrode metallic material layer 126 embedded
in the trench 112 with the gate insulation film 121 therebe-
tween is formed, and a metal gate 132 having the metal gate
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material layer 125 for the pMOS transistor and the electrode
metallic material layer 126 embedded in the trench 113 with
the gate insulation film 121 therebetween is formed. In this
manner, a dual gate structure including the metal gates is
formed.

SUMMARY OF THE INVENTION

[0020] For polishing (CMP) of four kinds of materials
constituting the electrode metallic material layer, the metal
gate material for the nMOS transistor, the metal gate mate-
rial layer for the pMOS transistor and the gate insulation
film, it may be necessary to regulate the selection ratios
among the total of five kinds of materials including the four
kinds of materials to be polished and an under film (e.g.,
silicon oxide (Si0,)), and it is highly difficult to develop
abrasives (slurries). In addition, since a plurality of films are
polished, it is difficult to stabilize the scatterings of process-
ing, due to the presence of scattering of thicknesses of the
films and scattering of polishing rate differences among the
films. Further, since a maximum of three metallic material
layers laminated are exposed at the time of CMP, galvanic
corrosion is liable to be generated due to the potential
differences between different metals, which may lower the
yield and reliability.

[0021] Thus, there is a need to reduce the number of
metallic layers exposed at the time of polishing an electrode
metallic material layer, and to enable polishing with high
processing accuracy while permitting polishing with abra-
sives used in the related art and preventing galvanic corro-
sion from occurring at the time of polishing.

[0022] In order to fulfill the above need, according to an
embodiment of the present invention, there is provided a
semiconductor device including, on a substrate, a first con-
duction type MOS transistor having a gate electrode pro-
vided in a first trench formed in an insulation film on the
substrate, and a second conduction type MOS transistor
having a gate electrode provided in a second trench formed
in the insulation film, the first conduction type and the
second conduction type being opposite types. In the semi-
conductor device, a first gate electrode material layer of the
first conduction type MOS transistor, a second electrode
material layer of the second conduction type MOS transistor,
and an electrode metal layer are formed in the first trench,
with a gate insulation film therebetween, the first gate
electrode material layer and the second gate electrode mate-
rial layer are covered by the electrode metal layer in the first
trench; and a second gate electrode material layer of the
second conduction type MOS transistor, and an electrode
metal layer are formed in the second trench, with a gate
insulation film therebetween, and the second gate electrode
material layer is covered by the electrode metal layer in the
second trench.

[0023] In this semiconductor device, the first gate elec-
trode material layer and the second gate electrode material
layer are covered by the electrode metal layer in the first
trench in which the gate of the first conduction type MOS
transistor is formed, and the second gate electrode material
layer is covered by the electrode metal layer in the second
trench in which the gate of the second conduction type MOS
transistor is formed. Therefore, when polishing is so con-
ducted as to leave the electrode metal layer in the first trench
and the second trench, the layers exposed to the surface are
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the electrode metal layer and the gate insulation film, so that
galvanic corrosion would not easily be generated. In addi-
tion, since the electrode metal layer can be formed inside the
first trench and the second trench by polishing only the
electrode metal layer, polishing with high accuracy can be
easily achieved while using an abrasive used in the related
art.

[0024] According to another embodiment of the present
invention, there is provided a semiconductor device includ-
ing, on a substrate, a first conduction type MOS transistor
having a gate electrode provided in a first trench formed in
an insulation film on the substrate, and a second conduction
type MOS transistor having a gate electrode provided in a
second trench formed in the insulation film, the first con-
duction type and the second conduction type being opposite
types. In the semiconductor device, a first gate electrode
material layer of the first conduction type MOS transistor, a
second gate electrode material layer of the second conduc-
tion type MOS transistor, and an electrode metal layer are
formed in the first trench, with a gate insulation film
therebetween, at least the first gate electrode material layer
is covered by the second gate electrode material layer in the
first trench; and a second gate electrode material layer of the
second conduction type MOS transistor, and an electrode
metal layer are formed in the second trench, with a gate
insulation film therebetween, and the second gate electrode
material layer is covered by the electrode metal layer in the
second trench.

[0025] In this semiconductor device, the first gate elec-
trode material layer is covered by the second gate electrode
material layer in the first trench in which the gate of the first
conduction type MOS transistor is formed. Therefore, when
polishing is so conducted as to leave the electrode metal
layer in the first trench and the second trench, the layers
exposed at the surface are the electrode metal layer, the
second gate electrode material layer and the gate insulation
film, so that the number of layers exposed at the time of
polishing is reduced, as compared with the number of kinds
of metallic layers exposed at the time of polishing in the
related art. As a result, galvanic corrosion is generated with
difficulty. Besides, since the electrode metal layer can be
formed inside the first trench and the second trench by
polishing of the electrode metal layer and the second gate
electrode material layer, polishing with high accuracy can be
easily achieved while using an abrasive used in the related
art.

