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METAL OXIDE SEMICONDUCTOR
TRANSISTOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for fabricating a
metal oxide semiconductor (MOS) transistor, and more par-
ticularly, to a method for fabricating a strained silicon channel
MOS transistor.

2. Description of the Prior Art

A conventional MOS transistor generally includes a semi-
conductor substrate, such as silicon, a source region, a drain
region, a channel positioned between the source region and
the drain region, and a gate located above the channel. The
gate composed of a gate dielectric layer, a gate conductive
layer positioned on the gate dielectric layer, and spacers posi-
tioned on the sidewalls of the gate conductive layer. Gener-
ally, for a given electric field across the channel of a MOS
transistor, the amount of current that flows through the chan-
nel is directly proportional to a mobility of the carriers in the
channel. Therefore, how to improve the carrier mobility so as
to increase the speed performance of MOS transistors has
become a major topic for study in the semiconductor field.

One way to increase the mobility of the carriers in the
channel of an MOS transistor is to produce a mechanical
stress in the channel. A compressive strained channel, such as
a silicon germanium (SiGe) channel layer grown on silicon,
has significant hole mobility enhancement. A tensile strained
channel, such as a thin silicon channel layer grown on silicon
germanium, achieves significant electron mobility enhance-
ment. Another prior art method of obtaining a strained chan-
nel is to epitaxially grow a SiGe layer adjacent to the spacers
within the semiconductor substrate after forming the spacer.

In this type of MOS transistor, a biaxial tensile strain
occurs in the epitaxial silicon layer due to the silicon germa-
nium, which has a larger lattice constant than silicon, and, as
a result, the band structure alters, and the carrier mobility
increases. This enhances the speed performance of the MOS
transistor.

The performance of MOS transistors has increased year
after year with the diminution of critical dimensions and the
advance of very large scale integrated circuits (VLSI); there-
fore, the demand for the speed performance of the MOS
transistor has also greatly increased. However, the compres-
sive or tensile stress obtained according to the conventional
method has been hardly achieved the required extent.

Accordingly, the applicants provide a method of fabricat-
ing strained silicon channel MOS transistors to improve the
shortages from the prior art, and then increase the carrier
mobility of MOS transistors.

SUMMARY OF THE INVENTION

The present invention relates to a method of fabricating a
MOS transistor, and more particularly, to a method of fabri-
cating a strained silicon channel MOS transistor to improve
the disadvantages of the prior art.

According to the claims, the present invention provides a
method of fabricating a MOS transistor, the method compris-
ing providing a semiconductor substrate; forming at least a
gate on the semiconductor substrate; forming a protective
layer on the semiconductor substrate, and the protective layer
covering the surface of the gate; forming at least a recess
within the semiconductor substrate adjacent to the gate; form-
ing an epitaxial layer in the recess; forming a lightly doped
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region within the semiconductor substrate adjacent to the
gate; and forming a spacer on the sidewall of the gate.

According to the claims, the present invention provides
another method for fabricating a CMOS transistor, the
method comprising providing a semiconductor substrate hav-
ing at least a first conductive transistor area for fabricating
first conductive transistors and at least a second conductive
transistor area for fabricating second conductive transistors,
and an isolation structure between the first conductive tran-
sistor area and the second conductive transistor area; forming
a gate on the first conductive transistor area and on the second
conductive transistor area respectively; forming a first pro-
tective layer on the semiconductor substrate, and the first
protective layer covering the surface of each gate; forming at
least a first recess within the semiconductor substrate adja-
cent to the gate in the first conductive transistor area; forming
a first epitaxial layer in the recess; forming a first ion lightly
doped region within the semiconductor substrate adjacent to
the gate in the first conductive transistor area; and forming a
spacer on the sidewall of each gate.

According to the claims, the present invention further pro-
vides a MOS transistor structure, the structure comprising a
gate formed on a semiconductor substrate; two raised epi-
taxial layers positioned respectively in the semiconductor
substrate next to the relative sides of the gate; a spacer formed
on the sidewall of the gate and extending laterally upon a
portion of the raised epitaxial layer; and two doped region
formed respectively in the semiconductor substrate next to
the relative sides of the gate.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1to FIG. 5 are cross-sectional diagrams, illustrating a
fabricating method of MOS transistors in accordance with the
first preferred embodiment of the present invention.

