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SILICON AND SILICON GERMANIUM 
NANOWIRE FORMATION 

BACKGROUND 

0001. A transistor, such as a FinFET transistor, comprises 
a source region, a drain region, and a channel region between 
the source region and the drain region. The transistor com 
prises a gate region that controls the channel region to operate 
the transistor. The gate region can be formed around one or 
more surfaces of the channel region, which provides the gate 
region with increased control over the channel region because 
the transistor can be controlled by a 3D gate area, as opposed 
to being controlled merely by a 2D gate area associated with 
a 2D planar transistor. 

DESCRIPTION OF THE DRAWINGS 

0002 FIG. 1 is a flow diagram illustrating a method of 
forming a semiconductor arrangement, according to some 
embodiments. 
0003 FIG. 2 is an illustration of a silicon and silicon 
germanium stack, according to Some embodiments. 
0004 FIG.3 is an illustration of a first source region and a 

first drain region, according to some embodiments. 
0005 FIG. 4 is an illustration of oxidizing a silicon and 
silicon germanium stack, according to some embodiments. 
0006 FIG. 5 is an illustration of a removing silicon oxide 
region, according to some embodiments. 
0007 FIG. 6 is an illustration of a first set of nanowire 
transistors comprising a gate structure formed according to a 
gate-all-around structure, according to Some embodiments. 
0008 FIG. 7 is an illustration of a first set of nanowire 

transistors, according to some embodiments. 
0009 FIG. 8 is an illustration of a silicon and silicon 
germanium stack, according to Some embodiments. 
0010 FIG. 9 is an illustration of a third source region and 
a third drain region, according to some embodiments. 
0.011 FIG. 10 is an illustration of a third set of nanowire 
transistors, according to some embodiments. 
0012 FIG. 11 is an illustration of an NMOS gate height 
and a PMOS gate height, according to Some embodiments. 

DETAILED DESCRIPTION 

0013 The claimed subject matter is now described with 
reference to the drawings, wherein like reference numerals 
are generally used to refer to like elements throughout. In the 
following description, for purposes of explanation, numerous 
specific details are set forth in order to provide an understand 
ing of the claimed subject matter. It is evident, however, that 
the claimed subject matter can be practiced without these 
specific details. In other instances, structures and devices are 
illustrated in block diagram form in order to facilitate describ 
ing the claimed subject matter. 
0014. One or more semiconductor arrangements, and one 
or more techniques for forming Such semiconductor arrange 
ments are provided herein. For example, a semiconductor 
arrangement comprises silicon and silicon germanium stacks 
that are used to create germanium nanowire channels for 
PMOS transistors and silicon nanowire channels for NMOS 
transistors. In an example, the PMOS transistors and the 
NMOS transistors can be formed during a single fabrication 
process, such that a PMOS transistor is protected with a hard 
mask while an NMOS transistor is being processed, and the 
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NMOS transistor is protected with a hard mask while the 
PMOS transistor is being processed. 
0015 To form a germanium nanowire channel from the 
silicon and silicon germanium stack for a PMOS transistor, 
the silicon and silicon germanium stack is oxidized so that the 
silicon is transformed into a silicon oxide region Such as 
silicon dioxide, resulting in a germanium nanowire channel. 
In an embodiment, a nanowire comprising a germanium 
nanowire channel has a diameter between about 5 nm to about 
15 nm. In an embodiment such a diameter is between about 15 
nm to about 55 nm. In an embodiment such a diameter is 
between about 20 nm to about 30 nm. In an embodiment such 
a diameter is about 6 mm. In an embodiment, a nanowire 
comprising a germanium nanowire channel has a length or 
defines a channel length of between about 15 nm to about 55 
nm, where such a channel length is measured from a source 
region to a drain region of the PMOS transistor. The silicon 
oxide region can be removed, and a gate structure can be 
formed around one or more surfaces, such as one, two, three, 
or all Surfaces, of the germanium nanowire channel. 
0016 To form a silicon nanowire channel from a second 
silicon and silicon germanium stack for a NMOS transistor, a 
silicon germanium layer is removed from the second silicon 
and silicon germanium stack to form a silicon nanowire chan 
nel. In an embodiment, a nanowire comprising a silicon 
nanowire channel has a diameter between about 5 nm to about 
15 nm. In an embodiment such a diameter is between about 15 
nm to about 55 nm. In an embodiment such a diameter is 
between about 20 nm to about 30 nm. In an embodiment such 
a diameter is about 6 mm. In an embodiment, the silicon 
nanowire channel has a diameter that is equal to or Substan 
tially equal to a diameter of the germanium nanowire channel. 
In an embodiment, the silicon nanowire channel has a diam 
eter that is larger than a diameter of the germanium nanowire 
channel. In an embodiment, the silicon nanowire channel has 
a diameter that is between about 2 nm to about 3 nm larger 
than a diameter of the germanium nanowire channel. In an 
embodiment, the silicon nanowire channel has a diameter that 
is between about 20% to about 40% larger than a diameter of 
the germanium nanowire channel. In an embodiment, a 
nanowire comprising a silicon nanowire channel has a length 
or defines a channel length of between about 15 nm to about 
55 nm, where Sucha channellengthis measured from a source 
region to a drain region of the NMOS transistor. 
0017. In this way, PMOS transistors, comprising germa 
nium nanowire channels, and NMOS transistors, comprising 
silicon nanowire channels, can be formed within the semi 
conductor arrangement from silicon and silicon germanium 
stacks. In an example, the semiconductor arrangement has 
improved current, such as between about 14% to about 16% 
improved current for NMOS transistors and between about 
13% to about 15% improved current for PMOS transistors. In 
an example, the semiconductor arrangement has reduced 
short channel effect, such as between about 6% to about 8% 
reduction for NMOS transistors and between about 4% to 
about 6% reduction for PMOS transistors. 

