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(57) Abstract: A semiconductor apparatus includes a first substrate (102, 202) and a second substrate (106, 206) located over a
first portion of the first substrate and separated from the first substrate by a buried layer (104, 204). The semiconductor apparatus
also includes an epitaxial layer (108, 220) located over a second portion of the first substrate and isolated from the second sub-
strate. The semiconductor apparatus turther includes a first transistor (116) formed at least partially in the second substrate and a
second transistor (128) formed at least partially in or over the epitaxial layer. The second substrate and the epitaxial layer have
bulk properties with different electron and hole mobilities. At least one of the transistors is configured to receive one or more sig-
nals of at least about 5V. The first substrate could have a first crystalline orientation, and the second substrate could have a second
crystalline orientation.
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METHOD FOR IMPROVED MOBILITY USING HYBRID ORIENTATION
TECHNCLOGY (HOT) IN CONJUNCTION WITH SELECTIVE EPITAXY AND
RELATED APPARATUS

TECHNICAL FIELD
[0001] This disclosure 1is generally directed to integrated
circuits. More specifically, this disclosure is directed to a
method for improved mcobility using hybrid orientation technoclogy
{HOT) in conjunction with selective epitaxy and related

apparatus.

BACKGROUND

[0002] Complimentary metal oxide semiconductor ({(CMOS) circuits
are otften formed on silicon substrates having a (100) crystalline
orientation. Hybrid orientation technology (HOT) uses different
crystalline orientations on a single substrate. For example,
hybrid orientation technology could mix a (100) crystalline
orientation substrate and a (110) crystalline orientation
substrate on the same semiconductor wafer. This is typically
done to help improve hole and electron mobilities within a

semiconductor device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0003] For a more complete understanding of this disclosure
and its features, reference 1s now made to the following
description, taken in conjunction with the accompanying drawings,
in which:

[0004]) FIGURE 1 illustrates an example integrated circuit
device using hybrid orientation technology (HOT) in conjunction
with selective epitaxy according to this disclosure;

[0005] FIGURES ZA through 2K illustrate an example technique
for forming an integrated circuit device using HOT in conijunction
with selective epitaxy according to this disclosure;

[0006] FIGURES 3A through 3G illustrate example detaills
regarding faults in an integrated circuit device according to
this disclosure;

(0007] FIGURE 4 illustrates an example circuit having
transistor devices formed using HOT in conjunction with selective
epitaxy according to this disclosure; and

[0008] FIGURE 5 illustrates an example method for forming an
integrated circuit device using HOT in conjunction with selective

epitaxy according to this disclosure.
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DETATILED DESCRIPTION

[0009] FIGURES 1 through 5, discussed below, and the variocus
embodiments used to describe the principles of the present
invention in this patent document are by way of illustration only
and should not be construed in any way to limit the scope of the
invention. Those skilled in the art will understand that the
principles of the invention may be implemented in any type of
suitably arranged device or system.

(0010] FIGURE 1 illustrates an example integrated circuit
device 100 wusing hybrid orientation technolegy (HOT) in
conjunction with selective epitaxy according to this disclosure.

The embodiment of the integrated circuit device 100 shown in
FIGURE 1 is for illustraticn only. Other embodiments of the
integrated circuit device 100 could be used without departing
from the scope of this disclosure.

[0011] As shown in FIGURE 1, the integrated circuit device 100
includes a wafer 102. The wafer 102 represents any suitable
semiconductor substrate that can be used to carry or support
other components of the integrated circuit device 100. For
example, the wafer 102 could represent a P- substrate with a
{100) crystalline orientation at 300/cm.

[0012] A buried layer 104 resides above a portion of the wafer
102. The buried layer 104 generally represents a thin layer of
oxide or other material(s) for electrically isolating other
components of the integrated circuit device 100. The buried
layer 104 could, for example, represent a silicon oxide layer or
other oxide layer with a thickness of approximately 1,450A or
2,000A.

[0013] A substrate 106 resides above the buried layer 104.
The substrate 106 could represent any suitable semiconductor
substrate. For example, the substrate 106 could represent an N-
substrate with a (110) crystalline orientation at 30Q/cm and a

thickness between approximately 2um and approximately 5um. The
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substrate 106 and the wafer 102 can have different crystalline
orientations, thereby implementing the HOT approach. For
convenience, the wafer 102 may be referred to as a “first
semiconductor substrate,” and the substrate 106 may be referred
to as a “second semiconductor substrate.”

