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1
SEMICONDUCTOR DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a reissue application of U.S. Pat. No.
8,013,398. This application 1s also based upon and claims the

benelit of priority from prior Japanese Patent Application No.
2007-088836, filed Mar. 29, 2007, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a semiconductor device and a
manufacturing method thereof, and more particularly, to a
semiconductor device in which the mobility 1s enhanced by
embedding silicon germanium (S1Ge) 1n source/drain regions
of MISFETSs and straiming S1 channels and a manufacturing
method of the semiconductor device.

2. Description of the Related Art

As a manufacturing method of CMOS transistors having
high drivability, the techmque (so-called strained Si1 tech-
nique) for enhancing the mobility by straiming silicon (S1) and
applying stress to channel regions 1s known. Particularly, as
one example of an element structure manufactured by the use
of the strained S1 techmique, an eS1Ge technique gains much
attention. The eS1Ge technique 1s a method for enhancing the
mobility by embedding SiGe layers in the source/drain
regions of pMISFET regions and applying compression
stress to the Si1channel regions (for example, refer to U.S. Pat.
No. 6,621,131).

In the structure 1n which the S1Ge layers are embedded in
the source/drain regions of the pMISFET, stress to the chan-
nel region increases in proportion to the germanium (Ge)
concentration 1n the S1Ge layers. Therefore, the mobility 1s
more enhanced as the Ge concentration becomes higher.
However, since a risk caused by crystal defects in the S1Ge
layer becomes higher in proportion to the Ge concentration,
there 1s a possibility that a problem of abnormal growth of
salicide or junction leak (J/L) will occur when the Ge con-
centration becomes high.

In an LSI, not only elements having high drivability but
also elements having high reliability are required. When the
Ge concentration in the S1Ge layer 1s made higher in order to
manufacture elements having the high drivability, a risk due
to the crystal defects 1n the SiGe layer increases, and as a
result, the high reliability cannot be attained. That 1s, 1n the
conventional method, both of pMISFETs having the high
drivability and pMISFETs having the high reliability cannot
be formed together 1n one chip.

BRIEF SUMMARY OF THE INVENTION

According to one aspect of the present invention, there 1s
provided a semiconductor device which includes a semicon-
ductor substrate, a first pMISFET region formed on the semi-
conductor substrate and having a first S1 channel, first S1Ge
layers which apply first compression strain to the first Si
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channel being embedded and formed 1n the first pMISFET
region to sandwich the first S1 channel, a second pMISFET

region formed on the semiconductor substrate to be electri-
cally 1solated from the first pMISFET region and having a
second S1 channel, second S1Ge layers which apply second
compression strain different from the first compression strain
to the second Si1 channel being embedded and formed 1n the
second pMISFET region to sandwich the second S1 channel,
and an nMISFET region formed on the semiconductor sub-
strate to be electrically 1solated from the first and second
pMISFET regions and having a third S1 channel.

According to another aspect of the present invention, there
1s provided a manufacturing method of a semiconductor
device which includes forming a first pMISFET region, sec-
ond pMISFET region and nMISFET region which are elec-
trically 1solated from one another by forming an element
1solation region on a well on an S1 substrate, forming a {irst
mask which covers the second pMISFET region and nMIS-
FET region, selectively embedding and forming first S1Ge
layers which apply first compression strain to an S1 channel of
the first pMISFET region 1n the first pMISFET region by the
use of the first mask, removing the first mask after formation
of the first S1Ge layers, forming a second mask which covers
the first pMISFET region and nMISFET region after remov-
ing the first mask, and selectively embedding and forming
second S1Ge layers which apply second compression strain
different from the first compression strain to an S1 channel of
the second pMISFET region in the second pMISFET region
by the use of the second mask.

According to still another aspect of the present invention,
there 1s provided a manufacturing method of a semiconductor
device which includes forming a first pMISFET region, sec-
ond pMISFET region and nMISFET region which are elec-
trically 1solated from one another by forming an element
1solation region on a well on an S1 substrate, forming a mask
which covers the nMISFET region, forming recesses to sand-
wich Si channels of the first and second pMISFET regions by
selectively etching the first and second pMISFET regions
under a condition that S1 aperture ratios of the first and second
pMISFET regions are made different with the nMISFET
region covered with the mask in a case where a ratio of an area
of an exposed S1 substrate to an entire area of one cell region
containing one MISFET region and an element 1solation
region surrounding the MISFET region 1s defined as an Si
aperture ratio, and forming first S1Ge layers which apply first
compression strain to the Si channel of the first pMISFET
region 1n the recesses of the first pMISFET region and form-
ing second S1Ge layers which apply second compression
strain different from the first compression strain to the Si
channel of the second pMISFET region 1n the recesses of the
second pMISFET region.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a cross-sectional view showing the schematic
structure of a semiconductor device according to a first
embodiment of this invention.