FIG. 6 shows a transmission electron microscopy picture
of MOS transistors in accordance with the first preferred
embodiment of the present invention.

FIG. 7 to FIG. 14 are cross-sectional diagrams, illustrating
a fabricating method of MOS transistors in accordance with
the second preferred embodiment of the present invention.

DETAILED DESCRIPTION

Please refer to FIG. 1 to FIG. 5, which are cross-sectional
diagrams illustrating a method for fabricating a MOS transis-
tor in accordance with the first preferred embodiment of the
present invention. For highlighting the characteristic of the
present invention and for clarity of illustration, FIG. 1 to FIG.
5 merely show a first conductive transistor area and a second
conductive transistor area. As shown in FIG. 1, a semicon-
ductor substrate 200 is provided such as a silicon substrate or
a silicon-on-insulator (SOI) substrate, but not limited thereto.
The semiconductor substrate 200 comprises a plurality of first
conductive transistor areas 202 and a plurality of second
conductive transistor areas 204, and the first conductive tran-
sistor areas 202 and the second conductive transistor areas
204 are isolated by isolation structures such as shallow trench
isolations (STI) 206. Generally speaking, the STI 206 is
formed by etching a trench in the semiconductor substrate
200 and then filling the trench with insulating materials such
as silicon oxide. Besides, the semiconductor substrate 200
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further comprises a plurality of gates 208, positioned respec-
tively on each first conductive transistor area 202 and each
second conductive transistor area 204. Each gate 208 com-
prises a dielectric layer 210, a conductive layer 212 posi-
tioned on the dielectric layer 210 and a cap layer 213 posi-
tioned on the conductive layer 212. In general, the dielectric
layer 210 comprises isolating materials such as silicon oxide
components or silicon nitride components, etc; the conduc-
tive layer 212 comprises conductive materials such as poly-
silicon or metal silicide; and the cap layer 213 comprises
dielectric materials such as silicon nitride.

Subsequently, a protective layer 214 is formed on the semi-
conductor substrate 200, and the protective layer 214 covers
the surface of each gate 208. According to the first preferred
embodiment of the present invention, the protective layer 214
may comprise any materials with an appropriate etching
selectivity to the semiconductor substrate 200 and the con-
ductive layer 212: silicon nitride component, for instance, but
not limited thereto. Silicon oxide component may also be
used, but the effect of using silicon nitride is better. The
protective layer 214 has a thickness of about 150 to 250 A,
and is preferably about 200 A.

As shown in FIG. 2, a patterned mask 216 is coated on the
second conductive transistor area 204 and a portion of the STI
206. An etching process such as an anisotropic dry etching is
then carried out to etch recesses 218 in the first conductive
transistor area 202. Thereafter, the patterned mask 216 is
removed.

As shown in FIG. 3, after a pre-cleaning step is performed
to clean the semiconductor substrate 200 of the first conduc-
tive transistor area 202, such as using DHF solution or SPM
solution to remove impurities upon the surface of the recesses
218, an epitaxial growth process is carried out to form epi-
taxial layers 220 in the recesses 218. Then, the protective
layer 214 is removed. The epitaxial layer 220 is grown in the
recess 218 and it may be grown higher than the surface of the
semiconductor substrate 200, so as to form a raised epitaxial
layer 220. Besides, the epitaxial growth process may be an
in-situ doped ion epitaxial growth process. According to the
first preferred embodiment of the present invention, when the
first conductive transistor area 202 is a PMOS transistor area,
the epitaxial layer 220 is composed of SiGe. And when the
first conductive transistor area 202 is an NMOS transistor, the
epitaxial layer 220 is composed of SiC.

As shown in FIG. 4, a patterned mask (not shown) is coated
on the second conductive transistor area 204. A first ion
lightly doped process is carried out to form a first ion lightly
doped region 222 in the first conductive transistor area 202.
Then the patterned mask is removed. Thereafter, another pat-
terned mask (not shown) is coated on the first conductive
transistor area 202. A second ion lightly doped process is then
carried out to form a second ion lightly doped region 224 in
the second conductive transistor area 204. Then the patterned
mask is removed.