[(0014] An epitaxial layer 108 also resides above the wafer
102. The epitaxial layer 108 could represent any suitable
epltaxial material(s). FFor example, the epitaxial layer 108
could be formed from silicon germanium, such as Sig. gsGey.is.
Other materials could be used in the epitaxial layer 108, such as
silicon tin (5iSn) or carbon-doped silicon germanium (SiGeC). 1In
some embodiments, the epitaxial layer 108 has a crystalline
orientation that 1s different than the orientation of the
substrate 106, such as the {100) orientaticn.

[0015]) A cap 110 can be formed over the epitaxial layer 108.
The cap 110 could be formed from one or more semiconductor
substrate materials, such as silicon. In particular embodiments,
the cap 110 could be formed from P- silicon at 30Q/cm with a
thickness of approximately 1,000A. Note that in other
embodiments, the cap 110 could be ocmitted.

[0016] In this example, trenches 1l2a-112c are used to help
electrically isolate different portions of the structure. The
trenches 112a-112c could represent any suitable isolation
structures, such as shallow trench isclation (STI) structures.
The trenches 1l12Z2a-112c could be formed in any suitable manner and
from any suitable material(s), such as an oxide. Also, a spacer
114 can separate the substrate 106 from the epitaxial layer 108.

The spacer 114 could be formed in any suitable manner and from
any sulitable material(s), such as an oxide.

[0017] A p-channel metal oxide semiceonductor {(PMOS) device 116
is formed using the substrate 106. As shown in FIGURE 1, the
PMOS device 116 includes a source 118, a drain 120, an offset

122, and a gate 124. Each of the scurce 118, drain 120, and
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offset 122 generally denotes an area of the substrate 106 that
has been doped with one or more suitable dopants. For example,
the source 118 and drain 120 could include p+ deopant, and the
offset 122 could include p- dopant. The gate 124 generally
denotes an electrically ccnductive area, such as one formed from
polysilicon, that can be used to control the operation of the
PMOS device 116. The gate 124 is typically separated from the
substrate 106 by a gate oxide 126. Each of these components 118-
126 could be formed in any suitable manner using any suitable
material(s).

[(0018] An n-channel metal oxide semiconductor {(NMOS) device
128 is formed using the cap 110 (although in other embodiments
the NMOS device 128 is formed in the epitaxial layer 108). The
NMOS device 128 includes a source 130, a drain 132, an offset
134, and a gate 136. The gate 136 is separated from the cap 110
by a gate oxide 138. These components 130-138 may be the same as
cr similar to the corresponding components 118-126 in the PMOS
device 116, but different dopings are used in the NMOS device
128. For example, the source 130 and drain 132 could include n+
dopant, and the offset 134 could include n- dopant. Each of
these components 130-138 could be formed in any suitable manner
using any suitable material(s). Note that the formation of
different components in the PMOS and NMOS devices 116 and 128
could overlap, such as when the gates 124 and 136 are formed
using the same process steps. The gate oxides 126 and 138 may or
may not be formed using the same process steps.

[0019] An oxide layer 140 is formed over the PMOS and NMOS
devices 116 and 128. The oxide layer 140 typically protects the
underlying components of the integrated circuit device 100 during
subsequent processing steps. The oxide layer 140 could represent
any suitable oxide material {s) and can be formed in any suitable
manner.

[0020] In some embodiments, the PMOS and NMOS devices 116 and
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128 could represent devices having higher operating voltages,
such as 5V+ PMOS and NMOS devices. This level of operating
voltage often cannct be obtained using conventional CMOS systems.
Also, the integrated circuit device 100 here supports the use of
different materials and orientations to support both higher
electron mobility and higher hole mobility. For instance, the
(110) orientation of the substrate 106 can provide better hole
mobility, while the epitaxial layer 108 with an adjustable
germanium concentration can provide better electron mobility.
Both of these structures can be used in the same integrated
circult device and on the same wafer.

[0021] Further, note that the improved hole and electron
mobilities here are bulk properties, meaning they are inherent
characteristics of the structures rather than being caused solely
by stress. This is useful in forming higher voltage devices
{such as 5V+ PMOS and NMOS devices) used in applications such as
mixed-signal analog applications. These types of devices often
are not fabricated using deep sub-micron techniques since those
techniques offer little benefit to these types of devices, so
those techniques are usually limited to use with low voltage
devices. The higher voltage devices often do not scale to deep
sub-micron dimensions and are therefore not driven by
photolithography but by the Dbulk material properties. In
addition, devices formed in this manner could have improved
transistor on-resistances (RDSgy) and transconductances, smaller
die sizes, and lower costs.

