
1 REDUCED DEFECTIVITY IN CONTACTS OF A SEMICONDUCTOR DEVICE COMPRISING
REPLACEMENT GATE ELECTRODE STRUCTURES BY USING AN INTERMEDIATE CAP LAYER
FIELD OF THE PRESENT DISCLOSURE The present disclosure generally relates to
the field of fabricating integrated circuits, and more particularly relates
to complex integrated circuits that comprise metal gate electrode
structures formed according to a replacement gate approach. DESCRIPTION OF
THE RELATED ART 



In modern integrated circuits, a very high number of individual circuit
elements, such as field effect transistors, resistors, capacitors, and the
like are formed on a single chip area. Typically, feature sizes of these
circuit elements are steadily decreased with the introduction of every new
circuit generation, to provide currently available integrated circuits with
a high performance in terms of speed and/or power consumption. A reduction
of the size of transistors is an important aspect in steadily improving
device performance of complex integrated circuits, such as CPUs. The
reduction in size commonly brings about an increased switching speed,
thereby enhancing signal processing performance. With the increasing
shrinkage of the features sizes of semiconductor-based circuit elements
such as transistors, thereby significantly increasing the overall
complexity the manufacturing processes, also the complexity of a wiring
system that establishes the electrical connection of the semiconductor
based circuit elements and of any other circuit elements has to be adapted
to the increasing number of circuit elements and the significantly
increased packing density. Consequently, typically in complex integrated
circuits, a  2 plurality of stacked wiring layers or metallization layers
are required, in which metal lines and vias commonly establish the
electrical connections as required by the circuit layout of the device
under consideration. Due to the overall reduced feature sizes, also the
dimensions of metal lines and vias have continuously been reduced, thereby
requiring new strategies and materials for the complex metallization
systems. For this reason, copper in combination with so-called low-k
dielectric materials are typically used in complex metallization systems
which, however, may be associated with significant problems in view of the
handling of copper in a semiconductor facility. It is well known that
copper readily diffuses in a plurality of materials, such as silicon
dioxide, silicon dioxide-based low-k dielectric materials and the like.
Copper when diffusing into sensitive device areas such as complex
transistor elements, however, may significantly alter the transistor
characteristics and may thus finally result in yield loss and reduced
reliability of complex semiconductor devices. Therefore, complex
manufacturing strategies have been developed in forming complex
metallization systems in which the copper material may typically be
provided in combination with appropriate conductive and dielectric barrier
materials in order to ensure an appropriate copper confinement. Although
generally copper may provide for superior electrical performance and for
improved electromigration behaviour compared to a plurality of other
materials, such as aluminium and the like, other conductive materials and
metals may typically be used so as to connect directly to the
semiconductor-based circuit elements in order to avoid the risk of copper
diffusion into these semiconductor devices. Moreover, the
semiconductor-based circuit elements, such as transistors and the like, may
typically require a certain degree of passivation, ie. a certain mechanical
and chemical resistivity, and thus the transistor structures are typically
embedded in an appropriate dielectric material which may comprise two or
more different material layers, depending on the overall device
requirements. The dielectric material for passivating the
semiconductor-based circuit elements, which will also be referred to herein
as an interlayer dielectric material, may thus represent an appropriate
interface between the  



3  actual semiconductor-based circuit elements and the complex
metallization system, which is frequently comprised of copper and
sophisticated low-k dielectric materials. In order to appropriately connect
the circuit elements to the metallization system, thus appropriate contact
elements have to be provided in the interlayer dielectric material so as to
provide in some cases a direct connection between several circuit elements
and also provide for a connection of contact areas of the circuit elements
with metal lines or generally metal regions in the very first metallization
layer of the metallization system. The combination of the passivating
dielectric material and the contact elements formed therein may also be
referred to as a contact structure or contact level of the semiconductor
device. Consequently, upon reducing the dimensions of the circuit elements
in the device level a corresponding adaptation of the critical dimensions
of the contact elements is required, thereby resulting in very complex
patterning regimes for forming the contact elements in the interlayer
dielectric material. That is, in densely packed device areas the critical
dimensions of the contact elements may be of the same order of magnitude as
the critical dimensions of the circuit elements, thereby also requiring
comparable critical dimensions in the very first metallization layer in
order to not unduly consume valuable chip area. The contact elements are
typically formed by first patterning the interlayer dielectric material
using sophisticated lithography and etch techniques and subsequently
filling the contact openings with an appropriate conductive material, such
as tungsten and the like, possibly in combination with conductive barrier
materials, if required. Hence, depending on the thickness of the interlayer
dielectric material, the contact openings have to be formed on the basis of
very critical process conditions since openings with a lateral dimension of
50 nm and less may have to be formed through an interlayer dielectric
material of 150 nm and more, depending on the overall device architecture.
After providing the contact openings with the desired critical dimensions,
a further critical process step is required, ie. the deposition of an
appropriate conductive material, which is to reliably fill the contact
openings without undue irregularities, such as voids within the contact
openings and the like, in order to obtain a low contact resistivity. In
this respect it should be  4 appreciated that in sophisticated applications
the overall signal processing capability may significantly depend on the
overall resistance in the device level and in the contact level, wherein in
extremely scaled semiconductor devices the contact resistivity may be the
dominant factor that determines the final electrical performance. After the
deposition of the contact material any excess portion thereof has to be
removed, which is typically accomplished on the basis of chemical
mechanical polishing (CMP) techniques in which appropriate process
parameters, such as downforce, relative speed of the polishing pad and the
substrate, and in particular the chemistry of the slurry material, is
appropriately selected so as to efficiently remove the excess material
without unduly causing damage in other device areas, such as the dielectric
material of the contact level and the like. During the removal process the
conductive material is removed from dielectric surface areas in order to
provide electrically insulated contact elements, thereby requiring a
certain degree of over- polishing time, which may depend on the overall
process uniformity. That is, the over-polish time has to be selected such
that the excess material is reliably removed in any device areas, such as
densely packed device areas or device areas of reduced packing density. In
this phase of the removal process it is important to avoid undue material
removal of the dielectric material, which may be accomplished by using a
highly selective slurry material, which may thus provide for a chemical
reaction with the conductive material without unduly affecting the
dielectric material. The continuous shrinkage of critical dimensions of
transistor elements has resulted in a minimum gate length of field effect
transistors of 40 nm and less. As is well-known, transistors of very short
channel length may require additional measures for preserving the
controllability of the channel region, which has typically been addressed
by reducing the thickness of a gate dielectric material, which separates
the gate electrode structure of the field effect transistor from the
underlying channel region. Thus, by reducing the thickness of the gate
dielectric material the capacitive coupling between the electrode and the
channel region may be increased, thereby enabling, in combination with very
complex dopant profiles for the drain and source  



