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Teh, Sin Wanner BACKGROUND OF THE INVENTION Field of the Invention [001]
The present invention is directed into the field of semiconductor
fabrication and integrated circuits, hi one aspect, the present invention
relates to complementary metal oxide semiconductor (CMOS) field effect
transistors (FETs) fabricated 10with strained semiconductor channel
regions. Description of the Related Art        [0021 CMOS devices, such as
NMOS or PMOS transistors, have conventionally been fabricated on
semiconductor wafers with a surface crystallographic orientation of (100),
and its equivalent orientations, e.g., (010), (001), (00-1). The devices
may be fabricated with 15a <100> crystal channel orientation (i.e., on 45
degree rotated wafer or substrate). The channel defines the dominant
direction of electric current flow through the device, and the mobility of
the carriers generating the current determines the drive performance of the
devices. While it is possible to improve carder mobility by intentionally
stressing the channels of NMOS and/or PMOS transistors, it is difficult to
simultaneously improve the 20carrier mobility for both types of devices
formed on a uniformly-strained substrate because PMOS carrier mobility and
NMOS carrier mobility are optimized under different types of stress. For
example, those skilled in the art have discovered that electron mobility
for NMOS devices having <1.00> oriented channels may he improved by
intentionally implementing a tensile stress in NMOS transistor channels to
improve carrier mobility, but PMOS devices are 25insensitive to any
uniaxial stress in the channel direction, Some CMOS device fabrication 



processes have addressed the different requirements by fabricating
different stress layers for the NMOS and PMOS devices, but this adds
processing complexity to the fabrication, especially where separate masking
is required for formation of the NMOS and FMOS devices. Moreover, the
selection of stress conditions for each. type of device is complicated 30by
the fact that stress conditions that optimize carrier mobility may
negatively impact other device characteristics, such as threshold voltage,
thereby.         [3] To avoid processing complexity, other CMOS de
\fabrication processed have applied a single tensile contact etch stop
layer over both NMOS and PMOS devices fabricated on substrates with <100>
channel orientation. While this approach improves the NMOS device mobility,
it provides relatively little strain enhancement for the PMOS devices,  5
and does not provide a mechanism for addressing channel delectivity or
interface trap density (DIT) in the PMOS devices. This approach can also
result in the fomnition of voids when the tensile contact etch stop layer
is deposited over the closely spaced transistor structures. This is shown
in Figure 1 which illustrates a partial cross-sectional view of a
semiconductor wafer structure 100 in which a single tensile contact etch
stop layer 105 is formed over a plurality 10losely-spaced transistor
structures (including gates 102, spacers 103 and source/drain regions 104
formed in the substrate 101), where the reduced spacing between transistor
structures (due in part to the relatively wide spacers 103) causes voids
106 to be formed in the tensile contact etch stop layer 105.        [4]
Accordingly, there is a need for improved semiconductor processes and
15devices to overcome the problems in the art, such as outlined above.
Further limitations and disadvantages of conventional processes and
technologies will become apparent to one of skill in the art after
reviewing the remainder of the present application with reference to the
drawings and detailed description which follow. BRIEF DESCRIPTION OF THE
DRAWINGS  20[005] The present invention may be understood, and its numerous
objects, features and advantages obtained, when the following detailed
description is considered in conjunction with the following drawings, in
which;        [6] Figure 1 illustrates a partial cross-sectional view of a
semiconductor wafer stn.tcture in which voids are formed in the tensile
contact etch stop layer; 



25[007] Figure 2 is a partial cross-sectional view of a semiconductor wafer
structure including a semiconductor layer having isolated NMOS and PMOS
device areas;        [5] Figure 3 illustrates processing subsequent to
Figure 2 after NMOS and PMOS FET devices are formed in the NMOS and PMOS
areas;            [009] Figure 4 illustrates processing subsequent to
Figure 3 after the implant spacers 30 are removed from the NMOS and PMOS
gates;          [010] Figure 5 illustrates processing subsequent to Figure
4 after a first tensile stress contact etch stop layer is formed over the
NMOS and PMOS FE'T devices in accordance with one or more first example
embodiments;         [Oil: Figure 6 illustrates processing subsequent to
Fitrure 5 after the first tensile stress contact etch stop layer is etched
to Mort tensile spacers on the sidewalk of the NMOS and PMOS gates; [012]
Figure? illustrates processing subsequent to Figure 6 after a voidless
neutral or compressive stress contact etch stop layer is formed over the
NMOS and PMOS FET devices;  0[013] Figure 8 illustrates processing
subsequent to Figure 4 after a first neutral or compressive stress contact
etch stop layer is &armed over the NMOS and PMOS FET devices in accordance
with one or more second example embodiments;           [014] Figure 9
illustrates processing subsequent to Figure 8 after the first neutral or
compressive stress contact etch stop layer is etched to form neutral or
compressive spacers on 15the sidewalls of the NMOS and PMOS gates; and
RH 5] Figure 10 illustrates processing subsequent to Figure 9 after a
voiciless tensile stress contact etch stop layer is framed over the NMOS
and .PMOS FET devices;        [016] it will be appreciated that for
simplicity and clarity of illustration, elements illustrated in the
drawings have not necessarily been drawn to scale. For example, the
20dimensions of some of the elements are exaggerated relative to other
elements for purposes of promoting and improving clarity and understanding.
Further, where considered appropriate, reference numerals have been
repeated among the drawings to represent corresponding or analogous
elements, 



