
SLICON-ON-INSULATOR SEMICONDUCTOR DEVICE WITH SILICON
LAYERS HAVING DIFFERENT CRYSTAL ORIENTATIONS AND
METHOD OF FORMING THE SILICONON- INSULATOR
SEMICONDUCTOR DEVICE TECHNICALFIELD [01] The present
invention relates to semiconductor devices and methods
of manufacturing semiconductor devices and, more
particularly, to an improved semiconductor device
comprising silicon-on-insulator (SOI) technology.
BACKGROUND OF THE INVENTION [02]An important aim of
ongoing research in the semiconductor industry is
increasing semiconductor performance while decreasing
power consumption in semiconductor devices. Planar
transistors, such as metal oxide semiconductor field
effect transistors (MOSFETs) are particularly well
suited for use in high-density integrated circuits. As
the size of MOSFET and other devices decrease, the
dimensions of source/drain regions, channel regions,
and gate electrodes of the devices, also decrease.
[03] The design of ever-smaller planar transistors
with short channel lengths makes it necessary to
provide very shallow source/drain junctions. Shallow
junctions are necessary to avoid lateral diffusion of
implanted dopants into the channel, since such
diffusion disadvantageously contributes to leakage
currents and poor breakdown performance. Shallow
source/drain junctions, with a thickness on the order
of 1000 A or less, are generally required for
acceptable performance in short channel devices. [04]
Silicon-on-insulator (SOI) technology allows the
formation of high-speed, shallow-junction devices. In
addition, SOI devices improve performance by reducing
parasitic junction capacitance. [05] In a SOI
substrate, a buried oxide (BOX) film made of silicon
oxide is formed on single crystal silicon, and a
single crystal silicon thin film is formed thereon.
Various methods for fabricating such SOI substrates
are known. One such method is Separation-by-Implanted
Oxygen (SIMOX), wherein oxygen is ion implanted into a
single crystal silicon substrate to form a buried
oxide (BOX) film. [06] Another method of forming a SOI
substrate is wafer bonding, wherein two semiconductor
substrates with silicon oxide surface layers are
bonded together at the silicon oxide surfaces to form
a BOX layer between the two semiconductor substrates.
[07] Another SOI technique is Smart Cut(r), which also
involves bonding first and second semiconductor
substrates through oxide layers. In the Smart Cut(r)
method, the first semiconductor substrate is implanted
with hydrogen ions prior to bonding. The hydrogen ion
implanting subsequently allows the hydrogen ion
implanted semiconductor substrate to be split from the
bonded substrates leaving behind a thin layer of
silicon bonded to the surface of the second
semiconductor substrate. [08] Semiconductor device
performance can be further enhanced by 50% or more by
fabricating a P-type MOSFET (PMOSFET) on silicon with
a < 110> crystal orientation rather than a
conventional <100> orientation. However, the
performance of a N-type MOSFET (NMOSFET) formed on
<110> silicon may be degraded 



compared to a NMOSFET formed on silicon with a <100>
orientation. [09] Semiconductor device performance can
also be enhanced by fabricating fully depleted MOSFETs
on very thin silicon films, such as films with a
thickness of about 30 nm or less. Fully depleted
MOSFETs providereduced current leakage and are
desirable for high performance devices. However, it is
difficult to modify the threshold voltage of fully
depleted MOSFETs with conventional techniques, such as
adjusting a halo dose. It is desirable to modify the
threshold voltage of MOSFETs to create high and low
threshold voltage devices. Semiconductor devices
comprising MOSFETs with a range of different threshold
voltages reduces the power consumption of the chip.
[10] The term semiconductor devices, as used herein,
is not to be limited to the specifically disclosed
embodiments. Semiconductor devices, as used herein,
include a wide variety of electronic devices including
flip chips, flip chip/package assemblies, transistors,
capacitors, microprocessors, random access memories,
etc. In general, semiconductor devices refer to any
electrical device comprising semiconductors. SUMMARY
OF THE INVENTION [11] There exists a need in the
semiconductor device art for a device that combines
the performance improvements of SOI technology and
fully depleted MOSFET technology. There exists a need
in the semiconductor device art for a device that
combines the performance improvements of SOI
technology and MOSFETs formed on silicon with
different crystal orientations on the same substrate.
