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MANUFACTURING METHOD OF

SEMICONDUCTOR DEVICE
BACKGROUND
[0001] 1. Technical Field
[0002] The disclosure relates in general to a manufacturing

method of a semiconductor device, and more particularly to a
manufacturing method of a semiconductor device having an
epitaxial structure with a cap layer formed thereon doped
with boron.

[0003] 2. Description of the Related Art

[0004] Epitaxial SiGe layers are usually served as a source/
drain for semiconductor devices. Since the lattice constant of
the epitaxial SiGe layer is larger than that of a silicon sub-
strate, a strain stress generated to the channel region of the
semiconductor device, such as a metal-oxide semiconductor
(MOS) transistor device, may efficiently improve the device
performance.

[0005] Itis well-known that the strain stress is increased as
the Ge concentration in the epitaxial SiGe layer is increased.
However, while the increase of the Ge concentration in the
epitaxial SiGe layer improves the device performance, it may
cause some problems as well. For example, the distinct dif-
ference between the Ge concentrations in the SiGe layer and
in the adjacent cap layer may cause a strain relaxation to the
epitaxial SiGe layer and/or result in a wavy top surface of the
structure, rendering undesirable impacts to the subsequent
manufacturing processes.

SUMMARY OF THE INVENTION

[0006] The disclosure is directed to a manufacturing
method of a semiconductor device. As a cap layer is doped
with boron and formed on an epitaxial structure with a high
Ge concentration, the strain relaxation of the epitaxial struc-
ture can be largely reduced and compensated, and a flat top
surface of the cap layer can thus be formed, providing with a
superior device performance as well as being advantageous to
the subsequent manufacturing processes of the semiconduc-
tor device.

[0007] According to an embodiment of the present disclo-
sure, a manufacturing method of a semiconductor device is
disclosed. The manufacturing method includes at least the
following steps. A gate structure is formed on a substrate. An
epitaxial structure is formed on the substrate, wherein the
epitaxial structure comprises SiGe, and the Ge concentration
in the epitaxial structure is equal to or higher than 45%. A first
cap layer is formed on the epitaxial structure, wherein the first
cap layer comprises Si. The first cap layer is doped with boron
for forming a flat top surface of the first cap layer.

[0008] According to another embodiment of the present
disclosure, a manufacturing method of a semiconductor
device is disclosed. The manufacturing method includes at
least the following steps. A gate structure is formed on a
substrate. An epitaxial structure is formed on the substrate,
wherein the epitaxial structure is doped with boron and com-
prises SiGe, the Ge concentration in the epitaxial structure is
equal to or higher than 45%, and the boron concentration in
the epitaxial structure is higher than 1E20 cm™>. A first cap
layer is formed on the epitaxial structure, wherein the first cap
layer comprises Si and is doped with boron, and the boron
concentration in the first cap layer is higher than SE20 cm™>.
An under layer is formed below the epitaxial structure,
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wherein the under layer comprises SiGe and has a gradient Ge
concentration upwardly increased from 40% to 55%.

[0009] The disclosure will become apparent from the fol-
lowing detailed description of the preferred but non-limiting
embodiments. The following description is made with refer-
ence to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS.1A-1Cillustrate a manufacturing method of a
semiconductor device according to a first preferred embodi-
ment of the disclosure;

[0011] FIGS. 2A-2B illustrate a manufacturing method of a
semiconductor device according to a second preferred
embodiment of the disclosure;

[0012] FIGS.3A-3C illustrate a manufacturing method of a
semiconductor device according to a third preferred embodi-
ment of the disclosure;

[0013] FIGS. 4A-4C illustrate a manufacturing method of a
semiconductor device according to a fourth preferred
embodiment of the disclosure; and

[0014] FIGS.5A-5B illustrate a manufacturing method of a
semiconductor device according to a fifth preferred embodi-
ment of the disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Inthe embodiments of the disclosure, a cap layer is
doped with boron and formed on an epitaxial structure with a
high Ge concentration, such that the strain relaxation of the
epitaxial structure can be largely reduced and compensated,
and a flat top surface of the cap layer can thus be formed,
providing with a superior device performance as well as being
advantageous to the subsequent manufacturing processes of
the semiconductor device. The embodiments are described in
details with reference to the accompanying drawings. The
procedures and details of the formation method and the struc-
ture of the embodiments are for exemplification only, not for
limiting the scope of protection of the disclosure. Moreover,
the identical elements of the embodiments are designated
with the same reference numerals. Also, it is also important to
point out that the illustrations may not be necessarily be
drawn to scale, and that there may be other embodiments of
the present disclosure which are not specifically illustrated.
Thus, the specification and the drawings are to be regard as an
illustrative sense rather than a restrictive sense.

