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(57) ABSTRACT 

A method is provided for fabricating a differential semicon 
ductor substrate. A ?rst structure is provided Which comprises 
a ?rst semiconductor substrate including a ?rst semiconduc 
tor region, and a ?rst oxide layer overlying a surface of the 
?rst semiconductor substrate. The ?rst semiconductor sub 
strate has a ?rst crystallographic orientation. A second struc 
ture is provided Which includes a second semiconductor sub 
strate comprising a ?rst layer and a second layer, and a second 
oxide layer Which overlies a surface of the ?rst layer. The 
second semiconductor substrate has a second crystallo 
graphic orientation different than the ?rst crystallographic 
orientation. The ?rst layer includes a second semiconductor 
region. The ?rst layer and the second oxide layer are removed 
from the second structure, and assembled to the ?rst semi 
conductor substrate to form a composite structure. A bonded 
composite structure is then formed by exposing the compos 
ite structure to a temperature adequate to cause bonding of the 
?rst oxide layer and the second oxide layer. Portions of the 
bonded composite structure are removed to expose the ?rst 
semiconductor region and the second semiconductor region 
and thereby form the differential semiconductor substrate. 
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METHODS FOR FABRICATING 
SEMICONDUCTOR SUBSTRATES WITH 

SILICON REGIONS HAVING DIFFERENTIAL 
CRYSTALLOGRAPHIC ORIENTATIONS 

TECHNICAL FIELD 

[0001] The present invention generally relates to semicon 
ductor devices and to methods for their fabrication, and more 
particularly relates to methods for fabricating semiconductor 
devices in and on semiconductor substrates having differen 
tial crystallographic orientations. 

BACKGROUND 

[0002] A complementary MOS (CMOS) semiconductor 
device includes an N-channel MOSFET (NMOSFET) device 
and a P-channel MOSFET (PMOSFET) device Which are 
fabricated on and in a semiconductor substrate. The semicon 
ductor substrate can generally be either a bulk semiconductor 
substrate or a semiconductor-on-insulator (SOI) substrate. A 
SOI substrate generally includes at least one thin layer of 
semiconductor material disposed on or over a buried oxide 

insulating layer Which, in turn, is supported by a carrier Wafer 
so that the buried oxide insulating layer is disposed betWeen 
the carrier Wafer and the semiconductor layer. 
[0003] The performance of a CMOS semiconductor device 
can be measured in terms of sWitching speed and operational 
frequency Which are proportional to the mobility of charge 
carriers, electrons or holes, in a given CMOS semiconductor 
device. The mobility of the majority charge carrier depends 
directly on a crystallographic orientation of the semiconduc 
tor substrate in and on Which the CMOS semiconductor 
device is fabricated. For example, the majority carrier in 
NMOSFET devices are electrons, and the mobility of elec 
trons is best in semiconductor materials having a (100) crys 
tallographic orientation. As such, the optimal crystallo 
graphic orientation for NMOSFET devices is (100) since this 
alloWs for the highest electron mobility. By contrast, the 
majority carrier in PMOSFET devices are holes, and the 
mobility of holes is best in semiconductor materials having a 
(011) or equivalent crystallographic orientation. Therefore, 
the optimal crystallographic orientation for PMOSFET 
devices is (011) or equivalent crystallographic orientation 
since this alloWs for the highest hole mobility. The (101) and 
(01 l) crystallographic orientations are equivalent to the (01 l) 
crystallographic orientation. 
[0004] To improve performance and speed of CMOS 
devices, it Would be desirable to provide a semiconductor 
substrate Which has one crystallographic surface orientation 
for PMOSFET devices and another crystallographic surface 
orientation for NMOSFET devices. One approach for fabri 
cating such a semiconductor substrate begins With a SOI 
substrate Which has a thin silicon layer of a ?rst crystallo 
graphic orientation (e.g., a (100) crystallographic orienta 
tion), and a silicon carrier Wafer Which has a second crystal 
lographic orientation (e.g., a (011) crystallographic 
orientation). A trench is then etched through the thin silicon 
layer and the buried oxide layer until the carrier Wafer is 
reached. Dielectric spacers are formed on the sideWalls of the 
trench. A selective epitaxial groWth process is then used to 
selectively groW an epitaxial layer of silicon from the bottom 
of the trench to ?ll the trench With epitaxially-groWn silicon 
material. The dielectric spacers prevent epitaxial groWth from 
occurring from at potential nucleating sites on the sideWalls 
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of the trench by covering those potential nucleating sites, and 
no epitaxial groWth occurs on the dielectric spacer material. 
As a result, the selective epitaxial layer replicates the crystal 
lographic orientation of the carrier Wafer along of the bottom 
surface of the trench, and the selective epitaxial layer Will 
ideally have a second crystallographic orientation that is iden 
tical to that of the carrier Wafer. In theory, the resulting SOI 
substrate Will have silicon regions With differentially oriented 
crystallographic surface orientations: one silicon region hav 
ing a ?rst (100) crystallographic orientation and another sili 
con region having a second (011) crystallographic orienta 
tion. 
[0005] Unfortunately, this approach suffers from draW 
backs Which have prevented its use. For example, as the 
epitaxial layer is groWn upWards in the trench from the carrier 
Wafer, the epitaxial layer encounters dielectric spacers Which 
disrupt the epitaxial groWth process and cause defects in the 
crystallographic pattern of the silicon material. As a result, 
the crystallographic structure of the epitaxial layer does not 
precisely replicate the crystallographic pattern of the carrier 
Wafer, and the epitaxial layer exhibits a high density of crystal 
defects as Well as facets at the edges of the selective epitaxial 
layers. The defects in the crystalline structure of the epitaxial 
layer tend to degrade device performance. 
[0006] In addition, the process of fabricating the SOI sub 
strate using this approach involves a relatively complex series 
of steps. For example, to prevent epitaxial groWth on the thin 
silicon layer, a capping layer must be formed on the thin 
silicon layer before the trenches are formed. An additional 
dielectric layer is then deposited on top of the capping layer 
and Within the trench. It is used to form the dielectric spacers 
on the trench sideWalls to ensure that epitaxial groWth does 
not occur at the edges of the thin silicon layer residing near the 
trench. 
[0007] Accordingly, it is desirable to provide improved 
methods for fabricating a semiconductor substrate that 
includes silicon regions With differentially oriented crystal 
lographic surface orientations. In addition, it is desirable to 
provide methods for fabricating CMOS devices on such semi 
conductor substrates. Furthermore, other desirable features 
and characteristics of the present invention Will become 
apparent from the subsequent detailed description and the 
appended claims, taken in conjunction With the accompany 
ing draWings and the foregoing technical ?eld and back 
ground. 

