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(57) ABSTRACT

A semiconductor device with strain enhancement is formed
by providing a semiconductor substrate and an overlying
control electrode having a sidewall. An insulating layer is
formed adjacent the sidewall of the control electrode. The
semiconductor substrate and the control electrode are
implanted to form first and second doped current electrode
regions, a portion of each of the first and second doped
current electrode regions being driven to underlie both the
insulating layer and the control electrode in a channel region
of the semiconductor device. The first and second doped
current electrode regions are removed from the semicon-
ductor substrate except for underneath the control electrode
and the insulating layer to respectively form first and second
trenches. An insitu doped material containing a different
lattice constant relative to the semiconductor substrate is
formed within the first and second trenches to function as
first and second current electrodes of the semiconductor
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METHOD FOR MAKING A SEMICONDUCTOR
DEVICE WITH STRAIN ENHANCEMENT

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is related to:

[0002] U.S. patent application Ser. No. 10/913,099,
entitled “Strained Semiconductor Devices And Method
For Forming At Least A Portion Thereof” filed Aug. 6,
2004, and assigned to the assignee hereof;

FIELD OF THE INVENTION

[0003] This invention relates generally to semiconductor
devices, and more specifically, to semiconductor devices
with strain enhancement and methods of formation thereof.

BACKGROUND OF THE INVENTION

[0004] Strained channel is promising for promoting MOS-
FET transistor performance by enhancing carrier mobility.
Specifically, PMOS prefers compressive strain and NMOS
prefers tensile strain. In a conventional planar process for
making strained channel transistors, a strained layer is
formed as the transistor channel prior to transistor gate
dielectric formation. The property of the strained channel is
however degraded by subsequent processing. For example,
the high temperature gate oxidation process induces species
diffusion and strain relaxation. Additionally, for a strained
material different from silicon, a silicon cap on the top is
typically required due to the general incompatibility of the
strained layer and a gate dielectric. The silicon cap layer
degrades the efficiency of the strained layer as the carrier
conducting layer.

[0005] A conventional method of inducing a strained
channel transistor after transistor gate stack formation is to
etch the deep source/drain regions of a transistor and then
embed a stressor material in the recessed areas where the
deep source/drain regions were. This etch and refill method
typically occurs after the formation of offset spacers. How-
ever, known methods that embed a stressor material in the
deep source/drain generally fail to achieve a transistor
having high strain with permissible defectivity control. The
inadequacies are due to the amount of separation that exists
from the stressor material to the channel region due in part
to the presence of the offset spacers. However, if the stressor
material is increased in size (i.e. depth) to enhance the
amount of stress, the increased amount of stressor material
functions to increase defectivity of the stressor material
which reduces the amount of the stress the stressor material
provides and increases the amount of transistor current
leakage.

[0006] In another method, a stressor material is applied in
the source/drain extension region after the formation of a
gate electrode and a gate spacer. Afterwards, source/drain
dopant implantation is performed and followed by an
anneal. However, this implantation relaxes the deposited
stressor material and thereby degrades the amount of strain
that the stressor material applies on the channel. Further, the
dopant profile of the source/drain extension and the source/
drain is not abrupt due to the anneal.

[0007] In yet another method, the source/drain extension
region of a transistor must be recessed and filled with insitu
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doped SiGe or SiC separately with deep source/drain recess
in order to maintain the shallow extension for controlling the
short channel effect.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention is illustrated by way of
example and is not limited by the accompanying figures, in
which like references indicate similar elements.

[0009] FIGS. 1-8 illustrate in cross-sectional form meth-
ods for making a semiconductor device in accordance with
the present invention; and

[0010] FIG. 9 illustrates in table form characteristics of a
semiconductor device formed in accordance with the present
invention as compared with a conventional device.

[0011] Skilled artisans appreciate that elements in the
figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimen-
sions of some of the elements in the figures may be exag-
gerated relative to other elements to help improve the
understanding of the embodiments of the present invention.

