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(57) ABSTRACT 

A semiconductor device has a first MIS transistor. The first 
MIS transistor includes a first source/drain region of a first 
conductivity type which includes a silicon compound layer 
causing a first stress in a gate length direction of a channel 
region in a first active region, and a stress insulating film 
which is formed on the first active region to cover a first gate 
electrode, a first sidewall, and the first source/drain region, 
and which causes a second stress opposite to the first stress. 
An uppermost surface of the silicon compound layer is 
located higher than a surface of a semiconductor substrate 
located directly under the first gate electrode. A first stress­
relief film is formed in a space between the silicon compound 
layer and the first sidewall. 
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SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

2 
Next, first and second gate electrode formation portions 

1 0SA, 105B which respectively include first and second gate 
insulating films 103a, 103b, first and second gate electrodes 
104a, 104b, and first and second protective insulating films 

This is a continuation of PCT International Application 
PCT/JP2010/005117 filed on Aug. 19, 2010, which claims 
priority to Japanese Patent Application No. 2010-002225 
filed on Jan. 7, 2010. The disclosures of these applications 
including the specifications, the drawings, and the claims are 
hereby incorporated by reference in their entirety. 

5 105a, 105b, are formed on the first and second active regions 
100a, 100b. 

BACKGROUND 

Next, first and second offset spacers 106a, 106b are formed 
on side surfaces of the first and second gate electrode forma­
tion portions 105A, 105B. Then, p-type extension implanta­
tion regions 107 a are formed in the first active region 1 OOa on 

10 
lateral sides of the first gate electrode formation portion 
105A. Also, n-type extension implantation regions 107b are 
formed in the second active region 1 00b on lateral sides of the 
second gate electrode formation portion 105B. 

Next, as shown in FIG. 8B, first and second sidewalls 

The present disclosure relates to semiconductor devices 
and methods for fabricating the semiconductor devices, and 
particularly relates to semiconductor devices which include a 
metal-insulator-semiconductor field-effect transistor (MIS­
FET) having a source/drain region including a silicon com­
pound layer, and methods for fabricating the semiconductor 
devices. 

15 109A, 109B which respectively include first and second inner 
sidewalls 108a, 108b, and first and second outer sidewalls 
109a, 109b, are formed on the side surfaces of the first and 
second gate electrode formation portions 105A, 105B, with 
the first and second offset spacers 106a, 106b interposed 

20 between the first and second gate electrode formation por­
tions 105A, 105B and the first and second sidewalls 109A, 
109B. 

A distortion technique of enhancing the drive capability of 
a MISFET (hereinafter referred to as a "MIS transistor") by 
applying a stress to the channel region of the MIS transistor 25 

has been employed to improve the performance of a semicon­
ductor integrated circuit device. In the case of p-type MIS 
transistors, it is known that if a compressive stress is applied 
to the channel region in the gate length direction, the mobility 
of carriers is increased, and the drive capability of the p-type 30 

MIS transistor is enhanced. Examples of methods for apply-
ing a compressive stress to the channel region in the gate 
length direction includes forming, in a source/drain region, a 
SiGe layer having a larger lattice constant than the lattice 
constant of a silicon substrate (see, e.g., Patent Document 1: 35 

U.S. Pat. No. 6,621,131 (U.S. Patent Publication No. 2003/ 
0080361); Non-Patent Document 1: T. Ghani eta!., "A 90nm 
High Volume Manufacturing Logic Technology Featuring 
Novel 45 nm Gate Length Strained Silicon CMOS Transis­
tors," IEDMTech. Digest, pp. 978-980, 2003; and Non-Patent 40 

Document 2: Z. Luo et al., "Design of High Performance 
PFETs with Strained Si Channel and Laser Anneal," IEDM 
Tech. Digest, pp. 495-498, 2005). 

A semiconductor device in which a p-type MIS transistor 
having a SiGe layer formed in a source/drain region, and an 45 

n-type MIS transistor are formed on the same semiconductor 
substrate will be described below, with reference to FIGS. 
SA-SC, FIGS. 9A-9C, and FIGS. l0A-lOC. FIG. SA to FIG. 
1 0C are cross-sectional views of a conventional semiconduc-
tor device in the gate length direction which sequentially 50 

show steps of fabricating the conventional semiconductor 
device. In FIG. SA to FIG. l0C, the term "pMIS region" 
shown on the left side is a region where the p-type MIS 
transistor is formed, and the term "nMIS region" shown on 
the right side is a region where the n-type MIS transistor is 55 

formed. 
Initially, as shown in FIG. SA, an isolation region 101 is 

selectively formed in an upper portion of a semiconductor 
substrate 100. As a result, a first active region 100a sur­
rounded by the isolation region 101 is formed in the pMIS 60 

region of the semiconductor substrate 100. A second active 
region 100b surrounded by the isolation region 101 is also 
formed in the nMIS region of the semiconductor substrate 
100. After that, an n-type well region 102a is formed in the 
pMIS region of the semiconductor substrate 100, and a p-type 65 

well region 102b is formed in the nMIS region of the semi­
conductor substrate 100. 

Next, as shown in FIG. SC, a protective insulating film 110 
which covers the second gate electrode formation portion 
105B, the second offset spacer 106b, the second sidewall 
109B, and then-type extension implantation region 107b is 
formed on the second active region 100b. 

Next, the first active region 100a is etched using the first 
sidewall 109A and the protective insulating film 110 as a 
mask. As a result, trenches 111 are formed in the first active 
region 100a on lateral sides of the first sidewall 109A. 

Next, as shown in FIG. 9A, a SiGe layer 112 doped with a 
p-type impurity is formed in each of the trenches 111. Since 
the SiGe layer 112 is doped with the p-type impurity, the 
region of the SiGe layer 112 is a p-type impurity-introduced 
region. 

Next, as shown in FIG. 9B, the protective insulating film 
110 and the first and second protective insulating films 105a, 
105b are removed. 

Next, as shown in FIG. 9C, n-type source/drain injection 
regions 113 are formed in the second active region 100b on 
lateral sides of the second sidewall 1098. 

Next, as shown in FIG. lOA, the p-type and n-type impu­
rities contained in the p-type and n-type extension implanta­
tion regions 107a, 107b are activated by a thermal treatment 
to form p-type and n-type extension regions 114a, 114b. The 
p-type impurity contained in the region of the Si Ge layer 112 
(i.e., the p-type impurity-introduced region) is activated to 
form a p-type source/drain region 115a. Then-type impurity 
contained in the n-type source/drain injection region 113 is 
activated to form an n-type source/drain region 115b. 

Next, as shown in FIG. 10B, first and third silicide layers 
116a, 116b are formed on the first and second gate electrodes 
104a, 104b, and second and fourth silicide layers 117a, 117b 
are formed on the p-type and n-type source/drain regions 
115a, 115b. 

Next, as shown in FIG. l0C, a stress insulating film 118 
which causes a tensile stress in the gate length direction of the 
channel region in the second active region 1 00b is formed on 
the entire surface of the semiconductor substrate 100. 

Conventional semiconductor devices are formed in this 
manner. 

SUMMARY 

However, the conventional semiconductor devices have the 
following problem. 
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In general, if a tensile stress is applied to the channel region 
of the active region in the gate length direction, the drive 
capability of the n-type MIS transistor is enhanced, but the 
drive capability of the p-type MIS transistor is reduced. 

In conventional semiconductor devices, it is possible to 5 

improve the drive capability of then-type MIS transistor by 
using the stress insulating film 118 to apply a tensile stress to 
the channel region of the second active region 100b in the gate 
length direction. However, due to the stress insulating film 
118, a tensile stress is applied to the channel region of the first 10 

active region 100a in the gate length direction. Thus, the drive 
capability of the p-type MIS transistor may be reduced. 

In view of the above problem, an objective of the present 
disclosure is to prevent a reduction in drive capability of a 
MIS transistor due to a stress insulating film, in a semicon- 15 

ductor device which includes a MIS transistor having a 
source/drain region including a silicon compound layer. 

To achieve the above objective, a semiconductor device 
according to one embodiment of the present disclosure 
includes a first MIS transistor, wherein the first MIS transistor 20 

includes: a first gate insulating film formed on a first active 
region in a semiconductor substrate; a first gate electrode 
formed on the first gate insulating film; a first sidewall formed 
on a side surface of the first gate electrode; a first source/drain 
region of a first conductivity type which is formed in a trench 25 

provided in the first active region on a lateral side of the first 
sidewall, and which includes a silicon compound layer caus-
ing a first stress in a gate length direction of a channel region 
in the first active region; and a stress insulating film which is 
formed on the first active region to cover the first gate elec- 30 

trade, the first sidewall, and the first source/drain region, and 
which causes a second stress opposite to the first stress, an 
uppermost surface of the silicon compound layer is located 
higher than a surface of the semiconductor substrate located 
directly under the first gate electrode, and a first stress-relief 35 

film is formed in a space between the silicon compound layer 
and the first sidewall. 