BRIEF SUMMARY 

[0008] In accordance With one embodiment, a method is 
provided for fabricating a differential semiconductor sub 
strate. A ?rst structure is provided Which comprises a ?rst 
semiconductor substrate including a ?rst semiconductor 
region, and a ?rst oxide layer overlying a surface of the ?rst 
semiconductor substrate. The ?rst semiconductor substrate 
has a ?rst crystallographic orientation. A second structure is 
provided Which includes a second semiconductor substrate 
comprising a ?rst layer and a second layer, and a second oxide 
layer Which overlies a surface of the ?rst layer. The second 
semiconductor substrate has a second crystallographic orien 
tation different than the ?rst crystallographic orientation. The 
?rst layer includes a second semiconductor region. The ?rst 
layer and the second oxide layer are removed from the second 
structure, and assembled to the ?rst semiconductor substrate 
to form a composite structure. A bonded composite structure 
is then formed by exposing the composite structure to a tem 
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perature adequate to cause bonding of the ?rst oxide layer and 
the second oxide layer. Portions of the bonded composite 
structure are removed to expose the ?rst semiconductor 
region and the second semiconductor region and thereby form 
the differential semiconductor substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention Will hereinafter be described 
in conjunction With the following draWing ?gures, Wherein 
like numerals denote like elements, and Wherein 
[0010] FIGS. 1-9 illustrate, in cross section, a differential 
semiconductor substrate and method steps for its fabrication 
in accordance With various embodiments of the invention. 
[0011] FIGS. 10-13 illustrate, in cross section, a CMOS 
device fabricated in and on the differential semiconductor 
substrate of FIG. 9 and method steps for its fabrication in 
accordance With various embodiments of the invention. 

DETAILED DESCRIPTION 

[0012] The folloWing detailed description is merely exem 
plary in nature and is not intended to limit the invention or the 
application and uses of the invention. The Word “exemplary” 
is used herein to mean “serving as an example, instance, or 
illustration.” Any embodiment described herein as “exem 
plary” is not necessarily to be construed as preferred or 
advantageous over other embodiments. All of the implemen 
tations described beloW are exemplary implementations pro 
vided to enable persons skilled in the art to make or use the 
invention and are not intended to limit the scope of the inven 
tion Which is de?ned by the claims. Furthermore, there is no 
intention to be bound by any expressed or implied theory 
presented in the preceding technical ?eld, background, brief 
summary or the folloWing detailed description. 
[0013] As Will be described beloW With reference to FIGS. 
1-13, a method is provided for fabricating a differential semi 
conductor substrate 95 Which includes a ?rst device region 
135 and a second device region 140. The ?rst device region 
135 and the second device region 140 have silicon regions 11, 
41, respectively, With different crystallographic orientations. 
One silicon region has a crystallographic surface orientation 
that is optimiZed for mobility of one type of maj ority charge 
carrier (e.g., electrons), and the other silicon region has a 
different crystallographic surface orientation that is opti 
miZed for mobility of another type of maj ority charge carrier 
(e. g., holes). Because the differential semiconductor sub 
strate 95 includes silicon regions having different crystallo 
graphic surface orientations, the differential semiconductor 
substrate 95 is ideal for fabricating a CMOS device 150, 
Which includes a PMOSFET device and an NMOSFET 
device, With improved performance and sWitching speed. 
[0014] FIGS. 1-9 illustrate, in cross section, a differential 
semiconductor substrate 95 and method steps for its fabrica 
tion in accordance With various embodiments of the inven 
tion. 