[0022] Although FIGURE 1 illustrates one example of an
integrated circuit device 100 using HOT in conjunction with
selective epitaxy, various changes may be made to FIGURE 1. For
example, the relative sizes and shapes cof the various components
in FIGURE 1 are for illustration only. Also, while certain
components in FIGURE 1 have been described above as being formed

from particular materials, each component in FIGURE 1 could be



10

15

20

25

30

WO 2011/047244 PCT/US2010/052816

formed from any suitable material{s) and in any suitable manner.

In additiocn, various other layers or structures could be formed
within the integrated circuit device 100 depending on the
fabrication proccess. These other layers or structures are
omitted from FIGURE 1 for the sake of clarity.

[0023] FIGURES 2A through 2K illustrate an example technique
for forming an integrated circuit device using HOT in conjunction
with selective epitaxy according to this disclosure. The
embodiment of the technique shown in FIGURES 2A through 2K is for
illustration only. Other techniques could be used to form the
integrated circuit device without departing from the scope of
this disclosure.

[0024] As shown in FIGURE 2A, a semiconductor-on-insulator
{(S0I) structure is formed or otherwise obtained. The structure
includes a wafer 202 and a buried layer 204 formed across the
wafer 202. The wafer 202 could represent a P- substrate with a
{100) orientation at 3003/cm. The buried layer 204 could
represent a silicon oxide layer or other oxide layer with a
thickness of approximately 1,450A or 2,000A. Over the buried
layer 204 is a substrate 206, such as an N- substrate with a
{110) orientation at 30Q/cm and a thickness of approximately Zum
te approximately Sum. In particular embodiments, the SOOI
structure formed from the components 202-206 could be purchased
directly from a vendor. In other particular embodiments, the SOI
structure can be manufactured in any suitable manner.

[0025] A screen oxide layer 208 is formed over the substrate
206. Formation of the screen oxide layer 208 could include a
screen oxidation cleaning process, a screen oxidation process
where a portion of the substrate 206 1is oxidized (such as by
using a dry oxidation at 1100°C for approximately 49 minutes),
and post-oxidation operations. 1In particular embodiments, the
screen oxide layer 208 has a thickness of 350A+35A.

[(00Z6] As shown in FIGURE 2B, a pad oxide layer 210 is formed
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over the structure. Formation of the pad oxide layer 210 could
include a pad oxidation pre-cleaning process, a pad oxidation
process {such as by using a dry oxidation at 920°C for
approximately 40 minutes), and post-oxidation operations. In
particular embodiments, the pad oxide layer 210 has a thickness
of 110A+10A. A nitride layer 212 is formed over the pad oxide
layer 210. Formaticn of the nitride layer 212 could include
nitride deposition using NH3/N;/DCS/HC1 at a temperature of 760°C
for approximately 160 minutes. In particular embodiments, the
nitride layer 212 has a thickness of 1625A+150A.

[(0027] As shown in FIGURE 2C, a photoresist mask 214 is formed
over the nitride layer 212. The photoresist mask 214 can be
patterned to include an opening 216 over the area where an NMOS
device is going to be formed. The photoresist mask 214 covers
the area where a PMOS device is going to be formed. An etch may
then occur toc remove a porticn of the substrate 206. The etch
process could represent an NMOS photo and deep silicon etch
process designed to stop upon reaching the buried layer 204. A
resist clean and polymer removal process can follow the etch
process to remove the remaining photoresist mask 214.

[0028] As shown in FIGURE 2D, an oxide spacer 218 is formed
against the substrate 206. Formation of the oxide spacer 218
could include performing a spacer oxide depositicn process to
deposit a layer of oxide {such as an oxide layer 2,000A or 3,000A
thick) over the structure. The layer of oxide is then etched to
form the oxide spacer 218. The etch could include a spacer
etchback process that stops at the wafer 202. Alternatively, the
etch could include a spacer etchback process that stops at the
buried layer 204, fcllowed by an etch (such as an HCl wet etch)
to remove the exposed portion of the buried layer 204 and reveal
the wafer 202Z.

(0029] As shown in FIGURE 2E, an epitaxial layer 220 is formed

in the opening 216 above the exposed portion cof the wafer 202,
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such as by using an epitaxial deposition process. The epitaxial
layer 220 could be formed from a graded silicon germanium, such
as S5i1g.g5Gep.15 having a (100) orientation. The epitaxial layer
220 could have a thickness of approximately 3umt0.5um or
approximately Sumz0.Zum. The epitaxial layer 220 could be
underfilled, such as when the top surface of the epitaxial layer
220 is approximately 2,000A below the top surface of the nitride
layer 212. A cap 222 can be formed over the epitaxial layer 220,
such as by growing a layer of P- silicon at 30Q/cm with a
thickness of approximately 1, 000A.

