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(57) ABSTRACT 

A semiconductor process and apparatus provide a dual or 
hybrid Substrate by forming a second semiconductor layer 
(214) that is isolated from, and crystallographically rotated 
with respect to, an underlying first semiconductor layer 
(212) by a buried insulator layer (213); forming an STI 
region (218) in the second semiconductor layer (214) and 
buried insulator layer (213); exposing the first semiconduc 
tor layer (212) in a first area (219) of a STI region (218); 
epitaxially growing a first epitaxial semiconductor layer 
(220) from the exposed first semiconductor layer (212); and 
selectively etching the first epitaxial semiconductor layer 
(220) and the second semiconductor layer (214) to form 
CMOS FinFET channel regions (e.g. 223) and planar chan 
nel regions (e.g., 224) from the first epitaxial semiconductor 
layer (220) and the second semiconductor layer (214). 
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TWSTED DUAL-SUBSTRATE 
ORIENTATION (DSO) SUBSTRATES 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention is directed in general to the 
field of semiconductor devices. In one aspect, the present 
invention relates to high-performance complementary metal 
oxide semiconductor (CMOS) Fin field effect transistors 
(FinFETs) fabricated on hybrid or dual orientation sub 
Strates. 

0003 2. Description of the Related Art 
0004 Prior attempts to address the difference in electron 
and hole mobility values for NMOS and PMOS FinFET 
devices formed on the surface of semiconductor wafers 
having a single crystal orientation have aligned the channels 
of the NMOS FinFETs at a 45 degree angle with respect to 
the channels of the PMOS FinFETs. See, for example, L. 
Chang et al., “Extremely Scaled Silicon Nano-CMOS 
Devices.” Proceedings of the IEEE, Vol. 91, No. 11, pp. 
1860-1873 (November 2003). Such an alignment occupies 
more area, is difficult to pattern with advanced lithography 
techniques and is not readily integrated with planar, single 
gate CMOS devices. 
0005 Accordingly, a need exists for a semiconductor 
manufacturing process which creates CMOS devices that 
take advantage of the differing Surface orientation depen 
dencies for electron and hole mobilities. There is also a need 
for a FinFET manufacturing process which can be readily 
integrated with planar CMOS FETs on a single substrate. 
There is also a need for a fabrication process which avoids 
the process and performance limitations associated with 
non-aligned surface device features. In addition, there is a 
need for improved semiconductor processes and devices to 
overcome the problems in the art, such as outlined above. 
Further limitations and disadvantages of conventional pro 
cesses and technologies will become apparent to one of skill 
in the art after reviewing the remainder of the present 
application with reference to the drawings and detailed 
description which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006. The present invention may be understood, and its 
numerous objects, features and advantages obtained, when 
the following detailed description is considered in conjunc 
tion with the following drawings, in which: 
0007 FIG. 1 is a partial cross-sectional view of a semi 
conductor wafer structure on which SOI layers are formed 
over a semiconductor Substrate; 
0008 FIG. 2 illustrates processing subsequent to FIG. 1 
where portions of the first oxide layer, the first nitride layer 
and the SOI layers have been removed and replaced with a 
deposited and polished insulator or oxide layer, 
0009 FIG. 3 illustrates processing subsequent to FIG. 2 
after the first nitride layer is removed and a second nitride 
layer is formed over the wafer structure, and portions of the 
second nitride layer and deposited oxide layer have been 
etched or removed to form an opening; 
0010 FIG. 4 illustrates processing subsequent to FIG. 3 
after an epitaxial semiconductor layer is selectively formed 
to partially or completely fill the opening; 
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0011 FIG. 5 illustrates processing subsequent to FIG. 4 
after the second nitride layer and first oxide layer have been 
stripped; 
0012 FIG. 6 illustrates processing subsequent to FIG. 5 
after CMP polishing of the epitaxial semiconductor layer, 
deposited oxide layer and SOI semiconductor layer; 
0013 FIG. 7 illustrates processing subsequent to FIG. 6 
after the remaining deposited oxide layer is at least partially 
etched or removed; 
0014 FIG. 8 illustrates processing subsequent to FIG. 7 
after the SOI semiconductor layer and epitaxial semicon 
ductor layers are selectively etched to form the channel or 
body portions of FinFET transistor devices in the first and 
second Substrates; 
0015 FIG. 9 illustrates processing subsequent to FIG. 8 
after a conductive gate layer is formed over the channel or 
body portions of FinFET transistor devices; 
0016 FIG. 10 illustrates processing subsequent to FIG.9 
with perspective views of the bulk and SOI FinFET devices 
after selective removal of the conductive gate layer; 
0017 FIG. 11 is a partial cross-sectional view of a 
semiconductor wafer structure on which first SOI layers are 
formed over a substrate, second SOI layers are formed over 
the first SOI layers, and first oxide and nitride layers are 
formed over the second SOI layers; 
0018 FIG. 12 illustrates processing subsequent to FIG. 
11 where portions of the first nitride layer, the first oxide 
layer and second SOI layers have been removed and 
replaced with a shallow trench isolation region; 
0019 FIG. 13 illustrates processing subsequent to FIG. 
12 after the first nitride layer and first oxide layer have been 
stripped and portions of the shallow trench isolation region 
have been etched or removed to form an opening down to 
the first SOI semiconductor layer; 
0020 FIG. 14 illustrates processing subsequent to FIG. 
13 after an epitaxial semiconductor layer is selectively 
formed and polished to partially or completely fill the 
opening prior to etching or removing at least part of the 
remaining shallow trench isolation region; 
0021 FIG. 15 illustrates processing subsequent to FIG. 
14 after the second SOI semiconductor layer and epitaxial 
semiconductor layer are selectively etched to form the 
channel or body portions of FinFET transistor devices and 
the MOSFET substrate regions in the first and second device 
regions; 
0022 FIG. 16 illustrates processing subsequent to FIG. 
15 after selective formation of an insulator layer in the first 
and second device regions; and 
0023 FIG. 17 illustrates processing subsequent to FIG. 
16 after a conductive gate layer is deposited and selectively 
etched to form gate electrodes for FinPET transistor devices 
and for planar MOSFET devices. 
0024. It will be appreciated that for simplicity and clarity 
of illustration, elements illustrated in the drawings have not 
necessarily been drawn to scale. For example, the dimen 
sions of Some of the elements are exaggerated relative to 
other elements for purposes of promoting and improving 
clarity and understanding. Further, where considered appro 
priate, reference numerals have been repeated among the 
drawings to represent corresponding or analogous elements. 

