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COINTEGRATION OF BULK AND SOIL
SEMICONDUCTOR DEVICES

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present disclosure relates to cointegration of
bulk and SOI semiconductor devices at advanced technology
nodes and, more particularly, to the integration of FET semi-
conductor devices on SOI substrate portions and of FET or
NONFET semiconductor devices on bulk substrate portions
of a semiconductor substrate.

[0003] 2. Description of the Related Art

[0004] In modern electronic equipment, integrated circuits
(ICs) experience a vast applicability in a continuously spread-
ing range of applications. In particular, the demand for
increasing mobility of electronic devices at high performance
and low energy consumption drives developments to more
and more compact devices having features with sizes signifi-
cantly smaller than 1 um, the more so as current semiconduc-
tor technologies are apt of producing structures with dimen-
sions in the magnitude of 100 nm or less. With ICs
representing a set of electronic circuit elements integrated on
a semiconductor material, normally silicon, ICs can be made
much smaller than any discreet circuit composed of separate
independent circuit components. Indeed, the majority of
present-day ICs are implemented by using a plurality of cir-
cuit elements, such as field effect transistors (FETs), also
called metal oxide semiconductor field effect transistors
(MOSFETs) or simply MOS transistors, and passive ele-
ments, such as resistors, e.g., diffusion resistors, and capaci-
tors, integrated on a semiconductor substrate with a given
surface area. Typical present-day ICs involve millions of
single circuit elements formed on a semiconductor substrate.
[0005] The basic function of a FET is that of an electronic
switching element, controlling a current through a channel
region between two junction regions, referred to as source and
drain, by a gate electrode which is disposed over the channel
region and to which a voltage relative to source and drain is
applied. In common FETs, the channel region extends along
the plane between the source and drain regions. Generally, in
applying a voltage exceeding a characteristic voltage level to
the gate electrode, the conductivity state of the channel is
changed and switching between a conducting state or “ON
state” and a non-conducting state or “OFF state” may be
achieved. Itis important to note that the characteristic voltage
level at which the conductivity state changes (usually called
the “threshold voltage”) therefore characterizes the switching
behavior of the FET and it is an issue to keep variations in the
threshold voltage level low for implementing a well-defined
switching characteristic. However, with the threshold voltage
depending nontrivially on the transistors’ properties, e.g.,
materials, dimensions, etc., the implementation of a desired
threshold voltage value during fabrication processes involves
careful adjustment and fine-tuning during the fabrication pro-
cess, which makes the fabrication of advanced semiconductor
devices increasingly complex.

[0006] The continued miniaturization of semiconductor
devices into the deep submicron regime becomes more and
more challenging with smaller dimensions. One ofthe several
manufacturing strategies employed herein is the implemen-
tation of SOI technologies. SOI (silicon-on-insulator) refers
to the use of a layered silicon-insulator-silicon substrate in
place of conventional silicon substrates in semiconductor
manufacturing, especially microelectronics, to reduce para-
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sitic device capacitances and short channel effects, thereby
improving performance. Semiconductor devices on the basis
of SOI differ from conventional semiconductor devices
formed on a bulk substrate in that the silicon junction is
formed above an electrical insulator, typically silicon dioxide
or sapphire (these types of devices are called silicon-on-
sapphire or SOS devices). The choice of insulator depends
largely on the intended application, with sapphire usually
being employed in high performance radio frequency appli-
cations and radiation-sensitive applications, and silicon diox-
ide providing for diminished short channel effects in micro-
electronic devices.

[0007] One basically distinguishes between two types of
SOI devices, PDSOI (partially depleted SOI) devices and
FDSOI (fully depleted SOI) devices. The PDSOI and FDSOI
devices differ by the thickness of the semiconductor layer
which is disposed over a buried oxide layer, as will be
explained with regard to FIG. 1 below. Particularly, the thick-
ness of the semiconductor layer of PDSOI devices is so large
that the depletion region formed in the semiconductor layer
does not cover the whole channel region provided in the
semiconductor layer. Therefore, PDSOI devices behave to a
certain extent like bulk semiconductor devices. FDSOI
devices, on the other hand, have a semiconductor film formed
on the buried oxide layer such that the depletion region in
FDSOI devices substantially covers the whole semiconductor
film. Due to the increase in the inversion charges in FDSOI
devices, these devices have a higher switching speed. Fur-
thermore, FDSOI devices do not require any doping in the
channel region. In general, drawbacks of bulk semiconductor
devices, like threshold roll-off, higher sub-threshold slop
body effect, short channel effects, etc., are reduced.

[0008] A conventional SOI-based semiconductor device,
as illustrated schematically on the right-hand side of FIG. 1,
generally comprises a semiconductor layer 4-1, e.g., on the
basis of silicon and/or germanium, being formed on an insu-
lating layer 4-2, e.g., silicon dioxide, which insulating layer
4-2 is often referred to as buried oxide (BOX) layer. The BOX
layer 4-2, in turn, is disposed on a semiconductor substrate
4-3, e.g., a silicon substrate. Accordingly, a so-called SOI
substrate 4 is formed.