0018. In an embodiment, a gate dielectric layer is formed 
around at least one of the silicon nanowire channel or the 
germanium nanowire channel. In an embodiment, the gate 
dielectric layer comprises at least one of an interfacial layer 
(IL) or a high-k dielectric layer (HK layer). In an embodi 
ment, the IL has a thickness between about 5A to about 15A. 
In an embodiment, the HK layer has a thickness between 
about 5A to about 20A. In an embodiment, at least one of the 
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thickness of the IL around the silicon nanowire channel or the 
thickness of the HK layer around the silicon nanowire chan 
nel is less than at least one of the thickness of the IL around the 
germanium nanowire channel or the thickness of the HKlayer 
around the germanium nanowire channel. In an embodiment, 
at least one of the thickness of the IL around the silicon 
nanowire channel or the thickness of the HKlayer around the 
silicon nanowire channel is between about 5% to about 15% 
less than at least one of the thickness of the IL around the 
germanium nanowire channel or the thickness of the HKlayer 
around the germanium nanowire channel. 
0019. A method 100 of forming a semiconductor arrange 
ment is illustrated in FIG. 1, and one or more semiconductor 
arrangements formed by Such a methodology are illustrated 
in FIGS. 2-10. A semiconductor arrangement 250 comprises 
a substrate 202, as illustrated in embodiment 200 of FIG. 2. In 
an example, the Substrate 202 comprises silicon, and the 
substrate 202 is formed according to a FinFET arrangement 
comprising one more silicon fins separated by isolation struc 
tures 204, such as shallow trench isolation (STI). For 
example, a first fin 202a, a second fin 202b, a third fin 202c, 
and a fourth fin 202d are formed from the substrate 202. In an 
example, an isolation structure has a depth between about 60 
nm to about 120 nm. In an example, a recessed space, between 
about 50 nm to about 110 nm, is formed into the substrate 202 
for formation of silicon and silicon germanium, Such as 
through an epigrowth technique for a silicon and silicon 
germanium stack where an epithickness of silicon germa 
nium is between about 5 nm to about 15 nm and an epi 
thickness for silicon is between about 5 nm to about 15 nm. 

