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TECHNIQUE FOR PROVIDING STRESS
SOURCES IN TRANSISTORS IN CLOSE
PROXIMITY TO A CHANNEL REGION BY
RECESSING DRAIN AND SOURCE REGIONS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Generally, the present invention relates to the for-
mation of integrated circuits, and, more particularly, to the
formation of transistors having strained channel regions by
using stress sources, such embedded strained layers, stressed
overlayers and the like, to enhance charge carrier mobility in
the channel region of a MOS transistor.

[0003] 2. Description of the Related Art

[0004] The fabrication of integrated circuits requires the
formation of a large number of circuit elements on a given
chip area according to a specified circuit layout. Generally,
a plurality of process technologies are currently practiced,
wherein, for complex circuitry, such as microprocessors,
storage chips and the like, CMOS technology is currently the
most promising approach due to the superior characteristics
in view of operating speed and/or power consumption and/or
cost efficiency. During the fabrication of complex integrated
circuits using CMOS technology, millions of transistors, i.e.,
N-channel transistors and P-channel transistors, are formed
on a substrate including a crystalline semiconductor layer. A
MOS transistor, irrespective of whether an N-channel tran-
sistor or a P-channel transistor is considered, comprises
so-called PN junctions that are formed by an interface of
highly doped drain and source regions with an inversely
doped channel region disposed between the drain region and
the source region.

[0005] The conductivity of the channel region, i.e., the
drive current capability of the conductive channel, is con-
trolled by a gate electrode formed near the channel region
and separated therefrom by a thin insulating layer. The
conductivity of the channel region, upon formation of a
conductive channel, due to the application of an appropriate
control voltage to the gate electrode, depends on the dopant
concentration, the mobility of the majority charge carriers,
and, for a given extension of the channel region in the
transistor width direction, on the distance between the
source and drain regions, which is also referred to as channel
length. Hence, in combination with the capability of rapidly
creating a conductive channel below the insulating layer
upon application of the control voltage to the gate electrode,
the overall conductivity of the channel region substantially
determines the performance of the MOS transistors. Thus,
the reduction of the channel length, and associated therewith
the reduction of the channel resistivity, renders the channel
length a dominant design criterion for accomplishing an
increase in the operating speed of the integrated circuits.
[0006] The continuing shrinkage of the transistor dimen-
sions, however, involves a plurality of issues associated
therewith that have to be addressed so as to not unduly offset
the advantages obtained by steadily decreasing the channel
length of MOS transistors. One major problem in this
respect is the development of enhanced photolithography
and etch strategies to reliably and reproducibly create circuit
elements of critical dimensions, such as the gate electrode of
the transistors, for a new device generation. Moreover,
highly sophisticated dopant profiles, in the vertical direction
as well as in the lateral direction, are required in the drain

Oct. 4, 2007

and source regions to provide low sheet and contact resis-
tivity in combination with a desired channel controllability.

[0007] Since the continuous size reduction of the critical
dimensions, i.e., the gate length of the transistors, necessi-
tates the adaptation and possibly the new development of
highly complex process techniques concerning the above-
identified process steps, it has been proposed to also enhance
the channel conductivity of the transistor elements by
increasing the charge carrier mobility in the channel region
for a given channel length, thereby offering the potential for
achieving a performance improvement that is comparable
with the advance to a future technology node while avoiding
or at least postponing many of the above-mentioned process
adaptations associated with device scaling. One efficient
mechanism for increasing the charge carrier mobility is the
modification of the lattice structure in the channel region, for
instance by creating tensile or compressive stress in the
vicinity of the channel region to produce a corresponding
strain in the channel region, which results in a modified
mobility for electrons and holes, respectively. For example,
creating tensile strain in the channel region increases the
mobility of electrons, which in turn may directly translate
into a corresponding increase in the conductivity. On the
other hand, compressive strain in the channel region may
increase the mobility of holes, thereby providing the poten-
tial for enhancing the performance of P-type transistors. The
introduction of stress or strain engineering into integrated
circuit fabrication is an extremely promising approach for
further device generations, since, for example, strained
silicon may be considered as a “new” type of semiconductor
material, which may enable the fabrication of fast powerful
semiconductor devices without requiring expensive semi-
conductor materials, while many of the well-established
manufacturing techniques may still be used.

[0008] Consequently, it has been proposed to introduce,
for instance, a silicon/germanium layer or a silicon/carbon
layer in or below the channel region to create tensile or
compressive stress that may result in a corresponding strain.
Although the transistor performance may be considerably
enhanced by the introduction of stress-creating layers in or
below the channel region, significant efforts have to be made
to implement the formation of corresponding stress layers
into the conventional and well-approved MOS technique.
For instance, additional epitaxial growth techniques have to
be developed and implemented into the process flow to form
the germanium- or carbon-containing stress layers at appro-
priate locations in or below the channel region. Hence,
process complexity is significantly increased, thereby also
increasing production costs and the potential for a reduction
in production yield.

[0009] Thus, in other approaches, external stress created
by, for instance, overlaying layers, spacer elements and the
like is used in an attempt to create a desired strain within the
channel region. However, the process of creating the strain
in the channel region by applying a specified external stress
may suffer from an inefficient translation of the external
stress into strain in the channel region. Hence, although
providing significant advantages over the above-discussed
approach requiring additional stress layers within the chan-
nel region, the efficiency of the stress transfer mechanism
may depend on the process and device specifics and may
result in a reduced performance gain for well-established
standard transistor designs, since the overlaying layer may
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be significantly offset from the channel region, thereby
reducing the strain finally created in the channel region.
[0010] In another approach, the hole mobility of PMOS
transistors is enhanced by forming an embedded strained
silicon/germanium layer in the drain and source regions of
the transistors, wherein the compressively strained drain and
source regions create uniaxial strain in the adjacent silicon
channel region. To this end, the drain and source regions of
the PMOS transistors are selectively recessed, while the
NMOS transistors are masked and subsequently the silicon/
germanium layer is selectively formed in the PMOS tran-
sistor by epitaxial growth. Typically, the strained silicon/
germanium is provided with a certain degree of “overfill”
during the epitaxial growth in order to reduce the consump-
tion of “precious” strained silicon/germanium material dur-
ing a silicidation process for forming a metal silicide in the
drain and source regions for obtaining a reduced contact
resistance. However, this raising of the drain and source
regions may reduce the efficiency of the stress transfer of
any overlaying layers, if such layers are provided in com-
bination with the embedded strain layer.

[0011] In view of the above-described situation, there
exists a need for an improved technique that efficiently
increases performance of MOS transistors by stress transfer
mechanisms, while substantially avoiding or at least reduc-
ing one or more of the above-identified problems.

SUMMARY OF THE INVENTION

[0012] The following presents a simplified summary of the
invention in order to provide a basic understanding of some
aspects of the invention. This summary is not an exhaustive
overview of the invention. It is not intended to identify key
or critical elements of the invention or to delineate the scope
of the invention. Its sole purpose is to present some concepts
in a simplified form as a prelude to the more detailed
description that is discussed later.