[0030] As shown in FIGURE 2F, the nitride layer 212 and oxide
layers 208-210 are removed. This could occur, for example, by
stripping the nitride and oxide layers to expose the substrate
206.

[0031]) As shown in FIGURE 2G, a pad oxide layer 223a-223b is
formed over the structure, and a nitride stack 224a-224b is
formed cover the pad oxide layer 223a-223b. The nitride stack
224a-224b could include a nitride layer and a silicon oxynitride
{S1i0N) layer. Formation of the pad oxide layer 223a-223b could
include a pad oxidation pre-cleaning process, a pad oxidation
process (such as by using a dry oxidation at 920°C for
approximately 40 minutes), and post-oxidation operations.,
Formaticon of the nitride layer in the nitride stack 224a-224b
could include nitride deposition using NH3/N;/DCS/HC1 at a
temperature of 760°C for approximately 160 minutes. Formation of
the SiON layer in the nitride stack 224a-224b could include
depositing SiON to form an anti-reflective coating layer. In
particular embodiments, the pad oxide layer has a thickness of
110A+10A, the nitride layer has a thickness of 1625A+150A, and
the SiON layer has a thickness of 320A+32A.

[0032] Trenches 226a-226c are formed in the structure using
any suitable technique. For example, a mask (such as a composite

mask) can be formed on the structure and patterned tc expose
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areas where the trenches 226a-226c are tc be formed. A Develop
Inspection Critical Dimensions (DICD) process can be used to
inspect the mask and ensure that the mask is suitable, such as by
ensuring that the mask has openings with a width of
0.25pm#0.023pm.  An etch (such as a composite plasma etch) can be
used to form the trenches 226a-226c, such as trenches having a
depth of 5,600A+400A. The mask can then be removed, such as by
using a solutiocn of Hz50,/H;0, plus SCl feor five minutes. A Final
Inspection Critical Dimensions (FICD) process can be used to
inspect the resulting trenches 226a-226c and ensure that the
trenches are suitable, such as by ensuring that the trenches have
a minimum width of 0.2Z2pm+0.025um.

[0033] As shown in FIGURE 2H, the trenches 226a-226c are
filled teo create isoclation trenches. L field pre-cleaning
process can be performed, and a trench liner can be formed in
each trench. For example, the trench liner can be formed using a
selective deposition of silicon 228 (such as 400A or 600A
silicon), followed by formation of a trench liner oxide 230. The
trench liner oxide 230 could be formed using in situ steam
generation (ISSG) to form a layer of thermal oxide with a
thickness of 200A420A. After liner oxide cleanup operations, a
trench anneal may or may not occur. An oxide layer 232 is formed
over the structure, which fills the remainder of the trenches
226a-226c. The oxide layer 232 could be formed, for example,
using a high density plasma (HDP) STI coxide deposition process.
L cleaning process and possibly a rapid thermal anneal {RTA)
could occur. The oxide layer 232 could have a thickness of
5,976A+426A. The use of a trench liner here can help to reduce
junction leakage and improve oxide quality of the oxide layer
232.

[0034] As shown in FIGURE 2I, a reverse mask 234 is formed
over the oxide layer 232 and patterned to form openings 236-238.

The oxide layer 232 under the reverse mask 234 is then etched.
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The reverse mask 234 could be formed, for example, using a
reverse mask and a reverse mask overlay, etching the reverse
mask, and ashing the reverse mask at 250°C for 70 seconds. After
the etch, the reverse mask 234 can be removed during a reverse
mask clean, which could use a solution of H,504/H,0; plus SCl1 for
ten minutes.

[0035] As shown in FIGURE 2J, the portions of the reverse mask
234 and the oxide layer 232 remaining above the nitride stack
224a-224b are removed. This could involve the use of a chemical
mechanical polish (CMP) operation. A portion of the oxide layer
232 remains in the trenches 226a-226c. This portion of the oxide
layer 232 could have a thickness of 4,000A+400A4.