[0009] From a physical point of view, the very thin semi-
conductor film 4-1 over the BOX layer 4-2 enables the semi-
conductor material under a gate 6 of a transistor, i.e., in the
channel region of the semiconductor device, to be fully
depleted of charges in case that an appropriate thickness of
the semiconductor film 4-1 is chosen. The net effect is that a
gate 6 (formed by a gate electrode 6-1 and a gate oxide 6-2)
disposed over the SOl substrate 4 can now very tightly control
the full volume of the body of a transistor 2 which includes the
gate 6. In contrast to the SOI device 2, a bulk device 1 is
schematically illustrated on the left-hand side of FIG. 1.
Herein, a gate 5 of the bulk device 1, including a gate elec-
trode 5-1 and a gate insulating structure 5-2, is disposed on a
semiconductor bulk substrate 3, such as a silicon and/or ger-
manium substrate. In general, due to the tight control of the
full volume in the SOI device 2, the SOI device 2 is much
better behaved than the bulk device 1, especially because the
supply voltage, i.e., the gate voltage, gets lower, and device
dimensions are allowed to be scaled without suffering from
short channel effects.

[0010] The design process flows and design methodologies
to design an FDSOI device are the same as those classically
used with bulk CMOS techniques, building upon SPICE
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models suitable for FDSOI devices. Basic advantages of
FDSOI devices over bulk devices is the lack of a floating body
effect or kink effect associated to PDSOI. Using the SOI
technique still leaves the option during the fabrication process
to locally remove the top silicon and BOX layers to reach the
semiconductor substrate, e.g., the base silicon, and to cointe-
grate devices on SOI together with (non-geometric critical)
bulk devices. However, as indicated in FIG. 1, a cointegration
of'bulk and SOI devices shows a step height between the SOI
substrate 4 and the bulk substrate 3, as it is denoted by the
height difference h in FIG. 1. With conventional thicknesses
of'the top silicon layer 4-1 and the BOX layer 4-2 of about 20
nm, the height difference h substantially is in the range of
about 30-50 nm.

[0011] Onthe other hand, it is often desirable to implement
different structures on a single wafer, e.g., to integrate more
functions into a given wafer surface portion. Therefore, in
advanced semiconductor device structures, it may be desir-
able to form NONFET devices, e.g., capacitors, resistors,
diodes, etc., on a bulk substrate in parallel to SOI devices.

[0012] In any case, the cointegration of SOI and bulk
devices results in removing the top silicon layer and BOX
layer over a large area of an SOI substrate, leaving behind a
huge topology. As the conventional approach for integrating
FDSOI devices is usually employing gate-first techniques,
the topology indicated by h in FIG. 1 adds extra complexity
and problems to existing integration processes. For example,
it turns outto be difficult to form a channel silicon germanium
(cSiGe) layer and to provide a sufficiently reliable encapsu-
lation of high-k materials during the fabrication process.

[0013] Inview of the above-described situation, it is, there-
fore, desirable to provide methods of forming a semiconduc-
tor device structure which overcome the topology issues asso-
ciated with the cointegration of bulk devices and FDSOI
devices and to provide cointegrated bulk and SOI semicon-
ductor devices.

SUMMARY OF THE INVENTION

[0014] The following presents a simplified summary of the
invention in order to provide a basic understanding of some
aspects of the invention. This summary is not an exhaustive
overview of the invention. It is not intended to identify key or
critical elements of the invention or to delineate the scope of
the invention. Its sole purpose is to present some concepts in
a simplified form as a prelude to the more detailed description
that is discussed later.

[0015] According to a first aspect of the present disclosure,
a method of forming a semiconductor device structure is
provided. In accordance with some illustrative embodiments
herein, the method includes providing a substrate with a semi-
conductor-on-insulator (SOI) configuration, the SOI sub-
strate comprising a semiconductor layer formed on a buried
oxide (BOX) layer which is disposed on a semiconductor
bulk substrate, forming trench isolation structures delineating
a first region and a second region within the SOI substrate,
removing the semiconductor layer and the BOX layer in the
first region for exposing the semiconductor bulk substrate
within the first region, forming a first semiconductor device
with an electrode in and over the exposed semiconductor bulk
substrate in the first region, forming a second semiconductor
device in the second region, the second semiconductor device
comprising a gate structure disposed over the semiconductor
layer and the BOX layer in the second region, and performing
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a polishing process for defining a common height level to
which the electrode and the gate structure substantially
extend.

[0016] In accordance with a second aspect of the present
disclosure, a method of forming a semiconductor device
structure with a bulk semiconductor device and an SOI semi-
conductor device is provided. In accordance with some illus-
trative embodiments herein, the method includes providing a
substrate with a semiconductor-on-insulator (SOI) configu-
ration, wherein the SOI substrate comprises a semiconductor
layer formed on a buried oxide (BOX) layer which is disposed
on a semiconductor substrate, forming trench isolation struc-
tures delineating a first region and a second region within the
SOI substrate, exposing the semiconductor substrate within
the first region, forming the bulk semiconductor device in and
over the exposed semiconductor substrate in the first region,
the bulk semiconductor device comprising a first gate struc-
ture over the exposed semiconductor bulk substrate in the first
region, forming the SOI semiconductor device in the second
region, the SOI semiconductor device comprising a second
gate structure disposed over the semiconductor layer and the
BOX layer in the second region, and performing a polishing
process for defining a common height level to which the first
and second gate structures substantially extend. In accor-
dance with some illustrative embodiments herein, the SOI
semiconductor device may be an FDSOI semiconductor
device.