[0016] Referringto FIGS.1A-1C, FIGS. 1A-1C illustrate a
manufacturing method of a semiconductor device 100
according to a first preferred embodiment of the disclosure.
As shown in FIG. 1A, a gate structure 120 is formed on a
substrate 110. In the embodiment, the gate structure 120 is
formed as defined by a patterned hard mask 123, and a gate
insulating layer 121 is formed on the substrate 110 priorto the
formation of the gate structure 120. The substrate 110 may be
a Si substrate, the gate structure 120 may include metal or
polysilicon, and the gate insulating layer 121 may include a
dielectric material, such as silicon oxide. In the embodiment,
the substrate 110 may have at least a recess 1107 located on a
side of the gate structure 120. As shown in FIG. 1A, in the
present embodiment, the recesses 1107 are located on two
sides of the gate structure 120, and a spacer 170 is formed on
a sidewall of the gate structure 120.

[0017] Next, as shown in FIG. 1B, an epitaxial structure
130 is formed on the substrate 110. The epitaxial structure
130 comprises SiGe. The Ge concentration in the epitaxial
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structure 130 is equal to or higher than 45%, and preferably up
to 55-60%. In the embodiment, the epitaxial structure 130 is
formed in the recess 110x

[0018] While the driving voltage of the device is kept con-
stant, the higher the Ge concentration in the epitaxial struc-
ture is, the higher the driving current of the device will be, and
thus the power is higher, such that the overall performance of
the device is improved. However, it is commonly known that
a significant increase of Ge concentration in the epitaxial
structure (SiGe) may easily cause an undesired strain relax-
ation, resulting in a dramatic drop in the device performance.
Compared to the Ge concentrations of mostly less than 40%
in the conventional epitaxial structures, according to the
embodiments of the disclosure, the Ge concentration of equal
to or higher than 45% in the epitaxial structure 130 can greatly
improve the device performance by 20-50%.

[0019] Inthe embodiment, the epitaxial structure 130 may
further be doped with boron, and the boron concentration in
the epitaxial structure 130 is higher than 1E20 cm™. The
doping process may be performed together with or after the
formation of the epitaxial structure 130. Boron in the epitaxial
structure 130 produces electron holes, and thus more conduc-
tive carriers are produced in the device due to the presence of
boron, such that the resistance of the device is decreased, and
the driving current is increased. As the high Ge concentration
may block a portion of the boron doped in the epitaxial
structure 130 from being diffused as electron holes, the high
boron concentration of higher than 1E20 cm™ can compen-
sate the possible increase of the resistance caused by the
trapped boron in the epitaxial structure 130, providing suffi-
cient boron for supplying conductive carriers. That is, such
combination of Ge concentration of equal to or higher than
45% with boron concentration of higher than 1E20 cm™ is
provided with both improved device performance due to less
strain relaxation as well as low resistance due to sufficient
conductive carriers supplied.

[0020] In the embodiment, the epitaxial structure 130 is
formed by, such as, a CVD process or a SEG (selective epi-
taxial growth) process. The gas sources for boron, Si, and Ge
are exemplarily but not limited to B,H,, SiH,, and GeH,,
respectively.

[0021] Next, as shown in FIG. 10, a first cap layer 140 is
formed on the epitaxial structure 130, and the first cap layer
140 is doped with boron. The first cap layer 140 comprises Si
and is doped with boron for forming a flat top surface 140q.
The boron concentration in the first cap layer 140 is higher
than SE20 cm™>, and the Ge concentration in the first cap layer
140 is substantially 0. The first cap layer 140 formed on the
epitaxial structure 130 prevents the agglomeration formed by
metals and Ge in the subsequent silicide process from hap-
pening, which may increase the resistance and influence the
electrical properties of the device. Furthermore, the first cap
layer 140 with a thickness T1 of equal to or larger than 50 A
can serve as a stopping layer in the subsequent chemical
etching process and protect the epitaxial structure 130 from
being damaged.