0020. At 102, a silicon and silicon germanium stack is 
formed over the substrate 202, as illustrated in embodiment 
200 of FIG. 2. For example, a first silicon and silicon germa 
nium stack 220, a second silicon and silicon germanium stack 
222, or other silicon and silicon germanium stacks not illus 
trated or identified are formed over the substrate 202. The first 
silicon and silicon germanium stack 220 comprises one or 
more silicon layers and one or more silicon germanium lay 
ers. For example, the first silicon and silicon germanium stack 
220 comprises a first silicon layer 218, a first silicon germa 
nium layer 206, a second silicon layer 208, a second silicon 
germanium layer 210, a third silicon layer 212, a third silicon 
germanium layer 214, and a fourth silicon layer 216. It is 
appreciated that any number of silicon layers or silicon ger 
manium layers can be formed. In an example, a silicon ger 
manium layer comprises between about 20% to about 50% 
germanium. 
0021. At 104, a first source region 302 is formed adjacent 
to a first side of the first silicon and silicon germanium stack 
220, as illustrated in embodiment 300 of FIG. 3. It is appre 
ciated that the first source region 302 is illustrated by dashed 
lines for illustrative purposes so that other portions of the 
semiconductor arrangement 250 are visible or apparent. At 
106, a first drain region 304 is formed adjacent to a second 
side of the first silicon and silicon germanium stack 220, as 
illustrated in embodiment 300 of FIG. 3. In an example of 
forming the first source region 302 and the first drain region 
304, a sacrificial gate is formed, such as a polygate formed by 
a patterning technique, over the Substrate 202 and over the 
first silicon and silicon germanium stack 220. Spacers are 
formed. Such as by a deposition technique, on sidewalls of the 
of the semiconductor arrangement 250. Portions of the first 
silicon and silicon germanium stack 220, corresponding to 
the first source region 302 and the first drain region 304, are 
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removed. Such as through an etching technique. Source and 
drain material is formed within the first source region 302 and 
the first drain region 304. Such as through an epitaxial growth 
technique, to create a first source and a first drain for a first 
nanowire transistor. Other source regions. Such as a second 
Source region 306, and drain regions, such as a second drain 
region 308, are formed for other nanowire transistors that are 
to be formed for the semiconductor arrangement 250. 
0022. At 108, the first silicon and silicon germanium stack 
220, illustrated in embodiment 300 of FIG. 3, is oxidized 402 
to form a first oxidized stack 220a, as illustrated in embodi 
ment 400 of FIG. 4. In an example, the second silicon and 
silicon germanium stack 222, illustrated in embodiment 300 
of FIG. 3, is oxidized 402 to form a second oxidized stack 
222a, as illustrated in embodiment 400 of FIG. 4. In an 
example, the oxidizing 402 comprises removing a sacrificial 
gate, not illustrated, over the first silicon and silicon germa 
nium stack 220 to expose the first silicon and silicon germa 
nium stack 220 to ambient oxygen. Oxidizing 402 the first 
silicon and silicon germanium stack 220 transforms silicon, 
Such as silicon of a silicon layer or silicon of a silicon germa 
nium layer, to silicon oxide such as silicon dioxide. For 
example, the first silicon layer 218 is transformed to a first 
silicon oxide region 218a. Silicon of the first silicon germa 
nium layer 206 is transformed to silicon oxide, resulting in a 
first germanium nanowire channel 206a between the first 
source region 302 and the first drain region 304. The second 
silicon layer 208 is transformed to a second silicon oxide 
region 208a. Silicon of the second silicon germanium layer 
210 is transformed into silicon oxide, resulting in a second 
germanium nanowire channel 210a between the first source 
region 302 and the first drain region 304. The third silicon 
layer 212 is transformed to a third silicon oxide region 212a. 
Silicon of the third silicon germanium layer 214 is trans 
formed into silicon oxide, resulting in a third germanium 
nanowire channel 214a between the first source region 302 
and the first drain region 304. The fourth silicon layer 216 is 
transformed to a fourth silicon oxide region 216a. In an 
example, remaining germanium of a silicon and germanium 
layer is condensed into a germanium nanowire channel. In an 
example, the first germanium nanowire channel 206a and the 
second germanium nanowire channel 210a are formed Such 
that a space of about 5 nm or greater is between the first 
germanium nanowire channel 206a and the second germa 
nium nanowire channel 210a So that interfacial layer mate 
rial, high-k dielectric layer material, or titanium nitride cap 
ping layer material can beformed around the first germanium 
nanowire channel 206a and the second germanium nanowire 
channel 210a. In this way, the first silicon and silicon germa 
nium stack 220 or other silicon and silicon germanium stacks 
are oxidized 402 to form germanium nanowire channels. 
0023. At 110, silicon oxide, such as a silicon oxide region, 
is removed, as illustrated in embodiment 500 of FIG. 5. That 
is, silicon oxide is removed to expose the germanium nanow 
ire channels, and to form a region within which a gate struc 
ture can be formed. In an example, the first silicon oxide 
region 218a, the second silicon oxide region 208a, the third 
silicon oxide region 212a, the fourth silicon oxide region 
216a, or other silicon oxide, such as silicon oxide formed 
from oxidizing 402 Silicon germanium layers, are removed by 
an etching process 502. Germanium nanowire channels. Such 
as the first germanium nanowire channel 206a, the second 
germanium nanowire channel 210a, the third germanium 
nanowire channel 214a, or other germanium nanowire chan 
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nels, can be formed according to various configurations, 
shapes, or sizes, such as a first germanium nanowire channel 
206b having a cylindrical configuration, a second germanium 
nanowire channel 210b having the cylindrical configuration, 
and a third germanium nanowire channel 214b having the 
cylindrical configuration. In this way, source regions, drain 
regions, and germanium nanowire channels are formed for a 
first nanowire transistor 504, a second nanowire transistor 
506, or other PMOS nanowire transistors. 