[0015] FIGS. 1-3 illustrate, in cross section, a patterned 
base Wafer 70 and method steps for its fabrication in accor 
dance With various embodiments of the invention. As Will be 
described beloW, the patterned base Wafer 70 Will eventually 
be used to fabricate a portion of the differential substrate 95. 
As illustrated in FIG. 1, the manufacture in accordance With 
an embodiment of the invention begins With providing a base 
Wafer 10 Which comprises a bulk semiconductor Wafer hav 
ing a ?rst crystallographic orientation. The base Wafer 10 may 
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also be referred to as a base substrate or base die, handle 
Wafer, a host Wafer, or a carrier Wafer. In one embodiment 
illustrated in FIGS. 1-9, the ?rst crystallographic orientation 
is a (100) crystallographic orientation; hoWever, in other 
embodiments, the ?rst crystallographic orientation can be a 
(011) crystallographic orientation. The base Wafer 10 
includes a loWer surface 12 and an upper surface 14. The base 
Wafer 10 may comprise silicon, germanium, a gallium ars 
enide, or other semiconductor materials. In one embodiment, 
the base Wafer 10 comprises a monocrystalline silicon sub 
strate having a (100) surface crystal orientation. The monoc 
rystalline silicon substrate may comprise a lightly impurity 
doped monocrystalline silicon materials as Well as silicon 
admixed With small amounts of other elements such as ger 

manium, carbon, and the like, as Well as impurity dopant 
elements such as boron, phosphorus, and arsenic, to form a 
substantially monocrystalline semiconductor material. 
[0016] As illustrated in FIG. 2, the base Wafer 10 is pat 
terned along its upper surface 14 by etching trench regions or 
trenches 21, 22 in the upper surface 14 of the base Wafer 10. 
For example, according to one embodiment, a layer of pho 
tosensitive material, such as photoresist, is applied over the 
base Wafer 10, and is patterned to leave a remaining portion 
and to expose selected portions of the base Wafer 10 Which 
correspond to the locations of the trenches 21, 22. The 
exposed portions of the base Wafer 10 are then anisotropically 
etched aWay, for example, using a reactive ion etching (RIE) 
process Which uses, for example, a chlorine or hydrogen 
bromide/oxygen chemistry. After etching is performed, the 
base Wafer 10 is a patterned base Wafer 70 Which includes at 
least one mesa structure 23 and trenches 21, 22. The mesa 
structure 23 includes sideWalls 16, 18 and an upper surface 
14. Trenches 21, 22 are de?ned by sideWalls 16, 18 of the 
mesa structure 23 and a bottom surface 15 Which corresponds 
to a surface of the base Wafer 10 after etching. 

[0017] As illustrated in FIG. 3, an oxide layer 35 is groWn 
or deposited over the patterned base Wafer 70. The oxide layer 
35 comprises an upper portion 37, loWer portions 32, and 
sideWall portions 34, 36. The oxide layer 35 can be, for 
example, an oxide-based material such as silicon dioxide 
(SiOZ). In one embodiment, the oxide layer 35 may be con 
formally blanket deposited overlying the surface of the pat 
terned base Wafer 70, for example, using techniques such as 
by chemical vapor deposition (CVD) or physical vapor depo 
sition (PVD) to thickness is betWeen approximately 40 nm 
and 100 nm. 

[0018] FIGS. 4 through 6 illustrate, in cross section, a pat 
terned donor Wafer 80 and method steps for its fabrication in 
accordance With various embodiments of the invention. As 
Will be described beloW, the patterned donor Wafer 80 Will 
eventually be used to fabricate another portion of the differ 
ential substrate 95. 

[0019] As illustrated in FIG. 4, the fabrication in accor 
dance With an embodiment of the invention begins With pro 
viding a donor Wafer 40 Which comprises a bulk semiconduc 
tor Wafer having a second crystallographic orientation 
different that the ?rst crystallographic orientation. The donor 
Wafer 40 may also be referred to as a donor substrate or donor 
die, a device Wafer or donor device Wafer. The terms Wafer, 
substrate and die are used interchangeably herein. In one 
embodiment illustrated in FIGS. 4-9, the second crystallo 
graphic orientation can be a (011) crystallographic orienta 
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tion; however, in other embodiments, the second crystallo 
graphic orientation can be a (100) crystallographic 
orientation. 
[0020] The donor Wafer 40 includes a loWer surface 42, an 
upper surface 44, a transfer layer 41, a carrier layer 45, and a 
hydrogen interface 43 formed betWeen the transfer layer 41 
and the carrier layer 45 The donor Wafer 40 may comprise 
silicon, germanium, a gallium arsenide, or other semiconduc 
tor materials. In one embodiment, the donor Wafer 40 com 
prises a monocrystalline silicon substrate having a (01 l) crys 
tallographic orientation. The monocrystalline silicon 
substrate may comprise a lightly impurity-doped monocrys 
talline silicon materials as Well as silicon admixed With small 
amounts of other elements such as germanium, carbon, and 
the like, as Well as impurity dopant elements such as boron, 
phosphorus, and arsenic, to form a substantially monocrys 
talline semiconductor material. 
[0021] In one implementation, the hydrogen interface 43 
can be formed in the donor Wafer 40 using a Well-knoWn 
smart cut process or an epitaxial layer transfer (ELTRAN) 
process. When the donor Wafer 40 is manufactured using the 
smart cut process, the hydrogen interface 43 is formed by 
implanting hydrogen ions into the donor Wafer 40 to a depth 
equal to a desired thickness of the transfer layer 41. As Will be 
described in detail beloW, the hydrogen interface 43 alloWs 
for the transfer layer 41 to be split cleanly from the carrier 
layer 45 during subsequent processing so that transistors can 
be formed on a portion of transfer layer 41. 
[0022] As illustrated in FIG. 5, processing of the donor 
Wafer 40 continues by etching trenches 50 into a portion of the 
transfer layer 41. The trenches 50 are de?ned by the bottom 
surface 52 and sideWalls 54, 56. The trenches 50 can be etched 
to a depth betWeen 20 and 100 nm; hoWever, by no means 
should the trenches 50 extend beloW the hydrogen interface 
43. According to one embodiment, a layer of photosensitive 
material, such as photoresist, is applied over the donor Wafer 
40, and is patterned to expose a selected portion of the donor 
Wafer 40 Which corresponds to the location of the trenches 50. 
The exposed portions of the donor Wafer 40 are then aniso 
tropically etched aWay, for example, using a reactive ion 
etching (RIE) process Which uses, for example, a chlorine or 
hydrogen bromide/oxygen chemistry. After etching is per 
formed, the donor Wafer 40 is a patterned donor Wafer 80 
Which includes the trench de?ned by sideWalls 54, 56 and a 
bottom surface 52 Which corresponds to a surface of the donor 
Wafer 40 after etching. 
[0023] As illustrated in FIG. 6, an oxide layer 60 is formed 
over the surface of the patterned donor Wafer 80. The oxide 
layer 60 includes an upper portion 62, a loWer portion 65 and 
sideWall portions 64, 66. The oxide layer 60 can be, for 
example, an oxide-based material such as silicon dioxide 
(SiOZ). The oxide layer 60 may be conformally blanket 
deposited overlying the surface of the patterned donor Wafer 
80, for example, using techniques such as by chemical vapor 
deposition (CVD) or physical vapor deposition (PVD) to a 
thickness betWeen approximately 20 and 100 nm. 