4 
the first stress can be efficiently applied to the channel region 
in the first active region in the gate length direction. Conse­
quently, it is possible to further improve the drive capability of 
the first MIS transistor. 

It is preferable that the semiconductor device according to 
one embodiment of the present disclosure further includes a 
first offset spacer which is formed between the first gate 
electrode and the first sidewall, and whose cross-section has 
an I shape. 

It is preferable that the semiconductor device according to 
one embodiment of the present disclosure further includes a 
first silicide layer formed on the first gate electrode; and a 
second silicide layer formed on the first source/drain region 
which includes the silicon compound layer. 

In the semiconductor device according to one embodiment 
of the present disclosure, the first stress-relief film is prefer­
ably formed on a side surface of the silicon compound layer. 

In the semiconductor device according to one embodiment 
of the present disclosure, the first sidewall preferably includes 
an inner sidewall which is formed on the side surface of the 
first gate electrode, and whose cross-section has an L shape, 
and an outer sidewall formed on the inner sidewall. 

In the semiconductor device according to one embodiment 
of the present disclosure, it is preferable that the first sidewall 
includes an inner sidewall whose cross-section has an L 
shape, and the stress insulating film is formed in contact with 
a surface of the inner sidewall which is curved to have an 
L-shaped cross-section. 

In the semiconductor device according to one embodiment 
of the present disclosure, it is preferable that the first MIS 
transistor is a p-type MIS transistor, the first stress is a com­
pressive stress, and the second stress is a tensile stress. 

In the semiconductor device according to one embodiment 
of the present disclosure, it is preferable that the silicon com­
pound layer is a SiGe layer, the stress insulating film is a 
silicon nitride film, and the first stress-relief film is a silicon 
oxide film. 

In the semiconductor device according to one embodiment 
of the present disclosure, the uppermost surface of the silicon 
compound layer is located higher than the surface of the 
semiconductor substrate located directly under the first gate 
electrode. In other words, the silicon compound layer 
includes a portion in the trench, and a protruding portion 
located on the portion in the trench. Thus, a space is formed 
between the silicon compound layer and the first sidewall, and 

In the semiconductor device according to one embodiment 
of the present disclosure, it is preferable that the first MIS 

40 transistor is an n-type MIS transistor, the first stress is a tensile 
stress, and the second stress is a compressive stress. 

It is preferable that the semiconductor device according to 
one embodiment of the present disclosure includes: an isola­
tion region formed in the semiconductor substrate to surround 

45 the first active region; a gate interconnect formed on the 
isolation region; an interconnect sidewall formed on a side 
surface of the gate interconnect; a second stress-relief film 
formed on a side surface of a recessed portion provided in the 
isolation region on a lateral side of the interconnect sidewall; 

the first stress-relief film can be formed in the space. Accord­
ingly, the protruding portion of the silicon compound layer 
and the first stress-relief film can be interposed between the 
stress insulating film and the channel region in the first active 
region. This means that the stress insulating film can be sepa­
rated from the channel region in the first active region by the 
thicknesses of the protruding portion of the silicon compound 
layer and the first stress-relief film. In this structure, it is 
possible to reduce the second stress applied from the stress 
insulating film to the channel region in the first active region 55 

in the gate length direction. As a result, it is possible to prevent 

50 and the stress insulating film formed on the isolation region to 
cover the gate interconnect, the interconnect sidewall, and the 
second stress-relief film. 

a reduction in drive capability of the first MIS transistor due 
to a decrease in the mobility of electrons. 

Further, the first stress from the silicon compound layer can 
be applied to the channel region in the first active region in the 60 

gate length direction. It is therefore possible to improve the 
drive capability of the first MIS transistor. Moreover, as 
described above, the silicon compound layer includes the 
portion in the trench, and the protruding portion located on 
the portion in the trench. Thus, the thickness of the silicon 65 

compound layer can be increased by the thickness of the 
protruding portion of the silicon compound layer. Therefore, 

It is preferable that the semiconductor device according to 
one embodiment of the present disclosure further includes a 
second MIS transistor, wherein the second MIS transistor 
includes a second gate insulating film formed on a second 
active region in the semiconductor substrate, a second gate 
electrode formed on the second gate insulating film, a second 
sidewall formed on a side surface of the second gate elec­
trode, a second source/drain region of a second conductivity 
type which is formed in the second active region on a lateral 
side of the second sidewall, and the stress insulating film 
formed on the second active region to cover the second gate 
electrode, the second sidewall, and the second source/drain 
region. 

According to this method, the second stress from the stress 
insulating film can be applied to the channel region in the 
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second active region in the gate length direction. It is there­
fore possible to increase the mobility of electrons, and 
improve the drive capability of the second MIS transistor. 

In the semiconductor device according to one embodiment 
of the present disclosure, no first stress-relief film is prefer­
ably formed on the second active region. 

It is preferable that the semiconductor device according to 
one embodiment of the present disclosure further includes a 
third MIS transistor, wherein the third MIS transistor includes 
a third gate insulating film formed on a third active region in 
the semiconductor substrate, a third gate electrode formed on 
the third gate insulating film, a third sidewall formed on a side 
surface of the third gate electrode, a third source/drain region 
of a first conductivity type which is formed in the third active 
region on a lateral side of the third sidewall, a protective film 
formed on the third active region to cover the third gate 
electrode, the third sidewall, and the third source/drain 
region, and the stress insulating film formed on the protective 
film. 

In this structure, the protective film is formed on the third 
active region to cover the third gate electrode, the third side­
wall, and the third source/drain region. Thus, the protective 
film can be interposed between the stress insulating film and 
the channel region in the third active region. This means that 
the stress insulating film can be separated from the channel 
region in the third active region by the thickness of the pro­
tective film. In this structure, it is possible to reduce the 
second stress applied from the stress insulating film to the 
channel region in the third active region in the gate length 
direction. As a result, it is possible to prevent a reduction in 
drive capability of the third MIS transistor due to a decrease 
in the mobility of electrons. 

In the semiconductor device according to one embodiment 

6 
protruding portion located on the portion in the trench. Thus, 
a space is formed between the silicon compound layer and the 
first sidewall, and the first stress-relief film can be formed in 
the space. Accordingly, the protruding portion of the silicon 

5 compound layer and the first stress-relief film can be inter­
posed between the stress insulating film and the channel 
region in the first active region. This means that the stress 
insulating film can be separated from the channel region in the 
first active region by the thicknesses of the protruding portion 

10 of the silicon compound layer and the first stress-relief film. 
In this structure, it is possible to reduce the second stress 
applied from the stress insulating film to the channel region in 
the first active region in the gate length direction. As a result, 

15 it is possible to prevent a reduction in drive capability of the 
first MIS transistor due to a decrease in the mobility of elec­
trons. 

Further, the first stress from the silicon compound layer can 
be applied to the channel region in the first active region in the 

20 gate length direction. It is therefore possible to improve the 
drive capability of the first MIS transistor. Moreover, as 
described above, the silicon compound layer includes the 
portion in the trench, and the protruding portion located on 
the portion in the trench. Thus, the thickness of the silicon 

25 compound layer can be increased by the thickness of the 
protruding portion of the silicon compound layer. Therefore, 
the first stress can be efficiently applied to the channel region 
in the first active region in the gate length direction. Conse­
quently, it is possible to further improve the drive capability of 

30 the first MIS transistor. 

of the present disclosure, no silicide layer is preferably 
formed on the third gate electrode and the third source/drain 35 

In the method for fabricating the semiconductor device 
according to one aspect of the present disclosure, it is prefer­
able that an uppermost surface of the silicon compound layer 
is located higher than a surface of the semiconductor substrate 
located directly under the first gate electrode in step ( c ). 

region. 
In the semiconductor device according to one embodiment 

Preferably, the method for fabricating the semiconductor 
device according to one aspect of the present disclosure fur­
ther includes, before step (a), the step of (f) forming an iso­
lation region in the semiconductor substrate to surround the 

of the present disclosure, the first stress-relief film and the 
protective film are preferably made of a same insulating mate­
rial. 

