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SEMICONDUCTOR DEVICE

RELATED APPLICATIONS

This application is a Divisional of U.S. application Ser. No.
13/037,831, filed on Mar. 1, 2011, now U.S. Pat. No. 8,253,
180 which is a Divisional of U.S. application Ser. No. 12/505,
799, filed on Jul. 20, 2009, now U.S. Pat. No. 7,923,764,
which is a Divisional of U.S. application Ser. No. 11/491,260,
filed on Jul. 24, 2006, now U.S. Pat. No. 7,579,227, claiming
priority of Japanese Patent Application No. 2005-227457,
filed on Aug. 5, 2005, the entire contents of each of which are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a method for fabricating the semiconductor device. Spe-
cifically, the present invention relates to a structure of a MIS-
FET (metal insulator semiconductor field-effect transistor)
and a method for fabricating the MISFET and, more particu-
larly, relates to techniques for improving the driving power
and reliability of a MISFET.

2. Description of Prior Art

In recent years, as the degree of integration, function and
operation speed of semiconductor integrated circuit devices
have been highly improved, there have been attempts to
reduce a junction depth of an extension according to a scaling
rule and, at the same time, to use, as a gate insulating film of
a MISFET, a high dielectric constant film formed of a Hf
based oxide, Al based oxide or the like, which has a relative
dielectric constant of 10 or more, instead of an SiO, based
insulating film having arelative dielectric constant of about 4.

FIGS. 16A and 16B are cross-sectional views illustrating
respective structures of known MISFETSs using a high dielec-
tric constant gate insulating film, respectively (see Ken
Watanabe, HfSiON-CMOS technology for achieving high
performance and high reliability, Semi. Forum Japan, 2005).

As shown in FIG. 16A, a gate electrode 105 is formed on a
region of a well 102 surrounded by a STI (shallow trench
isolation) 103. The region of the well 102 surrounded by the
STI serves as an active region of a substrate 101. The gate
electrode 105 is provided on the region with a high dielectric
constant gate insulating film 104 interposed therebetween.
An insulating sidewall 107 is formed on each side of the gate
electrode 105. An extension region 110 is formed in part of
the well 102 located under the insulating sidewall 107. A
pocket region 111 is formed in part of the well 102 located
under the extension region 110. Source/drain regions 112 are
formed so that each of the source/drain regions 112 is pro-
vided in parts of the well 102 located at the external side to the
extension region 110 and the pocket region 111 when viewed
from the gate electrode 105.

A structure shown in FIG. 16B is different from a structure
shown in FIG. 16A in that a sidewall 107 is formed on each
side of a gate electrode 105 with an insulating offset sidewall
106 interposed therebetween. Thus, an overlapping amount
of the gate electrode 105 and an extension region 110 can be
optimized in a simple manner.

SUMMARY OF THE INVENTION

However, in a structure of a known MISFET using a high
dielectric constant gate insulating film, side end portions of
the high dielectric constant gate insulating film are in direct
contact with sidewalls. Thus, in forming sidewalls of, for
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example, a silicon oxide film or the like, a composition of the
side end portions of the high dielectric constant gate insulat-
ing film becomes closer to SiO, or like other inconvenience
occurs. As a result, reduction in the dielectric constant and
insulation property of the high dielectric constant gate insu-
lating film is caused at gate electrode end part, so that device
characteristics of the MISFET are deteriorated and the reli-
ability of the gate insulating film is degraded.

In view of the above-described problems, it is therefore an
object of the present invention to improve characteristics of a
MISFET without degrading of a high dielectric constant gate
insulating film.

To achieve the above-described object, the inventors of the
present application have devised a MISFET structure in
which a high dielectric constant gate insulating film is kept
remaining under sidewalls to prevent end portions of the high
dielectric constant gate insulating film from being in contact
with the sidewalls, and a method for forming the MISFET
structure. In the mean time, when the high dielectric constant
gate insulating film is kept remaining under the sidewalls, a
capacitance between gate/drain regions is increased, thus
resulting in adverse effects on circuit speed. Also, in such
cases, when extension implantation or LDD (lightly doped
drain) implantation is performed, it is necessary to implant
ions through a high dielectric constant film. Thus, when ion
implantation is performed, expansion of an implanted impu-
rity in the depth direction is increased, in other words, a
junction point of an extension or an LDD is located at a large
depth, so that desired device characteristics can not be
obtained. This is because implantation acceleration energy is
increased for the following reasons.

Reason 1) With use of a high dielectric constant film as a
gate insulating film, a desired dielectric constant can be
achieved even without having the thickness of the high dielec-
tric constant film reduced. Therefore, the thickness of the high
dielectric constant film has to be set at a large value.

Reason 2) A high dielectric constant film contains heavy
metal and Rp (projection range) of implanted ions is small.

To cope with this problem, the inventors have devised a
MISFET structure in which a high dielectric constant gate
insulating film is kept remaining under sidewalls and part of
the high dielectric constant gate insulating film located under
the sidewalls is made to have a smaller thickness than a
thickness of part of the high dielectric constant gate insulating
film located under a gate electrode, and a method for forming
the MISFET structure.

Specifically, a semiconductor device according to the
present invention includes: a high dielectric constant gate
insulating film formed on an active region in a substrate; a
gate electrode formed on the high dielectric constant gate
insulating film; and an insulating sidewall formed on each
side surface of the gate electrode. In the semiconductor
device, the high dielectric constant gate insulating film is
continuously formed so as to extend from under the gate
electrode to under the insulating sidewall, and at least part of
the high dielectric constant gate insulating film located under
the insulating sidewall has a smaller thickness than a thick-
ness of part of the high dielectric constant gate insulating film
located under the gate electrode.

In the semiconductor device of the present invention, the
insulating sidewall may include a first insulating sidewall
formed on a side surface of the gate electrode and a second
insulating sidewall formed on the side surface of the gate
electrode with the first insulating sidewall interposed therebe-
tween, the high dielectric constant gate insulating film may be
continuously formed so as to extend from under the gate
electrode to under the first insulating sidewall, and part of the
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high dielectric constant gate insulating film located under the
first insulating sidewall may have a smaller thickness than a
thickness of part of the high dielectric constant gate insulating
film located under the gate electrode.

When the insulating sidewall includes the first insulating
sidewall and the second insulating sidewall, the high dielec-
tric constant gate insulating film may be formed so as not to be
located under the second insulating sidewall.

When the insulating sidewall includes the first insulating
sidewall and the second insulating sidewall, the high dielec-
tric constant gate insulating film may be continuously formed
so as to extend from under the gate electrode to under the
second insulating sidewall, and part of the high dielectric
constant gate insulating film located under the second insu-
lating sidewall may have the same thickness as a thickness of
partof the high dielectric constant gate insulating film located
under the first insulating sidewall.

When the insulating sidewall includes the first insulating
sidewall and the second insulating sidewall, the high dielec-
tric constant gate insulating film may be continuously formed
so as to extend from under the gate electrode to under the
second insulating sidewall, and part of the high dielectric
constant gate insulating film located under the second insu-
lating sidewall may have a smaller thickness than a thickness
of part of the high dielectric constant gate insulating film
located under the first insulating sidewall.

In the semiconductor device of the present invention, the
insulating sidewall may include a first insulating sidewall
formed on a side surface of the gate electrode and a second
insulating sidewall formed on the side surface of the gate
electrode with the first insulating sidewall interposed therebe-
tween, the high dielectric constant gate insulating film may be
continuously formed so as to extend from under the gate
electrode to under the second insulating sidewall, part of the
high dielectric constant gate insulating film located under the
first insulating sidewall may have the same thickness as a
thickness of part of the high dielectric constant gate insulating
film located under the gate electrode, and part of the high
dielectric constant gate insulating film located under the sec-
ond insulating sidewall may have a smaller thickness than a
thickness of part of the high dielectric constant gate insulating
film located under the gate electrode.

In the semiconductor device of the present invention, the
high dielectric constant gate insulating film may include a
notch at a side end portion.

The semiconductor device of the present invention may
further include a buffer insulating film between the substrate
and the high dielectric constant gate insulating film. In such a
case, the buffer insulating film may be a silicon oxide film or
a silicon oxynitride film.

In the semiconductor device of the present invention, the
gate electrode may be a fully silicided gate electrode of which
an entire region has been silicided.