[0026] According to a further embodiment of the present
invention, there is provided a method of manufacturing a
semiconductor device including, on a substrate, a first con-
duction type MOS transistor having a gate electrode pro-
vided in a first trench formed in an insulation film on the
substrate, and a second conduction type MOS transistor
having a gate electrode in a second trench formed in the
insulation film, the first conduction type and the second
conduction type being opposite types. The method includes
the steps of: forming a gate insulation film in the first trench
and in the second trench; forming a first gate electrode
material layer of the first conduction type MOS transistor in
the first trench, with the gate insulation film therebetween
and in the range from an opening portion to the interior side
of the first trench; forming a second gate electrode material
layer in the first trench, with the gate insulation film and the
first gate electrode material layer therebetween, and in the



US 2006/0278934 A1

second trench, with the gate insulation film therebetween;
removing the second gate electrode material layer so that the
second gate electrode material layer is present only on the
interior side relative to the opening portion in each of the
first trench and the second trench; forming an electrode
metal layer in the first trench and the second trench so as to
fill the trenches, thereby covering the first gate electrode
material layer and the second gate electrode material layer in
the first trench with the electrode metal layer and covering
the second gate electrode material layer in the second trench
with the electrode metal layer; and removing surplus por-
tions of the electrode metal layers on the insulation films so
as to leave the electrode metal layer in the state of covering
the first gate electrode material layer and the second gate
electrode material layer in the first trench, and to leave the
electrode metal layer in the state of covering the second gate
electrode material layer in the second trench, thereby form-
ing a gate electrode of the first conduction type MOS
transistor in the first trench and forming a gate electrode of
the second conduction type MOS transistor in the second
trench.

[0027] In this method of manufacturing a semiconductor
device, the first gate electrode material layer and the second
gate electrode material layer are covered by the electrode
metal layer in the first trench in which the gate of the first
conduction type MOS transistor is formed, and the second
gate electrode metal layer is covered by the electrode metal
layer in the second trench in which the gate of the second
conduction type MOS transistor is formed; therefore, when
polishing is so conducted as to leave the electrode metal
layer in the first trench and the second trench, the layers
exposed to the surface are the electrode metal layer and the
gate insulation film. As a result, galvanic corrosion is
generated with difficulty. Besides, since the electrode metal
layer can be formed inside the first trench and the second
trench by polishing only the electrode metal layer, polishing
with high accuracy can be easily realized while using an
abrasive used in the related art.

[0028] According to yet another embodiment of the
present invention, there is provided a method of manufac-
turing a semiconductor device including, on a substrate, a
first conduction type MOS transistor having a gate electrode
provided in a first trench formed in an insulation film on the
substrate, and a second conduction type MOS transistor
having a gate electrode provided in a second trench formed
in the insulation film, the first conduction type and the
second conduction type being opposite types. The method
includes the steps of: forming a gate insulation film in the
first trench and in the second trench; forming a first gate
electrode material layer of the first conduction type MOS
transistor in the first trench, with the gate insulation film
therebetween and in the range from an opening portion to the
interior side of the first trench; forming a second gate
electrode material layer in the first trench, with the gate
insulation film and the first gate electrode material layer
therebetween, and in the second trench, with the gate
insulation film therebetween; forming an electrode metal
layer so as to fill up the first trench and the second trench;
and removing surplus portions of the electrode metal layers
and the second gate electrode material layers on the insu-
lation films so as to form the gate electrode of the first
conduction type MOS ftransistor included the first gate
electrode material layer, the second gate electrode material
layer and the electrode metal layer in the first trench and to
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form the gate electrode of the second conduction type MOS
transistor included the second gate electrode material layer
and the electrode metal layer in the second trench.

[0029] In this method of manufacturing a semiconductor
device, the first gate electrode material layer is covered by
the second gate electrode material layer in the first trench in
which the gate of the first conduction type MOS transistor is
formed; therefore, when polishing is so conducted as to
leave the electrode metal layer in the first trench and the
second trench, the layers exposed to the surface are the
electrode metal layer, the second gate electrode material
layer and the gate insulation film. Therefore, since the
number of layers exposed is reduced, as compared with the
number of kinds of metallic layers exposed at the time of
polishing in the related art, so that galvanic corrosion is
generated with difficulty. In addition, since the electrode
metal layer can be formed inside the first trench and the
second trench by polishing the electrode metal layer and the
second gate electrode material layer, polishing with high
accuracy can be easily carried out while using an abrasive
used in the related art.

[0030] The semiconductor device in the present invention
is so configured that polishing can be performed while
suppressing or preventing galvanic corrosion, so that a gate
structure with high reliability can be obtained, and transistor
performance can be enhanced.

[0031] The method of manufacturing a semiconductor
device in the present invention is so configured that polish-
ing can be performed while suppressing or preventing
galvanic corrosion, so that a gate structure with high reli-
ability can be obtained, yield can be enhanced, and transistor
performance can be enhanced. In addition, by selecting the
second gate electrode material layer and the electrode metal
layer so as to reduce the potential difference between the
metallic layers exposed at the time of polishing, it is possible
to securely suppress or prevent galvanic corrosion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 is a schematic configuration sectional dia-
gram showing a first example of an embodiment of the
semiconductor device in the present invention;

[0033] FIGS. 2A to 2K are manufacturing step sectional
diagrams showing a first example of an embodiment of the
method of manufacturing a semiconductor device in the
present invention;

[0034] FIGS. 3A to 3H are manufacturing step sectional
diagrams showing an example of a method of forming a first
trench, a second trench, source/drain regions of a p-type
MOS transistor, source/drain regions of an n-type MOS
transistor, etc.;

[0035] FIG. 4 is a schematic configuration sectional dia-
gram showing a second example of an embodiment of the
semiconductor device in the present invention;

[0036] FIGS. 5A to 5C are manufacturing step sectional
diagram showing a second example of an embodiment of the
method of manufacturing a semiconductor device in the
present invention; and

[0037] FIGS. 6A to 61 are manufacturing step sectional
diagrams showing an example of a method of manufacturing
a semiconductor device in the related art.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0038] Now, a first example of an embodiment of the
semiconductor device in the present invention will be
described below, referring to a schematic configuration
sectional diagram shown in FIG. 1.

