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(54) SEMICONDUCTOR NANOWIRE DEVICE AND FABRICATION METHOD THEREOF

(57) A method for fabricating a semiconductor nanowire device includes forming a base including a plurality of PMOS
regions, forming a plurality of first openings in the base of the PMOS regions, forming a plurality of first epitaxial wires
by filling the first openings with a germanium-containing material, and forming a plurality of second openings in the base
by etching a portion of the base under each first epitaxial wire. Each first epitaxial wire is connected to both sidewalls
of a corresponding second opening and is hung above a bottom surface of the corresponding second opening. The
method also includes performing a thermal oxidation treatment process on the plurality of first epitaxial wires to form an
oxide layer on each first epitaxial wire, forming a plurality of first nanowires by removing the oxide layer from each first
epitaxial wire, and forming a first wrap-gate structure to surround each first nanowire.
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Description

CROSS-REFERENCES TO RELATED APPLICATIONS

[0001] This application claims the priority of Chinese
Patent Application No. CN201510897267.X, filed on De-
cember 8, 2015.

FIELD OF THE DISCLOSURE

[0002] The present invention generally relates to the
field of semiconductor fabrication technology and, more
particularly, relates to a semiconductor nanowire device
and fabrication methods thereof.

BACKGROUND

[0003] With rapid development of semiconductor fab-
rication technology, semiconductor devices are devel-
oped towards a direction of having a higher component
density and a higher integration degree. As one of the
most fundamental semiconductor devices, transistors
have been widely used. With the improvement of the
component density and the integration degree, the size
of transistors also becomes smaller and smaller. How-
ever, problems arise. For example, short channel effect
and current leakage in compact semiconductor devices
may lead to degradation of the performance of the tran-
sistors. Therefore, the methods to improve the perform-
ance of semiconductor devices by reducing the physical
dimensions of traditional transistors may face a series of
challenges.
[0004] Currently, a semiconductor nanowire device is
proposed in order to overcome the difficulty in reducing
the physical dimensions of traditional semiconductor
transistors. Specifically, the semiconductor nanowire de-
vice uses a nanowire as the device channel. In such a
semiconductor nanowire device, the on-off current ratio
may be high, and the short channel effect such as the
drain-induced barrier lowering effect may not be signifi-
cant so that the performance of the semiconductor na-
nowire device may not be degraded.
[0005] However, current methods for fabricating sem-
iconductor nanowire devices may not be able to ensure
the performance and the stability of the devices. The dis-
closed device and fabrication method are directed to
solve one or more problems set forth above and other
problems in the art.

BRIEF SUMMARY OF THE DISCLOSURE

[0006] A first aspect of the present invention includes
a method for fabricating a semiconductor device. The
method includes forming a base including a plurality of
PMOS regions, forming a plurality of first openings in the
base of the PMOS regions, forming a plurality of first epi-
taxial wires by filling the plurality of first openings in the
PMOS regions with a germanium-containing material,

and forming a plurality of second openings in the base
of the PMOS regions by etching a portion of the base
under each first epitaxial wire. Each first epitaxial wire is
connected to both sidewalls of a corresponding second
opening and is hung above a bottom surface of the cor-
responding second opening. The method also includes
performing a thermal oxidation treatment process on the
plurality of first epitaxial wires to form an oxide layer on
each first epitaxial wire, forming a plurality of first na-
nowires by removing the oxide layer from each first epi-
taxial wire, and forming a first wrap-gate structure to sur-
round each first nanowire.
[0007] Each first opening formed in the base of the
PMOS regions has preferably a bowl shape.
[0008] A length of each first epitaxial wire is preferably
in a range of 2 nm to 50 nm.
[0009] A diameter of each first epitaxial wire is prefer-
ably in a range of 2 nm to 5 nm.
[0010] The germanium-containing material may be
filled into the plurality of first openings by a method se-
lected from a chemical vapor deposition, a molecular
beam epitaxy, and an atomic layer deposition.
[0011] The germanium element in the plurality of first
nanowires has preferably a weight percentage in a range
of 15% to 95%. The plurality of first nanowires with a
germanium weight percentage in the range of 15% to
95% may be formed by alternately performing the thermal
oxidation treatment process and the oxide-removal proc-
ess for multiple times.
[0012] The base may further include a plurality of
NMOS regions, and may accordingly comprise: when
forming the plurality of first openings in the base of the
PMOS regions, a plurality of third openings may be
formed in the base of the NMOS regions; when forming
the plurality first epitaxial wires in the PMOS regions with
the germanium-containing material, a plurality of second
epitaxial wires may be formed by filling the plurality of
third openings in the NMOS regions with a first semicon-
ductor material; forming a plurality of fourth openings in
the base of the NMOS regions by etching a portion of the
base under each second epitaxial wire, wherein each
second epitaxial wire may be connected to both sidewalls
of a corresponding fourth opening and is hung above a
bottom surface of the corresponding fourth opening;
forming a plurality of second nanowires by forming a sec-
ond semiconductor layer on a surface of each second
epitaxial wire; and forming a second wrap-gate structure
to surround each second nanowire.
[0013] Forming the plurality of third openings may fur-
ther includes: forming a plurality of first openings in the
base of the NMOS regions when forming the plurality of
first openings in the base of the PMOS regions; and form-
ing a plurality of third openings in the base of the NMOS
regions by further etching the base of the NMOS regions
through the plurality of first openings.
[0014] Each third opening formed in the base of the
NMOS regions may have a sigma shape.
[0015] The first semiconductor material may include

1 2 



EP 3 188 250 A2

4

5

10

15

20

25

30

35

40

45

50

55

silicon germanium.
[0016] After forming the plurality of fourth openings and
prior to forming the second nanowires, the method may
further include: performing a thermal oxidation treatment
process on a bottom surface of each fourth opening.
[0017] The second semiconductor layer is preferably
made of a material including a Group III-V semiconductor
material.
[0018] The second semiconductor layer may be
formed on each second nanowire by a method selected
from a chemical vapor deposition, a molecular beam epi-
taxy, and an atomic layer deposition.
[0019] A second aspect of the present invention pro-
vides a semiconductor nanowire device. The semicon-
ductor nanowire device includes a base including a plu-
rality of PMOS regions and a plurality of NMOS regions
formed on a semiconductor substrate, and a plurality of
isolation structures formed in the PMOS regions and the
NMOS regions. The semiconductor nanowire device fur-
ther includes a plurality of first nanowires formed in the
base of the PMOS regions and a first wrap-gate structure
surrounding each first nanowire, a plurality of second na-
nowires formed in the base of the NMOS regions and a
second wrap-gate structure surrounding each second
nanowire, and a barrier layer formed between the sem-
iconductor substrate and each first wrap-gate structure
and also between the semiconductor substrate and each
second wrap-gate structure.
[0020] The plurality of first nanowires are preferably
made of a germanium-containing material.
[0021] The semiconductor nanowire device may fur-
ther include a first dielectric layer formed to cover a cir-
cumference of each first nanowire and a second dielectric
layer formed to cover a circumference of each second
nanowire.
[0022] Each second nanowire may further include a
second epitaxial wire and a second semiconductor layer
covering a surface of the second epitaxial wire.
[0023] The second semiconductor layer may be made
of a material including a Group III-V semiconductor ma-
terial.
[0024] Perpendicular to a length direction of each sec-
ond nanowire, a cross-section of the second nanowire
preferably has a sigma shape.
[0025] Other aspects of the present invention can be
understood by those skilled in the art in light of the de-
scription, the claims, and the drawings of the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The following drawings are merely examples for
illustrative purposes according to various disclosed em-
bodiments and are not intended to limit the scope of the
present invention.