A method for fabricating a semiconductor device accord-
ing to the present invention includes the steps of: a) forming
a high dielectric constant gate insulating film on an active
region of a substrate; b) forming a gate electrode on the high
dielectric constant gate insulating film; ¢) etching, after the
step b), part of the high dielectric constant gate insulating film
located in an external side to the gate electrode to reduce a
thickness of the part; and d) forming, after the step c), an
insulating sidewall on a side surface of the gate electrode.

The method for fabricating a semiconductor device
according to the present invention may further include, after
the step d), the step of removing part of the high dielectric
constant gate insulating film located in an external side to the
insulating sidewall.
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In the method for fabricating a semiconductor device
according to the present invention, the insulating sidewall
may include a first insulating sidewall and a second insulating
sidewall, and the step d) may include the step d1) of forming
the first insulating sidewall on a side surface of the gate
electrode and the step of d2) of forming the second insulating
sidewall on the side surface of the gate electrode with the first
insulating sidewall interposed therebetween.

When the step d) includes the step d1) and the step d2), the
method for fabricating a semiconductor device according to
the present invention may further include, between the step d)
and the step d2), the step of removing part of the high dielec-
tric constant gate insulating film located in the external side to
the first insulating sidewall.

When the step d) includes the step d1) and the step d2), the
method for fabricating a semiconductor device according to
the present invention may further include, between d1) and
the step d2), the step of etching part of the high dielectric gate
insulating film located in an external side to the first insulating
sidewall to reduce a thickness of the part; and after the step
d2), the step of removing part of the high dielectric constant
gate insulating film located in an external side to the second
insulating sidewall.

In the method for fabricating a semiconductor device
according to the present invention, the dielectric constant gate
insulating film may be selectively removed by wet etching.

In the method for fabricating a semiconductor device
according to the present invention, the step b) may include the
step of forming a protective film for covering an upper surface
of the gate electrode, and the method may further include,
after the step d), the step of siliciding a surface of part of the
active region located in the external side to the insulating
sidewall, removing the protective film and then fully silicid-
ing the gate electrode.

The method for fabricating a semiconductor device
according to the present invention further includes, before the
step a), the step of forming a buffer insulating film on the
active region, and in the step a), the high dielectric constant
gate insulating film may be formed on the active region with
the buffer insulating film interposed therebetween.

According to the present invention, a high dielectric con-
stant gate insulating film is continuously formed so as to
extend from under a gate electrode to under a sidewall. In
other words, continuity of the high dielectric constant gate
insulating film at a gate end portion is maintained. Thus,
reduction in the dielectric constant and insulation property of
the high dielectric constant gate insulating film at the gate end
portion, caused by a side end portion of the high dielectric
constant gate insulating film being in direct contact with a
sidewall film, can be suppressed. Moreover, the high dielec-
tric constant gate insulating film is formed so as to have a
smaller thickness in the part located under the sidewall than a
thickness of the part located under gate electrode. Thus,
increase in a capacitance between a gate and a drain can be
suppressed, so that adverse effects on circuit speed can be
reduced. Furthermore, since extension implantation or LDD
implantation is performed through the part of the high dielec-
tric constant film which has a small thickness, increase in
implantation acceleration energy can be suppressed. Accord-
ingly, a shallow junction can be formed in an extension or a
LDD in a simple manner. Therefore, device characteristics
can be improved in a simple manner.

As has been described, the present invention relates to a
semiconductor device and a method for fabricating the semi-
conductor device. Specifically, when the present invention is
applied to a MISFET including a high dielectric constant gate
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insulating film, the effect of improving the driving power and
reliability of the MISFET can be achieved and is therefore
very useful.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating a structure of a
semiconductor device according to a first embodiment of the
present invention.

FIG. 2 is a cross-sectional view illustrating a structure of a
semiconductor device according to a second embodiment of
the present invention.

FIG. 3 is a cross-sectional view illustrating a structure of a
semiconductor device according to a second modified
example of the second embodiment of the present invention.

FIG. 4 is a cross-sectional view illustrating a structure of a
semiconductor device according to a third modified example
of the second embodiment of the present invention.

FIG. 5 is a cross-sectional view illustrating a structure of a
semiconductor device according to a third embodiment of the
present invention.

FIG. 6 is a cross-sectional view illustrating a structure of a
semiconductor device according to a modified example of the
first embodiment of the present invention.

FIG. 7 is a cross-sectional view illustrating a structure of a
semiconductor device according to a first modified example
of the second embodiment of the present invention.

FIG. 8 is a cross-sectional view illustrating a structure of a
semiconductor device according to a modified example of the
third embodiment of the present invention.

FIG. 9 is a cross-sectional view illustrating a structure of a
semiconductor device according to a fourth embodiment of
the present invention.

FIG. 10 is a cross-sectional view illustrating a structure of
a semiconductor device according to a modified example of
the fourth embodiment of the present invention.

FIGS. 11A through 11F are cross-sectional views illustrat-
ing respective steps for fabricating a semiconductor device
according to a fifth embodiment of the present invention.

FIGS. 12A through 12G are cross-sectional views illustrat-
ing respective steps for fabricating a semiconductor device
according to a sixth embodiment of the present invention.

FIGS. 13 A through 13G are cross-sectional views illustrat-
ing respective steps for fabricating a semiconductor device
according to a seventh embodiment of the present invention.

FIGS. 14 A through 14G are cross-sectional views illustrat-
ing respective steps for fabricating a semiconductor device
according to an eighth embodiment of the present invention.

FIGS. 15A through 15D are cross-sectional views illustrat-
ing respective steps for fabricating a semiconductor device
according to the eighth embodiment of the present invention.

FIGS. 16A and 16B are cross-sectional views illustrating a
structure of a known MISFET, respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

Hereafter, a semiconductor device according to a first
embodiment of the present invention will be described with
reference to the accompanying drawings. FIG. 1 is a cross-
sectional view illustrating a structure of a semiconductor
device (more specifically, a single sidewall type MISFET)
according to the first embodiment. In this embodiment,
description will be made using an n-type MISFET as an
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example. However, even when the present invention is
applied to a p-type MISFET, the same effects as those of this
embodiment can be achieved.

As shown in FIG. 1, a gate electrode 5 is formed on an
active region of a p-type well 2 surrounded by a STI 3. The
p-type well 2 is formed in a substrate 1 made of, for example,
silicon. The gate electrode 5 is formed on the active region
with a high dielectric constant gate insulating film 4A inter-
posed therebetween. An insulating sidewall 7 is formed on
each side surface of the gate electrode 5. An n-type extension
region 10 is formed in part of the p-type well 2 located under
the sidewall 7. Furthermore, a p-type pocket region 11 is
formed in part of the p-type well 2 located under the n-type
extension region 10. N-type source/drain regions 12 are
formed so that each of the source/drain regions 12 is provided
in part of the p-type well 2 located in the external side to the
n-type extension region 10 and the p-type pocket region 11
when viewed from the gate electrode 5.

It is a first feature of this embodiment that the high dielec-
tric constant gate insulating film 4A is kept remaining not
only under the gate electrode 5 but also under the sidewall 7.
That is, the high dielectric gate insulating film 4A is continu-
ously formed so as to extend from under the gate electrode 5
to under the sidewall 7.

It is a second feature of this embodiment that the thickness
of the part of the high dielectric constant gate insulating film
4 A located under the sidewall 7 is smaller than a thickness of
the part of the high dielectric constant film 4A located under
the gate electrode 5. That is, the gate insulating film 4A is
formed so as to have a convex shape.

According to this embodiment, each side end portion of the
high dielectric constant gate insulating film 4A is not in
contact with the sidewall 7 and continuity of the high dielec-
tric constant gate insulating film 4A at an end portion of the
gate electrode 5 is maintained. Accordingly, reduction in the
dielectric constant and insulation property of the high dielec-
tric constant gate insulating film 4A at the end portion of the
gate electrode 5 can be suppressed, so that deterioration of
device characteristics of the MISFET and reduction in the
reliability of the gate insulating film can be prevented.

According to this embodiment, the existence of the high
dielectric constant gate insulating film 4A under the sidewall
7 makes capacitive coupling between the gate electrode 5 and
the n-type extension region 10 stronger in the vicinity of the
end portion of the gate electrode 5. As a result, a high over-
lapping effect between a gate and a drain can be achieved (see
T. Hori, IEDM Tech. Dig., 1989, p. 777). Therefore, device
characteristics and hot carrier reliability can be improved at
the same time.