To achieve the above objective, a method for fabricating a 
semiconductor device according to one aspect of the present 
disclosure is a method for fabricating a semiconductor device 
having a first MIS transistor formed on a first active region in 
a semiconductor substrate, the method including the steps of: 
(a) forming, on the first active region, a first gate electrode 
formation portion including a first gate insulating film and a 
first gate electrode; (b ), after step (a), forming a first sidewall 

40 first active region, wherein (a) includes forming, on the iso­
lation region, a gate interconnect formation portion having a 
gate interconnect; (b) includes forming an interconnect side­
wall on a side surface of the gate interconnect formation 
portion; (d) includes forming a second stress-relief film on a 

on a side surface of the first gate electrode formation portion; 

45 side surface of a recessed portion formed in the isolation 
region on a lateral side of the interconnect sidewall; and (e) 
includes forming the stress insulating film on the isolation 
region to cover the gate interconnect, the interconnect side­
wall and the second stress-relief film. 

( c ), after step (b ), forming a trench in the first active region on 50 

a lateral side of the first sidewall, and thereafter forming, in 
the trench, a first source/drain region of a first conductivity 
type which includes a silicon compound layer causing a first 
stress in a gate length direction of a channel region in the first 
active region; ( d), after step ( c ), forming a first stress-relief 55 

film in a space between the silicon compound layer and the 
first sidewall; and ( e ), after step ( d), forming, on the first 
active region, a stress insulating film which covers the first 
gate electrode, the first sidewall, the first source/drain region, 
and the first stress-relief film, and which causes a second 60 

stress opposite to the first stress. 
According to the method for fabricating the semiconductor 

device according to one aspect of the present disclosure, an 
uppermost surface of the silicon compound layer is located 
higher than a surface of the semiconductor substrate located 65 

directly under the first gate electrode. In other words, the 
silicon compound layer includes a portion in the trench, and a 

In the method for fabricating the semiconductor device 
according to one aspect of the present disclosure, it is prefer­
able that the semiconductor device includes a second MIS 
transistor formed on a second active region in the semicon­
ductor substrate; (a) includes forming, on the second active 
region, a second gate electrode formation portion including a 
second gate insulating film and a second gate electrode; (b) 
includes forming a second sidewall on a side surface of the 
second gate electrode formation portion; the method further 
includes, after ( c) and before ( d), a step of (g) forming a 
second source/drain region of a second conductivity type in 
the second active region on a lateral side of the second side-
wall; and ( e) includes forming the stress insulating film on the 
second active region to cover the second gate electrode, the 
second sidewall and the second source/drain region. 

According to this method, the second stress from the stress 
insulating film can be applied to the channel region in the 
second active region in the gate length direction. It is there-



US 8,907,425 B2 
7 

fore possible to increase the mobility of electrons, and 
improve the drive capability of the second MIS transistor. 

In the method for fabricating the semiconductor device 
according to one aspect of the present disclosure, it is prefer­
able that the semiconductor device includes a third MIS tran- 5 

sistor formed on a third active region in the semiconductor 
substrate; (a) includes forming, on the third active region, a 
third gate electrode formation portion including a third gate 
insulating film and a third gate electrode; (b) includes form-
ing a third sidewall on a side surface of the third gate electrode 10 

formation portion; the method further includes, after ( c) and 
before ( d), a step of (h) forming a third source/drain region of 
a first conductivity type in the third active region on a lateral 
side of the third sidewall; (d) includes forming a protective 15 
film on the third active region to cover the third gate electrode, 
the third sidewall, and the third source/drain region; and (e) 
includes forming the stress insulating film on the protective 
film. 

According to this method, the protective film is formed on 20 

the third active region to cover the third gate electrode, the 
third sidewall, and the third source/drain region. Thus, the 
protective film can be interposed between the stress insulating 
film and the channel region in the third active region. This 
means that the stress insulating film can be separated from the 25 

channel region in the third active region by the thickness of 

8 
closure in the gate length direction which sequentially show 
steps of fabricating the semiconductor device. 

FIGS. 4A-4B are cross-sectional views of the semiconduc­
tor device according to one embodiment of the present dis­
closure in the gate length direction which sequentially show 
steps of fabricating the semiconductor device. 

FIGS. SA-5B are cross-sectional views of the semiconduc­
tor device according to one embodiment of the present dis­
closure in the gate length direction which sequentially show 
steps of fabricating the semiconductor device. 

FIGS. 6A-6B are cross-sectional views of the semiconduc­
tor device according to one embodiment of the present dis­
closure in the gate length direction which sequentially show 
steps of fabricating the semiconductor device. 

FIGS. 7 A-7B are cross-sectional views of a semiconductor 
device according to a variation of one embodiment of the 
present disclosure in the gate length direction which sequen­
tially show steps of fabricating the semiconductor device. 

FIGS. SA-SC are cross-sectional views of a conventional 
semiconductor device in the gate length direction which 
sequentially show steps of fabricating the conventional semi­
conductor device. 

FIGS. 9A-9C are cross-sectional views of the conventional 
semiconductor device in the gate length direction which 
sequentially show steps of fabricating the conventional semi­
conductor device. 

the protective film. In this structure, it is possible to reduce the 
second stress applied from the stress insulating film to the 
channel region in the third active region in the gate length 
direction. As a result, it is possible to prevent a reduction in 
drive capability of the third MIS transistor due to a decrease 
in the mobility of electrons. 

FIGS. l0A-l0C are cross-sectional views of the conven­
tional semiconductor device in the gate length direction 
which sequentially show steps of fabricating the conventional 

30 semiconductor device. 

In a semiconductor device according to one embodiment of 
the present disclosure and a method for fabricating the semi­
conductor device, the uppermost surface of the silicon com­
pound layer is located higher than the surface of the semicon­
ductor substrate located directly under the first gate electrode. 
In other words, the silicon compound layer includes a portion 
in the trench, and a protruding portion located on the portion 

DETAILED DESCRIPTION 

An embodiment of the present disclosure will be described 
35 with reference to the drawings. 

One Embodiment 

in the trench. Thus, a space is formed between the silicon 40 

compound layer and the first sidewall, and the first stress­
relief film can be formed in the space. Accordingly, the pro­
truding portion of the silicon compound layer and the first 
stress-relief film can be interposed between the stress insu­
lating film and the channel region in the first active region. 45 

This means that the stress insulating film can be separated 
from the channel region in the first active region by the thick­
nesses of the protruding portion of the silicon compound 
layer and the first stress-relief film. In this structure, it is 
possible to reduce the second stress applied from the stress 50 

insulating film to the channel region in the first active region 

A method for fabricating a semiconductor device accord­
ing to one embodiment of the present disclosure will be 
described below with reference to FIGS. lA-1B, 2A-2B, 
3A-3B, 4A-4B, SA-5B, and 6A-6B. FIGS. lA-6B are cross­
sectional views of the semiconductor device according to one 
embodiment of the present disclosure in the gate length direc-
tion which sequentially show steps of fabricating the semi­
conductor device. In FIGS. lA-6B, a first pMIS region, an 
interconnect region, an nMIS region, and a second pMIS 
region are shown from the left. The term "first pMIS region" 
refers to a region where a first MIS transistor is formed. The 
term "interconnect region" refers to a region where a gate 
interconnect is formed. The term "nMIS region" refers to a 

in the gate length direction. As a result, it is possible to prevent 
a reduction in drive capability of the first MIS transistor due 
to a decrease in the mobility of electrons. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. lA-1B are cross-sectional views of a semiconductor 
device according to one embodiment of the present disclosure 
in the gate length direction which sequentially show steps of 
fabricating the semiconductor device. 

FIGS. 2A-2B are cross-sectional views of the semiconduc­
tor device according to one embodiment of the present dis­
closure in the gate length direction which sequentially show 
steps of fabricating the semiconductor device. 

FIGS. 3A-3B are cross-sectional views of the semiconduc­
tor device according to one embodiment of the present dis-

region where a second MIS transistor is formed. The term 
"second pMIS region" refers to a region where a third MIS 
transistor is formed. The term "first MIS transistor" refers to 

55 a MIS transistor which has a source/drain region including a 
silicon compound layer. The first MIS transistor is used, for 
example, for a logic circuit or an internal circuit. The term 
"third MIS transistor" refers to an MIS transistor which does 
not have a silicide layer formed on a source/drain region. The 

60 third MIS transistor is used, for example, for an analog circuit 
or a peripheral circuit. 