[0017] In a third aspect of the present disclosure, a semi-
conductor device structure is provided. In accordance with
some illustrative embodiments herein, the semiconductor
device structure includes a first region formed in a semicon-
ductor substrate and a second region formed by a semicon-
ductor layer and a buried oxide (BOX) layer disposed under
the semiconductor layer, both layers, the semiconductor layer
and the BOX layer, being disposed on the semiconductor
substrate, a semiconductor bulk device comprising a first gate
structure disposed on the semiconductor substrate in the first
region, and an SOI semiconductor device comprising a sec-
ond gate structure disposed on the semiconductor layer in the
second region, wherein the first and second gate structures
substantially extend to a common height level over the semi-
conductor substrate. In accordance with some illustrative
embodiments herein, the SOI semiconductor device may be
an FDSOI semiconductor device.

[0018] In a fourth aspect of the present disclosure, a semi-
conductor device structure is provided. In accordance with
some illustrative embodiments herein, the semiconductor
device structure includes a first region formed in a semicon-
ductor substrate and a second region formed by a semicon-
ductor layer and a buried oxide (BOX) layer which is dis-
posed under the semiconductor layer, both layers, the
semiconductor layer and the BOX layer, being disposed on
the semiconductor substrate, a resistor device which is dis-
posed on the semiconductor substrate in the first region, the
resistor device being formed by a resistor material, and an
SOI semiconductor device comprising a gate structure dis-
posed on the semiconductor layer in the second region,
wherein the resistor material and the gate structure substan-
tially extend to a common height level over the semiconduc-
tor substrate. In accordance with some illustrative embodi-
ments herein, the SOI semiconductor device may be an
FDSOI semiconductor device.

[0019] Inafifth aspectofthe present disclosure, a semicon-
ductor device structure is provided. In accordance with some
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illustrative embodiments herein, the semiconductor device
structure includes a first region formed in a semiconductor
substrate and a second region formed by a semiconductor
layer and a buried oxide (BOX) layer disposed under the
semiconductor layer, both layers, the semiconductor layer
and the BOX layer, being disposed on the semiconductor
substrate, a capacitor device with a capacitor material dis-
posed on the semiconductor substrate in the first region, and
an SOI semiconductor device comprising a gate structure
disposed on the semiconductor layer in the second region,
wherein the capacitor material and the gate structure substan-
tially extend to a common height level over the semiconduc-
tor substrate. In accordance with some illustrative embodi-
ments herein, the SOI semiconductor device may be an
FDSOI semiconductor device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The disclosure may be understood by reference to
the following description taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements, and in which:

[0021] FIG.1 schematically illustrates, in a cross-sectional
view, a bulk semiconductor device and an SOI semiconductor
device as known in the art;

[0022] FIGS. 2a-2d schematically illustrate, in cross-sec-
tional views, the formation of an SOI semiconductor sub-
strate with trench isolation structures in accordance with
some illustrative embodiments of the present disclosure;
[0023] FIGS. 3a-3¢ schematically illustrate, in cross-sec-
tional views, the formation of'a bulk semiconductor portion in
the SOI substrate in accordance with some illustrative
embodiment of the present disclosure;

[0024] FIGS. 4a-4f schematically illustrate, in cross-sec-
tional views, the formation of gate structures over the semi-
conductor bulk substrate and the SOI substrate in accordance
with some illustrative embodiments of the present disclosure;
[0025] FIGS. 5a-5¢ schematically illustrate, in cross-sec-
tional views, the formation of raised source/drain regions
with contacts adjacent to the gate structures of FIGS. 4a-4fin
accordance with some illustrative embodiments of the present
disclosure; and

[0026] FIGS. 6a-6b schematically illustrate, in cross-sec-
tional views, cointegrated semiconductor devices on bulk and
SOI substrates in accordance with some illustrative embodi-
ments of the present disclosure.

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

DETAILED DESCRIPTION

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

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

[0030] The present disclosure relates to semiconductor cir-
cuit elements comprising semiconductor devices that are
integrated on or in a chip, such as FETs, e.g., MOSFETs or
MOS devices. When referring to MOS devices, the person
skilled in the art will appreciate that, although the expression
“MOS device” is used, no limitation to a metal-containing
gate material and/or to an oxide-containing gate dielectric
material is intended.

[0031] Semiconductor circuit elements of the present dis-
closure, and particularly semiconductor devices as illustrated
by means of some illustrative embodiments, concern ele-
ments and devices which are fabricated by using advanced
technologies. Semiconductor circuit elements of the present
disclosure are fabricated by technologies applied to approach
technology nodes smaller than 100 nm, for example smaller
than 50 nm or smaller than 35 nm, i.e., ground rules smaller or
equal to 45 nm may be imposed. The person skilled in the art
will appreciate that the present disclosure suggests semicon-
ductor circuit elements having structures with minimal length
and/or width dimensions smaller than 100 nm, for example
smaller than 50 nm or smaller than 35 nm. For example, the
present disclosure may provide for semiconductor devices
fabricated by using 45 nm technologies or below, e.g., 28 nm
or below.

[0032] The person skilled in the art understands that semi-
conductor devices may be fabricated as MOS devices, such as
P-channel MOS transistors or PMOS transistors and N-chan-
nel transistors or NMOS transistors, and both may be fabri-
cated with or without mobility-enhancing stressor features or
strain-inducing features. A circuit designer can mix and
match device types, using PMOS and NMOS devices,
stressed and unstressed, to take advantage of the best charac-
teristics of each device type as they best suit the semiconduc-
tor circuit element being designed.