0024. In an example, a first interfacial layer 606 is formed 
around the first germanium nanowire channel 206b, a second 
interfacial layer 610 is formed around the second germanium 
nanowire channel 210b, and a third interfacial layer 614 is 
formed around the third germanium nanowire channel 214b, 
as illustrated in embodiment 600 of FIG. 6. An interfacial 
layer is formed to improve adhesion between materials or 
layers. In an example, an interfacial layer comprises nitride, 
oxide, or other suitable material. In an example, a first high-k 
dielectric layer 604 is formed around the first interfacial layer 
606, a second high-kdielectric layer 608 is formed around the 
second interfacial layer 610, and a third high-k dielectric 
layer 612 is formed around the third interfacial layer 614, as 
illustrated in embodiment 600 of FIG. 6. In an example, a 
titanium nitride capping layer is formed around one or more 
high-k dielectric layers. In an example, a barrier, such as TaN 
or TiN is formed around the titanium nitride capping layer. 
0025. At 112, a first gate structure 602 is formed around 
the first germanium nanowire channel 206b, to form the first 
nanowire transistors 504, as illustrated in embodiment 600 of 
FIG. 6. In an example, the first gate structure 602 comprises 
TiN or W, alone or in combination. In the illustrated example, 
given that there are three germanium nanowire channels, the 
first gate structure is also formed around the second germa 
nium nanowire channel 210b, and the third germanium 
nanowire channel 214b. In an example, the first gate structure 
602 is formed as a gate-all-around structure surrounding the 
germanium nanowire channels to increase gate control, as 
illustrated in embodiment 600 of FIG. 6. In another example, 
a first gate structure 706 is formed around one or more sur 
faces of the germanium nanowire channels, as illustrated in 
embodiment 700 of FIG. 7. For example, a first interfacial 
layer 704 is formed around the first germanium nanowire 
channel 206b, the second germanium nanowire channel 
210b, and the third germanium nanowire channel 214b. A 
high-k dielectric layer 702 is formed around the first interfa 
cial layer 704. The first gate structure 706 is formed around 
the high-k dielectric layer 702. In this way, the first gate 
structure 706 is formed around some, but not all, surfaces of 
the germanium nanowire channels, which can increase chan 
nel density within the first nanowire transistor 504. The first 
nanowire transistor 504, the second nanowire transistor 506, 
or other nanowire transistor within the semiconductor 
arrangement 250 are formed as PMOS transistors, where 
germanium nanowire channels are formed as P channels for 
the PMOS transistors. In an example, a first interlayer dielec 
tric is formed over one or more source regions and a second 
interlayer dielectric is formed over one or more drain regions. 
In this way, gate structures are formed between the first inter 
layer dielectric and the second interlayer dielectric. In an 
example, a blocking layer is formed below the germanium 
nanowire channels to mitigate punch through or leakage. 
0026. In an example, one or more NMOS transistors are 
formed within the semiconductor arrangement 250 before, 
during, and/or after formation of the one or more PMOS 
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transistors as a single fabrication process because formation 
of NMOS transistors and formation of PMOS transistors both 
utilize silicon and silicon germanium stacks. For example, 
during at least some of the processes of forming the PMOS 
transistors, NMOS portion of the semiconductor arrangement 
250 are protected by a hard mask. During at least some of the 
processes of forming the NMOS transistors, PMOS portions 
of the semiconductor are protected by a hard mask. 
0027 FIGS. 8-10 illustrate embodiments of forming one 
or more NMOS transistors within the semiconductor arrange 
ment 250 utilizing silicon and silicon germanium stacks. In an 
example, the first nanowire transistor 504, the second nanow 
ire transistor 506, or other nanowire transistors formed as 
PMOS transistors within the semiconductor arrangement 250 
are protected by a hard mask during formation of the one or 
more NMOS transistors. 
0028. In an example, a third silicon and silicon germanium 
stack 820, a fourth silicon and silicon germanium stack 822. 
or other silicon and silicon germanium stacks are formed over 
the substrate 202, as illustrated in embodiment 800 of FIG.8. 
The third silicon and silicon germanium stack 820 comprises 
one or more silicon layers and one or more silicon germanium 
layers. For example, the third silicon and silicon germanium 
stack 820 comprises a first silicon layer 818, a first silicon 
germanium layer 806, a second silicon layer 808, a second 
silicon germanium layer 810, a third silicon layer 812, and a 
third silicon germanium layer 814. It is appreciated that any 
number of silicon layers or silicon germanium layers can be 
formed. 
0029. A third source region 902 is formed on a first side of 
the third silicon and silicon germanium stack 820 and a third 
drain region 904 is formed on a second side of the third silicon 
and silicon germanium stack 820, as illustrated in embodi 
ment 900 of FIG.9. In an example, a fourth source region 906. 
a fourth drain region 908, or other source and drain regions 
are formed adjacent to silicon and silicon germanium stacks. 
Silicon germanium layers within the silicon and silicon ger 
manium stacks are removed to form silicon nanowire chan 
nels between source regions and drain regions, as illustrated 
in embodiment 1000 of FIG. 10. In an example, the first 
silicon germanium layer 806 is removed to form a first space 
806a between a first silicon nanowire channel 818a and a 
second silicon nanowire channel 808a, the second silicon 
germanium layer 810 is removed to form a second space 810a 
between the second silicon nanowire channel 808a and a third 
silicon nanowire channel 812a, and the third silicon germa 
nium layer 814 is removed to formathird space 814.a between 
the third silicon nanowire channel 812a and the substrate 202. 
In an example, a chemical etch 1002 is performed to remove 
the silicon germanium layers from the silicon and silicon 
germanium stacks. In an example, the silicon nanowire chan 
nels can be formed according to various configurations, 
shapes, or sizes, such as cylindrical shapes. For example, an 
oxidation technique or a hydrogen annealing technique is 
