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SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS

This is a continuation of PCT International Application PCT/JP2009/000574 filed
on February 13, 2009, which claims priority to Japanese Patent Application No. 2008-064435
filed on March 13, 2008. The disclosures of the applications including the specification, the

drawings, and the claims are hereby incorporated by reference in their entirety.

BACKGROUND

The present disclosure relates to semiconductor devices and methods for
manufacturing the semiconductor devices. More particularly, the present disclosure relates
to a semiconductor device including a Metal Insulator Semiconductor Field Effect Transistor
(MISFET) having a gate electrode made of a metal material, and a method for manufacturing
the semiconductor device.

As the scale and speed of semiconductor integrated circuit devices increase, an
attempt is being made to achieve further miniaturization of MISFETs. The further
miniaturization of MISFETs is accompanied by an extremely thin thickness of the gate
insulating film, leading to problems, such as manifestation of the depletion capacitance of the
polysilicon gate electrode and penetration of boron into the channel region. To solve these
problems, a semiconductor device with a dual-metal gate structure has been studied in which
a metal gate electrode made of a metal material is used as the gate electrode of an n-type
MISFET (hereinafter referred to as an “n-type MIS transistor”), and a metal gate electrode
made of a metal material is used as the gate electrode of a p-type MISFET (hereinafter
referred to as a “p-type MIS transistor”).

In the case of the dual-metal gate semiconductor device, the gate electrodes of the

1 P051653
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n- and p-type MIS transistors need to be made of different metal materials. For example, the
gate electrode of the n-type MIS transistor is made of a metal material having a work function
of 405 eV or more and 4.6 eV or less, and the gate electrode of the p-type MIS transistor is
made of a metal material having a work function of 4.6 eV or more and 5.15 €V or less.

As a method for manufacturing the dual-metal gate semiconductor device, for
example, a first conventional semiconductor device manufacturing method (see, for example,
NON-PATENT DOCUMENT 1) and a second conventional semiconductor device
manufacturing method (see, for example, NON-PATENT DOCUMENT 2) have been

proposed.

CITATION LIST
NON-PATENT DOCUMENTS

NON-PATENT DOCUMENT 1: Z. B. Zhang et al., “Integration of Dual Metal
Gate CMOS with TaSiN (NMOS) and Ru (PMOS) Gate Electrodes on HfO2 Gate
Dielectric,” VLSI 2005

NON-PATENT DOCUMENT 2: S. C. Song et al., “Highly Manufacturable 45nm
LSTP CMOSFETs Using Novel Dual High-k and Dual Metal Gate CMOS Integration,” VLSI

2006

SUMMARY

However, the first and second conventional semiconductor device manufacturing
methods have the following problems.

The first conventional semiconductor device manufacturing method and its
problems will be described hereinafter in sequence. The first conventional semiconductor

device manufacturing method will be described with reference to FIG. 13. FIG. 13 is a
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cross-sectional view showing main steps of the first conventional semiconductor device
manufacturing method, as viewed in a gate width direction thereof. Note that, in FIG. 13,
“nMIS” shown on the left side indicates an n-type MIS formation region where an n-type MIS
transistor is formed, and “pMIS” shown on the right side indicates a p-type MIS formation
region where a p-type MIS transistor is formed.

Initially, an isolation region 101 is selectively formed in an upper portion of a
semiconductor substrate 100. As a result, a first active region 100a surrounded by the
isolation region 101 is formed in the n-type MIS formation region, and a second active region
100b surrounded by the isolation region 101 is formed in the p-type MIS formation region.
Thereafter, a p-type well region 102a is formed in the n-type MIS formation region of the
semiconductor substrate 100, and an n-type well region 102b is formed in the p-type MIS
formation region of the semiconductor substrate 100.

Next, a gate insulating film formation film, a first metal film made of a gate
electrode material for the n-type MIS transistor (hereinafter referred to as an “nMIS metal
material™), a second metal film made of a gate electrode material for the p-type MIS transistor
(hereinafter referred to as a “pMIS metal material”), and a silicon film are successively
formed on the semiconductor substrate 100.

Thus, as shown in FIG. 13, a first patterning portion 107A is formed in which a gate
insulating film formation film 103a, a first metal film 104a, a second metal film 105a, and a
silicon film 106a are successively formed on the first active region 100a, and a second
patterning portion 107B is formed in which a gate insulating film formation film 103b, a
second metal film 105b, and a silicon film 106b are successively formed on the second active
region 100b.

Thereafter, although not shown, by dry etching using as a mask a resist having a

gate pattern, which is formed on the silicon films 106a and 106b, the first patterning portion
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107A is subjected to patterning to form a first gate insulating film made of the gate insulating
film. formation film 103a and a first gate electrode made of the first metal film 104a, the
second metal film 105a and the silicon film 106a, while the second patterning portion 107B is
subjected to patterning to form a second gate insulating film made of the gate insulating film
formation film 103b and a second gate electrode made of the second metal film 105b and the
silicon film 106b.

Here, a problem with the first conventional semiconductor device manufacturing
method will be described. In the first conventional semiconductor device manufacturing
method, as shown in FIG. 13, although the first and second patterning portions 107A and
107B have different structures (specifically, the first patterning portion 107A has a four-layer
structure, and the second patterning portion 107B has a three-layer structure), the first and
second patterning portions 107A and 107B are subjected to patterning in the same step, i.e.,
under the same etching condition, and therefore, the first and second gate electrodes cannot
both be formed with high precision, which is a problem. For example, when an etching
condition is set so that the second gate electrode can be formed with high precision, the first
metal film 104a and the gate insulating film fonnation film 103a in the first patterning portion
107A are not etched and remain, and therefore, the first gate electrode cannot be formed with
high precision. On the other hand, for example, when an etching condition is set so that the
first gate electrode can be formed with high precision, the semiconductor substrate 100 and
the isolation region 101 in the p-type MIS formation region are also etched, and therefore, the
second gate electrode cannot be formed with high precision.

The second conventional semiconductor device manufacturing method and its
problem will be described hereinafter in sequence. The second conventional semiconductor
device manufacturing method will be described with reference to FIGS. 14A-14E. FIGS.

14A-14E are cross-sectional views showing main steps of the second conventional
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semiconductor device manufacturing method in an order in which the steps are performed, as
viewed in a gate width direction thereof. Note that, in FIGS. 14A-14E, “nMIS” shown on
the left side indicates an n-type MIS formation region where an n-type MIS transistor is
formed, and “pMIS” shown on the right side indicates a p-type MIS formation region where a
p-type MIS transistor is formed.

Initially, an isolation region 201 is selectively formed in an upper portion of a
semiconductor substrate 200. As a result, a first active region 200a surrounded by the
isolation region 201 is formed in the n-type MIS formation region, and a second active region
200b surrounded by the isolation region 201 is formed in the p-type MIS formation region.
Thereafter, a p-type well region 202a is formed in the n-type MIS formation region of the
semiconductor substrate 200, and an n-type well region 202b is formed in the p-type MIS
formation region of the semiconductor substrate 200.

Next, a first gate insulating film formation film made of a gate insulating film
material for the n-type MIS transistor (hereinafter referred to as an “nMIS insulating
material”), a first metal film made of an nMIS metal material, and a first mask film are
successively formed on the semiconductor substrate 200. Thereafter, as shown in FIG. 14A,
a resist mask 206 which covers the n-type MIS formation region is formed on the first mask
film by photolithography.

Next, the first mask film is etched using the resist mask 206 as a mask to form a
first mask film 205a, and thereafter, the resist mask 206 is removed. Thereafter, the first
metal film 204 and the first gate insulating film formation film 203 are successively etched
using the first mask film 205a as a mask.

Next, as shown in FIG. 14B, a second gate insulating film formation film 207 made
of a gate insulating film material for the p-type MIS transistor (hereinafter referred to as a

“pMIS insulating material”), a second metal film 208 made of a pMIS metal material, and a
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second mask film 209 are successively formed on the semiconductor substrate 200.
Thereafter, a resist mask 210 which covers the p-type MIS formation region is formed on the
second mask film 209 by photolithography.

Next, as shown in FIG. 14C, the second mask film 209 is etched using the resist
mask 210 as a mask to form a second mask film 209b, and thereafter, the resist mask 210 is
removed. Thereafter, the second metal film 208 and the second gate insulating film
formation film 207 are successively etched using the second mask film 209b as a mask.

Next, as shown in FIG. 14D, the first and second mask films 205a and 209b are
removed, and thereafter, a silicon film 211 is formed on the first and second metal films 204
and 208.

Thus, as shown in FIG. 14D, a first patterning portion in which the ‘ﬁrst gate
insulating film formation film 203, the first metal film 204 and the silicon film 211 are
sucéessively formed is formed on the first active region 200a, and a second patterning portion
in which the second gate insulating film formation film 207, the second metal film 208 and
the silicon film 211 are successively formed is formed on the second active region 200b.

Next, as shown in FIG. 14E, a resist (not shown) having a gate pattern is formed on
the silicon film 211 by photolithography, and thereafier, etching is performed using the resist
as a mask to subject the first patterning portion to patterning to form a first gate insulating
film 203a, and a first gate electrode 212A including a first metal film 204a and a first silicon
film 211a, and to subject the second patterning portion to patterning to form a second gate
insulating film 207b, and a second gate electrode 212B including a second metal film 208b
and a second silicon film 211b.

Here, a problem with the second conventional semiconductor device manufacturing
method will be described with reference to FIG. 15. FIG. 15 is a plan view indicating the

problem with the second conventional semiconductor device manufacturing method. Note
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that line XIVe-XIVe shown in FIG. 15 is a line along which the cross-sectional view of FIG.
14E is taken.

If the resist mask 210 for covering the p-type MIS formation region is formed and
deviated in the gate width direction, so that an end portion in the gate width direction of the
resist mask 210 is located in the n-type MIS formation region as shown in FIG. 14B, a
protruding residual portion r including a residual portion 205c of the first mask film 205a, a
residual portion 207¢ of the second gate insulating film formation film 207, and a residual
portion 208c¢ of the second metal film 208, is formed on the isolation region 201 as shown in
FI1G. 14D.

If patterning is performed while the residual portion r is formed, a patterned residual
pértion rp extending in a gate length direction is left on the isolation region 201 as shown in
FIG. 15 (note that the patterned residual portion rp includes a patterned residual portion 205cp,
a patterned residual portion 207cp and a patterned residual portion 208cp as shown in FIG.
14E). In addition, a sidewall insulating film 211c made of the silicon film 211 is formed on
side surfaces in the gate width direction of the patterned residual portion rp.

The patterned residual portion rp (or the sidewall insulating film 211c) electrically
connects the first and second gate electrodes 212A and 212B to other first and second gate
electrodes (not shown) adjacent in the gate length directiqn to the first and second gate
electrodes 212A and 212B, and therefore, the first and second gate electrodes 212A and 212B
do not function as a gate electrode. Thus, in the second conventional semiconductor device
manufacturing method, the first and second gate electrodes 212A and 212B cannot be formed,
which is a problem.

Note that a cause of this problem has been described using a specific example in
which the resist mask 210 covering the p-type MIS formation region is deviated and formed

in the n-type MIS formation region. However, even if the resist mask 210 is not deviated or
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formed in the n-type MIS formation region, when the resist mask 206 covering the n-type
MIS formation region is deviated and formed in the p-type MIS formation region, a problem
similar to that described above arises. Specifically, if the resist mask 206 is deviated and
formed in the p-type MIS formation region in the step of FIG. 14A, a protruding residual
portion r is formed on the isolation region 201 as shown in FIG. 16.

Here, the aforementioned problem can be avoided by increasing a width in the gate
width direction of the isolation region 201. Specifically, a matching margin (margin region)
is previously provided for the isolation region 201 to increase the width in the gate width
direction of the isolation region 201. As a result, even if the resist mask 206 is formed and
deviated in the gate width direction when the resist mask 206 is formed in the step of FIG.
14A, an end portion in the gate width direction of the resist mask 206 can be located in the
n-type MIS formation region rather than in the p-type MIS formation region. In addition,
even if the resist mask 210 is formed and deviated in the gate width direction when the resist
mask 210 is formed in the step of FIG. 14B, an end portion in the gate width direction of the
resist mask 210 can be located in the p-type MIS formation region rather than in the n-type
MIS formation region. However, in this case, the following problem arises. Specifically, a
matching margin is required for the isolation region 201 both when the resist mask 206 is
formed and when the resist mask 210 is formed. Therefore, the width in the gate width
direction of the isolation region 201 cannot be reduced, which is a problem.

Moreover, in the second conventional semiconductor device manufacturing method,
although the first and second patterning portions have different structures (specifically, the
first and second patterning portions have the same silicon film 211, but have the different first
and second gate insulating film formation films 203 and 207 and the different first and second
metal films 204 and 208, respectively), i.e., have different etching characteristics, the first and

second patterning portions are subjected to patterning under the same etching condition as
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shown in FIG. 14D. Therefore, the first and second gate electrodes cannot both be formed
with high precision, which is a problem.

Thus, the second conventional semiconductor device manufacturing method has the
problem that the first and second gate electrodes can be formed, but not both with high
precision, and in addition, the problem that the width in the gate width direction of the
isolation region 201 cannot be reduced.

As described above, the first conventional semiconductor device manufacturing
method has the problem that the first and second gate electrodes cannot both be formed with
high precision. On the other hand, the second conventional semiconductor device
manufacturing method has not only the problem that the first and second gate electrodes
cannot both be formed with high precision, but also the problem that the width in the gate
width direction of the isolation region cannot be reduced.

In view of the aforementioned problems, an object of the present disclosure is to
provide a semiconductor device including n- and p-type MIS transistors having gate
electrodes made of different metal materials, in which the gate electrodes of the n- and p-type
MIS transistors are formed with high precision, and the width in the gate width direction of
the isolation region is reduced.

To achieve the object, a semiconductor device according to the present disclosure

includes a first MIS transistor and a second MIS transistor. The first MIS transistor includes

a first gate insulating film formed on a first active region in a semiconductor substrate, a first
gate electrode includes a secoﬁd metal film formed on the first gate insulating film, and an
insulating film formed, extending over side surfaces of the first gate electrode and upper
surfaces of regions located in the first active region laterally outside the first gate electrode.
The second MIS transistor includes a second gate insulating film formed on a second active

region in the semiconductor substrate, a second gate electrode including a first metal film
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formed on the second gate insulating film and a conductive film formed on the first metal film,
and the insulating film formed, extending over side surfaces of the second gate electrode and
upper surfaces of regions located in the second active region laterally outside the second gate
electrode. The first and second metal films are made of different metal materials. The
insulating film is not formed on any of upper surfaces of the first and second gate electrodes.

According to the semiconductor device of the present disclosure, the first and
second gate electrodes can be formed with high precision. In addition, an isolation region
having a reduced width in a gate width direction thereof can be achieved, whereby the
semiconductor device can be further miniaturized.

In the semiconductor device of the present disclosure, the first metal film preferably
has a thickness smaller than that of the second metal film.

In the semiconductor device of the present disclosure, the first and second metal
films preferably have different work functions.

In the semiconductor device of the present disclosure, the insulating film preferably
has a thickness smaller than that of the first gate electrode.

In the semiconductor device of the present disclosure, the conductive film is
preferably made of the second metal film.

In the semiconductor device of the present disclosure, the conductive film is
preferably made of a silicon film. The semiconductor device preferably further includes a
metal silicide film formed on the silicon film.

In the semiconductor device of the present disclosure, the first and second gate
insulating films are preferably made of the same insulating material.

In the semiconductor device of the present disclosure, the first and second gate
insulating films are preferably made of different insulating materials.

The semiconductor device of the present disclosure preferably further includes a

10 P051653
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first inner sidewall having an L-shaped cross-section formed on each of side surfaces of the
first gate electrode, and a second inner sidewall having an L-shaped cross-section formed on
each of side surfaces of the second gate electrode. The insulating film is preferably formed
above and in contact with the first and second inner sidewalls.

In the semiconductor device of the present disclosure, the insulating film is
preferably a stress insulating film which causes first stress in a gate length direction of a
channel region in the first active region.

In this case, the stress insulating film can apply the first stress in the gate length
direction of the channel region in the first active region, whereby the drive capability of the
first MIS transistor can be improved.

In the semiconductor device of the present disclosure, the first MIS transistor is
preferably an n-type MIS transistor. The insulating film is preferably made of a silicon
nitride film. The first stress is preferably tensile stress.

The semiconductor device of the present diéclosure preferably further includes
source/drain regions formed in the second active region laterally outside the second gate
electrode. The source/drain regions are preferably formed in respective trenciles provided in
the second active region, and preferably include a silicon mixed crystal layer which causes
second stress in a gate length direction of a channel region in the second active region.

In this case, the silicon mixed crystal layer can apply the second stress in the gate
length direction of the channel region in the second active region, whereby the drive
capability of the second MIS transistor can be improved.

In the semiconductor device of the present disclosure, the second MIS transistor is
preferably a p-type MIS transistor. The silicon mixed crystal layer is preferably made of a
SiGe layer. The second stress is preferably compressive stress.

In the semiconductor device of the present disclosure, the first and second gate
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insulating films preferably include a high-k film made of a metal oxide having a relative
dielectric constant of 10 or more.

To achieve the object, a semiconductor device manufacturing method according to
the present disclosure is a method for manufacturing a semiconductor device including a first
MIS transistor formed on a first active region in a semiconductor substrate and a second MIS
transistor formed on a second active region in the semiconductor substrate. The method
includes the steps of (a) forming a first gate electrode formation portion having a first gate
insulating film, a first metal film and a first silicon film on the first active region, and a
second gate electrode formation portion having a second gate insulating film, a first metal
film and a second silicon film on the second active region, (b) after step (a), forming an
insulating film on the semiconductor substrate, the insulating film covering the first and
second gate electrode formation portions, (¢) removing the insulating film formed on the first
and second gate electrode formation portions to expose an upper surface of each of the first
silicon film in the first gate electrode formation portion and the second silicon film in the
second gate electrode formation portion, (d) after step (c), successively removing the first
silicon film and the first metal film in the first gate electrode formation portion to form a first
recess surrounded by the insulating film on the first active region, and (e) forming a second
metal film in the first recess. A first gate electrode of the first MIS transistor includes the
second metal film. A second gate electrode of the second MIS transistor includes the first
metal film in the second gate electrode formation portion.

According to the semiconductor device manufacturing method of the present
disclosure, after the first and second gate electrode formation portion are formed in the same
step, the second metal film is formed in the first recess which has been formed by
successively removing the first silicon film and the first metal film in the first gate electrode

formation portion, to form the first gate electrode including the second metal film. On the
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other hand, the second gate electrode including the first metal film in the second gate
electrode formation portion is formed. Therefore, when the first silicon film and the first
metal film in the first gate electrode formation portion is replaced with the second metal film,
a matching margin is required for the isolation region. On the other hand, when the first and
second gate electrode formation portions are formed, a matching margin is not required for
the isolation region. Therefore, the number of steps in which a matching margin is required
for the isolation region can be reduced, whereby a width in the gate width direction of the
matching margin' can be reduced, and therefore, a width in the gate width direction of the
isolation region can be reduced. As a result, the semiconductor device can be further
miniaturized.

In addition, as the first and second gate electrode formation portions having the
same structure (in other words, the first and second gate eléctrode formation portions having
the same etching characteristic) are formed in the same step, the first and second gate
electrode formation portions can be easily formed with high precision. As a result, the first
metal film and the first silicon film in the first gate electrode formation portion which has
been formed with high precision can be replaced with the second metal film to form the first
gate electrode including the second metal film. On the other hand, as the second gate
electrode including the first metal film in the second gate electrode formation portion which
has been formed with high precision can be formed. As a result, the first and second gate
electrodes can be formed with high precision.

In the semiconductor device manufacturing method of the present disclosure, step
(d) preferably includes forming, on the first active region, the first recess from a bottom of
which the first gate insulating film is exposed, and removing the second silicon film in the
second gate electrode formation portion to form, on the second active region, a second recess

surrounded by the insulating film, the first metal film being exposed from a bottom of the
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second recess. Step (e) preferably includes forming the second metal film on the first gate
insulating film in the first recess, and forming the second metal film on the first metal film in
the second recess. The second gate electrode preferably includes the first metal film in the
second gate electrode formation portion and the second metal film formed on the first metal
film.

In this case, when the first metal film in the first gate electrode formation portion is
removed, a matching margin is required for the isolation region. On the other hand, when
the first and second gate electrode formation portions are formed, a matching margin is not
required for the isolation region. Therefore, the number of steps in which a matching margin
is required for the isolation region can be suppressed to one.

In the semiconductor device manufacturing method of the present disclosure, step
(d) preferably includes forming, on the first active region, the first recess from a bottom of
which the first gate insulating film is exposed. Step (e) preferably includes forming the
second metal film on the first gate insulating film in the first recess. The method preferably
further includes the step of (f) after step (e), forming a metal silicide film on the second
silicon film. The second gate electrode preferably includes the first metal film and the
second silicon film in the second gate electrode formation portion.

In this case, when the first silicon film and the first metal film in the first gate
electrode formation portion are removed, a matching margin is required for the isolation
region. On the other hand, when the first and second gate electrode formation portions are
formed, a matching margin is not required for the isolation region. Therefore, the number of
steps in which a matching margin is required for the isolation region can be suppressed to
one.

In the semiconductor device manufacturing method of the present disclosure, step

(d) preferably includes successively removing the first silicon film, the first metal film, and
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the first gate insulating film in the first gate electrode formation portion, to form, on the first
active region, the first recess from a bottom of which the first active region is exposed. Step
(e) preferably includes forming a third gate insulating film in the first recess, and forming the
second metal film on the third gate insulating film. The method preferably further includes
the step of (f) after step (¢), forming a metal silicide film on the second silicon film. The
second gate electrode preferably includes the first metal film and the second silicon film in
the second gate electrode formation portion.

In this case, when the first silicon film, the first metal film and the first gate
insulating film in the first gate electrode formation portion are removed, a matching margin is
required for the isolation region. On the other hand, when the first and second gate electrode
formation portions are formed, a matching margin is not required for the isolation region.
Therefore, the number of steps in which a matching margin is required for the isolation region
can be suppressed to one.

The semiconductor device manufacturing method of the present disclosure
preferably further includes the step of (g) after step (a) and before step (b), forming a first
inner sidewall having an L-shaped cross-section on each of side surfaces of the first gate
electrode formation portion, and a second inner sidewall having an L-shaped cross-section on
each of side surfaces of the second gate electrode formation portion. In step (b), the
insulating film is preferably formed above and in contact with the first and second inner
sidewalls.

The semiconductor device manufacturing method of the present disclosure
preferably further includes the steps of (h) after step (a) and before step (b), forming trenches
in the second active region laterally outside the second gate electrode formation portion, and
(1) forming, in the trenches, a silicon mixed crystal layer which causes stress in a gate length

direction of a channel region in the second active region.
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According to the semiconductor device of the present disclosure and the
manufacture method of the semiconductor device, the first and second gate electrode
formation portions are formed in the same step, and thereafter, the second metal film is
formed in the first recess which has been formed by successively removing the first silicon
film and the first metal film in the first gate electrode formation portion, to form the first gate
electrode including the second metal film. On the other hand, the second gate electrode
including the first metal film in the second gate electrode formation portion is formed.
Therefore, when the first silicon film and the first metal film in the first gate electrode
formation portion are replaced with the second metal film, a matching margin is required for
the isolation region. On the other hand, when the first and second gate electrode formation
portions are formed, a matching margin is not required for the isolation region. Therefore,
the number of steps in which a matching margin is required for the isolation region can be
reduced, whereby a width in the gate width direction of the matching margin can be reduced,
and therefore, a width in the gate width direction of the isolation region can be reduced. As
a result, the semiconductor device can be further miniaturized.

In addition, as the first and second gate electrode formation portions having the
same structure are formed in the same step, the first and second gate electrode formation
portions can be easily formed with high precision. As a result, the first gate electrode
including the second metal film can be formed by replacing the first metal film and the first
silicon film in the first gate electrode formation portion, which has been formed with high
precision, with the second metal film. On the other hand, the second gate electrode
including the first metal film in the second gate electrode formation portion, which has been
formed with high precision, can be formed. As a result, the first and second gate electrodes

can be formed with high precision.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A-1D are cross-sectional views showing main steps of a method for
manufacturing a semiconductor device according to a first embodiment of the present
disclosure in an order in which the steps are performed, as viewed in a gate length direction
thereof.

FIGS. 2A-2D are cross;sectionai views showing main steps of the manufacture
method of the semiconductor device of the first embodiment of the present disclosure in an
order in which the steps are performed, as viewed in a gate length direction thereof.

FIGS. 3A-3D are cross-sectional views showing main steps of the manufacture
method of the semiconductor device of the first embodiment of the present disclosure in an
order in which the steps are performed, as viewed in a gate length direction thereof.

FIGS. 4A-4C are cross-sectional views showing main steps of the manufacture
method of the semiconductor device of the first embodiment of the present disclosure in an
order in which the steps are performed, as viewed in a gate length direction thereof.

FIGS. 5A-5C are cross-sectional views showing main steps of the manufacture
method of the semiconductor device of the first embodiment of the present disclosure in an
order in which the steps are performed, as viewed in a gate length direction thereof.

FIGS. 6A and 6B are diagrams showing a structure of the semiconductor device of
the first embodiment of the present disclosure.

FIGS. 7A-7C are cross-sectional views showing main steps of a method for
manufacturing a semiconductor device according to a second embodiment of the present
disclosure in an order in which the steps are performed, as viewed in a gate length direction
thereof.

FIGS. 8A-8C are cross-sectional views showing main steps of the manufacture

method of the semiconductor device of the second embodiment of the present disclosure in an
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order in which the steps are performed, as viewed in a gate length direction thereof.

FIG. 9 is a cross-sectional view showing a structure of the semiconductor device of
the second embodiment of the present disclosure, as viewed in a gate width direction thereof.

FIGS. 10A-10C are cross-sectional views showing main steps of a method for
manufacturing a semiconductor device according to a variation of the second embodiment of
the present disclosure in an order in which the steps are performed, as viewed in a gate length
direction thereof.

FIGS. 11A-11C are cross-sectional views showing main steps of the manufacture
method of the semiconductor device of the variation of the second embodiment of the present
disclosure in an order in which the steps are performed, as viewed in a gate length direction
thereof.

FIG. 12 is a cross-sectional view showing a structure of the semiconductor device
of the variation of the second embodiment of the present disclosure, as viewed in a gate width
direction thereof.

FIG. 13 is a cross-sectional view showing main steps of a first conventional
semiconductor device manufacturing method, as viewed in a gate width direction thereof.

FIGS. 14A-14E are cross-sectional views showing main steps of a second
conventional semiconductor device manufacturing method in an order in which the steps are
performed, as viewed in a gate width direction thereof.

FIG. 15 is a plan view indicating a problem with the second conventional
semiconductor device manufacturing method.

FIG. 16 is a cross-sectional view indicating the problem with the second
conventional semiconductor device manufacturing method, as viewed in a gate width

direction thereof.
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DETAILED DESCRIPTION

Embodiments of the present disclosure will be described hereinafter with reference
to the accompanying drawings.

(First Embodiment)

A semiconductor device according to a first embodiment of the present disclosure
and a method for manufacturing the semiconductor device will be described with reference to
the drawings.

The method for manufacturing the semiconductor device of the first embodiment of
the present disclosure will be described hereinafter with reference to FIGS. 1A-1D, FIGS.
2A-2D, FIGS. 3A-3D, FIGS. 4A-4C, and FIGS. 5A-5C. FIGS. 1A-5C are cross-sectional
views showing main steps of the manufacture method of the semiconductor device of the first
embodiment of the present disclosure in an order in which the steps are performed, as viewed
in a gate length direction thereof. Note that, in FIGS. 1A-5C, “nMIS” shown on the left side
indicates an n-type MIS formation region where an n-type MIS transistor is formed, and
“pMIS” shown on the right side indicates a p-type MIS formation region where a p-type MIS
transistor is formed.

Im'tiaﬂy,» as shown in FIG. 1A, an isolation region 11 which is a trench filled with
an insulating film is selectively formed in an upper portion of a semiconductor substrate 10
made of] f(;r example, p-type silicon by, for example, Shallow Trench Isolation (STI). Asa
result, a first active region 10a made of the semiconductor substrate 10 surrounded by the
isolation region 11 is formed in the n-type MIS formation region, and a second active region
10b made of the semiconductor substrate 10 surrounded by the isolation region 11 is formed
in the p-type MIS formation region. Thereafter, a p-type impurity, such as B (boron) or the
like, is implanted into the n-type MIS formation region of the semiconductor substrate 10 by

lithography and ion implantation, and an n-type impurity, such as P (phosphorus) or the like,
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is implanted into the p-type MIS formation region of the semiconductor substrate 10 by
lithography and ion implantation. Thereafter, the semiconductor substrate 10 is subjected to,
for example, a thermal treatment at 850°C for 30 sec, to form a p-type well region 12a in the
n-type MIS formation region of the semiconductor substrate 10, and the n-type well region
12b in the p-type MIS formation region of the semiconductor substrate 10.