DETAILED  DESCRIPTION  15[017] A semiconductor fabrication process and
resulting integrated circuit are described for m.anufUeturing high
per:ion-mince CMOS transistor devices on a semiconductor wafer substrate
having a common channel orientation for both PMOS and NMOS devices formed
on silicon substrate having a<i00> channel orientation (i.e., on 45 degree
rotated wafer or substrate). By using a single or common voidless stressing
structure for both PMOS 30and NMOS devices, the channel stress conditions
of the NMOS and FMCS devices in a semiconductor wafer are selectively
controlled to produce an integrated circuit having stress conditions that
are favorable for both NMOS and PMOS devices with reduced interface trap
density in the P IOS devices. In selected embodiments, the voidless
stressing structure is ibmied on both the NMOS and ['MOS devices by first
removing the implant spacer from the NMOS and PMOS transistor devices, and
then forming tensile sidewall spacers on the NMOS and PMOS transistor
devices. Ibilowed by formation of a neutral or compressive 3stress contact
etch stop layer over the NMOS and PMOS transistor devices. The tensile
sidewall spacers are sized to prevent voiding from occurring when the
subsequent neutral or compressive stress contact etch stop layer is
deposited, while at the same time providing tensile strain for the NIMOS
channel regions, In addition, the thickness oldie neutral or compressive
stress contact etch stop layer is controlled to prevent the formation of
voids, 10while at the same tune providing a source of hydrogen that
improves the interface trap density (Dm to reduce channel defectivity in
the PMOS devices. in other embodiments, the voidless stressing structure is
formed on both the NMOS and PMOS devices by first removing the implant
spacer from the NIVIOS and PMOS transistor devices, and then lb rig neutral
or compressive sidewall spacers on the NA/Fos and PNIOS transistor devices,
followed by formation of a tensile stress contact etch stop layer over the
NiVIOS and PMOS transistor devices. The neutral or compressive sidewall
spacers are sized to prevent voiding From occurring when the subsequent
tensile stress contact etch. stop layer is deposited and to provide a
source of hydrogen that improves the interface trap density (D1T) in the
PMOS devices. In addition, the thickness of the tensile stress contact etch
stop layer is controlled to 20prevent the formation of voids, while at the
same time providing tensile strain for the NMOS channel regions. By using
the same integration flow and etch stop layer stressor structures for both
NMOS and PMOS transistor devices, there is no need for separate masking,
etching and treatments steps for the NMOS and PMOS areas. [018] Various
illustrative embodiments of the present invention will ow be 



25described in detail with reference to the accompanying figures. While
various details are set forth in the following description, it will be
appreciated that the present invention may be practiced without these
specific details, and that numerous implementation-specific decisions may
be made to the invention described herein to achieve the device designer's
specific goals, such as compliance with process technology or
design-related constraints, which will 30vary from one implementation to
another. While such a development effort might be complex and
time-consuming, it would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure. For
example, selected aspects  are depicted with reference to simplified cross
sectional drawings of a semiconductor device that are not necessarily drawn
to scale and that do not include every device feature or geometry in order
to avoid limiting or obscuring the present invention, Such descriptions and
representations are used by those skilled in the art to describe and convey
the substance of their work to others skilled in the art. In addition,
although specific example materials are described herein, those skilled in
the art will recognize that other materials with similar properties can be
substituted without loss of function, It is also noted that, throughout
this detailed description, certain materials will be formed and removed to
fabricate the semiconductor suucture. Where the specific procedures for
thrilling or removing such 10materials are not detailed below, conventional
techniques to one skilled in the art for growing, depositing,. renttoyinn
or otherwise fanning such layers at appropriate thicknesses shall be
intended. Such details are well known and not considered necessary to teach
one skilled in the art of how to make or use the present invention. [019]
Referring now to Figure 2, there is shown a. partial cross-sectional view
of a ssemiconductor wafer structure 1. The structure I includes a
semiconductor laver 12 formed on or as part of a semiconductor substrate 10
that has a first crystallographic orientation. Also illustrated is a
shallow trench isolation 14 that divides the layer 12 into separate
regions. Depending on the type of transistor device being febricated, the
semiconductor layer 10, 12 may be implemented as a bulk silicon substrate,
single crystalline silicon (doped or undoped), ao501 substrate, or any
semiconductor material including, for example, Si, StC, SiGe, SiGeC, 