performed to smooth the silicon nanowire channels. In an 
example, gate structures are formed around the silicon 
nanowire channels to form a third nanowire transistor 1004, a 
fourth nanowire transistor 1006, or other NMOS nanowire 
transistors, not illustrated. 
0030. In an example, an interfacial layer is formed around 
one or more of the silicon nanowire channels. In an example, 
a high-k dielectric layer is formed around one or more of the 
silicon nanowire channels or around an interfacial layer if 
present. A gate structure may be formed as a gate-all-around 
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structure, or around fewer than all sides of a silicon nanowire 
channel. In an example, the gate structure comprises TiN or 
W, alone or in combination. Formation of one or more of such 
gate structures, interfacial layers or high-k dielectric layers is 
in accordance with that described above with regard to for 
mation of a PMOS transistor, according to some embodi 
ments. In an example, a titanium nitride capping layer is 
formed around one or more high-k dielectric layers. In an 
example, a barrier, such as TaN. TiAIC, TaAIC, or TiAI is 
formed around the titanium nitride capping layer. In an 
example, gate height for a PMOS nanowire transistor is less 
than a gate height for an NMOS nanowire transistor. In this 
way, NMOS transistors and PMOS transistors are formed 
within the semiconductor arrangement 250 utilizing silicon 
and silicon germanium stacks. 
0031 FIG. 11 illustrates an embodiment 1100 of an 
NMOS gate height 1108 and a PMOS gate height 1114. A 
third nanowire transistor 1004 comprises an NMOS transis 
tor. The third nanowire transistor 1004 comprises a third 
source region 902 and a third drain region 904 formed over a 
substrate 202. The third nanowire transistor 1004 comprises a 
first silicon nanowire channel 818a, a second silicon nanow 
ire channel 808a, and a third silicon nanowire channel 812a 
formed between the third source region 902 and the third 
drain region 904. A first interlayer dielectric 1104 is formed 
over the third source region 902, and a second interlayer 
dielectric 1106 is formed over the third drain region 904. A 
gate structure 1102 is formed around the first silicon nanowire 
channel 8.18a, the second silicon nanowire channel 808a, and 
the third silicon nanowire channel 812a. The gate structure 
1102 has an NMOS gate height 1108. 
0032. A first nanowire transistor 504 comprises a PMOS 
transistor. The first nanowire transistor 504 comprises a first 
source region 302 and a first drain region 304 formed over the 
substrate 202. The first nanowire transistor 504 comprises a 
first germanium nanowire channel 206b, a second germanium 
nanowire channel 210b, and a third germanium nanowire 
channel 214b formed between the first source region 302 and 
the first drain region 304. A third interlayer dielectric 1110 is 
formed over the first source region 302, and a fourth interlayer 
dielectric 1112 is formed over the first drain region 304. A 
first gate structure 706 is formed around the first germanium 
nanowire channel 206b, the second germanium nanowire 
channel 210b, and the third germanium nanowire channel 
214b. The first gate structure 706 has a PMOS gate height 
1114. In an example, the PMOS gate height 1114 is less than 
the NMOS gate height 1108. For example, the PMOS gate 
height 1114 is less than the NMOS gate height 1108 due to 
double metal gate CMP used for PMOS. 
0033. In an embodiment, a silicon nanowire to substrate 
distance 1150 is the same as a germanium nanowire to Sub 
strate distance 1152, where the silicon nanowire to substrate 
distance 1150 is not limited to being relative to the third 
silicon nanowire channel 812a and the germanium nanowire 
to substrate distance 1152 is not limited to being relative to the 
third germanium nanowire channel 214b. In an embodiment, 
the silicon nanowire to substrate distance 1150 is larger than 
the germanium nanowire to Substrate distance 1152. In an 
embodiment the silicon nanowire to substrate distance 1150 
is between about 1 nm to about 10 nm larger than the germa 
nium nanowire to substrate distance 1152. In an embodiment, 
at least one of thermal annealing, gate dielectric formation, or 
threshold Voltage adjustment associated with forming a 
PMOS transistor comprising a germanium nanowire channel 
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can be performed concurrently or Substantially concurrently 
with at least one of thermal annealing, gate dielectric forma 
tion, or threshold Voltage adjustment associated with forming 
a NMOS transistor comprising a silicon nanowire channel. 
0034. According to an aspect of the instant disclosure, a 
semiconductor arrangement is provided. The semiconductor 
arrangement comprises a first nanowire transistor, such as a 
PMOS transistor. The first nanowire transistor comprises a 
first germanium nanowire channel formed between a first 
Source region and a first drain region. The first nanowire 
transistor comprises a first gate structure formed around the 
first germanium nanowire channel. The semiconductor 
arrangement comprises a second nanowire transistor, Such as 
an NMOS transistor. The second nanowire transistor com 
prises a first silicon nanowire channel formed between a 
second source region and a second drain region 
0035. According to an aspect of the instant disclosure, a 
method for forming a semiconductor arrangement is pro 
vided. The method comprises forming a first silicon and sili 
congermanium stack over a substrate. The first silicon and 
silicon germanium stack comprises a first silicon layer and a 
first silicon germanium layer. A first source region is formed 
adjacent to a first side of the first silicon and silicon germa 
nium stack. A first drain region is formed adjacent to a second 
side of the first silicon and silicon germanium stack. The first 
silicon and silicon germanium stack is oxidized to form a first 
germanium nanowire channel. The oxidizing comprises 
transforming the first silicon layer and silicon of the first 
silicon and germanium layer into a silicon oxide region. The 
first germanium nanowire channel is formed between the first 
Source region and the first drain region. The silicon oxide 
region is removed. A first gate structure is formed around the 
first germanium nanowire channel to form a first nanowire 
transistor. A second nanowire transistor comprising a first 
silicon nanowire channel is formed within the semiconductor 
arrangement. 