[0036] As shown in FIGURE 2¥, the nitride stack 224a-224b and
the pad oxide layer 223a3-223b are removed. This could occur, for
example, by forming and curing an open mask and then performing
an open mask etch. The etch could include a buffered oxide etch
(BOE) for 2.5 minutes and a wet etch using H,S04/H,0, plus SCl1 for
ten minutes to remove the SiON layer. A wet etch using HF for
1.5 minutes and H3PO, plus SC1 for ten minutes can be used to
remove the nitride layer. The pad oxide layer can be removed
using a pad oxide strip, which may or may not leave a very thin
oxide (such as 80A+50A) on the structure. A gate oxide layer
240a-240b is formed over the structure. The gate oxide layer
240a-240b could be formed, for example, using a 1207 steam
process.

[0037] At this point, a PMOS device can be formed in a first
area 242 of the structure shown in FIGURE 2K, and an NMOS device
can be formed in a second area 244 of the structure shown in
FIGURE Z2K. The first area 242 includes a substrate material
having a first orientation (such as the (110} orientation) that
may provide improved hole meobility. The second area 244 includes
an epitaxial material (such as 5iGe) that provides improved

electron mobility and possibly has a second orientation (such as
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the (100) orientation). The PMOS and NMOS devices could be
formed using, for example, standard CMOS processes.

[0038] Note that the use of a semiconductor-on-insulator
structure can raise issues with heat dissipation. However, this
can be largely mitigated or avoided, such as by using careful
layout of compeonents or by using conduction stripes that allow
heat dissipation directly to the wafer 202.

[0039] Also note that substrate-induced straining can be used
to alter the mobility of the NMOS device to be formed.
Substrate-induced straining can be produced using the epitaxial
layer 220 and the cap 222. The epitaxial layer 220 can represent
a straining layer that 1is compatible with silicon or other
material used in the cap 222. The epitaxial layer 220 therefore
can increase or decrease the lattice spacing of the cap 222, and
the cap 222 is in either tension or compression depending on the
material(s) used to form the epitaxial layer 220. The source and
drain of an NMOS device can be formed in the cap 222, and the
tension or compression of the cap 222 can affect the operation of
the NMOS device.

[0040]) Moreover, attention can be given to the subseguent CMOS
processing steps used to form the PMOS and NMOS devices. Strain
relief can increase with increasing thermal budgets, germanium
content, and cap thickness. The epitaxial layer 220 and cap 222
may be exposed during subsequent operations to high temperatures,
such as during oxide growths or activation anneals. In some
embodiments, all thermal cycles after formation of the epitaxial
layer 220 and cap 222 may be kept below 1,000°C and be as short
as possible, and techniques such as ISSG and rapid thermal
processing (RTP} may be used whenever possible.

[0041] In addition, the following may be considered when
forming specific devices implementing this approach. If standard
CMOS transistors are needed in an integrated circuit in addition

to the PMOS and NMOS devices formed in the areas 242-244 of the
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structure shown in FIGURE 2K, those transistors could be formed
in the substrate 206. Also, because of high currents and high
densities associated with operation of the PMOS and NMOS devices,
electro-migration issues can be considered when designing a
circuit, and appropriate materials (such as copper) can be
selected for use in forming local interconnects. In addition, if
a common gate oxide cannot be used in both the PMOS and NMOS
devices, a dual poly-dual gate oxide (DP-DGO} approach could be
used to form the PMOS and NMOS devices.

[0042] Although FIGURES 2A through 2K illustrate one example
of a technique for forming an integrated circuit device using HOT
in conjuncticn with selective epitaxy, various changes may be
made to FIGURES ZA through 2K. For example, while these figures
illustrate example structures at different manufacturing stages,
various technigques can be used to form the integrated circuit
device. As a result, one or more steps could be omitted,
modified, or rearranged and additional steps could be added.
Also, various modifications could be made to the structures shown
in FIGURES 2A through 2K. Further, while certain components have
been described above as being formed from particular materials,
each component could be formed from any suitable material(s) and
in any suitable manner. As particular examples, while silicon
germanium is described as being used in the epitaxial layer 220,
other materials (such as GaN, GaAs, SiC, AlN, or diamond) could
be used. In addition, the relative sizes and shapes of the
components are for illustration only.

[0043] FIGURES 3A through 3G illustrate example details
regarding faults in an integrated circuit device according to
this disclosure. The details shown in FIGURES 3A through 3G are
for illustration only. Other integrated circuits may have
different fault characteristics without departing from the scope
of this disclosure.

[0044] FIGURE 3A illustrates a cross-secticnal view of an NMOS
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device implemented in an integrated circuit device, such as in
the area 244 of the structure shown in FIGURE 2K, FIGURE 3B
illustrates a length view of the same NMOS device. As shown
here, the NMOS device is implemented using a 70nm strained
silicon cap over a relaxed Sip.gsGep.1s epitaxial layer. Misfit
dislocations are a common fault that can occur in transistor
devices. As shown in FIGURE 3A, a misfit disleocation can form in
the Sig gsGeg.ys epitaxial layer. As shown in FIGURE 3B, a series
of misfit dislocations can form along the length of the NMOS
device.

