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SEMICONDUCTOR DEVICE INCLUDING MISFET

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from prior Japanese Patent Application
No. 2006-034916, filed Feb. 13, 2006, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION 1. Field
of the Invention

[0002] The present invention relates to a semiconductor
device, and more particularly to an MISFET (Metal Insula-
tor Semiconductor Field Effect Transistor)

[0003] 2. Description of the Related Art

[0004] In recent years, with miniaturization of semicon-
ductor devices, an increase in speed of an MISFET has
attracted attention. For example, in a CMOSFET (Comple-
mentally MOS Field Effect Transistor), a carrier (hole)
mobility in a channel region of a p-channel MOSFET (which
will be referred to as a pMOS hereinafter) is slower than a
carrier (electron) mobility in a channel region of an n-chan-
nel MOSFET (which will be referred to as an nMOS
hereinafter), and hence increasing a speed of the pMOS is
demanded.

[0005] On the other hand, in the pMOS, it is known that
using a silicon germanium as a compound of silicon and
germanium having a larger atomic radius than silicon for a
source/drain layer provides a compression stress to a chan-
nel region and improves a carrier mobility, and that forming
a silicide film on the source/drain layer of silicon germanium
can reduce a resistance of the source/drain layer (see, e.g., P.
R. Chidambaram et. al.; “35% Drive Current Improvement
from Recesed-SiGe Drain Extension on 37 nm Gate Length
PMOS”, 2004 Symposium on VLSI Technology Digest of
Technical Papers, pp. 48-49).

[0006] In this conventional technology, however, when
forming the silicide film on the source/drain layer, since the
silicon germanium and the silicide film have poor affinity, an
increase in a junction leakage current or a contact failure
may possibly occur. That is, when, e.g., a nickel silicide film
is formed on the silicon germanium, a ternary compound of
NiSiGe is formed between them. However, since this com-
pound is thermally unstable, aggregation of Ni or deterio-
ration in surface morphology occurs, a junction leakage
current is increased, and unevenness of a contact resistance
becomes considerable on, e.g., an interface of the compound
and the nickel silicide film. As a result, a problem of
deterioration in transistor characteristics may occur.

BRIEF SUMMARY OF THE INVENTION

[0007] According to a first aspect of the present invention,
there is provided a semiconductor device comprising: a
semiconductor substrate; a gate insulating film formed on
the semiconductor substrate; a gate electrode formed on the
gate insulating film; a source/drain layer formed on both
sides of the gate electrode, the source/drain layer containing
silicon germanium and having a germanium layer in a
surface layer portion; and a germanide layer formed on the
germanium layer of the source/drain layer.
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[0008] According to a second aspect of the present inven-
tion, there is provided a semiconductor device comprising:
a semiconductor substrate; a gate insulating film formed on
the semiconductor substrate; a gate electrode formed on the
gate insulating film; a first sidewall insulating film formed
on a side surface of the gate electrode; a second sidewall
insulating film formed on a side surface of the first sidewall
insulating film; a first source/drain layer formed below the
second sidewall insulating film, the first source/drain layer
containing silicon germanium; a second source/drain layer
formed in contact with the first source/drain layer on an
outer side of the second sidewall insulating film, the second
source/drain layer containing silicon germanium and having
a germanium layer in a surface layer portion; and a ger-
manide layer formed on the germanium layer of the second
source/drain layer.

[0009] According to a third aspect of the present inven-
tion, there is provided a semiconductor device comprising:
a semiconductor substrate; a first silicon germanium layer
formed on the semiconductor substrate; a second silicon
germanium layer formed on the semiconductor substrate
apart from the first silicon germanium layer; a gate insulat-
ing film formed on the semiconductor substrate between the
first silicon germanium layer and the second silicon germa-
nium layer; a gate electrode formed on the gate insulating
film; a first germanium layer formed on the first silicon
germanium layer; a first germanide layer formed on the first
germanium layer; a second germanium layer formed on the
second silicon germanium layer; and a second germanide
layer formed on the second germanium layer.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0010] FIG. 1 is a cross-sectional view showing a semi-
conductor device according to Embodiment 1 of the present
invention;

[0011] FIGS. 2 to 8 are cross-sectional views showing a
manufacturing method of a semiconductor device according
to Embodiment 1;

[0012] FIG. 9 is a process cross-sectional view of a
semiconductor device according to a modification of
Embodiment 1;

[0013] FIG. 10 is a cross-sectional view showing a semi-
conductor device according to Embodiment 2 of the present
invention;

[0014] FIGS. 11A, 11B, 11C, 12A, 12B, 12C, 13A, and
13B are cross-sectional views showing a manufacturing
method of the semiconductor device according to Embodi-
ment 2;

[0015] FIG. 14 is a cross-sectional view showing a semi-
conductor device according to Modification 1 of Embodi-
ment 2 of the present invention;

[0016] FIG. 15 is a cross-sectional view showing a semi-
conductor device according to Modification 2 of Embodi-
ment 2 of the present invention;

[0017] FIG. 16 is a cross-sectional view showing a semi-
conductor device according to Embodiment 3 of the present
invention; and

[0018] FIG. 17 is a cross-sectional view showing a semi-
conductor device according to Modification of Embodiment
3 of the present invention.
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DETAILED DESCRIPTION OF THE
INVENTION

[0019] A semiconductor device and a manufacturing
method thereof according to embodiments of the present
invention will now be explained hereinafter with reference
to the accompanying drawings.

Embodiment 1

[0020] First, referring to FIG. 1, a structure of a semicon-
ductor device according to Embodiment 1 of the present
invention will be explained. FIG. 1 is a cross-sectional view
showing a semiconductor device according to this embodi-
ment that functions as a pMOS of a CMOSFET.

[0021] As shown in FIG. 1, an element isolating region
101 is provided in a semiconductor substrate, e.g., a single-
crystal silicon semiconductor substrate (which will be
referred to as a silicon substrate hereinafter) 100, and an
element forming region 100« is partitioned by this element
isolating region 101. A gate electrode 104 is formed on the
silicon substrate 100 via a gate insulating film 103. A first
sidewall insulating film 105 is formed on a side surface of
the gate electrode 104, and a second sidewall insulating film
106 is formed on a side surface of the first sidewall insu-
lating film 105.

[0022] Further, a first source/drain layer 108 as an exten-
sion layer in which a p-type impurity ion is implanted is
formed on the silicon substrate 100 below the second
sidewall insulating film 106.