Figures 1-4 illustrate schematic views of semicon-
ductor structures corresponding to certain stages of

an existing fabrication method for a semiconductor
nanowire device;

Figures 5-22 illustrate schematic views of semicon-
ductor structures corresponding to certain stages of
an exemplary fabrication method for semiconductor
nanowire devices consistent with disclosed embod-
iments; and

Figure 23 illustrates a flowchart of an exemplary fab-
rication process consistent with disclosed embodi-
ments.

DETAILED DESCRIPTION

[0027] Reference will now be made in detail to exem-
plary embodiments of the invention, which are illustrated
in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the
drawings to refer to the same or like parts.
[0028] Figures 1-4 show schematic views of semicon-
ductor structures corresponding to certain stages of an
existing fabrication method for a semiconductor na-
nowire device.
[0029] Referring to Figure 1, at the beginning of the
fabrication process, a silicon substrate 10 is provided. A
plurality of fin structures 11 are formed on the substrate
10 by etching the substrate 10. In addition, an isolation
layer 12 is formed between neighboring fin structures 11.
[0030] Further, referring to Figure 2, a silicon germa-
nium epitaxial wire 20 is formed on the top of each fin
structure 11 by a selective epitaxial growth method. After
forming the silicon germanium epitaxial wire 20, an etch
back process is then performed on the isolation layer 12
until a portion of the side surfaces of each fin structure
11 is exposed.
[0031] Referring to Figure 3, further, a portion of the
side surfaces of each fin structure 11 may be removed
to let the side surfaces of the fin structure 11 be necked-in.
[0032] Referring to Figure 4, further, a germanium na-
nowire 30 is formed by an oxidation anneal process per-
formed on the silicon germanium epitaxial wire 20. The
surface of the germanium nanowire 30 is covered by an
oxide layer 31.
[0033] Referring to Figure 3, the silicon germanium epi-
taxial wire 20 is formed to surround the top end of the fin
structure 11. Therefore, the silicon germanium epitaxial
wire 20 is an epitaxial wire with a silicon core. During the
subsequent oxidation anneal process, germanium can
migrate towards the center and then form the germanium
nanowire 30. However, improving the concentration of
germanium in the germanium nanowire 30 still faces
challenges because the concentration of silicon in the
core region is high. Therefore, the germanium concen-
tration in the nanowire of the formed semiconductor de-
vice is very low so that the performance of the formed
semiconductor device may be affected.
[0034] The present invention provides a fabrication
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method to solve the problems in forming germanium na-
nowires. As used herein, the term "germanium nanowire"
may be referred to as "germanium-containing nanowire"
having a germanium concentration greater than 0, but
less than or equal to 100%, by weight. As such, the term
"germanium nanowires" and "germanium-containing na-
nowire" may be interchangeably used herein.
[0035] Figure 23 shows a flowchart of an exemplary
fabrication method consistent with disclosed embodi-
ments.
[0036] Referring to Figure 23, at the beginning of the
fabrication process, a base including a plurality of PMOS
regions and a plurality of NMOS regions formed on a
semiconductor substrate is provided (S201). Figure 5
shows the corresponding semiconductor structure. Fig-
ure 6 shows a schematic cross-sectional view of the sem-
iconductor structure shown in Figure 5 along an AA line.
[0037] Referring to Figure 5 and Figure 6, at the be-
ginning of the fabrication process, a base 100 may be
formed. In one embodiment, the base 100 may include
a plurality of PMOS regions 110 and a plurality of NMOS
regions 120 formed on a semiconductor substrate 101.
The plurality of PMOS regions 110 may be further used
to form a plurality of PMOS devices while the plurality of
NMOS regions 120 may be further used to form a plurality
of NOMS devices. For illustration purpose, only a portion
of the base 100, including one PMOS region 110 and
one NMOS region 120, is shown in Figure 5 and Figure
6. However, the number of PMOS regions and/or the
number of NMOS regions may be more than one. In cer-
tain embodiments, only one or more PMOS regions may
be formed on the semiconductor substrate; that is, NMOS
region may not be formed on the semiconductor sub-
strate.
[0038] The semiconductor substrate 101 may provide
a work platform for subsequent fabrication processes.
The semiconductor substrate 101 may be made of single
crystalline silicon, polycrystalline silicon, or amorphous
silicon. The semiconductor substrate 101 may also be
made of germanium, gallium arsenide, or silicon germa-
nium. The semiconductor substrate 101 may have an
epitaxial layer or may be silicon on an epitaxial layer.
Moreover, the semiconductor substrate 101 may also be
any appropriate semiconductor material. In one embod-
iment, the semiconductor substrate 101 is made of sili-
con.
[0039] The plurality of isolation structures 102 may be
used to electrically isolate neighboring semiconductor
structures. The isolation structures 102 may be made of
one or more of SiOx, SiNx, SiON, low-k dielectric material
(i.e. material with a dielectric constant greater than or
equal to 2.5, but smaller than 3.9), and ultra-low-k die-
lectric material (i.e. material with a dielectric constant less
than 2.5). In one embodiment, the isolation structures
102 are made of SiOx.
[0040] The distance between neighboring isolation
structures 102 may not be too small; otherwise, subse-
quent formation of nanowire may be affected. The dis-