[0045] FIGURE 3C illustrates the effects of misfit
dislocations 302 in a standard NMOS device. Here, the misfit
dislocations 302 allow for greater diffusion of material into the
surrounding substrate, which causes horizontal peaks 304-306 to
form in the source and drain regions of the transistor. These
peaks 304-306 lead to higher junction leakage in the transistor.

In contrast, FIGURE 3D illustrates the effects of misfit
dislocations 352 in an NMOS device formed in a 70nm strained
silicon cap above a relaxed Sip gsGep.is epitaxial layer. As shown
in FIGURE 3D, horizontal peaks 354-356 can still form in the
source and drain regions of the transistor. However, the peaks
354-356 are smaller and farther apart compared to the peaks in
FIGURE 3C. As a result, the transistor shown in FIGURE 3D
suiffers from less junction leakage.

(0046] As shown in FIGURE 3E, the relationship between
germanium concentration in the epitaxial layer and the silicon
cap thickness can be mapped to different regions associated with
different junction leakages. Open circles in FIGURE 3E represent
less leakage current, while solid circles in FIGURE 3E represent
excessive leakage current. As shown here, it is possible to
select the silicon cap thickness and the epitaxial layer
germanium concentration for a particular NMOS design to achieve a

desired leakage current level or range. Note that the same type
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of chart could be constructed for devices that use different
materials in the cap or different materials in the epitaxial
layer.

[0047] Referring back to FIGURE 3B, the distance between
adjacent misfit locations can be denoted y. The distance vy is
sensitive to various factors, such as germanium concentration,
silicon cap thickness, and thermal budget. One possible way to
characterize the distance y for a given germanium concentration,
a given silicon cap thickness, and a given thermal budget is
shown in FIGURE 3F. Here, multiple 1islands 350 (each
representing a SiGe epitaxial layer covered by a silicon cap) can
be formed con a wafer. The islands 350 have a constant width and
variable spacing across the wafer, and the islands 350 have a
variable width and constant spacing down the wafer. After
fabrication, the islands 350 can be examined, such as optically
using dark field illumination, to identify the specific
size/space combination that minimizes the number of misfit
dislocations. In this way, the best size/space combination for a
given germanium concentration/silicon cap thickness/thermal
budget combination can be identified. This could be repeated for
different germanium concentration/silicon cap thickness/thermal
budget combinations.

[0048] Once the distance y 1is determined for a given
implementation, a circuit could be laid out as shown in FIGURE
3G, where each of multiple transistors 380 is formed using
multiple islands 382 connected by local interconnects 384. Each
of the islands 382 could have length and width dimensions equal
to the identified distance v. Ideally, this could help to
minimize or eliminate misfit dislocations in the transistors 380.

(0049] Although FIGURES 3A through 3G illustrate example
details regarding faults in an integrated circuit device, wvarious
changes may be made to FIGURES 3A through 3G. For example, other

technigues could be used to identify an acceptable distances vy.
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Also, transistors 380 could be formed in any other suitable
manner.

[0050] FIGURE 4 illustrates an example circuit 400 having
transistor devices formed using HOT in conjunction with selective
epitaxy according to this disclosure. The embodiment of the
circuit 400 shown in FIGURE 4 is for illustration only.

[0051] In this particular example, the circuit 400 represents
a buck regulator having a pulse width modulation (PWM) controller
402, a driver 404, and two transistors 406-408. The PWM
controller 402 generally operates to ocutput a signal having an
adjustable pulse width. The output signal causes the driver 404
to output control signals to the gates of the transistors 406-
408, which repeatedly turn the transistors 406-408 on and off.
The pulses in the control signal provided to the transistor 406
could lag behind the pulses in the control signal provided to the
transistor 408. When turned on, the transistor 406 couples an
inductor 410 to an input voltage Viy, and the transistor 408
couples the inductor 410 to ground. The inductor 410 is coupled
to a capacitor 412, and the circuit 400 produces an output
voltage Veyr for a load. The load resistance 414 is denoted R;.
The amount of time each ¢f the transistors 406-408 is turned on
and coff, and thus the level of the output voltage Vg, 1s
controlled by the pulse width of the signal output by the PWM
controller 402.