DETAILED DESCRIPTION

[0012] FIG. 1 illustrates a cross-sectional view of a semi-
conductor device 10 wherein a semiconductor substrate 12
is provided. The semiconductor substrate 12 may be of
various semiconductor materials such as single crystal sili-
con, gallium arsenide and other materials. Within semicon-
ductor substrate 12 is an isolation trench 13 and an isolation
trench 14 for providing electrical isolation within the semi-
conductor substrate 12. Overlying the semiconductor sub-
strate 12 is an insulating layer 16. In one form the insulating
layer 16 is an oxide such as silicon dioxide. Other dielectrics
such as silicon oxynitride and high k dielectrics may be
used. Overlying the insulating layer 16 is a control electrode
or a gate 18. Both the gate 18 and the insulating layer 16
have been patterned in a conventional manner to overlie
only a desired portion of the semiconductor substrate 12.
The gate 18 is made of a conductive material such as
polysilicon or metal, for example. Insulating layer 16 will
therefore function as a gate oxide layer.

[0013] FIG. 2 illustrates a cross-sectional view of further
processing of semiconductor device 10. A blanket deposition
of an insulating layer 20 is then performed. The insulating
layer 20 is conformally deposited and therefore evenly
forms on the sides of gate 18 as well as on exposed
horizontal surfaces. In one form insulating layer 20 is made
of'silicon nitride. However, other dielectric materials may be
used.

[0014] FIG. 3 illustrates in cross-sectional form further
processing of semiconductor device 10. An anisotropic etch
of insulating layer 20 is performed so that the insulating
layer 20 is removed from all exposed horizontal surfaces but
not at the exposed vertical surfaces. Therefore, insulating
layer 20 remains along a continuous sidewall of the gate 18
and insulating layer 16. It should be understood that two
portions, a left-sided and a right-sided portion of the con-
tinuous sidewall are illustrated in the cross-sectional view.
The etch will remove a small portion (not shown) of the
insulating layer 20 from the top of the sidewall but the effect
is inconsequential. The etch chemistry is conventional and
will therefore not be further discussed. At this point in the
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processing a conventional extension ion implant with either
P-conductivity or N-conductivity dopant material is per-
formed. Optionally a halo implantation (not shown) is done
prior to the extension implantation. A halo implantation
involves angled implanting in which ions are implant from
two or more angles. The halo implantation may be used to
form a symmetric device having symmetric source/drain
implantation or to form an asymmetric device having asym-
metric source/drain implantation. For a P-channel semicon-
ductor device, the halo implant will have an N-type con-
ductivity. Similarly, for an N-channel semiconductor device,
the halo implant will have a P-type conductivity. The
optional halo implant controls the short channel behavior of
the semiconductor device 10 by compensating the extension
dopant migration toward the channel region from the source
and the drain.

[0015] FIG. 4 illustrates in cross-sectional form further
processing of semiconductor device 10 wherein a source 22
and a drain 24 have been formed as a result of the ion
implantation. An anneal is performed to drive the implanted
dopants under a portion of the gate 18 within the channel
region. The temperature of the anneal is typically in a range
of nine hundred degrees Celsius to around eleven hundred
degrees Celsius. The temperature of the anneal and the
amount of time of the anneal will determine the amount that
the implants are driven under the gate 18. Therefore the
length of the channel separation between source 22 and
drain 24 may be controlled to avoid any short channel
effects.

[0016] FIG. 5 illustrates in cross-sectional form further
processing of semiconductor device 10 wherein a selective
etch is performed to remove exposed portions of the source
22 and drain 24. A conventional dry etch is used. In one form
the dry etch is anisotropic. The etching results in a recessed
region 26 where source 22 was previously present and a
recessed region 28 wherein drain 24 was previously present.
It should be noted also that some etching of the gate 18
occurs but that the amount of etching may typically be
controlled through etch chemistry to avoid significant ero-
sion of the gate 18. In another form a protecting cap layer
(not shown) may first be deposited overlying gate 18 prior
to the etching. With the presence of a cap layer, no etching
of gate 18 would occur. However, a prior deposition step and
a subsequent removal step would be required. It should be
noted that the depth of the recessed regions 26 and 28 is
greater than the depth of source 22 and drain 24, respec-
tively. The depth of the recessions may vary, but should be
large enough to totally remove the source 22 and the drain
24. In one form, the depth of the recessed regions 26 and 28
is within a range of approximately 300 Angstroms to 500
Angstroms. It should be further noted that an important
aspect of the etching is that a portion of source 22 and a
portion of drain 24 remain within semiconductor device 10.
In particular, a portion of source 22 underlying gate 18 and
at an edge of the channel region remains. Similarly, a portion
of drain 24 underlying gate 18 and at an opposite edge of the
channel region remains. As a result of the presence of these
smaller portions of source 22 and drain 24, the source-to-
drain resistance of semiconductor device 10 is reduced.
Therefore, the drive current of the resulting semiconductor
device 10 is enhanced.