FIGS. 2A to 2L are cross-sectional views showing manu-
facturing steps of the semiconductor device according to the
first embodiment.

FIG. 3 1s a cross-sectional view showing the schematic
structure of a semiconductor device according to a modifica-
tion of the first embodiment.

FIG. 4 1s a cross-sectional view showing the schematic
structure of a semiconductor device according to a second
embodiment of this invention.
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FIGS. 5A and 5B are plan views showing the relationship
between the Si1 aperture ratios of first and second pMISFET
regions.

FIG. 6 1s a characteristic diagram showing the relationship
between the S1 aperture ratio 1n the growing process of an
S1Ge layer and the Ge concentration.

FIGS. 7A and 7B are plan views showing examples in
which the S1 aperture ratios of the first and second pMISFET
regions are changed by changing the gate lengths.

FIGS. 8A and 8B are plan views showing examples in
which the S1 aperture ratios of the first and second pMISFET
regions are changed by changing the width W and length X of
a MISFET region.

FIGS. 9A and 9B are plan views showing examples in
which the S1 aperture ratios of the first and second pMISFET
regions are changed by using a region which 1s not associated
with a circuit.

FIGS. 10A to 10D are cross-sectional views showing
manufacturing steps of the semiconductor device according
to the second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

There will now be described embodiments of the present
invention with reference to the accompanying drawings. The

following contents are shown as embodiments of this mnven-
tion and this invention 1s not limited to the following contents.

First Embodiment

FIG. 1 1s a cross-sectional view showing the schematic
structure of a semiconductor device according to a first
embodiment of this invention.

An element 1solation 1sulating film 110 1s formed on a
surface portlon (well) of an S1 substrate 100 and a first pMIS-
FET region 121, second pMISFET region 122 and nMISFET
region 123 are formed in portions surrounded by the element
1solation insulating film 110. A gate electrode 301 1s formed
above the pMISFET region 121 with a gate insulating film
130 disposed therebetween and source/drain regions are
tformed with the gate electrode 301 used as a mask so as to
form a first p-channel MIS transistor. A gate electrode 302 1s
formed above the pMISFET region 122 with a gate insulating
f1lm 130 disposed therebetween and source/drain regions are
formed with the gate electrode 302 used as a mask so as to
form a second p-channel MIS transistor. Further, a gate elec-

SFET region 123 with a

trode 303 1s formed above the nMI
gate msulating film 130 disposed therebetween and source/
drain regions are formed with the gate electrode 303 used as
a mask so as to form an nMIS transistor.

In the first pMISFET region 121, first S1GeB films 321 are
formed 1n the source/drain regions which sandwich the Si
channel. The S1GeB film 321 1s formed by doping B used as
a p-type impurity into the S1Ge layer which applies compres-
s10n strain to the Sichannel, and as a result, the mobility in the
first pMIS transistor 1s enhanced. Likewise, in the second
pMISFET region 122, second S1GeB films 322 are formed in
the source/drain regions which sandwich the Si channel. Like
the S1GeB film 321, the S1GeB film 322 also applies com-
pression strain to the S1 channel, and as a result, the mobility

in the second pMIS transistor 1s enhanced.
The first S1GeB films 321 formed 1n the first pMISFET

region 121 and the second S1GeB films 322 formed 1n the
second pMISFET region 122 are different in the Ge concen-
tration. That 1s, the Ge concentration of the first S1GeB film

321 1s higher than that of the second S1GeB film 322. There-
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4

fore, stresses applied to the respective S1 channels of the first
and second pMISFET regions 121 and 122 are different.

More specifically, the compression stress applied to the S1
channel of the first pMISFET region 121 1s larger than the
compression stress applied to the S1 channel of the second
pMISFET region 122. Therefore, the strain amount for the S1
channel of the first pMISFET region 121 becomes larger than
the strain amount for the Si channel of the second pMISFET
region 122. As a result, the first pMISFET region 121 1s
suitable for formation of elements having high drivability and
the second pMISFET region 122 1s suitable for formation of
clements having high reliability.