[0024] FIGS. 7 through 9 illustrate, in cross section, a dif 
ferential semiconductor substrate 95 With a P-Well region 11 
and an N-Well region 41 and method steps for its fabrication 
in accordance With various embodiments of the invention. 
[0025] Once the patterned base Wafer 70 and patterned 
donor Wafer 80 have been prepared as illustrated in FIGS. 1 
through 6, the transfer layer 41 is split from the carrier layer 
45 along the hydrogen interface 43 so that the patterned donor 
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Wafer 80 is divided into a ?rst portion 84 and a second portion 
82. Once the transfer layer 41 has been split from the carrier 
layer 45, the transfer layer 41 is then transferred so that the 
transfer layer 41 can be attached to or mated With the pat 
terned base Wafer 70, as illustrated in FIG. 7 by the arced 
arroW 89. In another embodiment, the transfer layer 41 is split 
from the carrier layer 45 after the patterned donor Wafer 80 
(With the transfer layer 41 still attached) is attached to or 
mated With the patterned base Wafer 70. In the example illus 
trated in FIG. 7, the transfer layer 41 is ?ipped upside doWn or 
inverted, aligned over the patterned base Wafer 70 so that the 
trenches 50 of the transfer layer 41 are substantially aligned to 
mate With the mesa structure 23 of the patterned base Wafer 
70, and so that the mesa structure 41 is substantially aligned 
to mate With trench regions 21, 22 of the patterned base Wafer 
7 0. 

[0026] As illustrated in FIG. 8, the transfer layer 41 is then 
brought into mating contact With the patterned base Wafer 70. 
At this point, the upper portion 62 of oxide layer 60 is in 
contact With the loWer portion 32 of the oxide layer 35, the 
loWer portion 65 of oxide layer 60 is in contact With the upper 
portion 37 of the oxide layer 35, and the sideWall portions 64, 
66 of oxide layer 60 are adjacent or in contact With the 
sideWall portions 34, 36 of the oxide layer 35, respectively. 
The resulting composite structure 90 formed by the assembly 
of the transfer layer 41 and the patterned base Wafer 70 is then 
exposed to high temperatures (e. g., 10000 C. or more) to 
cause bonding of the oxide layer 30 of the patterned base 
Wafer 70 and the oxide layer 60 of transfer layer 41 and 
thereby form a bonded composite structure 90. At this stage, 
the bonded composite structure 90 includes silicon regions 
11, 41 having different crystallographic orientations. 
[0027] As illustrated in FIG. 9, the bonded composite struc 
ture 90 is polished using, for example, a chemical mechanical 
polishing (CMP) process to remove the loWer surface 43 of 
the transfer layer 41, the loWer portion 65 of the oxide layer 
60, and the upper portion 37 of the oxide layer 35. Removing 
these portions of the bonded composite structure 90 exposes 
silicon regions 11, 41 having different crystallographic ori 
entations to provide the differential semiconductor substrate 
95. 