Cie, GaAs, InAs, InP, as well as other MR/ or II/VI compound semiconductors
or any combination thereof, and may optionally be formed as the bulk
handling wafer. The semiconductor layer 10, 12 has a channel
crystallographic orientation of <100>, Although not shown, the materials of
layer 12 for NMOS 96 and PMOS 97 may be different. And for any FET. type
(NMOS or NAOS), the layer 12 may consist of multiple stacks of materials,
Of note is that although buck type of substrate is shown here for the
description of the invention, the invention is not limited to any specific
substrate type. For example, the starting substrate fin' the invention can
be of semiconductor-on-insulator (SOO type having a buried insulator layer
under a top laver of semiconductor. 30[020] The isolation regions or
stictures 14 are tented to electrically isolate the NMOS device area(s) 96
from the PMOS device area(s) 97. Isolation structures 14 define lateral
boundaries of an active region or transistor region 96, 97 in active layer
2, and may  be formed using any desired technique, such as selectively
etching an opening in the second semiconductor layer 12 using a patterned
mask or photoresist layer (net shown), depositing a dielectric layer (e.g.,
oxide to fill the opening, and then polishing the deposited dielectric
layer until pianarized with the remaining second semiconductor layer L2.
Any remaining unetched portions of the patterned mask or photoresist
layerfs) are stripped.       [021] Figure 3 illustrates processing of a
semiconductor water structure 2 subsequent to Figure 2 Mier NtylOS
transistor(s) 24 and PMOS transistor(s) 34 are formed in the NMOS and PMOS
areas 96, 97, respectively. As illustrated, NMOS transistor 24 includes one
or more gate dielectric layers 25, a conductive gate electrode 26 overlying
the 10gate dielectric 25, sidewall implant spacers 28 formed from one or
more dielectric layers on the sidewalls of gate electrode 26, and
source/drain regions 27, 29 formed in the NMOS active layer 12, In similar
fashion, PMOS transistor 34 includes one or more gate dielectric layers 35,
a conductive gate electrode 36 overlying the gate dielectric 35, sidcwall
implant spacers 38 formed from one or more dielectric layers on the
sidewalls of gate electrode 36, 15and source/drain regions 37, 39 formed in
the PMOS active layer 12. Gate dielectric layer(s) 25, 35 may be formed by
depositing or growing an insulator or high-k dielectric (e.g., silicon
dioxide, oxyrtitride, metal-oxide, nitride, etc.) over the NNYIOS and PMOS
substrate layers 12 using chemical vapor deposition (CVO), plasma-enhanced
chemical vapor deposition (PECVD), physical vapor deposition (PVD), atomic
layer deposition (ALD), thermal 20oxidation, or any combination(s) of the
above to a predetermined final thickness in the range of 0.1-10 nanometers,
thougji other thicknesses may he used. Conductive gate electrodes 26, 36
may be a heavily doped 014-) polysilicon gate electrode, a metal gate
electrode, or a combination thereof that is formed using any desired
deposition or sputtering process, such as CVD, PECVD, PVD"ALD, molecular
beam deposition (MBE)) or any combination(s) 25thereof to a predetermined
Final thickness in the range of IA 00 nanom.eters, though other 



thicknesses may be used. Sidewail implant spacers 28, 38 may be formed from
an offset or spacer liner layer (e.g., a deposited or grown silicon oxide),
alone or in combination with an extension spacer forined by depositing and
anisotropically etching a layer of dielectric, Subsequent to forming at
least the gate electrodes 26, lightly doped extension regions 27 may 30 he
formed by selectively masking the PMOS areas 97 to expose NMOS implant
regions (not shown) and implanting n-type impurities into the exposed
substrate layer 12, using the gate electrode(s) 26, alone or with an
offset/spacer liner layer, as a implant mask to protect the  NMOS channel
from implantatiom in addition or in the alternative, heavily doped
source/drain regions 29 may be formed by selectively masking the PMOS area
97 to expose NMOS implant regions (not shown) and implanting n-type
impurities into the exposed substrate layer 12, using the gate electrode(s)
26, alone or with an offset or spacer liner layer and/or implant spacer 28,
as a implant mask to protect the NMOS channel from implantation. In similar
fashion, the extension regions 37 and/or source/drain region 39 in the
PiviOS area 97 may be formed by impiantin.g p-type impurities into the
exposed substrate layer 12 in the PMOS area 97. Though not shown, it will
be appreciated, that the NMOS and PMOS transistors may include suicide
layers in the source/drain regions and gate electrodes. As 10described
herein, any desired fabrication techniques may be used to grow, deposit,
pattern, remove, etch or otherwise forming the various transistor device
features.       [022] Referring now to Figure 4, there is illustrated the
processing of the semiconductor wafer structure 3 subsequent to Figure 3
after the implant spacers 28, 38 are removed from. the NMOS and PMOS gates
26, 36, thereby exposing the gate sidewalk,. As 15will he appreciated, any
desired selective etch technique may be used to remove the implant spacers
28, 38. For example, if the sidc.-wall implant spacers 28, 38 are thrilled
with silicon nitride, an oxide liner layer (not shown) may be grown over
the semiconductor wafer structure 3 to protect the exposed substrate layer
12 and gates 26, 36, and then a etch chemistry or process may be applied
that is selective to oxide so that only the nitride spacers 2028,38 are
removed from the sidewalls of the T\TMOS and PMOS gates 26, 36, The removal
of the implant spacers 28, 38 serves the purpose of increasing the spacing
between adjacent NMOS (or ?MOS) transistor structures (not shown), where
the presence of the relatively wide implant spacers with conventional
processes caused voids to occur in the subsequently-- I:Rifled stress
contact etch stop layers. 25[023] Figure 5 illustrates processing of the
semiconductor wafer structure 4 subsequent to Figure 4 after a first
tensile stress contact etch stop layer 51 is formed over the NMOS and PMOS
transistors 24, 34 in accordance with one or more first example
embodiments, in selected embodiments, the tensile contact etch stop layer
51 is formed by depositing silicon nitride using a plasma-enhanced. CND
technique to a thickness in the range 



