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(57) ABSTRACT

Disclosed are a semiconductor device with a metal gateand a
method of manufacturing the same. The method of the
present invention includes: preparing a semiconductor sub-
strate having a isolation layer to define an active region;
forming a gate insulation layer on the semiconductor sub-
strate; sequentially forming a polysilicon layer, a first metal
silicide layer, a metal nitride layer and a metal layer on the
gate insulation layer including the isolation layer; etching the
metal layer and the metal nitride layer so that the metal layer
and the metal nitride layer have a narrower width than that of
a desired gate; forming a second metal silicide layer on the
first metal silicide layer including the etched metal nitride
layer and the metal layer; forming a hard mask on the second
metal silicide layer so that the hard mask has a desired gate
width; and etching the second metal silicide layer, the first
metal silicide layer, the polysilicon layer and the gate insula-
tion layer by using the hard mask as an etching barrier, so as
to form a metal gate with a structure in. which the metal
nitride and the metal layer are enclosed with the first and
second metal silicide layers.
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the invention

[0002] The present invention relates to a method of manu-
facturing a semiconductor device, and more particularly to a
semiconductor device which includes a metal gate having a
low resistance and a method of manufacturing the same.
[0003] 2. Description of the Prior Art

[0004] Recently, as a design rule for Metal Oxide Semicon-
ductor Field-Effect Transistor (MOSFET) devices have been
rapidly decreased to a level less than a sub-100 nm class, RC
delay of a gate, i.e. a word-line, has become an important
issue. Therefore, in order to solve the RC delay of the word-
line, application of gate material with a lower resistivity has
been attempted as an alternative plane. Specifically, a metal
gate structure formed from stacked layers of a polysilicon
layer and a metal layer is used as the gate material, instead of
a polysicide gate structure formed from stacked layers of a
polysilicon layer and a metal silicide layer. Recently, for
example, the application of tungsten gate in which tungsten is
used as a metal layer has been actively researched.

[0005] Further, as a channel length becomes shorter due to
the high integration of the MOSFET devices, the occurrence
of defect in the MOSFET devices is increasing due to the
short channel effect. A recess gate in which a recess is formed
as a gate on a portion of a semiconductor substrate in manu-
facturing a transistor is being actively researched and devel-
oped. According to such a recess gate structure, the channel
length can be increased by forming the gate in the recess,
thereby remarkably decreasing the occurrence of defects due
to the short channel effect, in comparison with the conven-
tional planar gate structure.

[0006] Hereinafter, a method of manufacturing a semicon-
ductor device having a tungsten gate, which is currently used,
will be described in brief with reference to FIGS. 1A and 1B.
[0007] Referring to FIG. 1A, a isolation layer 2 defining an
active region is formed on a semiconductor substrate 1. Next,
after a gate insulation layer 3 is formed in the active region
defined by the isolation layer 2 in a gate oxidation process, a
polysilicon layer 4, a tungsten nitride layer 5 and a tungsten
layer 6 are sequentially formed as a gate conductive layer on
the gate insulation layer 3 including the isolation layer 2.
[0008] Referring to FIG. 1B, after a nitride layer is depos-
ited on the tungsten layer 6, the nitride layer is patterned so as
to form a gate hard mask 7 defining a gate region. Then, the
tungsten layer 6, the tungsten nitride layer 5, the polysilicon
layer 4 and the gate insulation layer 3 are sequentially etched
by using the gate hard mask 7 as an etching barrier, so as to
form a tungsten gate 8.

[0009] Although not shown, a gate re-oxidation step is per-
formed for the resultant of the semiconductor device on
which the tungsten gate 8 is formed, thereby recovering etch-
ing damages. Next, a series of known succeeding steps of
forming a Lightly Doped Drain region (LDD region), form-
ing a gate spacer, and forming a junction region are sequen-
tially carried out so as to manufacture the semiconductor
device with the tungsten gate.