Meanwhile, in this embodiment, because of the existence
of the high dielectric constant gate insulating film 4A under
the sidewall 7, there might be cases where a capacitance
particularly between the gate electrode 5 and each of the
n-type source/drain regions 12 is increased and, accordingly,
a circuit speed is reduced. However, as described above, in
this embodiment, the high dielectric constant gate insulating
film 4A is formed so as to have a smaller thickness in the part
located under the sidewall 7 than a thickness of the part
located under the gate electrode 5. Therefore, increase in a
capacitance between the gate and the drain and adverse effect
on the circuit speed can be suppressed.

As has been described, according to this embodiment,
device/circuit characteristics of an MISFET and the reliabil-
ity of a gate insulating film, which are conventionally in the
trade-off relationship, can be largely improved at the same
time.

UMC 1001
UMC v. AICP



US 8,587,076 B2

7
Modified Example of First Embodiment

Hereafter, a semiconductor device according to a modified
example of the first embodiment of the present invention will
be described with reference to the accompanying drawings.
FIG. 6 is a cross-sectional view illustrating a structure of a
semiconductor device (more specifically, a single sidewall
n-type MISFET) according to the modified example of the
first embodiment.

As shown in FIG. 6, this modified example is different from
the first embodiment in that part of a high dielectric constant
gate insulating film 4 A located under each side end portion of
asidewall 7, i.e., a side portion of the high dielectric constant
gate insulating film 4A is removed in a notch shape, so that a
notch 20 is provided.

According to this modified example, adverse effects on
circuit speed due to increase in a capacitance between a gate
electrode 5 and each of n-type source/drain regions 12 can be
further suppressed.

Second Embodiment

Hereafter, a semiconductor device according to a second
embodiment of the present invention will be described with
reference to the accompanying drawings. In contrast with the
first embodiment in which a single sidewall type MISFET is
described, a double sidewall type MISFET (see H. Sayama et
al., IEDM Tech. Dig., 2000, p. 239) in which an overlapping
amount between a gate electrode and an extension region can
be optimized in a simple manner will be described in the
second embodiment. In this embodiment, description will be
made using an n-type MISFET as an example. However, even
when the present invention is applied to a p-type MISFET, the
same effects as those of this embodiment can be achieved.

FIG. 2 is a cross-sectional view illustrating a structure of a
semiconductor device according to the second embodiment.
As shown in FIG. 2, a gate electrode 5 is formed on an active
region of a p-type well 2 surrounded by a STI 3. The p-type
well 2 is formed in a substrate 1 made of, for example, silicon.
The gate electrode 5 is formed on the active region with a high
dielectric constant gate insulating film 4B interposed therebe-
tween. An insulating sidewall 7 is formed on each side surface
of the gate electrode 5 with an offset sidewall 6 interposed
therebetween. An n-type extension region 10 is formed in
each of parts of the p-type well 2 located under the offset
sidewall 6 and the sidewall 7. Furthermore, a p-type pocket
region 11 is formed in part of the p-type well 2 located under
the n-type extension region 10. N-type source/drain regions
12 are formed so that each of the source/drain regions is
provided in part of the p-type well 2 located in the external
side to the n-type extension region 10 and the p-type pocket
region 11 when viewed from the gate electrode 5.

It is a first feature of this embodiment that the high dielec-
tric constant gate insulating film 4B is kept remaining not
only under the gate electrode 5 but also under the offset
sidewall 6. That is, the high dielectric constant gate insulating
film 4B is continuously formed so as to extend from under the
gate electrode 5 to under the offset sidewall 6.

It is a second feature of this embodiment that the thickness
of the part of the high dielectric constant gate insulating film
4B located under the offset sidewall 6 is smaller than a thick-
ness of the part of the high dielectric constant film 4B located
under the gate electrode 5. That is, the gate insulating film 4B
is formed so as to have a convex shape.

According to this embodiment, each side end portion of the
high dielectric constant gate insulating film 4B is not in con-
tact with the offset sidewall 6 and continuity of the high
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dielectric constant gate insulating film 4B at an end portion of
the gate electrode 5 is maintained. Accordingly, reduction in
the dielectric constant and insulation property of the high
dielectric constant gate insulating film 4B at the end portion
of'the gate electrode 5 can be suppressed, so that deterioration
of device characteristics of the MISFET and reduction in the
reliability of the gate insulating film can be prevented.

According to this embodiment, the existence of the high
dielectric constant gate insulating film 4B under the offset
sidewall 6 makes capacitive coupling between the gate elec-
trode 5 and the n-type extension region 10 stronger in the
vicinity of the end portion of the gate electrode 5. As a result,
a high overlapping effect between a gate and a drain can be
achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). There-
fore, device characteristics and hot carrier reliability can be
improved at the same time.

Moreover, according to this embodiment, the high dielec-
tric constant gate insulating film 4B does not exist under the
sidewall 7. Thus, increase in a capacitance between the gate
electrode 5 and each of the n-type source/drain regions 12 can
be further suppressed so that a small capacitance can be
maintained. Accordingly, increase in a parasitic capacitance
and adverse effects on circuit speed due to the increase can be
suppressed at a minimum level.

As has been described, according to this embodiment,
device/circuit characteristics of an MISFET and the reliabil-
ity of a gate insulating film, which are conventionally in the
trade-off relationship, can be largely improved at the same
time.

First Modified Example of Second Embodiment

Hereafter, a semiconductor device according to a modified
example of the second embodiment of the present invention
will be described with reference to the accompanying draw-
ings. FIG. 7is across-sectional view illustrating a structure of
the semiconductor device (more specifically, a double side-
wall type MISFET) according to the first modified example of
the second embodiment.

As shown in FIG. 7, this modified example is different from
the second embodiment is that part of a high dielectric con-
stant gate insulating film 4B located under each side end
portion of the offset sidewall 6, i.e., a side portion of the high
dielectric constant gate insulating film 4B is removed in a
notch shape, so that a notch 20 is provided.

According to this modified example, adverse effects on
circuit speed due to increase in a capacitance between a gate
electrode 5 and each of n-type source/drain regions 12 can be
further suppressed.

Second Modified Example of Second Embodiment

Hereafter, a semiconductor device according to a second
modified example of the second embodiment of the present
invention will be described with reference to the accompany-
ing drawings. FIG. 3 is a cross-sectional view illustrating a
structure of the semiconductor device (more specifically, a
double sidewall type MISFET) according to the second modi-
fied example of the second embodiment.

This embodiment is different from the second embodiment
in that ahigh dielectric constant gate insulating film 4C is kept
remaining not only under the gate electrode 5 and the offset
sidewall 6 but also under the sidewall 7. That is, the high
dielectric constant gate insulating film 4C is continuously
formed so as to extend from under the gate electrode 5 to
under the sidewall 7.
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In this modified example, the thickness of part of the high
dielectric constant gate insulating film 4C located under the
sidewall 7 is the same as the thickness of part of the high
dielectric constant gate insulating film 4C located under the
offset sidewall 6. That is, the high dielectric constant gate
insulating film 4C is formed so as to have a convex shape.

According to this modified embodiment, the high dielec-
tric constant gate insulating film 4C is continuously formed
so as to extend from under the gate electrode 5 to under the
sidewall 7. Thus, even when the offset sidewall 6 has a very
small width (thickness), each side end portion of the high
dielectric constant gate insulating film 4C is not in contact
with the sidewall 7 and continuity of the high dielectric con-
stant gate insulating film 4C at an end portion of the gate
electrode 5 is maintained. Accordingly, reduction in the
dielectric constant and insulation property of the high dielec-
tric constant gate insulating film 4C at the end portion of the
gate electrode 5 can be suppressed, so that deterioration of
device characteristics of the MISFET and reduction in the
reliability of the gate insulating film can be prevented.

In this modified example, as in the first embodiment,
because of the existence of the high dielectric constant gate
insulating film 4C under sidewall 7, there might be cases
where a capacitance between the gate electrode 5 and each of
the n-type source/drain regions 12 is increased. However, as
has been described, in this modified example, the high dielec-
tric constant gate insulating film 4C is formed so as to have a
smaller thickness in the part located under the sidewall 7 than
a thickness of the part located under the gate electrode 5.
Therefore, increase in a parasitic capacitance and adverse
effects on circuit speed due to the increase can be suppressed.