[0017] Tllustrated in FIG. 6 in cross-sectional form is
further processing of semiconductor device 10. The recessed
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regions 26 and 28 are filled by a deposition with an epitaxial
stressor material having insitu doping. In one form the
epitaxial stressor material for a P-channel transistor is sili-
con germanium having boron as the insitu dopant. Similarly,
in one form the expitaxial stressor material for an N-channel
transistor is silicon carbon having phosphorous as the insitu
dopant. It can be seen from FIG. 6 and the following figures
that the resulting dopant profile is very abrupt which is
desired. The more abrupt the doping profile is, the better the
device electrical performance becomes. The use of an insitu
doping process permits this sharp doping profile and the
obviation of a further anneal avoids further degradation of
the profile. A source region 30 and a drain region 32 are
therefore formed. A fill region 34 is formed overlying gate
18 in the void created from the previous etching. The source
region 30 and drain region 32 are slightly elevated and have
an upper surface that is planar with or higher than an upper
surface of the insulating layer 16. This elevation provides a
margin for error to ensure that the upper surface of source
region 30 and drain region 32 is at least above the lower
surface of insulating layer 16 which functions as the gate
dielectric for gate 18. The deposition step in FIG. 6 is
selective and therefore none of the epitaxial stressor material
grows on the side surfaces of insulating layer 20 or the
exposed top surfaces of isolation trench 13 and isolation
trench 14. It can be readily seen from FIG. 6 that the source
region 30 and the drain region 32 that contain stressor
material function to provide a significant amount of strain to
the channel region due to the proximity of these regions to
the channel. Additionally, without affecting the amount of
strain, the separation distance between the source and the
drain within the channel is independently controlled, largely
as a function of an earlier anneal step. The resulting channel
region has enhanced carrier mobility as a result of the
increased channel strain. Fill region 34 and gate 18 function
together a single conductive control electrode or gate for the
semiconductor device 10. The material that is used for both
fill region 34 and gate 18 is a conductor, but the two regions
do not necessarily have to be of the same material.

[0018] Tllustrated in FIG. 7 is further processing of semi-
conductor device 10 wherein a completed functional tran-
sistor is formed. A sidewall liner 40 and a sidewall spacer 42
are formed along all exposed side surfaces of the insulating
layer 20 and over a portion of the source region 30 and the
drain region 32. The sidewall liner 40 and the sidewall
spacer 42 are formed by conventional deposition and etch
techniques. A primary purpose for the sidewall liner 40 and
sidewall spacer 42 is to provide some offset from the gate
stack for a silicided contact to each of the source region 30
and the drain region 32. The sidewall liner 40 functions with
the sidewall spacer 42 to enhance the etching of the material
used for these regions and permit accurate removal without
degrading the upper surface of source region 30 and drain
region 32. In the illustrated form the sidewall liner 40
functions as an etch stop layer for the etching of sidewall
spacer 42 material. The sidewall liner 40 may then be readily
removed with a selective wet etching processing. However,
it should be understood that a single material may be used
to form a sidewall spacer. The sidewall spacer 42 is used to
permit the formation of conductive contacts on the exposed
upper surface of source region 30, gate 34 and drain region
32 without directly electrically short circuiting these three
elements.
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[0019] Tllustrated in FIG. 8 is further processing of semi-
conductor device 10 wherein an alternative processing
method is implemented. Assume again the structure of
semiconductor device 10 in FIG. 5. Instead of processing
semiconductor device 10 as illustrated in FIGS. 6 and 7, the
semiconductor device 10 may be processed as illustrated in
FIG. 8. In particular, a hydrogen anneal is performed when
recessed regions 26 and 28 exist so that the profile of the
semiconductor substrate 12 defining the recessed regions 26
and 28 is altered. Instead of being a substantially vertical and
horizontal edge profile, the anneal that is performed in the
presence of hydrogen modifies the semiconductor substrate
12 by extending the silicon within the semiconductor sub-
strate 12 and thereby making the contour of the recessed
regions 26 and 28 rounded or curvilinear. The slope of the
edge of drain region 32 measured with respect to a horizon-
tal reference line is represented by the angle .. The value of
a may vary but in one form is in a range of twenty degrees
to seventy degrees. With the curvilinear profile, the amount
of encroachment of the channel region by each of the source
and the drain is reduced. This feature is significant as
semiconductor critical dimensions continue to shrink
because electrical leakage from the channel resulting from
encroachment of the source and the drain becomes prob-
lematic. As a result of the hydrogen anneal, the source and
drains remain adjacent to the gate at the surface but are
extended further away from the channel as a function of the
distance into the semiconductor substrate 12. A typical
anneal temperature is, for example only, within a range of
about 750 to 950 degrees Celsius for an amount of time of
approximately one minute. However, if one processing
parameter is varied, the other parameters may also differ.
Either H,, hydrogen-containing agents, such as silane or
germane, or a combination thereof may be used during the
anneal.