[0010] However, the conventional method of manufactur-
ing the semiconductor device with the tungsten gate as
described above has problems as follows:

[0011] First, the gate re-oxidation process is conventionally
performed in order to recover the etching damages, after
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etching the gate. At this time, in the case of performing the
typical oxidation process, since abnormal oxidation may be
caused at a side surface of the tungsten oxidation layer, a
selective oxidation process in which the tungsten layer is not
oxidized is carried out instead of the typical oxidation pro-
cess. Although the selective oxidation process can prevent
occurrence of the abnormal oxidation phenomenon at the side
surface of the tungsten layer, it cannot prevent the occurrence
of defects caused by permeation of oxygen through an inter-
face between the tungsten layer and a polysilicon layer.
[0012] Further, in the case of the existing tungsten silicide
gate, no deterioration of the characteristics of the gate caused
by stress of the nitride layer for the hard mask after etching the
gate has been found. However, in the case of the tungsten gate,
a stress induced leakage current and an interface trap density
caused by the stress of the nitride layer for the hard mask are
increasing. These phenomena occur when the stress of the
nitride layer for the hard mask is transferred to the tungsten
layer, because the tungsten makes a direct effect on the gate
insulation layer in the state that the stress applied to the
tungsten is insufficiently relaxed due to its characteristic. As
a result, voids are generated between the gate insulation layer
and the polysilicon layer. To the end, the voids cause the
deterioration of the characteristics of the gate.

[0013] Therefore, in order to develop the high speed device
products, it is possible to realize the semiconductor device to
which the tungsten gate is applied so that the aforementioned
two problems must be solved.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention has been devel-
oped in order to solve the above-mentioned problems occur-
ring in the prior art, and an object of the present invention is
to provide a semiconductor device and a method of manufac-
turing the same, which can prevent a tungsten layer from
being abnormally oxidized in a gate re-oxidation process.
[0015] Another object of the present invention is to provide
a semiconductor device and a method of manufacturing the
same, which can prevent the deterioration of the characteris-
tics of a tungsten gate caused by stress of a nitride layer for a
hard mask.

[0016] Still another object of the present invention is to
provide a semiconductor device and a method of manufac-
turing the same, which can prevent the deterioration of the
characteristics of a tungsten layer due to the abnormal oxida-
tion of the tungsten layer and a stress of a nitride layer for a
hard mask.

[0017] According to an aspect of the present invention to
accomplish these objects, there is provided a semiconductor
device which comprises: a silicon substrate; a isolation layer
formed on the silicon substrate for defining an active region;
a metal gate which is formed in the active region defined by
the isolation layer, and enclosed with a metal silicide layer;
and a junction region formed at both sides of the metal gate in
the active region on the semiconductor substrate.

[0018] Here, the metal gate is formed in such a manner that
agate insulation layer, a polysilicon layer, a first metal silicide
layer, a metal nitride layer and a metal layer are sequentially
stacked in a pattern, that a second metal silicide layer is
formed on the upper surface of the metal layer and a side of
the metal layer including the metal nitride layer, and that a
hard mask is formed in a pattern on the second metal silicide
layer.
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[0019] The first and second metal silicide layers include a
tungsten silicide layer, the metal nitride layer includes a tung-
sten nitride layer, the metal layer includes a tungsten layer,
and the hard mask includes a nitride layer.

[0020] The metal nitride layer and the metal layer, which
include the second metal silicide layer formed on the sides
thereof, are formed with a width identical with or smaller than
that of the first metal silicide layer.

[0021] In the semiconductor device of the present inven-
tion, the semiconductor substrate is recessed the active region
in which the metal gate is formed, so as to form a recess gate
structure.

[0022] In the semiconductor device of the present inven-
tion, further, the semiconductor substrate has a step-gated
asymmetry recess structure in which both sides of the active
region are recessed along a length of the active region so that
a gate region is stepped.

[0023] In order to accomplish the objects of the present
invention, according to another aspect of the present inven-
tion, there is provided a method of manufacturing a semicon-
ductor device, which comprises the steps of: preparing a
semiconductor substrate having a isolation layer to define an
active region; forming a gate insulation layer on the semicon-
ductor substrate; sequentially forming a polysilicon layer, a
first metal silicide layer, a metal nitride layer and a metal layer
on the gate insulation layer including the isolation layer;
etching the metal layer and the metal nitride layer so that the
metal layer and the metal nitride layer have a narrower width
than that of a desired gate; forming a second metal silicide
layer on the first metal silicide layer including the etched
metal nitride layer and the metal layer; forming a hard mask
on the second metal silicide layer so that the hard mask has a
desired gate width; and etching the second metal silicide
layer, the first metal silicide layer, the polysilicon layer and
the gate insulation layer by using the hard mask as an etching
barrier, so as to form a metal gate with a structure in which the
metal nitride and the metal layer are enclosed with the first
and second metal silicide layers.