As shown in FIG. 5, spacers 228 are formed on the side-
walls of each gate 280. According to the first preferred
embodiment of the present invention, each spacer 228 com-
prises an oxide liner 230 and a nitride spacer 232. The spacers
228 cover the sidewalls of each gate 208 and also extend
laterally onto the first ion lightly doped region 222 and the
second ion lightly doped region 224. Each spacer 228 may
also comprise an offset spacer (not shown) positioned
between the gate 208 and the oxide liner 230. Because each
spacer 228 in the first conductive transistor area 202 lies over
the raised epitaxial layer 220, thus each spacer 228 in the first
conductive transistor area 202 is tilted upward. Please refer to
FIG. 10, which is a transmission electron microscopy (TEM)
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4

picture of the MOS transistors in accordance with the first
preferred embodiment of the present invention.

Finally, a patterned mask (not shown) is coated on the
second conductive transistor area 204. A firstion source/drain
implantation process is then carried out to form a first ion
source/drain region 238 in the first conductive transistor area
202; thereby a first conductive transistor 234 such as a PMOS
transistor is formed in the first conductive transistor area 202.
Thereafter, the patterned mask is removed. Subsequently,
another patterned mask (not shown) is coated on the first
conductive transistor area 202. A second ion source/drain
implantation process is carried out to form a second ion
source/drain region 240 in the second conductive transistor
area 204; thereby a second conductive transistor 236 such as
an NMOS transistor is formed in the second conductive tran-
sistor area 204. Thereafter, the patterned mask is removed.

It should be noticed that the process of forming the source/
drain regions 238 as shown in FIG. 5 is an optional step
depending on the method used in the epitaxial growth pro-
cess. Because the epitaxial growth process as shown in FIG.
3 may be an in-situ doped epitaxial growth process, therefore,
while the epitaxial layer 200 is formed, the demanded doped
ions can also be implanted into the semiconductor substrate
200 or the grown epitaxial layer 200, as a result, the corre-
sponding source/drain regions are formed. Thus, the source/
drain implantation process as shown in FIG. 5 can be skipped.
According to the first preferred embodiment of the present
invention, when the first conductive transistor area 202 is a
PMOS transistor area, the epitaxial growth process, which is
carried out to form the epitaxial layer 220 composed of silicon
germanium, may be an in-situ doped boron epitaxial growth
process. Accordingly, the corresponding source/drain regions
are formed by implanting the demanded boron ions within the
semiconductor substrate 200 while the epitaxial layer 220 is
formed.

Please refer to FIG. 7 to FIG. 14, which are cross-sectional
diagrams illustrating a method for fabricating a MOS transis-
tor in accordance with the second preferred embodiment of
the present invention. For highlighting the characteristic of
the present invention and for clarity of illustration, FIG. 7 to
FIG. 14 merely show a first conductive transistor area and a
second conductive transistor area. As shown in FIG. 7, a
semiconductor substrate 300 is provided such as a silicon
substrate or a silicon-on-insulator (SOI) substrate, but not
limited thereto. The semiconductor substrate 300 comprises a
plurality of first conductive transistor areas 302 and a plural-
ity of second conductive transistor areas 304, and the first
conductive transistor areas 302 and the second conductive
transistor areas 304 are isolated by isolation structures such as
shallow trench isolations (STI) 306. Generally speaking, STI
306 is formed by etching a trench in the semiconductor sub-
strate 300 and then filling the trench with insulating materials
such as silicon oxide. Besides, the semiconductor substrate
300 further comprises a plurality of gates 308, positioned
respectively on each first conductive transistor area 302 and
each second conductive transistor area 304. Each gate 308
comprises a dielectric layer 310, a conductive layer 312 posi-
tioned on the dielectric layer 310 and a cap layer 313 posi-
tioned on the conductive layer 312. In general, the dielectric
layer 310 comprises isolating materials such as silicon oxide
components or silicon nitride components, etc; the conduc-
tive layer 312 comprises conductive materials such as poly-
silicon or metal silicide; and the cap layer 213 comprises
dielectric materials such as silicon nitride.

Subsequently, a first protective layer 314 is formed on the
semiconductor substrate 300, and the first protective layer
314 covers the surface of each gate 308. According to the
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second preferred embodiment of the present invention, the
first protective layer 314 may comprise any materials with an
appropriate etching selectivity to the semiconductor substrate
300 and the conductive layer 312: silicon nitride component,
for instance, but not limited thereto. Silicon oxide component
may also be used, but the effect of using silicon nitride is
better. The first protective layer 314 has a thickness of about
150 to 250 A, and is preferably about 200 A.