DETAILED DESCRIPTION 

0025. A method and apparatus are described for fabricat 
ing high performance CMOS FinFET devices with hybrid or 
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dual Substrates by selectively growing epitaxial semicon 
ductor to partially or completely fill a trench opening formed 
in a shallow trench isolation region, thereby forming a first 
Substrate (e.g., an epitaxial semiconductor layer) that is 
isolated by the shallow trench isolation region from a second 
Substrate (e.g., an SOI semiconductor layer). After selec 
tively etching part of the shallow trench isolation region 
down to a buried SOI insulator layer, the first substrate 
(epitaxial semiconductor layer) and second substrate (SOI 
semiconductor layer) are patterned and etched to form the 
channel or body portions of FinFET transistor devices over 
first and second Substrates. By separately forming the first 
and second substrates with different, rotated crystal orien 
tations prior to the pattern and etch steps, FinFETs and/or 
other planar devices having an improved performance can 
be fabricated in an area-efficient manner. For example, the 
crystal orientation of the second Substrate (used to make 
NMOS devices) can be twisted or rotated 45 degrees with 
respect to the crystal orientation of the first substrate (used 
to make PMOS devices), resulting in FinFET devices that 
exploit the different surface orientation dependencies for 
electron and hole mobility. 
0026 Various illustrative embodiments of the present 
invention will now be described in detail with reference to 
the accompanying figures. While various details are set forth 
in the following description, it will be appreciated that the 
present invention may be practiced without these specific 
details, and that numerous implementation-specific deci 
sions may be made to the invention described herein to 
achieve the device designer's specific goals. Such as com 
pliance with process technology or design-related con 
straints, which will vary from one implementation to 
another. While such a development effort might be complex 
and time-consuming, it would nevertheless be a routine 
undertaking for those of ordinary skill in the art having the 
benefit of this disclosure. For example, selected aspects are 
depicted with reference to simplified cross sectional draw 
ings of a semiconductor device without including every 
device feature or geometry in order to avoid limiting or 
obscuring the present invention. It is also noted that, 
throughout this detailed description, certain materials will be 
formed and removed to fabricate the semiconductor struc 
ture. Where the specific procedures for forming or removing 
Such materials are not detailed below, conventional tech 
niques to one skilled in the art for growing, depositing, 
removing or otherwise forming such layers at appropriate 
thicknesses shall be intended. Such details are well known 
and not considered necessary to teach one skilled in the art 
of how to make or use the present invention. 
0027 Turning now to FIG. 1, a partial cross-sectional 
view is illustrated of a semiconductor wafer structure 11 on 
which semiconductor-on-insulator (SOI) layers 80, 90 are 
formed over a semiconductor substrate layer 106. Specifi 
cally, the structure 11 includes a first semiconductor layer 
106 formed of a semiconductor material that has a first 
crystallographic orientation. Depending on the type of tran 
sistor device being fabricated, the first semiconductor layer 
106 may be implemented as a bulk silicon substrate, single 
crystalline silicon (doped or undoped), SOI substrate, or any 
semiconductor material including, for example, Si, SiC. 
SiGe. SiGeC, Ge. GaAs, InAs, InP as well as other Group VI 
and/or III-IV and/or II-VI compound semiconductors or any 
combination thereof, and may optionally be formed as the 
bulk handling wafer. As will be appreciated, the semicon 
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ductor layer 106 may be appropriately doped to provide 
n-type (electron) and p-type (hole) carriers. The crystallo 
graphic orientation of the first semiconductor layer 106 may 
be (110), (111), or (100). 
0028. In the SOI layers, the structure 11 includes an 
insulator layer 80 formed on the first semiconductor layer 
106 which will ultimately be used to form the buried oxide 
(BOX) layer for semiconductor-on-insulator devices. The 
thickness of the insulator layer 80 should be sufficiently 
thick to electrically isolate the first semiconductor layer 106 
from the second semiconductor layer 90, and in a selected 
illustrative embodiment, is approximately between 1400 
1500 Angstroms thick. In addition, the SOI layers include a 
second semiconductor layer 90 having a predetermined 
thickness (e.g., approximately between 10-1000 Angstroms 
thick) and formed of a semiconductor material which has a 
second crystallographic orientation which is different from 
the first crystallographic orientation. Depending on the type 
of transistor device being fabricated, the second semicon 
ductor layer 90 may be formed from any semiconductor 
material, including, for example, Si, SiC. SiGe. SiGeC, Ge. 
GaAs, InAs, InP as well as other VI and/or III-IV and/or 
II-VI compound semiconductors or any combination thereof 
It will also be appreciated that the second semiconductor 
layer 90 may be appropriately doped to provide n-type 
(electron) and p-type (hole) carriers. In a selected embodi 
ment, the wafer 11 can be fabricated so that the crystal 
orientation of the second semiconductor layer 90 is twisted 
or rotated 45 degrees with respect to the crystal orientation 
of the first semiconductor layer. For example, the crystallo 
graphic orientation of the second semiconductor layer 90 
may be (100), (111), or (110), so long as the crystallographic 
orientation of the second semiconductor layer 90 differs 
from the crystallographic orientation of the first semicon 
ductor layer 106. In addition, the second semiconductor 
layer 90 may have a (100) top surface orientation and a 
<100> channel direction in the notch 60, while the first 
semiconductor layer 106 may have a (100) or (110) top 
surface orientation and a <110> channel direction in the 
notch 60. The crystal orientations of the first semiconductor 
layer 106 and the second semiconductor layer 90 will 
depend on the materials used to form the wafer structure 11. 
For example, when silicon is employed as the semiconduc 
tor material, electron mobility is higher on a (100) surface 
orientation, and hole mobility is higher on a (110) surface 
orientation, provided that the channel direction is oriented in 
the <110> direction. In this case, the (100) Si surface is used 
as the substrate layer for NMOS devices, while the (110) Si 
surface is used to form the substrate layer for PMOS 
devices, as described below. 
0029 FIG. 2 illustrates processing of a semiconductor 
wafer structure 12 subsequent to FIG. 1 after a first oxide 
layer 91 is formed on the second semiconductor layer 90, 
followed by deposition of a nitride layer 92. Subsequently, 
portions of the first nitride layer 92, the first oxide layer 91, 
and the SOI layers 80, 90 are removed and replaced with a 
deposited and polished oxide layer 94. In particular, after 
forming the first oxide layer 91 and nitride layer 92, a mask 
layer (not shown) may optionally be formed on an exposed 
upper surface of the nitride layer 92. Using the oxide layer 
91 and nitride layer 92 (and optional mask layer), conven 
tional patterning and anisotropic etching techniques may be 
used to form an opening 93 through the second semicon 
ductor layer 90 and buried oxide layer 80. In this opening 93, 
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an oxide layer 94 is formed to replace the SOI layers 80, 90 
in the opening 93 by depositing an overlying layer of oxide 
and then polishing the oxide back substantially to level with 
the mask layer 92 (as shown in FIG. 2) or back to the level 
of the second semiconductor layer 90 (not shown). While the 
deposited dielectric layer 94 may be formed with any 
desired dielectric material, a high density plasma oxide is 
deposited in accordance with a selected embodiment. 
0030 FIG. 3 illustrates processing of a semiconductor 
wafer structure 13 subsequent to FIG. 2 after the first nitride 
layer 92 is removed and a mask layer (e.g., a second nitride 
layer) 95 is formed over the wafer structure, and then 
portions of the second nitride layer 95 and deposited oxide 
layer 94 have been etched or removed by patterning and 
etching to form a second etch opening 96 to the exposed first 
semiconductor layer 106. The pattern transfer and etching of 
the mask layer may use one or more etching steps to 
selectively remove the unprotected portions of the oxide 
layers 94, including a dry etching process such as reactive 
ion etching, ion beam etching, plasma etching or laser 
etching, a wet etching process wherein a chemical etchant is 
employed or any combination thereof. 
0031. The opening 96 is used to define and differentiate 
active regions for first and second types of MOS devices 
subsequently formed on the wafer structure 13. For example, 
the unetched portions of the second semiconductor layer 90 
define a first circuit area or device region 97 for a first type 
of MOS device, while the portions of the first semiconductor 
layer 106 that is exposed by the opening 96 (and that is 
Subsequently epitaxially regrown, as described hereinbelow) 
defines a second circuit area or device region 98 for a second 
type of MOS device. To this end, at least part of the unetched 
portions of the oxide layer 94 may be used to form at least 
part of the shallow trench isolation regions for electrically 
and physically isolating the first and second device regions 
from one another by designing the width and placement of 
the second etch opening 96 to be smaller than the width of 
the first etch opening 93, and contained within the first etch 
opening 93. 
0032. At this stage of manufacture, well-regions (not 
shown) may be formed in the exposed portions of the first 
semiconductor layer 106 by selectively implanting dopants 
using the upper nitride layer 95 as an implant mask. For 
example, well regions may be formed by implanting impu 
rities (e.g., arsenic or phosphorous or boron) with an implant 
energy of approximately 10-1000 keV and a dosage of 
approximately 1x1011 to 1x1014 cm-2, though other 
implant energies and dosages may be used. 
0033 Turning now to FIG. 4, processing of a semicon 
ductor wafer structure 14 subsequent to FIG. 3 is illustrated 
to show formation of a selective epitaxial silicon layer 70 to 
partially or completely fill the opening 96 so that it is higher 
than the second semiconductor layer 90 and/or the mask 
layer 95. As described herein and understood by those 
skilled in the art, the process of forming an epitaxial layer 
may be described as either depositing or growing a layer so 
that the “growth' and “deposition' terms are used inter 
changeably in this respect, though 'growth' is a more 
descriptive term for epitaxy. By selectively forming the 
semiconductor layer 70 so that its crystallographic orienta 
tion is different from the crystallographic orientation of the 
second semiconductor layer 90, the mobility of the holes and 
electrons for subsequently formed PMOS and NMOS 
devices, respectively, may be optimized. Since the regrown 
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semiconductor layer 70 is epitaxially grown from the first 