30 of 400-1000 Angstroms, and more particularly approximately 600
Angstroms, though other materials and/or thicknesses may be used. For a
silicon nitride layer, typically the Si--N to Si--1-1 bonding influences
whether there is stress and/or the stress type (tensile or  compressive).
Though not shown, a silicon oxide liner in the thickness range o120-I50
Angstroms may be deposited prior to the deposition of etch stop layer 51
for the purpose of better controlling of subsequent etch process.
[0241 Figure 6 illustrates processing of the semiconductor wafer structure
5 subsequent to Figure 5 after the first tensile stress contact etch stop
layer 51 is etched to farm tensile sidewall spacers 62 on the sidewalls of
the NMOS and PMOS gates 26, 36. As will be appreciated, any desired
anisotropie or selectively directional etch technique may he used to form
the tensile spacers 62, including a dry etching process such as
reactive-ion etching, ion beam etching, plasma etching or laser etching or
the like. The etch process is controlled to 10limb tensile spacers 62 to
have a controlled width having thickness in the range of 150-400 Angsttoms,
though other thicknesses may be used. As shown in Figure 6, the tensile
spacers 62 may be wider than the width of the previously-formed implant
spacers 28, 29, provided that the thickness of the second etch stop layer
(described below) is controlled to prevent voids being formed therein. As
will be appreciated, as the thickness of the tensile sidewall 15spacers 62
increases, the tensile stressing also increases.        [25] In the
embodiments depicted in Figures 5 and 6, the deposition conditions (e.g.,
deposition rate, pressure, UV curing, and other factors known in the art)
are controlled in such a way that there is tensile stress created within
the first ESL layer 5 I and in between the tensile spacers 62 and the
underlying NMOS and PMOS channel regions. In selected 20 embodiments, the
first tensile stress contact etch stop layer 51 has a tensile stress of not
less than approximately 0.3 GPa in magnitude. The tensile stress provided
by the tensile spacers 62 in the presence of the NMOS channel regions
improves the carrier mobility tor the NMOS transistors 24.        [26]
Figure 7 illustrates processing o[ the semiconductor wafer structure 5
subsequent to Figure 6 after a second, voiiiless contact etch stop layer 72
is formed over the NN4OS and PMOS transistors 24, 34 and tensile sidewall
spacers 62. In selected embodiments, the second contact etch stop layer 72
is a relatively thin neutral of compressive layer formed by depositing
silicon nitride using a plasma-enhanced CAM technique to a thickness in the
range of 50-300 Angstroms, and more particularly approximately 200
30Angstroms, though other materials and/or thicknesses may be used. By
controlling the thickness of the second contact etch stop layer 72 to be
relatively thin (e.g., less than 300 Angstroms), voids are not formed when
the second contact etch stop layer 72 is deposited,  even over closely
spaced transistor structures, in the embodiments depicted in Figure 7 where
the stress layer 72 is formed, the deposition conditions (e,g., deposition
rate, pressure, UV curing, and other factors known in the art) and film
thickness arc controlled in such a way that there is no stress or very
small stress, or no more than 600 MPa of compressive stress created within
the ESL layer 72 and in between the layer 72 and the underlying NMOS and
PMOS channel regions. Whether formed as a neutral or compressive layer, the
composition of layer 72 is controlled to have relatively higher hydrogen
content. For example, the hydrogen atomic percentage in layer 72 is at
least 6%. Though not shown in the -figures, it will he appreciated, that a
thicker dielectric may be formed (e,g., deposited) over 