[0020] Tllustrated in FIG. 9 is a table for illustrating
benefits achieved regarding improved channel strain by
using the methods described above. In particular, assume
that the source region 30 and the drain region 32 have silicon
germanium (SiGe) stressor material content in the form of
approximately twenty-five percent germanium (Ge) and
seventy-five percent silicon (Si). Silicon germanium is
known to have the benefit of inducing strain when used in a
source or drain. Comparisons will be made in FIG. 8
regarding the stress on a channel, the percentage actually
achieved of a maximum one hundred percent of strain that
is possible, and the channel carrier mobility enhancement
that is achieved. For these three categories, a comparison
between two significantly different methods is made. In a
first method a silicon germanium deposition of stressor
material is followed by an ion implant of the stressor
material to create source/drain extensions. In a second
method, an initial ion implant occurs followed by the partial
removal of the ion implanted regions and the deposition of
insitu doped silicon germanium in the removed material
areas. The second method corresponds to the methods
described above in connection with FIGS. 1-8. As illustrated
in FIG. 8, the stress on the channel when an implant is
performed after the deposition of silicon germamum is
15010 Pascals (Pa). In contrast, when the implant is
initially performed and the silicon germanium is deposited
after partial removal thereof, the stress on the channel
increases significantly to 500x10° Pascals. When an implant
is performed after the deposition of silicon germanium, the
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realized percentage of the maximum strain that is achievable
is thirty percent (30%). In contrast, when the implant is
initially performed and the silicon germanium is deposited
after partial removal thereof, the realized percentage of the
maximum strain that is achievable is ninety-five percent
(95%). When an implant is performed after the deposition of
silicon germanium, the channel carrier mobility enhance-
ment that is achieved is 10.5 percent. In contrast, when the
implant is initially performed and the silicon germanium is
deposited after partial removal thereof, the channel carrier
mobility enhancement that is achieved is 35 percent. There-
fore, it can be readily seen that a significant performance
improvement in the amount of realized stress is achieved by
using the methods described herein.

[0021] By now it should be appreciated that there has been
provided a method for providing strain in a channel of a
transistor. An initial extension implant is performed. A
portion of the initially implanted area is removed, leaving a
portion that is immediately adjacent opposite sides or edges
of the channel. The remaining doped portion provides good
overlapping in the gate-to-source and gate-to-drain regions
to minimize the external resistance of the semiconductor
device 10. Epitaxial refilling into the recessed area of a
stressor material with insitu doping is performed. The stres-
sor material provides high strain in the channel region.