[0024] In order to accomplish the objects of the present
invention, there is provided a method of manufacturing a
semiconductor device, which comprises the steps of: prepar-
ing a semiconductor substrate having a isolation layer to
define an active region; etching a gate region in the active
region on the semiconductor substrate, so as to form recesses;
forming a gate insulation layer on the semiconductor sub-
strate having the recesses; forming a polysilicon layer on the
gate insulation layer so as to fill up the recesses; sequentially
forming a first metal silicide layer, a metal nitride layer and a
metal layer on the polysilicon layer; etching the metal layer
and the metal nitride layer to have a narrower width than that
of'a desired gate; forming a second metal silicide layer on the
first metal silicide layer including the etched metal nitride
layer and the metal layer; forming a hard mask on the second
metal silicide layer so that the hard mask has a desired gate
width; and etching the second metal silicide layer, the first
metal silicide layer, the polysilicone layer and the gate insu-
lation layer by using the hard mask as an etching barrier so as
to form a metal gate with a structure in which the etched metal
nitride layer and the metal layer are enclosed with the first and
second metal silicide layer.

[0025] In order to accomplish the objects of the present
invention, there is a provided a method of manufacturing a
semiconductor device, which comprises the steps of: prepar-
ing a semiconductor substrate having a isolation layer to
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define an active region; recessing the both sides of the active
region on the semiconductor substrate so that a gate region is
stepped in a lengthwise direction of the active region; forming
a gate insulation layer on the stepped semiconductor sub-
strate; forming a polysilicon layer, a first metal silicide layer,
a metal nitride layer and a metal layer on the gate insulation
layer; etching the metal layer and the metal nitride layer
having a narrower width than that of a desired gate; forming
a second metal silicide layer on the first metal silicide layer
including the etched metal nitride layer and the metal layer;
forming a hard mask on the second metal silicide layer so that
the hard mask has a desired gate width; and etching the
second metal silicide layer, the first metal silicide layer, the
polysilicon layer and the gate insulation layer by using the
hard mask as an etching barrier, so as to form a metal gate,
which has a structure in that the etched metal nitride layer and
the metal layer are enclosed with the first and second metal
silicide layers, in the active region on the stepped semicon-
ductor substrate.

[0026] According to the present invention, the method of
manufacturing a semiconductor device further comprises a
step of forming a junction region at both sides of the metal
gate on the semiconductor substrate, after the step of forming
the metal gate.

[0027] According to the present invention, the first and
second metal silicide layers are formed with tungsten silicide,
the metal nitride is formed with tungsten nitride, the metal
layer is formed with tungsten, and the hard mask is formed
with nitride. Here, the first metal silicide layer has a thickness
of 200~400 A, the metal nitride layer has a thickness of
50~100 A, the metal layer has a thickness of 300~400 A, and
the second metal silicide layer has a thickness of 200~400 A.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The above and other objects, features, and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0029] FIGS. 1A and 1B are sectional views illustrating a
method of manufacturing a conventional semiconductor
device having a tungsten gate, in which the semiconductor
device is shown in sections step by step;

[0030] FIGS. 2A to 2D are sectional views illustrating a
method of manufacturing a semiconductor device having a
metal gate according to an embodiment of the present inven-
tion, in which the semiconductor device is shown step by step;
[0031] FIGS. 3A to 3E are sectional views illustrating a
method of manufacturing a semiconductor device having a
metal gate according to another embodiment of the present
invention, in which the semiconductor device is shown step
by step; and

[0032] FIGS. 4A to 4B are sectional views illustrating a
method of manufacturing a semiconductor device having a
metal gate according to still another embodiment of the
present invention, in which the semiconductor device is
shown step by step.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0033] Hereinafter, the preferred embodiment of the
present invention will be described with reference to the
accompanying drawings.
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[0034] FIGS. 2A to 2D are sectional views illustrating a
method of manufacturing a semiconductor device having a
metal gate according to an embodiment of the present inven-
tion, in which the semiconductor device is shown step by step.
[0035] Referring to FIG. 2A, a semiconductor substrate 21
is prepared, which includes a isolation layer 22 defining an
active region. Next, well ion injection and channel ion injec-
tion are sequentially performed. Then, after a gate insulation
layer 23, i.e. oxidation layer, is formed on the active region of
the substrate 21 in such a gate oxidization process, a doped
poly-silicon layer 24 is formed on the gate oxidation layer 23
including the isolation layer 22.