[0023] A silicon germanium layer 109 is formed on the
silicon substrate 100 on each of both sides (an outer side) of
the second sidewall insulating film 106, and a germanium
layer 110 is formed on the silicon germanium layer 109.
Furthermore, a second source/drain layer in which a p-type
impurity ion is implanted is formed on the silicon germa-
nium layer 109 and the germanium layer 110. When the
second source/drain layer contains the silicon germanium in
this manner, a compression stress can be given to a channel
region to increase a mobility of a carrier.

[0024] Moreover, in order to reduce resistances of the gate
electrode 104 and the second source/drain layer, a silicide
layer 112 is formed on an upper side of the gate electrode
104, and a germanide layer 113 is formed on the germanium
layer 110 of the second source/drain layer. This germanide
layer 113 is formed by forming a high-melting point metal
film of, e.g., nickel (Ni), cobalt (Co), titanium (T1), iridium
(Ir), platinum (Pt), or palladium (Pd) on the germanium
layer 110 of the second source/drain layer, and then per-
forming a heat treatment to react the germanium layer 110
with the high-melting point metal film. The germanide layer
113 is constituted of a binary compound, e.g., NiGe, CoGe,
TiGe, IrGe, PtGe, or Pd,Ge without containing Si.

[0025] Additionally, a barrier insulating film 114 is formed
on the element isolating region 101, the gate electrode 104,
the sidewall insulating films 105 and 106, and the germanide
layer 113. An interlayer insulating layer 115 is formed on the
barrier insulating film 114. Further, a wiring layer 116 is
formed on the interlayer insulating layer 115. The wiring
layer 116 is electrically connected with the germanide layer
113 via a contact plug 117.

[0026] A manufacturing method of a semiconductor
device according to Embodiment 1 will now be explained
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with reference to FIGS. 2 to 8. FIGS. 2 to 8 are process
cross-sectional views showing a manufacturing method of
the semiconductor device according to Embodiment 1. It is
to be noted that the element isolating region 101 is not
depicted and omitted in FIGS. 2 and 8.

[0027] First, the element isolating region 101 is formed in
the silicon substrate 100. As the element isolating region
101, it is possible to use so-called STI (shallow trench
isolation) obtained by forming a shallow groove in the
silicon substrate 100 by a photo engraving process and
filling this groove with an insulating film, e.g., an silicon
oxide film (an SiO, film) formed by a CVD (Chemical vapor
deposition) method.

[0028] Furthermore, as shown in FIG. 2, the gate insulat-
ing film 103 having, e.g., an SiO, film or a silicon oxynitride
film (an SiON film) as a material is formed on the silicon
substrate 100 by using the CVD method or the like. An
electroconductive material film, e.g., a polycrystal silicon
film, in which, e.g., boron (B) is added at a high concen-
tration, serving as the gate electrode 104 is deposited on the
gate insulating film 103. Moreover, an oxide film 118, e.g.,
an Si0, film formed by the CVD method is deposited on the
polycrystal silicon film.

[0029] Then, as shown in FIG. 3, a gate electrode pattern
is processed on the oxide film 118 by lithography and
etching, and then the polycrystal silicon film is etched with
this oxide film 118 being used as a mask, thereby forming
the gate electrode 104. Additionally, the gate insulating film
103 is etched and removed while avoiding a part below the
gate electrode 104.

[0030] Subsequently, a silicon nitride film (an SiN film)
having a film thickness of, e.g., 10 nm is formed on the
silicon substrate 100 and the gate electrode 104 by the CVD
method and the like. Further, the silicon nitride film formed
on the gate electrode 104, the silicon substrate 100, and
others is subjected to anisotropic etched to form the first
sidewall insulating film 105 on the side surface of the gate
electrode 104 as shown in FIG. 4.

[0031] Then, as shown in FIG. 5, the first source layer 108
as the extension layer is formed on the silicon substrate 100
on both sides of the first sidewall insulating film 105. In
order to realize this structure, a p-type impurity ion is
implanted into the silicon substrate 100 with the gate elec-
trode 104 and the first sidewall insulating film 105 being
used as a mask. As the impurity ion to be implanted, boron
(B) can be used, for example.

[0032] Subsequently, a silicon nitride film (an SiN film) or
a silicon oxide film (an SiO, film) having a film thickness of,
e.g., 20 to 30 nm is formed on the silicon substrate 100, the
gate electrode 104, and the first sidewall insulating film 105
by the CVD method and the like. Then, the silicon nitride
film or the silicon oxide film formed on the gate electrode
104 and the silicon substrate 100 is subjected to anisotropic
etching. As a result, the second sidewall insulating film 106
is formed on the first sidewall insulating film 105 on the side
surface of the gate electrode 104 as shown in FIG. 6.
Furthermore, a surface portion of the silicon substrate 100 is
etched to be removed with the gate electrode 104 and the
second sidewall insulating film 106 being used as a mask,
thereby forming a shallow groove 121 for the second
source/drain layer serving as a source/drain layer. It is to be
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noted that the upper surface of the gate electrode 104 is
covered with the oxide film 118 at the time of this etching,
and hence the gate electrode 104 is not etched.

[0033] Subsequently, as shown in FIG. 7, the silicon
germanium layer 109 and the germanium layer 110 are
sequentially subjected to selective epitaxial growth on the
groove 121. This selective epitaxial growth of the silicon
germanium layer 109 can be realized by adding, e.g.,
approximately 0.4 vol % to 0.5 vol % of hydrogen chloride
(HCI) to hydrogen (H,) as a carrier gas and using a mixed
gas containing dichlorsilane (SiH,Cl,) and monogermane
(Ge,) as a raw material at a temperature of, e.g., 650° C. to
750° C. A gas flow rate of GeH, with respect to SiH,Cl, can
be set to, e.g., 2 vol % to 5 vol %. Changing this gas flow
ratio enables controlling a germanium concentration in the
silicon germanium layer 109 to a desired value.

[0034] In this embodiment, a germanium concentration in
this silicon germanium layer 109 is determined to fall within
a range of, e.g., 10 at % to 30 at % in order to give a
compression stress to the channel region and effectively
improve a carrier mobility by containing the germanium and
also to suppress an influence of occurrence of a crystal
defect due to excessively containing the germanium. Fur-
thermore, a thickness of the silicon germanium layer 109 can
be changed in dependence on a gate length. When the gate
length is, e.g., 70 nm, a thickness of the silicon germanium
layer 109 can be set to, e.g., 35 nm to 40 nm. However, this
value can be increased to enlarge a compression stress given
to the channel region. Moreover, after growing the silicon
germanium layer 109, a gas flow ratio at the time of selective
epitaxial growth of the silicon germanium layer 109, i.c., a
gas flow rate of GeH,, with respect to SiH,Cl, can be greatly
increased, thereby subjecting the germanium layer 110 to
selective epitaxial growth on the silicon germanium layer
109. At this time, for example, as explained above, growth
is effected in such a manner that a germanium concentration
of the silicon germanium layer 109 becomes 10 at % to 30
at %, and growth is performed in such a manner that a
germanium concentration of the germanium layer 110
becomes approximately 100 at %.