[0022] In one form there is herein provided a method for
making a semiconductor device. A semiconductor substrate
is provided. A control electrode having a sidewall and
overlying the semiconductor substrate is formed. An insu-
lating layer adjacent the sidewall of the control electrode is
formed. The semiconductor substrate and the control elec-
trode are implanted to form first and second doped current
electrode regions, a portion of each of the first and second
doped current electrode regions being driven to underlie
both the insulating layer and the control electrode in a
channel region of the semiconductor device. The first and
second doped current electrode regions are removed from
the semiconductor substrate except for underneath both the
control electrode and the insulating layer to respectively
form first and second trenches. An insitu doped material
containing a different lattice constant relative to the semi-
conductor substrate is formed within the first and second
trenches to fill the first and second trenches and function as
first and second current electrodes of the semiconductor
device, the first and second current electrodes applying a
stress on the channel region. In another form a hydrogen-
containing gas is flowed over the semiconductor device at a
temperature of at least six hundred degrees Celsius prior to
forming the insitu doped material containing a different
lattice constant relative to the semiconductor substrate, the
hydrogen-containing gas modifying a slope of an edge of the
first and second trenches to position the first and second
trenches further away from the channel region. In another
form the slope of the edge of the first and second trenches
is modified by an angle measured relative to a horizontal
reference that is within a range of twenty to seventy degrees.
In yet another form the insitu doped material containing a
different lattice constant relative to the semiconductor sub-
strate is formed by forming silicon germanium within the
first and second trenches when the semiconductor device
comprises a P conductivity channel region and forming
silicon carbon within the first and second trenches when the
semiconductor device comprises an N conductivity channel
region. In yet another form the insulating layer adjacent the
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sidewall of the control electrode is formed by forming either
silicon nitride or a composite material of silicon dioxide and
silicon nitride. In yet another form a portion of each of the
first and second doped current electrode regions is driven to
underlie both the insulating layer and the control electrode
in the channel region by annealing the semiconductor device
at a temperature in a range of nine hundred degrees Celsius
to eleven hundred degrees Celsius. In yet another form a
portion of the control electrode is removed when removing
the first and second doped current electrode regions and all
of the removed portion is replaced with the insitu doped
material containing a different lattice constant relative to the
semiconductor substrate.

[0023] In yet another form there is provided a method in
which a semiconductor substrate is provided. A gate is
formed having a sidewall and overlying the semiconductor
substrate. A gate sidewall insulator adjacent the sidewall of
the gate is formed. The semiconductor substrate and the gate
are implanted to form first and second doped current elec-
trode regions. The semiconductor substrate is annealed to
move a portion of each of the first and second doped current
electrode regions under the gate sidewall insulator and a
portion of the gate in a channel region. The first and second
doped current electrode regions are removed from the semi-
conductor substrate except for underneath the portion of the
gate and the gate sidewall insulator to respectively form first
and second trenches. An insitu doped stressor material is
formed within the first and second trenches to fill the first
and second trenches and function as first and second current
electrodes, the first and second current electrode regions
applying a stress on the channel region. In another form a
hydrogen-containing gas is flowed over the semiconductor
substrate at a temperature of at least six hundred degrees
Celsius prior to forming the insitu doped stressor material
within the first and second trenches, the hydrogen-contain-
ing gas modifying a slope of an edge of the first and second
trenches to position the first and second trenches further
away from the channel region. In yet another form the
implanting further comprises performing both a halo implant
and an extension implant to form the first and second doped
current electrode regions. In one form the halo implant is
used to form asymmetric implantation of the first and second
doped current electrode regions. In another form a portion of
the gate is removed when removing the first and second
doped current electrode regions and subsequently replacing
all removed portion with the insitu doped stressor material.
In yet another form a slope of a side of the first and second
trenches is modified by an angle measured relative to a
horizontal reference that is within a range of twenty to
seventy degrees. In a further form a first angle is used for the
slope when the first and second trenches are P-conductivity
type and a second angle is used for the slope when the first
and second trenches are N-conductivity type, the first angle
differing from the second angle. The variation depends upon
short channel effect requirements.