Next, the manufacturing method of the semiconductor
device according to the present embodiment 1s explained with
reference to FIGS. 2A to 2L.

First, as shown 1n FIG. 2A, an S1 substrate 100 having an
clement 1solation msulating film 110 formed on a well of the
surface portion 1s prepared. On the S1 substrate 100, a first
pMISFET region 121, second pMISFET region 122 and
pMISFET region 123 which are 1solated from one another by
the element 1solation msulating film 110 are formed.

Then, a gate insulating film 130 1s formed on the entire
surface of the Si1 substrate 100 by the use of a low-pressure
chemical vapor deposition (LPCVD) method. For example, a
material of the gate msulating film 130 1s a silicon oxide film
(5102), silicon oxynitride film (S10ON) or ferroelectric gate
insulating film (Hi-k) and the thickness thereof 1s 2 nm. After
this, a polysilicon film 140 1s formed on the entire surface of
the gate insulating film 130 by the use of the LPCVD method.
The thickness of the polysilicon film 140 1s 100 nm.

Next, a resist pattern 210 1s formed on the polysilicon film
140 to cover the nMISFET region 123 by the use of lithogra-
phy. Then, boron (B) 1s implanted 1nto a portion of the poly-
silicon {1lm 140 which lies above the first and second pMIS-
FET regions 121 and 122 by the use of an 1on-implantation
technique with the resist pattern 210 used as a mask.

As shown in FIG. 2B, a p™-type polysilicon film 141 is
tormed above the first and second pMISFET regions 121 and
122 by the above ion-implantation process of B. After this, the
resist pattern 210 1s removed by wet etching.

Next, as shown 1n FI1G. 2C, a resist pattern 220 1s formed to
cover the first and second pMISFET regions 121 and 122 by
the use of lithography. Then, phosphorus (P) 1s implanted into
the polysilicon film 140 with the resist pattern 220 used as a
mask.

As shown in FIG. 2D, an n™-type polysilicon film 142 is
formed above the nMISFET region 123 by the above 10n-
implantation process of P. After this, the resist pattern 220 1s
removed by wet etching.

Next, as shown 1in FIG. 2E, a hard mask 160 1s formed on
the entire surface of the resultant structure by the use of the
LPCVD method. For example, the hard mask 160 1s a com-
posite film containing TEOS and silicon nitride (SiN), the
thickness of TEOS 1s 40 nm and the thickness of S1N 1s 60 nm.
Then, a first gate electrode pattern 231, second gate electrode
pattern 232 and third gate electrode pattern 233 formed of
resist are formed on the hard mask 160 by the use of lithog-
raphy.

Next, as shown in FI1G. 2F, a first gate electrode 301, second
gate electrode 302 and third gate electrode 303 are formed by
the use of a reactive 10n etching (RIE) method. Specifically,
the hard mask 160 1s selectively etched by the use of the RIE
method while the electrode patterns 231, 232 and 233 formed
ofresist are used as a mask. Then, the p*-type polysilicon film
141 and n™-type polysilicon film 142 are selectively etched by
the use of the RIE method while the thus etched hard masks
160 are used as a mask so as to form the gate electrodes 301,
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302, 303. After this, the first gate electrode pattern 231, sec-
ond gate electrode pattern 232 and third gate electrode pattern
233 are removed by wet etching.

Next, as shown 1n FIG. 2G, a tin film 170 used as sidewall
films 1s formed by the use of the LPCVD method. A material
of the thin film 170 1s TEOS, for example, and the thickness
thereof1s 40 nm. As the thin film 170, SiN can be used instead
of TEOS. Then, a resist pattern 240 1s formed to cover the
second pMISFET region 122 and nMISFET region 123 by the

use of lithography.
Next, as shown 1 FIG. 2H, 1n the first pMISFET region

121, the thin film 170 1s left behind only on the sidewalls of
the gate electrode 301 by selectively etching the thin film 170
by a preset amount by the use of the RIE method. That 1s,

sidewall films 171 are formed on the gate side portions of the
first pMISFET region 121. Then, recesses 181 which sand-
wich the S1 channel are formed 1n the first pMISFET region
121 by wet etching. For example, the depth of the recess 181
1s 60 nm.