semiconductor layer 106, they will have the same crystal 
lographic orientations (as indicated by the dashed line 
between regions 106 and 70), though the layers 70, 106 can 
be formed of different semiconductor materials. Depending 
on the type of transistor device being fabricated, the semi 
conductor layer 70 may be formed from any (doped or 
undoped) semiconductor material, such as Si, SiGe. SiC. 
SiGeC or combinations thereof, which is capable of being 
formed utilizing a selective epitaxial growth method. 
Selected embodiments of the present invention also contem 
plate using strained or compressed materials to further 
enhance mobility. For example, if PMOS devices are formed 
over the semiconductor layer 70, the semiconductor layer 70 
may be formed by epitaxially growing silicon having a 
crystallographic orientation (e.g., (110)) that is the same as 
the crystallographic orientation of the first semiconductor 
layer 106. This epitaxial growth may be achieved by heating 
the semiconductor wafer structure 13 to a temperature 
between 500 and 900° C. in the presence of dichlorosilane, 
HCl and hydrogen gas. Alternatively, if NMOS devices are 
formed over the semiconductor layer 70, at least a portion of 
the epitaxially grown layer 70 may be formed by epitaxially 
growing silicon having a (100) crystallographic orientation. 
In this case, the second semiconductor layer would have a 
(110) crystallographic orientation, and the PMOS device 
would be built on this layer. By optimizing the crystallo 
graphic orientations of the layers 70, 106 (e.g., so that the 
epitaxially grown layer 70, or “epi-layer,” is formed of (110) 
semiconductor material and the second semiconductor layer 
90 is formed of (100) semiconductor material), significant 
mobility improvements are obtained over single-orientation 
substrates—up to 2.5x improvement for hole mobility in 
PMOS devices. In addition, by completely filling the trench 
opening 96 with an epitaxial semiconductor layer 70 that 
grows above and over the nitride mask layer 95, crystalline 
defectivity in the trench opening 96 is reduced or minimized. 
It will be appreciated that, when the epi layer 70 is formed 
with n-type material, the second semiconductor layer 90 in 
the SOI region may be formed of depositing strained p-type 
semiconductor material having a second crystal orientation 
that is different from the first crystal orientation. In a 
selected embodiment, semiconductor layers initially have 
only a small dopant concentration. Their dopant concentra 
tions and types are established later with well layer 70 and 
body layer 90 implants. 
0034 FIG. 5 illustrates processing of a semiconductor 
wafer structure 15 subsequent to FIG. 4 after the second 
nitride layer 95 and first oxide layer 91 have been stripped. 
As for the removal of mask and oxide layers 95, 91, any 
desired stripping process may be used that is capable of 
selectively removing the patterned mask and oxide layers 
95.91 from the structure 15, including but not limited to, one 
or more wet etching processes wherein a chemical etchant is 
employed to remove the nitride layer 95 and oxide layer 91. 
As a result, the SOI semiconductor layer 90, polished oxide 
layer 94 and epitaxial semiconductor layer 70 are cleared of 
any masking and/or pad oxide layers. 
0035 FIG. 6 illustrates processing of a semiconductor 
wafer structure 16 subsequent to FIG. 5 after a chemical 
mechanical polishing (CMP) and/or any desired etchant or 
stripping process is used to polish and/or planarize the 
epitaxial semiconductor layer 70, deposited oxide layer 94 
and SOI semiconductor layer 90. As a result, a dual substrate 
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structure having a substantially coplanar Surface 101 is 
obtained by polishing and/or etching the episemiconductor 
layers 70 back to the same level as the second semiconductor 
layer 90. Of course, the episemiconductor layers 70 may be 
polished or etched back to a lesser or greater extent, but in 
any case is Substantially coplanar with the second semicon 
ductor layer 90 to facilitate CMOS processing. 
0036 FIG. 7 illustrates processing of a semiconductor 
wafer structure 17 subsequent to FIG. 6 after the remaining 
deposited oxide layer 94 is at least partially etched or 
removed, though the entirety of the oxide layer 94 may be 
removed. Any desired etchant process may be used that is 
capable of selectively removing the oxide layers 94 from the 
structure 17 in a controlled way. As illustrated, the deposited 
oxide layer 94 is etched down to the buried SOI insulator 
layer 80, preferably by using an etch chemistry that is 
selective to the semiconductor material used to form the 
epitaxial semiconductor layer 70 and SOI semiconductor 
layer 90. However, it will be appreciated that other tech 
niques can be used to avoid using a controlled etch process 
to selectively remove the oxide layer 94. For example, 
instead of filling the opening 93 with a polished oxide layer 
94 (as shown in FIG. 2), the opening 93 may instead be filled 
by sequentially forming layers of oxide (e.g., with an oxide 
growth process), nitride (e.g., with a selective deposition 
process) and oxide (e.g., with a blanket deposition process) 
to appropriate thicknesses so that the etch process depicted 
in FIG. 7 etches through the upper oxide layer, but stops or 
slows at the middle nitride layer (not shown). Alternatively, 
a standard STI process could be used in place of forming and 
etching the oxide layer 94. Such as by etching the opening 
93 only down to (but not through) the buried insulator layer 
80 prior to depositing and polishing an insulator layer in the 
opening 93 (not shown). With the dual insulator layers 
formed in the region of opening 93, the etch process 
depicted in FIG. 7 will etch more quickly through the softer 
upper insulator layer, but will be slowed to a more control 
lable etch as the buried insulator layer 80 is exposed. 
However formed, the remaining, unetched portion of the 
polished first oxide layer 94 helps provide electrical and 
physical isolation between transistor devices formed on the 
SOI semiconductor layer 90, on the one hand, and the 
transistor devices formed on epitaxial semiconductor layer 
70, on the other hand. As a result of the foregoing steps, a 
first substrate is formed from the epitaxial semiconductor 
layer 70 and a second substrate is formed from the SOI 
semiconductor layer 90. 
0037 FIG. 8 illustrates processing of a semiconductor 
wafer structure 18 subsequent to FIG. 7 after the SOI 
semiconductor layer 90 and epitaxial semiconductor layer 
70 are selectively etched to form the channel or body 
portions 102-104 of FinFET transistor devices in the first 
and second substrates 90, 70. As will be appreciated, the 
illustration of FIG. 8 depicts a particular cross-section of the 
semiconductor structure 18 where the channel or body 
portions of FinFET transistor devices are located, and does 
not depict other device features. For example, the source and 
drain regions that are also formed from the SOI semicon 
ductor layer 90 “in front of and “behind the depicted cross 
section are not depicted in FIG. 8, but are described below. 
0038. As will be appreciated, any desired patterning and 
etching techniques may be used to remove a portion of the 
second semiconductor layers 90, thereby forming the chan 
nel or body portions 102, 104 of the FinFET transistor 
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devices in the first device region 97. The pattern and etch 
process may also be used to form the channel or body 
portions 103 of the FinFET transistor devices in the second 
device region 98 by removing a portion of the first epitaxial 
semiconductor layer 70. By virtue of controlling the initial 
formation of the semiconductor substrate layers 90, 70, the 
crystal orientations of the vertical and horizontal surfaces of 
the body regions 102-104 may be controlled. For example, 
in a selected embodiment, the body region 103 formed from 
the first epitaxial semiconductor layer 70 has a channel 
direction of <110>, a vertical sidewall surface 106 with a 
(100) orientation, and has a horizontal top surface 108 with 
either a (110) or (100) orientation. In addition, the body 
regions 102, 104 formed from the second semiconductor 
layer 90 have a channel direction of <100>, vertical sidewall 
surface 105 with a (100) orientation, and have a horizontal 
top surface 107 with a (100) orientation. In this example, the 
body regions 103 may be used to fabricate PMOS FinFET 
devices in the second device region 98, while the body 
regions 102, 104 may be used to fabricate NMOS FinFET 
devices in the first device region 97. 
0039 FIG. 9 illustrates processing of a semiconductor 
wafer structure 19 subsequent to FIG. 8 after an insulator 
layer 109 is selectively formed in the first and second device 
regions, followed by formation of a conductive gate layer 
110 over the channel or body portions 102-104 of FinFET 
transistor devices 102-104. A simplified representation of 
the insulator layer 109 is shown which may be formed with 
any desired insulator formation process(es). As for the 
conductive gate layer 110, it may be formed by depositing 
or forming a first conductive material (e.g., polysilicon, 
SiGe and/or a metallic layer) having a thickness in the range 
of 1-200 nanometers over the wafer structure 19 to cover the 
exposed oxide layers 80, 94, 109 and the body portions 
102-104 of FinFET transistor devices. Though not shown in 
FIG. 9, the conductive layer 110 may also cover other 
regions of the first epitaxial semiconductor layer 70 and 
second semiconductor layer 90 where gate electrodes are 
formed for the FinFET and planar MOSFET transistor 
devices. Subsequently, any desired gate pattern and etch 
processing steps may be used to form the desired etched 
gates over the FinFET body portions 102-104. 
0040. The result of the gate etch process is illustrated in 
FIG. 10, which depicts perspective views of the SOI FinFET 
devices 20 and bulk devices 21 formed after selective 
removal of the conductive gate layer 110. In particular, the 
SOI FinPET device 20 illustrates a FinPET transistor formed 
in the first circuit area or device region 97. The FinFET 
device 20 is formed over and insulated from a substrate 106 
(e.g., the first semiconductor layer) by one or more insulator 
layers 80, 109, and includes a channel 102 formed from a 
semiconductor layer 90 that connects source and drain 
regions and that is covered on the top and sides by a gate 
layer 110. As for the bulk FinFET device 21 formed in the 
second circuit area or device region 98, it is formed over and 
connected to a substrate 70 (e.g., the first epitaxial semi 
conductor layer), and includes a channel 103 formed from a 
semiconductor layer 70 that connects source and drain 
regions and that is covered on the top and sides by a gate 
layer 110. A body tie (not shown) to fin 70 can be provided 
through substrate 70. Each channel 102, 103 is defined by 
body thickness and channel width dimensions, while the 
gate layer 100 is defined by a gate length (L-gate) dimen 
Sion. In a selected embodiment, these dimensions may be 
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separately controlled for the FinFET devices in the first and 
second device regions 97.98. For example, by controlling 
the relative heights of the first epitaxial semiconductor layer 
70 and second semiconductor layer 90, FinFETs can be 
fabricated having channel regions with different heights or 
channel widths. 