[0052] The PWM controller 402 includes any suitable structure
for contrelling the pulse width of a signal, such as a
synchronous rectified PWM controller. The driver 404 includes
any suiltable structure for driving transistors. The transistors
406-408 could represent 5V+ PMOS and NMOS transistors,
respectively. The transistors 406-408 could be implemented as
shown in FIGURE 1. The inductor 410, capacitor 412, and load
resistance 414 could have any suitable values.

[0053] In particular embodiments, the circuit 400 receives a
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5V input voltage Viy, drives the gates of the transistors 406-408
at 5V, and produces a 2.45 output voltage Voyr. The circuit 400
could have a dead time of 2ns, an output current of 0.5A, a 50%
duty cycle, and a 1u¥F capacitor 412. The circuit 400 could have
a total gate width of 50mm and a freguency range of 1-20MHz, or a
width range of 10-200mm and a freguency of 6MHz.

[0054] Although FIGURE 4 illustrates one example of a circuit
400 having transistor devices formed using HOT in conjunction
with selective epitaxy, various changes may be made to FIGURE 4.

For example, transistor devices formed using HOT in conjunction
with selective epitaxy could be used in any other suitable
circuit.

[(00553] FIGURE 5 illustrates an example method 500 for forming
an integrated circuit device using HOT in conjunction with
selective epitaxy according to this disclosure. The embodiment
of the method 500 shown in FIGURE 5 is for illustration only.
Other embodiments of the method 500 could be used without
departing from the scope of this disclosure.

[0056] As shown in FIGURE 5, & semiconductor-on-insulator
(SOI) structure is manufactured or otherwise obtained at step
502. The S0I structure may include a first substrate material
(such as a p-type wafer}), a second substrate material (such as an
n-type material), and a buried layer separating the first and
second substrate materials. The first and second substrate
materials can have different crystalline orientations, such as
when the first substrate material has a (100) orientation and the
second substrate material has a (110} orientaticn.

[0057] A portion of the second substrate material is removed
from the S50I structure at step 504. This could include, for
example, masking the SOI structure and removing a portion of the
n-type substrate to expose the underlying p-type wafer. An
epitaxial layer 1is deposited in the area where the second

substrate material has been removed at step 506. This could
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include, for example, forming a graded silicon germanium
epitaxial layer over the exposed portion of the p-type wafer. A
cap 1s formed over the epitaxial layer at step 508. This could
include, for example, forming a silicon cap over the silicon
germanium epitaxial layer.

[0058] At this point, the structure includes two different
regions. One region has the original second substrate material,
and another region has the epitaxial layer and cap. The
different regions of the structure are isolated at step 510.
This could include, for example, forming trenches around and
between the different regions. PMOS and NMOS devices are formed
in the isolated regions at step 512. For example, the PMOS
device can be formed in the region with the original second
substrate material, and the NMOS device can be formed in the
region with the epitaxial layer and cap.

[0059] Although FIGURE 5 illustrates one example of a method
500 for forming an integrated circuit device using HOT in
conjunction with selective epitaxy, various changes may be made
to FIGURE 5. For example, while shown as a series of steps,
various steps in FIGURE 5 could overlap, occur in parallel, or
occur in a different order.

[0060] It may be advantageous to set forth definitions of
certain words and phrases that have been used within this patent
document. Terms such as “above” and “bhelow,” when used with
reference to structures in the drawings, simply refer to aspects
of the structures when viewed at particular directions. The term
“couple” and its derivatives refer to any direct or indirect
communication between two or more components, whether or not
those components are in physical contact with one another. The
terms “include” and “comprise,” as well as derivatives thereof,
mean inclusion without limitation. The term “or” is inclusive,
meaning and/or. The phrases “associated with” and “associated

therewith,” as well as derivatives thereof, may mean to include,
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be included within, interconnect with, contain, be contained
within, connect to or with, couple to or with, be communicable
with, cooperate with, interleave, juxtapose, be proximate to, be
bound to or with, have, have a property of, have a relationship
te or with, or the like.

[0061] While this disclosure has described certain embodiments
and generally associated methods, alterations and permutations of
these embodiments and methods will be apparent to those skilled
in the art. Accordingly, the above description of example
embodiments does not define or constrain this invention. Other
changes, substitutions, and alterations are also possible without
departing from the spirit and scope of this invention as defined

by the following claims.
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WHAT IS CLAIMED IS:

1. A semiconductor apparatus comprising:

a first substrate;

a second substrate located over a first portion of the first
substrate and separated from the first substrate by a buried
layer;

a first transistor formed at least partially in the second
substrate;

an epitaxial layer located over a second portion of the
first substrate and isolated from the second substrate; and

a second transistor formed at least partially in or over the
epitaxial layer;

wherein the second substrate and the epitaxial layer have
bulk properties with different electron and hole mobilities; and

wherein at least one of the transistors is configured to

receive one or more signals of at least about 5V.