[0039] As shown in FIG. 1, a first conduction type
(p-type) MOS transistor 2 and a second conduction type
(n-type) MOS transistor 3 of the type opposite to the first
conduction type are formed in a substrate 11 in the state of
being isolated by a device isolation region 12, to constitute
a semiconductor device 1. An insulation film 21 formed on
the substrate 11 is provided with a first trench 22, and a gate
electrode 31 of the p-type MOS transistor 2 is formed in the
first trench 22. In addition, the insulation film 21 is provided
with a second trench 23, and a gate electrode 32 of the n-type
MOS transistor 3 is formed in the second trench 23.

[0040] A first gate electrode material layer 25 of the first
conduction type MOS transistor, a second gate electrode
material layer 27 of the second conduction type MOS
transistor, and an electrode metal layer 29 are formed in the
first trench 22, with a gate insulation film 24 therebetween,
to constitute the gate electrode 31. The first gate electrode
material layer 25 and the second gate electrode material
layer 27 are covered by the electrode metal layer 29 in the
first trench 22.

[0041] The second gate electrode material layer 27 of the
second conduction type MOS transistor and the electrode
metal layer 29 are formed in the second trench 23, with the
gate insulation film 24 therebetween, to constitute the gate
electrode 32. The second gate electrode material layer 27 is
covered by the electrode metal layer 29 in the second trench
23.

[0042] The first gate electrode material layer 25 can be
formed, for example, of a tantalum (Ta), hafnium (Hf),
titanium (Ti), tungsten (W), ruthenium (Ru) or an alloy of a
plurality of metals selected from these metals. The second
gate electrode material layer 27 is formed of a metallic
material used as a gate electrode material in an n-type MOS
transistor, for example, titanium (1), hafnium (Hf), tanta-
lum (Ta), tungsten (W), ruthenium (Ru) or an alloy thereof.
The electrode metal layer 29 can be formed, for example, of
tungsten (W), tantalum (Ta), titanium (Ti), or an alloy
thereof, or a laminate film composed of two or more metals
selected from these metals.

[0043] The substrate 11 is provided with extension regions
41 on both sides of the gate electrode 31 in the p-type MOS
transistor region. In addition, the substrate 11 is provided
with extension regions 42 on both sides of the gate electrode
32 in the n-type MOS transistor region. Further, the substrate
11 is provided with source/drain regions 43 deeper than the
extension regions 41, on both sides of the gate electrode 31
in the p-type MOS transistor region. Besides, the extension
regions 41 are so formed as to extend to the gate electrode
31 side, relative to the source/drain regions 43. Further, the
substrate 11 is provided with source/drain regions 44 deeper
than the extension regions 42, on both sides of the gate
electrode 32 in the n-type MOS transistor. In addition, the
extension regions 42 are so formed as to extend to the gate
electrode 32 side, relative to the source/drain regions 44.
Silicide films 45 and 46 are formed on the surfaces of the
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source/drain regions 43 and 44, to lower the resistances of
the source/drain regions 43 and 44. The silicide films 45 and
46 are each composed of cobalt silicide, for example.

[0044] In the semiconductor device 1, the first gate elec-
trode material layer 25 and the second gate electrode mate-
rial layer 27 are covered by the electrode metal layer 29 in
the first trench 22 in which the gate electrode 31 of the
p-type MOS transistor 2 is formed, and the second gate
electrode material layer 27 is covered by the electrode metal
layer 29 in the second trench 23 in which the gate electrode
32 of the n-type MOS transistor 3 is formed. Therefore,
when polishing is conducted so as to leave the electrode
metal layer 29 in the first trench 22 and the second trench 23,
the layers exposed to the surface are the electrode metal
layer 29 and the gate insulation film 24, so that galvanic
corrosion is generated with difficulty in this structure. In
addition, since the electrode metal layer 29 can be formed
inside the first trench 22 and the second trench 23 by
polishing only the electrode metal layer 29, polishing with
high accuracy can be easily achieved while using an abra-
sive used in the related art.

[0045] Accordingly, since the semiconductor device 1 in
an embodiment of the present invention is so configured that
polishing can be performed while suppressing or preventing
galvanic corrosion, a gate structure with high reliability can
be obtained, and transistor performance can be enhanced.

[0046] Now, an example of an embodiment of the method
of manufacturing a semiconductor device in the present
invention will be described below, referring to manufactur-
ing step sectional diagrams shown in FIGS. 2A to 2K.
Incidentally, the device isolation regions, the source/drain
regions of the MOS transistors, the extension regions and the
like formed in the substrate 11 are omitted in these figures.
Details thereof will be described later referring to FIGS. 3A
to 3H.

[0047] As shown in FIG. 2A, an insulation film 21 formed
on a substrate 11 is provided with a first trench 22 in which
to form a gate electrode of a first conduction type (herein-
after described to be p-type) MOS transistor, and is provided
with a second trench 23 in which to form a gate electrode of
a second conduction type (hereinafter described to be
n-type) MOS transistor. The first trench 22 and the second
trench 23 are formed by ordinary lithography technique and
etching technique (e.g., dry etching). Besides, the insulation
film 21 is composed, for example, of a silicon oxide film.
Incidentally, the formation of the first trench 22, the second
trench 23 as well as extension regions and source/drain
regions of transistors formed in the substrate 11 will be
described later referring to FIGS. 3A to 3H.

[0048] Next, a gate insulation film 24 is formed on the
insulation film 21 inclusive of the inside surfaces of the first
trench 22 and the inside surfaces of the second trench 23.
The gate insulation film 24 may be formed, for example, of
silicon oxide (SiO,), silicon oxynitride (SiON), nitrogen-
containing hafnium silicate (HfSiON), hafnium oxide
(HfO,), aluminum oxide (Al,O,) or the like; here, the gate
insulation film was composed, for example, of a silicon
oxynitride film having a thickness of 2 nm, for example.