[0036] Next, a first metal silicide layer, preferably a first
tungsten silicide layer 25, is formed on the poly-silicon layer
24. Then, after a metal nitride layer, preferably a tungsten
nitride layer 26, is deposited, a metal layer, preferably a
tungsten layer 27, is deposited on the tungsten nitride layer
26. Here, the first tungsten silicide layer 25 has a thickness of
200~400 A, and the tungsten nitride layer 26 is formed with
a thickness of 50~100 A, and the tungsten layer 27 has a
thickness of 300~400 A.

[0037] Referring to FIG. 2B, the tungsten layer 27 and the
tungsten nitride layer 26 are etched using a known process. At
this time, the etching of the tungsten layer 27 and the tungsten
nitride layer 26 is performed in such a manner that a CD bias
is increased to the maximum, so that the etched tungsten layer
27 and the tungsten nitride layer 26 have a narrower width
than that of a desired gate.

[0038] Referring to FIG. 2C, a second metal silicide layer,
preferably a second tungsten silicide layer 28, is formed on
the first tungsten silicide layer 25 including the etched tung-
sten nitride layer 26 and the tungsten layer 27. At this time, the
second tungsten silicide layer 28 has a thickness of 200~400
A

[0039] Referring to FIG. 2D, after a nitride layer for a hard
mask is formed on the second tungsten silicide layer 28, the
nitride layer is patterned using a known process so as to form
the hard mask 29 having a desired gate width. Next, the
tungsten silicide layer 28, the first tungsten silicide layer 25,
the poly-silicon layer 24 and the gate insulation layer 23,
which are located below the hard mask 29, are sequentially
etched by using the hard mask 29 as an etching barrier,
thereby forming a metal gate, i.e. a tungsten gate 30, in which
the tungsten nitride layer 26 and the tungsten layer 27 are
enclosed with the first and second tungsten silicide layers 25
and 28.

[0040] Then, a gate re-oxidation process is performed for
the resultant semiconductor substrate having the tungsten
gate 30 formed thereon, in order to recover an etching damage
caused by the etching of the gate.

[0041] According to the present invention, here, since the
tungsten gate 30 is formed with a core type structure in that
the tungsten layer 27 including the tungsten nitride layer 26 is
enclosed with the first and second tungsten silicide layers 25
and 28, the abnormal oxidization phenomenon is prevented
from occurring at the side of the tungsten layer 27. In addi-
tion, oxygen is completely prevented from penetrating the
interface between the tungsten layer 27 and the poly-silicon
layer 24, thereby removing the instability of the interface.
[0042] In the tungsten gate structure according to the
present invention, moreover, since the second tungsten sili-
cide layer 28 deposited on the surface of the tungsten layer 27
plays the role of a buffer layer during the forming of the
nitride layer used for the hard mask, the stress can be relieved,
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or prevented from being transmitted to the tungsten layer 27
during the forming of the nitride layer for the hard mask.
Thus, it is possible to effectively restrain the deterioration of
the characteristics of the gate which may be caused by the
stress of the nitride layer for the hard mask.

[0043] Then, although not shown, a series of known fol-
lowing processes including a LDD region forming process, a
gate spacer forming process, and a junction region forming
process are sequentially carried out to accomplish the manu-
facturing of the semiconductor device having the metal gate
according to the present invention.

[0044] In the above-mentioned embodiment of the present
invention, on the other hand, although the method of manu-
facturing the semiconductor device having the metal gate
with a plan gate structure has been described, the present
invention may be applied for forming a metal gate with a
recess gate structure.

[0045] Specifically, FIGS. 3A to 3E are sectional views
illustrating a method of manufacturing a semiconductor
device having a metal gate according to another embodiment
of'the present invention, in which the semiconductor device is
shown step by step. The same reference numerals are used to
indicate the same elements as those of FIGS. 2A to 2D.
Hereinafter, the method of manufacturing the semiconductor
device according to another embodiment of the present inven-
tion will be described.