[0013] Generally, the present invention is directed to a
technique that provides enhanced transistor performance by
significantly increasing the strain in the channel region by
more efficiently transferring stress from one or more stress
sources into the channel region. For this purpose, a stressed
dielectric layer may be positioned more closely to the
channel region in order to significantly enhance the stress
transfer. In some illustrative embodiments of the present
invention, the stress transfer mechanism, for instance
obtained on the basis of an overlying dielectric stressed
layer, may be significantly increased by recessing the
respective drain and source regions in order to form the
stressed dielectric layer at a lower depth relative to the gate
insulation layer, thereby significantly enhancing the stress
transfer, since the stressed dielectric layer may now transfer
the respective stress more directly to the channel region. The
recessed drain and source regions may, in some embodi-
ments, also comprise a strained semiconductor material to
enhance even more the resulting strain in the channel region.
[0014] In another illustrative embodiment of the present
invention, a semiconductor device comprises a first transis-
tor of a first conductivity type comprising a first gate
electrode formed above a first channel region and a first gate
insulation layer formed between the first gate electrode and
the first channel region. Furthermore, the first transistor
comprises first drain and source regions formed adjacent to
the first channel region, wherein the first drain and source
regions are recessed with respect to the first gate insulation
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layer. Finally, the first transistor comprises a first stressed
layer formed above the first drain and source regions,
wherein the first stress layer extends into a recess formed by
the recessed first drain and source regions.

[0015] According to yet another illustrative embodiment
of the present invention, a semiconductor device comprises
a buried insulating layer formed above a substrate and a
semiconductor layer formed on the buried insulating layer.
The semiconductor device further comprises a gate electrode
formed above the semiconductor layer and separated there-
from by a gate insulation layer. A strained semiconductor
material is formed in the semiconductor layer, wherein the
strained semiconductor material extends above the gate
insulation layer. A drain region and a source region are
formed partially within the strained semiconductor material
and a sidewall spacer is formed at a sidewall of the gate
electrode and above the strained semiconductor material.
Finally, the semiconductor device further comprises a metal
silicide region formed in the drain and source regions
adjacent to the sidewall spacer.

[0016] According to still another illustrative embodiment
of the present invention, a method comprises forming a
recess adjacent to a gate electrode structure in a semicon-
ductor layer, wherein the gate electrode structure comprises
a first sidewall spacer having a first width. Moreover, a
strained semiconductor material is formed in the recess, and
drain and source regions are formed at least in the strained
semiconductor material on the basis of a second sidewall
spacer having a second width greater than the first width.
[0017] According to a further illustrative embodiment of
the present invention, a method comprises forming a first
recess adjacent to a gate electrode of a first field effect
transistor, wherein the gate electrode is located above a
semiconductor layer and has formed on sidewalls thereof a
sidewall spacer. Moreover, the method comprises forming a
drain region and a source region adjacent to the sidewall
spacer. Finally, the method comprises forming a first dielec-
tric stressed layer above the first field effect transistor,
wherein the first dielectric stressed layer is formed in the
recess so as to extend below a gate insulation layer located
between the gate electrode and the semiconductor layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The invention may be understood by reference to
the following description taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements, and in which:

[0019] FIGS. la-le schematically show cross-sectional
views of a transistor during various manufacturing stages in
forming recessed drain and source regions for receiving a
recessed stressed layer according to illustrative embodi-
ments of the present invention;

[0020] FIGS. 1/-1g schematically illustrate cross-sectional
views of a transistor during the formation of recessed drain
and source regions, in which the etch process for recessing
the drain and source regions is performed after ion implan-
tation in accordance with yet other illustrative embodiments;
[0021] FIG. 1% schematically illustrates a cross-sectional
view of a transistor during the formation of metal silicides
in the drain and source regions and the gate electrode in a
highly decoupled fashion according to yet other illustrative
embodiments;

[0022] FIG. 1i schematically illustrates a cross-sectional
view of a semiconductor device including two different
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types of transistors receiving differently stressed overlaying
layers in accordance with other illustrative embodiments of
the present invention;

[0023] FIGS. 2a-2e¢ schematically illustrate cross-sec-
tional views of a transistor device during the formation of an
embedded strained semiconductor material having an
increased offset to a metal silicide according to illustrative
embodiments of the present invention;

[0024] FIGS. 2f-2g schematically illustrate cross-sectional
views of a transistor element having an embedded strained
semiconductor material and recessed drain and source
regions for enhancing the stress transfer from an overlaying
layer;

[0025] FIG. 2/ schematically illustrates in cross-sectional
view a semiconductor device having two different types of
transistors, each having a strained semiconductor material in
combination with a recessed drain/source architecture
according to still other illustrative embodiments of the
present invention; and

[0026] FIGS. 3a-3f'schematically illustrate cross-sectional
views of a transistor element during the formation of a
strained semiconductor material with reduced offset to the
gate electrode in order to enhance a stress transfer according
to still other illustrative embodiments of the present inven-
tion.

[0027] While the invention is susceptible to various modi-
fications and alternative forms, specific embodiments
thereof have been shown by way of example in the drawings
and are herein described in detail. It should be understood,
however, that the description herein of specific embodiments
is not intended to limit the invention to the particular forms
disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the
appended claims.

DETAILED DESCRIPTION OF THE
INVENTION

[0028] Illustrative embodiments of the invention are
described below. In the interest of clarity, not all features of
an actual implementation are described in this specification.
It will of course be appreciated that in the development of
any such actual embodiment, numerous implementation-
specific decisions must be made to achieve the developers’
specific goals, such as compliance with system-related and
business-related constraints, which will vary from one
implementation to another. Moreover, it will be appreciated
that such a development effort might be complex and
time-consuming, but would nevertheless be a routine under-
taking for those of ordinary skill in the art having the benefit
of this disclosure.

[0029] The present invention will now be described with
reference to the attached figures. Various structures, systems
and devices are schematically depicted in the drawings for
purposes of explanation only and so as to not obscure the
present invention with details that are well known to those
skilled in the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the
present invention. The words and phrases used herein should
be understood and interpreted to have a meaning consistent
with the understanding of those words and phrases by those
skilled in the relevant art. No special definition of a term or
phrase, i.e., a definition that is different from the ordinary
and customary meaning as understood by those skilled in the
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art, is intended to be implied by consistent usage of the term
or phrase herein. To the extent that a term or phrase is
intended to have a special meaning, i.e., a meaning other
than that understood by skilled artisans, such a special
definition will be expressly set forth in the specification in a
definitional manner that directly and unequivocally provides
the special definition for the term or phrase.

[0030] Generally, the present invention relates to a tech-
nique for enhancing the stress transfer into the channel
region of respective transistors by increasing the efficiency
of stress transfer of an overlaying material layer, such as a
contact etch stop layer and/or of a strained semiconductor
material formed in the drain and source regions of the
respective transistors. For example, with respect to the
former aspect, i.e., the enhancement of the stress transfer
mechanism by using a stressed overlaying layer, such as a
contact etch stop layer, it is contemplated by the present
invention that stress transfer may be significantly enhanced
by using a different transistor architecture compared to
conventional approaches. For instance, in a typically stan-
dard transistor configuration, in which the drain and source
regions are substantially flush with a channel region, i.e., the
interface between the gate insulation layer and the underly-
ing crystalline semiconductor region, a stress transfer and
thus strain generation in the channel region may be achieved
by the contact etch stop layer, which is typically provided
above the transistor with high tensile or compressive stress,
wherein the respective stress is transferred into the channel
region through sidewall spacers of the gate electrode. In
other conventional approaches, raised drain and source
regions are frequently provided, for instance in order to
reduce the drain and source resistance by providing an
enhanced depth of metal silicide, or in order to accommo-
date a strained semiconductor material, such as silicon/
germanium, which may then be provided in excess in order
to reduce the consumption of strained semiconductor mate-
rial during the metal silicide formation at a height that
substantially corresponds to the channel region. In these
approaches, stress created by the overlaying contact etch
stop layer is transferred via the upper portion of the spacers,
due to the raised drain and source regions, thereby requiring
the stress to act through an increased amount of material,
thereby significantly reducing the finally obtained strain in
the channel region.