0041. In addition to forming CMOS FinFET devices 
using a combination of bulk and SOI FinFET devices, the 
twisted dual Substrate orientation techniques disclosed 
herein may be used to fabricate double SOI substrates on 
which are formed planar and FinFET CMOS devices. An 
example of Such an application is depicted beginning with 
FIG. 11 which depicts a partial cross-sectional view of a 
semiconductor wafer structure 201 that includes a semicon 
ductor handle wafer 210, first SOI layers 211, 212 formed on 
the handle wafer 210, second SOI layers 213, 214 formed on 
the first SOI layers, and a first oxide layer 215 and nitride 
layer 216 formed on the second SOI layers. In the fully SOI 
example described herein, the semiconductor handle wafer 
210 may be formed from any desired substrate material 
having any desired crystallographic orientation. 
0042. In the first SOI layers 211, 212, the structure 201 
includes a first SOI insulator layer 211 formed on the 
semiconductor handle wafer 210 and having a predeter 
mined thickness (e.g., between approximately 1400-1500 
Angstroms). In addition, the first SOI layers include a first 
SOI semiconductor layer 212 having a predetermined thick 
ness (e.g., approximately between 500-800 Angstroms 
thick) that is formed of any desired semiconductor material 
(e.g., any Group VI and/or III-IV and/or II-VI compound 
semiconductors) having a first crystallographic orientation. 
As for the second SOI layers 213, 214, the second SOI 
insulator layer 213 is formed on the first SOI semiconductor 
layer 212, and the second SOI semiconductor layer 214 is 
formed on the second SOI insulator layer 213 from any 
desired semiconductor material (e.g., any Group VI and/or 
III-IV and/or II-VI compound semiconductors) having a 
second crystallographic orientation which is different from 
the first crystallographic orientation. In a selected embodi 
ment, the wafer 201 is fabricated so that the crystal orien 
tation of the second SOI semiconductor layer 214 is twisted 
or rotated 45 degrees with respect to the crystal orientation 
of the first SOI semiconductor layer 212. For example, the 
crystallographic orientation of the second SOI semiconduc 
tor layer 214 may be (100), (111), or (110), so long as the 
crystallographic orientation of the second SOI semiconduc 
tor layer 214 differs from the crystallographic orientation of 
the first SOI semiconductor layer 212. In addition, the 
second SOI semiconductor layer 214 may have a (100) top 
surface orientation and a <100> channel direction, while the 
first SOI semiconductor layer 212 has a (100) or (110) top 
Surface orientation and a <110> channel direction. 