Initially, as shown in FIG. lA, an isolation region 11 made, 
for example, of a silicon oxide film is selectively formed in an 
upper portion of the semiconductor substrate 10 made, for 

65 example, of a p-type silicon by, for example, a shallow trench 
isolation (STI) process. As a result, first and third active 
regions 10a, 10c surrounded by the isolation region 11 are 
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formed in the first and second pMIS regions of the semicon­
ductor substrate 10, respectively. A second active region 10b 
surrounded by the isolation region 11 is also formed in the 
nMIS region of the semiconductor substrate 10. 

10 
rity, such as B, etc., is implanted into the third active region 
10c in a second implantation dose amount less than the first 
implantation dose amount, by an ion implantation process 
using the third gate electrode formation portion 15C as a 

Then, an n-type impurity, such as phosphorus (P), etc., is 
implanted into the first and second pMIS regions of the semi­
conductor substrate 10 by an ion implantation process. On the 
other hand, a p-type impurity, such as boron (B), etc., is 
implanted into the nMIS region of the semiconductor sub­
strate 10 by an ion implantation process. After that, a thermal 
treatment is performed to form first and second n-type well 
regions 12a, 12c in the first and second pMIS regions of the 
semiconductor substrate 10. A p-type well region 12b is also 
formed in the nMIS region of the semiconductor substrate 10. 

5 mask. As a result, second p-type extension implantation 
regions 17 c are formed in a self-aligning manner in the third 
active region 10c on lateral sides of the gate electrode forma­
tion portion 15C. Here, since the second implantation dose 
amount is less than the first implantation dose amount, the 

10 p-type impurity concentration of the second p-type extension 
implantation region 17 c is lower than the p-type impurity 
concentration of the first p-type extension implantation 
region 17a. The order of formation of the first and second 

Next, a gate insulating film formation film made, for 
example, of a silicon oxide film having a thickness of 1.8 nm 
is deposited on the first, second, and third active regions 1 Oa, 
10b, 10c by, for example, an in-situ steam generation (ISSG) 
process. Then, a gate electrode formation film made, for 
example, of a polysilicon film having a thickness of 50 nm is 
deposited on the gate insulating film formation film by, for 
example, a chemical vapor deposition (CVD) process. Next, 

15 p-type extension implantation regions 17 a, 17 c and then-type 
extension implantation region 17 b is not decided. 

Next, as showninFIG.1B, an inner sidewall film made, for 
example, of a silicon oxide film having a thickness of 5 nm, 
and an outer sidewall film made, for example, of a silicon 

a protective insulating film formation film made, for example, 
of a silicon oxide film having a thickness of 30 nm is depos­
ited on the gate electrode formation film by, for example, a 
CVD process. Then, a resist pattern (not shown) is formed on 
the protective insulating film formation film by a lithography 
process. After that, the protective insulating film formation 
film, the gate electrode formation film, and the gate insulating 
film formation film are successively patterned by a dry etch­
ing process using the resist pattern as a mask. As a result, first, 
second and third gate electrode formation portions 15A, 15b, 

20 nitride film having a thickness of 15 nm are successively 
deposited on the entire surface of the semiconductor substrate 
10 by, for example, a CVD process. Then, the outer sidewall 
film and the inner sidewall film are successively subjected to 
anisotropic etching, for example. As a result, first, second and 

25 third sidewalls 19A, 19B, 19C which respectively include 
first, second and third inner sidewalls 18a, 18b, 18c whose 
cross-sections have an L shape, and first, second and third 
outer sidewalls 19a, 19b, 19c, are respectively formed on the 
side surfaces of the first, second and third gate electrode 

30 formation portions 15A, 15B, 15C, with the first, second and 
third offset spacers 16a, 16b, 16c interposed between the first, 
second and third gate electrode formation portions 15A, 15B, 
15C and the first, second and third sidewalls 19A, 19B, 19C. 
A sidewall 19X for interconnect which includes an inner 

15c which include first, second and third gate insulating films 
13a, 13b, 13c, the first, second and third gate electrodes 14a, 
14b, 14c, and the first, second and third protective insulating 
films 15a, 15b, 15c, respectively, are formed on the first, 
second and third active regions 1 Oa, 1 Ob, 1 0c, respectively. A 
gate interconnect formation portion 15X which includes a 
gate interconnect 14x and a protective insulating film 15x for 
interconnect, is also formed on the isolation region 11 located 40 

between the first active region 10a and the second active 
region 10b. 

35 sidewall 18x for interconnect whose cross-section has an L 

Next, an offset spacer film made, for example, of a silicon 
nitride film having a thickness of 5 nm is deposited on the 
entire surface of the semiconductor substrate 10 by, for 45 

example, a CVD process. Then, the offset spacer film is 
subjected to anisotropic dry etching, for example. As a result, 
first, second and third offset spacers 16a, 16b, 16c whose 
cross-sections have an I shape are formed on side surfaces of 
the first, second and third gate electrode formation portions 50 

15A, 15B, 15C. An offset spacer l6x for interconnect whose 
cross-section has an I shape is also formed on the side surface 
of the gate interconnect formation portion 15X. 

After that, a p-type impurity, such as B, etc., is implanted 
into the first active region lOa in a first implantation dose 55 

amount by an ion implantation process using the first gate 
electrode formation portion 15A as a mask. As a result, first 
p-type extension implantation regions 17 a are formed in a 
self-aligning manner in the first active region 10a on lateral 
sides of the first gate electrode formation portion 15A. Then, 60 

an n-type impurity, such as arsenic (As), etc., is implanted 
into the second active region 10b by an ion implantation 
process using the second gate electrode formation portion 
15B as a mask. As a result, n-type extension implantation 
regions 17 b are formed in a self-aligning manner in the sec- 65 

ond active region 10b on lateral sides of the second gate 
electrode formation portion 15B. After that, a p-type impu-

shape, and an outer sidewall 19x for interconnect, is also 
formed on the side surface of the gate interconnect formation 
portion 15X, with the offset spacer l 6x for interconnect inter­
posed between the gate interconnect formation portion 15X 
and the sidewall 19X for interconnect. 

Next, as shown in FIG. 2A, a protective insulating film 
formation film made, for example, of a silicon oxide film 
having a thickness of 10 nm is formed on the entire surface of 
the semiconductor substrate 10 by, for example, a CVD pro­
cess. Then, a resist pattern (not shown) which does not cover 
the first pMIS region and the interconnect region, and covers 
the nMIS region and the second pMIS region, is formed on the 
protective insulating film formation film by a lithography 
process. After that, the protective insulating film formation 
film in the first pMIS region and the interconnect region is 
removed by etching using the resist pattern as a mask. As a 
result, the surfaces of first active region 1 Oa located on lateral 
sides of the first sidewall 19A are exposed. Further, a protec­
tive insulating film 21 is formed on the second and third active 
regions 1 Ob, 1 0c to cover the second and third gate electrode 
formation portions 15B, 15C, the second and third offset 
spacers 16b, 16c, the second and third sidewalls 19B, 19C, the 
n-type extension implantation region 17b and the second 
p-type extension implantation region 17 c. After that, the resist 
pattern is removed. 

The isolation region 11 (a silicon oxide film) is etched at 
this time. Thus, as shown in FIG. 2A, a recessed portion 20 is 
formed in the isolation region 11 on a lateral side of the 
sidewall 19X for interconnect. 

Next, as shown in FIG. 2B, the first active region 10a is 
subjected to, for example, dry etching using the first sidewall 
19A and the protective insulating film 21 as a mask. As a 
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result, a trench 22 having a depth, for example, of 60 run is 
formed in the first active region lOa on a lateral side of the first 
sidewall 19A. 

The isolation region 11 (a silicon oxide film) is etched at 
this time. As a result, as shown in FIG. 2B, a recessed portion 
20 is formed in the isolation region 11 on a lateral side of the 
sidewall 19X for interconnect. The depth of the recessed 
portion 20 shown in FIG. 2B is greater than the depth of the 
recessed portion 20 shown in FIG. 2A. 

Next, as shown in FIG. 3A, a silane gas (SiH4 gas) and a 
germane gas (GeH4 gas), for example, are supplied along 
with a p-type impurity gas, such as a diborane gas (B2H6 gas) 
etc., by, for example, a CVD process. As a result, a silicon 
compound layer 23 made, for example, of SiGe having a 
thickness of 90 run is formed in the trench 22. Since the 
silicon compound layer 23 is doped with a p-type impurity 
such as B, etc., the region of the silicon compound layer 23 is 
a p-type impurity-introduced region. The p-type impurity 
concentration of the silicon compound layer 23 is, for 
example, 1x1020 cm2

. The silicon compound layer 23 causes 
a compressive stress in the gate length direction of the channel 
region in the first active region 10a. 