In addition, there exists a need in this art to
provide a semiconductor device that combines SOI
technology, fully depleted MOSFET technology, and
MOSFETs formed on silicon having different crystal
orientations on the same substrate. Further, there
exists a need in this art for methodology for forming
semiconductor devices comprising SOI technology and
fully depleted MOSFET technology. There also there
exists a need in this art for methodology for forming
semiconductor devices comprising SOI technology and
MOSFETs formed on silicon having different crystal
orientations on the same substrate. Furthermore, there
exists a need in this art for methodology for forming
semiconductor devices comprising SOI technology, fully
depleted MOSFET technology, and MOSFETs formed on
silicon having different crystal orientations formed
on the same substrate. [12] These and other needs are
met by certain embodiments of the present invention,
which provide a semiconductor device comprising a
substrate having a first crystal orientation and an
insulating layer overlying the substrate. A plurality
of silicon layers are formed overlying the insulating
layer. A first silicon layer comprises silicon having
the first crystal orientation, and a second silicon
layer comprises silicon having a second crystal
orientation. [13] These and other needs are further
met by certain embodiments of the present invention
which provide a method of forming a semiconductor
device comprising providing a silicon-on-insulator
structure comprising a substrate with a silicon layer
overlying the substrate and a first insulating layer
interposed therebetween. An opening is formed in a
first region of the silicon-on-insulator structure by
removing a portion of the silicon layer and the first
insulating layer to expose a portion of the substrate
layer. Selective epitaxial silicon is grown into the
opening. A second insulating layer is formed in the
silicon grown in the opening in the first region to
provide an insulating layer between the grown silicon
in the opening and the substrate. 



[14] This invention addresses the needs for an
improved high-speed semiconductor device with improved
electrical characteristics. [15] The foregoing and
other features, aspects, and advantages of the present
invention will become apparent in the following
detailed description of the present invention when
taken in conjunction with the accompanying
drawings.BRIEF DESCRIPTION OF THE DRAWINGS [16]FIGS.
1-14 illustrate the formation of a SOI semiconductor
device with partially depleted and fully depleted
MOSFETs on the same substrate. [17] FIGS. 15-28
illustrate the formation of a SOI semiconductor device
with MOSFETs formed on silicon of different crystal
orientations on the same substrate. [18] FIG. 29
illustrates a silicon-on-insulator structure wherein
the silicon substrate comprises silicon of a different
crystal orientation than the silicon-on-insulator
silicon layer. [19] FIG. 30 illustrates a
semiconductor device comprising silicon-on-insulator
technology, folly depleted MOSFET technology, and
MOSFETs formed on silicon of different crystal
orientation on the same substrate. DETAILED
DESCRIPTION OF THE INVENTION [20] The present
invention enables the production of improved
high-speed semiconductor devices with the benefits of
SOI and folly depleted MOSFET technology, and/or
MOSFETs formed on silicon having different crystal
orientations on the same substrate. The present
invention further provides the higher speed offered by
folly depleted technology and/or PMOSFETs formed over
silicon with different crystal orientations with the
reduced parasitic junction capacitance benefits of SOI
technology. [21] The invention will be described in
conjunction with the formation of the semiconductor
devices illustrated in the accompanying drawings.
However, this is exemplary only as the claimed
invention is not limited to the formation of the
specific devices illustrated in the drawings. [22]A
method of forming a semiconductor device having folly
depleted and partially depleted MOSFETs on a common
SOI substrate will be described first. A SOI structure
10 is provided with a silicon layer 16 and an
insulating layer 14 overlying a substrate 12. The
substrate 12 is typically a silicon wafer. The
insulating layer 14 is a buried oxide (BOX) layer. The
SOI structure 10, as illustrated in FIG. 1, can be
formed by conventional techniques, such as SIMOX,
Smart Cut(r), or wafer bonding techniques.