0043 FIG. 12 illustrates processing of a semiconductor 
wafer structure 202 subsequent to FIG. 11 where portions of 
the first nitride layer 216, the first oxide layer 215, the 
second SOI semiconductor layer 214 and second SOI insu 
lator layer 213 have been removed to form an opening 217 
and replaced with a shallow trench isolation (STI) region 
218 formed from an insulator, such as a high density plasma 
oxide. Any desired sequence of masking, etching, deposition 
and CMP polish steps (such as described above) may be 
used to form the STI region 218 in the opening 217. 
0044 FIG. 13 illustrates processing of a semiconductor 
wafer structure 203 subsequent to FIG. 12 after the first 
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nitride layer 216 and first oxide layer 215 have been 
stripped, and portions of the shallow trench isolation region 
218 have been etched or removed to form an opening 219 
down to the first SOI semiconductor layer 212. Any desired 
sequence of mask and etch steps (such as described above) 
may be used to form the opening 219 in the STI region 218 
so that it is smaller than and contained within the width of 
the first etch opening 217. 
0045 FIG. 14 illustrates processing of a semiconductor 
wafer structure 204 subsequent to FIG. 13 after an epitaxial 
semiconductor layer 220 is selectively formed and polished 
to partially or completely fill the opening 219 in the STI 
region 218 prior to etching or removing at least part of the 
remaining shallow trench isolation region 218. By filling the 
opening 219 with a first epitaxial layer 220 that is epitaxially 
grown from the first SOI semiconductor layer 212 (as 
indicated by the dashed line between regions 212 and 220), 
both layers 212, 220 will have the same crystallographic 
orientations. As described above, by selectively forming the 
first epitaxial layer 220 so that its crystallographic orienta 
tion is rotated with respect to the crystallographic orientation 
of the second SOI semiconductor layer 214, the mobility of 
the holes and electrons for subsequently formed PMOS and 
NMOS devices, respectively, may be optimized. The first 
epitaxial layer 220 is used to define and differentiate active 
regions for first and second types of MOS devices subse 
quently formed on the wafer structure 204. For example, the 
unetched portions of the second SOI semiconductor layer 
214 define a first circuit area or device region 221 for a first 
type of MOS device, while the portions of the first epitaxial 
layer 220 defines a second circuit area or device region 222 
for a second type of MOS device. To this end, at least part 
of the unetched portions of the STI region 218 may be used 
to electrically and physically isolate the first and second 
device regions from one another. Any desired sequence of 
epitaxy, CMP and etch steps (such as described above) may 
be used to form the epitaxial layer 220 in the STI region 218 
and then etch back the remaining STI region 218 (as 
indicated by the dotted lines). 
0046 FIG. 15 illustrates processing of a semiconductor 
wafer structure 205 subsequent to FIG. 14 after the second 
SOI semiconductor layer 214 and epitaxial semiconductor 
layer 220 are selectively etched to form the channel or body 
portions of FinFET transistor devices 223, 225, 227 and the 
MOSFET substrate regions 224, 226 in the first and second 
device regions 221, 222. In particular, the first device region 
221 includes channel or body portions of FinFET transistor 
devices 223, 227 that are formed from the second SOI 
semiconductor layer 214, and also includes Substrate regions 
224, 226 formed from the second SOI semiconductor layer 
214. These substrate regions 224, 226 are subsequently 
implanted to form source/drain regions for planar MOSFET 
devices. In addition, the second device region 222 includes 
channel or body portions of FinFET transistor devices 225 
that are formed from the epitaxial semiconductor layer 220, 
and also includes substrate region 228 formed from the 
etched epitaxial semiconductor layer 220 in which source/ 
drain regions for planar MOSFET devices are subsequently 
implanted. As will be appreciated, any desired sequence of 
masking, patterning and etch steps (such as described above) 
may be used to form the semiconductor device features 
223-228. 