5 regions, a proper control of the conductive channel, which forms in the
channel region upon application of an appropriate control voltage to the
gate electrode. Due to the many advantages in using silicon dioxide as a
base material for gate insulation layers formed on a silicon-based channel
region, silicon dioxide-based dielectric materials have widely been used as
a gate dielectric material. For a thickness of approximately 1.5 nm and
below, however, the corresponding gate leakage currents in sophisticated
transistors may reach values that are no longer acceptable for many types
of complex semiconductor devices. For this reason, new strategies have been
developed in which the drain and source regions may be provided in a
self-aligned manner, as is the case in well-established polysilicon/silicon
dioxide gate electrode structures, while nevertheless increasing the
effective thickness of the gate dielectric material while providing for an
oxide equivalent thickness 1.5 nm and less. To this end, so-called high-k
dielectric materials, ie. dielectric materials having a dielectric constant
of 10.0 and higher, may be incorporated into the gate insulation layer of
sophisticated transistors, thereby reducing the leakage currents while
nevertheless providing for the desired capacitive coupling. Moreover,
performance of the gate electrode structures may further be enhanced by
replacing the polysilicon material by a metal of superior conductivity,
thereby generally reducing the gate resistivity and also avoiding the
creation of a depletion zone in the vicinity of the gate dielectric
material, as is typically observed in polysilicon-based gate electrode
structures.  Providing a high-k dielectric material in combination with a
metal-containing electrode material in an early manufacturing stage may
result in significant difficulties, for instance for adjusting an
appropriate work function and preserving its value throughout the entire
process flow. Therefore, in very promising approaches, ie. so-called
replacement gate approaches, the gate electrode structures may be formed
with a high degree of compatibility with conventional polysilicon gate
electrodes, and the highly conductive electrode metal, possibly in
combination with any work function adjusting species and possibly together
with a high-k dielectric material, may be provided in a very  6 late
manufacturing stage, ie. after completing the basic transistor structure
and laterally embedding the gate electrode structure in the interlayer
dielectric material. In this manufacturing stage, an opening or trench may
be formed in the gate electrode structure by removing the polysilicon
material and any appropriate material system may be filled into the gate
opening. For example, highly conductive electrode metals, such as
aluminium, may frequently be used in order to obtain a desired low
resistivity of the high-k metal gate electrode structures. Thus, at a final
stage of this replacement gate approach, the electrode metal has to be
deposited and subsequently any excess portion thereof needs to be removed,
which may typically be accomplished on the basis of a CMP process. It turns
out, however, that in particular the final phase of the replacement gate
approach may result in significant defectivity and even device failures
upon forming contact elements, as will be explained in more detail with
reference to Figs 1a - 1f. Fig 1a schematically illustrates a
cross-sectional view of the semiconductor device 100 in an advanced
manufacturing stage. As illustrated, the device 100 comprises a substrate
101 and a semiconductor layer 102, such as a silicon-based semiconductor
material and the like. The semiconductor layer 102 and the substrate 101
may represent an SOI (silicon on insulator) architecture when a buried
insulating material (not shown) is formed below the semiconductor layer
102. In other cases, the semiconductor layer 102 may represent, at least in
an initial manufacturing stage, a portion of a crystalline material of the
substrate 101, thereby forming a bulk configuration. A plurality of
transistors 150a, 150b is formed in and above the semiconductor layer 102
wherein, in the example shown, a planar transistor architecture may be
used. In this case, the transistors 150a, 150b comprise drain and source
regions 153 within the semiconductor layer 102 and laterally enclose a
channel region 152, in which a conductive channel forms upon applying an
appropriate control voltage to a gate electrode structure 130, as is also
previously explained. The drain and source regions 153 may comprise
appropriate contact areas, in the example shown as metal silicide regions
154. In other cases the contact areas 154 may be highly doped semiconductor
regions, 