10the stress contact etch stop layer to a predetermined thickness (e.g.,
approximately 3500 Angstroms).       [027] At the point in the fabrication
process shown in Figure 7, the tensile sidewall spacers 62 are formed on
the gate sidewalis of both the NNIOS and PMOS transistors 24, 34, and
provides tensile stressing for the NMOS channel regions, thereby enhancing
mobility in I 5 the NMOS transistors 24. in addition, the second,
relatively thin, voidiess contact etch stop layer 72 is foimed over both
the NMOS and PMOS transistors 24, :34, and acts as a source of hydrogen
that helps recover the gate oxide integrity in the PMOS devices, thereby
providing PMOS DIT improvement, In particular, the compressive or neutral
contact etch stop layer 72 provides to enable hydrogen-assisted interface
trap passivation by introducing hydrogen 70which passivates surface
dangling bonds of the channel semiconductor.       [428] In accordance with
other embodiments, the performance of NMOS and. PMOS transistors may be
improved by using a single or common yoidless stressing structure for both
PMOS and MVOS devices which is formed by first removing the implant spacer
from the NMOS and PMOS transistor devices, and then forming neutral or
compressive sidewall spacers on the NMOS and PMOS transistor devices,
ft-glowed by formation of a tensile stress contact etch stop layer over the
NMOS and PMOS transistor devices. For example, Figure 8 illustrates
processing of the semiconductor wafer structure 7 subsequent to Figure 4
after a first neutral or compressive stress contact etch stop layer 82 is
formed over the NMOS and PMOS transistors 24, 34 in accordance with one or
more second example embodiments, In 30 selected embodiments, the first
contact etch stop layer 82 is a relatively thin neutral or compressive
layer formed by depositing silicon nitride using a plasma-enhanced CVO
technique to a thickness in the range of 100400 Angstroms, and more
particularly  approxirnateft 200 Angstroms, though other ma'or thicknesses
may be used. The composition of layer 82 is controlled to have relatively
higher hydrogen content. For example, the hydrogen atomic percentage in
layer 82 is higher than 6%. A silicon oxide liner in the thickness range of
20-150 Angstroms (not shown) may he deposited prior to the deposition of
etch stop layer 82 for the purpose of better controlling of subsequent etch
process. 10291 Figure 9 illustrates processing of the semiconductor wafer
structure 8 subsequent to Figure 8 after the first neutral or compressive
stress contact etch stop layer 82 is etched to form sidewall spacers 92 on
the sidewans of the NMOS and PIN/10S gates 26, 36. 10As will be
appreciated, any desired anisetropic or selectively directional etch
technique may be used to form the sidewall spacers 92, including a dry
etching process such as reactive-ion etching, ion beam etching, plasma
etching or laser etching or the like. The etch process is 



controlled to form sidewall spacers 92 to have a controlled width in the
range of 50-200 Angstroms, and more particularly approximately 150
Angstroms, though other thicknesses 15may be used. As shown in Figure 9,
the sidewall spacers 92 may be narrower than the width of the
previously-formed implant spacers 28, 29, provided that the thickness of
the second etch stop layer (described below) is controlled to prevent voids
being formed therein. In particular, by controlling the width of the
sidcwall spacers 92 to he relatively thin (e.g., approximately 150
Angstroms or less), the thickness of the second etch stop layer can be
20increased without forming voids therein. [030j En the embodiments
depicted in Pi,and 9, the deposition conditions and the Final spacer 92
size are controlled in such a way that there is no stress, or no more than
600141Pa oistress created within the ESL layer sidcwall spacers 92 and the
underlying MVOS and PllvIOS channel regions. Whether formed with a
compressive or neutral stress material, the sidewall spacers 92 provide a
hydrogen source that enables hydrogen-assisted intertisce trap passivation
for the gate oxide in the PMOS devices.       [031] Figure 10 illustrates
processing of the semiconductor wafer structure 9 subsequent to Figure 9
after a second, voidless stress contact etch stop layer 94 is formed over
the NMOS and PMOS transistors 24, 34 and sidewall spacers 92. In selected
30 embodiments, the second contact etch stop layer 94 is a tensile layer
formed by depositing silicon nitride using a plasma-erthaneed CVD technique
to a thickness in the range of 400- 1000 Angstroms, and more particularly
approximately 600 Angstroms, though other   materials and/or thicknesses
may be used. By controlling the thickness of the second contact etch stop
layer 94 and forming the layer 94 on the relatively thin sidewall spacers
92 (c.a., approximately 150 Angstroms), voids are not formed when the
second contact etch stop layer 94 is deposited, even over closely spaced
transistor structures. In the embodiments depicted in Figure 10 where the
layer 94 is formed as a tensile stress layer, the deposition conditions are
controlled so that the second. tensile stress contact etch stop layer 94
has a tensile stress of not less than approximately 0,6 GP- in magnitude.
In an even more particular embodiment, first. ESL layer 51 has a tensile
stress in a range of approximately 0.6 to approximately 3.0 GPa in
magnitude, and more particularly 1.2 GPa. The tensile stress provided by
the tensile 10layer 94 In the presence of the NMOS channel regions improves
the carrier mobility Mr the NMOS transistors 24. Though not shown in the
figures, it will he appreciated, that a thicker dielectric may be formed
(e.g,, deposited) over the stress contact etch stop layer to a
predetermined thickness (e.g., approximately 3500 Angstroms).        [32]
At the point in the tiabrication process shown in Figure 10, the neutral or
15compressive sidewall spacers 92 are formed over both the NMOS and PMOS
transistors 24, 