[0035] Additionally, in order to form the second source/
drain layer on both sides of the second sidewall insulating
film 106, a boron (B) ion or the like is implanted into the
silicon germanium layer 109 and the germanium layer 110
with the gate electrode 104 and the second sidewall insu-
lating film 106 being used as a mask. lon implantation
conditions of the second source/drain layer are a higher
energy and a higher concentration than those in ion implan-
tation of the first source/drain layer 108. As a result, a
junction depth of the second source/drain layer can be
formed larger than a junction depth of the first source/drain
layer 108 as the extension layer. Here, the second source/
drain layer is formed in contact with the first source/drain
layer 108. It is to be noted that the second source/drain layer
may be formed to be deeper than the silicon germanium
layer 109.

[0036] Then, the oxide film 118 on the gate electrode 104
is removed by, e.g., wet etching to expose a surface of the
polycrystal silicon layer of the gate electrode 104. Subse-
quently, as shown in FIG. 8, the silicide layer 112 is formed
on the gate electrode 104, and the germanide layer 113 is
formed on the second source/drain layer, i.e., the germanium
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layer 110. In more detail, a metal film (not shown) is formed
on the gate electrode 104 and the germanium layer 110 by,
e.g., sputtering. Thereafter, a heat treatment is carried out to
react the polycrystal silicon layer provided on the surface of
the gate electrode 104 with the metal film, thereby forming
the silicide layer 112 on the gate electrode 104. Additionally,
the germanium layer 110 at the surface layer portion of the
second source/drain layer is reacted with the metal film,
thereby forming the germanide layer 113 on the second
source/drain layer. At this time, the second source/drain
layer has the germanium layer 110 on an interface between
itself and the germanide layer 113. Further, as a metallic
material of the metal film, it is possible to use a high-melting
point metal, e.g., nickel (Ni), cobalt (Co), titanium (T1),
iridium (Ir), platinum (Pt), or palladium (Pd). Thereafter, an
unreacted metal film other than the silicide layer 112 and the
germanide layer 113 is removed.

[0037] Then, as shown in FIG. 1, the barrier insulating
film 114 is deposited on the structure depicted in FIG. 8.
Subsequently, the interlayer insulating layer 115 is deposited
on the barrier insulating film 114 and flattened by, e.g., CMP
(Chemical Mechanical Polishing). Furthermore, a contact
hole reaching the germanide layer 113 is formed in the
interlayer insulating layer 115, and then the contact hole is
filled with an electroconductive material to form the contact
plug 117. Moreover, the wiring layer 116 connected with the
contact plug 117 is formed on the interlayer insulating layer
115. Thereafter, a process required for a semiconductor
device, e.g., multilayer wiring is carried out, thus manufac-
turing the semiconductor device according to this embodi-
ment.

[0038] According to the semiconductor device of this
embodiment, since the second source/drain layer contains
the silicon germanium as a compound of silicon and ger-
manium having a larger atomic radium than silicon, a
compression stress can be given to the channel region, and
a carrier mobility can be improved.

[0039] Additionally, in a conventional technology, a sili-
cide layer is formed on a source/drain layer using the silicon
germanium in order to reduce a resistance of the source/
drain layer. However, when the silicide layer directly comes
into contact with the silicon germanium in the source/drain
layer, a thermally unstable compound is generated. As a
result, transistor characteristics may be deteriorated in some
cases. Further, even if a surface layer of the source/drain
layer containing the silicon germanium is constituted of a
silicon layer having a fixed thickness and the silicide layer
is formed on this silicon layer along to suppress generation
of'a compound due to reaction of the silicon germanium and
the silicide layer, a contact resistance between the silicon
layer and the silicide layer is increased, and hence an
improvement in transistor characteristics may possibly
become insufficient.

[0040] On the other hand, in the semiconductor device
according to this embodiment, in order to reduce a resistance
of the second source/drain layer, the surface layer of the
second source/drain layer using the silicon germanium is
constituted of the germanium layer 110 having a fixed
thickness, and the germanide layer 113 is provided on the
germanium layer 110 to prevent reaching the silicon germa-
nium layer 109. As a result, the silicon germanium layer 109
of the second source/drain layer does not directly come into
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contact with the germanide layer 113, and a thermally
unstable compound is not generated. Therefore, deteriora-
tion in transistor characteristics can be avoided. Further,
since a contact resistance between the germanium layer 110
and the germanide layer 113 is lower than a contact resis-
tance between the silicon layer and the silicide layer, thus
effectively suppressing deterioration in transistor character-
istics.

[0041] Therefore, according to the semiconductor device
of'this embodiment, a compression stress can be given to the
channel region, a carrier mobility can be improved, and a
resistance of the source/drain layer can be reduced without
generating a thermally unstable compound on the source/
drain layer. As a result, deterioration in transistor character-
istics can be suppressed.

[0042] Tt is to be noted that the germanium layer 110 is
formed on the silicon germanium layer 109 having a pre-
determined germanium concentration in this embodiment.
However, as shown in FIG. 9, a silicon germanium layer
109A whose germanium concentration continuously varies
from the surface layer portion toward the deep layer portion
may be used, and the germanium layer 110 may be formed
on this silicon germanium layer 109A. In this example, the
germanium concentration in a lower part of the silicon
germanium layer 109A is set to 10 to 30 at %. The germa-
nium concentration in the interface between the silicon
germanium layer 109A and the germanium layer 110 is set
to 100 at %.

[0043] An effect of reducing a resistance of the source/
drain layer in this embodiment will now be explained. In this
embodiment, the germanide layer is formed on the germa-
nium layer in the source/drain layer. A contact resistance
between the germanium layer and the germanide layer in
this example can be represented by the following Expression

).

pe e exr{ i o
VNp

[0044] In Expression (1), p. is a contact resistance
between the germanium layer and the germanide layer, and
Ny, is an impurity concentration in an interface, i.e., a boron
ion concentration in an interface between the germanium
layer and the germanide layer. Furthermore, ¢, is a height of
a Schottky barrier.