7 which may receive a metal suicide in a later manufacturing stage, for
instance after completing the gate electrode structures 130, if any
additional high temperature processes are required, which are not
compatible with the thermal stability of a desired metal silicide material.
The gate electrode structures 130 may initially be provided on the basis of
a polysilicon material, which may be patterned on the basis of design
requirements in order to adjust a desired critical dimension of the gate
electrode structure 130, which may be 40 nm and less in sophisticated
applications. In the manufacturing stage shown, the gate electrode
structures 130 may laterally be enclosed by a sidewall spacer structure 151
having any appropriate configuration in combination with a dielectric
material 120, which may also be referred to as an interlayer dielectric
material and which may comprise two or more individual material layers,
such as layers 121, 122, depending on the overall process and device
requirements. For example, the layer 121 may represent a silicon
nitride-based material, while the layer 122 may comprise silicon dioxide,
which is frequently used as a material for embedding semiconductor-based
circuit elements of sophisticated semiconductor devices. The gate electrode
structures 130 may comprise a gate insulation layer 131, which may comprise
a high-k dielectric material, for instance in the form of hafnium oxide,
hafnium silicon oxide, zirconium oxide and the like. As illustrated, the
gate dielectric material 131 may also be formed on sidewalls of the gate
electrode structure 130, while in other cases the gate dielectric material
may be formed at a bottom of a gate opening 130o only. Moreover, in the
example shown, a metal-containing material layer 132, for instance in the
form of lanthanum, aluminium and the like, may be provided and may have
incorporated therein an appropriate metal species so as to adjust the work
function of the gate electrode structure 130 Finally, a highly conductive
electrode metal 133, such as aluminium, an aluminium alloy, for instance
aluminium titanium and the like, may be provided so as to act as a low
ohmic electrode material.  8 The semiconductor device 100 as illustrated in
Fig la may be formed on the basis of the following process strategy.
Appropriate active regions (not shown) may be formed in the semiconductor
layer 102 by providing appropriate isolation structures (not shown) in
order to laterally delineate the active regions. Thereafter, the gate
electrode structures 130 may be formed by providing an appropriate stack of
material layers, such as a silicon dioxide layer, a polysilicon layer in
combination with further materials, such as a dielectric cap material, hard
mask materials and the like, as may be required for the further processing
of the device 100. Next, sophisticated lithography and etch techniques may
be applied in order to pattern the gate electrode structures 130 similar to
conventional process strategies using silicon dioxide/polysilicon gate
electrode structures without any sophisticated high-k materials. In other
approaches, the high-k dielectric material in combination with a conductive
cap material may be provided in this early manufacturing stage together
with a silicon material. After the patterning of the gate electrode
structures, for instance with a critical length of 40 nm and less, the
further processing is continued on the basis of any appropriate process
flow for forming the drain and source regions 153 in combination with the
sidewall spacer structure 151. After any high temperature processes for
activing the dopants and adjusting the final dopant profile of the drain
and source regions 153, the metal silicide 154 may be formed on the basis
of any appropriate silicidation technique. Next, the material 120 may be
formed, for instance by depositing the layers 121, 122, which may include
the deposition of highly stressed dielectric materials for further
enhancing performance of one or both of the transistors 150a, 150b and the
like. Thereafter, the material 120 may be planarized so as to finally
expose the polysilicon material in the gate electrode structures 130, which
may then be removed on the basis of highly selective etch chemistries,
thereby forming the gate openings 130o. It should be appreciated that also
any dielectric material provided at the bottom of the gate opening 130o may
be removed, at least partially, if considered appropriate, and thereafter
the high-k dielectric material 131 may be deposited. In other cases, a
high-k dielectric material may have been provided in an early manufacturing
stage. If required, the material layer 132 



9 is deposited by any appropriate deposition technique, followed by the
deposition of the electrode metal 133, which may be accomplished by sputter
deposition, electrochemical deposition and the like. In order to reliably
fill the gate openings 130o, a certain degree of overfill is typically
required, as is shown in dashed lines in Fig 1 a. Next, any excess material
of the layer 133 and possibly of the layer 132 is removed on the basis of a
chemical mechanical polishing process 103, in which preferably the material
of the layer 133 is removed. As discussed above, typically an appropriate
slurry material, ie. a solution including an appropriate chemically active
component is applied, while also abrasives may be provided in order to
provide for a significant physical component in removing the materials 133
and 132. For example, when removing aluminium material or aluminium alloys,
typically alumina, ie. aluminium oxide, may be used as an appropriate
material for the abrasive particles which, however, tend to agglomerate, in
particular at a final phase of the removal process 103, when typically two
different metal species, such as the material of the layer 133 and the
metal component of the layer 132 are to be polished. Consequently, in
addition to any micro scratches, which may be caused by the alumina
particles in the dielectric material 120, ie, after removing the very thin
dielectric material 131, if provided at all, the increasing agglomeration
of the alumina particles may cause pronounced cracks in the material 122,
as indicated by 124. Since a corresponding over-polish time may have to be
applied in order to reliably remove any metal residues, a significant
number of cracks 124 may be generated during the removal process 103. After
the removal process 103 the gate electrode structures 130 are laterally
embedded by the interlayer dielectric material 120, while on the other hand
the highly conductive gate electrode structures 130 have exposed metal
surface areas, thereby allowing to be contacted by any metal regions of a
metallization system. On the other hand, the contact areas 154 in the drain
and source regions 153 may require contact elements extending through the
interlayer dielectric material 120 wherein, however, contrary to many other
conventional approaches, these contact elements may be formed through a  10
moderately thin dielectric material thereby avoiding undue aspect ratio and
thus allowing the patterning of contact openings with reduced lateral
dimensions. 