[0031] According to one aspect of the present invention,
the stress transfer into the channel region created by an
overlaying stressed layer, such as a contact etch stop layer,
may be significantly enhanced by recessing the drain and
source regions, since in this case the mechanisms of a
substantially flush and a raised drain and source architecture
are still effective, while additionally a high “direct” com-
ponent of the stress is obtained, since components of the
overlaying stressed layer located a height level below the
gate insulation layer may laterally “push” on the channel
region and thus effectively generate strain in the neighboring
channel region. Moreover, in some illustrative embodiments
of the present invention, the strain transfer obtained by
strained semiconductor material in the drain and source
regions may be enhanced in efficiency by more closely
positioning the strained material to the channel region
wherein, in some illustrative embodiments, this technique
may be combined with the above-described technique using
a recessed stressed overlayer. This may be accomplished by
means of “disposable” spacers, wherein first spacers may be
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used for defining a cavity next to the channel regions, and
subsequently, after removal of these spacers, the actual
device spacers may be formed with increased width so that,
after the formation of metal silicide in the strained semi-
conductor material on the basis of the device spacer, a
portion of the strained semiconductor material laterally
remains between the metal silicide and the channel region.
Thus, the disposable spacer approach enables an efficient
combination with the approach of the recessed stressed
overlayer, since the offset provided by the disposable spacer
approach provides strained semiconductor material close to
the channel region, which is even maintained after silicida-
tion, while the recessed stress layer may act more directly,
as is explained above. As will be described later on in more
detail, the various aspects for enhancing the stress transfer
mechanism may be appropriately combined and may also be
used to produce different types of strain in the respective
channel regions, thereby providing the potential for indi-
vidually enhancing the performance of N-channel transistors
and P-channel transistors, wherein also in some aspects an
enhanced stress transfer mechanism is provided for SOI-like
transistor architectures, even though a stress transfer by a
strained semiconductor material is restricted to the available
thickness of the corresponding active semiconductor layer,
contrary to bulk devices, in which strained semiconductor
material may be provided down to a significant depth of the
drain and source regions.

[0032] With reference to FIGS. 1a-1i, 2¢-2/ and 3a-3f,
further illustrative embodiments of the present invention
will now be described in more detail. FIG. 1a schematically
illustrates a cross-sectional view of a semiconductor device
150 comprising a transistor element 100. The transistor 100
may represent a field effect transistor of a specific conduc-
tivity type, such as a P-channel transistor or an N-channel
transistor. The transistor 100 may, in some illustrative
embodiments, be formed above a substrate 101, which may
represent any appropriate substrate, such as a bulk silicon
substrate, a silicon-on-insulator (SOI) substrate or any other
appropriate carrier material. In the embodiment shown, the
transistor 100 may represent an SOI-like transistor and thus
the substrate 101 may have formed thereon a buried insu-
lating layer 102, which may be comprised of any appropriate
insulating material, such as silicon dioxide, silicon nitride
and the like. A semiconductor layer 103 is formed above the
substrate 101 and may be comprised of a substantially
crystalline semiconductor material, wherein, in some illus-
trative embodiments, the semiconductor layer 103 may
comprise a significant amount of silicon, as the vast majority
of complex integrated circuits are currently manufactured
from silicon-based semiconductor material. It should be
appreciated, however, that the principles of the present
invention may also be applied to any other appropriate
semiconductor material in which a generation of strain may
significantly affect the device performance of the transistor
100. The transistor 100 may further comprise a gate elec-
trode 105, which may be comprised in this manufacturing
stage of any appropriate material, such as polysilicon and the
like, wherein it should be appreciated that, according to
other process strategies, the gate electrode 105 may repre-
sent a material that may be converted into a conductive
material of enhanced conductivity at a later stage, at least
partially, or which may represent a place holder material that
may be substantially completely replaced by other conduc-
tive materials, such as metals, metal compounds and the like,
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in a later stage. The gate electrode 105 is separated from the
semiconductor layer 103 by a gate insulation layer 104,
thereby defining a channel region 106 located below the gate
insulation layer 104.

[0033] It is to be noted that in the specification and the
claims any position information is to be regarded as “rela-
tive” position information and is to be considered with
respect to a reference position, such as the surface 101S of
the substrate 101, wherein an “upwards™ direction is deter-
mined by the transistor 100 so that the buried layer 102 is
formed “above” the substrate 101, while the transistor 100
is formed “above” the buried layer 102. Similarly, the gate
insulation layer 104 is located “under” or “below” the gate
electrode 105, and the channel region 106 is located below
the gate electrode 105 and the gate insulation layer 104.
Moreover, a lateral direction is to be considered as a
direction substantially parallel to the surface 101S. Simi-
larly, a horizontal direction is also to be considered as a
direction substantially parallel to the surface 101S, while a
vertical direction substantially corresponds to a direction
perpendicular to the surface 101S.

[0034] In this manufacturing stage, the gate electrode 105
of the transistor 100 may, in some illustrative embodiments,
be encapsulated by a capping layer 107, which may be
formed of silicon dioxide, silicon nitride, or any other
appropriate material, and corresponding sidewall spacers
108, for instance in combination with an appropriate liner
material 109, formed at sidewalls of the gate electrode 105.
For example, the sidewall spacers 108 may be comprised of
any appropriate dielectric material, such as silicon nitride,
silicon dioxide, silicon oxynitride and the like. Moreover,
located within the semiconductor layer 103 adjacent to the
channel region 106, a highly doped region, also referred to
as extension region 111, may be formed with a lateral offset
from the gate electrode 105 that is determined by the
sidewall spacers 108. The extension regions 111 may be
formed by any appropriate dopant material, such as a P-type
dopant or an N-type dopant, depending on the conductivity
type of the transistor 100.

[0035] A typical process flow for forming the semicon-
ductor device 150 as shown in FIG. 1a may comprise the
following processes. After forming the semiconductor layer
103, for instance by providing an appropriate SOI-like
substrate, or by epitaxial growth techniques, when the
substrate 101 is a semiconductor bulk substrate without the
buried layer 102, respective implantation processes may be
performed in order to obtain a desired vertical dopant profile
(not shown) within the semiconductor layer 103. Thereafter,
a dielectric layer may be formed, for instance by oxidation
and/or deposition on the basis of well-established tech-
niques, followed by the deposition of a gate electrode
material by well-established deposition techniques, such as
low pressure chemical vapor deposition (LPCVD) when, for
instance, polysilicon is considered.

[0036] Next, the gate electrode material and the dielectric
layer may be patterned on the basis of sophisticated photo-
lithography and etch techniques in order to obtain the gate
electrode 105 and the gate insulation layer 104. It should be
appreciated that, in some illustrative embodiments, the gate
electrode material may be provided with a respective cap-
ping layer, which may also be patterned in combination with
the gate electrode material, thereby forming the capping
layer 107.
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[0037] Thereafter, the sidewall spacers 108 may be formed
by depositing the liner material 109, if provided, and sub-
sequently forming a spacer layer, such as a silicon nitride
layer, a silicon dioxide layer and the like, wherein a high
degree of etch selectivity may be provided between the liner
109 and the spacer layer in order to efficiently control a
subsequent anisotropic etch process for removing the spacer
layer material from horizontal portions of the device 150,
thereby leaving the spacers 108. A thickness of the spacer
layer and thus a width of the spacers 108 is selected in
accordance with device requirements so as to obtain a
desired offset of the extension regions 111 from the gate
electrode 105 during a subsequent ion implantation process
129 for introducing a desired dopant species with a specific
concentration at a specified depth of the semiconductor layer
103. Depending on process strategy, an anneal process may
be performed after the ion implantation 129 in order to
activate the dopants in the regions 111, while, in other
strategies, a corresponding anneal process may be per-
formed at a later manufacturing stage.