[0028] The differential semiconductor substrate 95 
includes a ?rst device region 135 and a second device region 
140. In one embodiment, the ?rst device region 135 includes 
a silicon region 11 Which has a (100) crystallographic orien 
tation and Which can be used for forming NMOSFET-type 
devices, and the second device region 140 includes a silicon 
region 41 Which has a (011) crystallographic orientation and 
Which can be used for forming PMOSFET-type devices. In an 
alternative embodiment, the ?rst device region 135 includes a 
silicon region 11 Which has a (011) crystallographic orienta 
tion Which can be used for forming PMOSFET-type devices, 
and the second device region 140 includes a silicon region 41 
Which has a (100) crystallographic orientation and can be 
used for forming NMOSFET-type devices 
[0029] Thus, the differential semiconductor substrate 95 
can provide a starting substrate for fabricating differentially 
oriented CMOS devices While avoiding selective epitaxial 
processing required by conventional techniques. The differ 
ential semiconductor substrate 95 does not suffer from prob 
lems such as a high density of crystal defects and poor surface 
quality Which are associated With conventional techniques 
that employ selective epitaxial groWth differential substrates. 
Moreover, because the method of FIGS. 1-9 utiliZes bulk 
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silicon Wafers and conventional processing techniques, the 
crystal quality and the surface quality of the differential semi 
conductor substrate 95 should be at least as good as the 
quality obtained using standard SOI substrates. 
[0030] FIGS. 10-13 illustrate, in cross section, a CMOS 
device 150 fabricated in and on the differential semiconduc 
tor substrate 95 of FIG. 9 and method steps for its fabrication 
in accordance With various embodiments of the invention. In 
these illustrative embodiments the exemplary CMOS device 
150 comprises NMOSFET device 160 and PMOSFET device 
170 as Will be explained beloW. Those of skill in the art Will 
understand that CMOS device 150 is likely to be one of a large 
number of such devices that are interconnected in an inte 
grated circuit. 
[0031] Various steps in the manufacture of MOS transistors 
are Well knoWn and so, in the interest of brevity, many con 
ventional steps Will only be mentioned brie?y herein or Will 
be omitted entirely Without providing the Well knoWn process 
details. Although the term “MOS device” properly refers to a 
device having a metal gate electrode and an oxide gate insu 
lator, that term Will be used throughout to refer to any semi 
conductor device that includes a conductive gate electrode 
(Whether metal or other conductive material) that is posi 
tioned over a gate insulator (Whether oxide or other insulator) 
Which, in turn, is positioned over the differential semiconduc 
tor substrate 95 illustrated above With respect to FIG. 9. 
[0032] Although not illustrated in FIG. 10, in one embodi 
ment, Where the ?rst device region 135 is for forming NMOS 
PET-type devices and the second device region 140 is for 
forming PMOSFET-type devices, the silicon region 11 is 
impurity doped to form a P-Well region 11 and silicon region 
41 is impurity doped to form an N-Well region 41. For 
example, at least a surface portion of the silicon region 11 can 
be impurity doped With P-type conductivity determining 
impurities to form a P-Well region 11. Impurity doping can 
take place, for example, by the implantation and subsequent 
thermal annealing of dopant ions such as boron. Similarly, at 
least a surface portion of the silicon region 41 can optionally 
be impurity doped With N-type conductivity determining 
impurities to form a N-Well region 41. Impurity doping can 
take place, for example, by the implantation and subsequent 
thermal annealing of dopant ions such as phosphorus and 
arsenic. In an alternative embodiment, Where the ?rst device 
region 135 is for forming PMOSFET-type devices and the 
second device region 140 is for forming NMOSFET-type 
devices, the silicon region 11 is impurity doped to form an 
N-Well region 11, and silicon region 41 is impurity doped to 
form a P-Well region 41. 

[0033] In addition, an optional protective oxide layer (not 
shoWn) can be deposited over the differential semiconductor 
substrate 95 to protect the differential semiconductor sub 
strate 95 from damage and to help control implantation depth 
during subsequent implantation steps. In one embodiment, 
the protective oxide layer (not shoWn) can be, for example, a 
silicon dioxide layer, Which preferably has a thickness of 
about 10-20 nm. 