[0049] Further, a first gate electrode material layer 25 of
the first conduction type MOS transistor is formed on the
surface of the gate insulation film 24. The first electrode
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material layer 25 may be formed, for example, of tantalum
(Ta), hatnium (Hf), titanium (T1), tungsten (W), ruthenium
(Ru) or an alloy of a plurality of metals selected from these
metals. Here, as an example, the first gate electrode material
layer 25 was formed of ruthenium (Ru), and the thickness
thereof was set to be 10 to 40 nm.

[0050] Thereafter, a mask layer 26 is formed only in the
inside of the first trench 22 and the second trench 23. The
mask layer 26 can be formed, for example, by a method in
which a resist film is formed on the whole surface so as to
fill up the first trench 22 and the second trench 23, and
surplus portions of the resist film on the insulation film 21
is removed by a processing such as polishing (e.g., CMP) or
etch-back.

[0051] Next, as shown in FIG. 2B, the mask layer 26
formed inside the second trench 23 in which to form the gate
of an n-type MOS transistor is removed while leaving the
mask layer 26 inside the first trench 22 in which to form the
gate of a p-type MOS transistor. Incidentally, the substrate
11 portion is omitted in FIGS. 2B to 2J.

[0052] Subsequently, as shown in FIG. 2C, by use of the
mask layer 26 as an etching mask, the first gate electrode
material layer 25 is selectively etched by a chemical liquid
(e.g., hydrofluoric acid). As a result, that portion of the first
gate electrode material layer 25 which is covered with the
mask layer 26 inside the first trench 22 is left. In this case,
the etching is to be so performed that the first gate electrode
material layer 25 thus left is present on the interior side of
the [irst trench 22 relative (o an opening portion of the (irst
trench 22.

[0053] Next, as shown in FIG. 2D, the mask layer 26[see
FIG. 2C] is removed. The removal may be conducted by use
of an organic solvent. As a result, in the first trench 22, the
first gate electrode material layer 25 is formed on the interior
side of the first trench 22 relative to the opening portion of
the first trench 22, and the gate insulation film 24 is exposed
inside the second trench 23.

[0054] Subsequently, as shown in FIG. 2E, a second gate
electrode material layer 27 is formed in the first trench 22,
with the gate insulation film 24 and the first gate electrode
material layer 25 therebetween, and in the second trench 23,
with the gate insulation film 24 therebetween. The second
gate electrode material layer 27 is formed of a metallic
material used as a gate electrode material for an n-type MOS
transistor, for example, titanium (Ti), hatnium (Hf), tanta-
lum (Ta), tungsten (W), ruthenium (Ru) or an alloy of such
metals. Here, the second gate electrode material layer 27
was formed of hafnium in a thickness of 10 to 40 mm, for
example.

[0055] Next, as shown in FIG. 2F, a mask layer 28 is
formed so as to fill up the inside of the first trench 22 and the
second trench 23 by, for example, forming a resist mask on
the whole surface.

[0056] Thereafter, as shown in FIG. 2G, by a processing
such as polishing (e.g., CMP) and etch-back, the surplus
mask layer 28 on the insulation film 21 is removed, leaving
the mask layer 28 only inside the first trench 22 and the
second trench 23.

[0057] Subsequently, as shown in FIG. 2H, by use of the
mask layer 28 as an etching mask, the second gate electrode
material layer 27 is selectively etched by a chemical liquid
(e.g., hydrofluoric acid). As a result, that portion of the
second gate electrode material layer 27 which is covered by
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the mask layer 28 inside the first trench 22 and that portion
of the second gate electrode material 27 which is covered by
the mask layer 28 inside the second trench 23 are left. In this
case, it may be necessary to perform the etching so that the
second gate electrode material layer 27 thus left is present on
the interior side of the first trench 22 and the second trench
23 relative to the opening portions of the first trench 22 and
the second trench 23.

[0058] Next, as shown in FIG. 2I, the mask layer 28[see
FIG. 2H] is removed. The removal may be conducted by use
of an organic solvent. As a result, in the first trench 22, the
first gate electrode material layer 25 and the second gate
electrode material layer 27 are formed on the interior side of
the first trench 22 relative to the opening portion of the first
trench 22, and, in the second trench 23, the second gate
electrode material layer 27 is formed on the interior side of
the second trench 23 relative to the opening portion of the
second trench 23.

[0059] Subsequently, as shown in FIG. 2J, an electrode
metal layer 29 is formed on the insulation film 21, with the
gate insulation film 24 therebetween, so as to fill up the
inside of the first trench 22 and the second trench 23. The
electrode metal layer 29 may be formed, for example, of
tungsten (W), tantalum (Ta), titanium (Ti), or an alloy of
these metals, or a laminate film of two or more metals
selected from these metals. Here, as one example, tungsten
(W) was used. As a result, in the first trench 22, the first gate
electrode material layer 25 and the second gate electrode
material layer 27 are covered with the electrode metal layer
29, and, in the second trench 23, the second gate electrode
material layer 27 is covered with the electrode metal layer
29.

[0060] Next, as shown in FIG. 2K, the electrode metal
layer 29 is polished away by a polishing technique (e.g.,
CMP), leaving the electrode metal layer 29 only inside the
first trench 22 and the second trench 23. In this manner, a
gate electrode 31 of a p-type MOS transistor including the
first gate electrode material layer 25, the second gate elec-
trode material layer 27 and the electrode metal layer 29 is
formed inside the first trench 22, with the gate insulation
film 24 therebetween, and a gate electrode 32 of an n-type
MOS transistor including the second electrode material layer
27 and the electrode metal layer 29 is formed inside the
second trench 23, with the gate insulation film 24 therebe-
tween.