Next, as shown in FIG. 1B, a surface of the semiconductor substrate 10 is cleaned
by, for example, a diluted hydrofluoric acid treatment, and thereafter, an underlying film (not
shown) made of a silicon oxide film having a thickness of about 0.8 to 1 nm is formed on the
first active region 10a and the second active region 10b by, for example, In-Situ Steam
Generation (ISSG) oxidation. Thereafter, a gate insulating film formation film 13 made of,
for example, a high-k film having a thickness of 2 nm is deposited on the underlying film by,
for example, Metal Organic Chemical Vapor Deposition (MOCVD). Here,v the gate
insulating film formation film 13 desirably includes a high-k film made of a metal oxide
having a relative dielectric constant of 10 or more.

Thereafter, a first metal film 14 made of, for example, titanium nitride (TiN) is
deposited by, for example, CVD (Chemical Vapor Deposition), ALD (Atomic Layer
Deposition), sputtering or the like. Here, the first metal film 14 is desirably made of a metal
material or a metal compound material (hereinafter referred to as a “pMIS metal material™)
which is optimized for the p-type MIS transistor, and desirably has a work function of 4.6 eV
or more and 5.15 eV or less. Examples of the first metal film 14 include, in addition to a
TiN film, metals such as titanium (Ti), ruthenium (Ru), platinum (Pt), tungsten (W) and the
like, nitrides containing at least one metal of Ti, Ru, Pt and W, carbon nitride, silicon nitride,
and the like. Thereafter, a silicon film 15 made of, for example, a polysilicon film having a
thickness of 100 nm is deposited on the first metal film 14 by, for example, CVD, and

thereafter, a protective film 16 made of, for example, a silicon oxide film having a thickness
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of 30 nm is formed on the silicon film 15 by, for example, CVD.

Next, as shown in FIG. 1C, a resist (not shown) having a gate pattern is formed on
the protective film 16 by photolithography. Thereafter, the protective film 16, the silicon
film 15, the first metal film 14 and the gate insulating film formation film 13 are successively
subjected to patterning by dry etching using the resist as a mask. As a result, a first gate
insulating film 13a, a first metal film 14a, a first silicon film 15a and a first protective film
16a are successively formed on the first active region 10a, and a second gate insulating film
13b, a first metal film 14b, a second silicon film 15b and a second protective film 16b are
successively formed on the second active region 10b.

Thus, a first gate electrode formation portion 14A having the first gate insulating
film 13a, the first metal film 14a and the first silicon film 15a is formed on the first active
region 10a, and a second gate electrode formation portion 14B having the second gate
insulating film 13b, the first metal film 14b and the second silicon film 15b is formed on the
second active region 10b.

Next, as shown in FIG. 1D, an insulating film made of, for example, a silicon oxide
film having a thickness of 10 nm, which is to become an offset spacer, is deposited on an
entire surface of the semiconductor substrate 10 by, for example, CVD, and thereafter, the
offset spacer insulating film is subjected to anisotropic etching. As a result, a first offset
spacer 17a is formed on each of side surfaces of the first gate electrode formation portion 14A,
and a second offset spacer 17b is formed on each of side surfaces of the second gate electrode
formation portion 14B.

Thereafter, a resist (not shown) which does not cover the n-type MIS formation
region and covers the p-type MIS formation region is formed on the semiconductor substrate
10, and thereafter, an n-type impurity, such as As (arsenic) or the like, is implanted into the

first active region 10a using the first gate electrode formation portion 14A as a mask, to form
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n-type source/drain regions (LDD regions or extension regions) 18a having a relatively
shallow junction depth in the first active region 10a adjacent to the channel region below the
first gate electrode formation portion 14A and extending laterally away from it (or referred to
as “in the first active region 10a laterally outside the first gate electrode formation portion
14A”), in a self-alignment manner. On the other hand, a resist (not shown) which covers the
n-type MISY formation region and does not cover the p-type MIS formation region is formed
on the semiconductor substrate 10, and thereafter, a p-type impurity, such as BF; or the like,
is implanted into the second active region 10b using the second gate electrode formation
portion 14B as a mask, to form p-type source/drain regions (LDD regions or extension
regions) 18b having a relatively shallow junction depth in the second active region 10b
adjacent to the channel region below the second gate electrode formation portion 14B and
extending laterally away from it (or referred to as “in the second active region 10b laterally
outside the second gate electrode formation portion 14B”), in a self-alignment manner.

Next, as shown in FIG. 2A, a first insulating film made of, for example, a silicon
oxide film having a thickness of 10 nm and a second insulating film made of, for example, a
silicon nitride film having a thickness of 30 nm are successively deposited on an entire
surface of the semiconductor substrate 10 by, for example, CVD, and thereafter, the ﬁrsf and
second insulating films are subjected to anisotropic etching. As a result, a first sidewall 20A
including a first inner sidewall 19a made of the first insulating film having an L-shaped
cross-section and a first outer sidewall 20a made of the second insulating film formed on the
first inner sidewall 19a, is formed on each of side surfaces of the first gate electrode formation
portion 14A with the first offset spacer 17a being interposed therebetween, and a second
sidewall 20B including a second inner sidewall 19b made of the first insulating film having an
L-shaped cross-section and a second outer sidewall 20b made of the second insulating film

formed on the second inner sidewall 19b, is formed on each of side surfaces of the second
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gate electrode formation portion 14B with the second offset spacer 17b being interposed
therebetween.

Next, as shown in FIG. 2B, a surface protective film 21 made of, for example, a
silicon oxide film having a thickness of 10 nm is deposited on an entire surface of the
semiconductor substrate 10 by, for example, CVD.

Next, as shown in FIG. 2C, a resist mask 22 which covers the n-type MIS formation
region and does not cover the p-type MIS formation region is formed on the surface
protective film 21, and thereafter, the surface protective film 21 formed in the p-type MIS
formation region is removed, leaving the surface protective film 2la in the n-type MIS
formation region, by anisotropic dry etching having a selectivity ratio with respect to the
second outer sidewalls 20b (silicon nitride film). As a result, surfaces of regions (i.e., source
and drain formation regions) in the second active region 10b laterally outside the second
sidewall 20B, are exposed.

Next, as shown in FIG. 2D, the resist mask 22 is removed, and thereafter, the

‘'second active region 10b whose surface is exposed is etched using dry etching having a

selectivity ratio with respect to the surface protective film 21a (silicon oxide film), the second
protective film 16b (silicon oxide film), the second offset spacer 17b (silicon oxide film ), the
second inner sidewall 19b (silicon oxide film) and the second outer sidewall 20b (silicon
nitride film), or using a successive combination of dry etching and wet etching having a
selectivity ratio with respect to these films. As a result, trenches 23 having a depth of, for
example, 60 nm is formed in regions (i.e., source and drain formation regions) in the second
active region 10b laterally outside the second sidewall 20B. In this case, as a surface of the
first active region 10a is covered with the surface protective film 21a, the first active region
10a is not etched.  Also, as an upper surface the first silicon film 15a is covered with the first

protective film 16a and the surface protective film 21a successively, and an upper surface of
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the second silicon film 15b is covered with the second protective film 16b, none of the first
and second silicon films 15a and 15b is etched.

Next, as shown in FIG. 3A, etching residues, natural oxide film and the like in the
trench 23 are removed by, for example, a hydrofluoric acid treatment, and thereafter, a silicon
mixed crystal layer 24 made of a p-type SiGe layer is epitaxially grown so that the trench 23
is filled with the silicon mixed crystal layer 24, by, for example, CVD with a supply of , for
example, silane gas (SiHs) and germane gas (GeH,) along with p-type dopant gas, such as
diborane gas (B,Hs) or the like, at a temperature of, for example, 650 to 700°C. In this case,
as the surface of the first active region 10a is covered with the surface protective film 21a, a
SiGe layer is not epitaxially grown on the first active region 10a. Also, as the upper surface
of the first silicon film 15a is covered with the first protective film 16a and the surface
protective film 21a successively, and the upper surface of the second silicon film 15b is
covered with the second protective film 16b, a SiGe layer is not epitaxially grown on any of
the first and second silicon films 15a and 15b.

Thereafter, the surface protective film 21a formed in the n-type MIS formation
region is removed by dry etching having a selectivity ratio with respect to the semiconductor
substrate 10 and the first outer sidewall 20a (silicon nitride film) or using a successive
combination of dry etching and wet etching with respect to these films, whereby surfaces of
regions (i.e., source and drain formation regions) in the first active region 10a laterally outside
the first sidewall 20A, are exposed.

Thus, by successively performing the steps of FIGS. 2B-3A, the silicon mixed
crystal layer 24 which causes compressive stress in the gate length direction of the channel
region in the second active region 10b is formed in the trenches 23 formed in the second
active region 10b laterally outside the second sidewall 20B.

Next, as shown in FIG. 3B, an n-type impurity, such as As (arsenic) or the like, is
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implanted into the first active region 10a by lithography and ion implantation using the first
gate electrode formation portion 14A, the first offset spacer 17a and the first sidewall 20A as
a mask, to form n-type source/drain regions 25a having a deeper junction depth than that of
the shallow n-type source/drain regions 18a (i.e., having a relatively deep junction depth), in
the first active region 10a laterally outside the first sidewall 20A, in a self-alignment manner.
On the other hand, a p-type impurity, such as B (boron) or the like, is implanted into the
second active region 10b using the second gate electrode formation portion 14B, the second
offset spacer 17b and the second sidewall 20B as a mask, to form p-type source/drain regions
25b having a deeper junction depth than that of the shallow p-type source/drain regions 18b
(i.e., having a relatively deep junction depth), in the second active region 10b laterally outside
the second sidewall 20B, in a self-alignment manner. Thereafter, the impurities contained in
the deep n-type source/drain regions 25a and the deep p-type source/drain regions 25b are
activated by a thermal treatment.

Thus, the deep p-type source/drain regions 25b include the silicon mixed crystal
layer 24 formed in the trenches 23 provided in the second active region 10b.

Next, naturalr oxide film (not shown) formed on surfaces of the deep n-type
source/drain regions 25a and the deep p-type source/drain regions 25b is removed, and
thereafter, a metal film (not shown) made of, for example, nickel having a thickness of 10 nm
is deposited on an entire surface of the semiconductor substrate 10 by sputtering. Thereafter,
Si in the deep n-type source/drain regions 25a and the deep p-type source/drain regions 25b
and Ni in the metal film are caused to react with each other by, for example, a first Rapid
Thermal Annealing (RTA) treatment in nitrogen atmosphere at 320°C, thereby forming first
and second metal silicide films 26a and 26b made of nickel silicide in upper portions of the
deep n-type source/drain regions 25a and the deep p-type source/drain regions 25b.

Thereafter, the semiconductor substrate 10 is immersed in an etchant which is a
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mixture solution of sulfuric acid and hydrogen peroxide in water, to remove unreacted metal
film remaining on the isolation region 11, the first and second offset spacers 17a and17b, the
first and second sidewalls 20A and 20B and the like, followed by a second RTA treatment at a
higher temperature (e.g., 550°C) than that in the first RTA treatment, thereby stabilizing the
silicide composition ratio of the first and second metal silicide films 26a and 26b.

Next, as shown in FIG. 3C, the first outer sidewall 20a (silicon nitride film) and the
second outer sidewall 20b (silicon nitride film) are removed by, for example, dry etching
having a selectivify ratio with respect to the first and second inner sidewalls 19a and 19b
(silicon oxide film).

Next, as shown in FIG. 3D, an insulating film 27 made of, for example a silicon
nitride film having a thickness of 50 nm is deposited on an entire surface of the
semiconductor substrate 10 by, for example, plasma CVD.

Thus, the insulating film 27 is formed, covering the first gate electrode formation
portion 14A on a surface of which the first protective film 16a is formed, and the second gate
electrode formation portion 14B on a surface of which the second protective film 16b is
formed. Thereafter, the insulating film 27 is formed above and in contact with the first inner
sidewall 19a having an L-shaped cross-section from which the first outer sidewall 20a is
removed and the second inner sidewall 19b having an L-shaped cross-section from which the

second outer sidewall 20b is removed.

Thereafter, a first inter-layer insulating film 28 made of a silicon oxide film is

deposited on the insulating film 27 by, for example, CVD, and thereafter, the first inter-layer
insulating film 28 is removed by polishing while planarizing a surface of the first inter-layer
insulating film 28 by, for example, Chemical Mechanical Polishing (CMP), until an upper
surface of the insulating film ‘27 formed on the first and second protective films 16a and 16b

is exposed.

26 P051653

Page 31 of 357

UMC 1002
UMC v. AICP



10

15

20

25

Next, as shown in FIG. 4A, the first and second protective films (silicon oxide
films) 16a and 16b and the insulating film (silicon nitride film) 27 formed on the first and
second gate electrode formation portions 14A and 14B are removed by dry etching or wet
etching having a selectivity ratio with respect to the first and second silicon films (polysilicon
films) 15a and 15b, thereby exposing upper surfaces of the first silicon film 15a in the first
gate electrode formation portion 14A and the second silicon film 15b in the second gate
electrode formation portion 14B. In this case, the first and second offset spacers 17a and
17b, the first and second inner sidewalls 19a and19b, the insulating f'llm 27, and the first
inter-layer insulating film 28 formed laterally outside the first and second gate electrode
formation portions 14A and 14B are removed until a height of upper surfaces thereof becomes
the same as or similar to a height of upper surfaces of the first and second silicon films 15a
and 15b.

Thus, the insulating film 27 is formed, extending over side surfaces of the first and
second gate electrode formation portions 14A and 14B and upper surfaces of regions located
in the first and second active regions 10a and 10b laterally outside the first and second gate
electrode formation portions 14A and 14B, and the insulating film 27 is not formed on any of
upper surfaces of the first and second gate electrode formation portions 14A and 14B. .‘

- Next, as shown in FIG. 4B, the first silicon film 15a in the first gate electrode
formation portion 14A and the second silicon film 15b in the second gate electrode formation
portion 14B are removed by dry etching or wet etching having a selectivity ratio with respect
to the first metal films (TiN films) 14a and 14b, the first and second offset spacers 17a and
17b, the first and second inner sidewalls 19a and 19b, the insulating film 27, and the first
inter-layer insulating film 28.

Next, as shown in FIG. 4C, a resist mask 29 which does not cover the n-type MIS

formation region and covers the p-type MIS formation region is formed on the semiconductor
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substrate 10, and thereafter, the first metal film 14a in the first gate electrode formation
portion 14A is removed by wet etching having a selectivity ratio with respect to the first gate
insulating film 13a, the first offset spacer 17a, the first inner sidewall 19a, the insulating film
27, and the first inter-layer insulating film 28.

Thus, by successively performing the steps of FIGS. 4B and 4C, the first silicon
film 15a and the first metal film 14a in the first gate electrode formation portion 14A are
successively removed to form, on the first active region 10a, a first recess Ca surrounded by
the insulating film 27 with the first offset spacer 17a and the first inner sidewall 19a being
successively interposed therebetween. The first gate insulating film 13a is exposed from a
bottom of the first recess Ca. In addition, by performing the step of FIG. 4B, the second
silicon film 15b in the second gate electrode formation portion 14B is removed to form, on
the second active region 10b, a second recess Cb surrounded by the insulating film 27 with
the second offset spacer 17b and the second inner sidewall 19b being successively interposed
therebetween. The first metal film 14b is exposed from a bottom of the second recess Cb.

Next, as shown in FIG. 5A, the resist mask 29 is removed, and thereafter, a second
metal film 30 made of, for example, tantalum nitride (TaN) is formed on the semiconductor
substrate 10 by, for example, CVD, ALD, sputtering or the like, filling the first and second
recesses Ca and Cb. Here, the second metal film 30 is desirably made of a metal material or
a metal compound material optimized for the n-type MIS transistor (hereinafter referred to as
an “aMIS metal material™), and desirably has a work function of 4.05 eV or more and 4.6 eV
or less. Specific examples of the second metal film 30 include, in addition to TaN, metals
such as tantalum (Ta), hafnium (Hf) and the like, nitrides containing at least one of Ta and Hf,
carbon nitride, silicon nitride, and the like.

Next, as shown in FIG. 5B, the second metal film 30 is removed by, for example,

CMP or etchback until an upper surface of the insulating film 27 is exposed. As a result, a
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second metal film 30a is formed on the first gate insulating film 13a in the first recess Ca, and
a second metal film 30b is formed on the first metal film 14b in the second recess Cb.

Thus, a first gate electrode 30A made of the second metal film 30a is formed on the
first active region 10a with the first gate insulating film 13a being interposed therebetween,
and a second gate electrode 30B made of the first and second metal films 14b and 30b is
formed on the second active region 10b with the second gate insulating film 13b being
interposed therebetween.

Next, as shown in FIG. 5C, a second inter-layer insulating film 31 is deposited on
the first inter-layer insulating film 28 by, for example, CVD, covering the first and second
gate electrodes 30A and 30B, and thereafter, a surface of the second inter-layer insulating film
31 is planarized by, for example, CMP.

Thereafter, as in a method for manufacturing a semiconductor device having a
typical MIS transistor, a resist (not shown) is formed on the second inter-layer insulating film
31, and thereafter, first and second contact holes 32a and 32b reaching upper surfaces of the
first and second metal silicide films 26a and 26b are formed in the insulating film 27, the first
inter-layer insulating film 28 and the second inter-layer insulating film 31 by dry etching
using the resist as a mask. In this case, if a two-step etching method is used in which etching
is temporarily stopped at the time that the insulating film 27 is exposed, the amount of
over-etching of the first and second metal silicide films 26a and 26b can be reduced.

Thereafter, titanium and titanium nitride are successively deposited on bottom
portions and sidewall portions of the first and second contact holes 32a and 32b by sputtering
or CVD, to form a barrier metal film. Thereafter, a tungsten film is deposited on the second
inter-layer insulating film 31 by CVD, filling the first and second contact holes 32a and 32b,
and thereafter, the tungsten film formed outside the first and second contact holes 32a and 32b

is removed by CMP. Thus, first and second contact plugs 33a and 33b are formed by filling
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the first and second contact holes 32a and 32b with the tungsten film with the barrier metal
film being interposed therebetween. Thereafter, a metal wire (not shown) which electrically
connects the first and second contact plugs 33a and 33b is formed on the second inter-layer
insulating film 31.

Thus, the semiconductor device of this embodiment, i.e., a semiconductor device
including an n-type MIS transistor NTr having the first gate electrode 30A made of the
second metal film 30a and a p-type MIS transistor PTr having the second gate electrode 30B
made of the first metal film 14b and second metal film (conductive film) 30b, can be
manufactured.

A structure of the semiconductor device of the first embodiment of the present

disclosure will be described hereinafter with reference to FIGS. 6A and 6B. FIGS. 6A and

6B are diagrams showing the structure of the semiconductor device of the first embodiment of

the present disclosure. Specifically, FIG. 6A is a plan view and FIG. 6B is a cross-sectional
view as viewed in a gate width direction thereof, taken along line VIb-VIb of FIG. 6A. Note
that line Vcl-Vcl shown in FIG. 6A corresponds to a cross-section line in the left portion of
FIG. 5C, and line Ver-Ver shown in FIG. 6A corresponds to a cross-section line in the right
portion of FIG. 5C. Note that, in FIGS. 6A and 6B, “nMIS” shown on the left side iﬁdicates
an n-type MIS formation region where an n-type MIS transistor is formed, and “pMIS” shown
on the right side indicates a p-type MIS formation region where a p-type MIS transistor is
formed.

As shown in FIG. 6A, the first active region 10a surrounded by the isolation region
is formed in the n-type MIS formation region, and the second active region 10b surrounded by
the isolation region is formed in the p-type MIS formation region. The first gate electrode
30A is formed on the first active region 10a with the first gate insulating film being interposed

therebetween, and the second gate electrode 30B is formed on the second active region 10b
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with the second gate insulating film being interposed therebetween. The insulating film 27
is formed on the side surfaces of the first and second gate electrodes 30A and 30B with the
first and second offset spacers 17a and 17b and the first and second inner sidewalls 19a and
19b being successively interposed therebetween. Although the first inter-layer insulating
film (see 28 in FIG. 5C) and the second inter-layer insulating film (see 31 in FIG. 5C) are not
shown in FIG. 6A, the first inter-layer insulating film is actually formed on the insulating film
27. Also, the second inter-layer insulating film is actually formed on the first inter-layer
insulating film, covering the first and second gate electrodes 30A and 30B.

As shown in FIG. 6B, the isolation region 11 formed by filling the trench with
insulating film is formed in an upper portion of the semiconductor substrate 10, separating the
n-type MIS formation region from the p-type MIS formation region. The p-type well region
12a is formed in the n-type MIS formation region of the semiconductor substrate 10, and the
n-type well region 12b is formed in the p-type MIS formation region of the semiconductor
substrate 10. The first gate electrode 30A made of the second metal film 30a is formed on
the first active region 10a with the first gate insulating film 13a being interposed therebetween,
and the second gate electrode 30B made of the first metal film 14b and the second metal film
{conductive film) 30b formed on the first metal film 14b are formed on the second active
region 10b with the second gate insulating film 13b being interposed therebetween. The
second inter-layer insulating film 31 is formed on the semiconductor substrate 10, covering
the first and second gate electrodes 30A and 30B.

Here, structures of the n-type MIS transistor and the p-type MIS transistor will be
described with reference to FIG. 5C.

As shown in FIG. 5C, the n-type MIS transistor NTr includes the first active region
10a surrounded by the isolation region 11 in the semiconductor substrate 10, the first gate

insulating film 13a formed on the first active region 10a, the first gate electrode 30A made of
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the second metal film 30a formed on the first gate insulating film 13a, the first inner sidewalls
1%9a having an L-shaped cross-section formed on the side surfaces of the first gate electrode
30A with the first offset spacers 17a being interposed therebetween, the shallow n-type
source/drain regions 18a formed in the first active region 10a laterally outside the first gate
electrode 30A, the deep n-type source/drain region 25a formed in the first active region 10a
laterally outside the first inner sidewalls 19a, the insulating film 27 formed extending over the
side surfaces of the first gate electrode 30A and the upper surfaces of the regions located in
the first active region 10a laterally outside the first gate electrodes 30A, and the first metal
silicide film 26a foxmed in the upper portions of the deep n-type source/drain regions 25a.

As shown in FIG. 5C, the p-type MIS transistor PTr includes the second active
region 10b surrounded by the isolation region 11 in the semiconductor substrate 10, the
second gate insulating film 13b formed on the second active region 10b, the second gate
electrode 30B made of the first metal film 14b and second metal film (conductive film) 30b
formed on the second gate insulating film 13b, the second inner sidewalls 19b having an
L-shaped cross-section formed on the side surfaces of the second gate electrode 30B with the
second offset spacer 17b being interposed therebetween, the shallow p-type source/drain
regions 18b formed in the second active region 10b la;cerally outside the first gate electrode
30B, the deep p-type source/drain regions 25b including the silicon mixed crystal layer 24
formed in the second active region 10b laterally outside the second inner sidewalls 19b, the
insulating film 27 formed extending over the side surfaces of the second gate electrode 30B
and the upper surfaces of the regions located in the second active region 10b laterally outside
the second gate electrode 30B, and the second metal silicide film 26b formed in the upper
portions of the deep p-type source/drain regions 25b.

The second metal film 30a included in the first gate electrode 30A is made of a

metal material (or a metal compound material) having a work function of 4.05 eV or more
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and 4.6 eV or less, and the first metal film 14b included in the second gate electrode 30B is
made of a metal material (or a metal compound material) having a work function of 4.6 €V or
more and 5.15 eV or less. Thus, the second metal film 30a and the first metal film 14b are
made of different metal materials (or metal compound materials) having different work
functions.

Also, the first and second gate electrodes 30A and 30B have the upper surfaces
having the same height. The first gate electrode 30A is made of the second metal film 30a,
and the second gate electrode 30B is made of the first metal film 14b and the second metal
film 30b. Therefore, a thickness of the second metal film 30a is larger than a thickness of
each of the first metal film 14b and the second metal film (conductive film) 30b.

The insulating film 27 is formed on the side surfaces of the first and second gate
electrodes 30A and 30B and the upper regions located in the first and second active regions
10a and 10b laterally outside the first and second gate electrodes 30A and 30B, and the
insulating film 27 is not formed on any of the upper surfaces of the first and second gate
electrodes 30A and 30B. Also, a thickness of the insulating film 27 is smaller than a
thickness of each of the first and second gate electrodes 30A and 30B.

The first and second gate insulating films 13a and 13b are formed in the same step
and are made of the same insulating material.

According to this embodiment, after the first and second gate electrode formation
portions 14A and 14B (see FIG. 1C) are formed in the same step, the second metal film 30a is
formed in the first recess Ca (see FIG. 4C) which has been formed by successively removing
the first silicon film 15a and the first metal film 14a in the first gate electrode formation
portion 14A, to form the first gate electrode 30A (see FIG. 5B) made of the second metal film
30a. On the other hand, the second metal film 30b is formed in the second recess Cb (see

FIG. 4B) which has been formed by removing the second silicon film 15b in the second gate

33 P051653

Page 38 of 357

UMC 1002
UMC v. AICP



10

15

20

25

electrode formation portion 14B, to form the second gate electrode 30B (see FIG. 5B) made
of the first and second metal films 14b and 30b. Therefore, when the first metal film 14a in
the first gate electrode formation portion 14A is removed, the resist mask 29 which does not
cover one of the n-type MIS formation region and the p-type MIS formation region and
covers the other is formed as shown in FIG. 4C, and therefore, a matching margin is required
for the isolation region 11. On the other hand, when the first and second gate electrode
formation portions 14A and 14B are formed, a matching margin is not required for the
isolation region 11. Therefore, the number of steps in which a matching margin is required
for the isolation region 11 (hereinafter referred to as “matching margin requiring steps™) can
be suppressed to one, and therefore, a width in the gate width direction of the matching
margin can be narrowed to reduce a width in the gate width direction of the isolation region
11 (see Wnp in FIG. 6B). Thus, the semiconductor device can be further miniaturized.

In contrast to this, in the second conventional semiconductor device manufacturing
method, a matching margin is required for the isolation region 201 when the resist mask 206
is formed in the step of FIG. 14A, and a matching margin is required for the isolation region
201 when the resist mask 210 is formed in the step of FIG. 14B, i.e., there are two matching
margin requiring steps. Therefore, as described above, the width in the gate width direction
of the isolation region 201 cannot be reduced.

In addition, as shown in FIG. 1C, the same silicon film 15, the same first metal film
14, and the same gate insulating film formation film 13 are successively subjected to
patterning in the same step to form the first and second gate electrode formation portions 14A
and 14B, whereby the first and second gate electrode formation portions 14A and 14B can be
easily formed with high precision. As a result, the first metal film 14a and the first silicon
film 15a in the first gate electrode formation portion 14A which have been formed with high

precision are replaced with the second metal film 30a to form the first gate electrode 30A
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made of the second metal film 30a, and the second silicon film 15b in the second gate
electrode formation portion 14B which has been formed with precision is replaced with the
second metal film 30b to form the second gate electrode 30B made of the first and second
metal films 14b and 30b. Thus, the first and second gate electrodes 30A and 30B can be
formed with high precision.

In contrast to this, in the first conventional semiconductor device manufacturing
method, as shown in FIG. 13, the first and second patterning portions 107A and 107B, which
have different structures, are subjected to patterning in the same step. Therefore, as
described above, the first and second gate electrodes cannot both be formed with high
precision. On the other hand, also in the second conventional semiconductor device
manufacturing method, as shown in FIG. 14D, the first and second patterning portions, which
have different structures, are subjected to patterning in the same step. Therefore, as
described above, the first and second gate electrodes cannot both be formed with high
precision.

Moreover, the deep p-type source/drain region 25b includes the silicon mixed
crystal layer 24 which causes compressive stress in the gate length direction of the channel
region in the second active region 10b, and therefore, compressive stress can be applied in the
gate length direction of the channel region in the second active region 10b, whereby the drive
capability of the p-type MIS transistor can be improved.

Note that, in the first embodiment, in order to improve the drive capability of the
p-type MIS transistor, the steps of FIGS. 2B-3A are successively performed after the
formation of the first and second sidewalls 20A and 20B (see FIG. 2A) and before the
formation of the deep n- and p-type source/drain regions 25a and 25b (see FIG. 3B), thereby
forming the silicon mixed crystal layer 24 made of, for example, a p-type SiGe layer in the

trenches 23 formed in the second active region 10b laterally outside the second sidewalls 20B.
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The present disclosure is not limited to this specific example.

For example, as shown in FIG. 2A, after the formation of the first and second
sidewalls 20A and 20B, the deep n- and p-type source/drain regions 25a and 25b may be
formed as shown in FIG. 3B, without successively performing the steps of FIGS. 2B-3A, i.e,,
without forming the silicon mixed crystal layer 24.

Also, for example, a silicon mixed crystal layer (e.g., an n-type SiC layer) which
causes tensile stress in the gate length direction of the channel region in the first active region
10a may be formed in the trenches formed in the first active region 10a laterally outside the
first sidewalls 20A, after the formation of the first and second sidewalls 20A and 20B (see
FIG. 2A) and before the formation of the deep n- and p-type source/drain regions 25a and 25b
(see FIG. 3B). In this case, the drive capability of the n-type MIS transistor can be improved
rather than that of the p-type MIS transistor.

(Second Embodiment)

A semiconductor device according to a second embodiment of the present
disclosure and a method for manufacturing the semiconductor device will be described with
reference to the drawings. Note that differences between the semiconductor device of the
second embodiment and the manufacture method of the semiconductor device, and the
semiconductor device of the first embodiment and the manufacture method of the
semiconductor device will be mainly described, and their common points will not be
described unless necessary.