Alternately, SOI wafers can be obtained from
commercial sources, such as Ibis Technology
Corporation. In certain embodiments of the present
invention, the silicon layer 16 has a thickness of
about 30 nm or less, so as to enable the fabrication
of folly depleted SOI devices. In certain embodiments
of the present invention, the BOX layer 14 has a
thickness of from about 50 nm to about 400 nm. In
certain embodiments of the invention, the BOX layer 14
has a thickness of from about 200 nm to about 300 nm.
[23]As illustrated in FIG. 2, an oxide layer 18 is
formed over the silicon layer 16. The oxide layer 18
can be deposited, such as by chemical vapor deposition
(CVD), or the top surface of the silicon layer 16 can
be thermally oxidized. A silicon nitride film 20 is
subsequently deposited over the oxide layer 18. The
thickness of the oxide layer 18, in certain
embodiments of the present invention, ranges from
about 5 nm to about 100 nm. In 



certain embodiments of the present invention, the
oxide layer 18 is about 20 nm thick. The nitride layer
20 has a thickness of about 50 nm to about 300 nm. In
certain embodiments of the present invention, the
thickness of the nitride layer 20 is about 100 nm.
[24]An opening 22 is subsequently formed in the SOI
structure 10, as illustrated in FIG. 3. In certain
embodiments of the present invention, the opening 22
is formed by conventional photolithographic and
etching techniques to expose an upper surface 24 of
the substrate 12. Conventional photolithographic and
etching techniques include forming a resist layer over
the SOI structure 10, masking and patterning the
resist layer, andanisotropic etching oFth'e" SOI
structure 10 to remove portions of the silicon nitride
layer 20, oxide layer 18, silicon layer 16, and the
BOX layer 14, exposing the upper surface 24 of the
substrate 12. The photoresist is subsequently stripped
to provide the SOI structure 10 as shown in FIG. 3.
Conventional anisotropic etching techniques include
plasma etching and reactive ion etching. Anisotropic
etching can alternately be carried out in a series of
plasma etching steps using different known plasmas
that optimally etch the various different layers.
[25]A second silicon nitride layer 26 is subsequently
deposited over the SOI structure 10, as illustrated in
FIG. 4. In certain embodiments of the invention, the
silicon nitride layer 26 is deposited to a thickness
of from about 10 nm to about 100 nm by a conventional
deposition technique, such as CVD. The silicon nitride
layer 26 is subsequently anisotropically etched to
form self-aligned sidewall spacers 28 ordering the
opening 22, as shown in FIG. 5. [26]A selective
epitaxial silicon layer 30 is grown on the silicon
substrate 12, so that it extends over the top of the
opening 22, as shown in FIG. 6. The epitaxial silicon
layer 30 has the same crystal orientation as the
silicon substrate 12. After the selective epitaxial
silicon growth, conventional chemical-mechanical
polishing (CMP) techniques are used to polish the
epitaxial silicon layer 30 so that it is substantially
coplanar with an upper surface 32 of the second
silicon nitride layer 20, as shown in FIG. 7. [27]
First regions 3 1 of the SOI structure 10 and second
regions 33 are isolated from each other using
conventional shallow trench isolation (STI)
techniques. As shown in FIG. 8, trenches 34 are formed
in the SOI structure 10 exposing the surface 37 of the
silicon substrate 12. The trenches 34 are formed by
conventional photolithographic and etching techniques,
including depositing a photoresist on the SOI
structure 10, selectively exposing and patterning the
photoresist, anisotropic etching, and removal of the
remaining photoresist to form trenches 34, as
illustrated in FIG. 8. The trenches 34 are positioned
around the nitride sidewalls 28, such that as the
anisotropic etch is performed the nitride sidewalls 28
are removed from the structure 10. [28] The trenches
34 are subsequently are filled with a suitable
insulating material 36 as by a conventional CVD
process as shown in FIG. 9. Suitable insulating
materials 36 include silicon nitride and silicon
oxide. In certain embodiments of the present
invention, trench regions 34 are filled with silicon
oxide 36 to isolate the first region 3 1 and the
second region 33. Some of the conventional methods of
filling trench region 34 with silicon oxide include:
(a) tetraethylorthosilicate low pressure chemical
vapor deposition (TEOS LPCVD), (b) non-surface
sensitive TEOS ozone atmospheric or sub-atmospheric
pressure chemical vapor deposition (APCVD or SACVD),
and 



(c) silane oxidation high-density plasma CVD. [29]
Prior to filling trenches 34 with silicon oxide 36,
thermal oxide liners (not shown) are conventionally
grown along the walls 35 of the trenches 34, such as
by exposing the structure 10 to an oxygen ambient at a
temperature of approximately 95O0C to about 11000C.