[0061] In the above-described method, the etching of the
first gate electrode material layer 25 and the second gate
electrode material layer 27 by use of the mask layers 26 and
28 as etching masks can be conducted by using hydrofluoric
acid, a compound thereof or a fluorine-containing compound
as an etching chemical liquid. In addition, dry etching may
be conducted in place of the etching using a chemical liquid.
In this case, a fluoro etching gas can be used.

[0062] In addition, the processing of the electrode metal
layer 29 may be conducted by whole surface etch-back
based on dry etching, in place of the CMP. In this case, a
fluoro etching gas may be used.

[0063] In the above method of manufacturing a semicon-
ductor, the first gate electrode material layer 25 and the
second gate electrode material layer 27 are covered by the
electrode metal layer 29 in the first trench 22 in which to
form the gate of the first conduction type (p-type) MOS
transistor, and the second gate electrode material layer 27 is
covered by the electrode metal layer 29 in the second trench
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23 in which to form the gate of the second conduction type
MOS transistor. Therefore, when the polishing is so con-
ducted as to leave the electrode metal layer 29 in the first
trench 22 and the second trench 23, the layers exposed to the
surface are the electrode metal layer 29 and the gate insu-
lation film 24. Accordingly, galvanic corrosion is generated
with difficulty. In addition, since the electrode metal layer 29
can be formed inside the first trench 22 and inside the second
trench 23 by polishing only the electrode metal layer 29,
polishing with high accuracy can be easily realized by use of
an abrasive used in the related art.

[0064] Thus, polishing can be performed while suppress-
ing or preventing the galvanic corrosion, and a gate structure
with high reliability can be obtained. Therefore, the yield
can be enhanced, and transistor performance can be
enhanced.

[0065] Now, an example of a method of forming the first
trench 22 and the second trench 23 as well as source/drain
regions of the p-type MOS transistor, source/drain regions of
the n-type MOS transistor, etc. will be described below
referring to manufacturing step sectional diagrams shown in
FIGS. 3A to 3H.

[0066] As shown in FIG. 3A, device isolation regions 12
for isolating a pMOS transistor forming region and an
nMOS transistor forming region from each other are formed
in a surface region of a substrate 11 by use of a device
isolation forming technique, for example, the STI (Shallow
Trench Isolation) technique.

[0067] Next, as shown in FIG. 3B, a gate insulation film
13 is formed on the surface of the substrate 11. As the gate
insulation film 13, for example, a silicon oxide film may be
formed in a thickness of 5 nm by use of a surface oxidation
technique. Subsequently, for example, a polysilicon film for
forming dummy gates is formed on the gate insulation film
13, and a silicon nitride film is further formed. The poly-
silicon film is formed in a thickness of 100 nm, and the
silicon nitride film is formed in a thickness of 50 nm.
Thereafter, by use of ordinary lithography technique and
RIE technique, the silicon nitride film and the polysilicon
film are patterned, to form dummy gates 14 and 15.

[0068] Subsequently, as shown in FIG. 3C, for example,
the p-type MOS transistor region is masked, for example,
with a resist, and extension regions 42 are formed in the
substrate 11 on both sides of the dummy gate 15 in the n-type
MOS transistor region by use of an ion implantation tech-
nique. Thereafter, the mask is removed, then the n-type
MOS transistor region is masked, for example, with a resist,
and extension regions 41 are formed in the substrate 11 on
both sides of the dummy gate 14 in the p-type MOS
transistor region by an ion implantation technique. There-
after, the mask is removed. The extension regions 41 and the
extension regions 42 may be formed in any order.

[0069] Next, as shown in FIG. 3D, for example, the p-type
MOS transistor region is masked, for example, with a resist,
and source/drain regions 44 deeper than the extension
regions 42 are formed in the substrate 11 on both sides of the
dummy gate 15 in the n-type MOS transistor region by use
of an ion implantation technique. In addition, the source/
drain regions 44 are so formed that the extension regions 42
extend to the dummy gate 15 side, relative to the source/
drain regions 44. Thereafter, the mask is removed, then the
n-type MOS transistor region is masked, for example, with
a resist, and source/drain regions 43 deeper than the exten-
sion regions 41 are formed in the substrate 11 on both sides
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of the dummy gate 14 in the p-type MOS transistor region
by use of an ion implantation technique. Besides, the source/
drain regions 43 are so formed that the extension regions 41
extend to the dummy gate 14 side, relative to the source/
drain regions 43. Thereafter, the mask is removed. The
source drain regions 43 and the source/drain regions 44 may
be formed in any order.

[0070] Subsequently, silicide films 45 and 46 are formed
on the surfaces of the source/drain regions 43 and 44. The
silicide films 45, 46 can be formed by an ordinary silicide
process. Here, as an example, they are formed of cobalt
silicide.

[0071] Next, as shown in FIG. 3E, an insulation film 21
is formed on the substrate 11, so as to be higher than the
dummy gates 14, 15 and to cover the dummy gates 14, 15.
As the insulation film 21, for example, silicon oxide is built
up in a thickness of about 300 nm by use of a chemical vapor
deposition (CVD) technique.

[0072] Subsequently, as shown in FIG. 3F, the surface of
the insulation film 21 is flattened and the silicon nitride film
at upper portions of the dummy gates 14 and 15 is exposed,
by use of a CMP technique, for example.