The manufacture method of the semiconductor device of the second embodiment of
the present disclosure will be described hereinafter with reference to FIGS. 7A-7C and FIGS.
8A-8C. FIGS. 7A-8C are cross-sectional views showing main steps of the manufacture
method of the semiconductor device of the second embodiment of the present disclosure in an

order in which the steps are performed, as viewed in a gate length direction thereof. Note
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that, in FIGS. 7A-8C, the same components as those of the first embodiment are indicated by
the same reference symbols as those shown in FIGS. 1A-5C of the first embodiment. Also,
in FIGS. 7A-8C, “nMIS” shown on the left side indicates an n-type MIS formation region
where an n-type MIS transistor is formed, and “pMIS” shown on the right side indicates a
p-type MIS formation region where a p-type MIS transistor is formed.

Initially, the steps of FIGS. 1A-4A in the first embodiment are successively
performed to obtain a structure shown in FIG. 7A (i.e., the same structure as that of FIG. 4A).

Next, as shox&n in FIG. 7B, a resist mask 29 which does not cover the n-type MIS
formation region and covers the p-type MIS formation region is formed on the semiconductor
substrate 10, and thereafter, the first silicon film 15a in the first gate electrode formation
portion 14A is removed using dry etching or wet etching having a selectivity ratio with
respect to the first metal film 14a, the first offset spacers 17a, the first inner sidewalls 19a, the
insulating film 27, and the first inter-layer insulating film 28. Thereafter, the first metal film
14a in the first gate electrode formation portion 14A is removed using wet etching having a
selectivity ratio with respect to the first gate insulating film 13a, the first offset spacers 17a,
the first inner sidewalls 19a, the insulating film 27, and the first inter-layer insulating film 28.

Thus, the first silicon film 15a and the first metal film 14a in the first gate electrode
formation portion 14A are successively removed to form, on the first active region 10a, a first
recess Ca which is surrounded by the insulating film 27 with the first offset spacers 17a and
the first inner sidewalls 19a being successively interposed therebetween. The first gate
insulating film 13a is exposed from a bottom of the first recess Ca.

Next, as shown in FIG. 7C, the resist mask 29 is removed, and thereafter, a second
metal film 30 made of, for example, TaN is formed on the semiconductor substrate 10 by, for
example, CVD, ALD, sputtering or the like, filling the first recess Ca.

Next, as shown in FIG. 8A, the second metal film 30 is removed by, for example,
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CMP or etchback until an upper surface of the insulating film 27 is exposed. As aresult, a
second metal film 30a is formed on the first gate insulating film 13a in the first recess Ca.

Thus, the first gate electrode 30A made of the second metal film 30a is formed on
the first active region 10a with the first gate insulating film 13a being interposed therebetween,
and the second gate electrode 30B made of the first metal film 14b and the second silicon film
15b is formed on the second active region 10b with the second gate insulating film 13b being
interposed therebetween.

Next, as shown in FIG. 8B, natural oxide film (not shown) formed on a surface of
the second silicon film 15b is removed, and thereafter, a metal film (not shown) made of, for
example, nickel having a thickness of 10 nm is deposited on an entire surface of the
semiconductor substrate 10 by, for example, sputtering. Thereafter, Si in the second silicon
film 15b and Ni in the metal film are caused to react with each other by, for example, a first
RTA treatment in nifrogen atmosphere at 320°C, to form a metal silicide film 34 made of
nickel silicide in an upper portion of the second silicon film 15b.

Thereafter, the semiconductor substrate 10 is immersed in an etchant which is a
mixture solution of sulfuric acid and hydrogen peroxide in water, to remove unreacted metal
film remaining on the first inter-layer insulating film 28, the insulating film 27, the first and
second inner sidewalls 19a and 19D, the first and second offset spacers 17a and 17b and the
like, followed by a second RTA treatment at a higher temperature (e.g., 550°C) than that in
the first RTA treatment, thereby stabilizing the silicide composition ratio of the the metal
silicide film 34.

Next, as shown in FIG. 8C, a second inter-layer insulating film 31 is deposited on
the first inter-layer insulating film 28 by, for example, CVD, covering the first and second
gate electrodes 30A and 30B, and thereafter, a surface of the second inter-layer insulating film

31 is planarized by, for example, CMP. Thereafter, as in a method for manufacturing a
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semiconductor device having a typical MIS transistor, first and second contact plugs 33a and
33b which connect to the first and second metal silicide films 26a and 26b are formed in the
first and second contact holes 32a and 32b in the insulating film 27, the first inter-layer
insulating film 28 and the second inter-layer insulating film 31. Thereafter, a metal wire
(not shown) which electrically connects the first and second contact plugs 33a and 33b is
formed on the second inter-layer insulating film 31.

Thus, the semiconductor device of this embodiment, i.e., a semiconductor device
including the n-type MIS transistor NTr having the first gate electrode 30A made of the
second metal film 30a and the p-type MIS transistor PTr having the second gate electrode
30B made of the first metal film 14b and the second silicon film (conductive film) 15b, can be
manufactured.

Here, the manufacture methods of this embodiment and the first embodiment are
different from each other in the following points.

In the first embodiment, as shown in FIG. 4B, the second metal film 30b is formed
in the second recess Cb which has been formed by removing the second silicon film 15b in
the second gate electrode formation portion 14B, to form the second gate electrode 30B made
of the first metal film 14b in the second gate electrode formation portion 14B, and the second
metal film 30b.

In contrast to this, in this embodiment, the second silicon film 15b in the second
gate electrode formation portion 14B is not removed as is different from FIG. 4B in the first
embodiment, and the second gate electrode 30B made of the first metal film 14b and the
second silicon film 15b in the second gate electrode formation portion 14B is formed. In
addition, after the formation of the second gate electrode 30B, the metal silicide film 34 is
formed on the second silicon film 15b in the second gate electrode 30B as shown in FIG. 8B.

A structure of the semiconductor device of the second embodiment of the present

39 P051653

Page 44 of 357

UMC 1002
UMC v. AICP



10

15

20

25

disclosure will be described hereinafter with reference to FIG. 9. FIG. 9 is a cross-sectional
view showing the structure of semiconductor device of the second embodiment of the present
disclosure, as viewed in a gate width direction thereof. Note that, in FIG. 9, the same
components as those of the first embodiment are indicated by the same reference symbols as
those of FIG. 6B in the first embodiment. Note that, in FIG. 9, “nMIS” shown on the left
side indicates an n-type MIS formation region where an n-type MIS transistor is formed, and
“pMIS” shown on the right side indicates a p-type MIS formation region where a p-type MIS
transistor is formed.

As shown in FIG. 9, the first gate electrode 30A made of the second metal film 30a
is formed on the first active region 10a with the first gate insulating film 13a being interposed
therebetween, and the second gate electrode 30B made of the first metal film 14b and the
second silicon film (conductive film) 15b formed on the first metal film 14b is formed on the
second active region 10b with the second gate insulating film 13b being interposed
therebetween. The metal silicide film 34 is formed on the second silicon film 15b.

Here, the structure of this embodiment is different from that of the first embodiment
in the following points.

In this embodiment, the second gate electrode 30B is made of the first meal film
14b and the second silicon film 15b.  Also, the metal silicide film 34 is formed on the second
silicon film 15b. In contrast to this, in the first embodiment, the second gate electrode 30B
is made of the first metal film 14b and the second metal film 30b.

Thus, the conductive film formed on the first metal film 14b in the second gate
electrode 30B is the second silicon film 15b in this embodiment, and is the second metal film
30b in the first embodiment.

According to this embodiment, after the first and second gate electrode formation

portions 14A and 14B (see FIG. 1C) are formed in the same step, the second metal film 30a is
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formed in the first recess Ca (see FIG. 7B) which has been formed by successively removing
the first silicon film 15a and the first metal film 14a in the first gate electrode formation
portion 14A, thereby forming the first gate electrode 30A (see FIG. 8A) made of the second
metal film 30a. On the other hand, the second gate electrode 30B made of the first meal film
14b and the second silicon film 15b in the second gate electrode formation portion 14B is
formed. Therefore, when the first silicon film 15a and the first metal film 14a in the first
gate electrode formation portion 14A are removed, a matching margin is required for the
isolation region 11 so as to form the resist mask 29 which does not cover one of the n- and
p-type MIS formation regions and covers the other as shown in FIG. 7B. On the other hand,
when the first and second gate electrode formation portions 14A and 14B are formed, a
matching margin is not required for the isolation region 11. Therefore, the number of
matching margin requiring steps can be suppressed to one, and therefore, the width in the gate
width direction of the isolation region 11 (see Wnp in FIG. 9) can be reduced, whereby the
semiconductor device can be further miniaturized.

In addition, as shown in FIG. 1C, the same silicon film 15, the same first metal film
14, and the same gate insulating film formation film 13 are successively subjected to
patterning in the same step, to form the first and second gate electrode formation portions 14A
and 14B. Therefore, the first and second gate electrode formation portions 14A and 14B can
be easily formed with high precision. As a result, the first metal film 14a and the first silicon
film 15a in the first gate electrode formation portion 14A which have been formed with high
precision are replaced with the second metal film 30a to form the first gate electrode 30A
made of the second metal film 30a, and the second gate electrode 30B made of the first meal
film 14b and the second silicon film 15b in the second gate electrode formation portion 14B
which have been formed with high precision, can be formed. Therefore, the first and second

gate electrodes 30A and 30B can be formed with high precision.
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Moreover, as in the first embodiment, the deep p-type source/drain region 25b
includes the silicon mixed crystal layer 24, and therefore, compressive stress can be applied in
the gate length direction of the channel region in the second active region 10b, whereby the
drive capability of the p-type MIS transistor can be improved.

(Variation of Second Embodiment)

A semiconductor device according to a variation of the second embodiment of the
present disclosure and a method for manufacturing the semiconductor device will be
described hereinafter with reference to the drawings. Note that differences between the
semiconductor device of the variation of the second embodiment of the present disclosure and
a manufacture method of the semiconductor device and the semiconductor device of the
second embodiment of the present disclosure and a manufacture method of the semiconductor
device will be mainly described, and their common points will not be described unless
necessary.

The manufacture method of the semiconductor device of the variation of the second
embodiment of the present disclosure will be described hereinafter with reference to FIGS.
10A-10C and 11A-11C. FIGS. 10A-11C are cross-sectional views showing main steps of
the manufacture method of the semiconductor device of the variation of the second
embodiment of the present disclosure in an order in which the steps are performed, as viewed
in a gate length direction thereof. Note that, in FIGS. 10A-11C, the same components as
those of the second embodiment are indicated by the same reference symbols as those in
FIGS. 7A-8C of the second embodiment. Note that, in FIGS. 10A-11C, “nMIS” shown on
the left side indicates an n-type MIS formation region where an n-type MIS transistor is
formed, and “pMIS” shown on the right side indicates a p-type MIS formation region where
a p-type MIS transistor is formed.

Initially, the steps of FIGS. 1A-4A in the first embodiment are successively
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performed to obtain the structure of FIG. 7A as in the second embodiment. Note that the
gate insulating film formation film 13 of this variation desirably has a thickness optimized for
the p-type MIS transistor and is desirably made of an insulating material optimized for the
p-type MIS transistor.

Next, as shown in FIG. 10A, a resist mask 29 which does not cover the n-type MIS
formation region and covers the p-type MIS formation region is formed on the semiconductor
substrate 10, and thereafter, the first silicon film 15a in the first gate electrode formation
portion 14A is removed using dry etching or wet etching having a selectivity ratio with
respect to the first metal film 14a, the first offset spacers 17a, the first inner sidewalls 19a, the
insulating film 27, and the first inter-layer insulating film 28. Thereafter, the first metal film
14a in the first gate electrode formation portion 14A is removed using wet etching having a
selectivity ratio with respect to the first gate insulating film 13a, the first offset spacers 17a,
the first inner sidewalls 19a, the insulating film 27, and the first inter-layer insulating film 28.
Thus, a step similar to that of FIG. 7B in the second embodiment is performed.

Thereafter, the first gate insulating film 13a in the first gate electrode formation
portion 14A is removed using wet etching having a selectivity ratio with respect to the
semiconductor substrate.

Thus, the first silicon film 15a, the first metal film 14a, and the first gate insulating
film 13a in the first gate electrode formation portion 14A are successively removed to form,
on the first active region 10a, a first recess Ca which is surrounded by the insulating film 27
with the first offset spacers 17a and the first inner sidewalls 19a being successively interposed
therebetween. The first gate insulating film 13a is exposed from a bottom of the first recess
Ca.

Next, as shown in FIG. 10B, the resist mask 29 is removed, and thereafter, a

chemical oxide film (not shown) is formed on a surface of the semiconductor substrate 10 by,
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for example, a Hydrochloric Acid/Hydrogen Peroxide/Water Mixture (HPM) treatment.
Thereafter, a gate insulating film formation film 35 made of, for example, a high-k film
having a thickness of 2 nm is deposited on the semiconductor substrate 10 by, for example,
MOCVD, covering the inside of the first recess Ca. Here, the gate insulating film formation
film 35 desirably includes a high-k film made of a metal oxide having a relative dielectric
constant of 10 or more. Moreover, the gate insulating film formation film 35 desirably has a
thickness optimized for the n-type MIS transistor and is desirably made of an insulating
material optimized for the n-type MIS transistor.

Thereafter, a second metal film 30 made of, for example, TaN is deposited on the
semiconductor substrate 10 by, for example, CVD, ALD, sputtering or the like, filling the first
recess Ca with the gate insulating film formation film 35 being interposed therebetween.

Next, as shown in FIG. 10C, the second metal film 30 and the gate insulating film
formation film 35 are removed by, for example, CMP or etchback until an upper surface of
the insulating film 27 is exposed. As a result, a third gate insulating film 35a is formed in
the first recess Ca, and a second metal film 30a is formed on the third gate insulating film 35a.
Here, the third gate insulating film 35a is formed, extending over an upper surface of the first
active region 10a in the first recess Ca and side surfaces of the second metal film 30a.
Therefore, although not shown in FIG. 10C which is a cross-sectional view in the gate length
direction, the third gate insulating film 35a is formed and interposed between the second
metal film 30a, and the first meal film 14b and the second silicon film 15b, which are adjacent
to each other in the gate width direction.

Next, as shown in FIG. 11 A, an upper portion of the third gate insulating film 35a is
removed by, for example, etching or a diluted hydrofluoric acid treatment having a selectivity
ratio with respect to the second metal film 30a, thereby causing heights of upper ends of the

third gate insulating film 35a to be lower than a height of an upper surface of the second metal
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film 30a, to form a groove R. Here, the groove R is formed along a periphery of the second
metal film 30a, exposing side surfaces of the second metal film 30a. Therefore, although not
shown in FIG. 11A which is a cross-sectional view in the gate length direction,. the groove R
is formed between the second metal film 30a and the second silicon film 15b, which are
adjacent to each other in the gate width direction, and side surfaces in the gate width direction
of the second metal film 30a and side surfaces in the gate width direction of the second silicon
film 15b are exposed in the groove R.

Thus, by successively performing the steps of FIGS. 10B-11A, the third gate
insulating film 35a is formed in the first recess Ca, and the second metal film 30a whose side
surfaces are exposed in the groove R is formed on the third gate insulating film 35a.

Thus, the first gate electrode 30A made of the second metal film 30a is formed on
the first active region 10a with the third gate insulating film 35a being interposed
therebetween, and the second gate electrode 30B made of the first meal film 14b and the
second silicon film 15b is formed on the second active region 10b with the second gate
insulating film 13b being interposed therebetween.

Next, as shown in FIG. 11B, natural oxide film (not shown) formed on a surface of
the second silicon film 15b is removed, and thereafter, a metal film (not shown) made of, for
example, nickel having a thickness of 10 nm is deposited on an entire surface of the
semiconductor substrate 10 by, for example, sputtering. Thereafter, Si in the second silicon
film 15b and Ni in the metal film are caused to react with each other by, for example, a first
RTA treatment in nitrogen atmosphere at 320°C, to form a metal silicide film 34 made of
nickel silicide on the second silicon film 15b. In this case, the metal silicide film 34 of this
variation is also formed in the groove R formed between the second metal film 30a and the
second silicon film 15b due to expansion of its volume. Specifically, the metal silicide film

34 is formed above and in contact with side surfaces in the gate width direction of the second
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metal film 30a and side surfaces in the gate width direction of the second silicon film 15b
which are exposed in the groove R (see 34 in FIG. 12 described below). Therefore, the
metal silicide film 34 can electrically connect the second metal film 30a and the second
silicon film 15b.

Thereafter, the semiconductor substrate 10 is immersed in an etchant which is a
mixture solution of sulfuric acid and hydrogen peroxide in water to remove unreacted metal
film remaining on the first inter-layer insulating film 28, the insulating film 27, the first and
second inner sidewalls 19a and 19b, the first and second offset spacers 17a and 17b and the
like, followed by a second RTA treatment at a higher temperature (e.g., 550°C) than that in
the first RTA treatment, thereby stabilizing the silicide composition ratio of the metal silicide
film 34.

Next, as shown in FIG. 11C, a second inter-layer insulating film 31 is deposited on
the first inter-layer insulating film 28 by, for example, CVD, covering the first and second
gate electrodes 30A and 30B, and thereafter, a surface of the second inter-layer insulating film
31 is planarized by, for example, CMP. Thereafter, as in a method for manufacturing a
semiconductor device having a typical MIS transistor, first and second contact plugs 33a and
33b which connect to the first and second metal silicide films 26a and 26b are formed in the
first and second contact holes 32a and 32b formed in the insulating film 27, the first
inter-layer insulating film 28, and the second inter-layer insulating film 31. Thereafter, a
metal wire (not shown) which electrically connects to the first and second contact plugs 33a
and 33b is formed on the second inter-layer insulating film 31. Thus, a step similar to that of
FIG. 8C in the second embodiment is performed.

Thus, the semiconductor device of this embodiment, i.e., a semiconductor device
including the n-type MIS transistor NTr having the first gate electrode 30A made of the

second metal film 30a and the p-type MIS transistor PTr having the second gate electrode
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30B made of the first metal film 14b and the second silicon film (conductive film) 15b, can be
manufactured.

Here, the manufacture method of this variation is different from that of the second
embodiment in the following points.

In the second embodiment, the second metal film 30a is formed on the first gate
insulating film 13a in the first recess Ca (see FIG. 7B) which has been formed by removing
the first silicon film 15a and the first metal film 14a in the first gate electrode formation
portion 14A.

In contrast to this, in this variation, the third gate insulating film 35a is formed in
the first recess Ca (see FIG. 10A) which has been formed by removing the first gate insulating
film 13a in addition to the first silicon film 15a and the first metal film 14a in the first gate
electrode formation portion 14A, and the second metal film 30a is formed on the third gate
insulating film 35a.

Also, in this variation, the first gate insulating film 13a in the first gate electrode
formation portion 14A is replaced with the third gate insulating film 35a, and therefore, the
third gate insulating film 35a is interposed between the first and second gate electrodes 30A
and 30B, which are adjacent to each other in the gate width direction. Therefore, in this
variation, when the metal silicide film 34 (see FIG. 11B) is formed, an upper portion of the
third gate insulating film 35a is removed to form the groove R, thereby exposing, to the
groove R, side surfaces in the gate width direction of the second metal film 30a and side
surfaces in the gate width direction of the second silicon film 15b, as shown in FIG. 11A, so
as to electrically connect the first and second gate electrodes 30A and 30B. As a result,
although not shown in FIG. 11B which is across-sectional view in the gate length direction,
the metal silicide film 34 can be formed above and in contact with side surfaces in the gate

width direction of the second metal film 30a and side surfaces in the gate width direction of
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the second silicon film 15b which are exposed to the inside of the groove R as shown in FIG.
12 described below. Therefore, by electrically connecting the second metal film 30a and the
second silicon film 15b, the first and second gate electrodes 30A and 30B can be electrically
connected.

A structure of the semiconductor device of the variation of the second embodiment
of the present disclosure will be described hereinafter with reference to FIG. 12. FIG.12isa
cross-sectional view showing the structure of the semiconductor device of the variation of the
second embodiment of the present disclosure, as viewed in a gate width direction thereof.
Note that, in FIG. 12, the same components as those in the second embodiment are indicated
by the same reference symbols as those of FIG. 9 in the second embodiment. Note that, in
FIG. 12, “nMIS” shown on the left side indicates an n-type MIS formation region where an
n-type MIS transistor is formed, and “pMIS” shown on the right side indicates a p-type MIS
formation region where a p-type MIS transistor is formed.

As shown in FIG. 12, the first gate electrode 30A made of the second metal film
30a is formed on the first active region 10a with the third gate insulating film 35a being
interposed therebetween, and the second gate electrode 30B made of the first metal film 14b
and the second silicon film (conductive film) 15b formed on the first metal film 14b is formed
on the second active region 10b with the second gate insulating film 13b being interposed
therebetween. The metal silicide film 34 is formed on the second silicon film 15b.

Here, the structure of this variation is different from that of the second embodiment
in the following points.

In this variation, the third gate insulating film 35a is made of an insulating material
different from that of the second gate insulating film 13b. Also, as shown in FIG. 12, the
third gate insulating film 35a is formed, extending over an upper surface of the first active

region 10a and side surfaces in the gate width direction of the second metal film 30a, and is
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interposed between a lower region of the first gate electrode 30A and a lower region of the
second gate electrode 30B (note that, as shown in FIG. 11C, the third gate insulating film 35a
is also formed on side surfaces in the gate length direction of the second metal film 30a in
addition to the side surfaces in the gate width direction thereof). Also, the metal silicide film
34 is formed above and in contact with side surfaces in the gate width direction of the second
metal film 30a and side surfaces in the gate width direction of the second silicon film 15b
which are exposed in the groove R. The metal silicide film 34 also electrically connects to
the first and second gate electrodes 30A and 30B.

In contrast to this, in the second embodiment, the first gate insulating film 13a is
made of the same insulating material as that of the second gate insulating film 13b. Also,
the first gate insulating film 13a is not interposed between the first and second gate electrodes
30A and 30B.

Thus, the gate insulating film in the n-type MIS formation region and the gate
insulating film in the p-type MIS formation region are made of different insulating material in
this variation, and they are made of the same insulating material in the second embodiment.

According to this variation, an effect similar to that of the second embodiment can
be obtained.

In addition, the third gate insulating film 35a has a thickness optimized for the
n-type MIS transistor and is made of an insulating material optimized for the n-type MIS
transistor (hereinafter referred to as an “aMIS insulating material”). Also, the second gate
insulating film 13b has a thickness optimized for the p-type MIS tiansistor and is made of an
insulating material optimized for the p-type MIS transistor (hereinafter referred to as a “pMIS
insulating material”). Therefore, the flexibility of transistor design is increased, whereby a
desired transistor characteristic can be achieved.

Note that, in the first and second embodiments, a pMIS metal film made of a pMIS
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metal material is used as the first metal film 14, and an nMIS metal film made of an nMIS
metal material is used as the second metal film 30. The first metal film (pMIS metal film)
14a and the first silicon film 15a in the first gate electrode formation portion 14A are replaced
with the second metal film (nMIS metal film) 30a to form the first gate electrode 30A made
of the second metal film 30a, and the second gate electrode 30B including the first metal film
(pMIS metal film) 14b in the second gate electrode formation portion 14B is formed. The
present disclosure is not limited to this specific example.

Conversely, an nMIS metal film may be used as the first metal film 14, and a pMIS
metal film may be used as the second metal film 30. Note that, in this case, the first metal
film (nMIS metal film ) and the second silicon film in the second gate electrode formation
portion are replaced with the second metal film (pMIS metal film ) to form the second gate
electrode made of the second metal film, and the first gate electrode including the first metal
film (nMIS metal film) in the first gate electrode formation portion is formed.

Also, in the variation of the second embodiment, an nMIS metal film may be used
as the first metal film 14, and a pMIS metal film may be used as the second metal film 30.
Note that, in this case, an nMIS insulating film made of an nMIS insulating material is used as
the gate insulating film formation film 13, and a pMIS insulating film made of a pMIS
insulating material is used as the gate insulating film formation film 35.

Note that, in the first embodiment, the second embodiment and its variation, after
the first and second outer sidewalls 20a and 20b are removed as shown in FIG. 3C, an
underlying insulating film made of a silicon nitride film is formed as the insulating film 27 by,
for example, plasma CVD as shown in FIG. 3D. The present disclosure is not limited to this
specific example. For example, after the removal of the first and second outer sidewalls 20a
and 20b, a stress insulating film which causes tensile stress in the gate length direction of the

chamnnel region in the first active region 10a may be formed as the insulating film 27. Here,
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the stress insulating film is specifically formed as follows. A silicon nitride film containing
a large amount of hydrogen is deposited by, for example, plasma CVD, followed by
irradiation with ultraviolet light to remove hydrogen contained in the silicon nitride film,
thereby forming an stress insulating film made of the silicon nitride film.

Thus, the stress insulating film applies tensile stress in the gate length direction of
the channel region in the first active region 10a, whereby the drive capability of the n-type
MIS transistor can be improved. Therefore, in addition to the improvement of the drive
capability of the p-type MIS transistor by the silicon mixed crystal layer 24 as in the first
embodiment, the second embodiment and its variation, the drive capability of the n-type MIS
transistor can be improved by the stress insulating film.

In addition, the stress insulating film is formed after the first and second outer
sidewalls 20a and 20b are removed, and therefore, a thickness of the stress insulating film can
be increased by an amount corresponding to the removed portions of the first and second
outer sidewalls 20a and 20b. As a result, tensile stress can be effectively applied in the gate
length direction of the channel region in the first active region 10a.

Moreover, the stress insulating film can be formed closer to the channel region in
the first active region 10a by an amount corresponding to the removed portions of the first and
second outer sidewalls 20a and 20b. As a result, tensile stress can be more effectively
applied in the gate length direction of the channel region in the first active region 10a.

Thus, when a stress insulating film is used as the insulating film 27 rather than an
underlying insulating film, then if the first and second outer sidewalls 20a and 20b are
previously removed before the stress insulating film is formed, tensile stress caused by the
stress insulating film can be effectively applied in the gate length direction of the channel
region in the first active region 10a.

On the other hand, when an underlying insulating film is used as the insulating film
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27 as in the first embodiment, the second embodiment and its variation, it is not always
necessary to remove the first and second outer sidewalls 20a and 20b before the insulating
film 27 is formed as shown in FIG. 3C.

Note that, in the first embodiment, the second embodiment and its variation, the
silicon mixed crystal layer 24 is used to improve the drive capability of the p-type MIS
transistor. The present disclosure is not limited to this specific example. Both the drive
capability of the n-type MIS transistor and the drive capability of the p-type MIS transistor
may be improved. Firstly, for example, as in the first embodiment, the second embodiment
and its variation, the silicon mixed crystal layer 24 may be provided, and a silicon mixed
crystal layer which causes tensile stress in the gate length direction of the channel region in
the first active region 10a may be provided in the trenches formed laterally outside the first
sidewall 20A in the first active region 10a. Secondly, for example, a silicon mixed crystal
layer which causes tensile stress in the gate length direction of the channel region in the first
active region 10a may be provided in the trenches formed laterally outside the first sidewall
20A in the first active region 10a, and a stress insulating film which causes compressive stress
in the gate length direction of the channel region in the second active region 10b may be
provided as the insulating film 27.

Note that specific examples of the gate insulating film formation film 13 in the first
and second embodiments, or the gate insulating film formation film 13 and the gate insulating
film formation film 35 in the variation of the second embodiment, include hafnium-based
oxides such as hafnium oxide (HfO;), hafnium silicate (HfSiO), and hafnium silicon
oxynitride (HfSiON) and the like, and oxides containing tantalum (Ta), zirconium (Zr),
titanium (Ti), aluminum (Al), scandium (Sc), yttrium (Y), lanthanum (La) or the like. One
of these insulating materials which is suitable for both the n-type MIS transistor and the

p-type MIS transistor is used as the gate insulating film formation film 13 in the first and
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second embodiments. Also, an insulating material optimized for the p-type MIS transistor
and an insulating material optimized for the n-type MIS transistor are used as the gate
insulating film formation film 13 and the gate insulating film formation film 35 in the
variation of the second embodiment. In this case, the gate insulating film formation film 35
for the n-type MIS transistor and the gate insulating film formation film 13 for the p-type MIS
transistor may be made of different insulating materials or the same insulating material.
‘When the gate insulating film formation film 35 and the gafe insulating film formation film
13 are made of the same insulating material, they may be optimized by changing their
thicknesses or compositions (e.g., concentrations).

Also, although a polysilicon film is used as the silicon film 15 in the first
embodiment, the second embodiment and its variation, a silicon film made of other
semiconductor materials, such as an amorphous silicon film, a silicon film and the like, may
be used.

Also, in the first embodiment, the second embodiment and its variation, when the
first and second metal silicide films 26a and 26b are formed, a metal film made of nickel is
used as the metal film which is caused to react with upper portions of the deep n- and p-type
source/drain regions 25a and 25b. Instead of this, a metal film made of a metal for
silicidation, such as platinum, cobalt, titanium, tungsten or the like, may be used.