Third Modified Example of Second Embodiment

Hereafter, a semiconductor device according to a third
modified example of the second embodiment of the present
invention will be described with reference to the accompany-
ing drawings. FIG. 4 is a cross-sectional view illustrating a
structure of a semiconductor device (more specifically, a
double sidewall type MISFET) according to the third modi-
fied example of the second embodiment.

A first difference between this modified example and the
second embodiment is that in this modified example, a high
dielectric constant gate insulating film 4D is kept remaining
not only under the gate electrode 5 and the offset sidewall 6
but also under the sidewall 7. That is, the high dielectric
constant gate insulating film 4D is continuously formed so as
to extend from under the gate electrode 5 to under the sidewall
7.

A second difference between this modified example and
the second embodiment is that in this modified example, the
thickness of part of the high dielectric constant gate insulating
film 4D located under the offset sidewall 6 is the same as the
thickness of part of the high dielectric constant gate insulating
film 4D located under the gate electrode 5. The thickness of
part of the high dielectric constant gate insulating film 4D
located under the sidewall 7 is smaller than the thickness of
the part of the high dielectric constant gate insulating film 4D
located under the gate electrode 5. That is, the high dielectric
constant gate insulating film 4D is formed so as to have a
convex shape.

According to this modified example, the high dielectric
constant gate insulating film 4D is continuously formed so as
to extend from under the gate electrode 5 to under the sidewall
7. Thus, even when the offset sidewall 6 has a very small
width (thickness), each side end portion of the high dielectric
constant gate insulating film 4D is not in contact with the

20

40

45

10

sidewall 7 and continuity of the high dielectric constant gate
insulating film 4D at an end portion of the gate electrode 5 is
maintained. Accordingly, reduction in the dielectric constant
and insulation property of the high dielectric constant gate
insulating film 4D at the end portion of the gate electrode 5
can be suppressed, so that deterioration of device character-
istics of the MISFET and reduction in the reliability of the
gate insulating film can be prevented.

In this modified example, as in the first embodiment,
because of the existence of the high dielectric constant gate
insulating film 4D under sidewall 7, there might be cases
where a capacitance between the gate electrode 5 and each of
the n-type source/drain regions 12 is increased. However, as
has been described, in this modified example, the high dielec-
tric constant gate insulating film 4D is formed so as to have a
smaller thickness in the part located under the sidewall 7 than
a thickness of the part located under the gate electrode 5.
Therefore, increase in a parasitic capacitance and adverse
effects on circuit speed due to the increase can be suppressed.

Third Embodiment

Hereafter, a semiconductor device according to a third
embodiment of the present invention will be described with
reference to the accompanying drawings. In contrast with the
first embodiment in which a single sidewall type MISFET is
described, a double sidewall type MISFET (see H. Sayama et
al., IEDM Tech. Dig., 2000, p. 239) in which an overlapping
amount between a gate electrode and an extension region can
be optimized in a simple manner will be described in the third
embodiment. In this embodiment, description will be made
using an n-type MISFET as an example. However, even when
the present invention is applied to a p-type MISFET, the same
effects as those of this embodiment can be achieved.

FIG. 5 is a cross-sectional view illustrating a structure of a
semiconductor device according to the third embodiment. As
shown in FIG. 5, a gate electrode 5 is formed on an active
region of a p-type well 2 surrounded by a STI 3. The p-type
well 2 is formed in a substrate 1 made of, for example, silicon.
The gate electrode 5 is formed on the active region with a high
dielectric constant gate insulating film 4F interposed therebe-
tween. An insulating sidewall 7 is formed on each side surface
of the gate electrode 5 with an offset sidewall 6 interposed
therebetween. An n-type extension region 10 is formed in
each of parts of the p-type well 2 located under the offset
sidewall 6 and the sidewall 7. Furthermore, a p-type pocket
region 11 is formed in part of the p-type well 2 located under
the n-type extension region 10. N-type source/drain regions
12 are formed so that each of the source/drain is provided in
part of the p-type well 2 located in the external side to the
n-type extension region 10 and the p-type pocket region 11
when viewed from the gate electrode 5.

It is a first feature that the high dielectric constant gate
insulating film 4E is kept remaining not only under the gate
electrode 5 and but also under each of the offset sidewall and
the sidewall 7. That is, the high dielectric constant gate insu-
lating film 4E is continuously formed so as to extend from
under the gate electrode 5 to under the sidewall 7.

It is a second feature of this embodiment that the thickness
of the part of the high dielectric constant gate insulating film
4E located under the offset sidewall 6 is smaller than a thick-
ness of the part of the high dielectric constant film 4E located
under the gate electrode 5 and the thickness of the high
dielectric constant gate insulating film 4E located under the
sidewall 7 is smaller than the thickness of the part of the high
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dielectric constant film 4F located under the offset sidewall 6.
That is, the gate insulating film 4E is formed so as to have a
double convex shape.

According to this embodiment, the high dielectric constant
gate insulating film 4E is continuously formed so as to extend
from under the gate electrode 5 to under the sidewall 7. Thus,
even when the offset sidewall 6 has a very small width (thick-
ness), each side end portion of the high dielectric constant
gate insulating film 4E is not in contact with the sidewall 7 and
continuity of the high dielectric constant gate insulating film
4E at an end portion of the gate electrode 5 is maintained.
Accordingly, reduction in the dielectric constant and insula-
tion property of the high dielectric constant gate insulating
film 4E at the end portion of the gate electrode 5 can be
suppressed, so that deterioration of device characteristics of
the MISFET and reduction in the reliability of the gate insu-
lating film can be prevented.

According to this embodiment, the existence of the high
dielectric constant gate insulating film 4E under the offset
sidewall 6 makes capacitive coupling between the gate elec-
trode 5 and the n-type extension region 10 stronger at the
vicinity of the end portion of the gate electrode 5. As a result,
a high overlapping effect between a gate and a drain can be
achieved (see T. Hori, IEDM Tech. Dig., 1989, p. 777). There-
fore, device characteristics and hot carrier reliability can be
improved at the same time.

Asin the first embodiment, in this embodiment, because of
the existence of the high dielectric constant gate insulating
film 4E under sidewall 7, there might be cases where a capaci-
tance between the gate electrode 5 and each of the n-type
source/drain regions 12 is increased and, accordingly, a cir-
cuit speed is reduced. However, as has been described, in this
embodiment, the high dielectric constant gate insulating film
4E is formed so that the thickness of the high dielectric
constant gate insulating film 4E is reduced in the part located
under the offset sidewall 6 and then is further reduced in the
part located under the sidewall 7. Therefore, increase in a
parasitic capacitance and adverse effects on circuit speed due
to the increase can be suppressed so that the parasitic capaci-
tance is a very low level.

As has been described, according to this embodiment,
device/circuit characteristics of an MISFET and the reliabil-
ity of a gate insulating film, which are conventionally in the
trade-off relationship, can be largely improved at the same
time.

Modified Example of Third Embodiment

Hereafter, a semiconductor device according to a modified
example of a third embodiment of the present invention will
be described with reference to the accompanying drawings.
FIG. 8 is a cross-sectional view illustrating a structure of a
semiconductor device (more specifically, a double sidewall
type MISFET) according to the modified example of the third
embodiment.

As shown in FIG. 8, this modified example is different from
the first embodiment in that part of a high dielectric constant
gate insulating film 4E located under each side end portion of
asidewall 7, i.e., a side portion of the high dielectric constant
gate insulating film 4E is removed in a notch shape, so that a
notch 20 is provided.

According to this modified example, adverse effects on
circuit speed due to increase in a capacitance between a gate
electrode 5 and each of n-type source/drain regions 12 can be
further suppressed.

Fourth Embodiment

Hereafter, a semiconductor device according to a fourth
embodiment of the present invention will be described with
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reference to the accompanying drawings. FIG. 9 is a cross-
sectional view illustrating a structure of a semiconductor
device (more specifically, a single sidewall type MISFET)
according to the fourth embodiment of the present invention.
In this embodiment description will be made using an n-type
MISFET as an example. However, even when the present
invention is applied to a p-type MISFET, the same effects as
those of this embodiment can be achieved.

As shown in FIG. 9, this embodiment is different from the
first embodiment in that, for example, a silicon oxide film, a
silicon oxynitride film or the like is provided as a buffer
insulating film 25 between a substrate 1 and a high dielectric
constant gate insulating film 4A.