[0038] Next, in one illustrative embodiment, a further
spacer layer may be formed above the device 150 on the
basis of well-established techniques, such as plasma
enhanced chemical vapor deposition (PECVD), wherein the
further spacer layer may be comprised of substantially the
same material as the spacers 108 or may be comprised of a
material having a high etch selectivity with respect to the
spacers 108. For example, silicon nitride or silicon dioxide
may be deposited in a substantially conformal manner with
a specified layer thickness and thereafter an anisotropic etch
process may be performed to remove the further spacer
material from horizontal portions of the device 150.

[0039] FIG. 15 schematically illustrates the semiconduc-
tor device 150 after the completion of the above-described
process sequence and during an etch process 128. Hence, the
transistor 100 of the device 150 comprises a further spacer
element 110, which may be formed directly on the spacer
108, or which may comprise a further liner (not shown),
depending on the process requirements. The spacer 110 is
comprised of an appropriate material that has a high etch
selectivity with respect to the material of the semiconductor
layer 103 during the etch process 128, which may, in some
embodiments, be designed as a substantially anisotropic etch
process, while, in other illustrative embodiments, the etch
process 128 may be performed with a reduced degree of
anisotropy or as a highly isotropic etch process. For
example, efficient etch recipes for etching a silicon-based
material with high selectivity to, for instance, silicon diox-
ide, silicon nitride and the like are well established in the art.
During the etch process 128, a recess 112 may be formed,
wherein the lateral offset 1120 of the recess 112 with respect
to the gate electrode 105 is determined by the width of the
spacers 108 and 110 and the specifics of the etch process
128. In the example shown in FIG. 15, the etch process 128
is assumed to be highly anisotropic, while in other cases a
certain degree of under-etching may be achieved. The recess
112 may be formed down to a depth 112D that ensures a
highly efficient stress transfer into the channel region 106
after the recess 112 is filled by a highly stressed overlaying
material. The depth 112D may be obtained on the basis of an
appropriately selected target value in combination with a
corresponding control of the etch time of the process 128.
For example, in illustrative embodiments in which a gate
length of the transistor 100, i.e., in FIG. 15 the horizontal
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extension of the gate electrode 105, indicated as 105L, is
approximately 100 nm and significantly less, or even 50 nm
and less, the depth 112D may range from approximately
1-20 nm. The offset 1120 of the recess 112 may also range
from approximately several nanometers to ten or more
nanometers, depending on the specifics of the etch process
128 and the width of the spacers 110 and 108, which may
range from approximately 5-20 nm for gate lengths in the
above-specified range.

[0040] FIG. 1c¢ schematically shows the semiconductor
device 150 in a further advanced manufacturing stage, in
which the device 150 is subjected to a further implantation
process 113 for defining drain and source regions 114
adjacent to the recess 112. During the ion implantation
process 113, which may be performed on the basis of
appropriately selected process parameters with respect to
implantation energy and implantation dose, the gate elec-
trode 105 may also be exposed, depending on process
strategies. For example, the capping layer 107 may be
removed on the basis of a selective etch process, wherein, in
some illustrative embodiments, the spacers 108 and 110 may
also be removed if the capping layer 107 and the spacers
108, 110 are substantially comprised of the same material,
such as silicon nitride and the like. In this case, correspond-
ing new spacers 115 may be formed on the basis of well-
established recipes so as to act as implantation masks during
the process 113. In other process strategies, at least the
spacer 110 may be comprised of a material having a high
etch selectivity with respect to the capping layer 107, for
instance the spacer 110 may be comprised of silicon dioxide
and the capping layer 107 may be comprised of silicon
nitride, or vice versa, thereby substantially maintaining the
spacers 110 and 108 so that the ion implantation process 113
may be performed on the basis of the spacers 110 and 108.
It should be appreciated that further implantation processes,
such as a halo implantation, an amorphization implantation
and the like, may be performed prior to or after the actual
implantation 113 for forming the drain and source regions
114, depending on the process strategy. Moreover, it should
be appreciated that any of these implantation processes,
including the implantation 113, may comprise a tilted
implantation process in order to appropriately position the
respective dopant species at a sidewall 112A of the recess
112. Consequently, on the basis of appropriately selected
process parameters with respect to implantation dose,
implantation energy and tilt angle, i.e., an angle with respect
to the vertical direction, which may be obtained on the basis
of well-established simulation models, a desired lateral and
vertical dopant profile for the drain and source regions 114
may be achieved. Thereafter, an anneal process may be
performed to activate the introduced dopant species as well
as to, at least partially, re-crystallize implantation-induced
damage in the drain and source regions 114.

[0041] FIG. 1d schematically illustrates the semiconduc-
tor device 150 in a further advanced manufacturing stage,
after the completion of the above-described process
sequence and with a layer of refractory metal 116 formed
above the transistor 100. The layer 116 may be comprised of
one or more metals, such as nickel, platinum, cobalt, com-
binations thereof and the like, which may be formed on the
basis of well-established techniques, such as sputter depo-
sition or any other appropriate deposition technique, with
any preceding cleaning recipes including plasma-based
cleaning processes and/or thermally activated cleaning pro-
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cesses. Thereafter, an appropriate sequence of heat treat-
ments may be performed to initiate a chemical reaction of
the metal layer 116 with underlying semiconductor material,
which may be provided in the gate electrode 105 and the
drain and source regions 114, thereby converting the semi-
conductor material, such as silicon, silicon/germanium, sili-
con/carbon and the like, into a highly conductive semicon-
ductor metal compound, such as a metal silicide. After the
chemical reaction and the removal of any excess material
which may remain on dielectric portions, such as the spacers
115, further processing may be continued with the formation
of stressed contact etch stop layers.