[0022] In addition, while the high Ge concentration of
equal to or higher than 45% in the epitaxial structure 130
provides a superior device performance, the strain relaxation
of'the epitaxial structure 130 may easily occur due to the such
high Ge concentration, and the surface of a silicon cap layer,
conventionally formed on top of the epitaxial structure 130
for reducing the strain relaxation, may be wavy, rendering
undesirable impacts to the subsequent manufacturing pro-
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cesses. In the embodiment, the first cap layer 140 with boron
concentration of higher than SE20 cm™ can largely compen-
sate and reduce the strain relaxation of the epitaxial structure
130 from about 33% to about 5%, and preferably to about
1.7%, and the flat top surface 140qa of the first cap layer 140 is
thus formed.

[0023] Likewise with the doping process for the epitaxial
structure 130, the doping process for the first cap layer 140
may be performed together with or after the formation of the
first cap layer 140. In the embodiment, the first cap layer 140
is formed by, such as, a CVD process or a SEG (selective
epitaxial growth) process. The gas sources for boron, Si, and
Ge are exemplarily but not limited to B,Hg, SiH,, and GeH,,
respectively.

[0024] Inthe present embodiment, the first cap layer 140 is
preferably grown from SiH,. Although some Si precursors
other than SiH,, such as dichloromethane (DCS), may be
used for growing the first cap layer 140, and a somewhat flat
top surface of the first cap layer 140 may be obtained; how-
ever, applying Si precursors other than SiH, may suffer from
a selective loss of the epitaxial growth of the first cap layer
140, which may cause the device to fail. In summary, the first
cap layer 140 formed of SiH, can be provided with a flat top
surface 140a as well as the prevention from the undesired
selective loss.

[0025] Inanembodiment, the semiconductor device 100 is
such as a MOS device. Once an ion implantation is performed
to the epitaxial structure 130, regions with the p-type or
n-type dopants of the epitaxial structure 130 located on two
sides of the gate structure 120 may serve as source/drain
regions of the semiconductor device 100.

[0026] Referring to FIGS. 1A and 2A-2B, FIGS. 2A-2B
illustrate a manufacturing method of a semiconductor device
200 according to a second preferred embodiment of the dis-
closure. The elements in the first and second embodiments
sharing the same labeling are the same elements, and the
description of which are as aforementioned.

[0027] As shown in FIG. 1A, the gate structure 120 is
formed on the substrate 110. In the embodiment, the gate
structure 120 is formed as defined by the patterned hard mask
123, and the gate insulating layer 121 is formed on the sub-
strate 110 prior to the formation of the gate structure 120. The
gate structure 120 may include metal or polysilicon, and the
gate insulating layer 121 may include a dielectric material,
such as silicon oxide. In the embodiment, the substrate 110
may have at least the recess 1107 located on a side of the gate
structure 120. As shown in FIG. 1A, in the present embodi-
ment, the recesses 1107 are located on two sides of the gate
structure 120, and the spacer 170 is formed on a sidewall of
the gate structure 120.

[0028] Next, as shown in FIG. 2A, an under layer 150 is
formed on the substrate 110. The under layer 150 comprises
SiGe and has a gradient Ge concentration upwardly increased
from 40% to 55%. That is, the Ge concentration of the under
layer 150 in the region close to the substrate 110 (e.g. the
bottom surface of the recess 1107) is about 40%, and the Ge
concentration of the under layer 150 in the region closed to
the epitaxial structure 230 is about 55%. In the present
embodiment, as shown in FIG. 2A, the under layer 150 is
formed on the bottom surface of the recess 1107, followed by
the formation of an epitaxial structure on the under layer 150
in the recess 1107, and the under layer 150 may be formed by,
such as, a CVD process or a SEG (selective epitaxial growth)
process.
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[0029] Next, as shown in FIG. 2B, an epitaxial structure
230 is formed on the substrate 110, wherein the epitaxial
structure 230 is doped with boron and comprises SiGe, the Ge
concentration in the epitaxial structure is equal to or higher
than 45%, preferably up to 55-60%, and the boron concen-
tration in the epitaxial structure is higher than 1E20 cm™>. In
the present embodiment, the epitaxial structure 230 is formed
in the recess 1107, and the under layer 150 is formed below the
epitaxial structure 230. And then, as shown in FIG. 2B, the
first cap layer 140 is formed on the epitaxial structure 230,
wherein the first cap layer 140 comprises Si and is doped with
boron, the boron concentration in the first cap layer 140 is
higher than 5E20 cm~>, and the thickness T1 of the first cap
layer 140 is equal to or larger than 50 A.