The structure 10 is subsequently planarized by CMP to
remove the oxide 36 extending over the trenches 34.
After planarizing, the nitride layer 20 and oxide
layer 18 are subsequently removed, as shown in FIG.
10. The nitride layer 20 and oxide layer 18 are
typically removed by wet etching. Hot phosphoric acid
is conventionally used to etch silicon nitride and
hydrofluoric acid or a mixture of hydrofluoric and
ammonium fluoride (buffered oxide etch) is used to
remove silicon oxide layers. In the resulting
structure 10, the silicon layer 16 in the second
region 33 is isolated from silicon layer 30,
illustrated in FIG. 10.[30]An insulating BOX layer 40
is subsequently formed by a SIMOX process, as
illustrated in FIG. 1IA. In the SIMOX process, oxygen
ions 38 are implanted into the structure 10. In
certain embodiments of the present invention, oxygen
ions 38 are implanted into the structure 10 at an
energy in the range of from about 70 keV to about 200
keV and at a dose in the range from about 1.0 x 10 17
cm 2 to about 1.0 x 1018 cm 2 . After implantation,
the structure 10 is annealed at a temperature in the
range of from about 125O0C to about 1400C for about 4
to about 6 hours. In an alternate embodiment of the
present invention, a hard oxide mask 42 is formed over
the second region 33 using conventional deposition,
photolithographic, and etching techniques, to protect
the second region 33 from damage during the oxygen ion
38 implant in the first region 3 1, as shown in FIG.
1IB. In certain embodiments of the present invention,
the insulating layer 40 underlying the first region 3
1 has a thickness less than the thickness of the
insulating layer 14 underlying the second region 33.
[3I]As illustrated in FIG. 12, a fully depleted MOSFET
52 and partially depleted MOSFET 54 are formed on the
SOI structure 10. A gate oxide layer 44 and gate
electrode layer 46 are formed over the structure 10.
In certain embodiments of the present invention, the
gate electrode layer 46 comprises polysilicon and is
formed to a thickness of about 100 nm to about 300 nm.
The gate oxide layer 44 is typically formed to
thickness of about 10 A to about 100 A. The gate oxide
layer 44 and gate electrode layer 46 are patterned by
conventional photolithographic and etching techniques.
[32] Source and drain extensions 48 are formed by
conventional ion implantation techniques. The type of
dopant implanted into the source and drain extensions
48 depends on whether the device is a NMOSFET or a
PMOSFET. For example, if the transistor is a NMOSFET,
N-type dopant is implanted into the source and drain
extensions 48. In certain embodiments of the present
invention, N-type dopant, such as arsenic, is
implanted into the source and drain extensions 48 at
an implantation dose of about 1 x 10 14 ions/cm 2 to
about 2 x 10 15 ions/cm 2 and an implantation energy
of about 0.5 keV to about 5 keV. If the transistor is
a PMOSFET, P-type dopant is implanted into the source
and drain extensions 48. In certain embodiments of the
present invention, P-type dopant, such as boron
difluoride (BF2), is implanted into the source/drain
extensions 48 at an implantation dose of about 1 x
1014 ions/cm 2 to about 1 x 1015 ions/cm 2 and an
implantation energy of about 0.5 keV to about 5 keV.