Next, as shown 1 FIG. 21, first S1GeB films 321 are grown
and formed in the recesses 181 by the use of the LPCVD
method. The thickness of the first S1GeB film 321 1s 60 nm
and the Ge concentration thereot 1s 20%. B 1n the S1GeB film
321 acts as a p-type impurity and 1t 1s possible to dope an
impurity other than B.

Next, as shown in FIG. 2J, after the thin film 170 and
sidewall films 171 are removed by wet etching, a thin film 190
used sidewall films 1s formed by the use of the LPCVD
method. A material of the thin film 190 1s TEOS, for example,
and the thickness thereof 1s 40 nm. Then, a resist pattern 250
1s formed to cover the first pMISFET region 121 and nMIS-
FET region 123 by the use of hthography

Next, as shown 1n FIG. 2K, 1n the second pMISFET region
122, the thin film 190 1s left behind only on the sidewalls of
the gate electrode 302 by selectively etching the thin film 190
by a preset amount by the use of the RIE method. That 1s,
sidewall films 191 are formed on the gate side portions of the
second pMISFET region 122. Then, recesses 182 which sand-
wich the Si channel are formed in the second pMISFET
region 122 by wet etching. For example, the depth of the
recess 182 1s 60 nm. In this case, the depths of the recesses 181
and 182 may be made different.

Next, as shown 1n FIG. 2L, second S1GeB films 322 are
grown and formed in the recesses 182 by the use of the
LPCVD method. The thickness of the second S1GeB film 322
1s 60 nm and the Ge concentration thereof 1s 15%. That 1s, the
Ge concentration of the second S1GeB film 322 1s lower than
that of the first S1GeB film 321.

After this, the thin film 190 and sidewall films 191 are
removed by wet etching and the semiconductor device with
the structure shown 1n FIG. 1 can be attained.

Although not shown 1n FIG. 1, extension layers may be
formed between the first S1GeB films 321 and the channel
region below the gate electrode 301 in the first pMISFET
region 121 and extension layers may be formed between the
second S1GeB films 322 and the channel region below the
gate electrode 302 1n the second pMISFET region 122.

Thus, 1n the present embodiment, the strain amount for the
first pMISFET region 121 is set larger than the strain amount
tor the second pMISFET region 122 by making different the
GE concentrations of the first S1GeB film 321 formed 1n the
first pMISFET region 121 and the second S1GeB film 322
formed 1n the second pMISFET reglon 122. Ideally, the GE
concentration of the S1GeB film 321 1n the first pMISFET
region 121 required to have the high drivability 1s set in a
range of 18 to 30% and the GE concentration of the S1GeB
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6

f1lm 322 1n the second pMISFET region 122 required to have
the high reliability 1s set 1n a range of 5 to 15%.

Therefore, the transistor 1n the first pMISFET region 121
has hlgh drivability and the transistor 1n the second pMISFET
region 122 has high reliability. That 1s, a pMISFET having
high drivability and a pMISFET having high reliability can be
formed together in one chip. Therefore, the quality of a
CMOS transistor can be enhanced.

The strain amount of the S1 channel depends on the GE
concentration of the Si1GeB films which sandwich the Si
channel but it also depends on the thickness of the S1GeB film.
The strain amount becomes larger as the Si1GeB film becomes
thicker. Theretfore, as shown 1n FIG. 3, the S1 channel strain
for the first pMISFET region 121 can be made larger by
making different the depths of the recesses 181 and 182 1n the
first pMISFET region 121 and second pMISFET region 122
and forming the first S1GeB film 321 thicker than the second
S1GeB film 322. Ideally, the depth of the S1GeB film 321 1n
the pMISFET region 121 required to have the high drivability
1s set 1n a range of 735 to 100 nm and the depth of the SiGeB
f1lm 322 in the pMISFET region 122 required to have the high
reliability 1s set 1n a range of 30 to 60 nm.

With the above structure, the strain amount for the first
pMISFET region 121 can be set larger than the strain amount
for the second pMISFET region 122 and the quality of a
CMOS ftransistor can be enhanced. Further, not only one of
the Ge concentration and the recess depth 1s changed but also
both of them can be changed.

Second Embodiment

FIG. 4 1s a cross-sectional view showing the schematic
structure of a semiconductor device according to a second
embodiment of this invention. The same symbols are attached
to the same portions as those of FIG. 1 and the detail expla-
nation thereof 1s omitted.