[0033] In the following, various illustrative embodiments
of the present disclosure will be described, wherein an SOI
substrate having trench isolation structures, e.g., shallow



US 2016/0204128 Al

trench isolation (STI) structures, will be formed. In the fol-
lowing, reference will be made to FIG. 2a. Herein, an SOI
substrate 100 is shown, the SOI substrate 100 being formed
by a semiconductor material layer 30 disposed over a semi-
conductor substrate 10, wherein a buried oxide (BOX) layer
20 is disposed between the semiconductor material layer 30
and the semiconductor substrate 10. In accordance with some
illustrative embodiments of the present disclosure, the semi-
conductor material layer 30 may comprise at least one of
silicon and germanium. According to some embodiments of
the present disclosure, the semiconductor material layer 30
may have a thickness in a range from about 5-10 nm, e.g.,
about 7 nm, and the BOX layer 20 may have a thickness in a
range from about 20-30 nm, e.g., about 25 nm.

[0034] The SOI substrate 100, as illustrated in FIG. 24, may
be obtained by conventional techniques, e.g., in a so-called
SIMOX process, implanting oxide ions into a silicon wafer to
a certain depth for forming an oxygen-rich layer at the certain
depth in the silicon wafer, performing a high temperature
annealing process for forming a silicon oxide layer from the
oxygen-rich layer at the certain depth such that the silicon
oxide layer represents a buried oxide layer. Another way of
fabricating the SOI substrate may employ, for example, the
so-called smart cut process. Herein, the SOI substrate 100
may be fabricated by performing a surface oxidation on a
semiconductor wafer for forming an oxide layer on an upper
surface of the semiconductor wafer, performing a hydrogen
implantation step for implanting hydrogen at a certain depth
under the oxide layer into the semiconductor wafer, flipping
the wafer and bonding the wafer to a handle wafer such that
the oxide layer is located at the interface of the semiconductor
wafer and the handle wafer, causing a bubble formation step
for forming bubbles from the implanted hydrogen layer and
breaking the composite wafer at the bubbles, and performing
a CMP process for smoothening the broken surface, wherein
a width dimension of the handle wafer material below the
oxide layer is adjusted by appropriately cutting the handle
wafer.

[0035] After providing the SOI substrate 100, as illustrated
in FIG. 24, a first shallow trench isolation (STI) structure is
formed, as will be explained with regard to the FIGS. 256-2d.
FIG. 2b schematically illustrates the SOI substrate 100 from
FIG. 2a at a phase during fabrication, after which a patterned
hard mask 44 is formed over the semiconductor layer 30 of the
SOI substrate 100. The patterned hard mask 44 may comprise
a nitride layer 42 disposed on the semiconductor layer 30 and
apatterned resin layer 43 provided on the nitride layer 42. The
patterned resin layer 43 may be patterned by common litho-
graphical techniques. In accordance with some alternative
embodiments of the present disclosure, a stack of oxide mate-
rial and nitride material, e.g., cap oxide-pad nitride-pad
oxide, may be formed instead of the nitride layer 42.

[0036] Next, reference will be made to FIG. 2¢. After hav-
ing performed an etch process through the patterned hard
mask 44, trenches 45 may be formed in the semiconductor
layer 30 and the BOX layer 20, the trenches ending on the
semiconductor substrate 10 such that upper surface regions of
the semiconductor substrate 10 are exposed. Subsequently,
the patterned hard mask 44 is removed, and an optional oxide
liner 46 may be deposited in order to protect the exposed areas
of'the semiconductor substrate 10 during subsequent process-
ing.

[0037] Thereafter, as illustrated in FIG. 2d, a planarizing
layer 48 is deposited over the SOI substrate 100, overfilling
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the trenches 45. In accordance with some illustrative embodi-
ments, the planarizing layer 48 may be formed by spin-on
techniques. Another hard mask may be formed on the pla-
narizing layer, e.g., by depositing a nitride layer 50 and form-
ing a patterned photo resin 52 on the nitride layer 50, e.g., by
an Rx lithography step for deep STI trenches. The person
skilled in the art will appreciate that the patterned hard mask
system, as it is illustrated in FIG. 24, is patterned for forming
deep shallow trench isolation (STI) structures substantially
extending into the semiconductor substrate 10. The accord-
ingly formed deep STI structures (depicted in FIG. 3a and
denoted by reference numeral 47) have a greater depth than
the STI structures 45 which end on an upper surface of the
semiconductor substrate 10.

[0038] FIG. 3a schematically illustrates the SOI substrate
100 after an etch process (not illustrated) has been performed
through the hard mask system 50, 52, which is illustrated in
FIG. 2d, wherein deep STI trenches 47 are etched into the
semiconductor substrate 10. Therefore, according to the hard
mask pattern 50, 52 illustrated in FIG. 2d, deep STI trenches
47 and STI structures 45 are formed in the SOI substrate 100,
wherein the deep STI trenches 47 extend into the semicon-
ductor substrate, while the STI structures 45 end on an upper
surface of the semiconductor substrate 10. After having per-
formed a cleaning process (not illustrated), a resist and hard
mask strip process (not illustrated) is performed and the
trenches 47, 45 are exposed and overfilled with an insulating
material, e.g., silicon oxide, which is exposed to a chemical
mechanical polishing (CMP) process (not illustrated) such
that the insulating layer 54 is formed as illustrated in FIG. 3a.
Although not explicitly illustrated, a dry deglaze process and
a nitride strip may be further performed in the processes
performed between the stages depicted in FIGS. 2d and 3a.
[0039] FIG. 35 schematically illustrates the SOI substrate
100 after further processing has been performed, i.e., after a
further hard mask 56, 58 is deposited over the SOI substrate
100, the hard mask 56, 58 comprising a patterned photo resin
56 and a nitride layer 58, which is, at the stage illustrated in
FIG. 34, already opened by a reactive ion etch (RIE) step 59
s0 as to form a recess 60 in alignment with the hard mask 56,
58.