Fig lb schematically illustrates the semiconductor device 100 in a further
advanced manufacturing stage. An etch mask 104, such as a resist mask and
the like, is formed on the interlayer dielectric material 120 and is
appropriately configured so as to define the lateral size and position of
contact openings 123 to be formed in the material 120. Since the height of
the contact openings 123 is substantially restricted to the height of the
gate electrode structures 130, desired reduced lateral dimensions may be
achieved, thereby enabling to provide the semiconductor device 100 with an
increased packing density. That is, the lateral offset of the transistors
150a, 150b may be selected so as to comply with the patterning capability
for forming the contact opening 123 through the layer 120 having a height
that substantially corresponds to the height of the gate electrode
structures 130. The etch mask 104 may be provided on the basis of any
appropriate lithography technique. Thereafter, an appropriate etch sequence
is applied so as to etch through the materials 122 and 121 in order to
finally expose the metal silicide in the contact areas 154. Thereafter, the
etch mask 104 is removed and, if required, appropriate cleaning processes
may be applied. Fig lc schematically illustrates a top view of the
semiconductor device 100 after the above-described process sequence. As
illustrated, a plurality of the gate electrode structures 130 is provided
and the contact openings 123 are appropriately positioned so as to provide
for the required electrical contact to the transistors 150a, 150b, as shown
in Figs 1a and 1 b. Furthermore, as shown, the cracks 124 may be present in
a more or less pronounced degree, wherein some of the cracks 124 may extend
between two contact openings 123, as is illustrated at the left hand side
in Fig 1 c.  11 material 126, possibly in combination with a conductive
barrier material 127, is formed above the dielectric material 120 and
within the contact openings 123. For example, the contact material 126 may
be comprised of tungsten, while the conductive barrier material 127 may
comprise titanium, titanium nitride and the like. The materials 126, 127
may be provided on the basis of any appropriate deposition technique, such
as CVD and the like.  Fig le schematically illustrates the device 100
during a further removal process 105 that comprises a chemical mechanical
polishing process. During the process 105 any excess material of the layers
126 and 127, if provided, (cf. Fig 1d) are removed as discussed above.
Typically, a specific slurry material may have to be selected so as to
provide for a desired degree of selectivity during the polishing process
105. During a final phase of the process 105, however, at least two
different metals may be present, ie. the electrode metal 133, such as
aluminium, an aluminium alloy and the like, and the contact material 126,
for instance in the form of tungsten. Consequently, due to different
electrochemical behaviour of the metals 133, 126, these materials may
differently "respond" to the slurry used, which may result in a different
degree of material removal in the final phase of the process 105, In some
cases, metal agglomeration may be observed in one type of metals, while a
pronounced metal depletion may be observed for the other type of metal
during the final polishing phase. Furthermore, since a certain over-polish
time may have to be applied in order to provide electrically insulated
contact elements 125, a corresponding difference in response to the applied
slurry material may thus result in metal depletion, for instance in the
contact elements 125. On the other hand, the previously generated cracks
124 may still remain filled with the contact material, thereby providing
efficient "leakage paths". Fig if schematically illustrates the
semiconductor device 100 after the polishing process 105 shown in Fig le.
As illustrated, some of the contact elements 125 may include
irregularities, such as depleted zones 125a, which may result in a
significantly increased contact resistivity. On the other hand, 



12 metal-filled cracks, such as the crack 124 on the left hand side of Fig
1 f, may connect two of the contact elements 125 thereby "short-circuiting"
these contacts 125, which may even result in a total failure of the device
100. Consequently, in a contact regime using the dielectric material 120
for forming contact elements of reduced height, the conventional strategy
described above may provide for significant defectivity and device
failures, which may thus contribute to a reduced production yield. In some
conventional approaches, superior slurry materials may be used during the
removal process 105 of Fig le which, however, may require significant
research and development efforts for obtaining an appropriate chemical
solution, while nevertheless a desired balance between the chemical
response of two different metal materials may nevertheless be very
difficult to achieve. Moreover, also the metal-filled cracks may
nevertheless contribute to significant contact failures. In view of the
situation described above, the present disclosure relates to process
strategies in which contact elements of reduced aspect ratio may be formed
in replacement gate approaches, while avoiding or at least reducing the
effects of one or more of the problems identified above. SUMMARY OF THE
DISCLOSURE Generally, the present disclosure provides manufacturing
techniques in which contact elements may be formed in the presence of
sophisticated high-k metal gate electrode structures, wherein any defects
caused by metal removal processes may be reduced by masking the metal gate
electrodes without unduly increasing the aspect ratio of the contact
openings to be formed in the interlayer dielectric material. At the same
time, the mask material may reliably fill any cracks that may have been
created during an earlier manufacturing sequence, thereby reducing the risk
of creating additional leakage paths, while nevertheless enabling to apply
well-established 