[0030] Since the Ge concentration in the epitaxial structure
230 may be up to 55-60%, and the Ge concentration in the
substrate 110, being a Si substrate, is a lot lower than that in
the epitaxial structure 230, the gradient Ge concentration in
the under layer 150 provides a compensation to the strain
relaxation between the epitaxial structure 230 and the sub-
strate 110.

[0031] In the embodiment, the gas sources for boron, Si,
and Ge are exemplarily but not limited to B,H, SiH,, and
GeH,, respectively.

[0032] Inanembodiment, the semiconductor device 200 is
such as a MOS device. Anion implantation may be performed
to the epitaxial structure 230 for forming source/drain regions
of' the epitaxial structure 230 located on two sides of the gate
structure 120.

[0033] Referring to FIGS. 1A and 3A-3C, FIGS. 3A-3C
illustrate a manufacturing method of a semiconductor device
300 according to a third preferred embodiment of the disclo-
sure. The elements in the first, second, and third embodiments
sharing the same labeling are the same elements, and the
description of which are as aforementioned.

[0034] AsshowninFIG. 1A, the gate structure 120, the gate
insulating layer 121, and the patterned hard mask 123 are
formed on the substrate 110. In the embodiment, the substrate
110 may have at least the recess 1107 located on a side of the
gate structure 120. As shown in FIG. 1A, in the present
embodiment, the recesses 1107 are located on two sides of the
gate structure 120, and the spacer 170 is formed on a sidewall
of the gate structure 120.

[0035] Next, as shown in FIG. 3A, the under layer 150 is
optionally formed on the substrate 110, and the epitaxial
structure 230 is formed on the under layer 150. In the present
embodiment, the under layer 150 is formed on the bottom
surface of the recess 1107, followed by the formation of the
epitaxial structure 230 on the under layer 150 in the recess
1107 The epitaxial structure 230 is doped with boron and
comprises SiGe, and the concentrations of Ge and Boron are
as described above for the epitaxial structure 230. In the
embodiment, the epitaxial structure 230 may be replaced by
the epitaxial structure 130, and the properties of which have
been previously described in the first embodiment.

[0036] Next, as shown in FIG. 3B, a second cap layer 160 is
formed on the epitaxial structure 230. The second cap layer
160 comprises SiGe and has a gradient Ge concentration
upwardly decreased; that is, the Ge concentration of the sec-
ond cap layer 160 in the region close to the epitaxial structure
230 is higher than that in the region closed to the first cap layer
140. Since the Ge concentration in the epitaxial structure 230
may be up to 55-60%, and the Ge concentration in the first cap
layer 140 is a lot lower than that in the epitaxial structure 230,
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the gradient Ge concentration in the second cap layer 160
provides a compensation to the strain relaxation between the
epitaxial structure 230 and the first cap layer 140.

[0037] And then, as shown in FIG. 3C, the first cap layer
140 is formed on the epitaxial structure 230. In the embodi-
ment, the second cap layer 160 is formed between the first cap
layer 140 and the epitaxial structure 230.

[0038] Inanembodiment, the semiconductor device 300 is
such as a MOS device. Anion implantation may be performed
to the epitaxial structure 230 for forming source/drain regions
of'the epitaxial structure 230 located on two sides of the gate
structure 120.

[0039] Referring to FIGS. 2A and 4A-4C, FIGS. 4A-4C
illustrate a manufacturing method of a semiconductor device
400 according to a fourth preferred embodiment of the dis-
closure. The elements in the first, second, third, and fourth
embodiments sharing the same labeling are the same ele-
ments, and the description of which are as aforementioned.
[0040] AsshowninFIG.2A, the gate structure 120, the gate
insulating layer 121, and the patterned hard mask 123 are
formed on the substrate 110. In the embodiment, the substrate
110 may have at least the recess 1107 located on a side of the
gate structure 120. As shown in FIG. 2A, in the present
embodiment, the recesses 1107 are located on two sides of'the
gate structure 120, and the spacer 170 is formed on a sidewall
of the gate structure 120.