tance between neighboring isolation structures 102 may
not be too large either; otherwise, a large distance may
be detrimental to improving the component density and
the integration degree. In one embodiment, the distance
between neighboring isolation structures 102 may be in
a range of 10 nm to 50 nm.
[0041] The formation process for the plurality of isola-
tion structures 102 may include the following steps. First,
a semiconductor substrate 101 may be provided. A first
mask layer (not shown) may then be formed on the sem-
iconductor substrate 101. A plurality of openings may be
formed in the first mask layer. The plurality openings may
be used to define the dimensions and the positions for
the plurality of isolation structures 102. Further, a plurality
of trenches may be formed in the semiconductor sub-
strate 101 by etching the semiconductor substrate 101
using the first mask layer as an etch mask. Finally, a
plurality of isolation structures 102 may be formed by
filling the trenches formed in the semiconductor substrate
101.
[0042] Specifically, forming the first mask layer may
further include the following steps. First, a first mask ma-
terial layer may be formed on the surface of the semi-
conductor substrate 101. A patterned first photoresist lay-
er may then be formed on the surface of the first mask
material layer. Further, a first mask layer may be formed
by etching the first mask material layer using the first
photoresist layer as an etch mask until the surface of the
semiconductor substrate 201 is exposed. After transfer-
ring the pattern of the first photoresist layer to the first
mask layer through the etching process, the first photore-
sist layer may then be removed.
[0043] In one embodiment, the first mask material layer
is patterned by using the first photoresist layer. The first
photoresist layer may be formed by a spin-coating proc-
ess followed by a photolithography process. In other em-
bodiments, a multiple mask patterning process may be
adopted in order to reduce the dimension of the semi-
conductor devices to be formed. Specifically, the multiple
mask patterning process may include a self-aligned dou-
ble patterned (SaDP) process, a self-aligned triple pat-
terned (SaTP) process, or a self-aligned double double
patterned (SaDDP) process.
[0044] Moreover, in one embodiment, prior to forming
the plurality of isolation structures 102, the fabrication
process may also include cleaning the surface of the
semiconductor substrate 101 to remove impurities and,
thus, to provide a clean operating plane.
[0045] In addition, after forming the plurality of isolation
structures 102, the fabrication process may further in-
clude removing the first mask layer to expose the surface
of the semiconductor substrate 101.
[0046] Further, referring to Figure 23, a plurality of first
openings may be formed in the base of the PMOS regions
and a plurality of third openings may be formed in the
base of the NMOS regions (S202). Figure 7 shows the
corresponding semiconductor structure. Figure 8 shows
a schematic cross-section view of the semiconductor
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structure shown in Figure 7 along a BB line.
[0047] Referring to Figure 7 and Figure 8, a plurality
of first openings 111 may be formed in the base 100 of
the PMOS regions. The first openings 111 may be used
to form a plurality of first epitaxial wires by filling the first
openings 111 with a semiconductor material in a subse-
quent process. Specifically, the cross section of the first
openings 111 may have a bowl shape. The plurality of
bowl-shaped first openings 111 may be formed in the
semiconductor substrate 101 between neighboring iso-
lation structures 102 through a regular plasma dry etch-
ing process.
[0048] Specifically, the formation process for the plu-
rality of first openings 111 may include the following
steps. First, a second mask layer (not shown) may be
formed on the surface of the base 100. The second mask
layer may be used to define the positions of the first open-
ings 111. A plurality of first openings 111 may then be
formed in the semiconductor substrate 101 by etching
the semiconductor substrate 101 using the second mask
layer as an etch mask.
[0049] In one embodiment, the second mask layer is
a patterned hard mask film. Specifically, the hard mask
film may be made of SiNx and the fabrication process for
the second mask layer may include forming a second
mask material layer on the surface of the base 100, form-
ing a second photoresist layer on the surface of the sec-
ond mask material layer with a plurality of openings
formed in the second photoresist layer, and forming the
second mask layer by etching the second mask material
layer using the second photoresist layer as an etch mask
until the surface of the base 100 is exposed.
[0050] In one embodiment, the second mask layer may
also cover the surface of each isolation structure 102 in
order to protect the isolation structure 102 during subse-
quent fabrication processes. Therefore, the surface of
the formed hard mask material layer may be above the
top surface of the isolation structures 102.
[0051] Similar to the formation of the first mask layer
using the first photoresist layer, in one embodiment, the
second mask layer may be patterned by using the second
photoresist layer. Specifically, the second photoresist
layer may be formed by a spin-coating process followed
by a photolithography process. In other embodiments, a
multiple mask patterning process may be adopted in or-
der to reduce the dimension of the plurality of first open-
ings 111 to be formed.
[0052] In one embodiment, the base 100 may also in-
clude a plurality of NMOS regions 120 used to form
NMOS devices. Therefore, during the formation of the
plurality of first openings 111 in the base 100 of the PMOS
regions 110, a plurality of first opening 111 may also be
simultaneously formed in the base 100 of the NMOS re-
gions 120.
[0053] In a subsequent process, a plurality of second
nanowires may be formed in the base 100 of the NMOS
regions 120. In one embodiment, after forming the plu-
rality of first openings 111 in the base 100 of the PMOS