[0046] Referring to FIG. 3A, a semiconductor substrate 21
is prepared, which has a isolation layer 22 defining an active
region. Next, after an oxidation layer and a polysilicon layer
are sequentially formed on the semiconductor substrate
including the isolation layer 22 although not shown, the poly-
silicon layer and the oxidation layer are etched to expose the
gate region in the active region of the semiconductor sub-
strate.

[0047] Next, after the exposed gate region in the active
region of the semiconductor substrate is etched so that a
recess 32 is formed, the polysilicon layer and the oxidation
layer used as an etching barrier are removed. Then, well ion
injection and channel ion injection are sequentially carried
out, so that a gate insulation layer 23 is formed in the active
region on the surface of the semiconductor substrate.

[0048] Referring to FIG. 3B, a polysilicon layer 24 is
formed on the semiconductor substrate including the gate
insulation layer 23 so as to fill up the recess 32, and then a first
tungsten silicide layer 25, which is a first metal silicide layer,
is formed on the polysilicon layer 24. Next, a tungsten nitride
layer 26 is formed as a metal nitride layer on the first tungsten
silicide layer 25. Finally, a tungsten layer 27 is formed as a
metal layer on the tungsten nitride layer 26. Here, the first
tungsten silicide layer 25 has a thickness of 200~400 A, the
tungsten nitride layer 26 has a thickness of 50~100 A, and the
tungsten layer 27 has a thickness of 300~400 A.

[0049] Referring to FIG. 3C, the tungsten layer 27 and the
tungsten nitride layer 26 are etched according to a known
process. At this time, the etching of the tungsten layer 27 and
the tungsten nitride layer 26 is carried out in the same manner
as that of the aforementioned embodiment of the present
invention, so that the etched tungsten layer 27 and the tung-
sten nitride layer 26 have a narrower width than that of a
desired gate.

[0050] Referring to FIG. 3D, a second tungsten silicide
layer 28 is formed as a second silicide layer on the first
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tungsten silicide layer 25 including the etched tungsten
nitride layer 26 and the tungsten layer 27, so as to have a
thickness of 200~400 A.

[0051] Referring to FIG. 3E, a hard mask 29 is formed on
the second tungsten silicide layer 28 according to the known
process, which includes a nitride layer defining a gate region
and having a desired width corresponding to that of a gate.
Then, the second silicide layer 28, the first silicide layer 25,
the doped polysilicon layer 24 and the gate insulation layer 23
are sequentially etched by using the hard mask 29 as an
etching barrier. As a result, a metal gate, i.e. a tungsten gate 30
is formed with a structure in which the tungsten layer 27
including the tungsten nitride layer 26 is enclosed with the
first and second tungsten silicide layers 25 and 28.

[0052] Then, a gate re-oxidation process is carried out for
the resultant semiconductor substrate on which the tungsten
gate 21 is formed, in order to recover an etched damage. Next,
a series of known succeeding processes of forming a LDD
region, forming a gate spacer and forming a junction region
are sequentially performed to accomplish the method of
manufacturing the semiconductor device having the metal
gate according to the present invention.

[0053] Since the semiconductor device according to
another embodiment of the present invention has a core type
structure in which the tungsten nitride layer 26 and the tung-
sten layer 27 are enclosed with the first and second tungsten
silicide layers 25 and 28, it is possible to prevent the abnormal
phenomenon at the side of the tungsten layer 27 as well as to
remove the instability of the interface, during the gate re-
oxidation process. In addition, as the second tungsten silicide
layer 28 deposited on the tungsten layer 27 plays the role of a
buffer layer during the forming of'the nitride layer for the hard
mask, it is also possible to prevent the deterioration of the
characteristics of the gate caused by the stress of the nitride
layer for the hard mask.

[0054] FIGS. 4A to 4B are sectional views illustrating a
method of manufacturing a semiconductor device having a
metal gate according to still another embodiment of the
present invention, in which the semiconductor device is
shown step by step. The same reference numerals are used to
indicate the same elements as those in FIGS. 2A to 2D.
Hereinafter, the method of manufacturing the semiconductor
device according to this embodiment of the present invention
will be described.

[0055] The present embodiment relates to a method of
manufacturing a semiconductor device having a metal gate
with a step-gated asymmetry recess structure. As shown in
FIG. 4A, first, a semiconductor substrate 21 is prepared,
which has a isolation layer 22 defining an active region. Then,
the semiconductor substrate has recesses 34 formed by a
desired depth at both sides of an active region thereof along
the length of the active region, so that a gate region is stepped.
At this time, although not shown or described, a stacked layer
of an oxidation layer and a polysilicon layer, or a stacked
layer of an oxidation layer and a nitride layer can be used as
a mask for the recesses.