[0045] When NiGe is formed as the germanide layer on
the germanium layer, ¢5=0.2 eV is achieved. Likewise,
when PtGe is formed as the germanide layer, ¢5=0.05 eV is
achieved. On the other hand, as a conventional technology,
when NiSi is formed as the silicide layer on the silicon layer,
$p=0.43 eV is attained. Likewise, PtSi is formed as the
silicide layer on the same, $5=0.20 to 0.24 eV is achieved.
When Pd,Si is formed as the silicide layer, ¢5=0.35 eV is
attained. Moreover, when the silicon germanium layer is
used in the source/drain layer and NiSi, PtSi, or Pd,Si is
formed on the silicon germanium layer, ¢ is reduced by
approximately 0.1 eV and becomes 0.33 eV, 0.10t0 0.14 eV,
or 0.25 eV. It is to be noted that a germanium concentration
of the silicon germanium layer in this example is 15 at %.
Therefore, as compared with the conventional technology
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where the silicide film is formed on the silicon layer or the
silicon germanium layer, the contact resistance in the source/
drain layer can be reduced in this embodiment where the
germanide layer is formed on the germanium layer on the
silicon germanium layer.

Embodiment 2

[0046] A structure of a semiconductor device according to
Embodiment 2 of the present invention will be first
explained with reference to FIG. 10. FIG. 10 is a cross-
sectional view showing a semiconductor device according to
this embodiment that functions as a pMOS of a CMOSFET.

[0047] As shown in FIG. 10, an element isolating region
101 is provided in a single-crystal silicon semiconductor
substrate (a silicon substrate) 100, and an n-type well region
102 having an n-type impurity ion is formed in an element
forming region 100 partitioned by this element isolating
region 101. A gate insulating film 103 is formed on the
n-type well region 102 of the silicon substrate 100, and a
gate electrode 104 is formed on the gate insulating film 103.
A first sidewall insulating film 105 is formed on a side
surface of the gate electrode 104, and a second sidewall
insulating film 106 is formed on a side surface of the first
sidewall insulating film 105.

[0048] Additionally, a semiconductor layer 107 is formed
in the n-type well region 102 below the second sidewall
insulating film 106. Further, a first source/drain layer 108 as
an extension layer in which a p-type impurity ion is
implanted is formed on this semiconductor layer 107. Here,
it is preferable for the semiconductor layer 107 to be a
semiconductor layer containing silicon germanium in order
to give a compression stress to a channel region and improve
a mobility of a carrier. Furthermore, it is preferable for the
first source/drain layer 108 to be formed with a so-called
elevated structure in which a surface thereof is placed above
a surface of the silicon substrate 100 where a channel moves.

[0049] A silicon germanium layer 109 is formed on the
n-type well region 102 on both sides (an outer side) of the
second sidewall insulating film 106. A germanium layer 110
is formed on the silicon germanium layer 109. Moreover, a
second source/drain layer 111 in which a p-type impurity ion
is implanted is formed in this silicon germanium layer 109
and the germanium layer 110. When the silicon germanium
is contained in the second source/drain layer 111 in this
manner, a compression stress can be given to a channel
region, and a mobility of a carrier can be increased. Addi-
tionally, in this example, like the first source/drain layer 108,
in order to suppress a short channel effect, it is preferable for
the second source/drain layer 111 to be formed with the
elevated structure in which a surface thereof is formed at a
higher position than a height of the surface of the silicon
substrate 100.

[0050] Further, in order to reduce resistances of the gate
electrode 104 and the second source/drain layer 111, a
silicide layer 112 is formed on the gate electrode 104, and a
germanide layer 113 is formed on the germanium layer 110
of the second source/drain layer 111. This germanide layer
113 is formed by forming a high-melting point metal film of,
e.g., nickel (Ni), cobalt (Co), titanium (Ti), iridium (Ir),
platinum (Pt), or palladium (Pd) on the germanium layer 110
of the second source/drain layer 111, and then carrying out
a heat treatment to react the germanium layer 110 of the
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second source/drain layer 111 with the high-melting point
metal film. The germanide layer 113 is constituted of a
binary compound, e.g., NiGe, CoGe, TiGe, IrGe, PtGe, or
Pd,Ge without containing Si.

[0051] Furthermore, a barrier insulating film 114 is formed
on the element isolating region 101, the gate electrode 104,
the sidewall insulating films 105 and 106, and the germanide
layer 113. An interlayer insulating layer 115 is formed on the
barrier insulating film 114. Moreover, a wiring layer 116 is
formed on the interlayer insulating layer 115. The wiring
layer 116 is electrically connected with the germanide layer
113 via a contact plug 117.

[0052] A manufacturing method of a semiconductor
device according to this embodiment will now be explained
with reference to FIGS. 11A to 13B. FIGS. 11A to 13B are
process cross-sectional views showing the manufacturing
method of a semiconductor device according to this embodi-
ment.

[0053] First, as shown in FIG. 11A, the element isolating
region 101 is formed in the silicon substrate 100. As the
element isolating region 101, it is possible to use so-called
STI (shallow trench isolation) obtained by forming a shal-
low groove in the silicon substrate 100 by a photo engraving
process and filling this groove with a silicon oxide film (an
Si0, film) formed by, e.g., a CVD (Chemical vapor depo-
sition) method. Additionally, an n-type impurity ion is
implanted into the element forming region 100a of the
silicon substrate 100, and a heat treatment is carried out to
form the n-type well region 102. Further, the gate insulating
film 103 having, e.g., an SiO, film or a silicon oxynitride
film (an SiON film) as a material is formed on the silicon
substrate 100 and the element isolating region 101 by using
the CVD method and the like. An electroconductive material
film serving as the gate electrode 104, e.g., a polycrystal
silicon film having boron (B) added therein with a high
concentration is deposited on the gate insulating film 103.
Furthermore, an oxide film 118, e.g., an SiO, film formed by
the CVD method is deposited on the polycrystal silicon film.

[0054] Then, as shown in FIG. 11B, a gate electrode
pattern is processed on the oxide film 118 by lithography and
etching. Thereafter, this oxide film 118 is used as a mask to
etch the polycrystal silicon film, thereby forming the gate
electrode 104. Moreover, the gate insulating film 103 is
etched to be removed except a part below the gate electrode
104.

[0055] Subsequently, as shown in FIG. 11C, a silicon
nitride film (an SiN film) having a film thickness of, e.g., 10
nm is formed on the element isolating region 101, the silicon
substrate 100, and the gate electrode 104 by the CVD
method and the like. Additionally, the silicon nitride film
formed on the gate electrode 104, the silicon substrate 100,
and others is subjected to anisotropic etching, thus forming
the first sidewall insulating film 105 on the side surface of
the gate electrode 104. Further, a surface portion of the
silicon substrate 100 is etched to be removed with the gate
electrode 104 and the first sidewall insulating film 105 being
used as a mask, thereby forming a shallow groove 119 for
the first source/drain layer 108 serving as an extension layer.
During the etching, the gate electrode 104 is not etched since
the oxide film 118 covers the upper surface of the gate
electrode 104.