0036. According to an aspect of the instant disclosure, a 
semiconductor arrangement is provided. The semiconductor 
arrangement comprises a PMOS nanowire transistor. The 
PMOS nanowire transistor comprises a first germanium 
nanowire channel formed between a first Source region and a 
first drain region. The PMOS nanowire transistor comprises a 
first gate structure formed around the first germanium nanow 
ire channel. The semiconductor arrangement comprises an 
NMOS nanowire transistor. The NMOS nanowire transistor 
comprises a first silicon nanowire channel formed between a 
second source region and a second drain region. The NMOS 
nanowire transistor comprises a second gate structure formed 
around the first silicon nanowire channel. 

0037 Although the subject matter has been described in 
language specific to structural features or methodological 
acts, it is to be understood that the subject matter of the 
appended claims is not necessarily limited to the specific 
features or acts described above. Rather, the specific features 
and acts described above are disclosed as embodiment forms 
of implementing at least some of the claims. 
0038 Various operations of embodiments are provided 
herein. The order in which some or all of the operations are 
described should not be construed to imply that these opera 
tions are necessarily order dependent. Alternative ordering 
will be appreciated given the benefit of this description. Fur 
ther, it will be understood that not all operations are neces 
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sarily present in each embodiment provided herein. Also, it 
will be understood that not all operations are necessary in 
Some embodiments. 