0047 FIG. 16 illustrates processing of a semiconductor 
wafer structure 206 subsequent to FIG. 15 after formation of 
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an insulator layer 229 in the first and second device regions 
221, 222. Any desired formation process may be used, 
including blanket or selective deposition or growth of a 
dielectric material. Such as oxide or nitride. 
0048 FIG. 17 illustrates processing of a semiconductor 
wafer structure 207 subsequent to FIG. 16 after a conductive 
gate layer is deposited and selectively etched to form gate 
electrodes for FinFET transistor devices and planar MOS 
FET devices. In a selected embodiment, a conductive gate 
layer (e.g., doped polysilicon, doped SiGe and/or a metallic 
layer) is deposited over the wafer structure 207 so that it 
covers the insulator layer 229 which covers the top and sides 
of the body portions 223, 225, 227 of FinFET transistor 
devices and the substrate regions 224, 226, 228. The con 
ductive layer is then patterned and etched to form gate 
electrodes 230, 233, 235 for the FinFET transistor devices. 
With the same etch process, the gate electrodes 231, 232, 
234 are formed for the planar MOSFET transistor devices. 
0049. It will be appreciated that additional processing 
steps will be used to complete the fabrication of the CMOS 
FinFET and planar MOSFET transistor devices. As 
examples, one or more sacrificial oxide formation, stripping, 
isolation region formation, well region formation, extension 
implant, halo implant, spacer formation, Source/drain 
implant, heat drive or anneal steps, and polishing steps may 
be performed, along with conventional backend processing 
(not depicted), typically including formation of multiple 
levels of interconnect that are used to connect the transistors 
in a desired manner to achieve the desired functionality. 
Thus, the specific sequence of steps used to complete the 
fabrication of the semiconductor structures may vary, 
depending on the process and/or design requirements. 
0050. In one form there is provided herein a method for 
fabricating a dual Substrate semiconductor structure by 
forming a second semiconductor layer over a first semicon 
ductor layer, where the first and second semiconductor 
layers are isolated from one another by an insulator layer and 
where the first and second semiconductor layers have dif 
ferent crystal orientations. In various embodiments, the first 
semiconductor layer has a crystal orientation (e.g., n-type 
silicon having a (110) or (100) surface orientation and a 
<110> channel direction) that is rotated forty-five degrees 
with respect to the crystal orientation of the second semi 
conductor layer (e.g., p-type silicon having a (100) Surface 
orientation and a <100> channel direction). Also, the first 
semiconductor layer may be formed from a silicon handle 
wafer layer, or may be formed over a silicon handle wafer 
and isolated therefrom by a buried insulator layer. After a 
first trench opening is formed through the second semicon 
ductor layer that exposes the first semiconductor layer in a 
first area, the first trench opening is filled with an insulating 
material to form a shallow trench isolation region. A second 
trench opening is Subsequently formed in the shallow trench 
isolation region that exposes the first semiconductor layer in 
a second area contained within the first area, thereby leaving 
unetched portions of the shallow trench isolation region. In 
the second trench opening, a first epitaxial semiconductor 
material is epitaxially grown from an exposed surface of the 
first semiconductor layer to form a first epitaxial semicon 
ductor layer which may be patterned and etched, along with 
the second semiconductor layer, to form one or more Fin 
FET channel regions and/or planar MOSFET channel 
regions. In addition, a gate layer may be formed over the 
FinFET channel regions to cover a top surface and most of 