[0040] FIG. 3¢ schematically illustrates the SOI structure
100 as illustrated in FIG. 34, after the RIE step 59 is com-
pleted and the recess 60 is formed between two deep STI
structures 47 such that the semiconductor substrate 10 is
exposed between the deep STI structures 47. Therefore, the
region of the semiconductor substrate 10 being exposed dur-
ing the RIE step 59 represents a semiconductor bulk substrate
portion 64 adjacent to SOI substrate portions 66, 68, which
are separated by the STI structure 45 from each other and
being separated from the semiconductor bulk substrate por-
tion 64 by the deep ST structure 47, as illustrated in FIG. 3c.
At this stage in the fabrication, well implants (not illustrated)
may be performed in order to dope the semiconductor bulk
substrate portion 64. Herein, a scatter oxide liner (not illus-
trated) may be deposited for supporting the well implantation
processes (not illustrated).

[0041] In accordance with some illustrative embodiments
herein, the photo resist 56 may be stripped off and the pla-
narizing material 54, the semiconductor material layer 30 and
the BOX layer 20 may be etched over the semiconductor bulk
substrate portion 64 down to an upper surface of the semi-
conductor substrate 10, using the nitride material 58 as a hard
mask. Thereafter, a strip process (not illustrated) may be
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applied to remove the nitride material 58 and, optionally, the
scatter oxide liner (not illustrated) may be formed.

[0042] In accordance with some illustrative embodiments
of'the present disclosure, gate structures may be subsequently
formed over at least one of the bulk and SOI regions in
accordance with gate-first techniques. Alternatively, dummy
gate structures may be formed over at least one of the bulk and
SOI regions in accordance with gate-last techniques. The
formation of gate structures or dummy gate structures will be
described with regard to FIGS. 4a-4f below in greater detail.
[0043] FIG. 4a schematically illustrates, in a cross-sec-
tional view, a semiconductor device structure 200 comprising
the semiconductor bulk substrate region 64 and the SOI sub-
strate regions 66, 68. Subsequent to the processing described
above, a gate insulating structure may be formed over the
semiconductor device structure 200, e.g., by means of a gate
insulating material and/or a work function adjusting material
being deposited over the semiconductor bulk substrate por-
tion 64 and the SOI substrate portions 66, 68, as schematically
illustrated in FIG. 4a by means of a layer 62. The person
skilled in the art will appreciate that the layer 62 may actually
represent, in accordance with some illustrative embodiments,
one or more sub-layers comprising a high-k gate insulating
material, e.g., hafnium oxide, and/or a work function adjust-
ing material, e.g., TiN.

[0044] Next, as schematically illustrated in FIG. 45, a gate
electrode material or dummy gate electrode material 70 may
be deposited over the layer 62. In accordance with some
illustrative embodiments of the present disclosure, the gate
electrode material layer or dummy gate electrode material
layer 70 may be deposited up to a height of about 100 nm.
[0045] The person skilled in the art will appreciate that, in
accordance with illustrative embodiments of the present dis-
closure employing gate-first processes, the gate electrode
material 70 may comprise silicon, e.g., amorphous silicon or
polysilicon. Alternatively, in accordance with other illustra-
tive embodiments of the present disclosure employing gate-
last techniques, the dummy gate electrode material 70 may
comprise one of tungsten and silicon, e.g., polysilicon or
amorphous silicon. In accordance with special examples
employing the deposition of tungsten as dummy gate elec-
trode material 70, tungsten has good properties for polishing
and may be easily removed when compared to other materi-
als. For example, variations of polysilicon after polishing
may be, for example, in the range from about 10-15 nm.
[0046] Subsequent to the deposition of the dummy gate
electrode material or gate electrode material 70, a polishing
process 72 is performed for polishing the dummy gate elec-
trode material or gate electrode material 70 down to a desired
height level over the SOI substrate region 66/68 and the
semiconductor bulk substrate region 64, as schematically
indicated in FIG. 45 by a broken line, e.g., at a desired height
level of about 30 nm over the semiconductor material layer
30. Accordingly, variations in the height of the dummy gate
electrode material or gate electrode material 70 may be
removed, such as a depression 60' caused by the recess 60.
[0047] FIG. 4¢ schematically illustrates the semiconductor
device structure 200 at a more advanced stage during fabri-
cation, particularly after the polishing process 72 is com-
pleted and a patterned hard mask 74 is formed over the
dummy gate electrode material or gate electrode material 70.
The patterned hard mask 74 may be, for example, formed by
depositing a nitride layer 71, followed by an oxide layer and
a resin layer, the oxide layer and the resin layer being litho-
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graphically patterned. The lithographic patterning may be
performed by using the SOH/aC approach or the TRL. HM
approach.