0039. It will be appreciated that layers, features, elements, 
etc. depicted herein are illustrated with particular dimensions 
relative to one another, Such as structural dimensions or ori 
entations, for example, for purposes of simplicity and ease of 
understanding and that actual dimensions of the same differ 
substantially from that illustrated herein, in some embodi 
ments. Additionally, a variety oftechniques exist for forming 
the layers features, elements, etc. mentioned herein, Such as 
etching techniques, implanting techniques, doping tech 
niques, spin-on techniques, sputtering techniques such as 
magnetron or ion beam sputtering, growth techniques, such as 
thermal growth or deposition techniques such as chemical 
vapor deposition (CVD), physical vapor deposition (PVD), 
plasma enhanced chemical vapor deposition (PECVD), or 
atomic layer deposition (ALD), for example. 
0040. Further, unless specified otherwise, “first.” “sec 
ond' or the like are not intended to imply a temporal aspect, 
a spatial aspect, an ordering, etc. Rather, such terms are 
merely used as identifiers, names, etc. for features, elements, 
items, etc. For example, a first channel and a second channel 
generally correspond to channel A and channel B or two 
different or two identical channels or the same channel. 

0041 Moreover, “exemplary” is used hereinto mean serv 
ing as an example, instance, illustration, etc., and not neces 
sarily as advantageous. As used in this application, 'or' is 
intended to mean an inclusive 'or' rather than an exclusive 
“or. In addition, “a” and “an as used in this application are 
generally to be construed to mean “one or more unless 
specified otherwise or clear from context to be directed to a 
singular form. Also, at least one of A and B or the like 
generally means A or B or both A and B. Furthermore, to the 
extent that “includes”, “having”, “has”, “with', or variants 
thereof are used, such terms are intended to be inclusive in a 
manner similar to “comprising. 
0042. Also, although the disclosure has been shown and 
described with respect to one or more implementations, 
equivalent alterations and modifications will occur to others 
skilled in the art based upon a reading and understanding of 
this specification and the annexed drawings. The disclosure 
includes all such modifications and alterations and is limited 
only by the scope of the following claims. In particular regard 
to the various functions performed by the above described 
components (e.g., elements, resources, etc.), the terms used to 
describe such components are intended to correspond, unless 
otherwise indicated, to any component which performs the 
specified function of the described component (e.g., that is 
functionally equivalent), even though not structurally equiva 
lent to the disclosed structure. In addition, while a particular 
feature of the disclosure may have been disclosed with 
respect to only one of several implementations, such feature 
may be combined with one or more other features of the other 
implementations as may be desired and advantageous for any 
given or particular application. 
What is claimed is: 
1. A semiconductor arrangement, comprising: 
a first nanowire transistor comprising: 

a first germanium nanowire channel formed between a 
first source region and a first drain region; and 

a first gate structure formed around the first germanium 
nanowire channel; and 
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a second nanowire transistor comprising: 
a first silicon nanowire channel formed between a sec 
ond source region and a second drain region. 

2. The semiconductor arrangement of claim 1, the first 
nanowire transistor comprising: 

a second germanium nanowire channel formed between a 
second source region and a second drain region, at least 
Some of the first gate structure formed around the second 
germanium nanowire channel. 

3. The semiconductor arrangement of claim 1, the second 
nanowire transistor comprising: 

a second gate structure formed around the first silicon 
nanowire channel. 

4. The semiconductor arrangement of claim 1, the second 
nanowire transistor comprising: 

a second silicon nanowire channel formed between a third 
Source region and a third drain region, at least Some of 
the second gate structure formed around the second sili 
con nanowire channel. 

5. The semiconductor arrangement of claim 1, the first 
nanowire transistor formed as a PMOS transistor, the first 
germanium nanowire channel formed as a P channel for the 
PMOS transistor, the second nanowire transistor formed as an 
NMOS transistor, and the first silicon nanowire channel 
formed as an N channel for the NMOS transistor. 