[0042] FIG. 1e schematically illustrates the semiconductor
device 150, in which the transistor element 100 comprises
metal silicide regions 117 formed in the drain and source
regions 114 as well as in the gate electrode 105, wherein it
should be appreciated that, in other process strategies, the
metal silicide regions 117 may not necessarily be formed in
a common process or may not be formed at all, as will be
described later on. Moreover, a stressed contact etch stop
layer 118 is formed above the transistor 100 such that the
stressed layer 118 is also formed within the recesses 112,
that is, the stressed layer 118 extends below a bottom surface
104B of the gate insulation layer 104. As is well known, a
plurality of dielectric materials, such as silicon nitride, may
be deposited so as to exhibit a specific magnitude and type
of intrinsic stress, wherein the type and magnitude of
intrinsic stress may be controlled on the basis of deposition
parameters. For instance, silicon nitride may be highly
efficiently deposited on the basis of plasma-enhanced depo-
sition techniques so as to exhibit a high magnitude of
intrinsic stress ranging, for instance, from tensile stress of
1.5 GPa (GigaPascal) or more to compressive stress of
substantially the same order of magnitude by appropriately
adjusting process parameters, such as deposition tempera-
ture, deposition pressure, ratio of precursor materials, ion
bombardment during the deposition and the like. Conse-
quently, based on the conductivity type and the desired
magnitude of strain in the channel region 106, the layer 118
may be provided with the respective internal stress. For
instance, if the transistor 100 is to represent a P-channel
transistor, wherein a compressive strain in the channel
region 106 may increase the hole mobility and thus the drive
current capability of the transistor 100, the contact etch stop
layer 118 may be provided with compressive stress, which
creates a corresponding compressive strain in the channel
region 106. As indicated by arrows 118A, the stressed layer
118 may provide a certain degree of strain into the channel
region 106 in a similar way as in transistor architectures
having substantially flush drain and source regions, wherein,
however, in this case, additionally stress is transferred highly
efficiently into the channel region 106 due to the fact that the
layer 118 is positioned at a height that approximately
corresponds to the position of the channel region 106.
Consequently, a corresponding stress indicated by the
arrows 118B may highly efficiently act laterally in a “direct”
manner on the channel region 106, thereby creating addi-
tional strain therein. Hence, a high degree of strain in the
channel region 106 may be created even without a strained
semiconductor material, as is frequently used in other tran-
sistor configurations, as will be described later on, thereby
reducing production costs since corresponding epitaxial
growth processes may be omitted.
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[0043] By providing the layer 118 with any desired type of
stress, the desired type of strain may be created in the
channel region 106. For example, if the transistor 100 may
represent an N-channel transistor requiring a tensile stress
for increasing the electron mobility in the channel region
106, the layer 118 may be formed with high tensile stress on
the basis of appropriately selected deposition parameters, as
explained above. Moreover, different types of transistors
may receive the layer 118 with a different stress, as will be
described later on in more detail, thereby providing a high
degree of design flexibility. Furthermore, the contact etch
stop layer 118 may be formed directly on the respective
drain and source regions, i.e., in the example shown in FIG.
la directly on the respective metal silicide regions 117,
while, in other approaches, an intermediate liner (not shown)
may be deposited, wherein an intermediate liner, which may
be used as an etch stop layer for removing unwanted
portions of the layer 118 from respective device areas, as
will be described later on, may not necessarily negatively
impact the strain transfer mechanism since the stress 118B
may nevertheless substantially directly act on the channel
region 106, even if a thin intermediate layer is provided.

[0044] FIG. 1f schematically illustrates the semiconductor
device 150 according to still further illustrative embodi-
ments, in which the drain and source regions 114, as well as
the extension regions 111, may be formed by the ion
implantation 113 prior to the formation of the recesses 112.
For example, the transistor 100 may have the gate electrode
105 encapsulated by the capping layer 107 and the corre-
sponding spacers 108 and 110, wherein the spacers 108 may
provide the desired offset of the extension regions 111 with
respect to the gate electrode 105, while the spacers 110 may
provide the desired offset of the drain and source regions
114, as is also described above. During the ion implantation
113, the respective process parameters may be selected such
that the drain and source regions 114 are designed in
conformity with the recess 112 that is to be formed in a
subsequent manufacturing step. That is, during the implan-
tation 113, and also during any associated implantation
processes for halo implants and amorphization, the process
parameters, such as implantation dose, implantation energy
and possibly tilt angle, may be selected such that the drain
and source regions 114 receive a desired dopant concentra-
tion and gradient at the PN junction, as is also described with
respect to FIG. 1¢, so that the drain and source regions 114
may be appropriately recessed while nevertheless maintain-
ing the required functionality of the regions 114.

[0045] FIG. 1g schematically illustrates the device 150
after the ion implantation 113, wherein, in some illustrative
embodiments, the etch process 128, which may be an
anisotropic process or an isotropic process as is previously
described, may be performed prior to performing an appro-
priate anneal process for activating the dopants in the
regions 114. Consequently, during the etch process 128, an
increased etch rate may be obtained, due to the preceding
implantation processes, which may substantially affect the
crystalline structure and thus the etch rate during the process
128. In this way, the etch selectivity with respect to the
spacers 110 and the capping layer 107 may be increased,
since the ion bombardment during the preceding implanta-
tion processes may modify the semiconductor layer 103
more efficiently compared to the dielectric materials of the
spacers 110 and the capping layer 107. In other illustrative
embodiments, the etch process 128 may be performed after
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any anneal cycles for activating the dopant species and for
re-crystallizing implantation-induced damage. During the
etch process 128, the recesses 112 are formed within the
drain and source regions 114, wherein, with respect to the
depth of the recess 112 as well as with respect to its lateral
offset with respect to the gate electrode 105, the same criteria
apply as previously described. Thereafter, further processing
may be continued as is also described with reference to
FIGS. 1d-1e.

[0046] It should be appreciated that, in other illustrative
embodiments (not shown), the capping layer 107 may not
necessarily be provided prior to the etch process 128 so that,
during the corresponding process, the gate electrode 105,
when comprised of polysilicon, may also be recessed,
wherein a corresponding material removal of the gate elec-
trode 105 may be taken into consideration during the for-
mation of the gate electrode 105. That is, the gate electrode
material may be provided with a certain extra thickness that
substantially corresponds to the depth 112D (FIG. 15) of the
recess 112, wherein, additionally, the difference in etch rate
may be taken into consideration, when, for instance, the etch
process 128 is performed on the basis of a substantially
crystalline material in the semiconductor layer 103, while
the silicon of the gate electrode 105 may be substantially a
polycrystalline material.

[0047] As previously described, it may be advantageous to
provide a highly conductive metal silicide in the drain and
source regions and/or the gate electrode for a substantially
silicon-based semiconductor device 150. When the respec-
tive metal silicide regions, such as the regions 117 (FIG. 1e),
are formed commonly for the gate electrode 105 and the
drain and source regions 114, a thickness of the metal
silicide in the gate electrode 105 is substantially determined
by the device constraints imposed by the characteristics of
the respective drain and source regions 114, since, in these
regions, the metal silicide may not be formed with a thick-
ness as would be desirable for the gate electrode 105 in order
to appropriately enhance the conductivity thereof. Conse-
quently, in some illustrative embodiments, the formation of
respective metal silicide regions in the drain and source
regions 114 and the gate electrode 105 may be efficiently
formed independently from each other.

[0048] FIG. 1/ schematically illustrates the semiconduc-
tor device 150 in accordance with one illustrative embodi-
ment, in which the formation of respective metal silicide
regions may be accomplished in a highly independent fash-
ion. The device 150 may, in this manufacturing stage, i.e.,
after the formation of the recessed drain and source regions
114, comprise the layer 116 of refractory metal, wherein,
additionally, a silicidation mask 119 is formed so as to cover
the drain and source regions 114 while exposing at least a
top surface of the gate electrode 105. For exposing the gate
electrode 105, the capping layer 107, possibly in combina-
tion with the spacers 110 and 108, may be removed and may
be replaced by spacers 130. In other cases, the gate electrode
105 may have been formed without the capping layer 107,
as previously described. For example, the silicidation mask
119 may be comprised of any appropriate material, such as
a polymer material, that may withstand the temperatures
required for depositing the layer 116 and initiating a chemi-
cal reaction with material of the gate electrode 105. The
silicidation mask 119 may be formed by depositing an
appropriate material, such as a polymer, a photoresist or any
other dielectric material, in a highly non-conformal fashion,
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for instance by any deposition technique providing a sub-
stantially flow-like fill behavior, such as spin-on techniques,
when low viscous materials are considered and the like. If
the material of the silicidation mask 119 is provided in
excess so as to also cover the gate electrodes 105, a
subsequent removal process, for instance by etching the
material selectively to the gate electrode 105, may be
performed in order to obtain a level for the silicidation mask
119 that at least exposes the top surface of the gate electrode
105.