The present disclosure can provide gate electrodes of n- and p-type MIS transistors
which are formed with high precision, and an isolation region having a reduced width in the
gate width direction, and therefore, is useful for a dual-metal gate semiconductor device and a

method for manufacturing the semiconductor device.

53 P051653

Page 58 of 357

UMC 1002
UMC v. AICP



10

15

20

25

CLAIMS
What is claimed is:
1. A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor,
wherein
the first MIS transistor includes
a first gate insulating film formed on a first active region in a
semiconductor substrate,
a first gate electrode includes a second metal film formed on the first gate
insulating ﬁlm; and
an insulating film formed, extending over side surfaces of the first gate
electrode and upper surfaces of regions located in the first active region laterally outside the
first gate electrode,
the second MIS transistor includes
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film, and
the insulating film formed, extending over side surfaces of the second
gate electrode and upper surfaces of regions located in the second active region laterally
outside the second gate electrode,
the first and second metal films are made of different metal materials, and
the insulating film is not formed on any of upper surfaces of the first and second

gate electrodes.
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2. The semiconductor device of claim 1, wherein

the first metal film has a thickness smaller than that of the second metal film.

3. The semiconductor device of claim 1, wherein

the first and second metal films have different work functions.

4. The semiconductor device of claim 1, wherein

the insulating film has a thickness smaller than that of the first gate electrode.

5. The semiconductor device of claim 1, wherein

the conductive film is made of the second metal film.

6. The semiconductor device of claim 1, wherein
the conductive film is made of a silicon film, and

the semiconductor device further comprises a metal silicide film formed on the

silicon film.

7. The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of the same insulating material.

8. The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of different insulating materials.

9. The semiconductor device of claim 1, further comprising:
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a first inner sidewall having an L-shaped cross-section formed on each of side
surfaces of the first gate electrode, and
a second inner sidewall having an L-shaped cross-section formed on each of side
surfaces of the second gate electrode,
5  wherein
the insulating film is formed above and in contact with the first and second inner

sidewalls.

10. The semiconductor device of claim 1, wherein
10 the insulating film is a stress insulating film which causes first stress in a gate

length direction of a channel region in the first active region.

11. The semiconductor device of claim 10, wherein
the first MIS transistor is an n-type MIS transistor,
15 the insulating film is made of a silicon nitride film, and

the first stress is tensile stress.

12. The semiconductor device of claim 1, further comprising:
source/drain regions formed in the second active region laterally outside the second
20  gateelectrode,
wherein
the source/drain regions include a silicon mixed crystal layer which is formed in
trenches provided in the second active region, and causes second stress in a gate length
direction of a channel region in the second active region.

25
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13. The semiconductor device of claim 12, wherein
the second MIS transistor is a p-type MIS transistor,
the silicon mixed crystal layer is made of a SiGe layer, and

the second stress is compressive stress.

14. The semiconductor device of claim 1, wherein
the first and second gate insulating films include a high-k film made of a metal

oxide having a relative dielectric constant of 10 or more.

15. A method for manufacturing a semiconductor device including a first MIS
transistor formed on a first active region in a semiconductor substrate and a second MIS
transistor formed on a second active region in the semiconductor substrate, the method
comprising the steps of:

(2) forming a first gate electrode formation portion having a first gate insulating
film, a first metal film and a first silicon film on the first active region, and a second gate
electrode formation portion having a second gate insulating film, a first metal film and a
second silicon film on the second active region;

(b) after step (a), forming an insulating film on the semiconductor substrate, the
insulating film covering the first and second gate electrode formation portions;

(c) removing the insulating film formed on the first and second gate electrode
formation portions to expose an upper surface of each of the first silicon film in the first gate
electrode formation portion énd the second silicon film in the second gate electrode formation
portion;

(d) after step (c), successively removing the first silicon film and the first metal film

in the first gate electrode formation portion to form a first recess surrounded by the insulating
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film on the first active region; and
(e) forming a second metal film in the first recess,
wherein
a first gate electrode of the first MIS transistor includes the second metal film, and
a second gate electrode of the second MIS transistor includes the first metal film in

the second gate electrode formation portion.

16. The method of claim 15, wherein

step (d) includes forming, on the first active region, the first recess from a bottom of
which the first gate insulating film is exposed, and removing the second silicon film in the
second gate electrode formation portion to form, on the second active region, a second recess
surrounded by the insulating film, the first metal film being exposed from a bottom of the
second recess,

step (e) includes forming the second metal film on the first gate insulating film in
the first recess, and forming the second metal film on the first metal film in the second recess,
and

the second gate electrode includes the first metal film in the second gate electrode

formation portion and the second metal film formed on the first metal film.

17. The method of claim 15, wherein

step (d) includes forming, on the first active region, the first recess from a bottom of
which the first gate insulating film is exposed,

step (e) includes forming the second metal film on the first gate insulating film in
the first recess,

the method further comprises the step of
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(f) after step (e), forming a metal silicide film on the second silicon film,
and
the second gate electrode includes the first metal film and the second silicon film in

the second gate electrode formation portion.

18. The method of claim 15, wherein

step (d) includes successively removing the first silicon film, the first metal film,
and the first gate insulating film in the first gate electrode formation portion, to form, on the
first active region, the first recess from a bottom of which the ﬁrs'.t active region is exposed,

step (e) includes forming a third gate insulating film in the first recess, and forming
the second metal film on the third gate insulating film,

the method further comprises the step of

() after step (e), forming a metal silicide film on the second silicon film,

the second gate electrode includes the first metal film and the second silicon film in

the second gate electrode formation portion.

19. The method of claim 15, further comprising the step of;

(g) after step (a) and before step (b), forming a first inner sidewall having an
L-shaped cross-section on each of side surfaces of the first gate electrode formation portion,
and a second inner sidewall having an L-shaped cross-section on each of side surfaces of the
second gate electrode formation portion,
wherein

in step (b), the insulating film is formed above and in contact with the first and

second inner sidewalls.
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20. The method of claim 15, further comprising the steps of:

(h) after step (a) and before step (b), forming trenches in the second active region
laterally outside the second gate electrode formation portion; and

(i) forming, in the trenches, a silicon mixed crystal layer which causes stress in a

gate length direction of a channel region in the second active region.
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ABSTRACT

A semiconductor device includes a first MIS transistor and a second MIS transistor.
The first MIS transistor includes a first gate electrode includes a second metal film formed on
a first gate insulating film, and an insulating film formed, extending over side surfaces of the
first gate electrode and upper surfaces of regions located in the first active region laterally
outside the first gate electrode. The second MIS transistor includes a second gate electrode
including a first metal film formed on a second gate insulating film and a conductive film
formed on the first metal film, and the insulating film formed, extending over side surfaces of
the second gate electrode and upper surfaces of regions located in the second active region
laterally outside the second gate electrode. The first and second metal films are made of

different metal materials.
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The relevance of the articles “Integration of Dual Metal Gate CMOS with TaSiN
(NMOS) and Ru (PMOS) Gate Electrodes on HfO, Gate Dielectric”, by Z.B. ZHANG, et
al. and “Highly Manufacturable 45 nm LSTP CMOSFETs Using Novel Dual High-k and

Dual Metal Gate CMOS Integration”, by S.C. SONG, et al., cited on the attached form PTO-

1449, is discussed in the present specification.

Please charge any shortage in fees due in connection with the filing of this paper,

including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 MEF:kfm
Facsimile: 202.756.8087
Date: December 2, 2009

Respectfully submitted,

Regigtration/No. 36,139
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PATENT COOPERATION TREATY PCT/JP2009/000574

From the INTERNATIONAL BUREAU

PCT To:

NOTIFICATION OF RECEIPT OF MAEDA, Hiroshi
-Qsaka-Marubeni Bldg., 5-7, Hommachi 2-chome,

RECORD COPYq — =« 7o v
P . Chuo-ku, Osaka-shi, Osaka
T 2410053
(PCT Rule 24.2(a)) s e mein JaPON
SO SVARIN |
CE
Date of mailing (day/month/vear)
13 March 2009 (13.03.2009) IMPORTANT NOTIFICATION
Applicant’s or agent's file reference International application No.
P051653P0 MOSOLSES CT/ PCT/JP2009/000574

The applicant is hereby notified that the Intemational Bureau has received the record copy of the international application as detailed
below.

Name(s) of the applicant(s) and State(s) for which they are applicants:

PANASONIC CORPORATION (for all designated States except US)
SATO, Yoshihiro et al (for US)

Intemational filing date: 13 February 2009 (13.02.2009)
Priority date(s) claimed: 13 March 2008 (13.03.2008)
Date of receipt of the record copy by the International Bureau: 26 February 2009 (26.02.2009)

List of designated Offices:

AP: BW, GH, GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW

EA: AM, AZ, BY, KG, KZ, MD, RU, TJ, TM

EP: AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK, MT, NL,

NO, PL, PT, RO, SE, SI, SK, TR

_ OA: BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG
( rational: AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH, CN, CO, CR, CU
~  DE, DK, DM, DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM. GT, HN, HR, HU, ID, IL, IN. IS, KE, KG, KM,
KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

@l
N

ATTENTION: The applicant should carefully check the data appearing in this notification. In case of any discrepancy between these data
and the indications in the international application, the applicant should immediately inform the International Bureau. In addition, the
applicant's attention is drawn to the information contained in the Annex, relating to:

- time limits for entry into the national phase - see updated important information (as of April 2002)
- requirements regarding priority documents (if applicable)

A copy of this notification is being sent to the receiving Office and to the International Searching Authority.

The International Bureau of WIPO Authorized officer
34, chemin des Colombettes . .
1211 Geneva 20, Switzerland Hennequm Francoise
e-mail pt08.pct@wipo.int
Facsimile No. +41 22 338 70 10 Telephone No. +41 22 338 74 08
Form PCT/IB/301 (October 2005) 1/DZM2G20F0
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ANNEX TO FORM PCT/IB/301 International application No.
PCT/JP2009/000574

INFORMATION ON ENTERING THE NATIONAL PHASE

The applicant is reminded that the "national phase" must be entered before each of the designated Offices indicated on the cover sheet
of this notification by paying national fees and furnishing translations, as prescribed by Articles 22 and 39 and the applicable national
laws. In addition, the applicant may also have to comply with other special requirements applicable in certain Offices. It is the
applicant's responsibility to ensure that the necessary steps to enter the national phase are taken in a timely fashion. Most Offices do not
issue reminders to applicants in connection with the entry into the national phase.

The applicable time limit for entering the national phase will, subject to what is said in the following paragraph, be 30 MONTHS
from the priority date, not only in respect of any elected Office if a demand for international preliminary examination is filed before the
expiration of 19 months from the priority date (see Article 39(1)), but also in respect of any designated Office, in the absence of filing of
such demand, where Article 22(1) as modified with effect from 1 April 2002 applies in respect of that designated Office. For further
details, see PCT Gazette No. 44/2001 of 1 November 2001, pages 19926, 19932 and 19934, as well as the PCT Newsletter, October and
November 2001 and February 2002 issues.

In practice, time limits other than the 30-month time limit will continue to apply, for various periods of time, in respect of certain
designated or elected Offices. For regular updates on the applicable time limits (20, 21, 30 or 31 months, or other time limit), Office
by Office, refer to the PCT Gazette ("Section IV" part published on a weekly basis), to the PCT Newsletter (on a monthly basis) and to
the relevant National Chapters in Volume II of the PCT Applicant's Guide (the paper version of which is updated usually twice a year
and the Intermet version of which is updated usually on a weekly basis). Finally, a cumulative table of all applicable time limits for
... entering the national phase is available from WIPO's Intemet site, via links from various pages of the site, including those of the Gazette,
‘ewsletter and Guide, at http://www.wipo.int/pct/en/index.html.

Information about the requirements for filing a demand for international preliminary examination is set out in the PCT Applicant's
Guide, Volume I/A, Chapter IX. Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by
Chapter II has the right to file a demand for international preliminary examination (at present, all PCT Contracting States are bound by
Chapter II).

REQUIREMENTS REGARDING PRIORITY DOCUMENTS

For applicants who have not yet complied with the requirements regarding priority documents, the following is recalled.

Where the priority of an earlier national, regional or international application is claimed, the applicant must submit a copy of the said
earlier application, certified by the authority with which it was filed ("the priority document") to the receiving Office (which will transmit
it to the International Bureau) or directly to the International Bureau, before the expiration of 16 months from the priority date, provided
that any such priority document may still be submitted to the International Bureau before the date of international publication of the
international application, in which case that document will be considered to have been received by the International Bureau on the last
day of the 16-month time limit (Rule 17.1(a)).

Where the priority document is issued by the receiving Office, the applicant may, instead of submitting the priority document, request the
 receiving Office to prepare and transmit the priority document to the International Bureau. Such request must be made before the
( <piration of the 16-month time limit and may be subjected by the receiving Office to the payment of a fee (Rule 17.1(b)).

If the priority document concerned is not submitted to the International Bureau and if the request to the receiving Office to prepare and
transmit the priority document has not been made (and the corresponding fee, if any, paid) within the applicable time limit indicated
under the preceding paragraphs, any designated State may disregard the priority claim, provided that no designated Office may disregard
the priority claim concermned before giving the applicant an opportunity, upon entry into the national phase, to fumnish the priority
document within a time limit which is reasonable under the circumstances (Rule 17.1(c)).

Where several priorities are claimed, the priority date to be considered for the purposes of computing the 16-month time limit (and all
other PCT time limits) is the filing date of the earliest application whose priority is claimed (Article 2(xi)(b)).

Form PCT/IB/301 (Annex) (October 2005) 2/DZM2G20F0
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PATENT COOPERATION TREATY PCT/JP2009/000574

From the INTERNATIONAL BUREAU

PCT To:

NOTIFICATION CONCERNING MAEDA, Hiroshi R
SUBMISSION OR TRANSMITTAL Osaka-Marubeni Bldg., 5-7;*
OF PRIORITY DOCUMENT Chuo-ku, Osaka-shi, Osaka
5410053 i
JAPON
(PCT Administrative Instructions, Section 411)
Date of mailing (day/month/year) { : L
06 April 2009 (06.04.2009)
App hggt;%g%e;g file reference OB oK HETCT| IMPORTANT NOTIFICATION
International application No. International filing date (day/month/year)
PCT/JP2009/000574 13 February 2008 (13.02.2009)
- ..ternational publication date (day/month/year) Priority date (day/month/year)
Not yet published 13 March 2008 (13.03.2008)
Applicant

PANASONIC CORPORATION et al

1.

2.

By means of this Form, which replaces any previously issued notification concermning submission or transmittal of priority
documents, the applicant is hereby notified of the date of receipt by the International Bureau of the priority document(s) relating to
all earlier application(s) whose priority is claimed. Unless otherwise indicated by the letters “NR", in the right-hand column or by an
asterisk appearing next to a date of receipt, the priority document concerned was submitted or transmitted to the International Bureau
in compliance with Rule 17.1(a) or (b).

(If applicable) The letters “NR" appearing in the right-hand column denote a priority document which, on the date of mailing of
this Form, had not yet been received by the International Bureau under Rule 17.1(a) or (b). Where, under Rule 17.1(a), the
priority document must be submitted by the applicant to the receiving Office or the International Bureau, but the applicant fails to
submit the priority document within the applicable time limit under that Rule, the attention of the applicant is directed to Rule
17.1(c) which provides that no designated Office may disregard the priority claim concerned before giving the applicant an
opportunity, upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the
circumstances.

(If applicable)An asterisk (*) appearing next to a date of receipt, in the right-hand column, denotes a priority document submitted
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b) (the priority document was received
after the time limit prescribed in Rule 17.1(a) or the request to prepare and transmit the priority document was submitted to the
receiving Office after the applicable time limit under Rule 17.1(b)). Even though the priority document was not furnished in
compliance with Rule 17.1(a) or (b), the International Bureau will nevertheless transmit a copy of the document to the designated
Offices, for their consideration. In case such a copy is not accepted by the designated Office as the priority document, Rule 17.1(c)
provides that no designated Office may disregard the priority claim concemed before giving the applicant an opportunity, upon entry
into the national phase, to furnish the priority document within a time limit which is reasonable under the circumstances.

Priority date Priority application No. Co or regional Office ate of receipt
or PCT receiving Office of priority document

13 March 2008 (13.03.2008) 2008-064435 JP 26 March 2009 (26.03.2009)

The International Bureau of WIPO Authorized officer

34, chemin des Colombettes .
1211 Geneva 20, Switzerland Masashi Honda

e-mail PTO8.PCT@WIPO.INT

Facsimile No. +41 22 338 82 70 Telephone No. +41 22 338 74 08

Form PCT/IB/304 (October 2005)
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WO 2006/049834 PCT/US2005/036779
A SEMICONDUCTOR DEVICE INCLUDING SEMICONDUCTOR REGIONS HAVING
DIFFERENTLY STRAINED CHANNEL REGIONS AND A METHOD OF MANUFACTURING
THE SAME
BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD .

Generally, the present invention relates to the formation of integrated circuits, and, more particularly, to
the formation of semiconductor regions of increased charge carrier mobility, such as a channel region of a field
effect transistor, by creating strain in the semiconductor region.

2. BACKGROUND ART

‘ The fabrication of integrated circuits requires the formation of a large number of circuit elements on a
given chip area according to a specified circuit layout. For this purpose, substantially crystalline semiconductor
regions with or without additional dopant materials are defined at specified substrete locations to act ag “active”
regions, that is, to act, at least temporarily, as conductive areas. Generally, a plurality of process technologiss are
currently practiced, wherein for complex circuitry, such as microprocessors, storage chips and the like, MOS
technology is currently the most promising approach, due to the superior characteristics in view of operating
speed and/or power consumption and/or cost efficiency. During the fabrication of complex integrated circuits
using MOS technology, millions of transistors, .e., N-channel transistors and/or P-chennel transistors, are formed
on a substrate including a crystalline semiconductor layer. A MOS transistor, irrespective of whether an
N-channe! transistor or a P-channel transistor is considered, comprises so-called PN junctions that are formed by
an interface of highly doped drain and source regions with a slightly doped or non-doped channel region disposed
between the drain region and the source region. The conductivity of the channel region, i.e., the drive current
capability of the conductive channel, is controlled by 2 gate electrode formed adjacent to the channel region and
separated therefrom by a thin insulating layer. The conductivity of the channel region upon formation of a
conductive channel due to the application of an appropriate control voltage to the gate electrode, depends on the
dopant concentration, the mobility of the charge carriers, and, for a given extension of the channel region in the
trangistor width direction, on the distance between the source and drain regions, which is also referred to as
channe] length. Hence, in combination with the capability of rapidly creating & conductive channel below the
insulating layer upon application of the control voltage to the gate electrode, the conductivity of the channel
region substantially affects the performance of the MOS transistors. Thus, as the speed of creating the channel,
i.e., the conductivity of the gate electrode, and the channel resistivity substantially determine the transistor
characteristics, the reduction of the channel length, and associated therewith the reduction of channel resistivity
and increase of gate resistivity, renders the channel length a dominant design criterion for accomplishing an
increase in the operating speed of the integrated circuits.

The continuing shrinkage of the transistor dimensions, however, entails a plurslity of issues associated
therewith that have to be addressed so as to not unduly offset the advantages obtained by steadily decreasing the
channel length of MOS transistors. One major problem in this respect is the development of enhanced
photolithography and etch strategies to reliably and reproducibly create circuit elements of critical dimensions,
such as the gate electrode of the transistors, for a new device generation. Moreover, highly sophisticated dopant
profiles, in the vertical direction as well as in the lateral direction, are required in the drain and source regions to
provide low sheet and contact resistivity in combination with a desired channel controllability, In addition, the
vertical location of the PN junctions with respect to the gate insulation layer also represents a critical design
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crmenon in view of leakape current control, as reducing the channel length algo requires reducing the depth of the
drain and source regions with respect to the interface formed by the gate insulation layer and the channel region,
thereby requiring sophisticated implantation techniques. According to other approaches, epitaxially grown
regions are formed with a specified offsct to the gate electrode, which are referred to as raised drain and source
regions, o provide increased conductivity of the raised drain and source regions, while at the same time
maintaining a shallow PN junction with respect to the gate insulation layer.

In other conventional solutions, the problem of increased resistivity of polysilicon gate electrodes in
extremely scaled devices is addressed by replacing the currently used doped polysilicon by a metal as the gate
electrode material, while nevertheless maintaining a self-aligned process sequence for the formation of the drain
and source regions and the gate electrode. This inay be accomplished by forming a dummy gate which may, in
combination with removable sidewall spacers, act as an implantation mask during the formation of the drain and
source regions. After embedding the dummy gate in an interlayer dielectric, the dummy gate may be replaced by
8 highly conductive gate material, such as a metal. With this approach of an “in-laid” gate electrode, the
trangistor performance may significantly be improved. The problem of restricted channel conductivity, however,
is'not addressed by this approach.

Furthermore, since the continuous size reduction of the critical dimensions, i.e., the gate length of the
transistors, necessitates the adaptation and possibly the new development of highly complex process techniques
conceming the above-identified process steps, it has been proposed to also enhance device performance of the
transistor elements by increasing the charge carrier mobility in the channel region for a given channet length,
thereby offering the potential for achieving & performance improvement that is comparable with the advance to a
future technology node of down-sized devices while avoiding many of the above process adaptations associated
with device scaling. In principle, at least two mechanisms may be used, in combination or separately, to increase
the mobility of the charge carriers in the channe] region. Firat, the dopant concentration within the channel region
may be reduced, thereby reducing scattering events for the charge carriers and thus increasing the conductivity.
However, reducing the dopant concentration in the channel region significantly affects the threshold voltage of
the transistor device, thereby presently making a reduction of the dopant concentration a less attractive approach
unless other mechanisms are developed to adjust a desired threshold voltage. Second, the lattice structure in the
channel region may be modified, for instance by creating tensile or compressive stress to produce a
comresponding strain in the channel region, which resulls in a modified mobility for electrons and holes,
respectively. For example, creating tensile strain in the channel region increases the mobility of electrons,
wherein, depending on the magnitude and direction of the tensile strain, an increase in mobility of up to 120% or
more may be obtained, which, in turn, may directly translate into a corresponding increase in the conductivity.
On the other hand, compressive strain in the channel region may increase the mobility of holes, thereby providing
the potential for enhancing the performance of P-type transistors. The introduction of stress or strain engineering
into integrated circuit fabrication is an extremely promising approach for further device generations, since, for
example, strained silicon may be considered as a “new™ type of semiconductor, which may enable the fabrication
of fast powerful semiconductor devices without requiring expensive semiconductor materials and manufacturing
techniques.

Consequently, it has been proposed to introduce, for instance, a silicon/germanium layer or a
silicon/carbon layer in or below the channel region to create tensile or compressive stress that may result in a
corresponding strain. Although the transistor performance may be considerably enhanced by the introduction of
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stress-creating layers in or below the channel region, significant efforts have to be made to implement the
formation of corresponding stress layers into the conventional and well-approved MOS technique. For instance,
additional epitaxial growth techniques have to be developed and implemented into the process flow to form the
germanium- or carbon-containing stress layers at appropriate locations in or below the channel region. Hence,

process complexity is significantly increased, thereby also increasing production costs and the potential for a °

reduction in production yield.

In view of the above-described situation, there exists a need for an alternative technique that enables the
creation of different desired stress conditions in different semiconductor regions, while providing the potential for
the formation of improved transistor architectures including the introduction of highly conductive gate electrodes.

DISCLOSURE OF INVENTION

The following presents a simplificd summary of the invention in order to provide a basic understanding
of some aspects of the invention. This summary is not an exhaustive overview of the invention. It is not intended
to identify key or critical elements of the invention or to delineate the scope of the invention. Its sole purpose is
to present some concepts in a simplified form ag a pretude to the more detailed description'that is discussed later.

Generally, the present invention is directed to a technique that enables the combination of the process
strategies having the potential for forming enhanced transistor architectures, such as transistor elements including
so-called “in-laid” gate electrodes, with enhanced stress or strain engineering to provide at least two different
magnitudes or types of strain in two different semiconductor regions. Consequently, different regions within a
die area or across the entire substrate bearing a plurality of individual die areas may receive differently strained
semiconductor regions to individually adapt the charge carrier mobility and thus the conductivity thereof to
specified process and device requirements. In particular, different types of transistors, such as N-type or
N-channel transistors and P-type or P-channel transistors, may receive a different type or a different magnitude of
strain within the respective channel regions while at the same time the gate conductivity may be enhanced, if
desired, due to the possibility of forming in-laid gate electrode structures on the basis of highly conductive
materials, such as metals.

According to one illustrative embodiment of the present invention, a method comprises forming a first
place holder atructure above a first semiconductor region formed in a semiconductor layer that is located on a
substrate. A second place holder structure is formed above a second semiconductor region which is formed in the
semiconductor layer, and a dielectric layer having a specified intrinsic stress is deposited above the
semiconductor layer to enclose the first and second place holder structures. Additionally, a portion of the
dielectric layer enclosing the second place holder structure is modified to change the intrinsic stress within the
portion. Finally, the first and second place holder structures are replaced by a conductive material.

According to another illustrative embodiment of the present invention, & method comprises forming a
first place holder structure above a first channel region of a first transistor and forming a second place holder
structure gbove a second channel region of a second transistor. Moreover, first drain and source regions are
formed adjacent to the first channel region and second drain and source regions are formed adjacent to the second
channe! region. Furthermore, above the first drain and source regions, a first dielectric layer having a first
intrinsic stress is formed, and, above the second drain and source regions, a second diclectric layer having a
second intrinsic stress that differs from the first intrinsic stress is formed. Finally, the first place holder structure
is replaced with a first gate electrode structure and the second place holder structure is replaced with a second
gate electrode structure.
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According to yet another illustrative embodiment of the present invention, & semiconductor device
comprises a first transistor element having a first gate electrode with a first height and a second transistor element
having a second gate electrode with a second height, The device further comprises a first dielectric layer having a
first intrinsic stress and laterally enclosing the first gate electrode, wherein the first intrinsic stress acts
substantiatly homogenously within the first dielectric layer up to the first height. Moreover, the device comprises
a second dielectric layer having a second intrinsic stress and laterally enclosing the second gate electrode,
wherein the second intrinsic stress differs from the first intrinsic stress and acts substantially homogenously
within the second dielectric layer up to the second height.

BRIEF DESCRIPTION OF DRAWINGS

The invention may be understood by reference to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals identify like elements, and in which:

Figures la-l1h schematically show cross-sectional views of a semiconductor device during various
manufacturing stages, wherein different strain is created at different semiconductor regions by means of
respective stress layers formed in the vicinity of the semiconductor regions in accordance with a process strategy
that enables the formation of in-laid gate electrode structures;

Figure 2 schematically depicts a semiconductor device in cross-sectional view during a manufacturing
stage in which an intrinsic stress of a stress layer is locally modified in accordance with further illustrative
embodiments; and '

Figures 3a and 3b schematically show a semiconductor device in cross-section in a manufacturing stage
during which ion species are deposited at certain locations to enhance the stress transfer into respective
semiconductor regions in accordance with further illustrative embodiments of the present invention,

While the invention is susceptible to various modifications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific embodiments is not intended to limit the invention to
the particular forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the appended claims.

MODE(s) FOR CARRYING QUT THE INVENTION

Ilustrative embodiments of the invention are described below. In the interest of clarity, not all features
of an actual implementation are described in this specification. It will of course be appreciated that in the
development of any such actual embodiment, numerous implementation-specific decisions must be made to
achieve the developers® specific goals, such as compliance with system-related and business-related constraints,
which will vary from one implementation to another. Moreover, it will be appreciated that such a development
effort might be complex and time-consuming, but would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The present invention will now be described with reference to the attached figures. Various structures,
systems and devices are schematically depicted in the drawings for purposes of explanation only and so as to not
obscure the present invention with details that are well known to those skilled in the art, Nevertheless, the
attached drawings are included to describe and explain illustrative examples of the present invention. The words
and phrases used herein should be understood and interpreted to have a meaning consistent with the under-
standing of those words and phrases by those skilled in the relevant art. No special definition of a term or phrase,
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#., o JEHNITON LAY 18 QUITErent Irom e ordinary and custornary meaning as understood by those skilled in the
art, ig intended to be implied by consistent usage of the term or phrase herein. To the extent that a term or phrase
is intended to have a special meaning, i.e., a meaning other than that understood by skilled artisans, such a special
definition will be expressly set forth in the specification in a definitional manner that directly and unequivocally
provides the special definition for the term or phrase.

The present invention is based on the concept that strain in a semiconductor region, such as a channel
region of a transistor element, may highly efficiently be generated by a material layer having a specified intrinsic
stress that is formed close to the semiconductor region of interest. By providing a process strategy that allows an
effective local adjustment of strain within a die area or within different substrate areas including a plurality of die
areas and even at a very small scale, such as at different channel regions of a complementary transistor pair, an
enhanced strain engincering may be combined with an enhanced transistor architecture, thereby providing high
gate conductivity in combination with high charge carrier mobility and thus channel conductivity even for highly
scaled transistor devices. With reference to the accompanying drawings, further illustrative embodiments of the
present invention will now be described in more detail.