The present embodiment 1s different from the first embodi-
ment 1n that the areas of element 1solation msulating films in
the respective pMISFET regions are made different in order
to change the Ge concentrations 1n the S1Ge films. That 1s, as
shown 1n FIGS. SA and 5B, the areas of element 1solation
insulating films 110 1n a first pMISFET region 121 and sec-
ond pMISFET region 122 are made different. The area of the
clement 1solation imsulating film 110 1s made larger 1n the first

pMISFET region 121, and as a result, the area of the first
pMISFET region 121 1s made smaller than that of the second
pMISFET region 122.

In this case, 1n one cell region containing a MISFET region
and element 1solation region, the ratio of an exposed area of
an S1substrate to the entire area of the cell region 1s defined as
an S1 aperture ratio. More specifically, the ratio of the area 1n
which the SiGe film is formed in an area of 1 mm? near the
MISFET region 1s defined as an S1 aperture ratio. By chang-
ing the S1 aperture ratio, the Ge concentration 1n the SiGe film
can be changed. Examples of FIGS. SA and 5B are obtained
by changing the areas of the element 1solation insulating films
110 to change the S1 aperture ratios.

Specifically, the Si aperture ratio in the range of 1 mm~ of
the pMISFET region 121 required to have the high drivability
is set lower than the Si aperture ratio in the range of 1 mm~ of
the pMISFET region 122 required to have the high reliability
by at least 5%. For example, the S1 aperture ratio of the
pMISFET region 121 1s set to 5% and the S1 aperture ratio of
the pMISFET region 122 is set to 10%.

FIG. 6 1s a characteristic diagram showing the relationship
between the S1 aperture ratio and the Ge concentration of an
S1Ge layer grown. It 1s understood that the Ge concentration
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becomes higher as the Si aperture ratio becomes lower. Fur-
ther, the same result was obtained in a case where B was
doped as an impurity.

In the case of FIG. 4, the first and second pMISFET regions
121 and 122 are arranged close to each other, but 1n an actual
device, since the regions are sulliciently separated, the rela-
tionship as shown 1n FIG. 6 1s established.

Thus, by setting the S1 aperture ratio of the first pMISFET
region 121 lower than that of the second pMISFET region
122, the Ge concentration of the S1Ge layer 321 formed 1n the
first pMISFET region 121 can be enhanced and the strain
amount of the S1 channel 1n the first pMISFET region 121 can
be made larger. In this case, 1t 1s not necessary to separately
grow S1Ge layers 1n the first and second pMISFET regions
121 and 122 and it 1s possible to simultaneously form the
S1Ge layers. Therefore, the process can be simplified.

As a method for changing the S1 aperture ratio, not only the
method for changing the areas of the pMISFET's but also the
following method can be considered.

FIGS. 7A and 7B show examples 1in which the S1 aperture
ratios are changed by changing the dimensions of gate elec-
trodes. FIG. 7A shows the first pMISFET region 121 and FIG.
7B shows the second pMISFET region 122. By making the
gate length of the gate electrode 301 in the first pMISFET
region 121 larger than that in the second pMISFET region
122, the S1 aperture ratio of the first pMISFET region 121 can
be set lower than that of the second pMISFET region 122.

FIGS. 8 A and 8B show examples 1in which the length X in
the gate lengthwise direction of pMISFET formation regions
and the length W 1n the gate width direction are changed. FIG.
8 A shows the first pMISFET region 121 and FIG. 8B shows
the second pMISFET region 122. By setting WxX 1n the first
pMISFET region 121 smaller than that 1n the second pMIS-
FET region 122, the S1 aperture ratio of the first pMISFET
region 121 can be set lower than that of the second pMISFET
region 122.

FIGS. 9A and 9B show a method for changing the Si
aperture ratio without changing the areas and gate lengths of
the pMISFET formation regions. FIG. 9A shows the first
pMISFET region 121 and FIG. 9B shows the second pMIS-
FET region 122. Generally, regions 510 (insulating films of
510, which are the same as the element 1solation 1nsulating
f1lm) which do not contribute to the operation of the circuit are
formed 1n the peripheral portions of the MISFET regions. The
region 510 1s left behind as it 1s 1n the first pMISFET region
121 and part of the region 510 which does not contribute to the
operation of the circuit 1s etched 1n the second pMISFET
region 122 to expose the underlying Si substrate. As a result,
the S1 aperture ratio of one cell region containing the first
pMISFET region 121 can be made lower than that of one cell
region containing the second pMISFET region 122.