According to this embodiment, in addition to the effects of
the first embodiment, an interface between a substrate and a
gate insulating film can be advantageously kept in a normal
state. Specifically, by forming the high dielectric constant
gate insulating film 4A on the substrate 1 with the buffer
insulating film 25 interposed therebetween, deterioration of
an interface between a substrate and a gate insulating film can
be suppressed, compared to the case where the high dielectric
constant gate insulating film 4A is formed directly on the
substrate 1.

In this embodiment, the buffer insulating film 25 is pro-
vided between the high dielectric constant gate insulating
film 4A of'the first embodiment and the substrate 1. However,
instead of this structure, even if the buffer insulating film 25 is
provided between the substrate 1 and the high dielectric con-
stant gate insulating film 4B of the second embodiment, the
high dielectric constant gate insulating film 4C of the second
modified example of the second embodiment, the high dielec-
tric constant gate insulating film 4D of the third modified
example of the second embodiment or the high dielectric
constant gate insulating film 4E of the third embodiment, the
same effects as those of this embodiment can be achieved.
Moreover, instead of providing the buffer insulating film 25
between the substrate 1 and the high dielectric constant gate
insulating film 4A, 4B, 4C, 4D or 4E, a buffer insulating film
may be provided between the gate electrode 5 and the high
dielectric constant gate insulating film 4A, 4B, 4C, 4D or 4E.
With such a structure, compared to the case where the gate
electrode 5 is directly formed on the high dielectric constant
gate insulating film 4A, 4B, 4C, 4D or 4E, deterioration of an
interface between a gate electrode and a gate insulating film
can be prevented. As another alternative, a buffer insulating
film may be formed between the gate electrode 5 and the high
dielectric constant gate insulating film 4A, 4B, 4C, 4D or 4E
as well as forming the buffer insulating film 25 between the
substrate 1 and the high dielectric constant gate insulating
film 4A, 4B, 4C, 4D or 4E. With such a structure, deteriora-
tion of each of the substrate-gate insulating film interface and
the gate insulating film-gate electrode interface can be pre-
vented at the same time.

Modified Example of Fourth Embodiment

Hereafter, a semiconductor device according to a modified
example of the fourth embodiment of the present invention
will be described with reference to the accompanying draw-
ings. FIG. 10 is a cross-sectional view illustrating a structure
of a semiconductor device (more specifically, a single side-
wall type MISFET) according to the modified example of the
fourth embodiment.

As shown in FIG. 10, this modified example is different
from the fourth embodiment in that part of a laminated insu-
lating film of a high dielectric constant gate insulating film 4A
and a buffer insulating film 25 located under a side end
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portion of each sidewall 7, i.e., a side end portion of the
laminated insulating film is removed in a notch shape, so that
a notch 20 is provided.

According to this modified example, adverse effects on
circuit speed due to increase in a capacitance between a gate
electrode 5 and each of n-type source/drain regions 12 can be
further suppressed.

In this modified example, the notch 20 is provided in the
side end portion of the laminated insulating film of the high
dielectric constant gate insulating film 4A and the buffer
insulating film 25 of the first embodiment. However, instead
of this structure, even if a notch is provided in a side end
portion of a laminated insulating film of the buffer insulating
film 25 and the high dielectric constant gate insulating film 4B
of the second embodiment, the high dielectric constant gate
insulating film 4C of the second modified example of the
second embodiment, the high dielectric constant gate insu-
lating film 4D of the third modified example of the second
embodiment or the high dielectric constant gate insulating
film 4E of the third embodiment, the same effects of the
modified example can be achieved. In such cases, a buffer
insulating film may be provided between the gate electrode 5
and the high dielectric constant gate insulating film 4A, 4B,
4C, 4D or 4D as well as forming the buffer insulating film 25
between the substrate 1 and the high dielectric constant gate
insulating film 4A, 4B, 4C, 4D or 4D.

Fifth Embodiment

Hereafter, a method for fabricating a semiconductor device
according to a fifth embodiment of the present invention will
be described with reference to the accompanying drawings.
In this embodiment, description will be made using a method
for fabricating an n-type MISFET as an example. FIGS. 11A
through 11F are cross-sectional views illustrating respective
steps for fabricating a semiconductor device according to the
fifth embodiment.

First, as shown in FIG. 11A, a STI 3 which is to be an
isolation region is selectively formed on a substrate 1 of, for
example, silicon and then, for example, B (boron) is ion
implanted into the substrate 1 at an implantation energy of
300 keV and a dose of 1x10'® cm™2. Thus, a p-type well 2
which is to be an active region is formed. Subsequently, ion
implantation (of B at an implantation energy of 150 keV and
a dose of 1x10'® cm™2) for punch-through stopper formation
and ion implantation (of B at an implantation energy of 20
keV and a dose of 5x10'? cm™2) for channel formation are
performed.

Next, as shown in FIG. 11B, as a buffer insulating film, for
example, a silicon oxide film (not shown) is formed on the
active region of the p-type well 2 surrounded by the STI 3 so
as to have a thickness of about 0.5 nm and then, as a high
dielectric constant film 4, for example, a HfSiON film is
deposited thereon to a thickness of about 4 nm (i.e., about 1
nm in terms of an equivalent oxide thickness).

Next, as shown in FIG. 11C, for example, a gate electrode
material film 5A is formed on the high dielectric constant gate
insulating film 4 so as to have a thickness of about 100 nm.

Next, a resist pattern (not shown) is formed on the gate
electrode material film 5A so as to cover a gate electrode
formation region, and then the gate electrode material film 5A
is etched using the resist pattern as a mask, thereby forming,
as shown in FIG. 11D, a gate electrode 5. Thereafter, part of
the high dielectric constant gate insulating film 4 located in
the external side to the gate electrode 5 is removed by a
thickness of about 2 nm by selective etching. Thus, a thick-
ness of part of the high dielectric constant gate insulating film
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4 located in the external side to the gate electrode 5 can be
reduced so that a remaining thickness of the part of the high
dielectric constant gate insulating film 4 becomes about 2 nm.
Subsequently, using the gate electrode 5 as a mask, for
example, As (arsenic) is ion implanted into the substrate 1 at
an implantation energy of 2 keV and a dose of 1x10"> cm™,
thereby forming an n-type extension region 10. Thereafter,
using the gate electrode 5 as a mask, for example, B is ion
implanted into the substrate 1 at an implantation energy of 10
keV and a dose of 3x10"* cm™2, thereby forming a p-type
pocket region 11. In this case, the n-type extension region 10
may be formed after forming the p-type pocket region 11.

Next, an insulating film is deposited over the substrate 1 to
a thickness of about 50 nm, and then the insulating film is
etched back to form, as shown in FIG. 11E, an insulating
sidewall 7 on each side surface of the gate electrode 5.

Next, using the gate electrode 5 and the sidewall 7 as a
mask, for example, As is ion implanted into the substrate 1 at
an implantation energy of 10 keV and a dose of 5x10*° cm™2,
and then, for example, spike RTA (rapid thermal annealing) is
performed at a temperature of about 1050° C., thereby acti-
vating the implanted impurity. Thus, as shown in FIG. 11F,
n-type source/drain regions 12 are formed.

According to the above-described fabrication method of
this embodiment, the MISFET structure (see FIG. 1) of the
first embodiment can be realized in a relatively simple man-
ner.

Meanwhile, the high dielectric constant gate insulating
film 4 contains heavy metal and thus Rp (projection range) of
implanted ions passing through the high dielectric constant
gate insulating film 4 tends to be small. Therefore, in the
process step of FIG. 11D, if without reducing the thickness of
the high dielectric constant gate insulating film 4, ion implan-
tation is performed to the substrate 1 covered with the high
dielectric constant gate insulating film 4 in the external side to
the gate electrode 5 to form the n-type extension region 10 or
the p-type pocket region 11, an acceleration energy has to be
increased. However, in this embodiment, the part of the high
dielectric constant gate insulating film 4 located in the exter-
nal side to the gate electrode 5 has a reduced thickness, so that
increase in acceleration energy can be suppressed. Accord-
ingly, a shallow junction can be formed in the n-type exten-
sion region 10 in a simple manner and thus device character-
istics can be improved in a simple manner.