[0073] Next, as shown in FIG. 3G, the silicon nitride film
is removed selectively. The removal is conducted by etching
with phosphoric acid. Further, the polysilicon film in the
dummy gates 14 and 15[ see FIG. 3F] is removed by use of
a reactive ion etching (RIE) technique, for example. As a
result, the first trench 22 and the second trench 23 are formed
in the insulation film 21.

[0074] Subsequently, as shown in FIG. 3H, the gate
insulation film 13[see FIG. 3B] formed in bottom portions
of the first trench 22 and the second trench 23 is removed.
The removal is conducted by use of a fluoro etching species.
As a result, the first trench 22 in which to form the gate of
the p-type MOS transistor and the second trench 23 in which
to form the gate of the n-type MOS transistor were formed
in the insulation film 21.

[0075] Now, a second example of the embodiment of the
semiconductor device in the present invention will be
described below referring to a schematic configuration sec-
tional diagram shown in FIG. 4.

[0076] As shown in FIG. 4, a first conduction type
(p-type) MOS transistor 5 and a second conduction type
(n-type) MOS transistor 6 of a conduction type opposite to
the first conduction type are formed in a substrate 11, in the
state of being isolated from each other by a device isolation
region 12, to constitute a semiconductor device. An insula-
tion film 21 formed on the substrate 11 is provided with a
first trench 22, and a gate electrode 31 of the p-type MOS
transistor 2 is formed in the first trench 22. In addition, the
insulation film 21 is provided with a second trench 23, and
a gate electrode 32 of the n-type MOS transistor 3 is formed
in the second trench 23.

[0077] A first gate electrode material layer 25 of the first
conduction type MOS ftransistor, a second gate electrode
material layer 27 of the second conduction type MOS
transistor, and an electrode metal layer 29 are formed in the
first trench 22, with a gate insulation film 24 therebetween,
to constitute the gate electrode 31. The first gate electrode
material layer 25 is covered by the second gate electrode
material layer 27 in the first trench 22.

[0078] The second gate electrode material layer 27 of the
second conduction type MOS transistor, and the electrode
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metal layer 29 are formed in the second trench 23, with the
gate insulation film 24 therebetween, to constitute the gate
electrode 32.

[0079] The first gate electrode material layer 25 can be
formed, for example, of tantalum (Ta), hatnium (Hf), tita-
nium (Ti), tungsten (W), ruthenium (Ru) or an alloy of a
plurality of metals selected from these metals. The second
gate electrode material layer 27 is formed of a metallic
material used as a gate electrode material in an n-type MOS
transistor, and may be formed, for example, titanium (T1),
hafnium (Hf), tantalum (Ta), tungsten (W), ruthenium (Ru)
or an alloy of these metals. The electrode metal layer 29 may
be formed, for example, of tungsten (W), tantalum (Ta),
titanium (1), or an alloy of these metals, or a laminate film
composed of two or more metals selected from these metals.

[0080] In addition, extension regions 41 are formed in the
substrate 11 on both sides of the gate electrode 31 in the
p-type MOS transistor region. In addition, extension regions
42 are formed in the substrate 11 on both sides of the gate
electrode 32 in the n-type MOS transistor region. Further,
source/drain regions 43 deeper than the extension regions 41
are formed in the substrate 11 on both sides of the gate
electrode 31 in the p-type MOS transistor region. Besides,
the extension regions 41 are so formed as to extend to the
gate electrode 31 side, relative to the source/drain regions
43. Further, source/drain regions 44 deeper than the exten-
sion regions 42 are formed in the substrate 11 on both sides
of the gate electrode 32 in the n-type MOS transistor region.
In addition, the extension regions 42 are so formed as to
extend to the gate electrode 32 side, relative to the source/
drain regions 44. Silicide films 45 and 46 are formed on the
surfaces of the source/drain regions 43 and 44, to lower the
resistances of the source/drain regions 43 and 44. As an
example, the silicide films 45 and 46 are composed of cobalt
silicide.

[0081] Inthe above-described semiconductor device 4, the
first gate electrode material layer 25 is covered with the
second gate electrode material layer 27 in the first trench 22
in which the gate electrode 31 of the p-type MOS transistor
2 is formed. Therefore, when polishing is conducted so as to
leave the electrode metal layer 29 in the first trench 22 and
the second trench 23, the layers exposed to the surface are
the electrode metal layer 29, the second gate electrode
material layer 27 and the gate insulation film 24. Since the
number of the kinds of metallic layers exposed to the surface
at the time of polishing is thus reduced as compared with
that in the related art, galvanic corrosion is generated with
difficulty in this structure. In addition, since the structure
makes it possible to form the electrode metal layer 29 inside
the first trench 22 and inside the second trench 23 by
polishing of the electrode metal layer 29 and the second gate
electrode material layer 27, polishing with high accuracy can
be easily performed by use of an abrasive used in the related
art.

[0082] Therefore, the semiconductor device 4 in the
present invention is so configured that polishing can be
performed while suppressing or preventing the galvanic
corrosion, so that a gate structure with high reliability can be
obtained, and enhanced transistor performance can be con-
trived.

[0083] Now, a second example of the embodiment of the
method of manufacturing a semiconductor device in the
present invention will be described below, referring to
manufacturing step sectional diagrams shown in FIGS. 5A
to 5C.
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[0084] As shown in FIG. 5A, the following processes are
carried out, in the same manner as in the first example above.
A first trench 22 in which to form a gate electrode of a first
conduction type (hereinafter described to be p-type) MOS
transistor is formed in an insulation film 21 formed on a
substrate 11, and a second trench 23 in which to form a gate
electrode of a second conduction type (hereinafter referred
to as n-type) MOS transistor is formed in the insulation film
21. The first trench 22 and the second trench 23 are formed
by ordinary lithography technique and etching technique
(e.g., dry etching). In addition, the insulation film 21 is
composed of a silicon oxide film, for example.