13  polishing-based removal processes during the replacement gate approach.
In some illustrative aspects disclosed herein, the mask material may
simultaneously be used as a hard mask for etching the contact openings,
thereby contributing to a very efficient overall process flow without
increasing the aspect ratio of the resulting contact openings. One
illustrative method disclosed herein comprises forming a dielectric cap
layer above a gate electrode structure of a transistor that is formed above
a semiconductor region. The gate electrode structure is laterally embedded
in an interlayer dielectric material and comprises a high-k dielectric
material and an electrode metal. The method further comprises forming a
contact opening laterally offset from the gate electrode structure so as to
extend through the dielectric cap layer and the interlayer dielectric
material. The method further comprises forming a contact material in the
contact opening and removing an excess portion of the contact material so
as to expose the dielectric cap layer. Additionally, the method comprises
performing a removal process so as to expose the electrode metal of the
gate electrode structure. A still further illustrative method disclosed
herein comprises forming an electrode metal in an opening of a gate
electrode structure of a transistor wherein the gate electrode structure is
laterally embedded in a dielectric material. The method further comprises
removing an excess portion of the electrode metal by performing a first
removal process. Furthermore, the method comprises forming a dielectric cap
layer above the electrode metal and the dielectric material. Additionally,
the method comprises forming a contact opening in the dielectric cap layer
and the dielectric material without exposing the electrode metal, wherein
the contact opening connects to one of a drain region and a source region.
Moreover, the method comprises forming a contact metal in the contact
opening and above the dielectric layer. The method further comprises
removing an excess portion of the contact metal by performing a second
removal process.  14 



A still further illustrative method disclosed herein comprises forming a
dielectric etch mask above a dielectric material and an electrode metal of
a gate electrode structure that is laterally embedded in the dielectric
material. The etch mask covers the electrode metal and comprises a mask
opening so as to define a lateral position and size of a contact opening.
The method additionally comprises forming the contact opening in the
dielectric material by using the etch mask. Furthermore, the method
comprises filling the contact opening with a conductive material in the
presence of the etch mask and removing the etch mask at least from the
electrode metal. BRIEF DESCRIPTION OF THE DRAWINGS Further embodiments of
the present disclosure are defined in the appended claims and will become
more apparent with the following detailed description when taken with
reference to the accompanying drawings, in which: Figs la and lb
schematically illustrate cross-sectional views of a semiconductor device
when forming a contact opening in a dielectric material having a height
comparable to the height of a high-k metal gate electrode structure
according to a conventional strategy; Fig lc schematically illustrates a
top view of the semiconductor device after the etch process for forming
contact openings; Figs 1 d and le schematically illustrate cross-sectional
views of the semiconductor device in further advanced manufacturing stages
in which the removal of excess material of the contact metal may result in
a high defect rate according to conventional strategies; Fig 1 f
schematically illustrates a top view of the semiconductor device with
defective contact elements and leakage paths according to conventional
strategies; 



15 Fig 2a schematically illustrates a cross-sectional view of a
semiconductor device comprising high-k metal gate electrode structures
formed on the basis of a replacement gate approach with a dielectric cap
layer or a mask layer that covers the electrode metal of the gate electrode
structures according to illustrative embodiments;  Fig 2b schematically
illustrates the device with an etch mask for commonly patterning the
dielectric cap layer and the interlayer dielectric material according to
illustrative embodiments;  Fig 2c schematically illustrates the
semiconductor device with the patterned mask layer which may act as a hard
mask for forming the contact openings, while at the same time reliably
filling any cracks and covering the electrode metal according to still
further illustrative embodiments; and Figs 2d -2g schematically illustrate
cross-sectional views of the semiconductor device during advanced
manufacturing stages removing any excess material of the contact material
and removing at least a significant portion of the dielectric cap material
or etch mask, according to still further illustrative embodiments. DETAILED
DESCRIPTION 



While the present disclosure is described with reference to the embodiments
as illustrated in the following detailed description as well as in the
drawings, it should be understood that the following detailed description
as well as the drawings are not intended to limit the present disclosure to
the particular illustrative embodiments disclosed, but rather the described
illustrative embodiments merely exemplify the various aspects of the
present disclosure, the scope of which is defined by the appended claims.
16 The present disclosure generally provides manufacturing strategies in
which contact elements may be formed on the basis of a device geometry,
which is substantially determined by the height of the gate electrode
structures, wherein the overall defect rate may be reduced while enabling
the removal of excess material of the contact metal on the basis of
well-established removal processes, such as CMP, using available slurry
materials. To this end, the semiconductor device may receive a moderately
thin dielectric material layer, which may be understood as a material layer
having a thickness that is adapted to a depth of any cracks created during
the earlier manufacturing phases in order to reliably seal any such cracks
and also covering the electrode metal of the high-k metal gate electrode
structures. For example, the dielectric cap layer which, in some
illustrative embodiments, may also be used as a hard mask and may have a
thickness of approximately 20 nm to several hundred nanometers.
Consequently, the further processing, ie. the formation of the contact
openings and the filling thereof with an appropriate conductive material,
may be continued without unduly increasing the overall aspect ratio of the
contact opening, while at the same time failure mechanisms, such as cracks
and a different response to a removal process of different types of
conductive materials in a final phase of the removal process may be
avoided, or at least significantly reduced. Consequently, the contact
openings and thus the contact elements may be provided with reduced
critical dimensions and may be applied in the context of sophisticated
semiconductor devices including circuit elements having critical dimensions
of 40 nm and less, such as 30 nm and the like. With reference to Figs 2a -
2f further illustrative embodiments will now be described in more detail,
wherein also reference is made to Figs la - If, if appropriate. It should
be appreciated that in particular it may be referred to Fig la in view of
manufacturing techniques and characteristics and features of sophisticated
transistors including high-k metal gate electrode structures.  17 