In this embodiment, after the sidewall 7 has been formed,
for example, part of the high dielectric constant gate insulat-
ing film 4 located in the external side to the sidewall 7 may be
removed by wet etching using hydrofluoric acid or the like or
selective dry etching. In such a case, when wet etching is
used, part of the high dielectric constant gate insulating film 4
located under each side end portion of the sidewall 7, i.e., a
side end portion of the high dielectric constant gate insulating
film 4 may be removed in a notch shape, so that a notch is
formed. Thus, the MISFET structure (see FIG. 6) of the
modified example of the first embodiment can be realized in
a simple manner.

In this embodiment, a target thickness for reduction in the
thickness of the part of the high dielectric constant gate insu-
lating film 4 located in the external side to the gate electrode
5 is not particularly limited. However, for example, when an
HfSiON film is used as the high dielectric constant gate
insulating film 4, to suppress increase in a capacitance
between a gate and a grain, the thickness of part of the high
dielectric constant gate insulating film 4 located in the exter-
nal side to the gate electrode 5 is preferably reduced to about
2 nm or less (so that a surface of the substrate 1 is not
exposed).
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Sixth Embodiment

Hereafter, a method for fabricating a semiconductor device
according to a sixth embodiment of the present invention will
be described with reference to the accompanying drawings.
In this embodiment, description will be made using a method
for fabricating an n-type MISFET as an example. FIGS. 12A
through 12G are cross-sectional views illustrating respective
steps for fabricating a semiconductor device according to the
sixth embodiment.

First, as shown in FIG. 12A, a STI 3 which is to be an
isolation region is selectively formed on a substrate 1 of, for
example, silicon and then, for example, B is ion implanted
into the substrate 1 at an implantation energy of 300 keV and
adose of 1102 cm™2. Thus, a p-type well 2 which is to be an
active region is formed. Subsequently, ion implantation (of B
at an implantation energy of 150 keV and a dose of 1x10'?
cm™?) for punch-through stopper formation and ion implan-
tation (of B at an implantation energy of 20 keV and a dose of
5%10'% cm™2) for channel formation are performed.

Next, as shown in FIG. 12B, as a buffer insulating film, for
example, a silicon oxide film (not shown) is formed on the
active region of the p-type well 2 surrounded by the STI 3 so
as to have a thickness of about 0.5 nm and then, as a high
dielectric constant film 4, for example, a HfSiON film is
deposited thereon to a thickness of about 4 nm (i.e., about 1
nm in terms of an equivalent oxide thickness).

Next, as shown in FIG. 12C, for example, a gate electrode
material film 5A is formed on the high dielectric constant gate
insulating film 4 so as to have a thickness of about 100 nm.

Next, a resist pattern (not shown) is formed on the gate
electrode material film 5A so as to cover a gate electrode
formation region, and then the gate electrode material film 5A
is etched using the resist pattern as a mask, thereby forming,
as shown in FIG. 12D, a gate electrode 5. Thereafter, part of
the high dielectric constant gate insulating film 4 located in
the external side to the gate electrode 5 is removed by a
thickness of about 2 nm by selective etching. Thus, a thick-
ness of the part of the high dielectric constant gate insulating
film 4 located in the external side to the gate electrode 5 can
be reduced so that a remaining thickness ofthe part of the high
dielectric constant gate insulating film 4 becomes about 2 nm.

Next, an insulating film is deposited over the substrate 1 to
a thickness of about 10 nm, and then the insulating film is
etched back to form, as shown in FIG. 12E, an insulating
offset sidewall 6 on each side surface of the gate electrode 5.
Thereafter, part of the high dielectric constant gate insulating
film 4 located in the external side to the offset sidewall 6 is
removed by wet etching using, for example, hydrofluoric acid
or selective dry etching. Subsequently, using the gate elec-
trode 5 and the offset sidewall 6 as a mask, for example, As is
ion implanted into the substrate 1 at an implantation energy of
2keV and a dose of 1x10'® cm™2, thereby forming an n-type
extension region 10. Thereafter, using the gate electrode 5 and
the offset sidewall 6 as a mask, for example, B is ion
implanted into the substrate 1 at an implantation energy of 10
keV and a dose of 3x10"* cm™>, thereby forming a p-type
pocket region 11.

Next, an insulating film is deposited over the substrate 1 to
a thickness of about 50 nm, and then the insulating film is
etched back to form, as shown in FIG. 12F, an insulating
sidewall 7 on each side surface of the gate electrode 5 with the
offset sidewall 6 interposed therebetween.

Next, using the gate electrode 5, the offset sidewall 6 and
the sidewall 7 as a mask, for example, As is ion implanted into
the substrate 1 at an implantation energy of 10keV and a dose
of 5x10'° em™, and then, for example, spike RTA (rapid
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thermal annealing) is performed at a temperature of about
1050° C., thereby activating the implanted impurity. Thus, as
shown in FIG. 12G, n-type source/drain regions 12 are
formed.

According to the above-described fabrication method of
this embodiment, the MISFET structure (see FIG. 2) of the
second embodiment can be realized in a relatively simple
manner.

In this embodiment, after the offset sidewall 6 has been
formed, part of the high dielectric constant gate insulating
film 4 located in the external side to the offset sidewall 6 is
removed, for example, by wet etching using hydrofluoric acid
or the like. When this wet etching is performed, part of the
high dielectric constant gate insulating film 4 located under
each side end portion of the offset sidewall 6, i.e., a side end
portion of the high dielectric constant gate insulating film 4
may be removed in a notch shape, so that a notch is formed.
Thus, the MISFET structure (see FIG. 7) of the first modified
example of the second embodiment can be realized in a
simple manner.

In this embodiment, a target thickness for reduction in the
thickness of the part of the high dielectric constant gate insu-
lating film 4 located in the external side to the gate electrode
5 is not particularly limited. However, for example, when an
HfSiON film is used as the high dielectric constant gate
insulating film 4, to suppress increase in a capacitance
between a gate and a grain, the thickness of part of the high
dielectric constant gate insulating film 4 located in the exter-
nal side to the gate electrode 5 is preferably reduced to about
2 nm or less (so that a surface of the substrate 1 is not
exposed).

In this embodiment, after the offset sidewall 6 has been
formed, part of the high dielectric constant gate insulating
film 4 located in the external side to the offset sidewall 6 is
removed, and then ion implantation for forming the n-type
extension region 10 and the p-type pocket region 11 is per-
formed. However, instead of performing these process steps,
ion implantation for forming the n-type extension region 10
and the p-type pocket region 11 may be performed after the
offset sidewall 6 is formed and with part of the high dielectric
constant gate insulating film 4 having a reduced thickness
remaining in the external side to the offset sidewall 6. Even in
this manner, according to this embodiment, the part of the
high dielectric constant gate insulating film 4 located in the
external side to the offset sidewall 6 has a reduced thickness,
so that increase in acceleration energy can be suppressed.
Accordingly, a shallow junction can be formed in the n-type
extension region 10 in a simple manner and thus device char-
acteristics can be improved in a simple manner. In this case,
ion implantation for forming an extension region and a pocket
region of an MISFET having a different channel type or
another power supply system and being provided on the same
substrate may be performed after ion implantation for form-
ing the n-type extension region 10 and the p-type pocket
region 11 and then removal of the part of the high dielectric
constant gate insulating film 4 located in the external side to
the offset sidewall 6.

Seventh Embodiment

Hereafter, a method for fabricating a semiconductor device
according to a seventh embodiment of the present invention
will be described with reference to the accompanying draw-
ings. FIGS. 13A through 13G are cross-sectional views illus-
trating respective steps for fabricating a semiconductor
device according to the seventh embodiment.
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First, as shown in FIG. 13A, a STI 3 which is to be an
isolation region is selectively formed on a substrate 1 of, for
example, silicon and then, for example, B is ion implanted
into the substrate 1 at an implantation energy of 300 keV and
adose of 1x10'* cm™2. Thus, a p-type well 2 which is to be an
active region is formed.

Subsequently, ion implantation (of B at an implantation
energy of 150 keV and a dose of 1x10** ¢cm~2) for punch-
through stopper formation and ion implantation (of B at an
implantation energy of20keV and a dose of 5x10'? cm™2) for
channel formation are performed.