As shown in FIG. 8, a first patterned mask 316 is coated on
the second conductive transistor area 304 and a portion of the
STI 306. An etching process such as an anisotropic dry etch-
ing is carried out to form first recesses 318 in the first con-
ductive transistor area 302. Thereafter, the first patterned
mask 316 is removed.

As shown in FIG. 9, after a pre-cleaning step is performed
to clean the semiconductor substrate 300 of the first conduc-
tive transistor area 302, such as using DHF solution or SPM
solution to remove impurities upon the surface of the first
recesses 318, an epitaxial growth process is carried out to
form first epitaxial layers 320 in the first recesses 318. Then,
the first protective layer 314 is removed. The first epitaxial
layer 320 is grown in the first recess 318 and it may be grown
higher than the surface of the semiconductor substrate 300, so
as to form a raised epitaxial layer. Besides, the epitaxial
growth process may be an in-situ doped ion epitaxial growth
process. According to the second preferred embodiment of
the present invention, when the first conductive transistor area
302 is a PMOS transistor area, the first epitaxial layer 320 is
composed of SiGe.

As shown in FIG. 10, a second protective layer 322 is
formed on the semiconductor substrate 300 and the second
protective layer 322 covers the surface of each gate 308.
According to the second preferred embodiment of the present
invention, the second protective layer 322 may comprise any
materials with an appropriate etching selectivity to the semi-
conductor substrate 300 and the conductive layer 312: silicon
nitride component, for instance, but not limited thereto. Sili-
con oxide component may also be used, but the effect of using
silicon nitride is better. The second protective layer 322 has a
thickness of about 150 to 250 A, and is preferably about 200
A

As shown in FIG. 11, a second patterned mask 324 is
coated on the first conductive transistor area 302 and a portion
of'the STI1 306. An etching process such as an anisotropic dry
etching is carried out to form second recesses 326 in the
second conductive transistor area 304. Thereafter, the second
patterned mask 324 is removed.

It should be noticed that the steps of forming the second
recess 326 shown in FIG. 10 to FIG. 11 might be performed
without using the second protective layer 322. Namely, after
forming the first epitaxial layer 320 as shown in FIG. 9, the
first protective layer 314 is not removed and then the second
patterned mask 324 is coated directly on the first conductive
transistor area 302 and a portion of the STI 306. Subse-
quently, an etching process such as that shown in FIG. 11 is
carried out to form the second recesses 326 in the second
conductive transistor area 304. Thereafter, the second pat-
terned mask 324 and the first protective layer 314 are
removed. Those skilled in the art will readily observe that
numerous modifications and alterations of the method may be
made while retaining the teachings of the invention.

As shown in FIG. 12, after a pre-cleaning step is performed
to clean the semiconductor substrate 300 of the second con-
ductive transistor area 304, such as using DHF solution or
SPM solution to remove impurities upon the surface of the
second recesses 326, an epitaxial growth process is carried
out to form second epitaxial layers 328 in the second recesses
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326. Then, the second protective layer 322 is removed. The
second epitaxial layer 328 is grown in the second recess 326
and it may be grown higher than the surface of the semicon-
ductor substrate 300, so as to form a raised epitaxial layer.
Besides, the epitaxial growth process may be an in-situ doped
ion epitaxial growth process. According to the second pre-
ferred embodiment of the present invention, when the second
conductive transistor area 304 is an NMOS transistor area, the
second epitaxial layer 328 is composed of SiC. It should be
noticed that the process of forming the first epitaxial layer 320
as shown in FIG. 7 to FIG. 9 might be performed after the
process of forming the second epitaxial layer 328 as shown in
FIG. 10 to FIG. 12. Those skilled in the art will readily
observe that numerous modifications and alterations of the
method may be made while retaining the teachings of the
invention.

As shown in FIG. 13, a patterned mask (not shown) is
coated on the second conductive transistor area 304. A first
ion lightly doped process is carried out to form a first ion
lightly doped region 330 in the first conductive transistor area
302. Then the patterned mask is removed. Thereafter, another
patterned mask (not shown) is coated on the first conductive
transistor area 302. A second ion lightly doped process is then
carried out to form a second ion lightly doped region 332 in
the second conductive transistor area 304. Then the patterned
mask is removed.