[0056] Then, as shown in FIG. 12A, the semiconductor
layer 107, e.g., a silicon germanium layer is subjected to
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selective epitaxial growth on the groove 119. This selective
epitaxial growth of the silicon germanium layer 107 can be
realized by adding, e.g., approximately 0.4 vol % to 0.5 vol
% of hydrogen chloride (HCI) to hydrogen (H,) as a carrier
gas and using a mixed gas containing dichlorsilane
(SiH,Cl,) and monogermane (GeH,) as a raw material at a
temperature of, e.g., 650° C. to 750° C. A gas flow rate of
GeH,, with respect to SiH,Cl, can be set to, e.g., 2 vol % to
5 vol %. Varying this gas flow ratio enables controlling a
germanium concentration in the silicon germanium layer
107 to a desired value. In this embodiment, the germanium
concentration in this silicon germanium layer 107 is deter-
mined to fall within a range of, e.g., 10 at % to 30 at % in
order to give a compression stress to the channel region and
effectively improve a carrier mobility based on containing
germanium, and also to suppress an influence of occurrence
of'a crystal defect due to excessively containing germanium.

[0057] Furthermore, a thickness of the silicon germanium
layer 107 can be changed in dependence on a gate length.
When the gate length is, e.g., 70 nm, a thickness of the
silicon germanium layer 107 can be set to, e.g., 35 nm to 40
nm. However, this value can be increased to enlarge a
compression stress that is given to the channel region.

[0058] In the semiconductor device according to this
embodiment, a surface of this silicon germanium layer 107
is set higher than that of the silicon substrate 100 in the
channel region. For example, a depth of the groove 119
required to form the silicon germanium layer 107 is set to,
e.g., 30 nm, and a film thickness of the silicon germanium
layer 107 is set to 40 nm. When the silicon germanium layer
107 has the elevated structure in this manner, the silicon
germanium layer 107 can be formed thick to improve a
compression stress. Moreover, on the other hand, a later-
explained effective junction depth of the first source/drain
layer 108 can be reduced, thereby suppressing a short
channel effect as compared with a flat structure.

[0059] Then, when, e.g., an impurity ion is implanted into
the silicon germanium layer 107, the first source/drain layer
108 is formed. As an impurity that is implanted into the
silicon germanium layer 107, it is possible to use, e.g., boron
(B). In this example, when forming the first source/drain
layer 108 based on ion implantation, adjusting an implan-
tation energy enables controlling the junction depth. For
example, as shown in FIG. 12A, the junction depth of the
first source/drain layer 108 can be reduced to be smaller than
athickness of the silicon germanium layer 107. Additionally,
diffusion of boron (B) in the silicon germanium layer 107 is
suppressed as compared with diffusion in the silicon sub-
strate, and hence this is advantageous to reduce the junction
depth of the first source/drain layer 108 and thereby suppress
the short channel effect.

[0060] Then, as shown in FIG. 12B, an insulating film
serving as the second sidewall insulating film 106, e.g., an
SiN film or an SiO, film having a film thickness of 20 to 30
nm is deposited on the gate electrode 104 and the silicon
germanium layer 107 by the CVD method and the like.
Thereafter, the insulating film on the gate electrode 104 and
the silicon germanium layer 107 is removed by anisotropic
etching so that the insulating film remains on the side surface
of the gate electrode 104 along, thereby forming the second
sidewall insulating film 106.

[0061] Further, the gate electrode 104 and the second
sidewall insulating film 106 are used as a mask to etch the
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exposed silicon germanium layer 107, and a groove 120
required to form the second source/drain layer 111 is thereby
formed. The groove 120 can have a depth that allows
removing the silicon germanium layer 107, for example. It
is to be noted that an upper surface of the gate electrode 104
is covered with the oxide film 118 in this etching, and hence
the gate electrode 104 is not etched. In this manner, the
silicon germanium layer 107 remains below the second
sidewall insulating film 106 alone, and the first source/drain
layer 108 is formed below the second sidewall insulating
film 106.

[0062] Then, as shown in FIG. 12C, the silicon germa-
nium layer 109 and the germanium layer 110 are sequen-
tially subjected to selective epitaxial growth in the groove
120. This selective epitaxial growth of the silicon germa-
nium layer 109 can be carried out by adding a small amount
of HCl to an H, gas as a carrier gas and using SiH,Cl, and
GeH, as a raw material gas like the above-explained selec-
tive epitaxial growth of the silicon germanium layer 107.
Furthermore, the silicon germanium layer 109 is grown, and
then a gas flow ratio at the time of selective epitaxial growth
of the silicon germanium layer 109, i.e., a gas flow rate of
GeH, with respect to SiH,Cl, is greatly increased, thereby
subjecting the germanium layer 110 to selective epitaxial
growth on the silicon germanium layer 109. At this time,
growth is effected in such a manner that a germanium
concentration in the silicon germanium layer 109 becomes
10 at % to 30 at %, and that a germanium concentration in
the germanium layer 110 becomes approximately 100 at %,
for example.

[0063] A total thickness of the silicon germanium layer
109 and the germanium layer 110 is set larger than a depth
of the groove 120, i.e., a thickness of the silicon germanium
layer 107 in order to provide the elevated structure to the
second source/drain layer 111 formed at this position in a
later process. When the second source/drain layer 111 has
the elevated structure in this manner, an effective junction
depth of the second source/drain layer 111 can be reduced,
thereby suppressing a short channel effect.

[0064] Moreover, in order to form the second source/drain
layer 111 on both sides of the second sidewall insulating film
106, the gate electrode 104 and the second sidewall insu-
lating film 106 are used as a mask to implant, e.g., a boron
(B) ion into the silicon germanium layer 109 and the
germanium layer 110. Ion implantation conditions of the
second source/drain layer 111 are a higher energy and a
higher concentration than those in ion implantation of the
first source/drain layer 108. As a result, the second source/
drain layer 11 can be formed to be deeper than the junction
depth of the first source/drain layer 108 as extension layer.
In this example, the second source/drain layer 111 is formed
in contact with the first source/drain layer 108, and it may be
formed to be deeper than the silicon germanium layer 109.