[0041] Next, as shown in FIG. 4A, the under layer 150 is
optionally formed on the bottom surface of the recess 110x
[0042] Next, as shown in FIG. 4B, an epitaxial structure
330 is formed on the substrate 110, wherein the epitaxial
structure 330 comprises SiGe, and the Ge concentration in the
epitaxial structure 330 is equal to or higher than 45%. In the
present embodiment, the epitaxial structure 330 is formed on
the under layer 150. The formation of the epitaxial structure
330 further comprises, such as, the following steps. A first
epitaxial layer 131 is formed on the substrate 110, and a
second epitaxial layer 133 is formed on the first epitaxial layer
131, wherein the Ge concentration in the first epitaxial layer
131 is lower than the Ge concentration in the second epitaxial
layer 133. For example, the Ge concentration in the first
epitaxial layer 131 may be about 55%, and the Ge concentra-
tion in the second epitaxial layer 133 may be about 60%. The
first epitaxial layer 131 and the second epitaxial layer 133 are
formed separately by, such as, a SEG process. In the present
embodiment, the epitaxial structure 330 is formed in the
recess 1107

[0043] In the embodiment, the epitaxial structure 330 is
further doped with boron, and the boron concentration in the
epitaxial structure 330, including the first epitaxial layer 131
and the second epitaxial layer 133, is higher than 1520 cm™>.
[0044] Next, as shown in FIG. 4C, the first cap layer 140 is
formed on the epitaxial structure 330, and the first epitaxial
layer 131 is formed between the first cap layer 140 and the
second epitaxial layer 133. In the present embodiment, the
first cap layer 140 is formed on the second cap layer 160, and
the second epitaxial layer 133 is formed between the second
cap layer 160 and the first epitaxial layer 131

[0045] Inanembodiment, the semiconductor device 400 is
such as a MOS device. Anion implantation may be performed
to the epitaxial structure 330 for forming source/drain regions
of'the epitaxial structure 330 located on two sides of the gate
structure 120.

[0046] Referring to FIGS.5A-5B, FIGS. 5A-5B illustrate a
manufacturing method of a semiconductor device 500
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according to a fifth preferred embodiment of the disclosure.
The elements in the first to fifth embodiments sharing the
same labeling are the same elements, and the description of
which are as aforementioned.

[0047] As shown in FIG. 5A, an epitaxial structure 530 is
formed on the substrate 110, and the first cap layer 140 is
formed on the epitaxial structure 530. The epitaxial structure
530 comprises SiGe, and the Ge concentration in the epitaxial
structure 530 is equal to or higher than 45%, preferably up to
55-60%. The first cap layer 140 comprises Si and is doped
with boron for forming a flat top surface 140a. In the present
embodiment, as shown in FIG. 5A, the epitaxial structure 530
along with the first cap layer 140 have a striped pattern, and
the epitaxial structure 530 is formed on the fin structure 510,
which is formed within the substrate 110.

[0048] Inthe embodiment, the epitaxial structure 530 may
further be doped with boron. The doping process may be
performed together with or after the formation of the epitaxial
structure 530. The boron concentration in the epitaxial struc-
ture 530 is higher than 1E20 cm™>. In the embodiment, the
under layer 150 (not shown in FIG. 5A), as described in the
previous embodiments, may further be formed between the
fin structure 510 and the epitaxial structure 530, and the
second cap layer 160 (not shown in FIG. 5A) may further be
formed between the first cap layer 140 and the epitaxial
structure 530. Furthermore, the epitaxial structure 530 may
be replaced by the epitaxial structure 330, comprising the first
epitaxial layer 131 and the second epitaxial layer 133, and the
properties of which have been previously described in the
previous embodiment.

[0049] Next, as shown in FIG. 5B, a gate structure 520 is
formed on the epitaxial structure 530 and on the substrate
110, and the spacer 170 is formed on a sidewall of the gate
structure 520. The gate structure 520 is extended in a direction
perpendicular to a direction in which the strips of the epitaxial
structure 530 are extended. In the embodiment, a dielectric
layer (not shown in FIG. 5B) is further formed between the
gate structure 520 and the epitaxial structure 530.

[0050] Inanembodiment, the semiconductor device 500 is
such as a fin field-effect transistor (FINFET). After an ion
implantation is performed to the epitaxial structure 530, the
regions with the p-type or n-type dopants of the epitaxial
structure 530 located on two sides of the gate structure 520
may serve as source/drain regions.

[0051] While the invention has been described by way of
example and in terms of the preferred embodiment(s), it is to
be understood that the invention is not limited thereto. On the
contrary, it is intended to cover various modifications and
similar arrangements and procedures, and the scope of the
appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and
similar arrangements and procedures.