As shown in FIG. 14, spacers 334 are formed on the side-
walls of each gate 308. According to the second preferred
embodiment of the present invention, each spacer 334 com-
prises an oxide liner 336 and a nitride spacer 338. The spacers
334 cover the sidewalls of each gate 308 and extend laterally
onto the first ion lightly doped region 330 and the second ion
lightly doped region 332. The spacers 334 also cover a portion
of the first epitaxial layer 320 and a portion of the second
epitaxial layer 328. Additionally, each spacer 334 may further
comprise an offset spacer (not shown) positioned between the
gate 308 and the oxide liner 336.

Finally, a patterned mask (not shown) is coated on the
second conductive transistor area 304. A firstion source/drain
implantation process is then carried out to form a first ion
source/drain region 344 in the first conductive transistor area
302; thereby a first conductive transistor 340 such as a PMOS
transistor is formed in the first conductive transistor area 302.
Thereafter, the patterned mask is removed. Subsequently,
another patterned mask (not shown) is coated on the first
conductive transistor area 302. A second ion source/drain
implantation process is carried out to form a second ion
source/drain region 346 in the second conductive transistor
area 304; thereby a second conductive transistor 342 such as
an NMOS transistor is formed in the second conductive tran-
sistor area 304. Thereafter, the patterned mask is removed.

It should be noticed that the processes of forming the first
source/drain regions 334 and the second source/drain regions
346 as shown in FIG. 14 is an optional step depending on the
method used in the epitaxial growth process. Because the
epitaxial growth process as shown in FIG. 9 may be an in-situ
doped epitaxial growth process, therefore, while the first epi-
taxial layer 320 or the second epitaxial layer 328 is formed,
the demanded doped ions can also be implanted into the
semiconductor substrate 300 or the grown epitaxial layers
320, 328, as a result, the corresponding source/drain regions
are formed. Accordingly, source/drain implantation as shown
in FIG. 14 can be skipped.

Since the characteristic of the present invention is to form
the epitaxial layer before forming the spacer, thus the distance
between the gate and the epitaxial layer is no longer limited
by the width of the spacer. Besides, the process of etching the
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recess is carried out before forming the spacer. At this
moment, the pattern density on the semiconductor substrate is
lower than the time when the spacer is formed, thus the
micro-loading effect caused by the pattern density can be
reduced, and then the uniformity in etching the recess is
increased. Additionally, the lightly doped regions and the
source/drain regions are doped after forming the epitaxial
layer, thus the doped ions will not be affected by the high
temperature epitaxial growth process, which leads the doped
ions to diffuse. Finally, since the present invention provides a
protective layer to cover the semiconductor substrate and the
shallow trench isolation (STI), the problem of the STT thick-
ness loss will be reduced.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What is claimed is:

1. A MOS transistor structure, comprising:

a gate formed on a semiconductor substrate;

two raised epitaxial layers positioned respectively in the
semiconductor substrate next to the relative sides of the
gate and above the surface of the semiconductor sub-
strate;

a spacer formed on the sidewall of the gate and extending
laterally upon a portion of the raised epitaxial layers, and
a contact surface of the raised epitaxial layers and a
bottom of the spacer is above the surface of the semi-
conductor substrate; and
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two doped region formed respectively in the semiconduc-

tor substrate next to the relative sides of the gate.

2. The structure of claim 1, wherein the gate further com-
prises:

a dielectric layer;

a conductive layer, positioned on the dielectric layer; and

a cap layer, positioned on the conductive layer.

3. The structure of claim 1, wherein the MOS transistor
comprises a PMOS transistor.

4. The structure of claim 3, wherein the epitaxial layer
comprises SiGe.

5. The structure of claim 1, wherein the MOS transistor
comprises an NMOS transistor.

6. The structure of claim 5, wherein the epitaxial layer
comprises SiC.

7. The structure of claim 1, wherein the spacer further
comprises an offset spacer, positioned between the gate and
the spacer.

8. The structure of claim 1, wherein the spacer further
comprises an oxide liner and a nitride spacer.

9. The structure of claim 1, wherein the edge of the raised
epitaxial layers is not aligned with the edge of the spacer.

10. The structure of claim 1, wherein the spacer further
comprises a L-shaped spacer.

11. The structure of claim 1, further comprising a lightly
doped drain disposed in the semiconductor substrate and
outside the raised epitaxial layers.
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