6. The semiconductor arrangement of claim 2, the first gate 
structure formed around a first Surface of the first germanium 
nanowire channel, a second Surface of the first germanium 
nanowire channel, and a third surface of the germanium 
nanowire channel; and around a first Surface of the second 
germanium nanowire channel and a second surface of the 
second germanium nanowire channel. 

7. The semiconductor arrangement of claim3, the first gate 
structure having a first gate height that is less than a second 
gate height of the second gate structure. 

8. The semiconductor arrangement of claim 1, comprising: 
an interfacial layer formed between the first germanium 

nanowire channel and the first gate structure. 
9. The semiconductor arrangement of claim 1, comprising: 
a high k dielectric layer formed between the first germa 

nium nanowire channel and the first gate structure. 
10. A method for forming a semiconductor arrangement, 

comprising: 
forming a first silicon and silicon germanium stack over a 

Substrate, the first silicon and silicon germanium stack 
comprising a first silicon layer and a first silicon germa 
nium layer; 

forming a first Source region adjacent to a first side of the 
first silicon and silicon germanium stack; 

forming a first drain region adjacent to a second side of the 
first silicon and silicon germanium stack; 

oxidizing the first silicon and silicon germanium stack to 
form a first germanium nanowire channel, the oxidizing 
comprising transforming the first silicon layer and sili 
con of the first silicon germanium layer into a silicon 
oxide region, the first germanium nanowire channel 
formed between the first source region and the first drain 
region; 

removing the silicon oxide region; 
forming a first gate structure around the first germanium 

nanowire channel to form a first nanowire transistor; and 
forming a second nanowire transistor comprising a first 

silicon nanowire channel. 
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11. The method of claim 10, the forming a second nanowire 
transistor comprising: 

forming a second silicon and silicon germanium stack over 
the Substrate, the second silicon and silicon germanium 
stack comprising a second silicon layer and a second 
silicon germanium layer; 

forming a second source region adjacent to a first side of 
the second silicon and silicon germanium stack; 

forming a second drain region adjacent to a second side of 
the second silicon and silicon germanium stack; 

removing the second silicon germanium layer from the 
second silicon and silicon germanium stack to form the 
first silicon nanowire channel, the first silicon nanowire 
channel formed between the second source region and 
the second drain region; and 

forming a second gate structure around the first silicon 
nanowire channel to form the second nanowire transis 
tOr. 

12. The method of claim 10, comprising: 
forming a second germanium nanowire channel, within the 

first nanowire transistor, from the first silicon and silicon 
germanium stack. 

13. The method of claim 11, comprising: 
forming a second silicon nanowire channel, within the 

second nanowire transistor, from the second silicon and 
silicon germanium stack. 

14. The method of claim 10, comprising: 
forming the first nanowire transistor as a PMOS transistor 

and the second nanowire transistor as an NMOS transis 
tor during a single fabrication process. 

15. The method of claim 10, the oxidizing the first silicon 
and silicon germanium stack comprising: 
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removing a sacrificial gate formed over the first silicon and 
silicon germanium stack to expose the first silicon and 
silicon germanium stack to oxygen. 

16. The method of claim 10, comprising: 
forming an interfacial layer between the first germanium 

nanowire channel and the first gate structure. 
17. The method of claim 10, comprising: 
forming a high k dielectric layer between the first germa 

nium nanowire channel and the first gate structure. 
18. The method of claim 11, the removing the second 

silicon germanium layer comprising at least one of: 
performing an oxidation technique to expose the second 

silicon layer to oxygen to form the first silicon nanowire 
channel; or 

performing a hydrogen annealing technique upon the sec 
ond silicon layer to form the first silicon nanowire chan 
nel. 

19. A semiconductor arrangement, comprising: 
a PMOS nanowire transistor comprising: 

a first germanium nanowire channel formed between a 
first source region and a first drain region; and 

a first gate structure formed around the first germanium 
nanowire channel; and 

an NMOS nanowire transistor comprising: 
a first silicon nanowire channel formed between a sec 
ond source region and a second drain region; and 

a second gate structure formed around the first silicon 
nanowire channel. 

20. The semiconductor arrangement of claim 19, the 
PMOS nanowire transistor comprising a second germanium 
nanowire channel, and the NMOS nanowire transistor com 
prising a second silicon nanowire channel. 

k k k k k 

Page 18 of 18