[0085] Next, a gate insulation film 24 is formed on the
insulation film 21 inclusive of the inside surfaces of the first
trench 22 and the inside surfaces of the second trench 23.
The gate insulation film 24 can be formed, for example, of
silicon oxide (Si0,), silicon oxynitride (SiON), nitrogen-
containing hafnium silicate (HfSiON), hafnium oxide
(HfO,), aluminum oxide (Al,O;) or the like; here, as an
example, the gate insulation film 24 is composed of a silicon
oxynitride film having a thickness of 2 nm.

[0086] Subsequently, a first gate electrode material layer
25 of the first conduction type MOS transistor is formed on
the inside surfaces of the first trench 22, with the gate
insulation film 24 therebetween. In this case, the first gate
electrode material layer 25 is formed on the interior side
relative to an opening portion of the first trench 22. The first
gate electrode material layer 25 can be formed, for example,
tantalum (Ta), hafhium (Hf), titanium (Ti), tungsten (W),
ruthenium (Ru) or an alloy of a plurality of metals selected
from these metals. Here, as an example, the first gate
electrode material layer 25 is composed of a ruthenium (Ru)
film having a thickness of 10 to 40 nm.

[0087] Next, a second gate electrode material layer 27 is
formed in the first trench 22, with the gate insulation film 24
and the first gate electrode material layer 25 therebetween,
and in the second trench 23, with the gate insulation film 24
therebetween. The second gate electrode material layer 27
can be formed of a metallic material used as a gate electrode
material in an n-type MOS transistor, for example, titanium
(T1), hafnium (Hf), tantalum (Ta), tungsten (W), ruthenium
(Ru) or an alloy of these metals. Here, as an example,
hafnium is used, and the thickness thereof was set to be 10
to 40 nm. As a result, in the first trench 22, the first gate
electrode material layer 25 is covered with at least the
second electrode material layer 27.

[0088] Subsequently, as shown in FIG. 5B, an electrode
metal layer 29 is formed on the insulation film 21, with the
gate insulation film 24 and the second gate electrode mate-
rial layer 27 and the like therebetween, in such a manner as
to fill up the inside of the first trench 22 and the second
trench 23. The electrode metal layer 29 can be formed, for
example, of tungsten (W), tantalum (Ta), titanium (T1), or an
alloy of these metals, or a laminate film composed of two or
more metallic materials selected from these metallic mate-
rials. Here, as an example, tungsten (W) was used.

[0089] Next, as shown in FIG. 5C, the electrode metal
layer 29 is polished away by a polishing technique (e.g.,
CMP), to leave the electrode metal layer 29 only inside the
first trench 22 and the second trench 23. In this manner, the
gate electrode 31 of the p-type MOS transistor composed of
the first gate electrode material layer 25, the second gate
electrode material layer 27, and the electrode metal layer 29
is formed inside the first trench 22, with the gate insulation
film 24 therebetween, and the gate electrode 32 of the n-type
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MOS transistor composed of the second gate electrode
material layer 27 and the electrode metal layer 29 is formed
inside the second trench 23, with the gate insulation film 24
therebetween.

[0090] In the above-described method of manufacturing a
semiconductor device, the first gate electrode material layer
25 is covered by the second gate electrode material layer 27
in the first trench 22 in which the gate of the first conduction
type (p-type) MOS transistor is formed. Therefore, when
polishing is so conducted as to leave the electrode metal
layer 29 in the first trench 22 and the second trench 23, the
layers exposed to the surface are the electrode metal layer
29, the second gate electrode material layer 27 and the gate
insulation film 24. Accordingly, galvanic corrosion is less
liable to occur, as compared with the case of the related art.
In addition, since the electrode metal layer 29 and the second
gate electrode material layer 27 can be formed inside the first
trench 22 and inside the second trench 23 by polishing the
electrode metal layer 29 and the second gate electrode
material layer 27, polishing with high accuracy can be easily
realized while using an abrasive used in the related art.
Besides, by selecting the second gate electrode material
layer 27 and the electrode metal layer 29 so as to reduce the
potential differences among the metallic layers exposed at
the time polishing, it is possible to securely suppress or
prevent galvanic corrosion.

[0091] Thus, it is possible to perform polishing while
suppressing or preventing galvanic corrosion, and to obtain
a gate structure high in reliability. Therefore, it is possible to
enhance the yield, and (o contrive enhanced (ransistor per-
formance.

[0092] The present invention is not limited to the details of
the above-described preferred embodiments. The scope of
the invention is defined by the appended claims and all
changes and modifications as fall within the equivalence of
the scope of the claims are therefore to be embraced by the
invention.