[0024] In yet another form there is provided a method for
making a transistor with strain enhancement comprising
sequential steps. A semiconductor substrate is provided. A
gate having a sidewall and overlying the semiconductor
substrate is formed. An insulating layer adjacent the sidewall
of the gate is formed. The semiconductor substrate and the
gate are implanted to form a source and a drain, a portion of
each of the source and the drain being driven to underlie
both the insulating layer and the gate in a channel region of
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the transistor underlying the gate. A portion of the source
and drain is removed from the semiconductor substrate
except for underneath both the gate and the insulating layer
to respectively form first and second trenches. Insitu doped
silicon germanium is formed within the first and second
trenches to fill the first and second trenches and function as
the source and the drain of the transistor, the source and the
drain applying a stress on the channel region. In yet another
form a hydrogen-containing gas is flowed over the transistor
at a temperature of at least six hundred degrees Celsius after
removing the portion of the source and drain but prior to
forming insitu doped silicon germanium, the hydrogen-
containing gas modifying a slope of an edge of the first and
second trenches to position the first and second trenches
further away from the channel region. In yet another form
when flowing the hydrogen-containing gas, the slope of the
edge of the first and second trenches is modified by an angle
measured relative to a horizontal reference that is within a
range of twenty to seventy degrees. A portion of the gate is
removed when removing the source and drain and all of the
removed portion is replaced with the insitu doped silicon
germanium. In yet another form both a halo implant and an
extension implant are made to form the source and the drain.
In yet another form the halo implant is used to form
asymmetric implantation of the source and the drain.

[0025] 1In the foregoing specification, the invention has
been described with reference to specific embodiments.
However, one of ordinary skill in the art appreciates that
various modifications and changes can be made without
departing from the scope of the present invention as set forth
in the claims below. For example, the stress enhancement
method may be used with a variety of stress-enhancing
materials. The present invention is not limited to the forma-
tion of transistors. It should be well understood that other
devices, such as diodes and optical devices may benefit from
the methods described herein. Accordingly, the specification
and figures are to be regarded in an illustrative rather than a
restrictive sense, and all such modifications are intended to
be included within the scope of the present invention.

[0026] Benefits, other advantages, and solutions to prob-
lems have been described above with regard to specific
embodiments. However, the benefits, advantages, solutions
to problems, and any element(s) that may cause any benefit,
advantage, or solution to occur or become more pronounced
are not to be construed as a critical, required, or essential
feature or element of any or all the claims. As used herein,
the terms “comprises,”‘comprising,” or any other variation
thereof, are intended to cover a non-exclusive inclusion,
such that a process, method, article, or apparatus that com-
prises a list of elements does not include only those elements
but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. The
terms a or an, as used herein, are defined as one or more than
one. The term plurality, as used herein, is defined as two or
more than two. The term another, as used herein, is defined
as at least a second or more. The terms including and/or
having, as used herein, are defined as comprising (i.e., open

language).
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1. A method for making a semiconductor device compris-
ing:

providing a semiconductor substrate;

forming a control electrode having a sidewall and over-
lying the semiconductor substrate;

forming an insulating layer adjacent the sidewall of the
control electrode;

implanting the semiconductor substrate and the control
electrode to form first and second doped current elec-
trode regions, a portion of each of the first and second
doped current electrode regions being driven to under-
lie both the insulating layer and the control electrode in
a channel region of the semiconductor device;

removing the first and second doped current electrode
regions from the semiconductor substrate except for
underneath both the control electrode and the insulating
layer to respectively form first and second trenches; and

forming an insitu doped material containing a different
lattice constant relative to the semiconductor substrate
within the first and second trenches to fill the first and
second trenches and function as first and second current
electrodes of the semiconductor device, the first and
second current electrodes applying a stress on the
channel region.

2. The method of claim 1 further comprising:

flowing a hydrogen-containing gas over the semiconduc-
tor device at a temperature of at least six hundred
degrees Celsius prior to forming the insitu doped
material containing a different lattice constant relative
to the semiconductor substrate, the hydrogen-contain-
ing gas modifying a slope of an edge of the first and
second trenches to position the first and second
trenches further away from the channel region.

3. The method of claim 2 further comprising:

modifying the slope of the edge of the first and second
trenches by an angle measured relative to a horizontal
reference that is within a range of twenty to seventy
degrees.

4. The method of claim 1 further comprising:

forming the insitu doped material containing a different
lattice constant relative to the semiconductor substrate
by forming silicon germanium within the first and
second trenches when the semiconductor device com-
prises a P conductivity channel region and forming
silicon carbon within the first and second trenches
when the semiconductor device comprises an N con-
ductivity channel region.

5. The method of claim 1 further comprising:

forming the insulating layer adjacent the sidewall of the
control electrode by forming either silicon nitride,
carbon doped oxide or a composite material of silicon
dioxide, silicon nitride and carbon doped oxide.