Jan. 24, 2008 

a side surface of the FinFET channel regions, and then 
selectively etched to form one or more gate electrodes over 
the FinFET channel regions. 
0051. In another form, there is provided method for 
forming a semiconductor structure having dual Substrates on 
a wafer. In the method, a second semiconductor layer (e.g., 
an SOI semiconductor layer) is formed over at least part of 
a first semiconductor layer (e.g., a bulk semiconductor 
substrate layer or an SOI semiconductor layer) so that they 
are electrically isolated and so that the second semiconduc 
tor layer has a crystal orientation that is rotated 45 degrees 
with respect to the crystal orientation of the first semicon 
ductor layer. In various embodiments, the first semiconduc 
tor layer has a crystal orientation (e.g., n-type silicon having 
a (110) or (100) surface orientation and a <110> channel 
direction) that is rotated forty-five degrees with respect to 
the crystal orientation of the second semiconductor layer 
(e.g., p-type silicon having a (100) Surface orientation and a 
<100> channel direction). After removing the second semi 
conductor layer in a first region to form a first trench 
opening, a first insulator layer is formed in the first trench 
opening. Subsequently, a second trench opening is formed in 
the first insulator layer by removing the first insulator layer 
in a second region within the first region to expose the first 
semiconductor layer. After the second trench opening is 
filled by epitaxially growing a first epitaxial semiconductor 
layer on an exposed Surface of the first semiconductor layer, 
the first epitaxial semiconductor layer and the second semi 
conductor layer are selectively etched to form FinFET 
channel regions (and planar channel regions) from the first 
epitaxial semiconductor layer and the second semiconductor 
layer. By forming, in sequence, a second insulator layer and 
a conductive gate layer over the FinFET channel regions 
(and the planar channel regions), the conductive gate layer 
may be selectively etched to form FinFET gate electrodes 
(and MOSFET gate electrodes). 
0052. In yet another form, there is provided a method for 
fabricating FET devices on a twisted dual substrates. First, 
a wafer is provided having a second semiconductor layer 
that is isolated from an underlying first semiconductor layer 
by at least a buried insulator layer, where the second 
semiconductor layer is crystallographically rotated with 
respect to the underlying first semiconductor layer. In vari 
ous embodiments, the first semiconductor layer has a crystal 
orientation (e.g., n-type silicon having a (110) or (100) 
surface orientation and a <110> channel direction) that is 
rotated forty-five degrees with respect to the crystal orien 
tation of the second semiconductor layer (e.g., p-type silicon 
having a (100) surface orientation and a <100> channel 
direction). Once an area in the first semiconductor layer is 
exposed, a first epitaxial semiconductor layer is epitaxially 
grown from the exposed area so that the first epitaxial 
semiconductor layer is isolated from the second semicon 
ductor layer by at least a shallow trench isolation region. By 
selectively etching the first epitaxial semiconductor layer 
and the second semiconductor layer, CMOS FinPET channel 
regions and planar channel regions are formed from the first 
epitaxial semiconductor layer and the second semiconductor 
layer. On these channel regions, an insulator layer is formed, 
followed by formation of a conductive gate layer over the 
insulator layer. By selectively etching the conductive gate 
layer, FinFET gate electrodes and MOSFET gate electrodes 
are formed. 

Page 12 of 14



US 2008/0020515 A1 

0053 Although the described exemplary embodiments 
disclosed herein are directed to various semiconductor 
device structures and methods for making same, the present 
invention is not necessarily limited to the example embodi 
ments which illustrate inventive aspects of the present 
invention that are applicable to a wide variety of semicon 
ductor processes and/or devices. Thus, the particular 
embodiments disclosed above are illustrative only and 
should not be taken as limitations upon the present inven 
tion, as the invention may be modified and practiced in 
different but equivalent manners apparent to those skilled in 
the art having the benefit of the teachings herein. For 
example, the thickness of the described layers may deviate 
from the disclosed thickness values, as may the specific 
sequence of semiconductor processing steps used to form 
the various features. Accordingly, the foregoing description 
is not intended to limit the invention to the particular form 
set forth, but on the contrary, is intended to cover such 
alternatives, modifications and equivalents as may be 
included within the spirit and scope of the invention as 
defined by the appended claims so that those skilled in the 
art should understand that they can make various changes, 
Substitutions and alterations without departing from the 
spirit and scope of the invention in its broadest form. 
0054 Benefits, other advantages, and solutions to prob 
lems have been described above with regard to specific 
embodiments. For example, the disclosed semiconductor 
manufacturing processes provide for efficient layout and 
fabrication of CMOS FinFET and planar devices with 
improved device performance that exploits the differing 
Surface orientation dependencies of holes and electrons. In 
accordance with selected embodiments, bulk and SOI tech 
niques are used to fabricate CMOS FinFET and planar 
MOSFET transistor devices formed on dual substrates 
which are optimally twisted or rotated with respect to one 
another. In other embodiments, CMOS FinFET and planar 
MOSFET transistor devices are both manufactured using 
fully SOI techniques which provide optimum channel sur 
face orientation for each type of transistor device. However, 
the benefits, advantages, solutions to problems, and any 
element(s) that may cause any benefit, advantage, or solu 
tion to occur or become more pronounced are not to be 
construed as a critical, required, or essential feature or 
element of any or all the claims. As used herein, the terms 
“comprises.” “comprising,” or any other variation thereof, 
are intended to cover a non-exclusive inclusion, such that a 
process, method, article, or apparatus that comprises a list of 
elements does not include only those elements but may 
include other elements not expressly listed or inherent to 
Such process, method, article, or apparatus. 
What is claimed is: 
1. A method for fabricating a dual Substrate semiconduc 

tor structure, comprising: 
forming a first semiconductor layer having a first crystal 

orientation; 
forming a second semiconductor layer over at least part of 

the first semiconductor layer, wherein the second semi 
conductor layer is electrically isolated from the first 
semiconductor layer and has a second crystal orienta 
tion that is different from the first crystal orientation; 

forming a shallow trench isolation region in a first trench 
opening that exposes the first semiconductor layer in a 
first area by filling the first trench opening with an 
insulating material; 
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forming a second trench opening in the shallow trench 
isolation region that exposes the first semiconductor 
layer in a second area contained within the first area; 

epitaxially growing a first epitaxial semiconductor mate 
rial on at least an exposed surface of the first semicon 
ductor layer to form a first epitaxial semiconductor 
layer; and 

patterning and etching the first epitaxial semiconductor 
layer and the second semiconductor layer to form one 
or more FinFET channel regions. 