regions 110, a plurality of third openings 121 may be
formed in the base 100 of the NMOS regions. The shape
of the cross sections of the third openings 121 may be
different from the shape of the cross sections of the first
openings 111. Figure 9 shows the corresponding semi-
conductor structure. Figure 10 shows a schematic cross-
section view of the semiconductor structure shown in Fig-
ure 9 along a CC line.
[0054] Referring to Figure 9 and Figure 10, a plurality
of third openings 121 may be formed in the NMOS re-
gions 120. The cross section of each third opening 121
may have a sigma shape, for example. In one embodi-
ment, the plurality of third openings 121 may be formed
from the plurality of first openings 111 in the NMOS re-
gions, which are simultaneously formed with the first
openings 111 in the PMOS regions.
[0055] In a subsequent process, the plurality of third
openings 121 may be filled with a semiconductor material
to form a plurality of second epitaxial wires. Further, a
second semiconductor layer may be formed on the sur-
face of each second epitaxial surface in order to form a
second nanowire. The channels of the NMOS devices
formed in the NMOS regions may be formed in the plu-
rality of second nanowires. Specifically, during the fabri-
cation process, forming sigma-shaped third openings
121 may ensure the formation of sigma-shaped second
epitaxial wires so that the channels of the NMOS devices
formed subsequently in the second nanowires may be
along the (111) crystal direction, and thus the mobility of
charge carriers may be increased.
[0056] Specifically, a wet etching process may be per-
formed on the plurality of first openings 111 formed in
the base 100 of the NMOS regions in order to further
form sigma-shaped third openings 121. The wet etching
process may use a tetramethylammonium hydroxide
(TMAH) solution as an etch solution. In addition, during
the wet etching process, the temperature of the etch so-
lution may be kept in a range of 15 °C to 70 °C; the etch
time may be in a range of 20 seconds to 500 seconds.
In other embodiments, the wet etching process may also
use a KOH solution or an aqueous ammonia solution as
an etch solution.
[0057] In one embodiment, a third mask layer (not
shown) may be formed to cover the PMOS regions 110
after forming the first openings 111, but before forming
the third openings 121. The third mask layer may provide
desired protection for the first openings 111 formed in
the PMOS regions 120 during the process to form the
plurality of third openings 121. Accordingly, after forming
the third openings 121, the fabrication process may fur-
ther include removing the third mask layer and/or then
cleaning the semiconductor device.
[0058] Further, returning to Figure 23, a plurality of first
epitaxial wires may be formed by filling a germanium-
containing material, such as silicon germanium or any
suitable material(s), into the first openings of the PMOS
regions while a plurality of second epitaxial wires may be
formed by filling a first semiconductor material into the
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third openings of the NMOS regions (S203). Figure 11
shows a schematic view of the corresponding semicon-
ductor structure. Figure 12 shows a schematic cross-sec-
tion view of the semiconductor structure shown in Figure
11 along a DD line.
[0059] Referring to Figure 11 and Figure 12, the ger-
manium-containing material, such as silicon germanium
or any suitable material(s), may be filled into first open-
ings 111 in the PMOS regions 110 to form a plurality of
first epitaxial wire 112. The first epitaxial wires 112 may
be used to further form a plurality of first nanowires. The
first nanowire may then be used as the channels of the
subsequently-formed PMOS devices. In one embodi-
ment, the first epitaxial wires 112 may be formed by a
chemical vapor deposition (CVD) process, a molecular
beam epitaxy (MBE) process, or an atomic layer depo-
sition (ALD) process.
[0060] Specifically, in one embodiment, the first epi-
taxial wires 112 are formed by filling the germanium-con-
taining material into the first openings 111 through a met-
al-organic chemical vapor deposition (MOCVD) process.
[0061] Because the first epitaxial wires 112 may be
formed by directly filling the first openings 111 with the
germanium-containing material, the distribution of the
germanium-containing material in the first epitaxial wires
112 may be uniform, which may be conducive to improv-
ing germanium concentration in the first nanowires sub-
sequently formed through a thermal oxidation treatment
process. In addition, uniformly distributed germanium-
containing material in the first epitaxial wires 112 may
also help to improve the channel properties of the ulti-
mately formed semiconductor device, and thus improve
the performance of the semiconductor device.
[0062] Further, the length of the first epitaxial wires 112
may not be too long; otherwise, the length of the subse-
quently formed first nanowires may also be excessively
long, which may be harmful to improving the integration
degree of the ultimately formed semiconductor device.
The length of the first epitaxial wires 112 may not be too
short either; otherwise, the length of the subsequently
formed first nanowires may also be excessively short,
which may increase the difficulties of the fabrication proc-
ess and may also affect the performance of the formed
semiconductor device. In one embodiment, the length of
the first epitaxial wires 112, i.e. L, may be in a range of
2 nm to 50 nm.
[0063] Moreover, the diameter of the first epitaxial
wires 112 may not be too large; otherwise, the diameter
of the subsequently formed first nanowires may also be
excessively large, which may be harmful to improving
the integration degree of the ultimately formed semicon-
ductor device. The diameter of the first epitaxial wires
112 may not be too small either; otherwise, the diameter
of the subsequently formed first nanowires may also be
excessively short, which may affect the performance of
the formed semiconductor device and may also increase
the difficulties of the fabrication process. In one embod-
iment, the diameter of the first epitaxial wires 112 may

be in a range of 2 nm to 5 nm.
[0064] In one embodiment, the base 100 may also in-
clude a plurality of NMOS regions for forming NMOS de-
vices. Accordingly, a first semiconductor material may
be filled in to the third openings 121 in the NMOS regions
to form a plurality of second epitaxial wires 122.
[0065] The first semiconductor material may or may
not be the same material used to form the first epitaxial
wires 112. When the first semiconductor material is also
the same germanium-containing material used to form
the plurality of first epitaxial wires 112, the second epi-
taxial wires 122 may be formed simultaneously with the
first epitaxial wires 112. When the first semiconductor
material used to form the second epitaxial wires 122 is
not the same material used to form the first epitaxial wires
112, the plurality of second epitaxial wires 122 may be
formed by a fabrication process performed before or after
the formation of the plurality of first epitaxial wires 112.
Specifically, a mask layer may be formed to cover the
NMOS regions during the formation of the first epitaxial
wires 112 and then be removed after the first epitaxial
wires 112 are formed; while another mask layer may be
formed to cover the PMOS regions during the formation
of the second epitaxial wires 122 and then be removed
after the second epitaxial wires 122 are formed.
[0066] The second epitaxial wires 122 may be used to
form a plurality of second nanowires. The plurality of sec-
ond nanowires may serve as the channels of the subse-
quently formed NMOS devices. The plurality of second
nanowires 122 may be formed by a CVD process, an
MBE process, an ALD process, or any other appropriate
process.
[0067] In one embodiment, the first semiconductor ma-
terial filled into the third openings 121 may also be the
germanium-containing material used to form the plurality
of first epitaxial wires 112. Therefore, during the process
to form the first epitaxial wires 112 by filling the first open-
ings 111, the second epitaxial wires 122 may also be
simultaneously formed as the germanium-containing
material fills into the third openings 121. In one embod-
iment, the plurality of second epitaxial wires 122 may
also be formed by the same MOCVD method used to
form the plurality of first epitaxial wires 112.
[0068] In one embodiment, the cross-section of the
third openings 121 may have a sigma shape. Therefore,
the cross-section of the second epitaxial wires 122 may
also have a sigma shape. As such, a second semicon-
ductor layer subsequently formed on the surface of the
second epitaxial wires 122 may have a crystal structure
along the (111) direction so that the channel electron
mobility may be faster.
[0069] In a subsequent process, a portion of the base
100 below and beside each first epitaxial wire or each
second epitaxial wire is removed to form an opening in
the base 100. As such, each first epitaxial wire may be
hung above the bottom surface of an opening formed in
the corresponding PMOS region with the two ends of the
first epitaxial wire connected with the sidewalls of the
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opening, while each second epitaxial wire may be hang-
ing in an opening formed in the corresponding NMOS
region with the two ends of the second epitaxial wire con-
nected with the sidewalls of the opening.
[0070] Specifically, returning to Figure 23, a portion of
the base below and beside the second epitaxial wires
may be removed by etching to form a plurality of fourth
openings in the base with each second epitaxial wire
hanging above the bottom surface of the corresponding
fourth opening (S204). Figure 13 shows the correspond-
ing semiconductor structure. Figure 14 shows a sche-
matic cross-section view of the semiconductor structure
shown in Figure 13 along an ’EE’ line.
[0071] Referring to Figure 13 and Figure 14, a portion
of the base below and beside each second epitaxial wire
122 may be removed by etching to form a fourth opening
123 in the base 100 of the corresponding NMOS region
120. After etching, each second epitaxial wire 122 may
be connected with the sidewalls of a corresponding fourth
opening 123 and may be hanging above the bottom of
the fourth opening 123.
[0072] Moreover, in order to protect the plurality of first
epitaxial wires 112 formed in the base 100 of the PMOS
regions, after forming the second epitaxial wires 122 and
prior to the formation of the fourth openings 123, the fab-
rication method may further include forming a fourth
mask layer on the surface of the base 100 of the PMOS
regions to protect the plurality of first epitaxial wires 112.
[0073] The depth of the fourth openings 123 may not
be too small. When the depth of the fourth openings 123
is very small, it might be difficult to suspend the second
epitaxial wires 122 above the base 100 in the fourth open-
ings 123. In addition, a small depth of the fourth openings
123 may not be conducive to forming a gate electrode in
a subsequent process to surround each second na-
nowire. The depth of the fourth openings 123 may not be
too large either. When the depth of the fourth openings
123 is excessively large, the fabrication process may be
more difficult and the materials may be wasted. There-
fore, in one embodiment, the depth of the fourth openings
123 may be in a range of 50 nm to 100 nm.
[0074] Further, returning to Figure 23, a barrier layer
may be formed on the bottom of each fourth opening
through a thermal oxidation treatment process performed
on the portion of the surface of the semiconductor sub-
strate exposed in the bottom of the fourth opening (S205).
Figure 15 shows a schematic cross-section view of the
corresponding semiconductor structure.
[0075] Referring to Figure 15, after forming the fourth
openings 123 but prior to forming second nanowires 125,
a thermal oxidation treatment process may be performed
to form a barrier layer 103 on the bottom of each fourth
opening 123. The barrier layer 103 may prevent the sub-
sequently formed second semiconductor layer from cov-
ering the surface of the semiconductor substrate 101. In
addition, the barrier layer 103 may also prevent atoms
of the material that is subsequently filled into the fourth
openings to form gate electrodes from diffusing into the