6. The method of claim 1 further comprising:

driving a portion of each of the first and second doped
current electrode regions to underlie both the insulating
layer and the control electrode in the channel region by
annealing the semiconductor device at a temperature in
a range of nine hundred degrees Celsius to eleven
hundred degrees Celsius.
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7. The method of claim 1 further comprising:

removing a portion of the control electrode when remov-
ing the first and second doped current electrode regions
and replacing all removed portion with the insitu doped
material containing a different lattice constant relative
to the semiconductor substrate.

8. A method comprising:
providing a semiconductor substrate;

forming a gate having a sidewall and overlying the
semiconductor substrate;

forming a gate sidewall insulator adjacent the sidewall of
the gate;

implanting the semiconductor substrate and the gate to
form first and second doped current electrode regions;

annealing the semiconductor substrate to move a portion
of each of the first and second doped current electrode
regions under the gate sidewall insulator and a portion
of the gate in a channel region;

removing the first and second doped current electrode
regions from the semiconductor substrate except for
underneath the portion of the gate and the gate sidewall
insulator to respectively form first and second trenches;
and

forming an insitu doped stressor material within the first
and second trenches to fill the first and second trenches
and function as first and second current electrodes, the
first and second current electrode regions applying a
stress on the channel region.

9. The method of claim 8 further comprising:

flowing a hydrogen-containing gas over the semiconduc-
tor substrate at a temperature of at least six hundred
degrees Celsius prior to forming the insitu doped
stressor material within the first and second trenches,
the hydrogen-containing gas modifying a slope of an
edge of the first and second trenches to position the first
and second trenches further away from the channel
region.

10. The method of claim 8 wherein the implanting further

comprising:

performing both a halo implant and an extension implant
to form the first and second doped current electrode
regions.

11. The method of claim 10 further comprising:

using the halo implant to form asymmetric implantation
of the first and second doped current electrode regions.

12. The method of claim 8 further comprising:

removing a portion of the gate when removing the first
and second doped current electrode regions and sub-
sequently replacing all removed portion with the insitu
doped stressor material.

13. The method of claim 8 further comprising:

modifying a slope of a side of the first and second trenches
by an angle measured relative to a horizontal reference
that is within a range of twenty to seventy degrees.
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14. The method of claim 13 further comprising:

using a first angle for the slope when the first and second
trenches are P-conductivity type and using a second
angle for the slope when the first and second trenches
are N-conductivity type, the first angle differing from
the second angle.
15. A method for making a transistor with strain enhance-
ment, comprising the sequential steps of:

providing a semiconductor substrate;

forming a gate having a sidewall and overlying the
semiconductor substrate;

forming an insulating layer adjacent the sidewall of the
gate;

implanting the semiconductor substrate and the gate to
form a source and a drain, a portion of each of the
source and the drain being driven to underlie both the
insulating layer and the gate in a channel region of the
transistor underlying the gate;

removing a portion of the source and drain from the
semiconductor substrate except for underneath both the
gate and the insulating layer to respectively form first
and second trenches; and

forming insitu doped silicon germanium within the first
and second trenches to fill the first and second trenches
and function as the source and the drain of the transis-
tor, the source and the drain applying a stress on the
channel region.
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16. The method of claim 15 further comprising:

flowing a hydrogen-containing gas over the transistor at a
temperature of at least seven hundred degrees Celsius
after removing the portion of the source and drain but
prior to forming insitu doped silicon germanium, the
hydrogen-containing gas modifying a slope of an edge
of the first and second trenches to position the first and
second trenches further away from the channel region.

17. The method of claim 16 further comprising:

when flowing the hydrogen-containing gas, modifying the
slope of the edge of the first and second trenches by an
angle measured relative to a horizontal reference that is
within a range of twenty to seventy degrees.

18. The method of claim 15 further comprising:

removing a portion of the gate when removing the source
and drain and replacing all removed portion with the
insitu doped silicon germanium.
19. The method of claim 15 wherein the step of implant-
ing further comprises:

performing both a halo implant and an extension implant
to form the source and the drain.

20. The method of claim 19 further comprising:

using the halo implant to form asymmetric implantation
of the source and the drain.