[0048] Next, an etch process 76 may be performed through
the patterned hard mask 74, the etch process 76 defining gate
structures or dummy gate structures over the SOI substrate
regions 66, 68, as illustrated in FIG. 4d. The person skilled in
the art will appreciate that the etching process 76 may be an
anisotropic etch process, which stops on the semiconductor
material layer 30, e.g., an RIE etch process. It is important to
note that the dummy gate electrode material or gate electrode
material 70 is not completely etched over the semiconductor
bulk substrate portion 64. Alternatively, the etch process 76
may be a gate etch process with very high selectivity to oxide
material such that the etch process 76 stops on the oxide
material of the layer 62.

[0049] FIG. 4e schematically illustrates the semiconductor
device structure 200 at a phase during fabrication in which the
etch process 76 does not have a high enough selectivity to
oxide material and the etch process 76 ends at the stage during
fabrication which is illustrated in FIG. 44. Subsequently, a
block mask 78 may be formed over the semiconductor sub-
strate 10 such that the bulk semiconductor device 210 is
exposed to further processing, while SOI devices 220, 230 are
covered by the block mask 78. Next, an etch process 79 may
be performed through the block mask 78 to anisotropically
etch the gate electrode material or dummy gate electrode
material 70 of the bulk semiconductor device 210. The person
skilled in the art will appreciate that the block mask 78 is
arranged relative to the semiconductor bulk substrate portion
64 and the deep STI structures 47 such that the deep STI
structures 47 are only partially covered by the block mask 78.
In this way, a complete removal of the exposed gate electrode
material or dummy gate electrode material 70 over the semi-
conductor bulk substrate portion 64 may be achieved and the
formation of so called “conducting spacers,” i.e., spacers
formed by gate electrode material or dummy gate electrode
material 70 covering sidewall surfaces of the deep trench
isolation structure 47 and/or the layer 62 are avoided. Subse-
quently to the etch process 79, a resist strip clean process
sequence (not illustrated) may be performed.

[0050] FIG. 4f schematically illustrates the semiconductor
device structure 200 at a more advanced stage during fabri-
cation, particularly after gate structures or dummy gate struc-
tures 215, 225, 235 are formed. Each of the gate structures or
dummy gate structures 215, 225, 235 may comprise a gate
insulating structure 62' with one or more gate insulating mate-
rial layers (e.g., hafnium oxide material layers) and/or work
function adjusting materials (e.g., TiN), a gate electrode layer
or dummy gate electrode layer 70, and a gate cap 71. In
accordance with some illustrative embodiments of the present
disclosure, the gate insulating structure 62' may further com-
prise a cSiGe (not illustrated) layer.

[0051] The person skilled in the art will appreciate that at
exposed sidewall portions 60a, 605 of the deep ST regions 47
facing the semiconductor bulk substrate portion 64, no “con-
ducting spacers” are formed. Accordingly, due to the etch
process 79, each of the materials 62, 70 is reliably removed
from the sidewall portions 60a, 604.

[0052] Subsequently, one or more implant sequences may
be performed for forming source/drain regions (not illus-
trated) and/or hollow regions (not illustrated) in the semicon-
ductor bulk substrate portion 64 and/or at least one of the SOI
substrate portions 66, 68. In some special illustrative embodi-
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ments of the present disclosure, halo regions (not illustrated)
may be only implanted into the bulk semiconductor device
210, while implantation of halo dopants into SOI devices 220,
230 may be omitted.

[0053] FIG. 5a schematically illustrates the semiconductor
device structure at a stage during fabrication in which side-
wall spacers 82 are formed for adjusting a separation of
source/drain regions to the gate structures or dummy gate
structures 215, 225, 235, irrespective of whether source/drain
regions are implanted or source/drain regions are grown so as
to form raised source/drain regions 80 by epitaxially growing
semiconductor material, e.g., at least one of silicon and ger-
manium in case of PMOS devices, on exposed semiconductor
material of the semiconductor substrate 10, i.e., on exposed
portions of the semiconductor bulk substrate portion 64, and
exposed portions of the semiconductor layer 30 in SOI sub-
strate portions 66, 68. In accordance with some illustrative
embodiments herein, doped semiconductor material may be
epitaxially grown; alternatively, undoped semiconductor
material may be epitaxially grown and dopants may be sub-
sequently implanted for forming source/drain regions.
[0054] In accordance with some illustrative embodiments
of the present disclosure, the formation of the raised source/
drain regions 80 may comprise the deposition of an epi pro-
tection nitride liner (not illustrated) and the application of at
least one lithographical step for opening semiconductor
material portions over which the raised source/drain regions
are to be formed by appropriately etching the epi protection
nitride liner (not illustrated) and the application of an epi-
taxial growth process. In accordance with some explicitly
disclosed examples herein, two separate lithographical steps
may be performed in embodiments where N-type and P-type
semiconductor devices are to be formed for forming silicon
epi material in the case of N-type semiconductor (NMOS)
devices and silicon germanium material in the case of P-type
semiconductor (PMOS) devices. In accordance with some
illustrative embodiments of the present disclosure, the semi-
conductor device 220 may be provided as an NMOS device
and the semiconductor device 230 may be provided as a
PMOS device, wherein the PMOS device 230 has raised
source/drain regions 80 formed from epi silicon germanium
material, while the NMOS device 220 has raised source/drain
regions 80 formed from epi silicon.