Figure 1a schematically shows a cross-sectional view of a semiconductor device 100 that comprises a
substrate 101, which may represent any appropriate substrate for forming thereon circuit elements of integrated
circuits such as microprocessors, storage chips and the like. The substrate 101 may represent a bulk
semiconductor substrate, such as a silicon substrate, or may represent, in particular embodiments, a silicon-on-
insulator (SOI) substrate, wherein a semiconductor layer 102 may represent the crystalline silicon layer formed
on an insulating layer (not shown) within the substrate 101. Since the vast majority of advanced integrated
circuits fabricated in accordance with MOS techniques are fabricated on the basis of silicon, in the following
detailed description it may frequently be referred to silicon with respect to the semiconductor layer 102, wherein
it should be appreciated that any other suitable semiconductor materials, such as gallium arsenide, germanium,
silicon/germanium, or any other IIl-V or TI-VI semiconductor materials, may also be used with the present
invention. Similarly, the semiconductor layer 102 may represent an upper portion of a bulk semiconductor
substrate, although it is shown as a separate layer. ,

The semiconductor device 100 comprises a first place holder structure 104a formed of any appropriate
material, such 28 silicon dioxide, amorphous carbon, and the like. The first place holder structure 104a is formed
above a first semiconductor region 107a, which may represent a first channel region, if a transistor is to be
formed by means of the first place holder 104a. First doped regions 106a, which may be arranged symmetrically
or asymmetrically with respect to the first semiconductor region 107a, may be formed within the layer 102 and
may be provided, in the embodiment shown, in the form of drsin and source regions, That is, the vertical and
lateral dopant profile of the first doped regions 106a may be designed in accordance with device requirements of
a specified transistor type. Hence, in particular embodiments, the doped regions 106a represent first drain and
source regions having included therein a dopant material that imparts a specified type of conductivity to these
regions. In this embodimeant, the regions 106a may be N-doped and the regions 106a in combination with the
first semiconductor region 107a may have the characteristics of an N-channel transistor. Moreover, sidewall
spacers 105a are formed on sidewalls of the first place holder 104a, wherein the sidewall spacer 105a may differ
in material composition from the first place holder 104a to exhibit, in particular embodiments, a desired high etch
selectivity in subsequent etch procedures. For example, the sidewall spacer 105a may be comprised of

amorphous carbon, silicon nitride, silicon dioxide and the like.
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Similarly, a second place holder structure 104b may be formed above a second semiconductor region
107b, which may, in some embodiments, represent the channel region of a second transistor element. Moreover,
doped regions 106b may be formed adjacent to the second semiconductor region 107b to define, in particular
embodiments, the drain and source regions and the channel region of a specified transistor type. For example, the
second semiconductor region 107b enclosed by the doped regions 106b may be located next to the first
semiconductor region 107a enclosed by the respective doped regions 106a, but separated therefrom by an
isolation structure 103 which may be provided in the form of a trench isolation structure as is typically used in
advanced semiconductor devices. When representing a transistor configuration, the regions 107b, 106b may be
of the same type as the regions 107a, 106a or may represent a different type of transistor, such as a P-type or
P-channel transistor. It should be appreciated, however, that the first and second semiconductor regions 107a,
107b may represent circuit elements that are located at very different positions within the same die area, but
which require to receive a different type or magnitude of strain to provide different electrical characteristics.
Similarly, the regions 107a, 107b may represent different circuit elements or even different die portions located at
different substrate regions, such as a center region and a peripheral region, wherein the strain engineering for the
first and second semiconductor regions 107a, 107b may provide more uniform electrical behavior of
semiconductor devices fabricated on the central and peripheral regions of the substrate 101. Regarding the
material composition of the second place holder 104b and a sidewall spacer 105b formed on sidewalls thereof, the
same criteria apply as are referred to with respect to the corresponding components 104a and 105a,

A typicel process flow for forming the semiconductor device 100 as shown in Figure 1a may comprise
the following processes. After forming the substrate 101 including the semiconductor layer 102 or receiving the
same from substrate manufacturers, implantation sequences may be performed to establish a specified vertical
dopant profile within the first and second semiconductor regions 107a, 107b. Thereafter, the first and second
place holders 104a, 104b may be formed by well-established deposition, photolithography and etch techniques,
wherein a length of the first and second place holders 104a, 104D, that is, the horizontal dimension (or gate length
dimension) of these components in Figure 1a, may be adapted to design requirements and may be approximately
100 nm and significantly less for highly advanced integrated circuits. ThercaRer, dopant species may be
introduced to form the doped regions 106a, 106b therein. Depending on device requirements, the device 100 may
correspondingly be masked, for instance by a photoresist mask, to individually form the regions 106a, 106b with
a desired type of dopant material. During these implantations, the place holders 104a, 104b act as an
implantation mask to substantially avoid dopant penetration of the respective semiconductor regions 107a, 107b.
Thereafter, the sidewall spacers 105a, 105b may be formed by depositing a corresponding layer of material and
anisotropically etching the material layer. It should be appreciated that, typically, a liner material may be
deposited prior to a spacer material so as to not unduly damage the surface of the semiconductor layer 102 when
exposed to the anisotropic etch atmosphere. For convenience, a corresponding liner is not shown in Figure la.
Then, a further implantation process may be performed, possibly on the basis of a further photoresist mask,
wherein also the first and second place holders 104a, 104b in combination with the respective sidewall spacers
105a, 105b act as an implantation mask to obtain the desired lateral dopant profile in the doped regions 106a,
106D, respectively. Then, corresponding anneal cycles may be performed to activate the dopants in the regions
106a, 106b and re-crystallize damaged crystal portions. Alternatively, corresponding anneal processes may bé
performed after one or more of the above-described implantations.
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It should be noted that 1n some examples when a highly sophisticated lateral dopant profile is required,
additional sidewall spacers {not shown) may be formed, followed by a further implantation step to obtain a more
complex dopant profile within the regions 106a, 106b, Thereafier, in particular embodiments, the sidewall
spacers 105a, 105b may be removed by a selective etch process on the basis of well-established process recipes.
For instance, the spacers 105a, 105b, when comprised of silicon nitride, may selectively be removed by hot
phosphoric acid. In other examples, the spacers 105a, 105b may be removed by a plasma etch process, wherein,
in sgome embodiments, the liner (not shown), typically used as an etch stop layer, may be maintained during the
implantation cycle and may now be used as an etch stop layer during the removal of the spacers 1058, 105b. In
other embodiments, the spacers 1058, 105b may be maintained during the further processing of the device 100,

Figure 1b schematically shows the device 100 in an advanced manufacturing stage, Here, the device
100 comprises a dielectric layer 108 having a specified intringic stress, which is formed to enclose the first and
second place holders 104a, 104b. The term “intrinsic stress” is to be understood as specifying a certain type of
stress, that is tensile or compressive, or any variation thereof, i.e., orientation dependent tensile or compressive
stress, as well as the magnitude of the stress. Thus, in one embodiment, the dielectric layer 108 may have an
intrinsic tensile stress with a magnitude of approximately 0.1-1.0 GPa (Giga-Pascal). The diclectric layer 108
may be comprised of any appropriate material, such as silicon nitride. In one illustrative embodiment, the device
100 further comprises a conformal etch stop layer 109 having a different material composition compared to the
dielectric layer 108 and having a significantly smaller thickness compared to the dielectric layer 108. For
example, the etch stop layer 109 may be comprised of silicon dioxide.

The etch stop layer 109, if provided, may be formed by well-established plasma enhanced chemical
vapor deposition (PECVD) techniques on the basis of precursor materials, such as TEOS or silane. The dielectric
layer 108 may be formed by PECVD techniques on the basis of well-known process recipes, wherein process
parameters may be adjusted to achieve the desired intringic stress. For example, silicon nitride may be deposited
with high compressive or tensile stress, wherein the type and magnitude of the stress may readily be adjusted by
controlling process parameters, such as deposition temperature, deposition pressure, tool configuration, bias
power for adjusting an ion bombardment during the deposition process, plasma power, and the like. For example,
increased ion bombardment, that is increased bias power, during the deposition of silicon nitride promotes the
creation of compressive stress given that the remaining parameters are the same. After the deposition of the
dielectric layer 108, in some particular embodiments, the resulting topography may be planarized, for instance by
chemical mechanical polishing (CMP} in accordance with well-established process recipes. Thereby, excess
material of the diclectric layer 108 may be removed to a specified degree to arrive at a substantially planar
surface or, in some illustrative embodiments, the material removal may be continued until top surfaces of the first
and second place holders 104a, 104b are exposed. In other embodiments, however, the further processing may be
performed without planarizing the layer 108.

Figure lc schematically shows the device 100 in a further advanced manufacturing stage, in which a
portion of the layer 108, which has surrounded the second place holder 104b, is removed while the first place
holder 104a is still embedded, at least laterally, by the remaining dielectric layer 108, which is now referred to as
108a, Furthermore, a resist mask 110 is formed on the device 100 to expose the second place holder 104b and the
agsociated portion of the layer 102 including the etch stop layer 109, if provided.

The resist mask 110 may be formed in accordance with photolithography techniques that may also be
used in differently doping P-type and N-type transistors and hence corresponding processes are well eatablished.
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‘L nerearter, the dielectric layer 108 may selectively be etched by an anisotropic process recipe to finally obtain the
dielectric layer 108a having the specified intrinsic stress. During the anisotropic etch process, the etch stop layer
109, if provided, may prevent undue material removal and/or damage of exposed portions of the semiconductor
layer 102.

Figure 1d schematically shows the device 100 with a second dielectric layer 111 having a second
specified intrinsic stress, which covers the diclectric layer portion 108a and the second place holder 104b and the
exposed semiconductor layer 102 or the etch stop layer 109. It should be noted that the exposed portion of the
etch stop layer 109 may be removed prior to the deposition of the second diclectric layer 111, when the exposed
portion of the etch stop layer 109 is considered inappropriate owing to any damage caused by the preceding
anisotropic etch process of the dielectric layer 108, In this case, a further etch stop layer similar to the layer 109
may be deposited, which may then also cover the dielectric layer portion 108a (shown in dashed lines) and may
cover the exposed portions of the semiconductor layer 102 and the second place holder 104b. For convenience,
this portion of the etch stop layer is still denoted a3 109. Providing the etch stop layer 109 on the semiconductor
layer 102 may be advantageous in forming contact openings in a later manufacturing stage. In other
embodiments, however, the etch stop layer 109 may be omitted,

The second dielectric layer 111, which may be comprised of any appropriate material, such as silicon
nitride, may be deposited by well-established deposition recipes, wherein process parameters are controlled to
provide the desired Intrinsic stress in accordance with device requirements. As previously noted, silicon nitride
may readily be deposited on the basis of well-known process recipes with a wide range of compressive and
tensile stress, for example reaching from 1.0 GPa compressive stress to 1.0 GPa tensile stress, In one particular
embodiment, the intrinsic stress of the second dielectric layer 111 is designed to impart a compressive stress to
the second semiconductor region 107b, when this region is to represent the channe] region of a P-type transistor.
Thereafter, excess material of the dielectric layer 111 and possibly of the layer portion 108a, when the dielectric
layer 108 has not been planarized or has been planarized to a level well above the first place holder 1044, as
shown in Figures 1c and 1d, may be removed by a CMP process, thereby also planarizing the topography of the
device 100.

Figure 1e schematically shows the device 100 after the above-described process sequence. Hence, the
device 100 compriscs a substantially planar topography with the layer-portion 108a laterally enclosing the first
place holder 104a and with a second layer portion 111b laterally enclosing the second place holder 104b.
Consequently, a substantially homogeneously acting intrinsic stress of the layer portion 108a, herein shown as a
tensile stress indicated as 118a, creates a respective deformation and thus strain in the first semiconductor region
1074, that is, in the present example a tensile strain, which typically increases the mobility of electrons in this
region. Similarly, the layer portion 111b having the substantially homogeneously acting second intrinsic stress,
in this example illustrated in the form of a compressive stress 121b, correspondingly creates a deformation or
strain within the second semiconductor region 107b, which is in the present example a compressive strain,
thereby increasing the mobility of holes. It should be appreciated that other configurations may be contemplated
for creating different strain in the semiconductor regions 107a, 107b. For example, the intrinsic stress 1182 may
be compressive and the intringic stress 121b may be tensile, or the intrinsic stresses 118a and 121b may both be
tensile or compressive and may differ in their magnitudes, In other examples, the intrinsic stress 118a or 121b
may be selected to yield a substantially zero strain in the respective semiconductor region, whereas the other

semiconductor region receives a desired magnitude of strain. This configuration may be advantageous in
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proviamng mofé “Uniform electrical characteristics of P-type transistors and N-type transistors, wherein the
mobility of the P-type transistors is to be increased, while the performance of the N-type transistors should not be
deteriorated.

Figure 1f schematically shows the device 100 with the place holders 104a, 104b removed. Furthermore,
respective gate insulation layers 113a, 113b are formed above the first and second semiconductor regions 107a,
107b, respectively.

The removal of the place holders 104a, 104b may be accomplished by a selective etch process, which
may include a plasma etch process and/or a wet chemical etch process. For instance, the place holders 104a,
104b when comprized of silicon dioxide or amorphous carbon, may readily be selectively etched with respect to
the layer portions 108a, 111b when for instance comprised of silicon nitride, and with respect to the material of
the first and second semiconductor regions 107a, 107b on the basis of well-established process recipes. For
example, the removal process may include a plasma etch process for selectively removing the essential amount of
the first and second place holders 104a, 104b, while the remaining portion of these place holders may then be
removed by a highly isotropic or wet chemical etch process so as to not unduly damage the regions 107a, 107b.
In other embodiments, additionsally or alternatively, damaged surface portions of the regions 107a, 107b may be
oxidized, for instance by thermal oxidation or wet c'hemical oxidation, and the oxidized portion may be removed
b}} a highly selective wet chemical etch process, for instance, on the basis of fluoric acid (HF) without
significantly damaging the regions 107a, 107b.

. After removing the place holders 104a, 104b, the gate insulation layers 113a, 113b may be formed by
oxidation and/or deposition in accordance with design requirements. For example, the gate insulation layers
113a, 113b may be formed by thermal or wet chemical oxidation in accordance with well-established recipes to
obtain a finely tuned layer thickness as required for advanced transistor devices. Thercby, a thickness of the gate
insulation layer may range from 1.5 to several nanometers. In other embodiments, an extremely thin thermal
oxide may be formed, followed by the deposition of an appropriate dielectric material to achieve the desired final
thickness of the gate insulation layers 113a, 113b. A corresponding deposited layer is shown in dashed lines and
is indicated as 112. It should be appreciated that the gate insulation layers 113a, 113b may also be formed by
means of the deposited layer 112 only. In some illustrative embodiments, prior to the formation of the gate
insulation layers 113a, 113b, a dielectric layer such as the layer 112 may be deposited in a highly conformal
faghion and with a precisely defined layer thickness, when the initial length 112a of the opening defined by the
place holder 104a is considered too great for a desired value of the gate electrode to be formed. Thereafier, the
material deposited at the bottom of this opening, i.e., on the region 107a, may be removed by an anisotropic etch
process, similarly as ig used in typical sidewall spacer techniques. In this way, the gate length of transistor
structures may be fine-tuned to compensate for fluctuations in the photolithography or to extend the resolution of
the photolithography. Thereafter, the respective gate insulation layers may be formed as is described above.

Figure 1g schematically shows the semiconductor device 100 with a layer of conductive material 123
formed above the structure of Figure If. The layer 123 may be comprised of doped polysilicon or, in
embodiments for highly advanced semiconductor devices, may comprise a metal or a metal compound. For
example, the layer 123 may comprise tungsten, tungsten silicide, aluminum, nickel, copper, or any compounds
thereof, and the like. Depending on the type of material used for the layer 123, comresponding deposition
techniques may be used. For instance, polysilicon, aluminum, tungsten, tungsten silicide, and the like may
readily be deposited on the basis of well-established chemical vapor deposition (CVD) techniques. In other
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cases, pliting methods such as electroplating or electroless plating may be used for reliably filling the respective
openings above the first and second semiconductor regions 107a, 107b. Thereafter, any excess material of the
layer 123 may be removed by any appropriate technique, such as etching, chemical mechanical polishing, and
any combination thereof.

Figure 1h schematically shows the semiconductor device 100 with the excess material of the layer 123
removed and with a further interlayer dielectric 126 formed as the uppermost layer of the resulting structure.
Thus, the device 100 comprises a gate electrode structure 124a above the first semiconductor region 107a and a
second gate elecirode structure 124b above the second semiconductor region 107b, thereby defining a first
transistor element 1302 and a second transistor element 130b, Moreover, as shown in Figure 1h, the layer portion
108a provides the first intrinsic stress 118a acting substantially homogeneously on the gate elestrode atructure
124a up to a height 125a, whereas the second layer portion 111b provides the second intrinsic stress 121b that
acts substantially homogeneously on the second gate electrode structure 124b up to & height 125b thereof.
Consequently, depending on the stresses 118a, 121b, respective deformations or straing are achieved in the
associated semiconductor regions or channel regions 107a, 107b, Hence, the charge carrier mobility in these
channel regions is individually adjustable by correspondingly controlling the stress 118a, 121b. In particular, the
transistor configuration as shown in Figure 1h is substantially planar and enables a self-aligned formation of the
doped regions 106a, 106b, i.e., the respective drain and source regions, with respect to the associated gate
electrode structures 124a, 124b. Moreo?er, the gate electrode structures 124a, 124b may be formed of a highly
conductive material, such as a metal, metal compound, highly doped polyzilicon, or any combination thereof, and
the like. In particular embodiments, the gate electrode structures 124a, 124b are substantially comprised of a
metal.

Figure 2 schematically shows a semiconductor device 200 in an intermediate manufacturing stage in
accordance with further illustrative embodiments of the present invention. In Figure 2, identical or similar
components as arc shown in Figures 1d and le are denoted by the same reference signs except for a leading “2”
instead of a “1.” Hence, the device 200 comprises the subsirate 201 with the semiconductor layer 202 formed
thereon including the first and second semiconductor regions 2074, 207b with the associated doped regions 206a,
206b. The place holders 204a, 204b are laterally embedded into the dielectric layer 208 having a specified
intrinsic stress. Moreover, the resist mask 210 is formed above the dielectric layer 208 to expose that portion of
the device 200 that is associated with the second semiconductor region 207b. Regarding the formation of the
device 200 as shown in Figure 2, it is referred to the description with reference to Figures 1a, 1b and l¢c.

Moreover, the device 200 is subjected to an ion bombardment 240 to modify the stress characteristics of
a layer portion 208b of the dielectric layer 208, which is not covered by the resist mask 210. For example, heavy
inert ions, such as xenon, argon, silicon, and the like, may be implanted into the portion 208b, thereby relaxing, at
least partially, the specified intrinsic stress. Consequently, the layer portion 2082 maintains the specified intrinsic
stregs, thereby creating a specified deformation within the first semiconductor region 207a, while the
corresponding strain in the second semiconductor region 207b may significantly differ therefrom, depending on
the degree of relaxation withiin the layer portion 208b. For example, the dielectric layer 208 may have been
deposited with a high compressive stress, for instance when the regions 206a, 207a are to represent a P-type
transistor configuration, to significantly improve the hole mobility in the first semiconductor region 207a. By
relaxing the initially compressive stress in the layer portion 208b to a specified degree, the amount of reduction of
electron mobility within the second semiconductor region 207b, when designed as an N-type channel region, may

10
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tnen oe ddjusted in accordance with design requirements. As already previously stated, the first and second
semiconductor regions 207a, 207b may not necessarily need to represent different types of channel regions but
may also represent identical channel regions, wherein for instance a different degree of operational behavior or a
desired degree for adjustment of device uniformity may be achieved by the process technique as shown in Figure
2.

The further processing of the device 200 may then be continued as is also described with reference to the
device 100 depicted in Figures le-1h.

Figure 3a schematically shows a semiconductor device 300 in accordance with further illustrative
embodiments of the present invention. The device 300 may represent a device similar to that shown in Figure le
30 that similar or identical components are denoted by the same reference numbers except for a leading *3”
instead of 2 “1.” Thus, a detailed description of these components is omitted here. Moreover, the device 300 'is
subjected to an ion implantation 350 for inserting a light ion species, such as hydrogen, helium or oxygen, into
the semiconductor layer 302 or the substrate 301. The ion implantation 350 is performed with a high dose and an
appropriate energy to achieve a high impurity concentration at a desired depth within the layer 302 and/or the
substrate 301, For example, initially implanted peak concentration may be selected to achieve a concentration in
the range of approximately 10%-10™ atoms/cm’®. Typica! implantation parameters for helium or hydrogen may be
approximately 3-15 keV, depending on the desired penetration depth with a dose of approximately 5 x 10" to
2x10' ions per cm? Thereafter, a heat treatment may be performed, for instance at temperatures of
approximately 350-1,000°C and typically at approximately 700-950°C for a time period of several minutes to
create “bubbles” or “voids” 351 within the layer 302 and/or the subsirate 301. Since the jon implantation 350 is
performed through the layer portions 308a, 311b with the place holders 304a, 304b still being present, a
substantially uniform depth for the bubbles 351 is achieved. Since a light inert species is introduced, the stop
mechanism during the implantation is mainly based on an interaction with crystal electrons so that damage in the
layers 308a, 311b and thus stress relaxation is negligible. Due to the bubbles 351, a certain degree of mechanical
decoupling of the regions 306a, 307a, 306b, 307b from the remaining layer 302 and/or the substrate 301 is
achieved, thereby significantly enhancing the transfer of stress from the layer portions 308a, 311b into the
respective regions 307a, 307b. Thus, the strain engineering of the regions 307a, 307b may significantly be
enhanced and thus the charge carrier mobility and the channel conductivity may be improved more efficiently.

It should be appreciated that in other embodiments the ion implantation 350 may be performed at an
earlier manufacturing stage, for instance prior to the formation of the layer portions 3082, 311b and possibly prior
to the formation of the place holders 3044, 304b, thereby avoiding any relaxation effects, even though they may
be very small as explained above. The bubbles 351 may then be created during any anneal cycles for activating
the dopants in the region 306a, 306b. ’

Figure 3b schematically shows the semiconductor device 300, in which the place holders 304a, 304b are
removed prior to the ion implantation 350. In this case, the implantation energy may be selected to position the
light ion species within the semiconductor layer 302 substantially without affecting the regions 306a, 306b.
Hence, the semiconductor regions 307a, 307b may highly cfficiently be decoupled from the remaining
semiconductor layer 302 by means of the bubbles 351, Thus, the stress transferred to the regions 307a, 307b is
also significantly increased. Morcover, the bubbles 351 themselves may act as a source of stress, thereby also
creating a corresponding strain within the respective regions 307a, 307b. In this way, two effective strain-
inducing mechanisms may be combined. )
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As a régult, The present invention provides & semiconductor device and a technique for forming the same
wherein different semiconductor regions may receive a different strain, while the formation process allows the
formation of planar transistor architectures including highly conductive gate electrodes. For this purpose, a
dielectric layer laterally enclosing the gate electrode structures of various transistor elements is locally modified
such that at least two different strain components are obtained in the respective channel regions. Thus,
complementary transistor pairs may be formed, each transistor having a differently strained channel region. The
modification of the strain-inducing stress layer may be accomplished by removing a specified portion of the layer
and replacing it with a layer portion of a different intrinsic stress and/or by relaxing the intrinsic stress to a
desired degree. Furthermore, due to the combination of the enhanced stress or strain engineering technique with
a process for in-laid gate electrode structures, extremely highly conductive gate electrode structures may be
attained, thereby providing enhanced gate and channel conductivity even for extremely scaled devices having a
gate length of 100 nm and significantly less. Additionally, the local stress modification may advantageously be
combined with mechanisms for effectively decoupling the channel regions from the surrounding material, thereby
remarkably enhancing the efficiency of stress transfer into the respective channel regions.

The particular embodiments disclosed above are illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. For example, the process steps set forth above may be performed in a different order.
Furthermore, no limitations are intended to the details of construction or design herein shown, other than as
described in the claims below, It is therefore evident that the particular embodiments disclosed above may be
altered or modified and all such variations are considered within the scope and spirit of the invention.
Accordingly, the protection sought herein is as set forth in the claims below.
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WHAT IS CLAIMED:

1. A method, comprising:

forming a first place holder structure 104a above a first semiconductor region 107a formed in a
semiconductor layer 102 located on a substrate 101;

forming a second place holder structure 104b above a second semiconductor region 107b formed in said
semiconductor layer 102;

depositing a diclectric layer 108 having a specified intrinsic stress above said semiconductor layer 102 to
enclose said first and second place holder structures 104a, 104b;

modifying a portion of said dielectric layer 108 enclosing said second place holder structure 104b to
change said intrinsic stress of said portion; and

replacing said first and second place holder structures 104a, 104b with a conductive material.

2. The method of claim 1, further comprising forming doped regions 106a, 106b in said
semiconductor layer 102 adjacent to said first and second semiconductor regions 107a, 107b,

3. The method of claim 2, wherein forming said doped regions 106a, 106b comprises introducing
at least one dopant species by an ion implantation process while using said first and second place holder
structures as an implantation mask.

4, The method of claim 3, wherein forming said doped regions 106a, 106b comprises forming at
least one sidewall spacer element on sidewalls of each of said first and second place holder structures and using
said at least onc sidewall spacer as an implantation mask at least during one step of said ion implantation

process,

5. The method of claim S, further comprising removing said at least one sidewall spacer prior to

depositing said dielectric layer 108.

6. The method of claim 1, wherein modifying said portion surrounding said second place holder
structure 104b comprises removing said portion.

7. The method of claim 7, further comprising depositing a second dielectric layer 126 above said
semiconductor layer 102, said second dielectric layer 126 having a second intrinsic stress that differs from the

intrinsic stress of said dielectric layer 108.

8. The method of claim 8, further comprising removing material of said second dielectric layer
126 to expose a top surface of said second place holder structure 104b,

9. The method of claim 7, further comprising planarizing a surface of said second dielectric layer
126 prior to removing said portion surrounding said second place holder structure 104b,

13
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io. The method of claim 1, wherein modifying said portion surrounding said second place holder
structure 104b comprises selectively relaxing said intrinsic stress in said portion.

11. The method of claim 10, wherein said intrinsic stress i3 selectively relaxed by ion bombardment
of said portion.
12. The method of claim 1, further comprising implanting an inert species into an area adjacent to

at least one of said first semiconductor region 107a and said second semiconductor region 107b and heat treating

said substrate to form voids caused by said inert species.
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foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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This Office Action is in response to the papers filed on December 2, 2009.

Claims 1-4 and 7 are rejected under 35 U.S.C. 102(e) as being anticipated by
United States Patent Application Publication 2007/0215950 to Aoyama (cited in the
Information Disclosure Statement filed on December 2, 2009).

As to independent claim 1, Aoyama discloses a semiconductor device (see the
entire patent, including the Fig. 1 disclosure) comprising: a first MIS transistor; and a
second MIS transistor, wherein the first MIS transistor includes a first gate insulating film
102 formed on a first active region 121 in a semiconductor substrate 101, a first gate
electrode 104 includes a second metal film 104A formed on the gate insulating film, and
an insulating film 145 (Fig. 2J) formed, extending over side surfaces of the first gate
electrode and upper surfaces of regions located in the first active region laterally outside
the first gate electrode, the second MIS transistor includes a second gate insulating film
102 formed on a second active region 111 in the semiconductor substrate, a second
gate electrode 103 including a first metal film 103A formed on the second gate
insulating film and a conductive film 103B formed on the first metal film, and the
insulating film 145 (Fig. 2J) formed, extending over side surfaces of the second gate
electrode and upper surfaces of regions located in the second active region laterally
outside the second gate electrode, the first and second metal films 103A and 104A are
made of different metal materials (see page 4, paragraph [0049], and page 5, paragraph
[0059]), and the insulating film 145 is not formed on any of upper surfaces of the first
and second gate electrodes.

Claim 1 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama.
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As to dependent claim 2, Aoyama's first metal film 103A has a thickness smaller
than that of the second metal film 104A.

Claim 2 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama.

As to dependent claim 3, Aoyama's first and second metal films are made of
different materials and thus have different work functions.

Claim 3 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama.

As to dependent claim 4, Aoyama's insulating film 145 (Fig. 2J) has a thickness
smaller than that of the first gate electrode 104.

Claim 4 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama.

As to dependent claim 7, Aoyama's first and second gate insulating films 102 are
made of the same insulating material (see page 4, paragraph [0052], last sentence).

Claim 7 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Aoyama.

Claims 1-3, 7 and 14 are rejected under 35 U.S.C. 102(e) as being anticipated by
United States Patent Application Publication 2007/0173025 to Akamatsu (cited in the
Information Disclosure Statement filed on December 2, 2009).

As to independent claim 1, Akamatsu discloses a semiconductor device (see the
entire patent, including the Fig. 7 disclosure) comprising: a first MIS transistor; and a
second MIS transistor, wherein the first MIS transistor includes a first gate insulating film
11a formed on a first active region in a semiconductor substrate 10, a first gate
electrode includes a second metal film 36 formed on the gate insulating film, and an

insulating film 22 formed, extending over side surfaces of the first gate electrode and
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upper surfaces of regions located in the first active region laterally outside the first gate
electrode, the second MIS transistor includes a second gate insulating film 11b formed
on a second active region in the semiconductor substrate, a second gate electrode
including a first metal film 37 formed on the second gate insulating film and a conductive
film 35b formed on the first metal film, and the insulating film 22 formed, extending over
side surfaces of the second gate electrode and upper surfaces of regions located in the
second active region laterally outside the second gate electrode, the first and second
metal films 36 and 37 are made of different metal materials (see paragraph [0104]
bridging pages 8-9), and the insulating film 22 is not formed on any of upper surfaces of
the first and second gate electrodes.