What is claimed is:
1. A semiconductor device comprising:

on a substrate, a first conduction type MOS transistor
having a gate electrode provided in a first trench
formed in an insulation film on said substrate, and

on said substrate, a second conduction type MOS tran-
sistor having a gate electrode provided in a second
trench formed in said insulation film, said first conduc-
tion type and said second conduction type being oppo-
site types;

wherein a first gate electrode material layer of said first
conduction type MOS transistor, a second electrode
material layer of said second conduction type MOS
transistor, and an electrode metal layer are formed in
said first trench, with a gate insulation film therebe-
tween,

said first gate electrode material layer and said second
gate electrode material layer are covered by said
electrode metal layer in said first trench; and

a second gate electrode material layer of said second
conduction type MOS transistor, and an electrode
metal layer are formed in said second trench, with a
gate insulation film therebetween, and
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said second gate electrode material layer is covered by
said electrode metal layer in said second trench.
2. A semiconductor device comprising:

on a substrate, a first conduction type MOS transistor
having a gate electrode provided in a first trench
formed in an insulation film on said substrate, and

on said substrate, a second conduction type MOS tran-
sistor having a gate electrode provided in a second
trench formed in said insulation film, said first conduc-
tion type and said second conduction type being oppo-
site types;

wherein a first gate electrode material layer of said first
conduction type MOS transistor, a second gate elec-
trode material layer of said second conduction type
MOS transistor, and an electrode metal layer are
formed in said first trench, with a gate insulation film
therebetween,

at least said first gate electrode material layer is covered
by said second gate electrode material layer in said
first trench; and

a second gate electrode material layer of said second
conduction type MOS transistor, and an electrode
metal layer are formed in said second trench, with a
gate insulation film therebetween, and

said second gate electrode material layer is covered by
said electrode metal layer in said second trench.
3. A method of manufacturing a semiconductor device
including:

on a substrate, a first conduction type MOS transistor
having a gate electrode provided in a first trench
formed in an insulation film on said substrate, and

a second conduction type MOS transistor having a gate
electrode in a second trench formed in said insulation
film, said first conduction type and said second con-
duction type being opposite types;

said method comprising the steps of:

forming a gate insulation film in said first trench and in
said second trench;

forming a first gate electrode material layer of said first
conduction type MOS transistor in said first trench,
with said gate insulation film therebetween and in the
range from an opening portion to the interior side of
said first trench;

forming a second gate electrode material layer in said
first trench, with said gate insulation film and said
first gate electrode material layer therebetween, and
in said second trench, with said gate insulation film
therebetween;

removing said second gate electrode material layer so
that said second gate electrode material layer is
present only on the interior side relative to said
opening portion in each of said first trench and said
second trench;

forming an electrode metal layer in said first trench and
said second trench so as to fill said trenches, thereby
covering said first gate electrode material layer and
said second gate electrode material layer in said first
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trench with said electrode metal layer and covering
said second gate electrode material layer in said
second trench with said electrode metal layer; and

removing surplus portions of said electrode metal lay-
ers on said insulation films so as to leave said
electrode metal layer in the state of covering said
first gate electrode material layer and said second
gate electrode material layer in said first trench, and
to leave said electrode metal layer in the state of
covering said second gate electrode material layer in
said second trench, thereby forming a gate electrode
of said first conduction type MOS transistor in said
first trench and forming a gate electrode of said
second conduction type MOS transistor in said sec-

ond trench.
4. The method of manufacturing a semiconductor device

as set forth in claim 3, wherein

said step of forming said first gate electrode material layer
in said first trench comprises the steps of:

forming said first gate electrode material layer on said
insulation film including an inside surface of each of
said first trench and said second trench, with said gate
insulation film therebetween;

forming a mask layer filling up only said first trench; and

removing said first gate electrode material layer by use of
said mask layer as an etching mask so as to leave said
first gate electrode material layer only in the interior of
said first trench; whereby

said first gate electrode material layer is formed in the
interior side relative to said opening portion of said first
trench.
5. The method of manufacturing a semiconductor device
as set forth in claim 3, wherein

said step of forming said second gate electrode layer in
said second trench comprises the steps of:

forming said second gate electrode material layer on said
insulation film inclusive of an inside surface of each of
said first trench and said second trench with said gate
insulation film and said first gate electrode material
layer therebetween;

forming a mask layer filling up the interior of said first
trench and the interior of said second trench; and

removing said second gate electrode material layer by use
of said mask layer as an etching mask so as to leave said
second gate electrode material in the interior of said
first trench and in the interior of said second trench;
whereby

said second gate electrode material layer is formed on the
interior side relative to said opening portion of said
second trench.
6. A method of manufacturing a semiconductor device
including:
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on a substrate, a first conduction type MOS transistor
having a gate electrode provided in a first trench
formed in an insulation film on said substrate, and

on said substrate, a second conduction type MOS tran-
sistor having a gate electrode provided in a second
trench formed in said insulation film, said first conduc-
tion type and said second conduction type being oppo-
site types;

said method comprising the steps of:

forming a gate insulation film in said first trench and in
said second trench;

forming a first gate electrode material layer of said first
conduction type MOS transistor in said first trench,
with said gate insulation film therebetween and in the
range from an opening portion to the interior side of
said first trench;

forming a second gate electrode material layer in said
first trench, with said gate insulation film and said
first gate electrode material layer therebetween, and
in said second trench, with said gate insulation film
therebetween;

forming an electrode metal layer so as to fill up said
first trench and said second trench; and

removing surplus portions of said electrode metal lay-

ers and said second gate electrode material layers on

said insulation films so as to form said gate electrode

of'said first conduction type MOS transistor included

said first gate electrode material layer, said second

gate electrode material layer and said electrode metal

layer in said first trench and to form said gate

electrode of said second conduction type MOS tran-

sistor included said second gate electrode material

layer and said electrode metal layer in said second
trench.

7. The method of manufacturing a semiconductor device

as set forth in claim 6, wherein

said step of forming said first gate electrode material layer
in said first trench comprises the steps of:

forming said first gate electrode material layer on said
insulation film inclusive of an inside surface of each of
said first trench and said second trench, with said gate
insulation film therebetween;

forming a mask layer filling up only said first trench; and

removing said first gate electrode material layer by use of
said mask layer as an etching mask so as to leave said
first gate electrode material layer only in the interior of
said first trench; whereby

said first gate electrode material layer is formed on the
interior side relative to an opening portion of said first
trench.