[0055] With regard to FIG. 54, the semiconductor device
structure 200 is schematically illustrated at a more advanced
stage during fabrication, particularly in a stage at which sili-
cide regions 82 are formed on the raised source/drain regions
80. For example, the silicide regions 82 may represent nickel
silicide (Nisi) regions. The person skilled in the art will appre-
ciate that the formation of silicide regions may comprise
depositing a metal layer over the semiconductor device struc-
ture 200, performing an annealing process for forming sili-
cide material over the semiconductor material portions and
removing the remaining metal layer from above the semicon-
ductor device structure 200. Herein, a conventional silicide
block sequence may be performed for blocking areas that are
not to be silicided. Subsequently to the salicitation process, a
nitride liner 84 is deposited over the semiconductor device
structure 200, as illustrated in FIG. 55.

[0056] FIG. 5¢ schematically illustrates the semiconductor
device structure 200 at a more advanced stage during fabri-
cation, particularly after an ILD material 84 is deposited and
a polishing process 85 is performed to polish the deposited
ILD material down to the nitride liner 84. Accordingly, the
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nitride liner 84 over the gate structures 215, 225, 235 acts as
a stop liner in the polishing process (not illustrated).

[0057] FIG. 6a schematically illustrates the semiconductor
device structure 200 at a more advanced stage during gate-last
processes. Particularly, the dummy gate structures 215, 225,
235 are opened and the dummy gate electrode material 70 is
removed such that gate trenches 86 may be formed in the bulk
semiconductor device 210, the SOI semiconductor device
220 and the SOI semiconductor device 230. The person
skilled in the art will appreciate that in processes in which a
thin silicon oxide layer 62' is present, high-k gate insulating
materials and work function adjusting materials, as well as a
gate electrode material, e.g., one of Al and Si, may be filled
into the gate trenches 86. In processes in which a high-k gate
insulating material is present in the layer 62', a work function
adjusting material and a gate electrode material may be filled
into the gate trenches 86 (so-called hybrid gate-last pro-
cesses). In accordance with some alternative embodiments of
the present disclosure, only a dummy gate electrode material
is removed from within the dummy gate structures and a gate
electrode material is filled into the gate trenches 86.

[0058] FIG. 65 schematically illustrates the semiconductor
device structure 200 at a more advanced stage during fabri-
cation, particularly in the gate-last processes after dummy
materials are replaced by respective gate materials. In accor-
dance with some special examples herein, the gate trenches
86 of FIG. 6a were filled up with high-k gate insulating
materials 90, work function adjusting materials 92, and a gate
electrode material 94. After the fill-in of the gate materials
into the gate trenches, a further polishing process 96 may be
performed in order to adjust a final gate height of the semi-
conductor device structure 200 relative to an upper surface of
the semiconductor substrate 10. In accordance with some
illustrative embodiments of the present disclosure, the final
gate height may be in the range from about 15-25 nm, e.g.,
about 20 nm.

[0059] Although the semiconductor device structure 200 as
it is described above and schematically illustrated in the fig-
ures represents a MOS device, the person skilled in the art will
appreciate that the present disclosure is not limited to the bulk
semiconductor device 210 being limited to a MOS device. In
alternative embodiments of the present disclosure, the bulk
semiconductor device 210 may be implemented by one of a
resistor and a capacitor device. In case of capacitors or resis-
tors, the final gate height represents the height of a resistor
material or of an electrode material of a capacitor device.
Accordingly, irrespective of whether MOS devices or non-
MOS devices are formed over the semiconductor bulk sub-
strate portion 64, the semiconductor device structure 200 as it
is obtained in process flows of the present disclosure has a
common height level. In accordance with some illustrative
embodiments of the present disclosure, the final gate height
may be in the range from about 15-25 nm, e.g., about 20 nm.
[0060] The process flow may continue in accordance with
standard techniques for forming contacts to the silicide
regions.

[0061] The present disclosure addresses topology issues in
the cointegration of bulk and SOI devices. As a solution, bulk
and SOI devices of a common height are formed in gate-last
or gate-first techniques. For example, in gate-last approaches,
an appropriate initial dummy gate height thickness may be
chosen in order to decouple the gate-last approach from topol-
ogy issues as the final gate height is not defined by the initial
gate stack thickness but at a later stage during fabrication.
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Accordingly, this additional degree of freedom enables the
advantageous combination of fully depleted devices and bulk
devices.
[0062] The particular embodiments disclosed above are
illustrative only, as the invention may be modified and prac-
ticed in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein. For
example, the process steps set forth above may be performed
in a different order. Furthermore, no limitations are intended
to the details of construction or design herein shown, other
than as described in the claims below. It is, therefore, evident
that the particular embodiments disclosed above may be
altered or modified and all such variations are considered
within the scope and spirit of the invention. Accordingly, the
protection sought herein is as set forth in the claims below.
What is claimed:
1. A method of forming a semiconductor device structure,
the method comprising:
providing a substrate with a semiconductor-on-insulator
(SOI) configuration, said SOI substrate comprising a
semiconductor layer formed on a buried oxide (BOX)
layer which is disposed on a semiconductor bulk sub-
strate;
forming trench isolation structures delineating a first
region and a second region within said SOI substrate;

removing said semiconductor layer and said BOX layer in
said first region for exposing said semiconductor bulk
substrate within said first region;

forming a first semiconductor device with an electrode in

and over said exposed semiconductor bulk substrate in
said first region;
forming a second semiconductor device in said second
region, said second semiconductor device comprising a
gate structure disposed over said semiconductor layer
and said BOX layer in said second region; and

performing a polishing process for defining a common
height level to which said electrode and said gate struc-
ture both substantially extend.