Claim 1 is thus rejected under 35 U.S.C. 102(e) as being anticipated by
Akamatsu.

As to dependent claim 2, Akamatsu's first metal film 37 has a thickness smaller
than that of the second metal film 36.

Claim 2 is thus rejected under 35 U.S.C. 102(e) as being anticipated by
Akamatsu.

As to dependent claim 3, Akamatsu's first and second metal films are made of
different materials and thus have different work functions.

Claim 3 is thus rejected under 35 U.S.C. 102(e) as being anticipated by
Akamatsu.

As to dependent claim 7, Akamatsu's first and second gate insulating films 11a

and 11b are made of the same insulating material (see the Figs. 5A-5C disclosure).
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Claim 7 is thus rejected under 35 U.S.C. 102(e) as being anticipated by
Akamatsu.

As to dependent claim 14, Akamatsu's first and second gate insulating films 11a
and 11b include a high-k film made of a metal oxide having a relative dielectric constant
of 10 or more (see the sentence bridging pages 4 and 5).

Claim 14 is thus rejected under 35 U.S.C. 102(e) as being anticipated by

Akamatsu.

Claims 1-3, 5, 7 and 9 are rejected under 35 U.S.C. 102(b) as being anticipated
by Japanese Kokai 2002-118175 to Yasushi (cited in the Information Disclosure
Statement filed on December 2, 2009).

As to independent claim 1, Yasushi discloses a semiconductor device (see the
entire reference, including the English language cover page and the Fig. 11(k)
disclosure) comprising: a first MIS transistor (the P MISFET); and a second MIS
transistor (the N MISFET), wherein the first MIS transistor includes a first gate insulating
film formed on a first active region in a semiconductor substrate, a first gate electrode
includes a second metal film 617 formed on the gate insulating film, and an insulating
film 614 formed, extending over side surfaces of the first gate electrode and upper
surfaces of regions located in the first active region laterally outside the first gate
electrode, the second MIS transistor includes a second gate insulating film formed on a
second active region in the semiconductor substrate, a second gate electrode including

a first metal film 616 formed on the second gate insulating film and a conductive film
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617 formed on the first metal film, and the insulating film 614 formed, extending over
side surfaces of the second gate electrode and upper surfaces of regions located in the
second active region laterally outside the second gate electrode, the first and second
metal fiims 616 and 617 are made of different metal materials (see the English
language cover page), and the insulating film 614 is not formed on any of upper
surfaces of the first and second gate electrodes.

Claim 1 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi.

As to dependent claim 2, Yasushi's first metal film 616 has a thickness smaller
than that of the second metal film 617.

Claim 2 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi.

As to dependent claim 3, Yasushi's first and second metal films 616 and 617
have different work functions (see the English language cover page).

Claim 3 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi.

As to dependent claim 5, Yasushi's conductive film (over first metal film 616) is
made of the second metal film 617.

Claim 5 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi.

As to dependent claim 7, Yasushi's first and second gate insulating films are
made of the same insulating material (see Fig. 10(h)).

Claim 7 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi.

As to dependent claim 9, Yasushi's Fig. 11(k) device further comprises a first
inner sidewall having an L-shaped cross-section formed on each of side surfaces of the

first gate electrode, and a second inner sidewall having an L-shaped cross-section
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formed on each of side surfaces of the second gate electrode, wherein the insulating
film 614 is formed above and in contact with the first and second inner sidewalls.

Claim 9 is thus rejected under 35 U.S.C. 102(b) as being anticipated by Yasushi.

Claims 6, 8 and 10-13 are objected to as being dependent upon a rejected base
claim, but would be allowable over the prior art of record if rewritten in independent form
including all of the limitations of the base claim and any intervening claims.

Claims 15-20 are allowable over the prior art of record.

United States Patent 6,420,279 is cited for disclosing that hafnium oxide (HfO,)

has a high dielectric constant of 20 to 25 (see column 1, lines 39-42).

Registered practitioners can telephone the examiner at (571) 272-1843. Any
voicemail message left for the examiner must include the name and registration number
of the registered practitioner calling, and the Application/Control (Serial) Number.

Technology Center 2800’s general telephone number is (571) 272-2800.

/MARK PRENTY/
Primary Examiner, Art Unit 2822
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Docket No.: 085393-0059 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Yoshihiro SATO, et al. Confirmation Number: 7931
Application No.: 12/629,508 Group Art Unit: 2822

Filed: December 02, 2009 Examiner: PRENTY, Mark V.

For:  SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

In response to the Office Action dated February 22, 2011, wherein a three-month
shortened statutory period for response is set to expire on May 22, 2011 (Sunday), Applicants
respectfully request reconsideration of the above-identified application in view of the following

amendments and remarks.
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AMENDMENT TO THE CLAIMS

The following claim listing replaces all prior listings and versions of the claims.

LISTING OF CLAIMS

1. (Currently amended) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes
a first gate insulating film formed on a first active region in a
semiconductor substrate,
a first gate electrode includes a second metal film formed on the first gate
insulating film, and
an insulating film formed, extending over side surfaces of the first gate
electrode and upper surfaces of regions located in the first active region laterally outside the first
gate electrode,
the second MIS transistor includes
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film, [[and]]
the insulating film formed, extending over side surfaces of the second gate
electrode and upper surfaces of regions located in the second active region laterally outside the
second gate electrode, and

source/drain regions formed in the second active region laterally outside the

DM_US 28738398-1.085393.0059
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second gate electrode,

the first and second metal films are made of different metal materials, [[and]]
the insulating film is not formed on any of upper surfaces of the first and second gate
electrodes,

the source/drain regions include a silicon mixed crystal layer which is formed in trenches

provided in the second active region, and causes first stress in a gate length direction of a channel

region in the second active region.

2. (Original) The semiconductor device of claim 1, wherein

the first metal film has a thickness smaller than that of the second metal film.

3. (Original) The semiconductor device of claim 1, wherein

the first and second metal films have different work functions.

4, (Original) The semiconductor device of claim 1, wherein

the insulating film has a thickness smaller than that of the first gate electrode.

5. (Original) The semiconductor device of claim 1, wherein

the conductive film is made of the second metal film.

6. (Original) The semiconductor device of claim 1, wherein

the conductive film is made of a silicon film, and

the semiconductor device further comprises a metal silicide film formed on the silicon

DM_US 28738398-1.085393.0059
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film.

7. (Original) The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of the same insulating material.

8. (Original) The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of different insulating materials.

9. (Original) The semiconductor device of claim 1, further comprising:

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of
the first gate electrode, and

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces
of the second gate electrode,

wherein

the insulating film is formed above and in contact with the first and second inner

sidewalls.

10. (Currently amended) The semiconductor device of claim 1, wherein

the insulating film is a stress insulating film which causes [[first]} second stress in a gate

length direction of a channel region in the first active region.

11. (Currently amended) The semiconductor device of claim 10, wherein

the first MIS transistor is an n-type MIS transistor,

DM_US 28738398-1.085393.0059
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the insulating film is made of a silicon nitride film, and

the [[first]] second stress is tensile stress.

12. (Cancelled)

13. (Currently amended) The semiconductor device of claim [[12]] 1, wherein
the second MIS transistor is a p-type MIS transistor,
the silicon mixed crystal layer is made of a SiGe layer, and

the second first stress is compressive stress.

14. (Original) The semiconductor device of claim 1, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

15. (Original) A method for manufacturing a semiconductor device including a first
MIS transistor formed on a first active region in a semiconductor substrate and a second MIS
transistor formed on a second active region in the semiconductor substrate, the method
comprising the steps of:

(a) forming a first gate electrode formation portion having a first gate insulating film, a
first metal film and a first silicon film on the first active region, and a second gate electrode
formation portion having a second gate insulating film, a first metal film and a second silicon
film on the second active region;

(b) after step (a), forming an insulating film on the semiconductor substrate, the

DM_US 28738398-1.085393.0059
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insulating film covering the first and second gate electrode formation portions;

(¢) removing the insulating film formed on the first and second gate electrode formation
portions to expose an upper surface of each of the first silicon film in the first gate electrode
formation portion and the second silicon film in the second gate electrode formation portion;

(d) after step (c), successively removing the first silicon film and the first metal film in
the first gate electrode formation portion to form a first recess surrounded by the insulating film
on the first active region; and

(e) forming a second metal film in the first recess,

wherein

a first gate electrode of the first MIS transistor includes the second metal film, and

a second gate electrode of the second MIS transistor includes the first metal film in the

second gate electrode formation portion.

16. (Original) The method of claim 15, wherein

step (d) includes forming, on the first active region, the first recess from a bottom of
which the first gate insulating film is exposed, and removing the second silicon film in the
second gate electrode formation portion to form, on the second active region, a second recess
surrounded by the insulating film, the first metal film being exposed from a bottom of the second
recess,

step (¢) includes forming the second metal film on the first gate insulating film in the first
recess, and forming the second metal film on the first metal film in the second recess, and

the second gate electrode includes the first metal film in the second gate electrode

formation portion and the second metal film formed on the first metal film.
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17. (Original) The method of claim 15, wherein

step (d) includes forming, on the first active region, the first recess from a bottom of
which the first gate insulating film is exposed,

step (e) includes forming the second metal film on the first gate insulating film in the first
recess,

the method further comprises the step of

(f) after step (e), forming a metal silicide film on the second silicon film, and
the second gate electrode includes the first metal film and the second silicon film in the

second gate electrode formation portion.

18.  (Original) The method of claim 15, wherein

step (d) includes successively removing the first silicon film, the first metal film, and the
first gate insulating film in the first gate electrode formation portion, to form, on the first active
region, the first recess from a bottom of which the first active region is exposed,

step (e) includes forming a third gate insulating film in the first recess, and forming the
second metal film on the third gate insulating film,

the method further comprises the step of

(f) after step (e), forming a metal silicide film on the second silicon film, and
the second gate electrode includes the first metal film and the second silicon film in the

second gate electrode formation portion.

19. (Original) The method of claim 15, further comprising the step of:
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(g) after step (a) and before step (b), forming a first inner sidewall having an L-shaped
cross-section on each of side surfaces of the first gate electrode formation portion, and a second
inner sidewall having an L-shaped cross-section on each of side surfaces of the second gate
electrode formation portion,

wherein

in step (b), the insulating film is formed above and in contact with the first and second

inner sidewalls.

20.  (Original) The method of claim 15, further comprising the steps of:

(h) after step (a) and before step (b), forming trenches in the second active region
laterally outside the second gate electrode formation portion; and

(i) forming, in the trenches, a silicon mixed crystal layer which causes stress in a gate

length direction of a channel region in the second active region.

21. (New) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes
a first gate insulating film formed on a first active region in a semiconductor
substrate,
a first gate electrode including a second metal film formed on the first gate

insulating film, and

DM_US 28738398-1.085393.0059

Page 218 of 357 UMC 1002
UMC v. AICP



Application No.: 12/629,508

an insulating film formed, extending over side surfaces of the first gate electrode
and upper surfaces of regions located in the first active region laterally outside the first gate
electrode,
the second MIS transistor includes
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate electrode including a first metal film formed on the second gate
insulating film and a conductive film formed on the first metal film, and
the insulating film formed, extending over side surfaces of the second gate
electrode and upper surfaces of regions located in the second active region laterally outside the
second gate electrode,
the first and second metal films are made of different metal materials,
the insulating film is not formed on any of upper surfaces of the first and second gate
electrodes,
the conductive film is made of a silicon film, and
the semiconductor device further comprises a metal silicide film formed on the silicon

film.

22.  (New) The semiconductor device of claim 21, wherein

the first metal film has a thickness smaller than that of the second metal film.

23. (New) The semiconductor device of claim 21, wherein

the first and second metal films have different work functions.
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24, (New) The semiconductor device of claim 21, wherein

the insulating film has a thickness smaller than that of the first gate electrode.

25.  (New) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of the same insulating material.

26. (New) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of different insulating materials.

27. (New) The semiconductor device of claim 21, further comprising:

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of
the first gate electrode, and

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces
of the second gate electrode,

wherein the insulating film is formed above and in contact with the first and second inner

sidewalls.

28.  (New) The semiconductor device of claim 21, wherein

the insulating film is made of a silicon nitride film.

29.  (New) The semiconductor device of claim 21, further comprising:

10
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source/drain regions formed in the second active region laterally outside the second gate
electrode,
wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

30. (New) The semiconductor device of claim 21, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

31. (New) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes
a first gate insulating film formed on a first active region in a semiconductor
substrate,
a first gate electrode including a second metal film formed on the first gate
insulating film, and
an insulating film formed, extending over side surfaces of the first gate electrode
and upper surfaces of regions located in the first active region laterally outside the first gate
electrode,
the second MIS transistor includes
a second gate insulating film formed on a second active region in the

semiconductor substrate,

11
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a second gate electrode including a first metal film formed on the second gate
insulating film and a conductive film formed on the first metal film, and
the insulating film formed, extending over side surfaces of the second gate
electrode and upper surfaces of regions located in the second active region laterally outside the
second gate electrode,
the first and second metal films are made of different metal materials,
the insulating film is not formed on any of upper surfaces of the first and second gate
electrodes, and
the first and second gate insulating films are made of different insulating materials.
32. (New) The semiconductor device of claim 31, wherein

the first metal film has a thickness smaller than that of the second metal film.

33. (New) The semiconductor device of claim 31, wherein

the first and second metal films have different work functions.

34, (New) The semiconductor device of claim 31, wherein

the insulating film has a thickness smaller than that of the first gate electrode.

35. (New) The semiconductor device of claim 31, further comprising:
a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of

the first gate electrode, and

12
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a second inner sidewall having an L-shaped cross-section formed on each of side surfaces
of the second gate electrode,
wherein the insulating film is formed above and in contact with the first and second inner

sidewalls.

36. (New) The semiconductor device of claim 31, wherein

the insulating film is made of a silicon nitride film.

37. (New) The semiconductor device of claim 31, further comprising:

source/drain regions formed in the second active region laterally outside the second gate
electrode,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

38. (New) The semiconductor device of claim 31, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

39. (New) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:

the first MIS transistor includes

13
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a first gate insulating film formed on a first active region in a semiconductor
substrate,
a first gate electrode including a second metal film formed on the first gate
insulating film, and
an insulating film formed, extending over side surfaces of the first gate electrode
and upper surfaces of regions located in the first active region laterally outside the first gate
electrode,
the second MIS transistor includes
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate electrode including a first metal film formed on the second gate
insulating film and a conductive film formed on the first metal film, and
the insulating film formed, extending over side surfaces of the second gate
electrode and upper surfaces of regions located in the second active region laterally outside the
second gate electrode,
the first and second metal films are made of different metal materials,
the insulating film is not formed on any of upper surfaces of the first and second gate
electrodes, and
the insulating film is a stress insulating film which causes first stress in a gate length

direction of a channel region in the first active region.

40.  (New) The semiconductor device of claim 39, wherein

the first metal film has a thickness smaller than that of the second metal film.

14
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film.

41. (New) The semiconductor device of claim 39, wherein

the first and second metal films have different work functions.

42. (New) The semiconductor device of claim 39, wherein

the insulating film has a thickness smaller than that of the first gate electrode.

43. (New) The semiconductor device of claim 39, wherein

the conductive film is made of the second metal film.

44, (New) The semiconductor device of claim 39, wherein:

the conductive film is made of a silicon film, and

the semiconductor device further comprises a metal silicide film formed on the silicon

45. (New) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of the same insulating material.

46. (New) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of different insulating materials.

47. (New) The semiconductor device of claim 39, further comprising:

15
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a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of
the first gate electrode, and

a second inner sidewall having an I.-shaped cross-section formed on each of side surfaces
of the second gate electrode,

wherein the insulating film is formed above and in contact with the first and second inner

sidewalls.

48.  (New) The semiconductor device of claim 39, wherein

the insulating film is made of a silicon nitride film.

49. (New) The semiconductor device of claim 39, further comprising:

source/drain regions formed in the second active region laterally outside the second gate
electrode,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

50. (New) The semiconductor device of claim 39, wherein

the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

16
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REMARKS

Introduction

Claims 1-20 were pending, of which claims 1 and 15 are independent.

Applicants note with appreciation the indication of allowance of claims 15-20 and the
indication of allowable subject matter in claims 6, 8 and 10-13 if rewritten in independent form
including all of the limitations of the base claim and any intervening claims.

Claim 1 has been amended to incorporate the allowable subject matter of claim 12.
Claims 1, 10, 11 and 13 have been amended to correct informalities in the claim language and to
more clearly define the claimed subject matter. Claim 12 has been cancelled.

Claims 21-50 have been added. New independent claims 21, 31 and 39 correspond to

allowable claims 6, 8 and 10, respectively. Care has been taken to avoid introducing new matter.

Patentability under 35 U.S.C. § 102

Claims 1-4, and 7 were rejected under 35 U.S.C. § 102(e) as being anticipated by
Aoyama (US 2007/0215950). Claims 1-3, 7 and 14 stand rejected under 35 U.S.C. § 102(e) as
being anticipated by Akamatsu (US 2007/0173025). Claims 1-3, 5, 7 and 9 were rejected under
35 U.S.C. § 102(b) as being anticipated by Yasushi (JP 2002-118175). These rejections are
traversed for at least the following reasons.

Applicants submit that since claim 1 has been amended to incorporate the allowable
subject matter of original claim 12, claim 1 and all claims dependent thereon are patentable over
the cited references. Thus, it is requested that the Examiner withdraw the rejections of the claims

under 35 U.S.C. § 102.

17

DM_US 28738398-1.085393.0059

Page 227 of 357

UMC 1002
UMC v. AICP



Application No.: 12/629,508

New Claims
Since new independent claims 21, 31 and 39 have incorporated the allowable subject
mater of allowable claims 6, 8 and 10, respectively, claims 21, 31 and 39 and all claims

dependent thereon are patentable over the cited references.

CONCLUSION

Having fully responded to all matters raised in the Office Action, Applicants submit that
all claims are in condition for allowance, an indication for which is respectfully solicited. If
there are any outstanding issues that might be resolved by an interview or an Examiner’s
amendment, the Examiner is requested to call Applicants’ attorney at the telephone number
shown below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is
hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to
such deposit account.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

Takashi Saito
Limited Recognition No. L0123

600 13" Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 TS:MaM

Facsimile: 202.756.8087

Date: May 23,2011
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Application Papers
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Priority under 35 U.S.C. § 119
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This Office Action is in response to the amendment filed on May 23, 2011.

Claims 9, 27, 35 and 47 are rejected under 35 U.S.C. 112, second paragraph, as
being indefinite for failing to particularly point out and distinctly claim the subject matter
which applicant regards as the invention. Specifically, device claims 9, 27, 35 and 47
are incorrect in reciting, "wherein the insulating film is formed above and in contact with
the first and second inner sidewalls,” because such is not the case in those devices.
See the Figs. 3D-4A disclosure and note that the insulating film 27 is removed from
above the first and second inner sidewalls 19a and 19b.

Claims 1-8, 6, 7, 14, 15, 17, 19-23, 25 and 30 are rejected under 35
U.S.C. 102(e) as being anticipated by newly cited United States Patent 7,812,414 to
Hou et al. (Hou).

As to independent claim 1, Hou discloses a semiconductor device (see the entire
patent, including the Fig. 11 disclosure) comprising: a first (right-side) MIS transistor;
and a second (left-side) MIS transistor, wherein: the first MIS transistor includes a first
gate insulating film 224 formed on a first active region 200 in a semiconductor substrate
20, a first gate electrode includes a second metal film 248 formed on the first gate
insulating film, and an insulating film 42 formed, extending over side surfaces of the first
gate electrode and upper surfaces of regions located in the first active region laterally
outside the first gate electrode, the second MIS transistor includes a second gate
insulating film 124 on a second active region 100 in the semiconductor substrate, a
second gate electrode including a first metal film 126 formed on the second gate

insulating film and a conductive film 128 formed on the first metal film, the insulating film
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42 formed, extending over side surfaces of the second gate electrode and upper
surfaces of regions located in the second active region laterally outside the second gate
electrode, and source/drain regions 138 formed in the second active region laterally
outside the second gate electrode, the first and second metal films 126 and 248 are
made of different metal materials, the insulating film 42 is not formed on any of upper
surfaces of the first and second gate electrodes, the source/drain regions 138 include a
silicon mixed crystal layer which is formed in trenches provided in the second active
region, and causes first stress in a gate length direction of a channel region in the
second active region 100 (see column 5, lines 24-31).

Claim 1 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 2, Hou's first metal film 126 has a thickness smaller than
that of the second metal film 248.

Claim 2 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 3, Hou's first and second metal films 126 and 248 have
different work functions.

Claim 3 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 6, Hou's conductive film 128 is made of a silicon film (see
column 5, lines 6-7), and the semiconductor device further comprises a metal silicide
film 152 formed on the silicon film.

Claim 6 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 7, Hou's first and second gate insulating films 224 and

124 are made of the same insulating material (see the Figs. 1-2 disclosure).
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Claim 7 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 14, Hou's first and second gate insulating films 224 and
124 include a high-k film made of a metal oxide having a relative dielectric constant of
10 or more (see column 4, lines 27-33).

Claim 14 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to independent claim 15, Hou discloses a method for manufacturing a
semiconductor device (see the entire patent, including the Figs. 1-11 disclosure)
including a first MIS transistor formed on a first active region 200 in a semiconductor
substrate 20 and a second MIS transistor formed on a second active region 100 in the
semiconductor substrate, the method comprising the steps of: (a) forming a first gate
electrode formation portion 234 (Fig. 2) having a first gate insulating film 224, a first
metal film 226 and a first silicon film 228 on the first active region, and a second gate
electrode formation portion 134 having a second gate insulating film 124, a first metal
film 126 and a second silicon film 128 on the second active region; (b) after step (a),
forming an insulating film 42 (Fig. 5) on the semiconductor substrate, the insulating film
covering the first and second gate electrode formation portions; (¢) removing the
insulating film 42 formed on the first and second gate electrode formation portions to
expose an upper surface of each of the first silicon film 228 in the first gate electrode
formation portion and the second silicon film 128 in the second gate electrode formation
portion (Fig. 6); (d) after step (c), successively removing the first silicon film 228 and the
first metal film 226 in the first gate electrode formation portion to form a first recess

surrounded by the insulating film 42 on the first active region 200 (Fig. 7); and (e)
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forming a second metal film 248 (Fig. 9) in the first recess, wherein a first gate electrode
of the first MIS transistor includes the second metal film 248, and a second gate
electrode of the second MIS transistor includes the first metal film 126 in the second
gate electrode formation portion.

Claim 15 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 17, Hou's step (d) includes forming, on the first active
region 200, the first recess from a bottom of which the first gate insulating film 224 is
exposed (Fig. 7), step (e) includes forming the second metal film 248 (Fig. 9) on the first
gate insulating film 224 in the first recess, the method further comprises the step of (f)
after step (e), forming a metal silicide film 152 (Fig. 11) on the second silicon film 128,
and the second gate electrode includes the first metal film 126 and the second silicon
film 128 in the second gate electrode formation portion.

Claim 17 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 19, Hou's method further comprises the step of (g) after
step (a) and before step (b), forming a first inner sidewall 240 having an L-shaped
cross-section on each of side surfaces of the first gate electrode formation portion, and
a second inner sidewall 140 having an L-shaped cross-section on each of side surfaces
of the second gate electrode formation portion, wherein in step (b), the insulating film 42
is formed above and in contact with the first and second inner sidewalls (Fig. 5).

Claim 19 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 20, Hou's method further comprises the steps of: (h) after

step (a) and before step (b), forming trenches in the second active region 100 laterally
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outside the second gate electrode formation; and (i) forming, in the trenches, a silicon
mixed crystal layer which causes stress in a gate length direction of a channel region in
the second active region (see column 5, lines 24-31).

Claim 20 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to independent claim 21, Hou discloses a semiconductor device (see the
entire patent, including the Fig. 11 disclosure) comprising: a first (right-side) MIS
transistor; and a second (left-side) MIS transistor, wherein: the first MIS transistor
includes a first gate insulating film 224 formed on a first active region 200 in a
semiconductor substrate 20, a first gate electrode includes a second metal film 248
formed on the first gate insulating film, and an insulating film 42 formed, extending over
side surfaces of the first gate electrode and upper surfaces of regions located in the first
active region laterally outside the first gate electrode, the second MIS transistor includes
a second gate insulating film 124 on a second active region 100 in the semiconductor
substrate, a second gate electrode including a first metal film 126 formed on the second
gate insulating film and a conductive fiim 128 formed on the first metal film, the
insulating film 42 formed, extending over side surfaces of the second gate electrode and
upper surfaces of regions located in the second active region laterally outside the
second gate electrode, the first and second metal films 126 and 248 are made of
different metal materials, the insulating film 42 is not formed on any of upper surfaces of
the first and second gate electrodes, the conductive film 128 is made of a silicon film
(see column 5, lines 6-7), and the semiconductor device further comprises a metal

silicide film 152 formed on the silicon film.
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Claim 21 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 22, Hou's first metal film 126 has a thickness smaller than
that of the second metal film 248.

Claim 22 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 23, Hou's first and second metal films 126 and 248 have
different work functions.

Claim 23 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 25, Hou's first and second gate insulating films 224 and
124 are made of the same insulating material (see the Figs. 1-2 disclosure).

Claim 25 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

As to dependent claim 30, Hou's first and second gate insulating films 224 and
124 include a high-k film made of a metal oxide having a relative dielectric constant of
10 or more (see column 4, lines 27-33).

Claim 30 is thus rejected under 35 U.S.C. 102(e) as being anticipated by Hou.

Claims 4, 5, 8, 10, 11, 13, 16, 18, 24, 26, 28 and 29 are objected to as being
dependent upon a rejected base claim, but would be allowable over the prior art of
record if rewritten in independent form including all of the limitations of the base claim

and any intervening claims.

Claims 31-34, 36-46 and 48-50 are allowable over the prior art of record.
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Registered practitioners can telephone the examiner at (571) 272-1843. Any
voicemail message left for the examiner must include the name and registration number
of the registered practitioner calling, and the Application/Control (Serial) Number.
Technology Center 2800’s general telephone number is (571) 272-2800.

/MARK PRENTY/
Primary Examiner, Art Unit 2822
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Docket No.: 085393-0059 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Yoshihiro SATO, et al. Confirmation Number: 7931
Application No.: 12/629,508 Group Art Unit: 2822

Filed: December 02, 2009 Examiner: PRENTY, Mark V.

For:  SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE SAME

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

In response to the Office Action dated June 7, 2011, wherein a three-month shortened
statutory period for response is set to expire on September 7, 2011, Applicants respectfully
request reconsideration of the above-identified application in view of the following amendments

and remarks.
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AMENDMENT TO THE CLAIMS

The following claim listing replaces all prior listings and versions of the claims:

LISTING OF CLAIMS

1. (Currently amended) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes
a first gate insulating film formed on a first active region in a
semiconductor substrate,
a first gate electrode includes a second metal film formed on the first gate
insulating film, and
an insulating film formed, extending over side surfaces of the first gate
electrode and upper surfaces of regions located in the first active region laterally outside the first
gate electrode,
the second MIS transistor includes
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film,
the insulating film formed, extending over side surfaces of the second gate
electrode and upper surfaces of regions located in the second active region laterally outside the
second gate electrode, and

source/drain regions formed in the second active region laterally outside the
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second gate electrode,

the first and second metal films are made of different metal materials,

the insulating film is not formed on any of upper surfaces of the first and second gate
electrodes,

the source/drain regions include a silicon mixed crystal layer which is formed in trenches
provided in the second active region, and causes first stress in a gate length direction of a channel
region in the second active region, and

the insulating film has a thickness smaller than that of the first gate electrode.

2. (Original) The semiconductor device of claim 1, wherein

the first metal film has a thickness smaller than that of the second metal film.

3. (Original) The semiconductor device of claim 1, wherein

the first and second metal films have different work functions.

4. (Cancelled)

5. (Original) The semiconductor device of claim 1, wherein

the conductive film is made of the second metal film.

6. (Original) The semiconductor device of claim 1, wherein
the conductive film is made of a silicon film, and

the semiconductor device further comprises a metal silicide film formed on the silicon

DM_US 29665289-1.085393.0059
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film.

7. (Original) The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of the same insulating material.

8. (Original) The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of different insulating materials.

9. (Currently Amended) The semiconductor device of claim 1, further comprising:

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of
the first gate electrode, and

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces
of the second gate electrode,

wherein

the insulating film is formed abeve-and in contact with surfaces of the first and second

inner sidewalls which are bent in an L-shape.

10.  (Previously Presented) The semiconductor device of claim 1, wherein
the insulating film is a stress insulating film which causes second stress in a gate length

direction of a channel region in the first active region.

11.  (Previously Presented) The semiconductor device of claim 10, wherein

the first MIS transistor is an n-type MIS transistor,
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the insulating film is made of a silicon nitride film, and

the second stress is tensile stress.

12. (Cancelled)

13. (Previously Presented) The semiconductor device of claim 1, wherein
the second MIS transistor is a p-type MIS transistor,
the silicon mixed crystal layer is made of a SiGe layer, and

the first stress is compressive stress.