Next, as shown in FIG. 13B, as a buffer insulating film, for
example, a silicon oxide film (not shown) is formed on the
active region of the p-type well 2 surrounded by the STI 3 so
as to have a thickness of about 0.5 nm and then, as a high
dielectric constant film 4, for example, a HfSiON film is
deposited thereon to a thickness of about 4 nm (i.e., about 1
nm in terms of an equivalent oxide thickness).

Next, as shown in FIG. 13C, for example, a gate electrode
material film 5A is formed on the high dielectric constant gate
insulating film 4 so as to have a thickness of about 100 nm.

Next, a resist pattern (not shown) is formed on the gate
electrode material film 5A so as to cover a gate electrode
formation region, and then the gate electrode material film 5A
is etched using the resist pattern as a mask, thereby forming,
as shown in FIG. 13D, a gate electrode 5. Thereafter, part of
the high dielectric constant gate insulating film 4 located in
the external side to the gate electrode 5 is removed by a
thickness of about 2 nm by selective etching. Thus, a thick-
ness of part of the high dielectric constant gate insulating film
4 located in the external side to the gate electrode 5 can be
reduced so that a remaining thickness of the part of the high
dielectric constant gate insulating film 4 becomes about 2 nm.

Next, an insulating film is deposited over the substrate 1 to
a thickness of about 5 nm, and then the insulating film is
etched back to form, as shown in FIG. 13E, an insulating
offset sidewall 6 on each side surface of the gate electrode 5.
Thereafter, part of the high dielectric constant gate insulating
film 4 which is not covered by the gate electrode 5 and the
offset sidewall 6 is further removed by about 1 nm. Thus, the
thickness of part of the high dielectric gate insulating film 4
located in the external side to the offset sidewall 6 can be
reduced to a thickness of about 1 nm. Then, using the gate
electrode 5 and the offset sidewall 6 as a mask, for example,
As is ion implanted into the substrate 1 at an implantation
energy of 2 keV and a dose of 1x10"> cm™2, thereby forming
an extension region 10. Thereafter, using the gate electrode 5
and the offset sidewall 6 as a mask, for example, B is ion
implanted into the substrate 1 at an implantation energy of 10
keV and a dose of 3x10"* cm™2, thereby forming a p-type
pocket region 11.

Next, an insulating film is deposited over the substrate 1 to
a thickness of about 50 nm, and then the insulating film is
etched back to form, as shown in FIG. 13F, an insulating
sidewall 7 on each side surface of the gate electrode 5 with the
offset sidewall 6 interposed therebetween.

Next, using the gate electrode 5, the offset sidewall 6 and
the sidewall 7 as a mask, for example, As is ion implanted into
the substrate 1 at an implantation energy of 10 keV and a dose
of 5x10" cm™2, and then, for example, spike RTA (rapid
thermal annealing) is performed at a temperature of about
1050° C., thereby activating the implanted impurity. Thus, as
shown in FIG. 13G, n-type source/drain regions 12 are
formed.
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According to the above-described fabrication method of
this embodiment, the MISFET structure (see FIG. 5) of the
third embodiment can be realized in a relatively simple man-
ner.

In this embodiment, the high dielectric constant gate insu-
lating film 4E is formed so that the thickness of the high
dielectric constant gate insulating film 4E is reduced in the
part located under the offset sidewall 6 and then is further
reduced in the part located in the external side to the offset
sidewall 6. Therefore, even when ion implantation for form-
ing the n-type extension region 10 is performed using the gate
electrode 5 and the offset sidewall 6 as a mask, increase in
acceleration energy can be suppressed at a minimum level.
Accordingly, a shallow junction can be formed at an even
shallower depth in the n-type extension region 10 in a simple
manner and thus device characteristics can be improved in a
simple manner.

In this embodiment, after the sidewall 7 has been formed,
the part of the high dielectric constant gate insulating film 4
located in the external side to the sidewall 7 may be removed,
forexample, by wet etching using hydrofluoric acid or the like
or selective dry etching. Moreover, in such a case, part of the
high dielectric constant gate insulating film 4 located under
each side end portion of the sidewall 7, i.e., each side end
portion of the high dielectric constant gate insulating film 4
may be removed in a notch shape. Thus, the MISFET struc-
ture (see FIG. 8B) of the modified embodiment of the third
embodiment can be realized in a simple manner.

In this embodiment, a target thickness for reduction in the
thickness of the part of the high dielectric constant gate insu-
lating film 4 located in the external side to the gate electrode
5 is not particularly limited either under the offset sidewall 6
or under the sidewall 7. However, for example, when an
HfSiON film is used as the high dielectric constant gate
insulating film 4, to suppress increase in a capacitance
between a gate and a grain, the thickness of part of the high
dielectric constant gate insulating film 4 located in the exter-
nal side to the gate electrode 5 is preferably reduced to about
2 nm or less.

Eighth Embodiment

Hereafter, a method for fabricating a semiconductor device
according to an eighth embodiment of the present invention
will be described with reference to the accompanying draw-
ings. In this embodiment, description will be made using a
method for fabricating an n-type MISFET as an example.
FIGS. 14A through 14G and FIGS. 15A through 15D are
cross-sectional views illustrating respective steps for fabri-
cating a semiconductor device according to the eighth
embodiment.

First, as shown in FIG. 14A, for example, a STI 3 which is
to be an isolation region is selectively formed on a substrate 1
of, for example, silicon and then, for example, B is ion
implanted into the substrate 1 at an implantation energy of
300 keV and a dose of 1x10'® cm™2. Thus, a p-type well 2
which is to be an active region is formed. Subsequently, ion
implantation (of B at an implantation energy of 150 keV and
a dose of 1x10'* cm~2) for punch-through stopper formation
and ion implantation (of B at an implantation energy of 20
keV and a dose of 5x10'? cm™2) for channel formation are
performed.

Next, as shown in FIG. 14B, as a buffer insulating film, for
example, a silicon oxide film (not shown) is formed on the
active region of the p-type well 2 surrounded by the STI 3 so
as to have a thickness of about 0.5 nm and then, as a high
dielectric constant film 4, for example, a HfSiON film is
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deposited thereon to a thickness of about 4 nm (i.e., about 1
nm in terms of an equivalent oxide thickness).

Next, as shown in FIG. 14C, as a gate electrode material
film 5A, for example, a polysilicon film is formed on the high
dielectric constant gate insulating film 4 so as to have a
thickness of about 100 nm, and then as a cover film (protective
film) 15, for example, a silicon oxide film is deposited over
the gate electrode material film 5A to a thickness of about 10
nm.

Next, a resist pattern (not shown) is formed on the cover
film 15 so as to cover a gate electrode formation region, and
then the cover film 15 and the gate electrode material film 5A
are etched in this order using the resist pattern as a mask,
thereby forming, as shown in FIG. 14D, a gate electrode 5
with its upper surface covered by the cover film 15. Thereaf-
ter, part of the high dielectric constant gate insulating film 4
located in the external side to the gate electrode 5 is removed
by a thickness of about 2 nm by selective etching. Thus, a
thickness of part of the high dielectric constant gate insulating
film 4 located in the external side to the gate electrode 5 can
be reduced so that a remaining thickness of the part of the high
dielectric constant gate insulating film 4 becomes about 2 nm.

Next, an insulating film is deposited over the substrate 1 to
a thickness of about 10 nm, and then the insulating film is
etched back to form, as shown in FIG. 14E, an insulating
offset sidewall 6 on each side surface of the gate electrode 5.
Thereafter, part of the high dielectric constant gate insulating
film 4 located in the external side to the offset sidewall 6 is
removed, for example, by wet etching using hydrofluoric acid
or the like or selective dry etching. Subsequently, using the
gate electrode 5 and the offset sidewall 6 as a mask, for
example, As is ion implanted into the substrate 1 at an implan-
tation energy of 2 keV and a dose of 1x10'° cm™2, thereby
forming an n-type extension region 10. Thereafter, using the
gate electrode 5 and the offset sidewall 6 as a mask, for
example, B is ion implanted into the substrate 1 at an implan-
tation energy of 10 keV and a dose of 3x10"* cm™2, thereby
forming a p-type pocket region 11.

Next, an insulating film (for example, a SiN film) is depos-
ited over the substrate 1 to a thickness of about 50 nm, and
then the insulating film is etched back to form, as shown in
FIG. 14F, an insulating sidewall 7 on each side surface of the
gate electrode 5 with the offset sidewall 6 interposed therebe-
tween.