34, and act as a source of hydrogen that helps recover the gate oxide
integrity in the PNIOS devices, thereby providing PMOS BIT improvement. In
addition, the second, voidiess tensile contact etch stop layer 94 is lbrmed
over both the NMOS and NAGS transistors 24, 34, and provides tensile
stressing for the NMO. S channel regions, thereby enhancing mobility in the
NMOS transistors 24. As a result, the PMOS transistor device 34 is formed
over a semiconductor layer 12 having a <100> channel orientation, has a
gate electrode 36 with neutral or compressive sidewalt spacers 92 that act
as a hydrogen source for the gate oxide, and is covered with a tensile
stress contact etch stop layer 94, while the NMOS transistor 24 is formed
over a semiconductor layer 12 having a <100> channel orientation, has a
gate 25 electrode 26 with neutral or compressive sidewall -s 92, and is
covered with a tensile stress contact etch stop layer 94 which causes the
NMOS active region to exhibit uniaxial tensile stress.        [33] After
forming the second contact etch stop layer 72, 94, the semiconductor wafer
structure is completed into a functioning device. Examples of different
processing 30steps which may be used to complete the fabrication of the
depicted gate electrode structures into functioning transistors include,
but are not limited to, one or more sacrificial oxide formation, stripping,
extension implant, halo implant, spacer formation, source/drain implant,
source/drain anneal, contact area silicidation, and polishing steps. In
addition, conventional backend processing (not depicted) typically
including multiple levels of interconnect is then required to connect the
transistors in a desired manner to achieve the desired functionality. Thus,
the specific sequence of steps used to complete the fabrication of the gate
transistors 24, 34 may vary, depending on the process and/or design
requirements,       [034] By now, it should he appreciated that there has
been provided herein a CNIOS semiconductor fabrication process. As
disclosed, a first semiconductor layer (c.a., silicon) is formed having a
<100> channel orientation, and NMOS and PMOS gate structures, which may
include a high-k dielectric and a metal gate electrode, are formed over the
first 10semiconductor layer to define NMOS and PMOS transistor channel
regions. Each of the NMOS and PMOS gate structures has exposed gate
sidewalls that 3Thly be formed by selectively etching implant spacers from
the sidewalk of the NMOS and NAOS gate structures that were used to form
source/drain regions below the NMOS and PMOS gate structures. A first
contact etch stop layer is deposited over the NMOS and PMOS gate
15structures, and then sidewall spacers are formed on or adjacent to the
exposed gate sidewalk of the NMOS and RMOS gate structures From the first
contact etch stop layer. The sidcwall spacers may he formed by
anisotropicaily etching the first contact etch stop layer to form tensile
sidewall spacers that stress a channel region formed below the NMOS gate
structure. Where the tensile sidewall spacers have a width that is
controlled to eliminate the formation 20of voids when the second contact
etch stop layer is deposited. Alternatively, the sidewall spacers may he
Conned by anisotropically etching the first contact etch stop layer to form
neutral or compressive sidewall spacers that introduce hydrogen to
passivate surface dangling bonds of the channel semiconductor in a gate
dielectric layer in the PMOS gate structure, where the neutral or
compressive sidewall spacers have a width that is controlled to eliminate 