14. (Original) The semiconductor device of claim 1, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative diclectric constant of 10 or more.

15. (Currently Amended) A method for manufacturing a semiconductor device
including a first MIS transistor formed on a first active region in a semiconductor substrate and a
second MIS transistor formed on a second active region in the semiconductor substrate, the
method comprising the steps of:

(a) forming a first gate electrode formation portion having a first gate insulating film, a
first metal film and a first silicon film on the first active region, and a second gate electrode
formation portion having a second gate insulating film, a first metal film and a second silicon
film on the second active region;

(b) after step (a), forming an insulating film on the semiconductor substrate, the
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insulating film covering the first and second gate electrode formation portions;

(c) removing the insulating film formed on the first and second gate electrode formation
portions to expose an upper surface of each of the first silicon film in the first gate electrode
formation portion and the second silicon film in the second gate electrode formation portion;

(d) after step (c), successively removing the first silicon film and the first metal film in
the first gate electrode formation portion to form a first recess surrounded by the insulating film
on the first active region; and

(e) forming a second metal film in the first recess,

wherein;

a first gate electrode of the first MIS transistor includes the second metal film, [[and]]

a second gate electrode of the second MIS transistor includes the first metal film in the
second gate electrode formation portion, and

the insulating film has a thickness smaller than that of the first gate electrode.

16. (Original) The method of claim 15, wherein

step (d) includes forming, on the first active region, the first recess from a bottom of
which the first gate insulating film is exposed, and removing the second silicon film in the
second gate electrode formation portion to form, on the second active region, a second recess
surrounded by the insulating film, the first metal film being exposed from a bottom of the second
recess,

step (e) includes forming the second metal film on the first gate insulating film in the first
recess, and forming the second metal film on the first metal film in the second recess, and

the second gate electrode includes the first metal film in the second gate electrode
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formation portion and the second metal film formed on the first metal film.

17. (Original) The method of claim 15, wherein

step (d) includes forming, on the first active region, the first recess from a bottom of
which the first gate insulating film is exposed,

step (e) includes forming the second metal film on the first gate insulating film in the first
recess,

the method further comprises the step of

() after step (¢), forming a metal silicide film on the second silicon film, and
the second gate electrode includes the first metal film and the second silicon film in the

second gate electrode formation portion.

18. (Original) The method of claim 15, wherein

step (d) includes successively removing the first silicon film, the first metal film, and the
first gate insulating film in the first gate electrode formation portion, to form, on the first active
region, the first recess from a bottom of which the first active region is exposed,

step (e) includes forming a third gate insulating film in the first recess, and forming the
second metal film on the third gate insulating film,

the method further comprises the step of

(f) after step (e), forming a metal silicide film on the second silicon film, and
the second gate electrode includes the first metal film and the second silicon film in the

second gate electrode formation portion.
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19. (Currently Amended) The method of claim 15, further comprising the step of:

(g) after step (a) and before step (b), forming a first inner sidewall having an L-shaped
cross-section on each of side surfaces of the first gate electrode formation portion, and a second
inner sidewall having an L-shaped cross-section on each of side surfaces of the second gate
electrode formation portion,

wherein

in step (b), the insulating film is formed abeve-and in contact with surfaces of the first

and second inner sidewalls.

20. (Original) The method of claim 15, further comprising the steps of:

(h) after step (a) and before step (b), forming trenches in the second active region
laterally outside the second gate electrode formation portion; and

(i) forming, in the trenches, a silicon mixed crystal layer which causes stress in a gate

length direction of a channel region in the second active region.

21. (Currently Amended) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes
a first gate insulating film formed on a first active region in a semiconductor
substrate,
a first gate electrode including a second metal film formed on the first gate

insulating film, and
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an insulating film formed, extending over side surfaces of the first gate electrode
and upper surfaces of regions located in the first active region laterally outside the first gate
electrode,
the second MIS transistor includes
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate electrode including a first metal film formed on the second gate
insulating film and a conductive film formed on the first metal film, and
the insulating film formed, extending over side surfaces of the second gate
electrode and upper surfaces of regions located in the second active region laterally outside the
second gate electrode,
the first and second metal films are made of different metal materials,
the insulating film is not formed on any of upper surfaces of the first and second gate
electrodes,
the conductive film is made of a silicon film, [[and]]
the semiconductor device further comprises a metal silicide film formed on the silicon
film, and

the insulating film has a thickness smaller than that of the first gate electrode.

22. (Previously Presented) The semiconductor device of claim 21, wherein

the first metal film has a thickness smaller than that of the second metal film.

23. (Previously Presented) The semiconductor device of claim 21, wherein
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the first and second metal films have different work functions.

24. (Cancelled)

25.  (Previously Presented) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of the same insulating material.

26. (Previously Presented) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of different insulating materials.

27. (Currently Amended) The semiconductor device of claim 21, further comprising:

a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of
the first gate electrode, and

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces
of the second gate electrode,

wherein the insulating film is formed abeve-and in contact with surfaces of the first and

second inner sidewalls which are bent in an L-shape.

28. (Previously Presented) The semiconductor device of claim 21, wherein

the insulating film is made of a silicon nitride film.

29. (Previously Presented) The semiconductor device of claim 21, further

comprising:

10
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source/drain regions formed in the second active region laterally outside the second gate
electrode,
wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

30. (Previously Presented) The semiconductor device of claim 21, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

31. (Previously Presented) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes
a first gate insulating film formed on a first active region in a semiconductor
substrate,
a first gate electrode including a second metal film formed on the first gate
insulating film, and
an insulating film formed, extending over side surfaces of the first gate electrode
and upper surfaces of regions located in the first active region laterally outside the first gate
electrode,
the second MIS transistor includes
a second gate insulating film formed on a second active region in the

semiconductor substrate,

11
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a second gate electrode including a first metal film formed on the second gate
insulating film and a conductive film formed on the first metal film, and
the insulating film formed, extending over side surfaces of the second gate
electrode and upper surfaces of regions located in the second active region laterally outside the
second gate electrode,
the first and second metal films are made of different metal materials,
the insulating film is not formed on any of upper surfaces of the first and second gate
electrodes, and

the first and second gate insulating films are made of different insulating materials.

32. (Previously Presented) The semiconductor device of claim 31, wherein

the first metal film has a thickness smaller than that of the second metal film.

33.  (Previously Presented) The semiconductor device of claim 31, wherein

the first and second metal films have different work functions.

34, (Previously Presented) The semiconductor device of claim 31, wherein

the insulating film has a thickness smaller than that of the first gate electrode.

35.  (Currently Amended) The semiconductor device of claim 31, further comprising:
a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of

the first gate electrode, and

12
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a second inner sidewall having an L-shaped cross-section formed on each of side surfaces
of the second gate electrode,
wherein the insulating film is formed abewve-and in contact with surfaces of the first and

second inner sidewalls which are bent in an L-shape.

36. (Previously Presented) The semiconductor device of claim 31, wherein

the insulating film is made of a silicon nitride film.

37. (Previously Presented) The semiconductor device of claim 31, further
comprising:

source/drain regions formed in the second active region laterally outside the second gate
electrode,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

38. (Previously Presented) The semiconductor device of claim 31, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

39. (Previously Presented) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:

the first MIS transistor includes

13
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a first gate insulating film formed on a first active region in a semiconductor
substrate,
a first gate electrode including a second metal film formed on the first gate
insulating film, and
an insulating film formed, extending over side surfaces of the first gate electrode
and upper surfaces of regions located in the first active region laterally outside the first gate
electrode,
the second MIS transistor includes
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate electrode including a first metal film formed on the second gate
insulating film and a conductive film formed on the first metal film, and
the insulating film formed, extending over side surfaces of the second gate
electrode and upper surfaces of regions located in the second active region laterally outside the
second gate electrode,
the first and second metal films are made of different metal materials,
the insulating film is not formed on any of upper surfaces of the first and second gate
electrodes, and
the insulating film is a stress insulating film which causes first stress in a gate length

direction of a channel region in the first active region.

40. (Previously Presented) The semiconductor device of claim 39, wherein

the first metal film has a thickness smaller than that of the second metal film.

14
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41. (Previously Presented) The semiconductor device of claim 39, wherein

the first and second metal films have different work functions.

42, (Previously Presented) The semiconductor device of claim 39, wherein

the insulating film has a thickness smaller than that of the first gate electrode.

43, (Previously Presented) The semiconductor device of claim 39, wherein

the conductive film is made of the second metal film.

44, (Previously Presented) The semiconductor device of claim 39, wherein:
the conductive film is made of a silicon film, and

the semiconductor device further comprises a metal silicide film formed on the silicon

film.

45.  (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of the same insulating material.

46. (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of different insulating materials.

47.  (Currently Amended) The semiconductor device of claim 39, further comprising:

15
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a first inner sidewall having an L-shaped cross-section formed on each of side surfaces of
the first gate electrode, and

a second inner sidewall having an L-shaped cross-section formed on each of side surfaces
of the second gate electrode,

wherein the insulating film is formed abewve-and in contact with surfaces of the first and

second inner sidewalls which are bent in an L-shape.

48. (Previously Presented) The semiconductor device of claim 39, wherein

the insulating film is made of a silicon nitride film.

49.  (Previously Presented) The semiconductor device of claim 39, further
comprising:

source/drain regions formed in the second active region laterally outside the second gate
electrode,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

50. (Previously Presented) The semiconductor device of claim 39, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

16
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REMARKS

Introduction

Claims 1-3, 5-11, 13-23 and 25-50 are pending, of which claims 1, 15, 21, 31 and 39 are
independent.

Applicants note with appreciation the indication of allowance of claims 31-34, 36-46 and
48-50 and the indication of allowable subject matter in claims 4, 5, 8, 10, 11, 13, 16, 18, 24, 26,
28 and 29 if rewritten in independent form inc»luding all of the limitations of the base claim and
any intervening claims.

Claims 1 and 15 have been amended to incorporate the allowable subject matter of
original claim 4. Claim 21 has been amended to incorporate the allowable subject matter of
original claim 24. Claims 9, 19, 27, 35 and 47 have been amended to correct informalities in the
claim language and to more clearly define the claimed subject matter. Claims 4 and 24 have

been cancelled. No new matter has been added.

Patentability under 35 U.S.C. § 112

Claims 9, 27, 35 and 47 were rejected under 35 U.S.C. § 112, second paragraph, as
allegedly being indefinite. Applicants submit that claims 9, 27, 35 and 47, as amended, meet the
requirement under 35 U.S.C. § 112, second paragraph. As shown in, for example, FIG. 4A of
the present disclosure, insulating film 27 is formed in contact with surfaces of the first and
second inner sidewalls 19a and 19b which are bent in an L-shape. Thus, it is requested that the
Examiner withdraw the rejection of claims 9, 27, 35 and 47 under 35 U.S.C. § 112, second

paragraph.

17
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Patentability under 35 U.S.C. § 102

Claims 1-3, 6, 7, 14, 15, 17, 19-23 and 30 were rejected under 35 U.S.C. § 102(e) as
being anticipated by Hou et al. (US 7,812,414).

These rejections are traversed for at least the following reasons.

Applicants submit that since claims 1, 15 and 21 have been amended to incorporate the
allowable subject matter of original claims 4 and 24, respectively, claims 1, 15 and 21 and all
claims dependent thereon are patentable over the cited reference. Thus, it is requested that the

Examiner withdraw the rejections of the claims under 35 U.S.C. § 102.

18
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CONCLUSION

Having fully responded to all matters raised in the Office Action, Applicants submit that
all claims are in condition for allowance, an indication for which is respectfully solicited. If
there are any outstanding issues that might be resolved by an interview or an Examiner’s
amendment, the Examiner is requested to call Applicants’ attorney at the telephone number
shown below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is
hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to
such deposit account.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

e

Limited Recognition No. L0123

600 13" Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 TS:MaM

Facsimile: 202.756.8087

Date: August 19,2011
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This Office Action is in response to the amendment filed on August 19, 2011.

Claims 31-33 and 38 are rejected under 35 U.S.C. 103(a) as being unpatentable
over United States Patent 7,812,414 to Hou et al. (Hou, already of record) together with
newly cited United States Patent Application Publication 2007/0284670 to Yamamoto et
al. (Yamamoto).

As to independent claim 31, Hou discloses a semiconductor device (see the
entire patent, including the Fig. 11 disclosure) comprising: a first (right-side) MIS
transistor; and a second (left-side) MIS transistor, wherein: the first MIS transistor
includes a first gate insulating film 224 formed on a first active region 200 in a
semiconductor substrate 20, a first gate electrode including a second metal fiim 248
formed on the first gate insulating film, and an insulating film 42 formed, extending over
side surfaces of the first gate electrode and upper surfaces of regions located in the first
active region laterally outside the first gate electrode, the second MIS transistor includes
a second gate insulating film 124 on a second active region 100 in the semiconductor
substrate, a second gate electrode including a first metal film 126 formed on the second
gate insulating film and a conductive fiim 128 formed on the first metal film, the
insulating film 42 formed, extending over side surfaces of the second gate electrode and
upper surfaces of regions located in the second active region laterally outside the
second gate electrode, the first and second metal films 126 and 248 are made of
different metal materials, the insulating film 42 is not formed on any of upper surfaces of
the first and second gate electrodes, and the first and second gate insulating films 224

and 124 are made of the same insulating material.
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The difference between claim 31 and Hou is claim 31’s first and second gate
insulating films are made of different insulating materials (Hou’s first and second gate
insulating films are made of the same insulating material).

Yamamoto teaches that the gate insulating films of complementary MIS
transistors can be formed of the same insulating material or of different insulating
materials (see the entire reference, including paragraph [0042] bridging pages 3-4).

It would have been obvious to one skilled in the art to form Hou’s first and second
gate insulating films 224 and 124 (corresponding to Hou’s complementary first and
second MIS ftransistors, respectively) of different insulating materials because
Yamamoto teaches that the gate insulating films of complementary MIS transistors can
be formed of the same insulating material or of different insulating materials.

Claim 31 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over
Hou together with Yamamoto.

As to dependent claim 32, Hou's first metal film 126 has a thickness smaller than
that of the second metal film 248.

Claim 32 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over
Hou together with Yamamoto.

As to dependent claim 33, Hou's first and second metal films 126 and 248 have
different work functions.

Claim 33 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over

Hou together with Yamamoto.
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As to dependent claim 38, the Hou/Yamamoto device’s first and second gate
insulating films 224 and 124 include a high-k film made of a metal oxide having a
relative dielectric constant of 10 or more (see Hou at column 4, lines 27-33, and
Yamamoto at paragraph [0042]).

Claim 38 is thus rejected under 35 U.S.C. 103(a) as being unpatentable over

Hou together with Yamamoto.

Claims 34-37 are objected to as being dependent upon a rejected base claim,
but would be allowable over the prior art of record if rewritten in independent form

including all of the limitations of the base claim and any intervening claims.

Claims 1-3, 5-11, 13-23, 25-30 and 39-50 are allowable over the prior art of

record.

Registered practitioners can telephone the examiner at (571) 272-1843. Any
voicemail message left for the examiner must include the name and registration number
of the registered practitioner calling, and the Application/Control (Serial) Number.
Technology Center 2800’s general telephone number is (571) 272-2800.

/MARK PRENTY/
Primary Examiner, Art Unit 2822
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Docket No.: 085393-0059 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of : Customer Number: 53080
Yoshihiro SATO, et al. Confirmation Number: 7931
Application No.: 12/629,508 Group Art Unit: 2822

Filed: December 02, 2009 Examiner: PRENTY, Mark V.

For:  SEMICONDUCTOR DEVICE (as amended)

AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.0O. Box 1450

Alexandria, VA 22313-1450

Sir:

In response to the Office Action dated September 26, 2011, wherein a three-month
shortened statutory period for response is set to expire on December 26, 2011, Applicants
respectfully request reconsideration of the above-identified application in view of the following

amendments and remarks.
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AMENDMENT TO THE SPECIFICATION

Please amend the title as follows:

SEMICONDUCTOR DEVICE AND-METHOB-FORMANUFACTURINGTHE-SAME

DM _US 30974833-1.085393.0059
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AMENDMENT TO THE CLAIMS

The following claim listing replaces all prior listings and versions of the claims:

LISTING OF CLAIMS

1. (Currently Amended) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes;
a first gate insulating film formed on a first active region in a

semiconductor substrate, and including a first high-k film made of oxide

containing hafnium and silicon;

a first gate electrode includes a second metal film formed on the first gate
insulating film;

first sidewall spacers formed on side surfaces of the first gate electrode,

the first sidewall spacers being insulative: [[,]] and

an-insulating a silicon nitride film formed, extending over the side surfaces

of the first gate electrode on which the first sidewall spacers are formed and upper

surfaces of regions located in the first active region laterally outside the first gate
eleetrode sidewall spacers,
the second MIS transistor includes;
a second gate insulating film formed on a second active region in the

semiconductor substrate, and including a second high-k film made of oxide

containing hafnium and silicon;

a second gate electrode including a first metal film formed on the second

DM_US 30974833-1.085393.0059

Page 274 of 357 UMC 1002
UMC v. AICP



Application No.: 12/629,508

gate insulating film and a conductive film formed on the first metal film;

second sidewall spacers formed on side surfaces of the second gate

electrode, the second sidewall spacers being insulative; [[.]]

the silicon nitride insulating film formed, extending over the side surfaces

of the second gate electrode on which the second sidewall spacers are formed and

upper surfaces of regions located in the second active region laterally outside the

second gate-eleetrode sidewall spacers: {[.]] and

source/drain regions formed in the second active region laterally outside
the second gate-eleetrede sidewall spacers,

the first and second metal films are made of different metal materials,

the silicon nitride inswlating film is not formed on any of upper surfaces of the first and
second gate electrodes,

the source/drain regions include a silicon mixed crystal layer which is formed in trenches
provided in the second active region, and causes first stress in a gate length direction of a channel
region in the second active region, and

the silicon nitride inswlating film has a thickness smaller than that of the first gate

electrode.

2. (Original) The semiconductor device of claim 1, wherein

the first metal film has a thickness smaller than that of the second metal film.

3. (Original) The semiconductor device of claim 1, wherein

the first and second metal films have different work functions.
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4, (Cancelled)

5. (Original) The semiconductor device of claim 1, wherein

the conductive film is made of the second metal film.

6. (Original) The semiconductor device of claim 1, wherein
the conductive film is made of a silicon film, and

the semiconductor device further comprises a metal silicide film formed on the silicon

film.

7. (Original) The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of the same insulating material.

8. (Original) The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of different insulating materials.

9. (Currently Amended) The semiconductor device of claim 1, further-comprising
wherein:

cross-section

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped

each of the second sidewall spacers is made of a second inner sidewall having an L-

shaped cross-section formed-on-each-of side-surfaces-of the-second-gate-eleetrode,

wherein
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the silicon nitride insulating film is formed in contact with surfaces of the first and

second inner sidewalls which are bent in an L-shape.

10. (Currently Amended) The semiconductor device of claim 1, wherein

the silicon nitride nsutating film is-a-stress-insulatingfilm-whieh causes second stress in

a gate length direction of a channel region in the first active region.

11.  (Currently Amended) The semiconductor device of claim 10, wherein;

the first MIS transistor is an n-type MIS transistor,

heinsulating Sl Jo-ofasil itride-film, and

the second stress is tensile stress.

12. (Cancelled)

13. (Previously Presented) The semiconductor device of claim 1, wherein
the second MIS transistor is a p-type MIS transistor,
the silicon mixed crystal layer is made of a SiGe layer, and

the first stress is compressive stress.

14-20. (Cancelled)

21. (Currently Amended) A semiconductor device comprising:

a first MIS transistor; and
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a second MIS transistor, wherein:
the first MIS transistor includes;
a first gate insulating film formed on a first active region in a
semiconductor substrate; [[,]]
a first gate electrode including a second metal film formed on the first gate
insulating film; [[,]]

first sidewall spacers formed on side surfaces of the first gate electrode,

the first sidewall spacers being insulative; and

a silicon nitride an-inswtating film formed, extending over the side surfaces

of the first gate electrode on which the first sidewall spacers are formed and upper

surfaces of regions located in the first active region laterally outside the first gate
electrode sidewall spacers,
the second MIS transistor includes:
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film; [[,]]

second sidewall spacers formed on side surfaces of the second gate

electrode, the second sidewall spacers being insulative; and

the silicon nitride inswlating film formed, extending over the side surfaces

of the second gate electrode on which the second sidewall spacers are formed and

upper surfaces of regions located in the second active region laterally outside the

second gate-eleetrode sidewall spacers,
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the first and second metal films are made of different metal materials,

the silicon nitride insulating film is not formed on any of upper surfaces of the first and
second gate electrodes,

the conductive film is made of a silicon film,

the semiconductor device further comprises a metal silicide film formed on the silicon
film, and

the silicon nitride insulating film has a thickness smaller than that of the first gate

electrode.

22. (Previously Presented) The semiconductor device of claim 21, wherein

the first metal film has a thickness smaller than that of the second metal film.

23. (Previously Presented) The semiconductor device of claim 21, wherein

the first and second metal films have different work functions.

24. (Cancelled)

25. (Previously Presented) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of the same insulating material.

26. (Previously Presented) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of different insulating materials.
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27. (Currently Amended) The semiconductor device of claim 21, further-comprising

wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped

cross-section fermed-on-each-of side-surfaces-ofthefirst-gate-electrode, and

each of the second sidewall spacers is made of a second inner sidewall having an L-

shaped cross-section

wherein the silicon nitride insulating film is formed in contact with surfaces of the first

and second inner sidewalls which are bent in an L-shape.

28. (Cancelled)

29. (Currently Amended) The semiconductor device of claim 21, further comprising:

source/drain regions formed in the second active region laterally outside the second gate
eleetrode sidewall spacers,
wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.
30. (Previously Presented) The semiconductor device of claim 21, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

31.  (Currently Amended) A semiconductor device comprising:

a first MIS transistor; and
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a second MIS transistor, wherein:
the first MIS transistor includes:
a first gate insulating film formed on a first active region in a

semiconductor substrate, and including a first high-k film made of oxide

containing hafhium and silicon;

a first gate electrode including a second metal film formed on the first gate
insulating film; [[,]]

first sidewall spacers formed on side surfaces of the first gate electrode,

the first sidewall spacers being insulative; and

a silicon nitride an-insulating film formed, extending over the side surfaces

of the first gate electrode on which the first sidewall spacers are formed and upper

surfaces of regions located in the first active region laterally outside the first gate
electrode sidewall spacers,
the second MIS transistor includes;
a second gate insulating film formed on a second active region in the

semiconductor substrate, and including a second high-k film made of oxide

containing hafnium and silicon;

a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film; [[,]]

second sidewall spacers formed on side surfaces of the second gate

electrode, the second sidewall spacers being insulative; and

the silicon nitride insulating film formed, extending over the side surfaces

of the second gate electrode on which the second sidewall spacers are formed and

10
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upper surfaces of regions located in the second active region laterally outside the
second gate-eleetrode sidewall spacers,
the first and second metal films are made of different metal materials,
the silicon nitride insulating film is not formed on any of upper surfaces of the first and
second gate clectrodes, and

the first metal film is made of titanium nitride.

32.  (Previously Presented) The semiconductor device of claim 31, wherein

the first metal film has a thickness smaller than that of the second metal film.

33.  (Previously Presented) The semiconductor device of claim 31, wherein

the first and second metal films have different work functions.

34. (Currently Amended) The semiconductor device of claim 31, wherein

the silicon nitride insutating film has a thickness smaller than that of the first gate

electrode.

35.  (Currently Amended) The semiconductor device of claim 31, furthercomprising

wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped

cross-section

11
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each of the second sidewall spacers is made ot a second inner sidewall having an 1-

shaped cross-section
wherein the silicon nitride insulating film is formed in contact with surfaces of the first

and second inner sidewalls which are bent in an L-shape.

36. (Cancelled)

37. (Currently Amended) The semiconductor device of claim 31, further comprising:

source/drain regions formed in the second active region laterally outside the second gate
eleetrede sidewall spacers,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

38. (Cancelled)

39. (Currently Amended) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes:
a first gate insulating film formed on a first active region in a
semiconductor substrate; [[,]]
a first gate electrode including a second metal film formed on the first gate

insulating film; [{,]]
12

DM_US 30974833-1.085393.0059

Page 283 of 357 UMC 1002
UMC v. AICP



Application No.: 12/629,508

first sidewall spacers formed on side surfaces of the first gate electrode

the first sidewall spacers being insulative; and

a silicon nitride an-insulating film formed, extending over side the surfaces of the

first gate electrode on which the first sidewall spacers are formed and upper

surfaces of regions located in the first active region laterally outside the first gate
eleetrode sidewall spacers,
the second MIS transistor includes;
a second gate insulating film formed on a second active region in the
semiconductor substrate; [[,]]
a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film; [[,]]

second sidewall spacers formed on side surfaces of the second gate

electrode, the second sidewall spacers being insulative; and

the silicon nitride nsulating film formed, extending over the side surfaces

of the second gate electrode on which the second sidewall spacers are formed and

upper surfaces of regions located in the second active region laterally outside the
second gate-eleetrode sidewall spacers,

the first and second metal films are made of different metal materials,

the silicon nitride nsulating film is not formed on any of upper surfaces of the first and

second gate electrodes, and

the silicon nitride nsutating film is-a-stress-insulating film-which causes first stress in a

gate length direction of a channel region in the first active region.

13
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40. (Previously Presented) The semiconductor device of claim 39, wherein

the first metal film has a thickness smaller than that of the second metal film.

41. (Previously Presented) The semiconductor device of claim 39, wherein

the first and second metal films have different work functions.

42. (Currently Amended) The semiconductor device of claim 39, wherein
the silicon nitride insulating film has a thickness smaller than that of the first gate

electrode.

43. (Previously Presented) The semiconductor device of claim 39, wherein

the conductive film is made of the second metal film.

44, (Previously Presented) The semiconductor device of claim 39, wherein:
the conductive film is made of a silicon film, and

the semiconductor device further comprises a metal silicide film formed on the silicon

film.

45. (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of the same insulating material.

46. (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of different insulating materials.
14
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47. (Currently Amended) The semiconductor device of claim 39, furthercomprising

wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped

cross-section fermed-on-each-of side-surfaces-of the-first-gate-eleetrode, and

cach of the second sidewall spacers is made of a second inner sidewall having an -

shaped cross-section

wherein the silicon nitride insulating film is formed in contact with surfaces of the first

and second inner sidewalls which are bent in an L-shape.

48.  (Cancelled)

49.  (Currently Amended) The semiconductor device of claim 39, further comprising:

source/drain regions formed in the second active region laterally outside the second gate
eleetrode sidewall spacers,
wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

50. (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

15
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S1. (New) The semiconductor device of claim 1, wherein the first high- film further

contains titanium.

52. (New) The semiconductor device of claim 31, wherein the first high- film further

contains titanium.

16
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REMARKS

Introduction

Claims 1-3, 5-11, 13, 21-23, 25-27, 29-35, 37, 39-47 and 49-52 are pending, of which
claims 1, 21, 31 and 39 are independent.

Applicants note with appreciation the indication of allowance of claims 1-3, 5-11, 13-23,
25-30 and 39-50 and the indication of allowable subject matter of claims 34-37 if rewritten in
independent form including all of the limitations of the base claim and any intervening claims.

Claims 1, 9-11, 21, 27, 29, 31, 34, 37, 39, 42, 47 and 49 have been amended to correct
informalities in the claim language and to more clearly define the present subject matter. The
subject matter of allowable claim 36 has been incorporated into claim 31. Claims 14-20, 28, 36,
38 and 48 have been cancelled without prejudice. New claims 51 and 52 have been added.
Support for the amendments and the new claims is found, for example, in the original claims and
paragraphs [0085], [0121], [0122] and [0197] of the specification as published. The title of the

disclosure has also been amended. No new matter has been added.

Patentability under 35 U.S.C. § 103
Claims 31-33 and 38 were rejected under 35 U.S.C. § 103(a) as being unpatentable over
Houetal. (US 7,812,414). This rejection is traversed for at least the following reasons.
Applicants respectfully submit that since claim 31 has been amended to incorporate the
allowable subject matter of original claim 36, claim 31 and all claims dependent thereon are
patentable over the cited reference. Thus, it is requested that the Examiner withdraw the

rejection of the claims under 35 U.S.C. § 103.

17
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New claims
Since new claims 51 and 52 depend upon claims 1 and 31, respectively, claims 51 and 52

are patentable over the cited reference.

CONCLUSION

Having fully responded to all matters raised in the Office Action, Applicants submit that
all claims are in condition for allowance, an indication for which is respectfully solicited. If
there are any outstanding issues that might be resolved by an interview or an Examiner’s
amendment, the Examiner is requested to call Applicants’ attorney at the telephone number
shown below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 1s
hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
includirg extension of time fees, to Deposit Account 500417 and please credit any excess fees to
such deposit account.

Respectfully submitted,

McDERMOTT )Z)ZH.LL& EMERY LLP
e
////ji:ﬂ

Takashi Saito
Limited Recognition No. L0123

600 13" Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 TS:MaM

Facsimile: 202.756.8087

Date: December 6,2011
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7)X Claim
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This Office Action is in response to the amendment filed on December 6, 2011.

Independent claim 39 is objected to because “side the surfaces” (line 11) should
be "the side surfaces." Correction is required. Claims 40-47, 49 and 50 depend on
claim 39 are are thus similarly objected to.