The S1 aperture ratio 1s explained with respect to the MIS-
FET formation region or one cell region, but in an actual
device, a plurality of elements required to have a high-speed
operation and a plurality of elements required to have high
reliability are formed in separate regions in many cases.
Therefore, the ratio of an exposed area of S1 to the area of an
entire region i which the element group i1s arranged 1is
defined as an S1aperture ratio and the S1 aperture ratios for the
entire region 1in which the element group required to have the
high-speed operation 1s arranged and for the entire region in
which the element group required to have the high reliability
1s arranged may be made different.

Next, a manufacturing method of the semiconductor
device of the present embodiment 1s explained with reference
to FIG. 10. In this example, a method for changing the areas
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of the pMISFET regions to change the S1 aperture ratios in the
two pMISFET regions 121, 122 as shown 1n FIGS. 5A, 5B 1s
provided.

First, like the first embodiment, an element 1solation 1nsu-
lating film 110 1s formed on an S1 substrate 100 and gate
clectrodes 301, 302, 303 are respectively formed above a first
pMISFET region 121, second pMISFET region 122 and
nMISFET region 123 with respective gate insulating films
130 disposed therebetween. The process up to the above step
1s the same as the process of FIGS. 2A to 2F. However, the
clement 1solation msulating film 110 1s different 1n size in the
pMISFET regions 121, 122. That 1s, as shown 1n FIGS. SA,
5B, the area of the first pMISFET region 121 1s made smaller
than that of the second pMISFET region 122. Thus, the S1
aperture ration in the first pMISFET region 121 1s made lower
than that in the second pMISFET region 122.

In the present embodiment, as shown 1n FIG. 10A, after a
thin {ilm 170 used as sidewall films 1s formed by the use of the
LPCVD method after the step of FI1G. 2F, a resist pattern 260
which covers the nMISFET region 123 1s formed by the use of
lithography.

Then, as shown 1n FIG. 10B, the thin film 170 1s left behind
only on the sidewalls of the gate electrodes 301, 302 by
selectively etching the thin film 170 by a preset amount by the
use of the RIE method. That 1s, first sidewall films 171 are
formed on the gate side portions of the first pMISFET region
121 and second sidewall films 172 are formed on the gate side
portions of the second pMISFET region 122.

After this, as shown 1in FIG. 10C, recesses 581 are formed
in the first pMISFET region 121 by wet etching, and at the
same time, recesses 382 are formed 1n the second pMISFET
region 122. In this case, the depths of the recesses 581, 582 are
both setto 60 nm. The depths of the recesses 581, 582 may be
made different.

Next, as shown in FIG. 10D, first S1GeB films 321 are
grown and formed in the recesses 381 and second SiGeB
f1lms 322 are grown and formed 1n the recesses 582 by the use
of the LPCVD method. At this time, since the S1 aperture ratio
of the first pMISFET region 121 i1s lower than that of the
second pMISFET region 122, the Ge concentration and B

concentration of the first S1GeB films 321 become higher than
those of the second S1GeB films 322.

Next, the first sidewall films 171, second sidewall films 172
and thin film 170 are removed by wet etching to attain the
structure shown 1n FIG. 4.

According to the present embodiment, the Ge concentra-
tion of the first S1GeB films 321 1n the first pMISFET region

121 can be made higher than that in the second pMISFET
region 122 by utilizing the difference 1n the S1 aperture ratios
of the two pMISFET regions 121, 122. Therefore, the strain
amount for the first pMISFET region 121 in the same chip can
be made larger than the strain amount for the second pMIS-
FET region 122 and the same efiect as that of the first embodi-
ment can be attained. Further, since 1t 1s not necessary to
separately form masks for the first pMISFET region 121 and
second pMISFET region 122, the number of steps of a mask
process can be reduced and an advantage that the process 1s
simplified can be attained.

(Modification)

This invention 1s not limited to the above embodiments. In
the above embodiments, the S1GeB film 1s used as one
example of the S1Ge layer, but an S1GeC film may be used
instead of the S1GeB film. That 1s, not only the SiGe layer but
also a layer obtained by doping impurity mto S1Ge can be
used.