[0034] As illustrated in FIG. 10, dielectric isolation regions 
102, 104, 106 can be formed in the differential semiconductor 
substrate 95. The dielectric isolation regions 102, 104, 106 
electrically isolate adjacent MOSFET devices from one 
another and are formed to replace portions of the oxide layers 
35, 60. For example, the NMOSFET device 160 can be elec 
trically isolated from the PMOSFET device 170 and other 
MOSFET devices (not shoWn) by a dielectric isolation region 
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102, 104. There are many processes that can be used to form 
the dielectric isolation regions 102, 104, 106, so the process 
need not be described here in detail. For instance, in one 
embodiment, a shalloW trench isolation (STI) process can be 
used in Which shalloW trenches are etched into the surface of 
the differential semiconductor substrate 95, and subsequently 
?lled With an insulating material, such as an oxide material 
including silicon dioxide. After the trench is ?lled With an 
insulating material, the surface is usually planariZed, for 
example, by chemical mechanical planariZation (CMP) to 
form shalloW trench isolation (STI) regions. 
[0035] A layer of gate insulating material 131 is formed at 
the surface of differential semiconductor substrate 95. The 
layer of gate insulating material can be a layer of thermally 
groWn silicon dioxide or, alternatively, a deposited insulator 
such as silicon oxide, silicon nitride, or a high dielectric 
constant (K) insulator material having a high dielectric con 
stant (K) relative to silicon dioxide. Examples of “high-K 
dielectric” materials include hafnium and Zirconium silicates, 
and their oxides, including, but not limited to, hafnium oxide 
(HfO2), hafnium silicate (HfSiO), or the like. Deposited insu 
lators can be deposited, for example, by chemical vapor depo 
sition (CVD), loW pressure chemical vapor deposition 
(LPCVD), or plasma enhanced chemical vapor deposition 
(PECVD). High dielectric constant (K) insulator materials 
are typically deposited using atomic layer deposition (ALD). 
The gate insulator layer preferably has a thickness of about 
l-l0 nm, although the actual thickness can be determined 
based on the circuit being implemented. 
[0036] Gate electrodes 134, 138 can be formed by depos 
iting, patterning, and etching a layer of metal or polycrystal 
line silicon, preferably a layer of undoped polycrystalline 
silicon. As illustrated in FIG. 11, the gate electrodes 134, 138 
are formed over the P-Well region 11 and the N-Well region 
41, respectively, in differential semiconductor substrate 95 
and generally have a thickness or height of about 100-300 nm. 
In one embodiment, the gate electrode structures 131/134, 
131/138 have a height of approximately 100 nm, and a Width 
of approximately 40 nm or less. The polycrystalline silicon 
can be deposited, for example, by the reduction of silane 
(SiH4) in a CVD reaction such as a loW pressure chemical 
vapor deposition (LPCVD). 
[0037] As illustrated in FIG. 12, sideWall spacers 132, 133 
are formed on the sideWalls of gate electrode 134, and side 
Wall spacers 136, 137 are formed on the sideWalls of gate 
electrode 138. The sideWall spacers 132, 133, 136, 137 are 
formed by depositing a layer of insulating material such as 
silicon oxide and/or silicon nitride and subsequently aniso 
tropically etching the insulating layer, for example by reac 
tive ion etching (RIE). Silicon oxide and silicon nitride can be 
etched, for example, in a CHF3, CF4, or SP6 chemistry. 
[0038] A layer of masking material (not shoWn), Which can 
be, for example, a layer of photoresist, is applied and pat 
terned to cover the NMOSFET device 160 and to expose the 
PMOSFET device 170. This layer of patterned mask material 
is used as an ion implantation mask, and P-type conductivity 
determining impurities, such as boron ions, are implanted 
into the N-Well portion 41 to form P-type source and drain 
regions 126, 128, and into gate electrode 138 to conductivity 
dope gate electrode 138 With P-type conductivity determin 
ing impurities, as illustrated in FIG. 13. 
[0039] The patterned layer of masking material is removed 
and another layer of masking material, such as a layer of 
photoresist, is applied and is patterned to mask the PMOS 
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FET device 170 and to expose NMOSFET device 160. This 
layer of patterned mask material is used as an ion implanta 
tion mask, and N-type conductivity determining impurities, 
such as phosphorus or arsenic ions, are implanted into the 
P-Well portion 11 to form N-type source and drain regions 
122, 124, and into the gate electrode 134 to conductivity dope 
gate electrode 134 With N-type conductivity determining 
impurities, as illustrated in FIG. 13. 
[0040] For each of the transistor structures, the ion-im 
planted source and drain regions are self aligned With the gate 
electrodes. It Will be appreciated by those skilled in the art that 
the order of forming the source and drain regions of the 
NMOSFET device 160 and the PMOSFET device 170 can be 
reversed. 
[0041] At the stage of processing shoWn in FIG. 13, the 
CMOS device 150 comprises the NMOSFET device 160 and 
the PMOSFET device 170. The NMOSFET device 160 com 
prises active S/D regions 122, 124 fabricated in the P-Well 
region 11 and a gate electrode structure 131/134 fabricated on 
the P-Well region 11 Which has a (100) crystallographic ori 
entation. The gate electrode structure 131/134 comprises a 
gate insulator layer 131 and a gate electrode 134 overlying the 
gate insulator layer 131. SideWall spacers 132, 133 are adja 
cent a ?rst sideWall and a second sideWall of the gate electrode 
134. The PMOSFET device 160 comprises active 8/ D regions 
126, 128 fabricated in the N-Well region 41 and a gate elec 
trode structure 131/138 fabricated on the N-Well region 41 
Which has a (011) crystallographic orientation. The gate elec 
trode structure 131/138 comprises a gate insulator layer 131 
and a gate electrode 138 overlying the gate insulator layer 
131. SideWall spacers 136, 137 are adjacent a ?rst sideWall 
and a second sideWall of the gate electrode 138. The differ 
ential crystallographic orientations of differential semicon 
ductor substrate 95 can greatly enhance performance and 
greatly increase operational speed of the NMOSFET and 
PMOSFET devices 160, 170. 
[0042] The CMOS device 150 illustrated in FIG. 11 can be 
completed by Well-knoWn steps (not illustrated) such as form 
ing silicide regions at contact regions of the S/ D regions 122, 
124, 126, 128 and at contact regions of the gate electrodes 
134, 138, depositing a layer of dielectric material, etching 
openings through the dielectric material, and forming metal 
liZation that extends through the openings to electrically con 
tact the silicide contact regions of the S/D regions 122, 124, 
126, 128 and gate electrodes 134, 138. Further layers of 
interlayer dielectric material, additional layers of intercon 
nect metalliZation, and the like may also be applied and 
patterned to achieve the proper circuit function of the inte 
grated circuit being implemented. 
[0043] While at least one exemplary embodiment has been 
presented in the foregoing detailed description, it should be 
appreciated that a vast number of variations exist. It should 
also be appreciated that the exemplary embodiment or exem 
plary embodiments are only examples, and are not intended to 
limit the scope, applicability, or con?guration of the invention 
in any Way. Rather, the foregoing detailed description Will 
provide those skilled in the art With a convenient road map for 
implementing the exemplary embodiment or exemplary 
embodiments. It should be understood that various changes 
can be made in the function and arrangement of elements 
Without departing from the scope of the invention as set forth 
in the appended claims and the legal equivalents thereof. 