25the formation of voids when the second contact etch stop layer is
deposited. Thereafter, a second contact etch stop laver is deposited over
the NNIOS and PNIOS gate structures and the sidewall spacers. As formed,
one of the first or second contact etch. stop layers is a tensile material
and the other of the first or second contact etch stop layers is a
compressive or neutral material that acts as a hydrogen source for a gate
dielectric layer in the PMOS gate 30structures. Thus, when the first etch
stop layer is a tensile layer, the second contact etch stop is a neutral or
compressive contact etch stop layer, and when the first etch stop layer is
a neutral or compressive layer, the second contact etch stop is a tensile
contact etch step layer.         [035] in another form, there is provided a
CMOS fabrication process fur fanning a semiconductor integrated circuit. As
disclosed, a first semiconductor layer is folioed that has a <100> channet
orientation, and then PMOS and NMOS gate structures arc formed over the
first semiconductor layer to include implant spacers on the sidewalls of
the PMOS and NMOS gate stuctures. En selected embodiments, the PMOS and
NMOS gate structures are formed by Conning metal gate electrodes over a
high-lc dielectric layer on the first semiconductor layer, and then forming
implant spacers on the sidewalk of each metal gate electrode that are used
to implant source/drain regions in the first semiconductor layer. Mier
removing the implant spacers from the sidewalk of the PMOS and NMOS gate
structures, 10sidewalt spacers are formed on or adjacent to the sidewalls
of the PMOS and NMOS gate structures, and then an etch stop layer is formed
over the sidewall spacers and the MOS and NMOS gate structures, where one
of the sidewall spacers or the etch stop layer is formed with a tensile
material and the other of the sidewall spacers or the etch stop layer is
formed with a hydrogen-rich material. For example, the sidewall spacers may
he tbnned by 15depositing a tensile silicon nitride layer over the NMOS and
PMOS gate structures, and then anisotropically etching the tensile silicon
nitride layer to form tensile sidewall spacers that stress a channel region
formed below each NMOS gate structure, where the tensile sidewall spacers
have a width (e)g., approximately 150-400 Angstroms) that is controlled to
eliminate the formation of voids when an etch stop layer is subsequently
formed, such as by depositing 20a layer of silicon nitride having an atomic
percentage of at least six percent hydrogen over the sidewall spacers and
the PMOS and NMOS gate structures. Alternatively, the sidewall spacers may
he formed by depositing a hydrogen-rich silicon nitride layer over the NMOS
and PMOS gate strictures, and then anisotropically etching the
hydrogen-rich silicon nitride layer to form sidewall spacers that act as a
hydrogen source, where the sidewall spacers have 25a. width (c.g,,
approximately 50-200 Angstroms) that is controlled to eliminate the
formation of voids when the etch stop layer is subsequently formed, such as
by depositing a tensile silicon nitride layer over the sidewall spacers and
the P1410S and NMOS gate structures. 



[036. in yet another form, there is provided a semiconductor device and
method for fabricating same, where the semiconductor device includes PMOS
and NMOS gate structures 30overlying a semiconductor substrate having a
<100> channel orientation, where first spacer structures are formed on or
adjacent. to sidewalk of the PMOS and NMOS gate structures rater
sourceldrain. implantation. The semiconductor device also includes a
contact etch stop  layer formed over the first spacer structures and the
PNIOS and NMOS gate structures. As formed, either the first spacer
structures or the contact etch stop layer is formed with a tensile material
that stresses channel regions formed below the NMOS gate structures, and
the other of the first spacer structures or the contact etch stop layer is
tbrmed with a hydrogen-rich material that introduces hydrogen to passivate
surface dangling bonds of the channel semiconductor In the PMOS gate
structures. In addition, the first spacer structures have a       hat is
controlled to eliminate the formation of voids when the contact etch. stop
layer is formed.        [37] Although th.e described exemplary embodiments
disclosed herein are directed 10to various semiconductor device structures
and methods for making same, the present invention is not necessarily
limited to the example embodiments which illustrate inventive aspects of
the present invention that are applicable to a wide variety of
semiconductor processes and/or devices. Thus, the particular embodiments
disclosed above are illustrative only and should not he taken. as
limitations upon the present invention, as the invention may 15 he modified
and practiced in. different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein. Accordingly,
the tbregoing description is not intended to limit the invention to the
particular form set forth, but on the contrary, is intended to cover such
alternatives, modifications and equivalents as may he included within the
spirit and scope of the invention as defined by the appended claims so that
those skilled in the art 20should understand that they can make various
changes, substitutions and alterations without departing from the spirit
and scope of the invention in its broadest form.        [38] Benefits,
other advantages, and solutions to problems 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 23become 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 theieof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus that
comprises a list of elements does not include only those 



elements but may include other elements not expressly listed or inherent to
such process, 30method, article, or apparatus.  WHAT IS CLAIMED IS; A CMOS
semiconductor hdcstion process,-a: rising: providing a first semiconductor
layer; forming NMOS and. PivIOS gate structures overlying the first
semiconductor each of the NN4OS and PMOS gate structures having exposed
gate sidewallis;       depositing a first contact etch stop layer over the
NMOS and PMOS gate structures;       etching the first contact etch stop
layer to form sidewall spacers adjacent to the NMOS and ?MOS gate
structures;       depositing a second contact etch stop layer over the NMOS
and PMOS gate structures and the sidewall spacers;       where one of the
first or second contact etch stop layers is a tensile materiai and the
other of the first or second contact etch stop layers is a compressive or
neutral material that acts as a hydrogen source.              The process
of claim I, where fortning a first semiconductor layer comprises forming a
layer of silicon containing semiconductor with <100> channel orientation.
3. The process of claim 1, where forming NMOS and IIMOS gate structures
comprises selectively etching implant spacers from the sidewalk; of the
NMOS and PlVIOS gate structures, where the implant spacers were used to
form source/drain regions below the 20 NMOS and PMOS gate structures.
4. The process of claim 1, where depositingcontact etch stop layer 