above which transistor elements 250a, 250b may be provided. The transistors
250a, 250b may comprise gate electrode structures 230, drain and source
regions 253, channel regions 252 and contact regions 254. The gate
electrode structures 230 in this manufacturing stage may represent high-k
metal gate electrode structures, which may comprise a high-k dielectric
material 231 and an electrode metal 233, possibly in combination with a
work function metal 232 or any other type of conductive barrier or etch
stop material, such as titanium nitride, tantalum nitride and the like. The
transistors 250a, 250b may represent sophisticated planar transistor
devices in which critical dimensions, ie. a length of the gate electrode
structures 230, may be 40 nm and less. It should be appreciated that in
view of any characteristics of the components described so far, also the
same criteria may apply as previously discussed with reference to the
semiconductor device 100 when describing similar components with reference
to Fig 1 a. Similarly, the semiconductor device 200 may comprise an
interlayer dielectric material 220 in which the gate electrode structures
230 are laterally embedded, as is also previously discussed with reference
to the semiconductor device 100. For example, the dielectric material 220
may comprise two or more individual material layers, such as the material
221, for instance comprised of silicon nitride, and a material layer 222,
such as a silicon dioxide layer and the like. As illustrated, the
dielectric material 220 may have substantially the same height as the gate
electrode structures 230. Moreover, a dielectric cap layer or a mask layer
210 may be formed above the dielectric material 220 and the gate electrode
structures 230. The mask layer 210 may be comprised of any appropriate
dielectric material, such as silicon nitride, silicon oxynitride, silicon
dioxide and the like. In other cases, other materials, such as polymer
materials and the like, may be used as long as these materials may
withstand the process conditions of subsequent processes, such as a
deposition process and a subsequent material removal process. In still
other illustrative embodiments the material 210 may comprise two or more
material layers that may be used as a hard mask material during  18 the
further processing. For example, amorphous carbon, silicon oxynitride and
the like may be used in this case. The semiconductor device 200 may be
formed on the basis of any appropriate manufacturing technique for
providing the transistors 250a, 250b and the dielectric material 220. For
example, the same process techniques and materials may be used as
previously described with reference to the semiconductor device 100. Thus,
in some illustrative embodiments, after the deposition of the dielectric
material 220, a replacement gate approach may be applied and any place
holder materials may be replaced by at least the electrode metal 233,
possibly in combination with an additional metal material 232 and the
high-k dielectric layer 231. Thereafter, any excess portion of the material
233, and possibly of the material 232, may be removed by any appropriate
removal process, such as the process 103 as described with reference to Fig
1a. Thus, any appropriate process recipe may be applied which, however, may
result in the creation of certain surface irregularities, such as cracks
224 within the dielectric material 220, as is also previously discussed.
Contrary to conventional strategies, however, the presence of the cracks
224 may not negatively affect the further processing. To this end, a
deposition process 211 may be applied in order to form the dielectric cap
layer or mask layer 210, for instance by CVD techniques, spin-on techniques
and the like. As previously explained, the layer 210 may be provided with a
thickness of approximately 20 nm to several hundred nanometers, depending
on the surface topography in the layer 220 after the preceding removal
process. That is, the thickness of the layer 210 is typically selected to
be greater than an expected maximum depth of the cracks 224, thereby
ensuring a reliable filling of the cracks 224 with a dielectric material.
Depending on the deposition technique used, a polishing process may be
applied so as to provide for a superior surface topography of the layer
210. Fig 2b schematically illustrates the semiconductor device 200 in a
further 



advanced manufacturing stage. As illustrated, an etch mask 204 may be
provided, for instance in the form of a resist material, in order to
determine  19 the lateral size and position of contact openings 223 to be
formed in the dielectric material 220 and the dielectric cap layer 210. To
this end, any appropriate lithography technique may be applied. Thereafter,
any appropriate etch process may be used so as to etch through the layer
210 and through the layers 220, thereby finally exposing a portion of the
contact regions 254. To this end, any appropriate process recipe may be
applied. For example, the dielectric cap layer 210 may have a similar etch
behaviour compared to the material 222, thereby enabling the usage of
well-established etch recipes. In other cases, an appropriate etch
chemistry may be applied to etch through the layer 210 and subsequently
well-established etch parameters may be used for etching through the
dielectric material 220.  Fig 2c schematically illustrates the
semiconductor device 200 according to still further illustrative
embodiments in which the layer 210 may be used as an etch mask. That is,
the dielectric material of the layer 210 may be patterned so as to receive
respective mask openings 210a, which may correspond to the contact openings
223. To this end, a resist mask may be used for patterning the layer 210,
which may then be used as the actual etch mask after the removal of the
resist material. For example, the layer 210 may be comprised of amorphous
carbon, possibly in combination with silicon oxynitride and the like, so
that a reduced thickness of the layer 210 may provide for sufficient etch
resistivity in order to reliably form the contact openings 223 with the
desired lateral dimensions. On the other hand, the electrode metal 233 may
reliably be covered by the layer 210 and also the cracks 224 may be sealed,
except for any cracked portions which may be within an area corresponding
to the contact openings 223. That is, any cracked portion positioned within
the openings 210a may reliably be exposed upon patterning the layer 210. In
other cases, the etch mask 210 may be provided in the form of a polymer
material, which may be applied in a highly non-conformal manner and which
may be treated so as to withstand process conditions during the subsequent
deposition of the contact material.  