Claims 51 and 52 are objected to because “the first high- film” should be “the first
high-k film."

Claim 8 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite
for failing to particularly point out and distinctly claim the subject matter which applicant
regards as the invention. Dependent claim 8, which depends on independent claim 1, is
incorrect in reciting "the first and second gate insulating films are made of different
insulating materials" because independent claim 1 recites that the first and second gate
insulating films comprise a high-k film made of oxide containing hafnium and silicon.

Claim 8 should be cancelled.

Claims 51 and 52 are rejected under 35 U.S.C. 112, first paragraph, as failing to
comply with the written description requirement. The claims contain subject matter
which was not described in the specification in such a way as to reasonably convey to
one skilled in the relevant art that the inventors, at the time the application was filed,
had possession of the claimed invention. Specifically, the specification (including page
52, lines 18-23) does not describe claims 51 and 52 (which depend on claims 1 and 31,
respectively), wherein the first gate insulating film comprises a high-k film made of oxide

containing hafnium, silicon and titanium. Claims 51 and 52 should be cancelled.
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Claims 1-3, 5-7, 9-11, 13, 21-23, 25-27, 29-35 and 37 are allowable over the
prior art of record.

Claims 39-47, 49 and 50 would be allowable over the prior art of record if
independent claim 39 is corrected (see above).

Applicant's amendment necessitated the new grounds of rejection presented in
this Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the date of this final action.

Registered practitioners can telephone the examiner at (571) 272-1843. Any
voicemail message left for the examiner must include the name and registration number
of the registered practitioner calling, and the Application/Control (Serial) Number.
Technology Center 2800’s general telephone number is (571) 272-2800.

/MARK PRENTY/
Primary Examiner, Art Unit 2822
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Docket No.: 085393-0059 PATENT

Reply Under 37 CFR 1.116 - Expedited Procedure - Technology Center 2800

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Yoshihiro SATO, et al.

Application No.: 12/629,508 Customer No.: 53080
Filed: December 02, 2009 Confirmation No.: 7931
Group Art Unit: 2822 Examiner: PRENTY, Mark V.

Title: SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE
SAME

AMENDMENT UNDER 37 CFR 1.116

Mail Stop AF
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
In response to the final Office Action dated December 15, 2011, wherein a three-month
shortened statutory period for response is set to expire on March 15, 2012, Applicants

respectfully request reconsideration of the above-identified application in view of the following

amendments and remarks.
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AMENDMENT TO THE CLAIMS

The following claim listing replaces all prior listings and versions of the claims:

LISTING OF CLAIMS

1. (Previcusly Presented) A semiconductor device comprising:
a first MIS transistor; and

a second MIS transistor, wherein:

the first MIS transistor includes:

a first gate insulating film formed on a first active region in a
semiconductor substrate, and including a first high-k film made of oxide
containing hafnium and silicon;

a first gate electrode includes a second metal film formed on the first gate
insulating film;

first sidewall spacers formed on side surfaces of the first gate electrode,
the first sidewall spacers being insulative; and

a silicon nitride film formed, extending over the side surfaces

of the first gate electrode on which the first sidewall spacers are formed and upper
surfaces of regions located in the first active region laterally outside the first sidewall
spacers,

the second MIS transistor includes:

a second gate insulating film formed on a second active region in the
semiconductor substrate, and including a second high-k film made of oxide
containing hafnium and silicon;

a second gate electrode including a first metal film formed on the second
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gate insulating film and a conductive film formed on the first metal film;
second sidewall spacers formed on side surfaces of the second gate
electrode, the second sidewall spacers being insulative;
the silicon nitride film formed, extending over the side surfaces
of the second gate electrode on which the second sidewall spacers are formed and
upper surfaces of regions located in the second active region laterally outside the
second sidewall spacers; and
source/drain regions formed in the second active region laterally outside
the second sidewall spacers,
the first and second metal films are made of different metal materials,
the silicon nitride film is not formed on any of upper surfaces of the first and second gate
electrodes,
the source/drain regions include a silicon mixed crystal layer which is formed in trenches
provided in the second active region, and causes first stress in a gate length direction of a channel
region in the second active region, and

the silicon nitride film has a thickness smaller than that of the first gate electrode.

2. (Original) The semiconductor device of claim 1, wherein

the first metal film has a thickness smaller than that of the second metal film.

3. (Original) The semiconductor device of claim 1, wherein

the first and second metal films have different work functions.
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4. (Canceled)

5. (Original) The semiconductor device of claim 1, wherein

the conductive film is made of the second metal film.

6. (Original) The semiconductor device of claim 1, wherein
the conductive film is made of a silicon film, and
the semiconductor device further comprises a metal silicide film formed on the silicon

film.

7. (Original) The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of the same insulating material.

8. (Canceled)

9. (Previously Presented) The semiconductor device of claim 1, wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped
cross-section, and

each of the second sidewall spacers is made of a second inner sidewall having an L-
shaped cross-section, the silicon nitride film is formed in contact with surfaces of the first and

second inner sidewalls which are bent in an L-shape.

10. (Previously Presented) The semiconductor device of claim 1, wherein
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the silicon nitride film causes second stress in a gate length direction of a channel region

in the first active region.

11.  (Previously Presented) The semiconductor device of claim 10, wherein:
the first MIS transistor is an n-type MIS transistor, and

the second stress is tensile stress.

12.  (Canceled)

13.  (Previously Presented) The semiconductor device of claim 1, wherein
the second MIS transistor is a p-type MIS transistor,
the silicon mixed crystal layer is made of a SiGe layer, and

the first stress is compressive stress.

14-20. (Canceled)

21. (Previously Presented) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes:
a first gate insulating film formed on a first active region in a

semiconductor substrate;
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a first gate electrode including a second metal film formed on the first gate
insulating film;
first sidewall spacers formed on side surfaces of the first gate electrode,
the first sidewall spacers being insulative; and
a silicon nitride film formed, extending over the side surfaces
of the first gate electrode on which the first sidewall spacers are formed and upper
surfaces of regions located in the first active region laterally outside the first
sidewall spacers,
the second MIS transistor includes:
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film;
second sidewall spacers formed on side surfaces of the second gate
electrode, the second sidewall spacers being insulative; and
the silicon nitride film formed, extending over the side surfaces
of the second gate electrode on which the second sidewall spacers are formed and
upper surfaces of regions located in the second active region laterally outside the
second sidewall spacers,
the first and second metal films are made of different metal materials,
the silicon nitride film is not formed on any of upper surfaces of the first and second gate
electrodes,

the conductive film is made of a silicon film,
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the semiconductor device further comprises a metal silicide film formed on the silicon
film, and

the silicon nitride film has a thickness smaller than that of the first gate electrode.

22.  (Previously Presented) The semiconductor device of claim 21, wherein

the first metal film has a thickness smaller than that of the second metal film.

23. (Previously Presented) The semiconductor device of claim 21, wherein

the first and second metal films have different work functions.

24. (Cancelled)

25.  (Previously Presented) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of the same insulating material.

26.  (Previously Presented) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of different insulating materials.

27. (Previously Presented) The semiconductor device of claim 21, wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped
cross-section, and

each of the second sidewall spacers is made of a second inner sidewall having an L-

shaped cross-section, and
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the silicon nitride film is formed in contact with surfaces of the first and second inner

sidewalls which are bent in an L-shape.

28. (Canceled)

29. (Previously Presented) The semiconductor device of claim 21, further
comprising:

source/drain regions formed in the second active region laterally outside the second
sidewall spacers,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

30. (Previously Presented) The semiconductor device of claim 21, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

31. (Previously Presented) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes:
a first gate insulating film formed on a first active region in a
semiconductor substrate, and including a first high-k film made of oxide

containing hafnium and silicon;
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a first gate electrode including a second metal film formed on the first gate
insulating film;

first sidewall spacers formed on side surfaces of the first gate electrode,
the first sidewall spacers being insulative; and

a silicon nitride film formed, extending over the side surfaces

of the first gate electrode on which the first sidewall spacers are formed and upper
surfaces of regions located in the first active region laterally outside the first
sidewall spacers,

the second MIS transistor includes:

a second gate insulating film formed on a second active region in the
semiconductor substrate, and including a second high-k film made of oxide
containing hafnium and silicon;

a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film;

second sidewall spacers formed on side surfaces of the second gate
electrode, the second sidewall spacers being insulative; and

the silicon nitride film formed, extending over the side surfaces

of the second gate electrode on which the second sidewall spacers are formed and

upper surfaces of regions located in the second active region laterally outside the

second sidewall spacers,

the first and second metal films are made of different metal materials,

the silicon nitride film is not formed on any of upper surfaces of the first and second gate

electrodes, and
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the first metal film is made of titanium nitride.

32. (Previously Presented) The semiconductor device of claim 31, wherein

the first metal film has a thickness smaller than that of the second metal film.

33. (Previously Presented) The semiconductor device of claim 31, wherein

the first and second metal films have different work functions.

34.  (Previously Presented) The semiconductor device of claim 31, wherein

the silicon nitride film has a thickness smaller than that of the first gate electrode.

35.  (Previously Presented) The semiconductor device of claim 31, wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped
cross-section, and

each of the second sidewall spacers is made of a second inner sidewall having an L-
shaped cross-section, and

the silicon nitride film is formed in contact with surfaces of the first and second inner

sidewalls which are bent in an L-shape.

36. (Canceled)

10
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37. (Previously Presented) The semiconductor device of claim 31, further
comprising:

source/drain regions formed in the second active region laterally outside the second
sidewall spacers,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

38. (Canceled)

39.  (Currently Amended) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes:
a first gate insulating film formed on a first active region in a
semiconductor substrate;
a first gate electrode including a second metal film formed on the first gate
insulating film;
first sidewall spacers formed on side surfaces of the first gate electrode,
the first sidewall spacers being insulative; and
a silicon nitride film formed, extending over side-the-surfaces the side
surfaces of the first gate electrode on which the first sidewall spacers are
formed and upper surfaces of regions located in the first active region

laterally outside the first sidewall spacers,

11
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the second MIS transistor includes:
a second gate insulating film formed on a second active region in the
semiconductor substrate;
a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film;
second sidewall spacers formed on side surfaces of the second gate
electrode, the second sidewall spacers being insulative; and
the silicon nitride film formed, extending over the side surfaces
of the second gate electrode on which the second sidewall spacers are formed and
upper surfaces of regions located in the second active region laterally outside the
second sidewall spacers,
the first and second metal films are made of different metal materials,
the silicon nitride film is not formed on any of upper surfaces of the first and second gate
electrodes, and
the silicon nitride film causes first stress in a gate length direction of a channel region in

the first active region.

40. (Previously Presented) The semiconductor device of claim 39, wherein

the first metal film has a thickness smaller than that of the second metal film.

41.  (Previously Presented) The semiconductor device of claim 39, wherein

the first and second metal films have different work functions.

12

DM_US 32323494-1.085393.0059

Page 307 of 357 UMC 1002
UMC v. AICP



12/629,508

film.

42. (Previously Presented) The semiconductor device of claim 39, wherein

the silicon nitride film has a thickness smaller than that of the first gate electrode.

43, (Previously Presented) The semiconductor device of claim 39, wherein

the conductive film is made of the second metal film.

44, (Previously Presented) The semiconductor device of claim 39, wherein:
the conductive film is made of a silicon film, and

the semiconductor device further comprises a metal silicide film formed on the silicon

45. (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of the same insulating material.

46.  (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of different insulating materials.

47. (Previously Presented) The semiconductor device of claim 39, wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped

cross-section, and

each of the second sidewall spacers is made of a second inner sidewall having an L-

shaped cross-section,

13
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the silicon nitride film is formed in contact with surfaces of the first and second inner

sidewalls which are bent in an L-shape.

48. (Canceled)

49. (Previously Presented) The semiconductor device of claim 39, further
comprising:

source/drain regions formed in the second active region laterally outside the second
sidewall spacers,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

50.  (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

51. (Canceled)

52. (Canceled)

14
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REMARKS
Introduction

Claims 1-3, 5-11, 13, 21-23, 25-27,29-35, 37, 39-47 and 49-52 were pending, of which
claims 1, 21, 31 and 39 are independent.

Applicants note with appreciation the indication of allowance of claims 1-3, 5-7, 9-11, 13,
21-23,25-27,29-35 and 37, and the indication of allowable subject matter of claims 39-47 and
49-52.

Claim 39 has been amended to correct informalities in the claim language. Claims 8, 51

and 52 have been cancelled without prejudice. No new matter has been added.

Rejections under 35 U.S.C. § 112
Claim 8 was rejected under 35 U.S.C. § 112, second paragraph, as being indefinite.
Although Applicants disagree with the Examiner’s assertion, solely in order to expedite the
prosecution of this application, claim 8 has been cancelled, thereby rendering this rejection moot.
Claims 51 and 52 were rejected under 35 U.S.C. § 112, first paragraph, as failing to
comply with the written description requirement. Although Applicants disagree with the
Examiner’s assertion, solely in order to expedite the prosecution of this application, claims 51

and 52 have been cancelled, thereby rendering this rejection moot.

15
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CONCLUSION

Having fully responded to all matters raised in the Office Action, Applicants submit that
all claims are in condition for allowance, an indication for which is respectfully solicited. If
there are any outstanding issues that might be resolved by an interview or an Examiner’s
amendment, the Examiner is requested to call Applicants’ attorney at the telephone number
shown below.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is
hereby made. Please charge any shortage in fees due in connection with the filing of this paper,
including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

Takashi Saito
Limited Recognition No. L0123

600 13™ Street, N.W. Please recognize our Customer No. 53080
Washington, DC 20005-3096 as our correspondence address.

Phone: 202.756.8000 TS:kap

Facsimile: 202.756.8087

Date: March 13,2012
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an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandgria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
12/629,508 12/02/2009 Yoshihiro SATO 085393-0059 7931
| EXAMINER |
7590 03/20/2012
McDERMOTT WILL & EMERY LLP PRENTY, MARK V
600 13th Street, N.W.
Washington, DC 20005-3096 | arrowm PAPERNUMBER |

2822

DATE MAILED: 03/20/2012

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 19 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 19 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to
the requirements of the Act, please be advised that: (1) the general authority for the collection of this
information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process
and/or examine your submission related to a patent application or patent. If you do not furnish the
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine
your submission, which may result in termination of proceedings or abandonment of the application or
expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom
of Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of
records may be disclosed to the Department of Justice to determine whether disclosure of these
records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel
in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this
system of records may be disclosed, as a routine use, to the International Bureau of the World
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 US.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as part of
that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance
with the GSA regulations governing inspection of records for this purpose, and any other relevant
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a
routine use, to the public if the record was filed in an application which became abandoned or in
which the proceedings were terminated and which application is referenced by either a published
application, an application open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

. . 12/629,508 SATOET AL.
Notice of Allowability Examiner Art Unit
MARK PRENTY 2822

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to the amendment filed on March 13, 2012.

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ;
the restriction requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 1-3,5-7,9-11,13,21-23,25-27,29-35,37,39-47.49 and 50.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)[d Al b)[dSome* c)[JNone of the:
1. [] Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priotity documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [0 A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [ ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date __ .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. [J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. [ Information Disclosure Statements (PTO/SB/08), 7. [[] Examiner's Amendment/Comment

Paper No./Mail Date
4. [[] Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance

of Biological Material

9. [ Other .
/MARK PRENTY/
Primary Examiner, Art Unit 2822
U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11) Notice of Allowability Part of Paper No./Mail Date 20120314
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Receipt date: 03/13/2012 ’ 12629508 - GAU: 2822
OK TO ENTER: /M.P./ {03/14/2012)

Docket No.: 085393-0059 PATENT

Reply Under 37 CFR 1.116 - Expedited Procedure - Technology Center 2800

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Yoshihiro SATO, et al.

Application No.: 12/629,508 Customer No.: 53080
Filed: December 02, 2009 Confirmation No.: 7931
Group Art Unit: 2822 Examiner: PRENTY, Mark V.

Title: SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE
SAME

AMENDMENT UNDER 37 CFR 1.116

Mail Stop AF
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
In response to the final Office Action dated December 15, 2011, wherein a three-month
shortened statutory period for response is set to expire on March 15, 2012, Applicants

respectfully request reconsideration of the above-identified application in view of the following

amendments and remarks.
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UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.USDTO g0V

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
12/629,508 12/02/2009 2822 3038 085393-0059 20
CONFIRMATION NO. 7931
McDERMOTT WILL & EMERY LLP CORRECTED FILING RECEIPT
600 13th Street, N.W.
Washington, DC 20005-3096 OO0 O A A e
000000053933783

Date Mailed: 04/25/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Yoshihiro SATO, Hyogo, JAPAN;
Hisashi Ogawa, Osaka, JAPAN;
Assignment For Published Patent Application
PANASONIC CORPORATION, Osaka, JAPAN
Power of Attorney: The patent practitioners associated with Customer Number 53080

Domestic Priority data as claimed by applicant
This application is a CON of PCT/JP2009/000574 02/13/2009

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
JAPAN 2008-064435 03/13/2008

Request to Retrieve - This application either claims priority to one or more applications filed in an intellectual
property Office that participates in the Priority Document Exchange (PDX) program or contains a proper Request to
Retrieve Electronic Priority Application(s) (PTO/SB/38 or its equivalent). Consequently, the USPTO will attempt
to electronically retrieve these priority documents.

If Required, Foreign Filing License Granted: 12/14/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/629,508

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No
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Title

SEMICONDUCTOR DEVICE
Preliminary Class

257

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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Docket No.: 085393-0059 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Yoshihiro SATO, et al.

Application No.: 12/629,508 Customer No.: 53080
Filed: December 02, 2009 Confirmation No.: 7931
Group Art Unit: 2822 Examiner: PRENTY, Mark V.

Title: SEMICONDUCTOR DEVICE AND METHOD FOR MANUFACTURING THE
SAME
AMENDMENT UNDER 37 C.F.R. § 1.312

Mail Stop Issue Fee
Hon. Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:

We are in receipt of the Notice of Allowance dated March 20, 2012, issued in connection
with the above-identified application. The following Amendment and Remarks are submitted in
response to the Notice of Allowance.

Amendments to the Claims, begins on page 2;

Remarks, begins on page 15.

DM_US 33804026-1.085393.0059
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AMENDMENT TO THE CLAIMS

The following claim listing replaces all prior listings and versions of the claims:

LISTING OF CLAIMS

1. (Currently Amended) A semiconductor device comprising:
a first MIS transistor; and

a second MIS transistor, wherein:

the first MIS transistor includes:

a first gate insulating film formed on a first active region in a
semiconductor substrate, and including a first high-k film made of oxide
containing hafnium and silicon;

a first gate electrode ineludes including a second metal film formed on the
first gate insulating film;

first sidewall spacers formed on side surfaces of the first gate electrode,
the first sidewall spacers being insulative; and

a silicon nitride film formed, extending over the side surfaces

of the first gate electrode on which the first sidewall spacers are formed and upper
surfaces of regions located in the first active region laterally outside the first sidewall
spacers,

the second MIS transistor includes:

a second gate insulating film formed on a second active region in the
semiconductor substrate, and including a second high-k film made of oxide
containing hafnium and silicon;

a second gate electrode including a first metal film formed on the second

DM_US 33804026-1.085393.0059
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gate insulating film and a conductive film formed on the first metal film;
second sidewall spacers formed on side surfaces of the second gate
electrode, the second sidewall spacers being insulative;
the silicon nitride film formed, extending over the side surfaces
of the second gate electrode on which the second sidewall spacers are formed and
upper surfaces of regions located in the second active region laterally outside the
second sidewall spacers; and
source/drain regions formed in the second active region laterally outside
the second sidewall spacers,
the first and second metal films are made of different metal materials,
the silicon nitride film is not formed on any of upper surfaces of the first and second gate
electrodes,
the source/drain regions include a silicon mixed crystal layer which is formed in trenches
provided in the second active region, and causes first stress in a gate length direction of a channel
region in the second active region, and

the silicon nitride film has a thickness smaller than that of the first gate electrode.

2. (Original) The semiconductor device of claim 1, wherein

the first metal film has a thickness smaller than that of the second metal film.

3. (Original) The semiconductor device of claim 1, wherein

the first and second metal films have different work functions.

DM_US 33804026-1.085393.0059
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4. (Canceled)

5. (Original) The semiconductor device of claim 1, wherein

the conductive film is made of the second metal film.

6. (Original) The semiconductor device of claim 1, wherein
the conductive film is made of a silicon film, and
the semiconductor device further comprises a metal silicide film formed on the silicon

film.

7. (Original) The semiconductor device of claim 1, wherein

the first and second gate insulating films are made of the same insulating material.

8. (Canceled)

9. (Currently Amended) The semiconductor device of claim 1, wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped
cross-section, and

each of the second sidewall spacers is made of a second inner sidewall having an L-
shaped cross-section, and the silicon nitride film is formed in contact with surfaces of the first

and second inner sidewalls which are bent in an L-shape.

10. (Previously Presented) The semiconductor device of claim 1, wherein

DM _US 33804026-1.085393.0059

Page 331 of 357 UMC 1002
UMC v. AICP



12/629,508

the silicon nitride film causes second stress in a gate length direction of a channel region

in the first active region.

11. (Previously Presented) The semiconductor device of claim 10, wherein:
the first MIS transistor is an n-type MIS transistor, and

the second stress is tensile stress.

12.  (Canceled)

13, (Previously Presented) The semiconductor device of claim 1, wherein
the second MIS transistor is a p-type MIS transistor,
the silicon mixed crystal layer is made of a SiGe layer, and

the first stress is compressive stress.

14-20. (Canceled)

21.  (Previously Presented) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes:
a first gate insulating film formed on a first active region in a

semiconductor substrate;

DM_US 33804026-1.085393.0059
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a first gate electrode including a second metal film formed on the first gate
insulating film;
first sidewall spacers formed on side surfaces of the first gate electrode,
the first sidewall spacers being insulative; and
a silicon nitride film formed, extending over the side surfaces
of the first gate electrode on which the first sidewall spacers are formed and upper
surfaces of regions located in the first active region laterally outside the first
sidewall spacers,
the second MIS transistor includes:
a second gate insulating film formed on a second active region in the
semiconductor substrate,
a second gate clectrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film;
second sidewall spacers formed on side surfaces of the second gate
electrode, the second sidewall spacers being insulative; and
the silicon nitride film formed, extending over the side surfaces
of the second gate electrode on which the second sidewall spacers are formed and
upper surfaces of regions located in the second active region laterally outside the
second sidewall spacers,
the first and second metal films are made of different metal materials,
the silicon nitride film is not formed on any of upper surfaces of the first and second gate
electrodes,

the conductive film is made of a silicon film,

DM_US 33804026-1.085393.0059
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the semiconductor device further comprises a metal silicide film formed on the silicon
film, and

the silicon nitride film has a thickness smaller than that of the first gate electrode.

22. (Previously Presented) The semiconductor device of claim 21, wherein

the first metal film has a thickness smaller than that of the second metal film.

23.  (Previously Presented) The semiconductor device of claim 21, wherein

the first and second metal films have different work functions.

24, (Cancelled)

25. (Previously Presented) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of the same insulating material.

26. (Previously Presented) The semiconductor device of claim 21, wherein

the first and second gate insulating films are made of different insulating materials.

27.  (Previously Presented) The semiconductor device of claim 21, wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped
cross-section, and

each of the second sidewall spacers is made of a second inner sidewall having an L-

shaped cross-section, and
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the silicon nitride film is formed in contact with surfaces of the first and second inner

sidewalls which are bent in an L-shape.

28. (Canceled)

29.  (Previously Presented) The semiconductor device of claim 21, further
comprising:

source/drain regions formed in the second active region laterally outside the second
sidewall spacers,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

30. (Previously Presented) The semiconductor device of claim 21, wherein
the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

31.  (Previously Presented) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes:
a first gate insulating film formed on a first active region in a
semiconductor substrate, and including a first high-k film made of oxide

containing hafnium and silicon;
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a first gate electrode including a second metal film formed on the first gate
insulating film;

first sidewall spacers formed on side surfaces of the first gate electrode,
the first sidewall spacers being insulative; and

a silicon nitride film formed, extending over the side surfaces

of the first gate electrode on which the first sidewall spacers are formed and upper
surfaces of regions located in the first active region laterally outside the first
sidewall spacers,

the second MIS transistor includes:

a second gate insulating film formed on a second active region in the
semiconductor substrate, and including a second high-k film made of oxide
containing hafnium and silicon;

a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film;

second sidewall spacers formed on side surfaces of the second gate
electrode, the second sidewall spacers being insulative; and

the silicon nitride film formed, extending over the side surfaces

of the second gate electrode on which the second sidewall spacers are formed and

upper surfaces of regions located in the second active region laterally outside the

second sidewall spacers,

the first and second metal films are made of different metal materials,

the silicon nitride film is not formed on any of upper surfaces of the first and second gate

electrodes, and
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the first metal film is made of titanium nitride.

32.  (Previously Presented) The semiconductor device of claim 31, wherein

the first metal film has a thickness smaller than that of the second metal film.

33.  (Previously Presented) The semiconductor device of claim 31, wherein

the first and second metal films have different work functions.

34.  (Previously Presented) The semiconductor device of claim 31, wherein

the silicon nitride film has a thickness smaller than that of the first gate electrode.

35. (Previously Presented) The semiconductor device of claim 31, wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped
cross-section, and

each of the second sidewall spacers is made of a second inner sidewall having an L-
shaped cross-section, and

the silicon nitride film is formed in contact with surfaces of the first and second inner

sidewalls which are bent in an L-shape.

36. (Canceled)
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~

37. (Previously Presented) The semiconductor device of claim 31, further
comprising:

source/drain regions formed in the second active region laterally outside the second
sidewall spacers,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

38.  (Canceled)

39. (Previously Presented) A semiconductor device comprising:
a first MIS transistor; and
a second MIS transistor, wherein:
the first MIS transistor includes:
a first gate insulating film formed on a first active region in a
semiconductor substrate;
a first gate electrode including a second metal film formed on the first gate
insulating film;
first sidewall spacers formed on side surfaces of the first gate electrode,
the first sidewall spacers being insulative; and
a silicon nitride film formed, extending over the side
surfaces of the first gate electrode on which the first sidewall spacers are
formed and upper surfaces of regions located in the first active region

laterally outside the first sidewall spacers,

11
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the second MIS transistor includes:
a second gate insulating film formed on a second active region in the
semiconductor substrate;
a second gate electrode including a first metal film formed on the second
gate insulating film and a conductive film formed on the first metal film;
second sidewall spacers formed on side surfaces of the second gate
electrode, the second sidewall spacers being insulative; and
the silicon nitride film formed, extending over the side surfaces
of the second gate electrode on which the second sidewall spacers are formed and
upper surfaces of regions located in the second active region laterally outside the
second sidewall spacers,
the first and second metal films are made of different metal materials,
the silicon nitride film is not formed on any of upper surfaces of the first and second gate
electrodes, and
the silicon nitride film causes first stress in a gate length direction of a channel region in

the first active region.

40. (Previously Presented) The semiconductor device of claim 39, wherein

the first metal film has a thickness smaller than that of the second metal film.

41. (Previously Presented) The semiconductor device of claim 39, wherein

the first and second metal films have different work functions.

12
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42, (Previously Presented) The semiconductor device of claim 39, wherein

the silicon nitride film has a thickness smaller than that of the first gate electrode.

43, (Previously Presented) The semiconductor device of claim 39, wherein

the conductive film is made of the second metal film.

44, (Previously Presented) The semiconductor device of claim 39, wherein:
the conductive film is made of a silicon film, and
the semiconductor device further comprises a metal silicide film formed on the silicon

film.

45, (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of the same insulating material.

46. (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films are made of different insulating materials.

47. (Currently Amended) The semiconductor device of claim 39, wherein:

each of the first sidewall spacers is made of a first inner sidewall having an L-shaped
cross-section, [[and]]

each of the second sidewall spacers is made of a second inner sidewall having an L-

shaped cross-section, and

13
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the silicon nitride film is formed in contact with surfaces of the first and second inner

sidewalls which are bent in an L-shape.

48.  (Canceled)

49.  (Previously Presented) The semiconductor device of claim 39, further
comprising:

source/drain regions formed in the second active region laterally outside the second
sidewall spacers,

wherein the source/drain regions include a SiGe layer which is formed in trenches

provided in the second active region.

50.  (Previously Presented) The semiconductor device of claim 39, wherein

the first and second gate insulating films include a high-k film made of a metal oxide

having a relative dielectric constant of 10 or more.

51.  (Canceled)

52. (Canceled)
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REMARKS

Claims 1, 9 and 47 have been amended to correct minor informalities in the claim

language. No new matter has been introduced. Entry of this amendment is respectfully solicited.

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is

hereby made. Please charge any shortage in fees due in connection with the filing of this paper,

including extension of time fees, to Deposit Account 500417 and please credit any excess fees to

such deposit account.

600 13" Street, N.W.
Washington, DC 20005-3096
Phone: 202.756.8000 TS:ss
Facsimile: 202.756.8087
Date: April 25,2012

DM_US 33804026-1.085393.0059

Respectfully submitted,

McDERMOTT WILL & EMERY LLP

-
e

Takashi Saito
Registration No. 69,536

Please recognize our Customer No. 53080
as our correspondence address.
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