[0065] It is to be noted that the silicon germanium layer
107 exposed on the outer side of the second sidewall
insulating film 106 is etched to form the groove 120, and
then the silicon germanium layer 109 is formed in the groove
120 in this embodiment as shown in FIGS. 12B and 12C.
However, when the silicon germanium layer is used for the
semiconductor layer 107 like this embodiment, the silicon
germanium layer 107 may be left as it is without being
etched. In this case, the germanium layer 110 can be formed
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on the left silicon germanium layer 107 on the outer side of
the second sidewall insulating film 106. Moreover, the
second source/drain layer 111 may be formed on the silicon
germanium layer 107 and the germanium layer 110 on the
outer side of the second sidewall insulating film 106.

[0066] Then, as shown in FIG. 13 A, the oxide film 118 on
the gate electrode 104 is removed by wet etching to expose
the surface of the polycrystal silicon layer of the gate
electrode 104. Thereafter, the silicide layer 112 is formed on
the gate electrode 104, and the germanide layer 113 is
formed on the second source/drain layer 111. That is, a metal
film (not shown) is deposited on the gate electrode 104 and
the second source/drain layer 111 by, e.g., sputtering, and
then a heat treatment is carried out to react the polycrystal
silicon layer on the surface of the gate electrode with the
metal film, thereby forming the silicide layer 112 on the gate
electrode 104. Simultaneously, the germanium layer 110 at
a surface layer portion of the second source/drain layer 111
is reacted with the metal film to form the germanide layer
113 on the second source/drain layer 111. At this time, the
second source/drain layer 111 has the germanium layer 110
on an interface between itself and the germanide layer 113.
Additionally, as a metallic material of the metal film, it is
possible to use a high-melting point metal, e.g., nickel (Ni),
cobalt (Co), titanium (Ti), iridium (Ir), platinum (Pt), or
palladium (Pd). Then, an unreacted metal film other than the
silicide layer 112 and the germanide layer 113 is removed.

[0067] Subsequently, as shown in FIG. 13B, the barrier
insulating film 114 is deposited on the structure depicted in
FIG. 13A, and then the interlayer insulating layer 115 is
deposited on the barrier insulating film 114 and flattened by,
e.g., CMP (Chemical Mechanical Polishing). Further, a
contact hole reaching the second source/drain layer 111 is
formed in the interlayer insulating layer 115. Thereafter, the
contact hole is filled with an electroconductive material to
form a contact plug 117. Furthermore, the wiring layer 116
connected with the contact plug 117 is formed on the
interlayer insulating layer 115. Subsequently, a process
required for a semiconductor device, e.g., multilayer wiring
is carried out, thereby manufacturing the semiconductor
device according to this embodiment.

[0068] According to the semiconductor device of this
embodiment, since the source/drain layers 108 and 111
contain the silicon germanium as a compound of silicon and
germanium having a larger atomic radius than silicon, a
compression stress can be given to the channel region, and
a carrier mobility can be improved.

[0069] Moreover, in a conventional technology, in order to
reduce a resistance of a source/drain layer using the silicon
germanium, a silicide layer is formed on the source/drain
layer. However, when the silicide layer directly comes into
contact with the silicon germanium in the source/drain layer,
a thermally unstable compound is generated. As a result,
transistor characteristics may be deteriorated in some cases.
Additionally, even if the surface layer of the source/drain
layer containing the silicon germanium is constituted of a
silicon layer having a fixed thickness and the silicide layer
is formed on this silicon layer alone to suppress generation
of' a compound due to a reaction of the silicon germanium
and the silicide layer, a contact resistance between the
silicon layer and the silicide layer is increased. Therefore, an
improvement in transistor characteristics may become insuf-
ficient.
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[0070] On the other hand, in the semiconductor device
according to this embodiment, in order to reduce resistances
of the source/drain layers 108 and 111, the surface layer of
the second source/drain layer 111 using the silicon germa-
nium is constituted of the germanium layer 110 having a
fixed thickness, and the germanide layer 113 is provided on
the germanium layer 110 to avoid reaching the silicon
germanium layer 109. As a result, the silicon germanium
layer 109 of the second source/drain layer 111 does not
directly come into contact with the germanide layer 113, and
a thermally unstable compound is not produced, thereby
avoiding deterioration in transistor characteristics. Further,
since a contact resistance between the germanium layer 110
and the germanide layer 113 is lower than a contact resis-
tance between the silicon layer and the silicide layer, dete-
rioration in transistor characteristics can be effectively sup-
pressed.

[0071] Therefore, according to the semiconductor device
of'this embodiment, a compression stress can be given to the
channel region, a carrier mobility can be improved, and a
resistance of the source/drain layer can be reduced without
producing a thermally unstable compound on the source/
drain layer. As a result, deterioration in transistor character-
istics can be suppressed.

Modification 1 of Embodiment 2

[0072] FIG. 14 is a cross-sectional view of a semiconduc-
tor device according to Modification of Embodiment 2.

[0073] The semiconductor device according to this modi-
fication is different from the semiconductor device accord-
ing to Embodiment 2 in that a thickness of a first source/
drain layer 108 as an extension layer is substantially the
same as a thickness of a semiconductor layer 107 below a
second sidewall insulating film 106. Therefore, in the fol-
lowing description of the semiconductor device according to
this modification, like reference numerals denote parts equal
to those in the structure and the manufacturing method of the
semiconductor device according to Embodiment 2, thereby
omitting a detailed explanation thereof.

[0074] That is, a first source/drain layer 108 in a semi-
conductor device according to this modification is formed by
doping, e.g., boron (B) simultaneously with selective epi-
taxial grow of a silicon germanium layer as a semiconductor
layer 107. Therefore, as shown in FIG. 14, a thickness of the
first source/drain layer 108 is substantially the same as a
thickness of the silicon germanium layer 107.

[0075] According to the semiconductor device of this
modification, like Embodiment 2, a compression stress can
be given to a channel region, a carrier mobility can be
improved, and a resistance of the source/drain layer can be
reduced without producing a thermally unstable compound
on the source/drain layer. As a result, deterioration in
transistor characteristics can be suppressed.

[0076] Furthermore, in manufacture of the semiconductor
device according to this modification, a process of implant-
ing an ion into the semiconductor layer 107 can be omitted
in manufacture of the semiconductor device according to
Embodiment 2.

[0077] 1t is to be noted that boron (B) is doped simulta-
neously with selective epitaxial growth of the semiconductor
layer 107 to form the first source/drain layer 108 in this
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modification. However, a second source/drain layer 111 may
be likewise formed by doping boron (B) simultaneously
with selective epitaxial growth of a silicon germanium layer
109 and a germanium layer 110.