semiconductor substrate 101. Therefore, the perform-
ance of the ultimately formed semiconductor device may
be effectively improved.
[0076] Returning to Figure 23, a second nanowire may
be formed by depositing a second semiconductor layer
on the surface of each second epitaxial wire (S206). Fig-
ure 16 shows the corresponding semiconductor structure
with a second semiconductor layer formed on the surface
of each second epitaxial wire.
[0077] Referring to Figure 16, a second semiconductor
layer 124 may be formed on the surface of the plurality
of second epitaxial wire 122. As such, each second sem-
iconductor layer 124 together with the corresponding
second epitaxial wire 122 may form a second nanowire
125.
[0078] In one embodiment, during the thermal oxida-
tion treatment process performed on the bottom of the
fourth openings 123 to form the barrier layer 103, the
surface of the plurality of second epitaxial wires 122 may
also be oxidized. Therefore, in order to ensure that the
second semiconductor layer 124 is formed to cover the
surface of each second epitaxial wire 122, the fabrication
process may further include removing the oxide layer
formed on the surface of the second epitaxial wires 122
after forming the barrier layer 103. The second semicon-
ductor layer 124 may then be formed after the removal
of the oxide layer from the surface of the second epitaxial
wires 122.
[0079] Specifically, in one embodiment, the second
epitaxial wires 122 may be made of silicon germanium,
during the thermal oxidation treatment process to form
the barrier layer 103, the oxide layer formed on the sur-
face of the second epitaxial wires 122 may have a smaller
thickness and smaller density as compared to the barrier
layer 103 formed on the bottom of the fourth openings
123. As such, the etching rate on the oxide layer formed
on the surface of the second epitaxial wires 122 may be
high. Therefore, the oxide layer formed on the surface of
the second epitaxial wires 122 may be removed through
a wet etching process by controlling the etching time.
After removing the oxide layer formed on the surface of
the second epitaxial wires 122, the barrier layer 103 may
still remain.
[0080] The second semiconductor layer 124 may be
made of a Group III-V semiconductor, such as InGaAs,
InAs, etc. Therefore, the second nanowire 125 may be
a Group III-V nanowire with a core made of a germanium-
containing material. The second semiconductor layer
124 may be formed by a CVD process, an MBE process,
or an ALD process. In one embodiment, the second sem-
iconductor layer 124 may be formed on the surface of
the second epitaxial wires 122 through a MOCVD proc-
ess.
[0081] In one embodiment, the cross-section of each
second epitaxial wire 122 may have a sigma shape.
Therefore, most of the second semiconductor layer 124
formed on the surface of the second epitaxial wire 122
may be Group III-V semiconductor orientated along the
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(111) crystal direction. Using the second nanowire 125
as the channel of the semiconductor device, high channel
electron mobility may be obtained and the performance
of the ultimately formed semiconductor device may be
effectively improved.
[0082] Further, returning to Figure 23, a plurality of sec-
ond openings may be formed in the base of the PMOS
regions with each first epitaxial wire hanging above the
bottom surface of the corresponding second opening
(S207). Figure 17 shows a schematic view of the corre-
sponding semiconductor structure. Figure 18 shows a
schematic cross-section view of the semiconductor
structure shown in Figure 17 along an FF line.
[0083] Referring to Figure 17, a plurality of second
openings 113 may be formed in the base 100 of the
PMOS regions. After forming the second openings 113,
each first epitaxial wire 122 may be connected with the
sidewalls of a corresponding second opening 113 and
may be hung above the bottom of the second opening
113.
[0084] In one embodiment, in order to avoid affecting
the second nanowires 125 formed in the base 100 of the
NMOS regions 120, prior to forming the second openings
113 in the base 100 of the PMOS regions, the fabrication
method may further include forming a fifth mask layer on
the surface of the base 100 of the NMOS regions to pro-
tect the second nanowires 125.
[0085] Further, because each first epitaxial wire 112
may be formed between two neighboring isolation struc-
tures 102, the formation process for the plurality of sec-
ond openings 113 may include removing a portion of the
semiconductor substrate 101 between neighboring iso-
lation structures in the PMOS regions. Specifically, after
removing the portion of the semiconductor substrate 101,
the top surface of the semiconductor substrate 101 be-
tween neighboring isolation structures may be lower than
the top surface of the first epitaxial wires 112. In one
embodiment, the second openings 113 may be formed
in the base 100 of the PMOS regions through a method
combining both dry etching and wet etching.
[0086] The depth of the second openings 113 may not
be too small. When the depth of the second openings
113 is too small, it might be difficult to suspend the first
epitaxial wires 112 above the base 100 in the second
openings 113. In addition, a small depth of the second
openings 113 may not be conducive to forming a gate
electrode in a subsequent process to surround each first
nanowire. The depth of the second openings 113 may
not be too large either. When the depth of the second
openings 113 is excessively large, the fabrication proc-
ess may be more difficult and the materials may be wast-
ed. Therefore, in one embodiment, the depth of the sec-
ond openings 113 may be in a range of 50 nm to 100 nm.
[0087] Further, returning to Figure 23, a thermal oxi-
dation treatment process may be performed on the first
epitaxial wires and then the oxide layer formed on the
surface of the first epitaxial wires may be removed to
form a plurality of first nanowires (S208). Figure 19 shows