Here, the height of the uppermost surface of the silicon 
compound layer 23 is higher than the surface of the semicon­
ductor substrate 10 located directly under the first gate elec­
trode 14a. As a result, a space 24 is formed between the 
silicon compound layer 23 and the first sidewall 19A. 

Further, the silicon compound layer 23 is grown such that 
the germanium concentration and the p-type impurity con­
centration are gradually increased. This makes it possible to 
lower the germanium concentration and the p-type impurity 
concentration of part of the silicon compound layer 23 which 
is in contact with the semiconductor substrate 10. Therefore, 
it is possible to reduce the difference between the lattice 
constant of the part of the silicon compound layer 23 which is 
in contact with the semiconductor substrate 10, and the lattice 
constant of the semiconductor substrate 10. As a result, crys-

12 
the second p-type extension implantation region 17 c, and the 
upper surfaces of the first, second and third gate electrodes 
14a, 14b, 14c and the gate interconnect 14x are exposed. 

Here, as shown in FIG. 3A, the top ends of the first offset 
5 spacer 16a, the offset spacer l 6x for interconnect, the first 

inner sidewall 18a, and the inner sidewall 18x for intercon­
nect before etching are exposed. On the other hand, the top 
ends of the second and third offset spacers 16b, 16c and the 
second and third inner sidewalls 18b, 18c before etching are 

10 covered by the protective insulating film 21. Thus, the first 
offset spacer 16a and the offset spacer l6x for interconnect 
are subjected to the etching for a longer time than the second 
and third offset spacers 16b, 16c. Consequently, as shown in 
FIG. 3B, the heights of the top ends of the first offset spacer 

15 16a and the offset spacer l6x for interconnect after etching 
are lower than the heights of the top ends of the second and 
third offset spacers 16b, 16c. Similarly, the first inner sidewall 
18a and the inner sidewall 18x for interconnect are subjected 
to the etching for a longer time than the second and third inner 

20 sidewalls 18b, 18c. Consequently, as shown in FIG. 3B, the 
heights of the top ends of the first inner sidewall 18a and the 
inner sidewall 18x for interconnect after etching are lower 
than the heights of the top ends of the second and third inner 
sidewalls 18b, 18c. Here, the "height of the top end" of the 

25 offset spacer or the inner sidewall refers to the height from the 
surface of the semiconductor substrate located directly under 
the gate electrode ( or the gate interconnect) to the top end of 
the offset spacer or the inner sidewall. 

Next, as shown in FIG. 4A, an n-type impurity, such as As, 
30 etc., is implanted into the second active region 10b by an ion 

implantation process using the second gate electrode 14b and 
the second sidewall 19B as a mask. As a result, n-type source/ 
drain injection regions 25b are formed in a self-aligning man­
ner in the second active region 10b on lateral sides of the 

35 second sidewall 19B. On the other hand, a p-type impurity, 
such as B, etc., is implanted into the third active region 1 0c by 
an ion implantation process using the third gate electrode 14c 
and the third sidewall 19C as a mask. As a result, p-type 
source/drain injection regions 25c are formed in a self-align-

tal defects can be avoided. In other words, it is possible to 
avoid the crystal defects caused by forming a silicon com­
pound layer whose lattice constant is significantly different 
from the lattice constant of the semiconductor substrate 10 
(i.e., a silicon compound layer whose germanium concentra­
tion and p-type impurity concentration are high) on the semi­
conductor substrate 10 that is exposed in the trench 22. Fur­
ther, it is possible to prevent the p-type impurity from being 45 

diffused into the vicinity of the silicon compound layer, and 
causing an adverse effect on the performance of the MIS 
transistor. 

40 ing manner in the third active region 1 Ocon lateral sides of the 
third sidewall 19C. 

Next, as shown in FIG. 4B, a thermal treatment is per­
formed for one second at 950° C., for example. 

The p-type impurity contained in the first and second 
p-type extension implantation regions 17 a, 17 c is activated by 
the thermal treatment. As a result, first and second p-type 
extension regions 26a, 26c are formed. Then-type impurity 
contained in then-type extension implantation region 17b is 
activated to form an n-type extension region 26b. Further, since the upper surface of the first gate electrode 

14a is covered by first protective insulating film 15a, no Si Ge 50 

layer is formed on the first gate electrode 14a. Since the upper 
surface of the gate interconnect 14x is covered by the protec­
tive insulating film 15x for interconnect, no SiGe layer is 
formed on the gate interconnect 14x. Since the upper surfaces 

The p-type impurity contained in the region of the silicon 
compound layer 23 (i.e., the p-type impurity-introduced 
region) is activated by the thermal treatment to form a first 
p-type source/drain region 27a including the silicon com­
pound layer 23. Then-type impurity contained in then-type 

of the second and third gate electrodes 14b, 14c are succes­
sively covered by the second and third protective insulating 
films 15b, 15c, respectively, and the protective insulating film 
21, no SiGe layer is formed on the second and third gate 
electrodes 14b, 14c. Since the surfaces of the second and third 
active regions 10b, 10c are covered by the protective insulat­
ing film 21, no SiGe layer is formed on the second and third 
active regions 10b, 10c. 

Next, as shown in FIG. 3B, the protective insulating film 
21, the first, second and third protective insulating films 15a, 
15b, 15c, and the protective insulating film 15x for intercon­
nect are removed by, for example, wet etching. As a result, the 
surfaces of then-type extension implantation region 17b and 

55 source/drain injection region 25b is activated to form an 
n-type source/drain region 27b. The p-type impurity con­
tained in the p-type source/drain injection region 25c is acti­
vated to form a second p-type source/drain region 27c. 

Next, as shown in FIG. SA, an insulating film 28 made, for 
60 example, of a silicon oxide film having a thickness of 16 run 

is deposited on the entire surface of the semiconductor sub­
strate 10 by, for example, a CVD process. 

Next, as shown in FIG. 5B, a resist pattern (not shown) 
which does not cover the first pMIS region, the interconnect 

65 region, and the nMIS region, and covers the second pMIS 
region, is formed on the insulating film 28 by a lithography 
process. After that, the insulating film 28 is subjected to, for 
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example, an anisotropic dry etching and a wet etching suc­
cessively, using the resist pattern as a mask. As a result, the 
upper surfaces of the first and second gate electrodes 14a, 14b 
and the gate interconnect 14x, and the surfaces of the first 
p-type source/drain region 27a and then-type source/drain 5 

region 27 bare exposed. On the other hand, a first stress-relief 
film 28a is formed in the space 24 located between the silicon 
compound layer 23 and the first sidewall 19A. A second 
stress-relief film 28x is formed on a side surface of the 
recessed portion 20 formed in the isolation region 11 on a 10 

lateral side of the sidewall 19X for interconnect. A protective 
film 28b is formed on a side surface of then-type source/ drain 
region 27 b ( specifically, on a surface exposed in the recessed 
portion 20). A protective film 28c which covers the third gate 15 
electrode 14c, the third offset spacer 16c, the third sidewall 
19C, and the second p-type source/drain region 27c, is formed 

channel region in the second active region 1 Ob is deposited on 
the entire surface of the semiconductor substrate 10 by, for 
example, a CVD process. 

After that, although not shown, an interlayer insulating film 
is formed on the stress insulating film 31, and thereafter, 
contact plugs are formed in the stress insulating film 31 and 
the interlayer insulating film. Then, an interconnect con­
nected to the contact plug is formed on the interlayer insulat­
ing film. 

In this manner, the semiconductor device according to the 
present embodiment can be fabricated. 

A structure of a semiconductor device according to one 
embodiment of the present disclosure will be described with 
reference to FIG. 6B. 

As shown in FIG. 6B, a semiconductor device of the 
present embodiment includes a first MIS transistor pTrl 
formed in a first pMIS region of a semiconductor substrate 10, 
a second MIS transistor nTr formed in an nMIS region of the 
semiconductor substrate 10, and a third MIS transistor pTr2 
formed in a second pMIS region of the semiconductor sub­
strate 10. The conductivity types of the first and third MIS 

on the third active region 10c. After that, the resist pattern is 
removed. 