[0049] After appropriate cleaning processes for removing
any contaminants from the exposed gate electrode 105, the
layer 116 may be deposited on the basis of any appropriate
deposition techniques as explained above. Hereby, a thick-
ness of the layer 116 and the material composition thereof
may be selected with respect to requirements for the gate
electrode 105 in order to obtain a required amount and type
of metal silicide in the gate electrode 105. Thereafter, the
chemical reaction may be initiated on the basis of an
appropriate heat treatment to obtain the desired amount of
highly conductive metal silicide in the gate electrode 105. It
should be appreciated that other silicidation regimes may be
used in which, for instance, a silicidation of the gate elec-
trode material may be accomplished during deposition and
simultaneous conversion of an appropriate metal into metal
silicide. Thereafter, any excess material may be removed
and thereafter, or within the same process sequence, the
silicidation mask 119 may also be removed, for instance by
any appropriate etch technique. For example, well-estab-
lished etch techniques which may have a high degree of
selectivity with respect to metal silicide and other materials,
such as the material of the spacers 110 and the drain and
source regions 114, are well-established and may be used
during this process sequence.

[0050] Next, an appropriate silicidation process may be
performed for the drain and source regions 114, wherein the
respective process parameters may be selected such that an
appropriate type and thickness of metal silicide is obtained
in the drain and source regions 114. In this case, the further
silicidation process may have only a minor effect on the
previously formed metal silicide in the gate electrode 105.
Thereafter, further processing may be continued as is also
described with reference to FIG. 1c.

[0051] FIG. 1i schematically illustrates the semiconductor
device 150 comprising a first transistor 100p and a second
transistor 100z, which may represent transistors of different
conductivity types, such as a P-channel transistor and an
N-channel transistor. The transistors 100p, 1007 may have
substantially the same configuration as the transistor element
100 previously described, wherein, however, the respective
drain and source regions, as well as the corresponding
channel regions, may have appropriate dopant species in
order to provide the desired conductivity type. The transis-
tors 100p, 1007 may be formed on the basis of the process
techniques described above with reference to transistor 100,
wherein, however, the various implantation processes may
be performed on the basis of respective implantation masks
in order to selectively introduce the required dopant species
into the transistors 100p, 1007 on the basis of well-estab-
lished masking techniques. Moreover, in both transistors
100p, 1007, the respective recesses 112 may be formed
according to similar process techniques as previously
described and the further processing, for instance the for-
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mation of metal silicide regions (not shown), may be accom-
plished as is previously described.

[0052] Thereafter, a first contact etch stop layer 118p may
be formed above the first and second transistors 100p, 100z,
wherein, in some illustrative embodiments, an optional etch
stop layer 120 may be provided. For example, the optional
etch stop layer 120 may be comprised of silicon dioxide,
when the first contact etch stop layer 118p may be comprised
of silicon nitride. In other illustrative embodiments, the etch
stop layer 120 may be omitted. Thereafter, the first contact
etch stop layer 118p may be removed from the transistor
100n, for example based on the etch stop layer 120, if
provided, and a second contact etch stop layer 118#, possi-
bly in combination with a second etch stop layer 121, may
be formed so as to cover the second transistor 100n. For
example, the first contact etch stop layer 118p may have a
high intrinsic compressive stress when the transistor 100p
represents a P-channel transistor, while the second contact
etch stop layer 118»z may comprise a high tensile stress when
the transistor 1007 represents an N-channel transistor. Fur-
thermore, an appropriate etch mask, such as a resist mask
123, may be formed to expose the transistor 100p in order
to remove the second contact etch stop layer 118% by means
of a corresponding etch process 124, which may be con-
trolled on the basis of the etch stop layer 121, if provided.
[0053] Consequently, after the removal of the unwanted
portion of the layer 118 above the first transistor 100p, both
transistors have formed thereon appropriately stressed con-
tact etch stop layers, that is, the transistor 100p may have
formed thereabove the layer 118p creating in a highly
efficient manner a respective strain, wherein the transistor
1007 comprises the layer 118z having a different type of
intrinsic stress so as to create in the respective channel
region a different desired type of strain. It should be appre-
ciated that other regimes for forming differently stressed
layers above the transistors 100p, 100z may be used, such as
a selective stress relaxation of a portion of the layers 118p
or 118, or, in other regimes, the corresponding layers 118p
and 118z may both be directly formed on the respective
transistors 100p, 100z without any intermediate etch stop
layers 120, 121. Consequently, a high degree of design
flexibility is provided without requiring epitaxial growth
techniques, wherein the type and magnitude of the stress
transferred into the respective channel regions may be
readily controlled on the basis of the stress provided in the
respective contact etch stop layers.

[0054] With reference to FIGS. 2a-24, further illustrative
embodiments of the present invention will now be described
in more detail, in which a strained semiconductor material is
positioned in close proximity to the channel region by means
of a disposable spacer, thereby enabling an efficient combi-
nation of the two strain-inducing mechanisms, i.e., provid-
ing strained semiconductor material close to the channel and
using a recessed transistor configuration, similar to embodi-
ments previously described with reference to FIGS. 1a-1i.
[0055] With reference to FIGS. 2a-24d, the concept of the
disposable spacer approach is described for a substantially
flush configuration and, with reference to FIGS. 2¢-2g, the
combination with the recessed transistor configuration is
described.

[0056] In FIG. 24, a semiconductor device 250 may com-
prise a transistor 200, which may have a similar configura-
tion as the transistor 100 in FIG. 1a, except for the extension
regions 111. Thus, the transistor 200 may comprise a gate
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electrode 205 that is formed above a semiconductor layer
203 provided above a substrate 201, wherein the gate
electrode 205 is separated from the semiconductor layer 203
by a gate insulation layer 204. Moreover, the gate electrode
205 may be encapsulated by a capping layer 207 and spacers
208, possibly in combination with a liner 209. Regarding a
process flow for manufacturing the semiconductor device
250, substantially the same processes may be involved as
previously described with reference to the device 150 in
FIG. 1a. Moreover, the device 250 may be subjected to an
etch process 228 for forming a recess adjacent to the gate
electrode 205 with an offset therefrom corresponding to a
width 208W of the spacer 208 and the characteristics of the
etch process 228, as is also described above with reference
to the etch process 128. That is, the process 228 may be
designed as an anisotropic or isotropic etch process for
recessing the semiconductor layer 203 adjacent to the gate
electrode 205 with a specified depth in order to form in the
respective recess a strained semiconductor material, which
may then provide a desired strain in a channel region 206 of
the transistor 200. A corresponding strained semi-conductor
material may be formed on the basis of well-established
selective epitaxial growth techniques, in which the remain-
ing crystalline material of the layer 203, after being recessed
by the etch process 228, is used as a growth template in order
to re-grow the strained semi-conductor material, which is
selected to have in its natural or unstrained state a slightly
different lattice spacing compared to the template material of
the remaining semiconductor layer 203. For instance, sili-
con/germanium or silicon/carbon are crystalline semicon-
ductor compounds which when grown on a substantially
undisturbed silicon lattice may form a strained semiconduc-
tor material due to a respective slight mismatch in lattice
spacing. That is, a silicon/germanium material grown on a
substantially undisturbed silicon lattice may form a com-
pressively strained lattice due to a slightly greater lattice
spacing of non-strained silicon/germanium with respect to
silicon. Similarly, silicon/carbon grown on silicon may form
a semiconductor material of tensile strain.