Modification 2 of Embodiment 2

[0078] FIG. 15 is a cross-sectional view of a semiconduc-
tor device according to Modification 2 of Embodiment 2.

[0079] A semiconductor device according to this modifi-
cation is different from the semiconductor device according
to Embodiment 2 in that a germanide layer 113 formed on
a second source/drain layer 111 is in contact with a first
source/drain layer 108 as an extension layer. Therefore, in
the following description of the semiconductor device
according to this modification, like reference numerals
denote parts equal to those in the structure and the manu-
facturing method of the semiconductor device according to
Embodiment 2, thereby omitting a detailed explanation
thereof.

[0080] That is, as shown in FIG. 15, in the semiconductor
device according to this modification, a metal film is formed
on a second source/drain layer 111, and then a heat treatment
is carried out to form a germanide layer 113. At this moment,
the germanide layer 113 is formed to reach a position where
it comes into contact with a germanium layer 210 consti-
tuting a first source/drain layer 108 formed in proximity to
the second source/drain layer 111. It is to be noted that the
second source/drain layer 111 likewise has a germanium
layer 110 on an interface between itself and the germanide
layer 113 in the semiconductor device according to this
modification.

[0081] Moreover, in this modification, a contact portion of
a semiconductor layer 107 with respect to the germanide
layer 113 has a germanium layer 210 in order to prevent a
thermally unstable ternary compound NiSiGe being formed
on an interface between the germanide layer 113 and the
semiconductor layer 107.

[0082] According to the semiconductor device of this
modification, like the semiconductor device according to
Embodiment 2, a compression stress can be given to a
channel region, a carrier mobility can be improved, and a
resistance of the source/drain layer can be reduced without
producing a thermally unstable compound on the source/
drain layer. As a result, deterioration in transistor character-
istics can be suppressed.

Embodiment 3

[0083] A structure of a semiconductor device according to
Embodiment 3 will now be explained with reference to FIG.
16. FIG. 16 is a cross-sectional view of a semiconductor
device according to this Embodiment.

[0084] The semiconductor device according to this
embodiment is different from the semiconductor device
according to Embodiment 2 in that a portion of a silicon
germanium layer 109 on both sides of a second sidewall
insulating film 106 on a side surface of a gate electrode 104
has a concentration gradient. Therefore, in the following
description of this embodiment, like reference numerals
denote parts equal to those in the structure and the manu-
facturing method of the semiconductor device according to
Embodiment 2, thereby omitting a detailed explanation
thereof.
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[0085] As shown in FIG. 16, the silicon germanium layer
109 includes a silicon germanium layer 109B having a
predetermined germanium concentration, and a silicon ger-
manium layer 109C in which the germanium concentration
increased toward the upper portion. The silicon germanium
layer 109 of this structure is formed on a silicon substrate
100 on both sides of the second sidewall insulating film 106.
Additionally, the germanium layer 110 is formed on the
silicon germanium layer 109C. In this example, germanium
concentrations in the silicon germanium layer 109B and the
germanium layer 110 are 10 to 30 at % and approximately
100 at %, respectively. Further, the germanium concentra-
tion of the silicon germanium layer 109C is approximately
10 to 30 at % on an interface between the silicon germanium
layer 109C and the silicon germanium layer 109B, and
increased toward the upper portion. The germanium con-
centration of the silicon germanium layer 109C is approxi-
mately 100 at % on an interface between the silicon germa-
nium layer 109C and the germanium layer 110.

[0086] Furthermore, a second source/drain layer 111 hav-
ing an impurity ion implanted therein is formed with respect
to this silicon germanium layer 109B, 109C, and the ger-
manium layer 110. A germanide layer 113 is formed on the
germanium layer 110 in order to reduce a resistance of the
second source/drain layer 111.

[0087] A method of forming the silicon germanium layer
109B, 109C, and the germanium layer 110 in the semicon-
ductor device according to this embodiment will now be
explained.

[0088] First, like the manufacturing method of the semi-
conductor device according to Embodiment 2, a gate elec-
trode 104, a first source/drain layer 108, and others are
formed on the silicon substrate 100. Then, a groove 120 is
formed in the silicon substrate on both sides of the second
sidewall insulating film 106 formed on a side surface of the
gate electrode 104.

[0089] Subsequently, the silicon germanium layer 109 is
subjected to selective epitaxial growth in the groove 120. At
this moment, like Embodiment 2, the silicon germanium
layer 109B can be grown by adding hydrogen chloride (HCI)
to hydrogen (H,) as a carrier gas and performing heating
with a mixed gas containing dichlorsilane (SiH,Cl,) and
monogermane (GeH,) being used as a raw material gas. A
gas flow rate of GeH, with respect to SiH,Cl, can be set to,
e.g., 2 vol % to 5 vol %.

[0090] Moreover, after the silicon germanium layer 109B
is subjected to selective epitaxial growth, the silicon ger-
manium layer 109C is continuously subjected to selective
epitaxial growth while gradually increasing a gas flow ratio
of GeH, with respect to SiH,Cl, to gradually raise a ger-
manium concentration. At this time, the gas flow ratio of
GeH, with respect to SiH,Cl, is adjusted in such a manner
that the germanium concentration of the silicon germanium
layer 109C has a concentration gradient rising to approxi-
mately 100 at %.

[0091] Additionally, the germanium layer 110 whose ger-
manium concentration becomes approximately 100 at % is
continuously subjected to epitaxial growth in such a manner
that this layer has a thickness of, e.g., approximately 30 nm.
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[0092] In this manner, the silicon germanium layer 109B,
109C, and the germanium layer 110 in the semiconductor
device according to this embodiment can be sequentially
formed.

[0093] According to the semiconductor device of this
embodiment, like the semiconductor device according to
Embodiment 2, the silicon germanium is contained in the
source/drain layers 108 and 111 to give a compression stress
to a channel region and improve a carrier mobility. Further,
the germanium layer is formed on the silicon germanium
layer, and a high-melting point metal film is formed on this
germanium layer to form the germanide layer. As a result, a
thermally unstable compound is not produced on the source/
drain layer. Therefore, a resistance of the source/drain layer
can be reduced, and deterioration in transistor characteristics
can be suppressed.