Next, as shown in FIG. 6A, a silicidation metal film (not 20 

shown) made, for example, of nickel (Ni) having a thickness 
of 10 nm is formed on the entire surface of the semiconductor 
substrate 10 by, for example, a sputtering process. After that, 
by a thermal treatment, Si contained in the first and second 
gate electrodes 14a, 14b and the gate interconnect 14x, the 
first p-type source/drain region 27a including the silicon 
compound layer 23, and then-type source/drain region 27b, 
and Ni contained in the silicidation metal film are caused to 
react with each other. As a result, first and third silicide layers 
29a, 29b made of nickel silicide having a thickness of 15 nm 
are formed on the first and second gate electrodes 14a, 14b, 
respectively. A silicide layer 29x for interconnect made of 
nickel silicide having a thickness of 15 nm is formed on the 
gate interconnect 14x. Second and fourth silicide layers 30a, 
30b made of nickel silicide having a thickness of 15 nm are 
formed on the first p-type source/drain region 27a and the 
n-type source/ drain region 27 b, respectively. The second sili­
cide layer 30a may contain germanium (Ge) contained in the 
silicon compound layer 23. 

Here, the side surface of then-type source/drain region 27b 
(specifically, the surface exposed in the recessed portion 20) 
is covered by the protective film 28b. Thus, the silicidation 
metal film can be formed in contact with only the surface of 
then-type source/drain region 27b, without being formed in 
contact with the side surface of then-type source/drain region 
27 b. As a result, not a fourth silicide layer which is formed on 
the surface and the side surface of then-type source/drain 
region 27b, and whose cross-section has an L shape, but a 
fourth silicide layer 30b which is formed on the surface of the 
n-type source/drain region 27b, and whose cross-section has 
an I shape can be obtained as shown in FIG. 6A. 

Since the upper surface of the third gate electrode 14c is 
covered by the protective film 28c, no silicide layer is formed 

transistors pTrl, pTr2 are p type. The conductivity type of the 
second MIS transistor nTr is n type. 

The first MIS transistor pTrl includes: a first gate insulat-
25 ing film 13a formed on a first active region lOa; a first gate 

electrode 14a formed on the first gate insulating film 13a; a 
first offset spacer 16a which is formed on a side surface of the 
first gate electrode 14a and whose cross-section has an I 
shape; a first p-type extension region 26a formed in the first 

30 active region 10a on a lateral side of the first gate electrode 
14a; a first sidewall 19 A formed on the side surface of the first 
gate electrode 14a with the first offset spacer 16a interposed 
therebetween; a first p-type source/drain region 27a which 
includes a silicon compound layer 23 and is formed in a 

35 trench 22 formed in the first active region 1 Oa on a lateral side 
of the first sidewall 19A; a first silicide layer 29a formed on 
the first gate electrode 14a; a second silicide layer 30a formed 
on the first p-type source/drain region 27a which includes the 
silicon compound layer 23; and a stress insulating film 31 

40 formed on the first active region lOa to cover the first gate 
electrode 14a, the first offset spacer 16a, the first sidewall 
19A, and the first p-type source/drain region 27a. 

The silicon compound layer 23 causes a compressive stress 
in the gate length direction of the channel region in the first 

45 active region lOa. The height of the uppermost surface of the 
silicon compound layer 23 is higher than the surface of the 
semiconductor substrate 10 located directly under the first 
gate electrode 14a. In other words, the silicon compound 
layer 23 includes a portion formed in the trench 22, and a 

50 protruding portion located on the portion formed in the trench 
22. A first stress-relief film 28a is formed in the space 24 
between the silicon compound layer 23 and the first sidewall 
19A. In other words, the first stress-relief film 28a is formed 

on the third gate electrode 14c. Since the surface of the second 
p-type source/drain region 27c is covered by the protective 55 

film 28c, no silicide layer is formed on the second p-type 
source/drain region 27c. 

on the side surface of the silicon compound layer 23. 
The semiconductor device according to the present 

embodiment includes: an isolation region 11 formed in the 
semiconductor substrate 10 to surround the first, second and 
third active regions 10a, lOb, 10c; a gate interconnect 14x 
formed on the isolation region 11 located between the first 

Then, part of the silicidationmetal film left on the isolation 
region 11, the first and second sidewalls 19A, 19B, the side­
wall 19X for interconnect, the protective film 28c, etc., (in 
other words, unreacted part) is removed. After that, the sili­
cide composition ratios of the first and third silicide layers 
29a, 29b, the silicide layer 29x for interconnect, and the 
second and fourth silicide layers 30a, 30b are stabilized by a 
thermal treatment. 

Next, as shown in FIG. 6B, a stress insulating film 31 which 
causes a tensile stress in the gate length direction of the 

60 active region 10a and the second active region lOb; an offset 
spacer l6x for interconnect formed on a side surface of the 
gate interconnect 14x; a sidewall 19X for interconnect formed 
on the side surface of the gate interconnect 14x, with the offset 
spacer l6x for interconnect interposed therebetween; a sec-

65 ond stress-relief film 28x formed on a side surface of a 
recessed portion 20 located in the isolation region 11 on a 
lateral side of the sidewall 19X for interconnect; a silicide 
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layer 29x for interconnect formed on the gate interconnect 
14x; and a stress insulating film 31 formed on the isolation 
region 11 to cover the gate interconnect 14x, the offset spacer 
16x for interconnect, the sidewall 19X for interconnect, and 
the second stress-relief film 28x. 

The second MIS transistor nTr includes: a second gate 
insulating film 13b formed on a second active region 10b; a 
second gate electrode 14b formed on the second gate insulat-
ing film 13b; a second offset spacer 16b which is formed on a 
side surface of the second gate electrode 14b and whose 
cross-section has an I shape; an n-type extension region 26b 
formed in the second active region lOb on a lateral side of the 
second gate electrode 14b; a second sidewall 19B formed on 
the side surface of the second gate electrode 14b with the 
second offset spacer 16b interposed therebetween; an n-type 
source/drain region 27b formed in the second active region 
10b on a lateral side of the second sidewall 19B; a third 
silicide layer 29b formed on the second gate electrode 14b; a 
fourth silicide layer 30b formed on then-type source/drain 
region 27b; a stress insulating film 31 formed on the second 
active region lOb to cover the second gate electrode 14b, the 
second offset spacer 16b, the second sidewall 19B, and the 
n-type source/drain region 27b. 

The third MIS transistor pTr2 includes: a third gate insu­
lating film 13c formed on the third active region 10c; a third 
gate electrode 14c formed on the third gate insulating film 
13c; a third offset spacer 16c which is formed on a side 
surface of the third gate electrode 14c and whose cross­
section has an I shape; a second p-type extension region 26c 
formed in the third active region 10c on a lateral side of the 
third gate electrode 14c; a third sidewall 19C formed on the 
side surface of the third gate electrode 14c with the third offset 
spacer 16c interposed therebetween; a second p-type source/ 
drain region 27c formed in the third active region 10c on a 
lateral side of the third sidewall 19C; a protective film 28c 
formed on the third active region 10c to cover the third gate 
electrode 14c, the third offset spacer 16c, the third sidewall 
19C, and the second p-type source/drain region 27c; and a 
stress insulating film 31 formed on the protective film 28c. 

16 
interposed between the stress insulating film 31 and the chan­
nel region in the first active region 10a. This means that the 
stress insulating film 31 can be separated from the channel 
region in the first active region 10a by the thicknesses of the 

5 protruding portion of the silicon compound layer 23 and the 
first stress-relief film 28a. In this structure, it is possible to 
reduce the tensile stress applied from the stress insulating film 
31 to the channel region in first active region 10a in the gate 
length direction. As a result, it is possible to prevent a reduc-

10 tion in drive capability of the first MIS transistor pTrl due to 
a decrease in the mobility of holes. 