[33] Halo implants 50 are formed hi the channel region
49, adjacent the source and drain regions 47 of the 



partially depleted MOSFET 54. The halo implants 50 are
formed with a dopant of a conductivity type opposite
that of the source and drain regions 47. The halo
implants 50 can be formed by an angled implant in
certain embodiments of the present invention. The halo
implants 50, in certain embodiments of the present
invention, can be implanted at a dose of about 8 x 10
12 ions/cm 2 to about 5 x 1013 ions/cm "2 and an
implantation energy of from about 7 keV to about 50
keV. Halo implants 50 prevent merger of the source and
drain regions in the channel region 49. The threshold
voltage of the partially depleted MOSFET 54 can be
modified by adjusting the halo dose. [34] The heavily
doped portions 5 1 of the source and dram regions 47
are subsequently formed. As shown in FIG. 13, sidewall
spacers 56 are formed surrounding the gate electrode
46 by conventional methods, such as the deposition of
a layer of insulating material, including silicon
nitride or silicon oxide, followed by anisotropic
etching to form the sidewall spacers 56. In certain
embodiments of the present invention, if the
transistor is a NMOSFET arsenic is implanted into the
heavily doped regions 5 1 at an implantation dose of
about 1 x 1015 ions/cm 2 to about 4 x 1015 ions/cm2
and an implantation energy of about 20 keV to about 50
keV. If thetraris sfbri 's a "PMOSFET, boron is
implanted into the heavily doped region 5 1 at an
implantation dose of about 1 x 1015 ions/cm2 to about
4 x 1O1S ions/cm2 and an implantation energy of about
2 keV to about 10 keV. [35] In certain embodiments of
the present invention, raised source and drain regions
60 are formed on source and drain regions 47 by doped
selective epitaxy, as shown in FIG. 14. In certain
embodiments of the present invention, a doped
epitaxial layer is grown to a thickness of from about
300 A to about 1000 A on the source and drain regions
47. Doped selective epitaxy is performed with a
mixture of gases including silane (SiH4) and a dopant
gas in a hydrogen carrier gas. HCl gas may be added to
the SiH^dopant gas mixture. The epitaxial layer is
formed at a temperature of about 65O0C to about 900C
at a pressure from about 1 torr to about 700 torr.
[36] In certain alternate embodiments of the present
invention, raised silicon layers (not shown) are grown
over the source and drain regions 47 by selective
epitaxy. The raised silicon layers are grown to a
thickness such that the entire raised silicon layers
are consumed when the metal suicide contacts are
formed as subsequently described herein. Because the
entire raised silicon layers are consumed it is not
necessary to implant dopants in the raised silicon
layers. [37] Metal suicide contacts 64 are
subsequently formed in the raised source and drain
regions 60 and metal suicides contacts 62 are formed
over the gate electrodes 46. Conventional techniques
for forming metal silicide contacts include depositing
a metal layer such as nickel, cobalt, or titanium over
the structure 10. Metal silicide contacts 62, 64 are
formed by heating the metal layer to react it with
underlying silicon in the raised source and drain
regions 60 and gate electrode 46. After formation of
the metal silicide contacts 60, 62 the metal layer
which did not react to form metal silicide is removed
by etching. The raised source and drain regions 60 are
needed in the fully depleted MOSFET 52 source and
drain regions 47 because there is insufficient space
in the thin fully depleted MOSFET 52 source and drain
regions 47 to accommodate metal silicide contacts 64
of sufficient thickness. [38] In another embodiment of
the present invention, a SOI structure 70 is provided
with a substrate 72 comprising silicon having a first
crystal orientation, an insulating BOX layer 74 and
silicon layer 76 comprising 



silicon having a second crystal orientation, as
illustrated in FIG. 15. SOI wafers comprising a
silicon layer having a different crystal orientation
than the silicon substrate are known as hybrid
orientation wafers. In certain embodiments of the
present invention, the SOI structure 70 comprises a
silicon substrate 72 having a <100> crystal
orientation and a silicon layer 76 having a < 110>
crystal orientation. In certain other embodiments of
the present invention, the substrate 72 comprises
silicon having a <110> crystal orientation, while the
silicon layer 76 comprises silicon having a <100>
crystal orientation. Hybrid substrates can be prepared
through wafer bonding techniques, wherein a first
silicon substrate having a <100> crystal orientation
is bonded to a silicon substrate having a <110>
crystal orientation. In certain embodiments of the
present invention the silicon layer 76 is formed to a
thickness of about 30 nm to about 100 nm and the
thickness of the BOX layer 74 ranges from about 200 nm
to about 300 nm. [39] The present invention is not
limited to silicon layers with different crystal
orientations, wherein the different crystal
orientations are the <100> and <110> orientations. As
is clear to one of ordinary skill in this art, the
present invention is applicable to any two silicon
crystal orientations, including the <111> and <311>
orientations. In addition, crystal planes angled to
any of the above orientations are included within the
scope of the present invention. [4O]As illustrated in
Fig. 16, an oxide layer 78 and silicon nitride layer
80 are subsequently formed over the silicon layer 76,
as previously described. As shown in FIG. 17, an
opening 82 is formed in the SOI structure 70to expose
an pper""surface "84 of the silicon substrate 72. The
opening 82 is formed by conventional photolithographic
and etching techniques, as previously described.