[0094] Furthermore, in the growth process of the silicon
germanium layer 109 and the germanium layer 110 where
the second source/drain layer 111 is formed in manufacture
of the semiconductor device according to Embodiment 2, a
gas flow ratio of GeH, with respect to SiH,Cl, must be
precipitously changed to grow the germanium layer 110 on
the silicon germanium layer 109. On the other hand, in the
growth process of the silicon germanium layer 109B, 109C,
and the germanium layer 110 where the second source/drain
layer 111 is formed in manufacture of the semiconductor
device according to this embodiment, the silicon germanium
layer 109B, 109C, and the germanium layer 110 are con-
tinuously grown while gradually increasing a gas flow ratio
of GeH,, with respect to SiH,Cl,, thereby forming the second
source/drain layer 111. Therefore, manufacture is simple.

[0095] Embodiment 3 may be modified as shown in FIG.
17. That is, the semiconductor layer 107 shown in FIG. 16
may include a silicon germanium layer 107B, a silicon
germanium layer 107C having a concentration gradient, and
the germanium layer 210. In addition, boron (B) may be
introduced when the silicon germanium layer is formed.

[0096] Moreover, the present invention is not restricted to
each of the foregoing embodiments or the modifications, and
can be modified and carried out in many ways within a scope
of the present invention.

[0097] For example, in the semiconductor device accord-
ing to each of Embodiment 2, each modification, and
Embodiment 3, the surface of the first source/drain layer 108
or the surface of the second source/drain layer 111 is placed
at a height above the surface of the silicon substrate 100, but
it may be placed at a height equal to or below the surface of
the silicon substrate 100. Additionally, in the semiconductor
device according to each of Embodiment 2, each modifica-
tion, and Embodiment 3, the silicon germanium layer is used
for the semiconductor layer 107, but a silicon layer may be
used as any other material, for example.

[0098] Further, in the second source/drain layer 111 of the
semiconductor device according to each of the foregoing
embodiments or each of the modifications, the germanium
layer 110 is directly formed on the silicon germanium layer
109, but the germanium layer 110 may be formed on the
silicon germanium layer 109 via, e.g., a silicon layer.

[0099] According to the embodiments of the present
invention, it is possible to provide the semiconductor device
that improves a carrier mobility and suppresses deterioration
in transition characteristics.
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[0100] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

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

a semiconductor substrate;

a gate insulating film formed on the semiconductor sub-
strate;

a gate electrode formed on the gate insulating film;

a source/drain layer formed on both sides of the gate
electrode, the source/drain layer containing silicon ger-
manium and having a germanium layer in a surface
layer portion; and

a germanide layer formed on the germanium layer of the

source/drain layer.

2. The semiconductor device according to claim 1,
wherein a germanium concentration of the silicon germa-
nium is not lower than 10 at %.

3. The semiconductor device according to claim 1,

wherein a germanium concentration of the silicon germa-

nium continuously varies from the surface layer portion

toward a deep layer portion of the source/drain layer.

4. The semiconductor device according to claim 1, further
comprising:

a sidewall insulating film formed on a side surface of the
gate electrode; and

an extension layer formed on the semiconductor substrate
below the sidewall insulating film, the extension layer
being arranged between the source/drain layer and a
channel region below the gate insulating film.

5. The semiconductor device according to claim 1,

wherein the germanide layer contains one of a nickel
germanide layer, a cobalt germanide layer, a titanium
germanide layer, an iridium germanide layer, a plati-
num germanide layer, and a palladium germanide layer.
6. The semiconductor device according to claim 1,

wherein the source/drain layer containing the silicon
germanium gives a compression stress to a channel
region below the gate insulating film.

7. The semiconductor device according to claim 6,

wherein the channel region forms a channel of a p-chan-
nel MOS field effect transistor.
8. A semiconductor device comprising:

a semiconductor substrate;

a gate insulating film formed on the semiconductor sub-
strate;

a gate electrode formed on the gate insulating film;

a first sidewall insulating film formed on a side surface of
the gate electrode;

a second sidewall insulating film formed on a side surface
of the first sidewall insulating film;
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a first source/drain layer formed below the second side-
wall insulating film, the first source/drain layer con-
taining silicon germanium;

a second source/drain layer formed in contact with the
first source/drain layer on an outer side of the second
sidewall insulating film, the second source/drain layer
containing silicon germanium and having a germanium
layer in a surface layer portion; and

a germanide layer formed on the germanium layer of the
second source/drain layer.
9. The semiconductor device according to claim 8,

wherein at least one of a surface of the first source/drain
layer and a surface of the second source/drain layer is
positioned above a surface of the semiconductor sub-
strate.

10. The semiconductor device according to claim 8,

wherein the first source/drain layer has a germanium layer
in a surface layer portion.
11. The semiconductor device according to claim 10,

wherein the germanide layer is in contact with the ger-
manium layer in the surface layer portion of the first
source/drain layer.

12. The semiconductor device according to claim 8,

wherein a germanium concentration of the silicon germa-
nium contained in the second source/drain layer con-
tinuously varies from the surface layer portion toward
a deep layer portion of the second source/drain layer.
13. The semiconductor device according to claim 8,

wherein a germanium concentration of the silicon germa-
nium contained in the second source/drain layer is not
lower than 10 at %.

14. The semiconductor device according to claim 8,

wherein the germanide layer contains one of a nickel
germanide layer, a cobalt germanide layer, a titanium
germanide layer, an iridium germanide layer, a plati-
num germanide layer, and a palladium germanide layer.
15. The semiconductor device according to claim 8,

wherein the first source/drain layer and the second source/
drain layer containing the silicon germanium give a
compression stress to a channel region below the gate
insulating film.

16. The semiconductor device according to claim 15,

wherein the channel region forms a channel of a p-chan-
nel MOS field effect transistor.
17. A semiconductor device comprising:

a semiconductor substrate;

a first silicon germanium layer formed on the semicon-
ductor substrate;

a second silicon germanium layer formed on the semi-
conductor substrate apart from the first silicon germa-
nium layer;

a gate insulating film formed on the semiconductor sub-
strate between the first silicon germanium layer and the
second silicon germanium layer;

a gate electrode formed on the gate insulating film;
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a first germanium layer formed on the first silicon ger-
manium layer;

a first germanide layer formed on the first germanium
layer;

a second germanium layer formed on the second silicon
germanium layer; and

a second germanide layer formed on the second germa-
nium layer.
18. The semiconductor device according to claim 17,

wherein germanium concentrations of the first and second
silicon germanium layers are not lower than 10 at %.
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19. The semiconductor device according to claim 17,

wherein surfaces of the first and second germanium layers
are positioned above a surface of the semiconductor
substrate.

20. The semiconductor device according to claim 17,

wherein the first and second silicon germanium layers
have a germanium concentration which varies continu-
ously from a surface layer portion toward a deep layer
portion.