Further, the compressive stress from the silicon compound 
layer 23 can be applied to the channel region in the first active 
region 1 Oa in the gate length direction. It is therefore possible 

15 to improve the drive capability of the first MIS transistor 
pTrl. Moreover, the silicon compound layer 23 includes the 
portion formed in the trench 22, and the protruding portion 
formed on the portion formed in the trench 22, as described 
above and shown in FIG. 3A. Thus, the thickness of the 

20 silicon compound layer 23 can be increased by the thickness 
of the protruding portion of the silicon compound layer 23. 
Therefore, the compressive stress can be efficiently applied to 
the channel region in the first active region 10a in the gate 
length direction. Consequently, it is possible to improve the 

25 drive capability of the first MIS transistor pTrl. 
Further, the tensile stress from the stress insulating film 31 

can be applied to the channel region in the second active 
region 10b in the gate length direction. As a result, it is 
possible to increase the mobility of electrons, and improve the 

30 drive capability of the second MIS transistor nTr. 
Further, as shown in FIG. 5B, the protective film 28b can be 

formed on the side surface of then-type source/drain region 
27b (specifically, the surface exposed in the recessed portion 
20) to cover the side surface of then-type source/drain region 

35 27b by the protective film 28b. Accordingly, the silicidation 
metal film is not formed in contact with the side surface of the 

The first, second and third sidewalls 19A, 19B, 19C 40 

include first, second and third inner sidewalls 18a, 18b, 18c, 
respectively, which are formed on the side surfaces of the first, 
second and third gate electrodes 14a, 14b, 14c and whose 
cross-sections have an L shape, and first, second and third 
outer sidewalls 19a, 19b, 19c formed on the first, second and 45 

third inner sidewalls 18a, 18b, 18c, respectively. The sidewall 
19X for interconnect includes an inner sidewall 18x for inter­
connect which is formed on a side surface of the gate inter­
connect 14x and whose cross-section has an L-shape, and an 
outer sidewall 19x for interconnect formed on the inner side- 50 

n-type source/drain region 27b. Thus, as shown in FIG. 6A, 
the fourth silicide layer 30b whose cross-section has an I 
shape, not an L shape, can be formed. As a result, the fourth 
silicide layer 30b can be formed away from the bottom (i.e., 
the junction surface) of then-type source/drain region 27b, 
and thus, it is possible to prevent a leakage current in the 
n-type source/drain region 27b. 

Further, as shown in FIG. 5B, the protective film 28c is 
formed on the third active region 10c to cover the third gate 
electrode 14c, the third offset spacer 16c, the third sidewall 
19C and the second p-type source/drain region 27c. Thus, as 
shown in FIG. 6B, the protective film 28c can be interposed 
between the stress insulating film 31 and the channel region in 
the third active region 10c. This means that the stress insulat­
ing film 31 can be separated from the channel region in the wall 18x for interconnect. 

The first stress-relief film 28a, the second stress-relief film 
28x, the protective film 28b, and the protective film 28c are 
made of a same insulating material. 

According to the present embodiment, as shown in FIG. 
3A, the height of the uppermost surface of the silicon com­
pound layer 23 is higher than the height of the surface of the 
semiconductor substrate 10 located directly under the first 
gate electrode 14a. In other words, the silicon compound 
layer 23 includes a portion formed in the trench 22 and a 
protruding portion located on the portion formed in the trench 
22, is formed. As a result, the space 24 can be formed between 

third active region 10c by the thickness of the protective film 
28c. In this structure, it is possible to reduce the tensile stress 
applied from the stress insulating film 31 to the channel 

55 region in the third active region 10c in the gate length direc­
tion. As a result, it is possible to prevent a reduction in drive 
capability of the third MIS transistorpTr2 due to a decrease in 
the mobility of holes. The protective film 28c does not only 
serve as a film which prevents the formation of the silicide 

60 layer, but also serves as a film which reduces the tensile stress 
applied from the stress insulating film 31, as shown in FIG. 
6A. 

the silicon compound layer 23 and the first sidewall 19A as 
shown in FIG. 3A, and the first stress-relief film 28a can be 
formed in the space 24 as shown in FIG. 5B. Consequently, as 65 

shown in FIG. 6B, the protruding portion of the silicon com­
pound layer 23 and the first stress-relief film 28a can be 

Here, if the cross-section of the protruding portion of the 
silicon compound layer 23 is a trapezoid as shown in FIG. 3A, 
the term "uppermost surface" of the silicon compound layer 
23 as used in the present specification refers to the upper base 
of the trapezoid. If the protruding portion of the silicon com-
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pound layer 23 has, for example, an angle section, the term 
"uppermost surface" refers to the apex (i.e., the uppermost 
point) of the angle. 

In the present embodiment, a specific example in which the 
first p-type extension implantation region 17 a is formed, and 5 

then, then-type extension implantation region 17 bis formed, 
and thereafter, the second p-type extension implantation 
region 17c having a p-type impurity concentration lower than 
the first p-type extension implantation region 17 a is formed, 
is described as shown in FIG. lA. In other words, a specific 10 

example in which the first and second p-type extension 
implantation regions 17 a, 17 c are formed in separate pro­
cesses so that the first and second p-type extension implanta­
tion regions 17a, 17c may have different p-type impurity 
concentrations, is described. However, the present disclosure 15 

is not limited to this example. For example, the first and 
second p-type extension implantation regions may be formed 

18 
In the present embodiment, a specific example in which the 

silicidation metal film made of Ni is used to form the first, 
third, second, and fourth silicide layers 29a, 29b, 30a, 30b 
made of nickel silicide is described. However, the present 
disclosure is not limited to this example. For example, the 
silicidation metal film made of platinum or cobalt instead of 
Ni may be used to form the first, third, second, and fourth 
silicide layers made of platinum silicide or cobalt silicide. 

In the present embodiment, a specific example in which the 
conductivity type of the first MIS transistorpTrl is p-type, the 
conductivity type of the second MIS transistor nTr is n-type, 
is described. However, the present disclosure is not limited to 
this example. For example, the conductivity type of the first 
MIS transistor may be n-type, and the conductivity type of the 
second MIS transistor may be p-type. In this case, the con­
ductivity types of the extension region and the source/drain 
region of each of the first and second MIS transistors are 
opposite to the conductivity types of the extension region and 
the source/drain region according to the present embodiment. 

in the same process, and the first and second p-type extension 
implantation regions may have the same p-type impurity con­
centration. 

In the present embodiment, a specific example in which the 
first active region 1 Oa is subjected to, for example, dry etching 
to form the trench 22, is described as shown in FIG. 2B. 
However, the present disclosure is not limited to this example. 
For example, the first active region may be subjected to aniso­
tropic wet etching to form a trench which includes a <111> 
plane on the side surface. In such a case, the side surface of the 
trench can be closer to the channel region in the first active 
region, and thus, it is possible to efficiently apply the com­
pressive stress from the silicon compound layer formed in the 
trench to the channel region in the first active region in the 
gate length direction. 

20 Also, in this case, a layer (e.g., a SiC layer) which causes a 
tensile stress in the gate length direction of the channel region 
in the first active region is used as a silicon compound layer. 
A film which causes a compressive stress in the gate length 
direction of the channel region in the second active region is 

25 used as a stress insulating film. 

Variation of One Embodiment 

A method for fabricating a semiconductor device accord-
30 ing to a variation of one embodiment of the present disclosure 

will be described below with reference to FIGS. 7A-7B. 

In the present embodiment, as an example method for 
forming the gate insulating film formation film, a specific 
example in which the gate insulating film formation film is 35 

formed on only the first, second and third active regions lOa, 

FIGS. 7A-7B are cross-sectional views of a semiconductor 
device according to a variation of one embodiment of the 
present disclosure in the gate length direction which sequen­
tially show steps of fabricating the semiconductor device. In 
FIGS. 7 A-7B, like reference numbers shown in FIGS. lA-6B 

1 Ob, 10c by an ISSG oxidation process, and no gate insulating 
film for interconnect is interposed between the isolation 
region 11 and the gate interconnect 14x, is described. How­
ever, the present disclosure is not limited to this example. For 40 

example, as a method for forming the gate insulating film 
formation film, a CVD process may be used to form the gate 
insulating film formation film on the semiconductor sub­
strate, and a gate insulating film for interconnect may be 
interposed between the isolation region and the gate intercon- 45 

have been used to designate the same elements as the ele­
ments of the one embodiment. Accordingly, descriptions 
similar to the one embodiment are appropriately omitted in 
the present variation. 

Initially, steps similar to the steps shown in FIGS. lA-5B 
are sequentially performed to obtain the structure similar to 
the structure shown in FIG. 5B. 

Next, as shown in FIG. 7A, the first and second outer 
sidewalls 19a, 19b (i.e., silicon nitride films) of the first and 
second sidewalls 19A, 19B and the outer sidewall 19x for 
interconnect (i.e., a silicon nitride film) of the sidewall 19X 
for interconnect are removed by, for example, a wet etching 
process using hot phosphoric acid of 160° C. As a result, the 

nect. 
In the present embodiment, a specific example in which the 

first, second and third gate electrodes 14a, 14b, 14c made, for 
example, of a polysilicon film are formed on the first, second 
and third gate insulating films 13a, 13b, 13c made, for 
example, of a silicon oxide film, is described. However, the 
present disclosure is not limited to this example. For example, 
first, second and third gate electrodes which include a metal 
film and a silicon film formed on the metal film may be 
provided on first, second and third gate insulating films which 
include an underlying film and a high dielectric constant film 
formed on the underlying film. The underlying film is made, 
for example, of a silicon oxide film or a silicon oxynitride 
film. The high dielectric constant film is made, for example, 
of a hafnium oxide film or a zirconium oxide film having a 
relative dielectric constant of eight or more. The metal film is 
made, for example, of titanium nitride (TiN) or tantalum 
nitride (TaN). The silicon film is made, for example, of a 
polysilicon film. In this case, an underlying film and a high 
dielectric constant film are interposed, or a high dielectric 
constant film is interposed, between the isolation region and 
the gate interconnect. 