1. A method for fabricating a semiconductor device in and 
on a differential semiconductor substrate, comprising: 
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providing a patterned base Wafer comprising a ?rst semi 
conductor region having a ?rst crystallographic orienta 
tion; 

providing a patterned donor Wafer comprising a second 
semiconductor region having a second crystallographic 
orientation different than the ?rst crystallographic ori 
entation; and 

forming a composite structure by attaching at least a por 
tion of the patterned donor Wafer comprising the second 
semiconductor region having the second crystallo 
graphic orientation different than the ?rst crystallo 
graphic orientation to the patterned base Wafer compris 
ing the ?rst semiconductor region having the ?rst 
crystallographic orientation; and 

planariZing the composite structure to expose a surface of 
the differential semiconductor substrate comprising: the 
?rst semiconductor region having the ?rst crystallo 
graphic orientation and the second semiconductor 
region having the second crystallographic orientation 
different than the ?rst crystallographic orientation. 

2. A method according to claim 1, further comprising the 
step of: 

bonding the portion of the patterned donor Wafer to the 
patterned base Wafer to form a bonded composite struc 
ture comprising the ?rst semiconductor region and the 
second semiconductor region. 

3. (canceled) 
4. A method according to claim 1, Wherein the patterned 

donor Wafer comprises a carrier layer and a transfer layer 
delineated from the carrier layer by an interface, Wherein the 
transfer layer comprises the second semiconductor region, 
and further comprising the step of: 

separating the transfer layer from the carrier layer along the 
interface so that the patterned donor Wafer is divided into 
a ?rst portion and a second portion, and Wherein the step 
of attaching, comprises: 

attaching the transfer layer to the patterned base Wafer to 
form the composite structure. 

5. A method according to claim 4, Wherein the step of 
providing a patterned base Wafer comprises the steps of: 

providing a base Wafer having the ?rst crystallographic 
orientation, the base Wafer comprising a loWer surface 
and an upper surface; 

patterning the base Wafer along the upper surface by etch 
ing at least one trench in the upper surface to de?ne a 
mesa structure in the base Wafer; and 

forming a ?rst oxide layer overlying a surface of the pat 
terned base Wafer. 

6. A method according to claim 5, Wherein the step of 
providing a patterned donor Wafer comprises the steps of: 

providing a donor Wafer having the second crystallo 
graphic orientation, Wherein the donor Wafer comprises 
a loWer surface, an upper surface, a transfer layer, a 
carrier layer, and an interface de?ned betWeen the trans 
fer layer and the carrier layer; 

etching a trench into a portion of the transfer layer to de?ne 
the patterned donor Wafer; and 

forming a second oxide layer overlying a surface of the 
patterned donor Wafer. 

7. A method according to claim 6, Wherein the step of 
bonding comprises the step of: 

exposing the composite structure to a temperature 
adequate to cause bonding of the ?rst oxide layer and the 
second oxide layer to form the bonded composite struc 
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ture comprising the ?rst semiconductor region and the 
second semiconductor region, 

Wherein the step of planariZing comprises the step of: 
chemical mechanical polishing the bonded composite 

structure to remove a loWer surface of the transfer layer, 
a loWer portion of the oxide layer, and an upper portion 
of the oxide layer, and to expose the ?rst semiconductor 
region having the ?rst crystallographic orientation and 
the second semiconductor region having the second 
crystallographic orientation to form the differential 
semiconductor substrate; and 

Wherein the step of attaching the transfer layer to the pat 
terned base Wafer to form a composite structure com 
prises the steps of: 

substantially aligning the trench of the transfer layer With 
the mesa structure of the patterned base Wafer; and 

assembling the transfer layer to the patterned base Wafer to 
form the composite structure by bringing the trench of 
the transfer layer into mating contact With the mesa 
structure of the patterned base Wafer so that an upper 
surface of the oxide layer is substantially aligned to mate 
With the trench regions of the patterned base Wafer. 

8. A method according to claim 1, further comprising the 
step of: 

implanting dopant ions of a ?rst conductivity type into the 
?rst semiconductor region to form a ?rst Well region of 
the ?rst conductivity type; 

implanting dopant ions of a second conductivity type into 
the second semiconductor region to form a second Well 
region of the second conductivity type; and 

forming a ?rst gate structure overlying a portion of the ?rst 
Well region and a second gate structure overlying a por 
tion of the second Well region. 

9. A method according to claim 8, further comprising the 
step of: 

implanting dopant ions of the ?rst conductivity type into a 
portion of the ?rst Well region of the ?rst conductivity 
type to form a ?rst source region and a ?rst drain region 
in the ?rst Well region of the differential semiconductor 
substrate; 

implanting second dopant ions of the second conductivity 
type into a portion of the second Well region of the 
second conductivity type to form a second source region 
and a second drain region in the second Well region of the 
differential semiconductor substrate. 