a schematic view of the corresponding semiconductor
structure.
[0088] Referring to Figure 19, a thermal oxidation treat-
ment process may be performed on the first epitaxial
wires 112. During the thermal oxidation treatment proc-
ess, the bottom surface of each second opening 113 may
be oxidized; in the meantime, an oxide layer may also
be formed on the surface of the first epitaxial wires 112.
The oxide layer formed on the surface of the first epitaxial
wires 112 may then be removed to form a plurality of first
nanowires 115.
[0089] The plurality of first nanowires 115 may then
serve as the channels of the PMOS devices formed in a
subsequent process. In one embodiment, the plurality of
first nanowires 115 are made of silicon germanium na-
nowires with high hole mobility. Specifically, the germa-
nium element in the first nanowires 115 may have a
weight percentage in a range of 15% to 95%.
[0090] Specifically, the Gibbs free energy required for
forming SiO2 from Si is lower than the Gibbs free energy
required for forming GeO2 from Ge. Therefore, when Si
and Ge are both sufficient, SiO2 may be more likely
formed than GeO2 during the thermal oxidation treatment
process. As such, after performing the thermal oxidation
treatment process on the surface of the silicon germani-
um made first epitaxial wires 112, an oxide layer, i.e. a
SiO2 layer, may be formed on the surface of the first epi-
taxial wires 112.
[0091] The oxide layer may then be removed. That is,
the oxide layer formed from a portion of silicon may be
removed. Therefore, the silicon concentration in the first
epitaxial wires 112 made of silicon germanium may be
reduced and, in the meantime, the germanium concen-
tration may be increased. Moreover, by performing the
thermal oxidation treatment process and the oxide-re-
moval process for multiple times, the germanium con-
centration in the first epitaxial wires 112 may be contin-
uously improved. In one embodiment, the germanium
concentration in the first nanowires 112 may be in a range
of 15% to 95%.
[0092] Moreover, performing the thermal oxidation
treatment process on the first epitaxial wires 115 may
ensure full relaxation for the atoms in the formed first
nanowires 115. Therefore, the surface of the formed first
nanowires 115 may be very smooth, which may be con-
ducive to improving the performance of the ultimately
formed semiconductor device.
[0093] In one embodiment, during the formation of the
first nanowires 115, the thermal oxidation treatment proc-
ess performed on the first epitaxial wires 112 and the
oxide-removal process may be alternately performed for
multiple times such as about 2 to 3 times in order to im-
prove the germanium concentration in the first nanowires
115 and make the surface of the first nanowires 115
smoother.
[0094] During the thermal oxidation treatment on the
first epitaxial wires 112, oxide may be formed not only
on the surface of the first epitaxial wires 112, but also on
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the surface of the semiconductor substrate 101 on the
bottom of each second opening 113. The oxide layer
formed on the semiconductor substrate 101 on the bot-
tom of the second openings 113 may provide protection
for the semiconductor substrate 101 during subsequent
processes. In addition, the oxide layer formed on the
semiconductor substrate 101 may also prevent atoms in
the subsequently-formed gate electrodes from diffusing
into the semiconductor substrate 101. Therefore, the
process to remove the oxide layer formed on the surface
of the first epitaxial wires 112 may not remove the oxide
layer formed on the surface of the semiconductor sub-
strate 101 on the bottom of the second openings 113.
[0095] Further, returning to Figure 23, a first dielectric
layer covering the plurality of first nanowires and a sec-
ond dielectric layer covering the plurality of second na-
nowires may be formed (S209). Figure 20 shows a sche-
matic view of the corresponding semiconductor struc-
ture.
[0096] Referring to Figure 20, a first dielectric layer 116
may be formed to cover the circumference of the first
nanowires 115 and a second dielectric layer 126 may be
formed to cover the circumference of the second na-
nowires 116.
[0097] In one embodiment, prior to forming the first di-
electric layer 116 and the second dielectric layer 126, the
fabrication method may also include performing a proc-
ess to clean the formed semiconductor structure. The
cleaning process may remove the impurities generated
during the semiconductor fabrication process described
above and, thus provide a clean operating surface for
subsequent fabrication processes.
[0098] In one embodiment, the semiconductor na-
nowire device to be formed is a high-k metal gate (HKMG)
transistor. Therefore, both of the first dielectric layer 116
and the second dielectric layer 126 may be made of a
high-k dielectric material (i.e., a material with a dielectric
constant greater than 3.9) so that the first dielectric layer
116 and the second dielectric layer 126 may then serve
as the gate dielectric layers in the formed semiconductor
device. Specifically, the first dielectric layer 116 and the
second dielectric layer 126 may be made of one or more
of HfO2, TiO2, HfZrO, HfSiNo, Ta2O5, ZrO2, ZrSiO2,
Al2O3, SrTiO3, and BaSrTiO.
[0099] In addition, the bottom surface of the second
openings 113 and the bottom surface of the fourth open-
ings 123 may also be covered by high-k dielectric mate-
rial. The high-k dielectric material formed to cover the
bottom surfaces of the second openings 113 and the
fourth openings 123 may improve the protection on the
semiconductor substrate 101. Therefore, the production
yield may be increased and the stability of the formed
semiconductor device may also be improved.
[0100] Further, returning to Figure 23, a first wrap-gate
structure may be formed to surround each first nanowire
while a second wrap-gate structure may be formed to
surround each second nanowire (S210). Figure 21 shows
a schematic view of the corresponding semiconductor