Next, using the gate electrode 5, the offset sidewall 6 and
the sidewall 7 as a mask, for example, As is ion implanted into
the substrate 1 at an implantation energy of 10keV and a dose
of 5x10'> em™, and then, for example, spike RTA (rapid
thermal annealing) is performed at a temperature of about
1050° C., thereby activating the implanted impurity. Thus, as
shown in FIG. 14G, n-type source/drain regions 12 are
formed.

Next, a metal film (for example, a Ni film) is deposited over
the substrate 1 to a thickness of about 10 nm, and RTA is
performed to bring a silicon portion of the substrate 1 and the
metal film into reaction. Thus, as shown in FIG. 15A, a
silicide layer 13 is formed on the n-type source/drain regions
12. Thereafter, unreacted part of the metal film which remains
on the substrate 1 is exfoliated or removed.

Next, as shown in FIG. 15B, an interlayer insulating film 14
is deposited over the substrate 1 as well as the gate electrode
5 to a thickness of about 400 nm.

Next, as shown in FIG. 15C, the interlayer insulating film
14 is polished, for example, by CMP (chemical mechanical
polishing) so that a surface of the interlayer insulating film 14
becomes at the same level as the upper surface of the cover
film 15, and then the exposed cover film 15 is removed by
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etching. In this case, respective upper portions of the inter-
level insulating film 14 which has undergone through CMP
and the offset sidewall 6 are also removed.

Next, a metal film (for example, a Ni film) is deposited over
the substrate 1 to a thickness of about 100 nm, and then RTA
is performed to bring a silicon portion of the gate electrode 5
and the metal film into reaction. Thus, as shown in FIG. 15D,
a fully silicided gate electrode 16 (obtained by siliciding the
entire region over the high dielectric constant gate insulating
film 4) is formed.

According to the above-described fabrication method of
this embodiment, the MISFET structure (see FIG. 2) of the
second embodiment using a FUSI (full silicide) structure can
be realized in a relatively simple manner.

In this embodiment, when the offset sidewall 6 has been
formed and then part of the high dielectric constant gate
insulating film 4 located in the external side to the offset
sidewall 6 is removed, for example, by wet etching using
hydrofluoric acid or the like, part of the high dielectric con-
stant gate insulating film 4 located under each side end por-
tion of the offset sidewall 6, i.e., each side portion of the high
dielectric constant gate insulating film 4 may be removed in a
notch shape so that a notch is provided. Thus, the MISFET
structure (see FIG. 7) of the first modified example of the
second embodiment using a FUSI structure can be realized in
a simple manner.

In this embodiment, a target thickness for reduction in the
thickness of the part of the high dielectric constant gate insu-
lating film 4 located in the external side to the gate electrode
5 is not particularly limited. However, for example, when an
HfSiON film is used as the high dielectric constant gate
insulating film 4, to suppress increase in a capacitance
between a gate and a grain, the thickness of part of the high
dielectric constant gate insulating film 4 located in the exter-
nal side to the gate electrode 5 is preferably reduced to about
2 nm or less (so that a surface of the substrate 1 is not
exposed).

In this embodiment, after the offset sidewall 6 has been
formed, part of the high dielectric constant gate insulating
film 4 located in the external side to the offset sidewall 6 is
removed, and then ion implantation for forming the n-type
extension region 10 and the p-type pocket region 11 is per-
formed. However, instead of performing these process steps,
ion implantation for forming the n-type extension region 10
and the p-type pocket region 11 may be performed after the
offset sidewall 6 is formed and with part of the high dielectric
constant gate insulating film 4 having a reduced thickness
remaining in the outer side offset sidewall 6. Even in this
manner, according to this embodiment, the part of the high
dielectric constant gate insulating film 4 located in the exter-
nal side to the offset sidewall 6 has a reduced thickness, so that
increase in acceleration energy can be suppressed. Accord-
ingly, a shallow junction can be formed in the n-type exten-
sion region 10 in a simple manner and thus device character-
istics can be improved in a simple manner. In this case, ion
implantation for forming an extension region and a pocket
region of an MISFET having a different channel type or
another power supply system and formed on the same sub-
strate may be performed after ion implantation for forming
the n-type extension region 10 and the p-type pocket region
11 and then removal of the part of the high dielectric constant
gate insulating film 4 located in the external side to the offset
sidewall 6.

In this embodiment, the MISFET structure of the second
embodiment using a FUSI structure has been formed. How-
ever, instead of forming the MISFET structure of the second
embodiment, the MISFET structure of the first embodiment,
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the modified example of the first embodiment, each of the
modified examples of the second embodiment, the third
embodiment, the modified example of the third embodiment,
the fourth embodiment or the modified example of the fourth
embodiment may be formed using a FUSI structure.

In each of the first through eighth embodiments, a single
layer structure of a SiN film has been used as an example of
the sidewall 7. However, instead of the single layer structure
of a SiN film, for example, a double layer structure of a
combination of an oxide film (SiO, film) and a nitride film
(SiN film) (for example, including a SiO, layer as an lower
layer and a SiN film as an upper layer), a triple layer structure
(for example including an SiO, film as a lower layer, a SiN
film as a middle layer and a SiO, film as an upper layer) or the
like may be used.

In each of the first through eighth embodiments, instead of
the n-type extension region 10, a LDD may be formed.

In each of the fifth through eighth embodiments, instead of
the n-type MISFET, a p-type MISFET may be formed.

In each of the fifth through eighth embodiments, to prevent
deterioration of the interface of a gate insulating film and a
gate electrode, a buffer insulating film may be formed
between the gate electrode 5 and the high dielectric constant
gate insulating film 4 so as to have a thickness of about 0.2
nm.
In each of the first through eighth embodiments, a shape of
each side surface of the high dielectric constant gate insulat-
ing film 4 in which the notch 20 is provided in the part located
under each side end portion of the sidewall 7 or the offset
sidewall 6 is not limited to a semicircular shape shown in FIG.
6, 7, 8 or 10. For example, each side surface of the high
dielectric constant gate insulating film 4 may be a perpen-
dicular plane to the substrate surface. That is, a side surface of
the high dielectric constant gate insulating film 4 may be
located at a predetermined distance from a side end surface of
the sidewall 7 or the offset sidewall 6 toward the gate elec-
trode 5.

What is claimed is:

1. A semiconductor device comprising:

a gate insulating film formed on an active region in a

substrate and including Hf;

a gate electrode formed on the gate insulating film;

a insulating sidewall formed on each side surface of the

gate electrode; and
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wherein a width of the gate insulating film along a gate
length is larger than a width of the gate electrode along
the gate length, and

an end of the gate insulating film under the insulating

sidewall is retracted from an outer end of the insulating
sidewall toward the gate electrode.

2. The semiconductor device of claim 1, further comprising
a buffer insulating film formed of a silicon oxide film and
provided between the substrate and the gate insulating film.

3. The semiconductor device of claim 1, wherein the gate
insulating film is formed of a Hf based oxide.

4. The semiconductor device of claim 1, wherein the gate
insulating film is formed of a HfSiON film.

5. The semiconductor device of claim 1, wherein a part of
the gate insulating film located under the insulating sidewall
includes a notch at the end thereof.

6. The semiconductor device of claim 1, wherein a part of
the gate insulating film located under the insulating sidewall
has a thickness of 2 nm or less.

7. The semiconductor device of claim 1, wherein an end of
the gate insulating film protrudes from a side end of the gate
electrode toward the insulating sidewall.

8. The semiconductor device of claim 1, wherein the insu-
lating sidewall has a double layer structure including an oxide
film and a nitride film.

9. The semiconductor device of claim 1, wherein the insu-
lating sidewall has a triple layer structure including a first
oxide film, a nitride film and a second oxide film.

10. The semiconductor device of claim 1, wherein a width
of a bottom surface of the gate insulating film along a gate
length is larger than a width of a bottom surface of the gate
electrode along the gate length.

11. The semiconductor device of claim 1, wherein the end
of the gate insulating film located under the insulating side-
wall has a tapered surface.

12. The semiconductor device of claim 1, wherein the gate
insulating film located under the insulating sidewall has a
thickness which becomes smaller toward the end thereof.

13. The semiconductor device of claim 1, wherein the
width of the gate insulating film along a gate length is larger
than a width of part of the gate electrode in a middle position
in height along the gate length.

* * * * *
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