1. A manufacturing method of a semiconductor device,
comprising:

forming a gate structure on a substrate;

forming an epitaxial structure on the substrate, wherein the
epitaxial structure comprises SiGe, and the Ge concen-
tration in the epitaxial structure is 45-60%;

doping the epitaxial structure with boron, and the boron
concentration in the epitaxial structure is higher than
1E20 cm™3;

forming a first cap layer on the epitaxial structure, wherein
the first cap layer comprises Si; and
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doping the first cap layer with boron for forming a flat top

surface of the first cap layer.

2. (canceled)

3. The manufacturing method of the semiconductor device
according to claim 1, wherein the substrate has at least a
recess on a side of the gate structure, and the epitaxial struc-
ture is formed in the recess.

4. The manufacturing method of the semiconductor device
according to claim 3, further comprising:

forming an under layer on the bottom surface of the recess,

wherein the under layer comprises SiGe and has a gra-
dient Ge concentration upwardly increased from 40% to
55%.

5. The manufacturing method of the semiconductor device
according to claim 1, wherein the gate structure is formed on
the epitaxial structure.

6. The manufacturing method of the semiconductor device
according to claim 1, further comprising:

forming an under layer below the epitaxial structure,

wherein the under layer comprises SiGe and has a gra-
dient Ge concentration upwardly increased from 40% to
55%.

7. The manufacturing method of the semiconductor device
according to claim 1, further comprising:

forming a second cap layer between the first cap layer and

the epitaxial structure, wherein the second cap layer
comprises SiGe and has a gradient Ge concentration
upwardly decreased.
8. The manufacturing method of the semiconductor device
according to claim 1, wherein the thickness of the first cap
layer is equal to or larger than 50 A.
9. The manufacturing method of the semiconductor device
according to claim 1, further comprising:
forming a spacer on a sidewall of the gate structure.
10. The manufacturing method of the semiconductor
device according to claim 1, wherein the step of forming the
first cap layer and the step of doping the first cap layer are
performed simultaneously.
11. The manufacturing method of the semiconductor
device according to claim 1, wherein a gas source for boron is
B,Hg, a gas source for Si is SiH,, and a gas source for Ge is
GeH.,,.
12. The manufacturing method of the semiconductor
device according to claim 1, wherein the step of forming the
epitaxial structure comprising:
forming a first epitaxial layer on the substrate; and
forming a second epitaxial layer, wherein the second epi-
taxial layer is formed between the first cap layer and the
first epitaxial layer, and the Ge concentration in the first
epitaxial layer is lower than the Ge concentration in the
second epitaxial layer.
13. A manufacturing method of a semiconductor device,
comprising:
forming a gate structure on a substrate;
forming an epitaxial structure on the substrate, wherein the
epitaxial structure is doped with boron and comprises
SiGe, the Ge concentration in the epitaxial structure is
equal to or higher than 45%, and the boron concentration
in the epitaxial structure is higher than 1620 cm™>;

forming a first cap layer on the epitaxial structure, wherein
the first cap layer comprises Si and is doped with boron,
and the boron concentration in the first cap layer is
higher than 5E20 cm™>; and
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forming an under layer below the epitaxial structure,
wherein the under layer comprises SiGe and has a gra-
dient Ge concentration upwardly increased from 40% to
55%.

14. The manufacturing method of the semiconductor
device according to claim 13, wherein the substrate has at
least a recess on a side of the gate structure, and the epitaxial
structure is formed in the recess.

15. The manufacturing method of the semiconductor
device according to claim 14, wherein the under layer is
formed on the bottom surface of the recess.

16. The manufacturing method of the semiconductor
device according to claim 13, further comprising:

forming a second cap layer between the first cap layer and

the epitaxial structure, wherein the second cap layer
comprises SiGe and has a gradient Ge concentration
upwardly decreased.

17. The manufacturing method of the semiconductor
device according to claim 13, wherein a thickness of the first
cap layer is equal to or larger than 50 A.
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18. The manufacturing method of the semiconductor
device according to claim 13, further comprising:

forming a spacer on a sidewall of the gate structure.

19. The manufacturing method of the semiconductor
device according to claim 13, wherein a gas source for boron
is B,Hg, a gas source for Si is SiH,, and a gas source for Ge is
GeH.,,.

20. The manufacturing method of the semiconductor
device according to claim 13, wherein the step of forming the
epitaxial structure comprising:

forming a first epitaxial layer on the substrate; and

forming a second epitaxial layer, wherein the second epi-
taxial layer is formed between the first cap layer and the
first epitaxial layer, and the Ge concentration in the first
epitaxial layer is lower than the Ge concentration in the
second epitaxial layer.
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