structure. Figure 22 shows a cross-section view of the
semiconductor structure shown in Figure 21 along a GG
line.
[0101] Referring to Figure 21, a first wrap-gate struc-
ture 118 may be formed to surround each first nanowire
115 and a second wrap-gate structure 128 may be
formed to surround each second nanowire 125. The first
wrap-gate structure 118 may further include a first die-
lectric layer 116 and a first wrap-gate electrode 117. The
second wrap-gate structure 128 may further include a
second dielectric layer 126 and a second wrap-gate elec-
trode 127.
[0102] In one embodiment, each first enclosure elec-
trode 117 may be formed by filling the corresponding
second opening 113 with a conductive material while
each second enclosure electrode 117 may also be
formed by filling the corresponding fourth opening 123
with a conductive material.
[0103] In one embodiment, the conductive material
may be a metal including one or more of Al, Cu, Ag, Au,
Pt, Ni, Ti, TiN, TlN, Tl, TlC, TaSiN, W, W2N, and WSi2.
The conductive material may be filled into the second
openings 113 and the fourth openings 123 through an
ALD process, a CVD process, or an MBE process. In one
embodiment, the conductive material may be filled into
the second openings 113 and the fourth openings 123
through a MOCVD process.
[0104] In one embodiment, the first enclosure elec-
trodes 117 may be formed to surround the first nanowires
115 and the second enclosure electrodes 127 may be
formed to surround the second nanowires 125. A plurality
of channels of the semiconductor device may be situated
in the first nanowires 115 and the second nanowires 125.
Therefore, the first enclosure electrode 117 and the sec-
ond enclosure electrode 127 may be able to effectively
control the corresponding channels in the semiconductor
device. Thus, the performance of the formed semicon-
ductor device may be improved.
[0105] Moreover, after forming the gate electrodes, the
fabrication method may further include performing a
planarization treatment process on the semiconductor
device to make the top surfaces of the first gate elec-
trodes 117, the second gate electrodes 127 and the iso-
lation structures 102 formed in the base 100 leveled with
each other. Specifically, a chemical mechanical polishing
(CMP) method or an etch back method may be adopted
during the planarization treatment process performed on
the semiconductor device.
[0106] The present invention also provides a semicon-
ductor nanowire device. Referring to Figure 21 and Fig-
ure 22, the semiconductor nanowire device may include
a base 100. The base 100 may further include a plurality
of PMOS regions 110 and a plurality of NMOS regions
120. The PMOS regions 110 may be used to form PMOS
devices while the NMOS regions 120 may be used to
form NMOS devices. The base 100 may further include
a semiconductor substrate 101 and a plurality of isolation
structures 102 formed in the semiconductor substrate
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101.
[0107] The semiconductor substrate 101 may provide
an operating platform for subsequent device fabrication
processes. The semiconductor substrate 101 may be
made of single crystalline silicon, polycrystalline silicon,
or amorphous silicon. The semiconductor substrate 101
may also be made of germanium, gallium arsenide, or
silicon germanium. The semiconductor substrate 101
may have an epitaxial layer or may be silicon on an epi-
taxial layer. Moreover, the semiconductor substrate 101
may also be any appropriate semiconductor material. In
one embodiment, the semiconductor substrate 101 is
made of silicon.
[0108] The plurality of isolation structures 102 may be
used to electrically isolate neighboring semiconductor
structures. The isolation structures 102 may be made of
one or more of SiOx, SiNx, SiON, low-k dielectric material
(i.e. material with a dielectric constant greater than or
equal to 2.5, but smaller than 3.9), and ultra-low-k die-
lectric material (i.e. material with a dielectric constant less
than 2.5). In one embodiment, the isolation structures
102 are made of SiOx.
[0109] The distance between neighboring isolation
structures 102 may not be too small; otherwise, subse-
quent formation of nanowire may be affected. The dis-
tance between neighboring isolation structures 102 may
not be too large either; otherwise, a large distance may
be detrimental to improving the component density and
the integration degree. In one embodiment, the distance
between neighboring isolation structures 102 may be in
a range of 10 nm to 50 nm.
[0110] Further, the semiconductor nanowire device
may include a plurality of first nanowires 115 formed in
the base of the PMOS regions with each first nanowire
115 surrounded by a corresponding first wrap-gate struc-
ture 118. In addition, the semiconductor nanowire device
may also include a plurality of second nanowires 125
formed in the base of the NMOS regions with each sec-
ond nanowire 125 surrounded by a corresponding sec-
ond wrap-gate structure 128.
[0111] The plurality of first nanowires 115 may serve
as the channels of the ultimately formed PMOS devices.
In one embodiment, the first nanowires 115 may be sili-
con germanium nanowires with high hole mobility. Spe-
cifically, the germanium element in the first nanowires
115 may have a weight percentage in a range of 15% to
95%.
[0112] The plurality of second nanowires 125 may
serve as the channels of the ultimately formed NMOS
devices. In one embodiment, the second nanowires 115
may further include a plurality of second epitaxial wires
122 and a plurality of second semiconductor layers 124
formed to cover the surface of the second epitaxial wires
122.
[0113] In one embodiment, the plurality of second epi-
taxial wires 122 may be silicon germanium nanowires
and may be formed through a same fabrication process
to form the plurality of first nanowires 115. The second

semiconductor layer 124 may be made of a III-V group
semiconductor, such as InGaAs, InAs, etc. Therefore,
the second nanowire 125 may be a III-V group nanowire
with a silicon germanium core.
[0114] Further, perpendicular to the extending direc-
tion of each second nanowire 125, the cross-section of
the second nanowire 125 may have a sigma shape. That
is, in a plane perpendicular to the extending direction of
the second nanowire 125, the interface shape of the sec-
ond nanowire may be ’sigma’ like. Therefore, most of the
second semiconductor layer 124 formed on the surface
of the second epitaxial wire 122 may be III-V semicon-
ductor orientated along the (111) crystal direction. Using
the second nanowire 125 with such a structure as the
channel of the semiconductor device, high channel elec-
tron mobility may be obtained and the performance of
the ultimately formed semiconductor device may be ef-
fectively improved.
[0115] Further, each first wrap-gate structure 118 may
include a first dielectric layer 116 and a first wrap-gate
electrode 117 while each second wrap-gate structure 128
may include a second dielectric layer 126 and a second
wrap-gate electrode 127.
[0116] In one embodiment, the semiconductor na-
nowire device to be formed is a high-k metal gate (HKMG)
transistor. Therefore, both of the first dielectric layer 116
and the second dielectric layer 126 may be made of a
high-k dielectric material (i.e., a material with a dielectric
constant greater than 3.9) so that the first dielectric layer
116 and the second dielectric layer 126 may then serve
as the gate dielectric layers in the formed semiconductor
device. Specifically, the first dielectric layer 116 and the
second dielectric layer 126 may be made of one or more
of HfO2, TiO2, HfZrO, HfSiNo, Ta2O5, ZrO2, ZrSiO2,
Al2O3, SrTiO3, and BaSrTiO.
[0117] The plurality of first enclosure electrodes 117
and the plurality of second enclosure electrodes 127 may
be made of a conductive material. In one embodiment,
the conductive material may be a metal including one or
more of Al, Cu, Ag, Au, Pt, Ni, Ti, TiN, TlN, Tl, TlC, TaSiN,
W, W2N, and WSi2. The conductive material may be filled
into the second openings 113 and the fourth openings
123 through an ALD process, a CVD process, or an MBE
process.
[0118] The channels of the semiconductor device may
be situated in the first nanowires 115 and the second
nanowires 125. Moreover, each first wrap-gate structure
118 may surround a corresponding first nanowire 115
and each second wrap-gate structure 128 may surround
a corresponding second nanowire 125. Therefore, the
first wrap-gate structures 118 and the second wrap-gate
structures 128 may be able to effectively control the cor-
responding channels in the semiconductor device. Thus,
the performance of the formed semiconductor device
may be improved.
[0119] The semiconductor nanowire device may fur-
ther include a barrier layer 103 formed between each first
wrap-gate structure 118 and the base 100 and also be-
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tween each second wrap-gate structure 128 and the base
100. In addition, the semiconductor nanowire device may
also include a high-k dielectric material layer formed to
cover the barrier layer 103. The presence of the barrier
layer 103 and the high-k dielectric material layer in the
semiconductor nanowire device may prevent the con-
ductive material that is used to form the first enclosure
electrodes 117 and the second enclosure electrode 127
from diffusing into the base 100. Therefore, the perform-
ance and the stability of the formed semiconductor device
may be improved. Moreover, during the fabrication proc-
ess for the semiconductor device, the barrier layer 103
and the high-k dielectric material layer may provide pro-
tection for the base 100 so that damages to the base 100
may be avoided and the production yield of the semicon-
ductor device may also be improved.
[0120] Compared to existing fabrication method for
semiconductor nanowire devices, the disclosed fabrica-
tion methods may demonstrate several advantages.
[0121] According to the disclosed methods, the plural-
ity of first epitaxial wires may be formed by directly filling
the plurality of first openings with a germanium-contain-
ing material. Therefore, the germanium-containing ma-
terial may be distributed uniformly in the first epitaxial
wires, which may be conducive to improving the germa-
nium concentration in the first nanowires through a ther-
mal oxidation process. In addition, uniformly distributed
germanium-containing material in the first epitaxial wires
112 may also help to improve the channel properties of
the ultimately formed semiconductor device, and thus
improve the performance of the semiconductor device.
[0122] Moreover, in addition to improving the germa-
nium concentration in the first nanowires, the thermal ox-
idation treatment process may also ensure full relaxation
for the atoms in the formed first nanowires. Therefore,
the surface of the formed first nanowires may be very
smooth, which may be conducive to improving the per-
formance of the ultimately formed semiconductor device.
[0123] Further, the base of the disclosed semiconduc-
tor nanowire device may also include NMOS regions
used to form NMOS devices. Accordingly, a plurality of
second nanowires may be formed in the base of the
NMOS devices. Each second nanowire may further in-
clude a second epitaxial wire made of a germanium-con-
taining material and a second semiconductor layer cov-
ering the second epitaxial wire. The cross-section of the
second epitaxial wire may have a sigma shape. There-
fore, most of the second semiconductor layer formed on
the surface of the second epitaxial wire may be Group
III-V semiconductor orientated along the (111) crystal di-
rection. Using the second nanowire 125 with such a struc-
ture as the channel of the semiconductor device, high
channel electron mobility may be obtained and the per-
formance of the ultimately formed semiconductor device
may be effectively improved.