2. The method of claim 1, wherein said gate structure is
formed in accordance with gate-last techniques, comprising
forming a dummy gate structure over said second region and
replacing said dummy gate structure by said gate structure.

3. The method of claim 2, wherein said first semiconductor
device comprises a second gate structure which is formed in
accordance with gate-last techniques.

4. The method of claim 3, wherein said first and second
semiconductor devices are NMOS devices.

5. The method of claim 1, wherein said first semiconductor
device is one of a transistor device, a resistor device and a
capacitor device.

6. The method of claim 2, wherein said dummy gate struc-
ture comprises tungsten.

7. A method of forming a semiconductor device structure
with a bulk semiconductor device and an SOI semiconductor
device, the method comprising:

providing a substrate with a semiconductor-on-insulator

(SOI) configuration, wherein said SOI substrate com-
prises a semiconductor layer formed on a buried oxide
(BOX) layer which is disposed on a semiconductor bulk
substrate;

forming trench isolation structures delineating a first

region and a second region within said SOI substrate;
exposing said semiconductor bulk substrate within said
first region;
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forming said bulk semiconductor device in and over said
exposed semiconductor bulk substrate in said first
region, said bulk semiconductor device comprising a
first gate structure over said exposed semiconductor
bulk substrate in said first region;

forming said SOI semiconductor device in said second
region, said SOI semiconductor device comprising a
second gate structure disposed over said semiconductor
layer and said BOX layer in said second region; and

performing a polishing process for defining a common
height level to which said first and second gate structures
substantially extend.

8. The method of claim 7, wherein said first and second
gate structures are formed in accordance with gate-last tech-
niques by forming first and second dummy gate structures
over respective ones of said first and second regions and
replacing said dummy gate structures by said first and second
gate structures before performing said polishing process.

9. The method of claim 8, wherein said first and second
dummy gate structures are formed by depositing a dummy
gate material stack over said first and second regions and
polishing said deposited dummy gate material stack back to a
height level greater than said mutual height level before pat-
terning said dummy gate material stack.

10. The method of claim 9, wherein said dummy gate
material stack comprises tungsten.

11. The method of claim 9, further comprising forming a
masking pattern over said deposited dummy gate stack mate-
rial and applying an etch process to said bulk semiconductor
device and said SOI semiconductor device for forming said
first and second dummy gate structures in accordance with
said masking pattern.

12. The method of claim 11, wherein said etch process
comprises a first etch step and said dummy gate material stack
comprises a lowermost oxide liner acting as an etch stop
during said first etch step, wherein said deposited dummy
gate material stack is substantially uniformly etched over said
first and second regions until said oxide liner is exposed in
said second region.

13. The method of claim 12, wherein, subsequently to said
first etch step, a block mask is formed over said first and
second regions, said block mask covering said second region
and leaving said first region exposed, and a second etch stop
is applied to said bulk semiconductor device in accordance
with said block mask for exposing said oxide liner in said first
region.

14. The method of claim 13, wherein said block mask
partially leaves said trench isolation structures delineating
said first region exposed.

15. The method of claim 9, further comprising forming
raised source/drain regions in said first and second regions in
alignment with said first and second dummy gate structures
and said STI regions by epitaxially growing doped silicon
material on said first and second regions.

16. A semiconductor device structure, comprising:

a first region formed in a semiconductor substrate and a
second region formed by a semiconductor layer and a
buried oxide (BOX) layer disposed under said semicon-
ductor layer, both layers, said semiconductor layer and
said BOX layer, being disposed on said semiconductor
substrate;

a semiconductor bulk device comprising a first gate struc-
ture disposed on said semiconductor substrate in said
first region; and
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an SOI semiconductor device comprising a second gate
structure disposed on said semiconductor layer in said
second region;

wherein said first and second gate structures have a final
gate height substantially extending to a common height
level over said semiconductor substrate.

17. The semiconductor device structure of claim 16,
wherein said first and second gate structures comprise alumi-
num.

18. The semiconductor device structure of claim 16, further
comprising raised source/drain regions in said first and sec-
ond regions in alignment with said first and second gate
structures, said raised source/drain regions being formed
from doped silicon material disposed on said semiconductor
substrate in said first region and on said semiconductor layer
in said second region.

19. A semiconductor device structure, comprising:

a first region formed in a semiconductor substrate and a
second region formed by a semiconductor layer and a
buried oxide (BOX) layer disposed under said semicon-
ductor layer, both layers, said semiconductor layer and
said BOX layer, being disposed on said semiconductor
substrate;
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a resistor device disposed on said semiconductor substrate
in said first region, said resistor device being formed by
a resistor material; and

an SOI semiconductor device comprising a gate structure
disposed on said semiconductor layer in said second
region;

wherein said resistor material and said gate structure sub-
stantially extend to a common level over said semicon-
ductor substrate.

20. A semiconductor device structure, comprising:

a first region formed in a semiconductor substrate and a
second region formed by a semiconductor layer and a
buried oxide (BOX) layer disposed under said semicon-
ductor layer, both layers, said semiconductor layer and
said BOX layer, being disposed on said semiconductor
substrate;

a capacitor device with a capacitor material disposed on
said semiconductor substrate in said first region; and
an SOI semiconductor device comprising a gate structure
disposed on said semiconductor layer in said second

region;

wherein said capacitor material and said gate structure
substantially extend to a common height level over said
semiconductor substrate.
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