20 After forming the contact openings 223 one or more conductive materials
may be deposited on the basis of any appropriate deposition technique, such
as CVD, electrochemical deposition, sputter deposition, or any combination
thereof, while the layer 210 may be present and may thus reliably seal the
cracks 224 and cover the electrode metal 233. In some illustrative
embodiments the contact material to be deposited in the openings 223 may
have a different material composition compared to the electrode metal 233,
thereby providing for a high degree of flexibility in selecting an
appropriate material for the gate electrode structures 230, on the one
hand, and for the contact elements to be formed in the openings 223, on the
other hand. In other cases, similar or the same material may be used for
the contact elements as may also be used as the electrode metal 233.  Fig
2d schematically illustrates the semiconductor device 200 with a contact
material 226, such as tungsten, aluminium, aluminium alloys and the like,
formed in the contact openings 223 and above the dielectric cap layer 210.
It should be appreciated that, if required, one or more additional material
layers, such as conductive barrier materials and the like, may be provided,
as is also previously discussed with reference to the semiconductor device
100. Furthermore, the device 200 may be subjected to a material removal
process 205, which in some illustrative embodiments comprises a chemical
mechanical process, wherein a slurry material is appropriately selected so
as to allow an efficient removal of an excess portion of the layer 226. Due
to the provision of the dielectric cap layer 210, well-established slurry
materials may be applied since the layer 210 may act as a stop layer or may
at least avoid a direct contact of the materials 226 and 233 in a final
stage of the removal process 205. Consequently, well-established material
systems and CMP recipes may be applied during the removal of excess
portions of the layer 226. Fig 2e schematically illustrates the
semiconductor device 200 in a final phase of the removal process 205,
wherein undesired residues of the conductive material 226 may be removed
from the layer 210, thereby forming electrically  



21 insulated contact elements 225. Thus, undue interaction of the ambient
of the process 205 with the electrode metal 233 may be avoided due to the
presence of the material layer 210. In some illustrative embodiments the
process 205 may be performed with an appropriate over-polish time so as to
create a certain degree of dishing 225d while the electrode metal 233 may
still reliably be covered by the layer 210. In this manner, a similar
height level of the metal 226 in the contact elements 225 may be achieved
in the gate electrode structures 230 by the electrode metal 233. In other
cases, a pronounced degree of dishing may be avoided, for instance when the
material 210 and the metal 226 may have a similar removal rate during the
process 205. Fig 2f schematically illustrates the device 200 during a
further advanced stage in which the dielectric cap layer 210 may be removed
in order to expose the electrode metal 233 of the gate electrode structures
230. To this end, in some illustrative embodiments, the removal process 206
may be performed as a polishing process on the basis of any appropriate
slurry material with "mild" process parameters, for instance in terms of
down force and the like, thereby efficiently removing the material 210
while not unduly damaging the metals in the gate electrode structure 230
and the contact elements 225. It should be appreciated that during the
process 206 process parameters are selected such that the material 210 may
be removed by allowing any process recipes for removing dielectric
materials which may not unduly interact with any metal materials.
Furthermore, the situation during the process 206 is quite different
compared to the removal process 105 described in Fig 1 e, since in the
conventional strategy a substantially continuous metal layer has to be
reliably removed from dielectric surface portions, wherein the slurry used
may significantly react with any metal material, however in a typically
different manner. Moreover, a pronounced over-polish time may be required
since any metal residue may result in undue leakage paths. On the other
hand, in Fig 2f, although finally the electrode metal 233 may be exposed,
the process conditions are selected to remove the dielectric material of
the layer 210, substantially without attacking the metal materials in the
components 225 and 230. On the other hand, any dielectric residues, for
instance in the gate  22 electrode structures 230, may efficiently be
removed on the basis of a subsequent cleaning process, if required. In
other illustrative embodiments the removal process 206 may represent an
over-polish time of the process 205 as shown in Fig 2e, where increasingly
the layer 210 may be removed while at the same time also reducing the
height of the contact elements 225, while the electrode metal 233 may be
exposed in a very advanced phase in which any excess material of the
contact elements 225 has already been removed. Consequently, also in this
case superior process conditions may be achieved. 