50 surfaces of the first and second inner sidewalls 18a, 18b (i.e., 
silicon oxide films) and the inner sidewall 18x for intercon­
nect (i.e., a silicon oxide film) which are curved to have 
L-shaped cross-sections, are exposed. 

Next, as shown in FIG. 7B, first and third silicide layers 
55 29a, 29b are formed on the first and second gate electrodes 

14a, 14b. A silicide layer 29x for interconnect is formed on 
the gate interconnect 14x. Second and fourth silicide layers 
30a, 30b are formed on the first p-type source/drain region 
27a and then-type source/drain region 27b. That is, the step 

60 similar to the step shown in FIG. 6A are performed. 
Next, a stress insulating film 31 is formed on the entire 

surface of the semiconductor substrate 10. That is, the step 
similar to the step shown in FIG. 6B is performed. The stress 
insulating film 31 is formed in contact with the surfaces of the 

65 first and second inner sidewalls 18a, 18b and the inner side­
wall 18x for interconnect which are curved to have L-shaped 
cross sections. 
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The semiconductor device according to the present varia­
tion can be formed in this manner. 

The structure in the present variation is different from the 
structure in the one embodiment in the following points. 

In the one embodiment, the first and second sidewalls 19A, 5 

19B include the first and second inner sidewalls 18a, 18b and 
the first and second outer sidewalls 19a, 19b, as shown in FIG. 
6B. The sidewall 19X for interconnect includes the inner 
sidewall 18x for interconnect and the outer sidewall 19x for 
interconnect. The stress insulating film 31 is formed in con- 10 

tact with the side surfaces of the first and second outer side­
walls 19a, 19b and the outer sidewall 19x for interconnect, 
and the top ends of the first and second inner sidewalls 18a, 
18b and the inner sidewall 18x for interconnect. 

In contrast to this, in the present variation, the first and 15 

second sidewalls 19A, 19B include only the first and second 
inner sidewalls 18a, 18b as shown in FIG. 7B. The sidewall 
19X for interconnect includes only the inner sidewall 18x for 
interconnect. The stress insulating film 31 is formed in con­
tact with the surfaces of the first and second inner sidewalls 20 

lSa, l8b and the inner sidewall 18x for interconnect which are 
curved to have L-shaped cross-sections. 

According to the present variation, advantages similar to 
those of the one embodiment can be obtained. 

In addition, since the stress insulating film 31 is formed 25 

after the second outer sidewall 19b is removed as shown in 
FIG. 7 A, the stress insulating film 31 can be formed in contact 
with the surface of the second inner sidewall 18b which is 
curved to have an L-shaped cross-section as shown in FIG. 
7B. Thus, the stress insulating film 31 can be closer to the 30 

channel region in the second active region 10b by the thick­
ness of the removed second outer sidewall 19b. Accordingly, 
a tensile stress can be efficiently applied to the channel region 
in the second active region lOb in the gate length direction. 

Further, since the thickness of the stress insulating film 31 35 

can be increased by the thickness of the removed second outer 
sidewall 19b, a tensile stress can be efficiently applied to the 
channel region of the second active region 10b in the gate 
length direction. 

As described above, according to the present disclosure, it 40 

is possible to prevent a reduction in the drive capability of an 
MIS transistor, and the present disclosure is useful for a 
semiconductor device which includes an MIS transistor hav-
ing a source/drain region including a silicon compound layer, 
and for a method for fabricating the semiconductor device. 45 

What is claimed is: 
1. A semiconductor device, comprising: 
a first 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 formed on the first gate insulating 
film, 

50 

a first sidewall spacer formed on a side surface of the first 55 

gate electrode, 
a first source/drain region of a first conductivity type 

which is formed in a trench provided in the first active 
region on a lateral side of the first sidewall spacer, and 
which includes a silicon compound layer causing a 60 

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

a stress insulating film which is formed on the first active 
region to cover the first gate electrode, the first side­
wall spacer, and the first source/drain region, and 65 

which causes a second stress opposite to the first 
stress, 

20 
an uppermost surface of the silicon compound layer is 

located higher than a surface of the semiconductor sub­
strate located directly under the first gate electrode, 

a first stress-relief film is formed in a space between the 
silicon compound layer and the first sidewall spacer, 

the first stress-relief film is formed on the side surface of 
the first gate electrode with the first sidewall spacer 
interposed therebetween, and 

the first stress-relief film is not in direct contact with the 
side surface of the first gate electrode. 

2. The semiconductor device of claim 1, further compris­
ing: 

a first offset spacer which is formed between the first gate 
electrode and the first sidewall spacer, and whose cross­
section has an I shape. 

3. The semiconductor device of claim 1, further compris­
ing: 

a first silicide layer formed on the first gate electrode; and 
a second silicide layer formed on the first source/drain 

region which includes the silicon compound layer. 
4. The semiconductor device of claim 1, wherein the first 

stress-relief film is formed on a side surface of the silicon 
compound layer. 

5. The semiconductor device of claim 1, wherein the first 
sidewall spacer includes an inner sidewall spacer which is 
formed on the side surface of the first gate electrode, and 
whose cross-section has an L shape, and an outer sidewall 
spacer formed on the inner sidewall spacer. 

6. The semiconductor device of claim 1, wherein 
the first sidewall spacer includes an inner sidewall spacer 

whose cross-section has an L shape, and 
the stress insulating film is formed in contact with a surface 

of the inner sidewall spacer which is curved to have an 
L-shaped cross-section. 

7. The semiconductor device of claim 1, wherein 
the first MIS transistor is a p-type MIS transistor, 
the first stress is a compressive stress, and 
the second stress is a tensile stress. 
8. The semiconductor device of claim 1, wherein 
the silicon compound layer is a SiGe layer, 
the stress insulating film is a silicon nitride film, and 
the first stress-relief film is a silicon oxide film. 
9. The semiconductor device of claim 1, wherein 
the first MIS transistor is an n-type MIS transistor, 
the first stress is a tensile stress, and 
the second stress is a compressive stress. 
10. The semiconductor device of claim 1, further compris­

ing: 
an isolation region formed in the semiconductor substrate 

to surround the first active region; 
a gate interconnect formed on the isolation region; 
an interconnect sidewall spacer formed on a side surface of 

the gate interconnect; 
a second stress-relief film formed on a side surface of a 

recessed portion provided in the isolation region on a 
lateral side of the interconnect sidewall spacer; and 

the stress insulating film formed on the isolation region to 
cover the gate interconnect, the interconnect sidewall 
spacer, and the second stress-relief film. 

11. The semiconductor device of claim 1, further compris­
ing: 

a second MIS transistor, wherein: 
the second MIS transistor includes: 

a second gate insulating film formed on a second active 
region in the semiconductor substrate, 

a second gate electrode formed on the second gate insu­
lating film, 
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a second sidewall spacer formed on a side surface of the 
second gate electrode, 

a second source/drain region of a second conductivity 
type which is formed in the second active region on a 
lateral side of the second sidewall spacer, and 

the stress insulating film formed on the second active 
region to cover the second gate electrode, the second 
sidewall spacer, and the second source/drain region. 

12. The semiconductor device of claim 11, wherein no first 

22 
a third sidewall spacer formed on a side surface of the 

third gate electrode, 

a third source/drain region of a first conductivity type 
which is formed in the third active region on a lateral 
side of the third sidewall spacer, 

a protective film formed on the third active region to 
cover the third gate electrode, the third sidewall 
spacer, and the third source/drain region, and 

stress-relief film is formed on the second active region. 
10 

13. The semiconductor device of claim 1, further compris-
the stress insulating film formed on the protective film. 

14. The semiconductor device of claim 13, wherein no 
silicide layer is formed on the third gate electrode and the 
third source/drain region. 

ing: 
a third MIS transistor, wherein: 
the third MIS transistor includes: 

a third gate insulating film formed on a third active 
region in the semiconductor substrate, 

a third gate electrode formed on the third gate insulating 
film, 

15. The semiconductor device of claim 13, wherein the first 
15 stress-relief film and the protective film are made of a same 

insulating material. 

* * * * * 