[0057] FIG. 25 schematically illustrates the device 250
according to one illustrative embodiment in which, after the
completion of the etch process 228 and any pre-epitaxial
processes, such as clean processes and the like, a strained
semiconductor material 230 is formed in the corresponding
recess, wherein, in this embodiment, the strained semicon-
ductor material 230 may be formed so as to substantially
completely fill the corresponding recess without requiring an
over growth to provide excess material for a subsequent
silicidation process. In other embodiments, as will be
described later on, after the selective epitaxial growth pro-
cess, a certain degree of underfill may be maintained. In the
illustrative example shown, a silicon/germanium semicon-
ductor material 230 may have been formed to provide a
respective compressive strain. Thereafter, the spacer 208
having the width 208 W that, in combination with the process
parameters of the etch process 228, substantially determines
an offset of the strained semiconductor material 230 with
respect to the gate electrode 205 may be removed on the
basis of well-established selective etch recipes. Thereby, the
capping layer 207 may also be removed. After the removal
of the spacer 208, a corresponding spacer regime may be
used in order to provide the required lateral and vertical
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dopant profile in the semiconductor layer 203, thereby
forming respective extension regions and drain and source
regions.

[0058] FIG. 2¢ schematically illustrates the semiconductor
device 250 during a corresponding process sequence,
wherein an offset spacer 231 may be used for defining an
extension region 211, while one or more final spacers 232
may be used as an implantation mask during an ion implan-
tation process 213 for forming drain and source regions 214.
The spacer 232 in combination with the spacer 231 has a
width 232W that is greater than the corresponding width
208W, wherein it should be appreciated that the width 232W
may include the width of the offset spacer 231. Since the
spacer 232 may also be used for further manufacturing
processes, such as a subsequent silicidation process, the
increased width 232W provides a respective offset between
a metal silicide region to be formed within the strained
semiconductor material 230 and a portion 230A of the
material 230 located next to the channel region 206.
[0059] FIG. 2d schematically illustrates the semiconduc-
tor device 250 with correspondingly formed metal silicide
regions 217, wherein the corresponding offset 217A of the
metal silicide regions 217 in the strained semiconductor
material 230A of the drain and source regions 214 is
provided, thereby laterally positioning a strained semicon-
ductor material between the substantially relaxed metal
silicide region 217 and the channel region 206. Conse-
quently, contrary to conventional strategies in which the
spacers of the width 232W may also be used for forming the
strained semiconductor material 230, i.e., for forming a
respective cavity which would then be substantially com-
pletely consumed by the silicidation process, corresponding
to the illustrative embodiments as shown in FIG. 2d, a
significant portion of strained semiconductor material, i.e.,
the portion 230A, is still provided next to the channel region
206 at a height that substantially corresponds to the interface
between the gate insulation layer 204 and the channel region
206. As a consequence, compared to conventional strategies,
a more efficient strain transfer may occur, thereby also
resulting in a correspondingly enhanced performance of the
transistor 200. Thereafter, the further processing may be
continued by forming a respective contact etch stop layer,
such as the layer 118 (FIG. 1¢), wherein, in some illustrative
embodiments, the corresponding etch stop layer may be
provided with an appropriate intrinsic stress in order to even
more enhance the strain created in the channel region 206.
[0060] FIG. 2e schematically illustrates the semiconductor
device 250 in accordance with yet other illustrative embodi-
ments in which, after the completion of the process sequence
as described with reference to FIG. 24, i.e., after a corre-
sponding cavity etch and selective epitaxial growth process,
a recess 212 is still provided adjacent to the gate electrode
205. That is, the epitaxial growth process may be stopped at
a height level that is below the level defined by the gate
insulation layer 204. For example, the recess 212 may have
a depth of approximately 1-20 nm, when the material 230 is
formed down to a depth of approximately 30-40 nm. Thus,
by not completely filling the previously formed cavity
during the epitaxial growth process, the process time may be
reduced, in addition to providing further enhancement of the
strain-inducing mechanism.

[0061] In other cases, the device 250 as shown in FIG. 254
may be subjected to a further etch process for removing
strained semiconductor material in order to provide the
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recess 212 when a control of the selective epitaxial growth
process may not result in the desired process uniformity.
Thereafter, the spacer 208 may be removed and further
processing may be performed on the basis of device spacers,
such as the spacers 231 and 232, having the increased spacer
width 232W in order to form the drain and source regions
214 and the extensions 211.

[0062] FIG. 2f schematically illustrates the device 250
after completion of the above-described processes.

[0063] FIG. 2g schematically illustrates the device 250 in
a further advanced manufacturing stage. The transistor 200
may comprise metal silicide regions 217 which may be
formed on the basis of the spacer 232, as is also described
above with reference to FIG. 2d. Consequently, a certain
amount of non-silicided strained semiconductor material
230A is provided between the metal silicide region 217 and
the channel region 206 due to the offset provided by the
increased spacer width 232W compared to the spacer width
208W used for forming the respective strained semiconduc-
tor material 230. It should be appreciated that the formation
of the metal silicide regions 217 in the gate electrode 205
and the drain and source regions 214 may be performed in
a common process, as shown in FIG. 2g, or may be
performed in a more independent manner, as is for instance
described with reference to FIG. 1% or in accordance with
any other appropriate regime. Moreover, the device 250
comprises a stressed contact etch stop layer 218, which may
comprise any appropriate intrinsic stress so as to further
enhance the strain in the channel region 206. In the embodi-
ment shown in FIG. 2g, the layer 218 may be provided with
high compressive stress in order to enhance the strain
created by the respective silicon/germanium material 230. In
other embodiments, the strained semiconductor material 230
may be comprised of silicon and carbon, thereby inducing a
tensile strain in the channel region 206. In this case, the
contact etch stop layer 218 may be provided with high
intrinsic tensile stress, which may be accomplished on the
basis of appropriately selected deposition parameters, as is
previously described. Similarly, as described above, the
recess 212 may provide further enhanced stress transfer into
the channel region 206, since a significant portion of the
layer 218 is formed within the recess 212, thereby providing
direct “pushing” 218B or “drawing,” depending on the type
of stress, with respect to the channel region 206. In this way,
the strain of the non-silicided portion 230A may be com-
bined with the additional direct stress 218B, thereby result-
ing in a corresponding high strain in the channel region 206.
For example, for a depth 212D of the recess 212 of approxi-
mately 1-20 nm and a depth 230D of the strained semicon-
ductor material 230 in the range of approximately 30-50 nm,
a significant increase of the strain in the channel region 206
may be observed.