2. The method of claim 1, where the first crystal orien 
tation is rotated forty-five degrees with respect to the second 
crystal orientation. 

3. The method of claim 1, where the first semiconductor 
layer has a (110) or (100) surface orientation and a (110) 
channel direction, and the second semiconductor layer has a 
(100) surface orientation and a (100) channel direction. 

4. The method of claim 1, wherein the second semicon 
ductor layer comprises (100) p-type silicon and the first 
epitaxial semiconductor layer comprises (110) n-type sili 
CO. 

5. The method of claim 1, wherein the second semicon 
ductor layer comprises (100) p-type silicon and the first 
epitaxial semiconductor layer comprises (110) n-type silicon 
that is epitaxially grown from an exposed surface of the first 
semiconductor layer. 

6. The method of claim 1, where the first semiconductor 
layer comprises a silicon handle wafer. 

7. The method of claim 1, where the first semiconductor 
layer is formed over a buried insulator layer that is formed 
on a silicon handle wafer layer. 

8. The method of claim 1, where patterning and etching 
the first epitaxial semiconductor layer and the second semi 
conductor layer also form one or more planar MOSFET 
channel regions. 

9. The method of claim 1, further comprising: 
forming a gate layer over the FinFET channel regions, and 
selectively etching the gate layer to form one or more gate 

electrodes over the FinFET channel regions. 
10. A method for forming a semiconductor structure 

having dual Substrates on a wafer, comprising: 
forming a first semiconductor layer having a first crystal 

orientation; 
forming a second semiconductor layer over at least part of 

the first semiconductor layer, wherein the second semi 
conductor layer is electrically isolated from the first 
semiconductor layer by a buried insulator layer and 
where the second semiconductor layer has a crystal 
orientation that is rotated 45 degrees with respect to the 
first crystal orientation of the first semiconductor layer; 

forming a first trench opening by removing at least the 
second semiconductor layer in a first region; 

forming a first insulator layer in the first trench opening; 
forming a second trench opening in the first insulator 

layer by removing at least the first insulator layer in a 
second region within the first region to expose the first 
semiconductor layer, 

filling at least part of a second trench opening that exposes 
the first semiconductor layer by epitaxially growing a 
first epitaxial semiconductor layer on at least an 
exposed Surface of the first semiconductor layer, and 

selectively etching the first epitaxial semiconductor layer 
and the second semiconductor layer to form FinPET 
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channel regions from the first epitaxial semiconductor 
layer and the second semiconductor layer. 

11. The method of claim 10, where the first semiconductor 
layer comprises a bulk semiconductor Substrate layer and the 
second semiconductor layer comprises an SOI semiconduc 
tor layer. 

12. The method of claim 10, where the first semiconductor 
layer comprises an SOI semiconductor layer and the second 
semiconductor layer comprises an SOI semiconductor layer. 

13. The method of claim 10, further comprising: 
forming a second insulator layer over the FinFET channel 

regions; 
forming a conductive gate layer over the second insulator 

layer; and 
Selectively etching the conductive gate layer to form 
FinFET gate electrodes. 

14. The method of claim 10, where the step of selectively 
etching the first epitaxial semiconductor layer and the sec 
ond semiconductor layer is also used to form planar channel 
regions from the first epitaxial semiconductor layer and the 
second semiconductor layer. 

15. The method of claim 14, further comprising: 
forming a second insulator layer over the FinFET channel 

regions and the planar channel regions; 
forming a conductive gate layer over the second insulator 

layer; and 
Selectively etching the conductive gate layer to form 
FinFET gate electrodes over the FinFET channel 
regions and to form MOSFET gate electrodes over the 
planar channel regions. 

16. The method of claim 10, where the first semiconductor 
layer has a (110) or (100) surface orientation and a (110) 
channel direction, and the second semiconductor layer has a 
(100) surface orientation and a (100) channel direction. 

17. A method for fabricating FET devices on a twisted 
dual Substrates, comprising: 
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providing a second semiconductor layer that is isolated 
from an underlying first semiconductor layer by at least 
a buried insulator layer, where the second semiconduc 
tor layer is crystallographically rotated with respect to 
the underlying first semiconductor layer; 

exposing the first semiconductor layer in a first area; 
epitaxially growing a first epitaxial semiconductor layer 

from the first area, where the first epitaxial semicon 
ductor layer is isolated from the second semiconductor 
layer by at least a shallow trench isolation region; 

selectively etching the first epitaxial semiconductor layer 
to form first CMOS FinPET channel regions and planar 
channel regions from the first epitaxial semiconductor 
layer; and 

selectively etching the second semiconductor layer to 
form second CMOS FinFET channel regions and pla 
nar channel regions from the second semiconductor 
layer. 

18. The method of claim 17, further comprising: 
forming an insulator layer over the CMOS FinFET chan 

nel regions and planar channel regions; 
forming a conductive gate layer over the insulator layer; 

and 

selectively etching the conductive gate layer to form 
FinFET gate electrodes and MOSFET gate electrodes. 

19. The method of claim 17, where the second semicon 
ductor layer is crystallographically rotated forty-five degrees 
with respect to the underlying first semiconductor layer. 

20. The method of claim 17, wherein the second semi 
conductor layer comprises (100) p-type silicon and the first 
epitaxial semiconductor layer comprises (110) n-type sili 
CO. 
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