comprises depositing a tensile contact etch stop layer over the NMOS and
PMOS gate stru.ctures.         5. The process of claim 4, whore depositing
the second contact etch step layer 25comprises depositing a neutral or
compressive contact etch stop layer over the NMOS and ['MOS gate structures
and the sidcwalt spacers.          6. The process ofclaim 1, where
depositing the first contact etch stop layer comprises depositing a neutral
or compressive contact etch stop layer over the NMOS and PMOS gate
structures.        7. The process of claim 7, where depositing the second
contact etch stop layer comprises depositing a tensile contact etch stop
layer over e NMOS and PMOS gate structures and the sidcwall spacers,
8. The process of claim 1, whereNMOS and PMOS gate structures each comprise
a high-k dielectric and a metal gate electrode.        9. The process of
claim I. where etching the first contact etch stop Layer to form 0sidewail
spacers comprises:        anisotropically etching the first contact etch
stop layer to form tensile sidewall paC rthat stress a channel region
formed below the NMOS gate structure, where the tensile sidewall spacers
have a width that is controlled to eliminate the formation of voids when
the second contact etch stop layer is deposited. 1510.The process of claim
1, where etching the first contact etch stop layer to firm sidewall spacers
comprises: anisotropically etching the first contact etch stop layer to
form neutral or compressive spacers that introduce hydrogen to passivate
surface dangling bonds in a channel semiconductor below the PMOS gate
structure, where the neutral or compressive sidewall 



70spacers have a width that is controlled to eliminate the formation of
voids when die second contact etch stop layer is deposited. 11.A CMOS
fabrication process for forming a semiconductor ntegrated circuit,
comprising: providing a first semiconductor layer having a <100> channel
orientation; forming. PMOS and NiMOS gate structures over the first
semiconductor layer, where the PMOS and NMOS gate structures comprise
implant spacers formed on sidewalls of the PIMOS and NMOS gate structures;
removing the implant spacers from thesidewalk of the PMOS and NMOS gate
structures; forming sidewall spacers adjacent to the PMOS and NMOS gate
structures; wxf       forming an etch stop layer over the sidewall spacers
and the PMOS and NMOS gate structures;       where one of the sidewall
spacers or the etch stop layer is former with a tensile material and the
other of the sidewall spacers or the etch stop River is formed with a
hydrogen-rich material 1012.'The CMOS fabrication process of claim 11,
where forming PMOS and NMOS gate structures comprises:       forming a
plurality of metal gate electrodes over a highk containing dielectric layer
that is formed on the first semiconductor layer; and 



forming implant spacers an the sidewalk of each metal gate electrode that
are used to implant source/drain regions in the first semiconductor layer.
13. The CMOS fabrication process of claim 11, where fOrming sidewall
spacers comprises: depositingtensile silicon nitride layer over the NMOS
and PMOS gate structures; and 20anisotropically etching the first tensile
silicon nitride layer to form tensile sidewall spacers that stress a
channel region formed below each NMOS gate structure, where the tensile
sidewall spacers have a width that is controlled to eliminate the formation
of voids when the etch stop layer is formed.         14. The CMOS
fabrication process of claim 13, where forming an etch stop layer comprises
depositing a layer of silicon nitride having an atomic percentage of at
least six percent hydrogen,  15,The CMOS fabrication process of claim 11,
where fhrming sidewall spacers comprises fir ring tensile sidewall spacers
having a controlled with with a thickness in the range of approximately
150-400 Angstroms, The CMOS fabrication process of claimli, where forming
sidewall spacers comprises:       depositing a hydrogen-rich silicon
nitride layer over the NMOS and PMOS gate structures; and
anisotronicailv etching the hydrogen-rich silicon nitride layer to form
sidewall spacers that act as a hydrogen source, where the sidowall spacers
have a width that is controlled to eliminate the formation of voids when
the etch stop layer is fotmed. 



17.The CMOS fabrication process of claim 16, where forming an etch stop
layer comprises depositing a tensile silicon nitride layer over the
sidewall spacers and the PMOS and NMOS gate structures. 18, The CMOS
fabrication process of claim Ii, where Coming sidewali spacers 15comprises
forming hydrogen-rich sidewall spacers having a controlled width with a
thickness in the range of approximately 50-200 Angstroms, 19, A
semiconductor device comprising: a semiconductor substrate having a <100>
channel orientation; PMOS and NMOS gate structures overlying the silicon
substrate; 20first spacer structures formed adjacent to the ?MOS and NMOS
gate structures after source/drain implantation; and a contact etch stop
layer formed over)3 and NMOS gate structures and the first spacer
structures; where either the first spacer structures or the contact etch
stop laye,r is formed with a 25tensile material that stresses channel
regions "Conned below the NMOS gate structures, and the other of the first
spacer structures or the contact etch stop layer is formed with a
hydrogen-rich material that introduces hydrogen to passivate dangling bonds
in channel semiconductor regions below the PMOS gate structures, 



20.The semiconductor device of claim 19, where the first spacer structures
have a width that is controlled to eliminate the formation of voids when
the contact etch stop layer is formed. 