2. The semiconductor apparatus of Claim 1, wherein:

the first transistor comprises & p-channel metal oxide
semiconductor (PMOS) transistor;

the second transistor comprises an n-channel metal oxide

semiconductor (NMOS} transistor.

3. The semiconductor apparatus of Claim 1, wherein:
the first substrate has a first crystalline orientation; and

the second substrate has a second crystalline orientation.

4. The semiconductor apparatus of Claim 3, wherein the

epitaxial layer has the first crystalline orientation.
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5. The semiconductor apparatus of Claim 1, further
comprising:
a cap located over the epitaxial layer, wherein the second

transistor is formed at least partially in the cap.

6. The semiconductor apparatus of Claim 5, wherein:

the first substrate comprises p-type silicon having a (100)
crystalline orientaticn;

the second substrate comprises n-type silicon having a (110)
crystalline orientation; and

the cap comprises p-type silicon.

7. The semiconductor apparatus of Claim 1, wherein the

epitaxial layer comprises silicon germanium.

8. The semiconductor apparatus of Claim 7, wherein the
silicon germanium has a germanium concentration of approximately

15%.
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9. An apparatus comprising:
a substrate structure comprising:
a first substrate;
a second substrate located over a first portion of the
first substrate and separated from the first substrate by a
buried layer; and
an epitaxial layer located over a second portion of the
first substrate and isolated from the second substrate, wherein
the second substrate has a higher hole mobility than the
epitaxial layer, wherein the epitaxial layer has a higher
electron mobility than the second substrate, and wherein the hole
and electron mobilities are bulk properties; and
first and second tTransistors, the first transistor formed at
least partially in the second substrate, the second transistor
formed at least partially in or over the epitaxial layer, at
least one of the transistors configured to receive one or more

signals of at least about 5V.

10. The apparatus of Claim 9, wherein:

the first transistor comprises a p-channel metal oxide
semiconducteor (PMOS) transistor; and

the second transistor comprises an n-channel metal oxide

semiconductor (NMOS) transistor.

11. The apparatus cf Claim 9, wherein:
the first substrate has a first crystalline orientation; and

the second substrate has a second crystalline orientation.

12. The apparatus of Claim 11, wherein the epitaxial layer

has the first crystalline orientation.
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13. The apparatus of Claim 11, wherein:

the first substrate comprises p-type silicon having a (100)
crystalline orientaticn;

the second substrate comprises n-type silicon having a (110)
crystalline orientation; and

a cap located over the epitaxial layer comprises p-type
silicon, the second transistor formed at least partially in the

cap.

14. The apparatus of Claim 9, wherein the epitaxial laver

comprises silicon germanium.

15. A method comprising:
obtaining a substrate structure comprising:
a first substrate;
a second substrate located over a first portion of the
first substrate and separated from the first substrate by a
buried layer; and
an epitaxial layer located over a second portion of the
first substrate and isclated from the second substrate, wherein
the second substrate has a higher hole mobility than the
epitaxial layer, wherein the epitaxial layer has a higher
electron mobility than the second substrate, and wherein the hole
and electron mobilities are bulk properties; and
forming first and second transistors, the first transistor
formed at least partially in the second substrate, the second
transistor formed at least partially in or over the epitaxial
layer, at least one of the transistcrs configured to receive one

or more signals of at least about 5V.
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16. The method of Claim 15, wherein obtaining the substrate
structure comprises:

removing a portion of second substrate material;

forming a spacer on a side of the second substrate; and

forming the epitaxial layer in an area where the second

substrate material was removed.

17. The method of Claim 16, wherein obtaining the substrate
structure further comprises:
forming trenches to isoclate the second substrate and the

epitaxial layer.

18. The method of Claim 15, wherein:
the first substrate has a first crystalline orientation; and

the second substrate has a second crystalline orientation.

19. The method of Claim 18, wherein the epitaxial layer has

the first crystalline crientation.

20. The method c¢f Claim 18, wherein:

the first substrate comprises p-type silicon having a (100)
crystalline orientation;

the second substrate comprises n-type silicon having a (110)
crystalline orientation;

the epitaxial layer comprises silicon germanium; and

a cap located over the epitaxial layer comprises p-type
silicon, the second transistor formed at least partially in the

cap.
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