[4I]As illustrated in FIG. 18, a second silicon
nitride layer 86 is deposited over the SOI structure
70. The second silicon nitride layer 86 is
subsequently anisotropically etched to form sidewall
spacers 88 in the opening 82. A selective epitaxial
silicon layer 90 is subsequently grown on top of the
silicon substrate 72 so that it extends above the
opening 80. The epitaxial silicon layer 90 has the
same crystal orientation as the silicon substrate 72.
The SOI structure 70 is subsequently planarized using
CMP techniques so that the epitaxial silicon layer 90
is substantially coplanar with an upper surface 92 of
the second silicon nitride layer 80, as illustrated in
FIG. 21. [42]As illustrated in FIG. 22, trenches 94
are formed in the SOI structure 70 exposing an upper
surface 95 of the silicon substrate 72. The trenches
94 are formed to isolate a first region 9 1 of the SOI
structure 70 from a second region 93. The trenches 94
are formed and subsequently filled with an appropriate
insulating material according to conventional STI
techniques, as previously explained. The trenches 94
are positioned so as to remove the side wall spacers
88 while forming the trenches 94. The trenches 94 are
subsequently filled with an appropriate insulating
material 96, such as silicon oxide, as illustrated in
FIG. 23. The deposited silicon layer 96 is
subsequently planarized using CMP techniques, and the
second silicon nitride layer 80 and oxide layer 78 are
removed by the use of appropriate etchants, as
previously described, to provide the planarized
structure 70, as shown in FIG. 24. [43]As previously
described, oxygen ion 8 is implanted into the
structure 70 to form an insulating BOX layer 100, as
shown in FIG. 25A. In an alternate embodiment of the
invention, a silicon oxide or silicon nitride hard 



mask 102 protects the second region 93 from damage
during implantation of oxygen ion 98 into the first
region 91. The structure 70 is subsequently thermally
annealed. As a result of the SIMOX process, the
resulting structures 70 of FIG. 25A and 25B comprise a
first region 9 1 and second region 93 with
silicon-on-insulator configurations, wherein the first
region 9 1 and second region 93 comprise silicon
having different crystal orientations. In certain
embodiments of the present invention, the insulating
layer 100 underlying the first region 9 1 has a
thickness less than the thickness of the insulating
layer 74 underlying the second region 93. [44]A
structure 70 comprising a plurality SOI MOSFETs with
different silicon crystal orientations is subsequently
formed. As illustrated in FIG. 26, gate electrodes 106
and gate oxide layers 104 are formed over the first
region 9 1 comprising the silicon layer 90 having a
first crystal orientation and the second region 93
comprising silicon having a second crystal
orientation. Source and drain extensions 108 are
formed by ion implantation techniques in the source
and drain regions 107 and halo implants 110 are
optionally formed in the channel regions 115. The
threshold voltage of the first and second MOSFETs 112,
114 can be modified by adjusting the halo implant
dose. [45] As shown in FIG. 27, gate sidewall spacers
116 are formed on the gate electrodes 106 by
depositing an insulating material such as silicon
oxide or silicon nitride over the structure 70 and
subsequent anisotropic etching. Heavily doped regions
111 are formed in the source and drain regions 107 by
conventional techniques such as ion implantation. As
previously described, a PMOSFET is formed by
implanting P-type dopant into the source and drain
regions 107 and a NMOSFET is formed by implanting
N-type dopant into the source and drain regions 107.