Further, in the above embodiment, the strain amounts
applied to the S1 channels 1n the first and second pMISFET
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regions are changed by changing the Ge concentration in the
S1Ge layer, but the strain amount can also be changed by
changing the thickness of the Si1Ge layer. Specifically, the
strain amount can be made larger as the thickness of the S1Ge
layer becomes larger. Therefore, transistors with the high
drivability can be formed 1n the first pMISFET region and
transistors with the high reliability can be formed in the
second pMISFET region by making the Si1 etching depth
larger 1n the first pMISFET region and making the S1 etching
depth smaller 1n the second pMISFET region.

In the above embodiments, the explanation 1s made with
reference to the pMISFET regions, but 1in this invention, the
same elflect can be attained by changing the C concentration
when C-doped S1 regions are formed to sandwich the Si
channel 1n the nMISFET region.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n 1its
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general mventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor substrate,

a first pMISFET formed on the semiconductor substrate
and having a first S1 channel formed on a surface of the
semiconductor substrate, and first S1Ge layers, which
apply first compression strain to the first S1 channel,
embedded 1n the surface of the semiconductor substrate
to sandwich the first S1 channel,

a second pMISFET formed on the semiconductor substrate
to be electrically 1solated from the first pMISFET and
having a second Si channel formed on a surface of the
semiconductor substrate, and second S1Ge layers, which
apply second compression strain different from the first
compression strain to the second Si channel, embedded
in the surface of the semiconductor substrate to sand-
wich the second S1 channel, and

an nMISFET formed on the semiconductor substrate to be
clectrically 1solated from the first pMISFET and the
second pMISFET and having a third Si channel formed
on a surface of the semiconductor substrate.

2. The semiconductor device according to claim 1, wherein
the first and second S1Ge layers respectively contain B or C as
an impurity.

3. The semiconductor device according to claim 1, wherein
Ge concentrations of the first and second Si1Ge layers are
different.

4. The semiconductor device according to claim 1, wherein
depths of the first and second SiGe layers from the surface of
the substrate are different.

5. The semiconductor device according to claim 1, wherein
S1 aperture ratios of the first pMISFET and the second pMIS-
FET are different in a case where a ratio of an area of an
exposed Si substrate to an area of 1 mm~ including one cell
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region containing one MISFET therein and an element 1sola-
tion region surrounding the MISFET 1s defined as an S1 aper-
ture ratio.

6. A semiconductor device comprising:

a semiconductor layer,

a first pMISFET formed on the semiconductor layer and
having a first channel formed on a surface of the semi-
conductor layer, first SiGe layers, which apply first com-
pression strain to the first channel, embedded in the
surface of the semiconductor layer to sandwich the first
channel,

a second pMISFET formed on the semiconductor layer to

be electrically isolated from the first pMISFET and hav-

ing a second channel formed on a surface of the semi-
conductor layer, second SiGe layers, which apply sec-
ond compression strain different from the first
compression strain to the second channel, embedded in
the surface of the semiconductor laver to sandwich the
second channel, and

an nMISFET formed on the semiconductor layer to be
electrically isolated from the first pMISFET and the
second pMISFET and having a thivd channel formed on

a surface of the semiconductor layer.

7. The semiconductor device according to claim 6, wherein
the first and second SiGe layers vespectively contain B or Cas
an itmpurity.

8. The semiconductor device according to claim 6, wherein
(re concentrations of the first and second SiGe layers are
different.

9. The semiconductor device according to claim 6, wherein
depths of the first and second SiGe layers from the surface of
the semiconductor layer arve different.

10. The semiconductor device according to claim 6,
wherein semiconductor-layer aperture vatios of the first
pMISFET and the second pMISFET are different in a case
where a rvatio of an area of an exposed semiconductor layer to
an area of 1 mm” containing one MISFET and an element
isolation region surrounding the MISFET is defined as a
semiconductor-layer aperture ratio.

11. The semiconductor device according to claim 10,
wherein the first pMISFET is different from the second pMIS-
FET in a length in a gate-length divection between an inner
edge of the element isolation region and an opposite inner
edge of the element isolation region which is surrounding the

MISFET.

12. The semiconductor device according to claim 10,
wherein the first pMISFET is different from the second pMIS-
FET in a length in a gate-width divection between an inner
edge of the element isolation region and an opposite inner
edge of the element isolation region which is surrounding the
MISFET.

13. The semiconductor device according to claim 6,
wherein the first SiGGe lavers arve different from the second
SiGe lavers in an impurity concentration and a thickness
regarding each of the first and second SiGe layers.

14. The semiconductor device according to claim 10,

wherein mobility of the first pMISFET is higher than that of
the second pMISFET.
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