Fig 2g schematically illustrates the semiconductor device 200 during a
material removal process 206a, which may comprise a selective etch step so
as to remove the layer 210. In this case, the layer 210 may be provided
with any appropriate material composition so as to allow a selective
removal with respect to the material 220 and also to the conductive
materials of the components 225 and 230. For example, efficient wet
chemical etch recipes may be applied, for instance for removing polymer
materials and the like. On the other hand, any such etch chemistries may
have a significantly reduced etch rate with respect to a plurality of metal
materials, thereby not unduly reducing the height of the contact elements
225 and the electrode metal 233. As previously explained, an appropriate
height of the contact elements 225 may have been provided on the basis of a
certain degree of dishing, when any extra height corresponding to the
thickness of the layer 210 is considered inappropriate for the contact
elements 225, when the layer 210 is to be removed on the basis of the etch
process 206a. In other cases, the process 206a may comprise plasma assisted
etch recipes considered appropriate. It should be appreciated that during
the etch process 206a also the cracks 224 may be exposed which, however,
may not negatively affect the further processing since, in this case,
typically a further dielectric material may be provided, for instance for
forming a metallization layer above the dielectric material 220.  23 As a
result, the present disclosure provides manufacturing techniques in which
the defect rate caused by cracks and/or material depletion in contact
elements may be reduced or completely avoided by appropriately covering the
electrode metal of sophisticated high-k metal gate electrode structures
upon patterning the interlayer dielectric material and re-filling the
contact openings with an appropriate conductive material. Consequently, any
cracks may reliably be filled with dielectric material prior to the
deposition of the contact material and the subsequent removal of any excess
portion of the contact material may not result in undue interaction with
the electrode metal. Further modifications and variations of the present
disclosure will be apparent to those skilled in the art in view of this
description. Accordingly, the description is to be construed as
illustrative only and is for the purpose of teaching those skilled in the
art the general manner of carrying out the embodiments. It is to be
understood that the forms shown and described herein are to be taken as the
presently preferred embodiments.  



24 CLAIMS A method, comprising: forming a dielectric cap layer above a gate
electrode structure of a transistor formed above a semiconductor region,
said gate electrode structure being laterally embedded in an interlayer
dielectric material and comprising a high-k dielectric material and an
electrode metal; forming a contact opening laterally offset from said gate
electrode structure so as to extend through said dielectric cap layer and
said interlayer dielectric material; forming a contact material in said
contact opening; removing an excess portion of said contact material so as
to expose said dielectric cap layer; and 



performing a removal process so as to expose said electrode metal of said
gate electrode structure. The method of claim 1, wherein removing an excess
portion of said contact material comprises performing a chemical mechanical
polishing process. The method of claim 1, wherein performing said removal
process comprises performing a polishing process. 4. The method of claim 1,
wherein performing said removal process comprises performing an etch
process. 5. The method of claim 1, further comprising forming said gate
electrode structure by providing said gate electrode structure so as to
comprise a  25 



place holder material, removing said place holder material, forming at
least said electrode metal and removing an excess portion of said electrode
metal by performing a chemical mechanical polishing process. 6.The method
of claim 1, wherein forming said contact opening comprises patterning said
dielectric cap layer and using said patterned dielectric cap layer as an
etch mask. The method of claim 1, wherein said electrode metal and said
contact material have different material compositions. 8.The method of
claim 1, wherein removing an excess portion of said contact material and
exposing said electrode metal comprise performing a single chemical
mechanical polishing process. The method of claim 1, wherein a lateral
distance between said electrode metal and said contact material is 40
nanometer (nm) or less after performing said removal process. 



10.A method comprising: forming an electrode metal in an opening of a gate
electrode structure of a transistor, said gate electrode structure being
laterally embedded in a dielectric material; removing an excess portion of
said electrode metal by performing a first removal process;  26 forming a
contact opening in said dielectric cap layer and said dielectric material
without exposing said electrode metal, said contact opening connecting to
one of a drain region and a source region; forming a contact metal in said
contact opening and above said dielectric cap layer; and 



removing an excess portion of said contact metal by performing a second
removal process. 11. The method of claim 10, wherein said performing said
first removal process comprises performing a first chemical mechanical
polishing process. 12. The method of claim 11, wherein said performing said
second removal process comprises performing a second chemical mechanical
polishing process. 13. The method of claim 10, further comprising exposing
said electrode metal after performing said second removal process. 



14. The method of claim 13, wherein exposing said electrode metal comprises
performing a polishing process. 15. The method of claim 13, wherein
exposing said electrode metal comprises performing an etch process. 16. The
method of claim 10, wherein forming said contact opening comprises forming
a mask opening in said dielectric cap layer and using said mask opening as
etch mask. 17. The method of claim 10, wherein a lateral offset of said
contact opening 



from said electrode metal is 40 nanometer (nm) or less.  27 18. A method
comprising: forming a dielectric etch mask above a dielectric material and
an electrode metal of a gate electrode structure laterally embedded in said
dielectric material, said etch mask covering said electrode metal and
comprising a mask opening defining a lateral position and size of a contact
opening; forming said contact opening in said dielectric material by using
said etch mask; filling said contact opening with a conductive material in
the presence of said etch mask; and 



removing said etch mask at least from above said electrode metal. 19. The
method of claim 18, further comprising forming said electrode metal by
removing at least a portion of said gate electrode structure so as to form
a gate opening, forming a layer of said electrode metal above said
dielectric material and said gate opening and removing an excess portion of
said layer by performing a removal process. 20. The method of claim 18,
wherein removing said etch mask at least from said electrode metal
comprises performing a polishing process. 