10. A method according to claim 9, Wherein the ?rst crys 
tallographic orientation is a (100) crystallographic orienta 
tion, Wherein the second crystallographic orientation is a 
(011) crystallographic orientation, Wherein the ?rst Well 
region is a P-Well region and Wherein the second Well region 
is an N-Well region. 

11. A method according to claim 9, Wherein the ?rst crys 
tallographic orientation is a (011) crystallographic orienta 
tion, Wherein the second crystallographic orientation is a 
(100) crystallographic orientation, Wherein the ?rst Well 
region is an N-Well region and Wherein the second Well region 
is a P-Well region. 

12. A method for fabricating a differential semiconductor 
substrate, comprising: 

providing a ?rst structure comprising: a ?rst semiconduc 
tor substrate including a ?rst semiconductor region, and 
a ?rst oxide layer overlying a surface of the ?rst semi 
conductor substrate, Wherein the ?rst semiconductor 
substrate has a ?rst crystallographic orientation; 
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providing a second structure comprising: a second semi 
conductor substrate comprising a ?rst layer and a second 
layer, and a second oxide layer Which overlies a surface 
of the ?rst layer, Wherein the second semiconductor 
substrate has a second crystallographic orientation dif 
ferent than the ?rst crystallographic orientation, and 
Wherein the ?rst layer includes a second semiconductor 
region; 

removing the ?rst layer and the second oxide layer from the 
second structure; 

assembling the ?rst layer to the ?rst semiconductor sub 
strate to form a composite structure; 

exposing the composite structure to a temperature 
adequate to cause bonding of the ?rst oxide layer and the 
second oxide layer to form a bonded composite struc 
ture; and 

planariZing the bonded composite structure to expose a 
surface of the differential semiconductor substrate com 
prising: the ?rst semiconductor region having the ?rst 
crystallographic orientation and the second semicon 
ductor region having the second crystallographic orien 
tation. 

13. A method according to claim 12, Wherein the second 
structure further comprises: an interface de?ned betWeen the 
?rst layer and the second layer, and Wherein the step of 
removing the ?rst layer and the second oxide layer from the 
second structure, comprises: 

separating the ?rst layer of the second semiconductor sub 
strate from the second layer of the second semiconduc 
tor substrate along the interface. 

14. A method according to claim 13, Wherein the ?rst 
semiconductor substrate includes a mesa structure Which 
de?nes the ?rst semiconductor region, and Wherein the 
Wherein the ?rst layer has a trench formed therein, and further 
comprising the step of: 

substantially aligning the trench of the ?rst layer With the 
mesa structure of the ?rst semiconductor substrate. 

15. A method according to claim 14, Wherein the step of 
assembling the ?rst layer to the ?rst structure, comprises: 

bringing the trench of the ?rst layer into mating contact 
With the mesa structure of the ?rst semiconductor sub 
strate to form the composite structure. 

16. A method according to claim 15, Wherein the step of 
planariZing the bonded composite structure, comprises: 

chemical mechanical polishing the bonded composite 
structure to remove a loWer surface of the ?rst layer, a 
loWer portion of the second oxide layer, and an upper 
portion of the ?rst oxide layer, and to expose the ?rst 
semiconductor region having the ?rst crystallographic 
orientation and the second semiconductor region having 
the second crystallographic orientation to form the dif 
ferential semiconductor substrate. 

17. A method according to claim 12, Wherein the ?rst 
crystallographic orientation is a (100) crystallographic orien 
tation, Wherein the second crystallographic orientation is a 
(01 l) crystallographic orientation, Wherein the ?rst semicon 
ductor region is a P-Well region and Wherein the second 
semiconductor region is an N-Well region. 

18. A method according to claim 12, Wherein the ?rst 
crystallographic orientation is a (011) crystallographic orien 
tation, Wherein the second crystallographic orientation is a 
(100) crystallographic orientation, Wherein the ?rst semicon 
ductor region is an N-Well region and Wherein the second 
semiconductor region is a P-Well region. 
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19. A method for fabricating a differential semiconductor planariZing the structure to expose a surface of the differ 
substrate, Comprising; ential semiconductor substrate comprising: the ?rst 

providing a structure comprising: a ?rst semiconductor Semiconductor region having the ?rst Crystallographic 
. . . . or1entat1on and the second sem1conductor reg1on havmg 

substrate 1nclud1ng a ?rst sem1conductor reg1on, the Second C t 11 h- - t t 
, , rys a ograp 1c or1en a 1on. 

Wherem the ?rs} semlconductor Substrat? has a ?rst crys' 20. A method according to claim 19, Wherein the step of 
tallograph1c or1entat1on; at least one ox1de layer overly- planarizing the Structure’ Comprises: 
111% a Surface of the ?rst sem1conductor Substrate; and a chemical mechanical polishing the structure to expose the 
second semiconductor layer, Wherein the second semi- ?rst Semiconductor region having the ?rst CrYstaiiO 
Conductor layer has a Second Crystallographic Orienta' graphic orientation and the second semiconductor 
tiOIl different than the ?I‘St crystallographic orientation, region having the second crystallographic orientation 
and Wherein the second semiconductor layer includes a 
second semiconductor region; and * * * * * 