Because PMOSFET performance can be greatly enhanced by
fabricating PMOSFETs on silicon with a < 110> crystal
orientation, the silicon layer comprising < 110>
crystal orientation silicon is doped with a P'type
dopant'  ' tn'e "so cei cl drain regions 107. The
silicon layer comprising <100> crystal orientation
silicon is doped with N-type dopant to form a NMOSFET.
[46]A metal layer is subsequently deposited over the
structure 70. The structure is heated to react the
metal layer with underlying silicon in the source and
drain regions 107 and gate electrodes 106 to form
metal suicide contacts 120, 122 in the source and
drain regions 107 and on the gate electrodes 106, as
shown in FIG. 28. [47] In certain embodiments of the
present invention a SOI structure 130 comprising a
silicon substrate 132 of a first crystal orientation,
a BOX layer 134, and a silicon layer 136 of a second
crystal orientation, as illustrated in FIG. 29, is
provided. The SOI structure 130 is processed in
accordance with the steps described in FIG. 2 through
FIG. 14 to provide a partially depleted MOSFET 138
comprising a silicon layer 146 having a first crystal
orientation and a fully depleted MOSFET 140 with a
silicon layer 136 of a second crystal orientation 148
overlying the BOX layer 142. In an alternate
embodiment of the present invention, the BOX layer 142
does not extend under the folly depleted MOSFET 140,
as previously described in relation to FIG. 1IB. [48]
The embodiments illustrated in the instant disclosure
are for illustrative purposes only. They should not be
construed to limit the claims. As is clear to one of
ordinary skill in the art, the instant disclosure
encompasses a wide variety of embodiments not
specifically illustrated herein.WHAT IS CLAIMED IS: 1.
A semiconductor device comprising: a substrate 12
having a first crystal orientation; 



an insulating layer 40 overlying said substrate 12; a
plurality of silicon layers 16, 30 overlying said
insulating layer 40, wherein a first silicon layer 16
comprises silicon having the first crystal
orientation, and a second silicon layer 30 comprises
silicon having a second crystal orientation. 2. The
semiconductor device according to claim 1, wherein
said first and second silicon layers 16, 30 are
separated by an insulating region 36. 3. The
semiconductor device according to claim 1, wherein
said first crystal orientation and said second crystal
orientation are selected from group of silicon crystal
orientations consisting of <100>, <110>, < 111>,
<311>, and crystal planes angled to these
orientations. 4. The semiconductor device according to
claim 1, further comprising MOSFETs 52, 54 formed at
the first and second silicon layers 16, 30. 5. The
semiconductor device according to claim 13, wherein at
least one MOSFET is a partially depleted MOSFET 54 and
at least one MOSFET is a fully depleted MOSFET 52. 6.
A method of forming a semiconductor device comprising:
providing a silicon-on-insulator structure comprising
a substrate 12 with a silicon layer 16 overlying said
substrate 12 and a first insulating layer 14
interposed therebetween; forming an opening 22 in a
first region of said silicon-on-insulator structure by
removing a portion of said silicon layer 16 and said
first insulating layer 14 to expose a portion 24 of
said substrate layer; selectively growing epitaxial
silicon 30 in said opening 22; and forming a second
insulating layer 40 in said silicon 30 grown in the
opening 22 in the first region to provide an
insulating layer 40 between the grown silicon 30 in
the opening 22 and the substrate 12. 7. The method of
forming a semiconductor device according to claim 6,
wherein the second insulating layer 40 has a thickness
in said first region less than a thickness of the
first insulating layer 14 in a second region of the
structure. 8. The method of forming a semiconductor
device according to claim 7, further comprising
forming a partially depleted MOSFET 54 in the first
region and a fully depleted MOSFET 52 in the second
region. 9. The method of forming a semiconductor
device according to claim 8, further comprising
forming raised source and drain regions 60 overlying
said silicon layers 16, 30. 10. The method of forming
a semiconductor device according to claim 6, wherein
said structure comprises second regions spaced apart
from said first regions, and the silicon layer 30
overlying the second insulating layer 40 in the first
region comprises silicon having a first crystal
orientation and the silicon layer 16 overlying the
first insulating layer 14 in the second region
comprises silicon having a second crystal orientation.