[0056] Next, aseries of succeeding processes identical with
those of the aforementioned embodiment of the present
invention are performed for the resultant semiconductor sub-
strate having the recesses 34 formed at both sides ofthe active
region thereof along the length of the active region, although
not specifically shown or described. As shown in FIG. 4B, a
tungsten gate 30 is formed in the stepped active region on the
semiconductor substrate, which has a core type structure in
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which the tungsten nitride layer 26 and the tungsten layer 27
are enclosed with the first and second tungsten silicide layers
25 and 28.

[0057] Finally, a series of known succeeding processes
including a gate re-oxidation process, a LDD region forming
process, a gate spacer forming process and a junction region
forming process are sequentially carried out, so as to accom-
plish the manufacturing of the semiconductor device having
the metal gate.

[0058] Since the semiconductor device according to
another embodiment of the present invention has the tungsten
gate 30 formed with a core type structure in which the tung-
sten layer 27 is enclosed with the first and second tungsten
silicide layers 25 and 28, it is possible to prevent the abnormal
oxidation phenomenon from occurring at the side of the tung-
sten layer 27 during the gate oxidation process. In addition, it
is possible to remove the instability of the interface between
the tungsten layer 27 and the tungsten silicide layers 25 and
28. Moreover, the second tungsten silicide layer 28 playing
the role of buffering stress is deposited on the tungsten layer
27, thereby effectively preventing the deterioration of the
characteristics of the gate caused by the stress of the nitride
layer for the hard mask.

[0059] As described above, the present invention has the
metal gate formed with the core type structure in which the
metal layer is completely enclosed with the metal silicide
layer, thereby preventing the abnormal oxidation of the tung-
sten and relieving the instability of the interface during a
succeeding gate re-oxidation process.

[0060] According to the present invention, furthermore, the
metal silicide layer is disposed between the metal layer and
the nitride layer for the hard mask as a buffer layer for buff-
ering stress, thereby preventing the deterioration of the char-
acteristics of the metal gate resulting from the stress from the
nitride layer of the hard mask and improving the characteris-
tics of the device.

[0061] According to the present invention, in addition,
since a metal layer which has greatly lower resistivity than the
existing metal silicide layer, is applied to the semiconductor
device to form the gate, it is possible to realize a high speed
device, and to advantageously apply the metal layer for the
manufacturing of large integrated device of 50 nm class.
[0062] While a preferred embodiment of the present inven-
tion has been described for illustrative purposes, those skilled
in the art will appreciate that various modifications, additions
and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed in the accom-
panying claims.

What is claimed is:

1. A semiconductor device comprising:

a silicon substrate;

a isolation layer formed on the silicon substrate for defin-
ing an active region;

ametal gate which is formed in the active region defined by
the isolation layer, wherein the metal gate is formed in
such a manner that a gate insulation layer, a polysilicon
layer, a first metal silicide layer, a metal nitride layer and
ametal layer are sequentially stacked in a pattern, that a
second metal silicide layer is formed on the upper sur-
face of the metal layer and a side of the metal layer
including the metal nitride layer, and that a hard mask is
formed in a pattern on the second metal silicide layer;
and
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a junction region formed at both sides of the metal gate in

the active region on the semiconductor substrate.

2. The semiconductor device as claimed in claim 1,
wherein the first and second metal silicide layers include a
tungsten silicide layer, the metal nitride layer includes a tung-
sten nitride layer, the metal layer includes a tungsten layer,
and the hard mask includes a nitride layer.

3. The semiconductor device as claimed in claim 2,
wherein the metal nitride layer and the metal layer, which
include the second metal silicide layer formed on the sides
thereof, are formed with a width identical with or smaller than
that of the first metal silicide layer.
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4. The semiconductor device as claimed in claim 1,
wherein the semiconductor substrate is recessed at the active
region in which the metal gate is formed, so as to form a recess
gate structure.

5. The semiconductor device as claimed in claim 1,
wherein the semiconductor substrate has a step-gated asym-
metry recess structure in which both sides of the active region
are recessed along a length of the active region so that a gate
region is stepped.
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