[0064] FIG. 2/ schematically illustrates the semiconduc-
tor device 250 according to further illustrative embodiments
in which the device 250 comprises a first transistor 200p and
a second transistor 200% of different conductivity types. For
example, the transistor 200p may represent a P-channel
transistor and the transistor 200z may represent an N-chan-
nel transistor. Regarding the configuration of the transistors
200p, 2007, the same criteria may apply as previously
explained with reference to the transistor 200, wherein,
however, the corresponding profiles and concentrations in
the channel regions 206 and the drain and source regions
(not shown for clarity) may be selected so as to correspond
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to the respective conductivity type. Therefore, the first
transistor 200p may have formed thereabove a first contact
etch stop layer 218p, which extends into the corresponding
recess 212 in order to further enhance the strain created by
the strained semiconductor material 230p. Similarly, the
second transistor 2007 comprises a second contact etch stop
layer 218» having a different type of internal stress so as to
correspondingly increase a strain in the respective channel
region provided by the strained semiconductor material
230n. With respect to the formation of the first and second
contact etch stop layers 218p and 218#, the same criteria
apply as previously explained with respect to the corre-
sponding layers 118p, 118xn. As a consequence, two strain-
inducing sources, i.e., a strained semiconductor material and
a stressed overlaying layer, may be efficiently combined for
different types of transistors by at least positioning the
strained semiconductor material more closely to the gate
electrode, wherein, in some illustrative embodiments, addi-
tionally a recessed transistor configuration may be provided
in order to even more enhance the stress transfer mechanism
for the respectively stressed contact etch stop layers.
[0065] As a result, the present invention provides an
enhanced technique for the manufacturing of transistor
elements having formed therein one or more strain-inducing
sources, the efficiency of which is significantly increased by
positioning the respective strain-inducing source more
closely to the channel region of the respective transistor
element. In one aspect, this may be accomplished by recess-
ing the drain and source regions and forming a stressed layer
in the recess, such as a stressed contact etch stop layer,
which may now generate the strain in the channel region
more directly. In other aspects, strained semiconductor
material may be positioned more closely to the channel
region, wherein deleterious strain relaxing effects from
metal silicides may be reduced or substantially avoided.
Consequently, increased efficiency in providing strain in the
channel region may be achieved. Furthermore, the different
techniques may be advantageously combined so as to
enhance the strain-inducing mechanism provided by a
strained semiconductor material in combination with an
enhanced efficiency of an overlaying stressed layer by
forming the same in a recessed drain and source region.
Since one or more of the preceding techniques may be
readily applied to different transistor types, a high degree of
flexibility in individually improving the performance of
these transistors may be obtained.

[0066] The particular embodiments disclosed above are
illustrative only, as the invention may be modified and
practiced in different but equivalent manners apparent to
those skilled in the art having the benefit of the teachings
herein. For example, the process steps set forth above may
be performed in a different order. Furthermore, no limita-
tions are intended to the details of construction or design
herein shown, other than as described in the claims below.
It is therefore evident that the particular embodiments dis-
closed above may be altered or modified and all such
variations are considered within the scope and spirit of the
invention. Accordingly, the protection sought herein is as set
forth in the claims below.

What is claimed:

1. A semiconductor device, comprising:

a first transistor of a first conductivity type, said first
transistor comprising:
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a first gate electrode formed above a first channel
region;

a first gate insulation layer formed between said first
gate electrode and said first channel region;

first drain and source regions formed adjacent to said
first channel region, said first drain and source
regions having a top surface that is recessed with
respect to a bottom surface of said first gate insula-
tion layer; and

a first stressed layer formed above said first drain and
source regions, said first stressed layer extending
into a recess formed by said first recessed drain and
source regions.

2. The semiconductor device of claim 1, further compris-
ing

a second transistor of a second conductivity type other

than said first conductivity type, said second transistor

comprising:

a second gate electrode formed above a second channel
region;

a second gate insulation layer formed between said
second gate electrode and said second channel
region;

second drain and source regions formed adjacent to
said second channel region, said second drain and
source regions having a top surface that is recessed
with respect to a bottom surface of said second gate
insulation layer; and

a second stressed layer formed above said second drain
and source regions, said second stressed layer
extending into a recess formed by said second
recessed drain and source regions.

3. The semiconductor device of claim 2, wherein said
second transistor comprises a second strained semiconduc-
tor material other than said first semiconductor material.

4. The semiconductor device of claim 1, wherein said first
stressed layer is a portion of a dielectric contact layer formed
above said first transistor.

5. The semiconductor device of claim 4, wherein said first
stressed layer represents a first contact etch stop layer.

6. The semiconductor device of claim 1, wherein said first
transistor represents a P-channel transistor and said first
stressed layer comprises a compressive stress.

7. The semiconductor device of claim 1, wherein said first
recessed drain and source regions comprise a first strained
semiconductor material.

8. The semiconductor device of claim 7, wherein said first
strained semiconductor material comprises one of strained
silicon/germanium and strained silicon/carbon.

9. The semiconductor device of claim 7, wherein said
second transistor comprises a second strained semiconduc-
tor material other than said first semiconductor material.

10. The semiconductor device of claim 1, further com-
prising a sidewall spacer formed on a sidewall of said first
gate electrode and a metal silicide formed in said first drain
and source region adjacent to said sidewall spacer.

11. The semiconductor device of claim 10, further com-
prising a strained semiconductor material in said first drain
and source regions, a portion of said strained semiconductor
material formed below said sidewall spacer to be located
laterally between said metal silicide and said first channel
region.

12. The semiconductor device of claim 1, wherein a depth
of said recess is approximately 30-200 nm.
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13. A method, comprising:

forming a recess adjacent to a gate electrode structure in
a semiconductor layer, said gate electrode structure
comprising a first sidewall spacer having a first width;

forming a strained semiconductor material in said recess;

removing said first sidewall spacer; and

forming drain and source regions at least in said strained

semiconductor material on the basis of a second side-
wall spacer having a second width greater than said first
width.

14. The method of claim 13, wherein forming said
strained semiconductor material comprises forming at least
aportion so as to be recessed with respect to a gate insulation
layer located between said gate electrode structure and said
semiconductor layer.

15. The method of claim 14, further comprising forming
a stressed layer above said drain and source regions, said
stressed layer extending into a recess defined by said
strained semiconductor material.

16. The method of claim 15, wherein said strained semi-
conductor material is compressively strained and said
stressed layer comprises compressive stress.

17. The method of claim 15, wherein said strained semi-
conductor material is a tensile-strained material and said
stressed layer comprises tensile stress.

18. The method of claim 13, further comprising forming
a metal silicide in said strained semiconductor material on
the basis of said second sidewall spacer.

19. A method, comprising:

forming a first recess adjacent to a gate electrode of a first

field effect transistor, said gate electrode located above
a semiconductor layer and having formed on sidewalls
thereof a sidewall spacer;

forming a drain region and a source region adjacent to

said sidewall spacer; and

forming a first dielectric stressed layer above said first

field effect transistor, said first dielectric stressed layer
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being formed in said recess such that a bottom surface
of said first dielectric stressed layer extends below a
bottom surface of a gate insulation layer located
between said gate electrode and said semiconductor
layer.

20. The method of claim 19, wherein said recess is formed

prior to forming said drain and source regions.

21. The method of claim 19, wherein said recess is formed

after forming said drain and source regions.

22. The method of claim 19, further comprising forming

an offset spacer on said sidewalls of said gate electrode,
forming drain and source extension regions on the basis of
said offset spacer.

23. The method of claim 22, wherein said drain and

source extension regions are formed prior to forming said
recess.

24. The method of claim 19, further comprising:

forming a second recess adjacent to a gate electrode of a
second field effect transistor, said gate electrode of said
second field effect transistor located above said semi-
conductor layer and having formed on sidewalls thereof
a sidewall spacer;

forming a drain region and a source region adjacent to
said sidewall spacer of said second field effect transis-
tor; and

forming a second dielectric stressed layer above said
second field effect transistor, said second dielectric
stressed layer being formed in said second recess such
that a bottom surface of said second dielectric stressed
layer extends below a bottom surface of a gate insula-
tion layer located between said gate electrode of said
second field effect transistor and said semiconductor
layer, said second dielectric stressed layer having a
different type of intrinsic stress compared to said first
dielectric stressed layer.

#* #* #* #* #*
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