Claims

1. A method for fabricating a semiconductor nanowire
device, comprising:

forming a base including a plurality of PMOS
regions;
forming a plurality of first openings in the base
of the PMOS regions;
forming a plurality of first epitaxial wires by filling
the plurality of first openings in the PMOS re-
gions with a germanium-containing material;
forming a plurality of second openings in the
base of the PMOS regions by etching a portion
of the base under each first epitaxial wire,
wherein each first epitaxial wire is connected to
both sidewalls of a corresponding second open-
ing and is hung above a bottom surface of the
corresponding second opening;
performing a thermal oxidation treatment proc-
ess on the plurality of first epitaxial wires to form
an oxide layer on each first epitaxial wire;
forming a plurality of first nanowires by removing
the oxide layer from each first epitaxial wire; and
forming a first wrap-gate structure to surround
each first nanowire.

2. The method for fabricating the semiconductor na-
nowire device according to claim 1,
wherein each first opening formed in the base of the
PMOS regions has a bowl shape; and/or
wherein a length of each first epitaxial wire is in a
range of 2 nm to 50 nm; and/or wherein a diameter
of each first epitaxial wire is in a range of 2 nm to 5 nm.

3. The method for fabricating the semiconductor na-
nowire device according to claim 1 or 2, wherein the
germanium-containing material is filled into the plu-
rality of first openings by a method selected from a
chemical vapor deposition, a molecular beam epi-
taxy, and an atomic layer deposition.

4. The method for fabricating the semiconductor na-
nowire device according to any one of the claims
1-3, wherein the germanium element in the plurality
of first nanowires has a weight percentage in a range
of 15% to 95%;
wherein preferably the plurality of first nanowires with
a germanium weight percentage in the range of 15%
to 95% are formed by alternately performing the ther-
mal oxidation treatment process and the oxide-re-
moval process for multiple times.

5. The method for fabricating the semiconductor na-
nowire device according to any one of the claims
1-4, wherein the base further includes a plurality of
NMOS regions, and the method further comprises:
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when forming the plurality of first openings in the
base of the PMOS regions, a plurality of third
openings are formed in the base of the NMOS
regions;
when forming the plurality first epitaxial wires in
the PMOS regions with the germanium-contain-
ing material, a plurality of second epitaxial wires
are formed by filling the plurality of third open-
ings in the NMOS regions with a first semicon-
ductor material, wherein preferably the first sem-
iconductor material includes silicon germanium;
forming a plurality of fourth openings in the base
of the NMOS regions by etching a portion of the
base under each second epitaxial wire, wherein
each second epitaxial wire is connected to both
sidewalls of a corresponding fourth opening and
is hung above a bottom surface of the corre-
sponding fourth opening;
forming a plurality of second nanowires by form-
ing a second semiconductor layer on a surface
of each second epitaxial wire, wherein prefera-
bly the second semiconductor layer is made of
a material including a Group III-V semiconductor
material; and
forming a second wrap-gate structure to sur-
round each second nanowire.

6. The method for fabricating the semiconductor na-
nowire device according to claim 5, wherein forming
the plurality of third openings further includes:

forming a plurality of first openings in the base
of the NMOS regions when forming the plurality
of first openings in the base of the PMOS re-
gions; and
forming a plurality of third openings in the base
of the NMOS regions by further etching the base
of the NMOS regions through the plurality of first
openings.

7. The method for fabricating the semiconductor na-
nowire device according to claim 5 or 6, wherein each
third opening formed in the base of the NMOS re-
gions has a sigma shape.

8. The method for fabricating the semiconductor na-
nowire device according to any one of the claims
5-7, after forming the plurality of fourth openings and
prior to forming the second nanowires, further includ-
ing: performing a thermal oxidation treatment proc-
ess on a bottom surface of each fourth opening,

9. The method for fabricating the semiconductor na-
nowire device according to any one of the claims
5-8, wherein the second semiconductor layer is
formed on each second nanowire by a method se-
lected from a chemical vapor deposition, a molecular
beam epitaxy, and an atomic layer deposition.

10. A semiconductor nanowire device, comprising:

a base including a plurality of PMOS regions and
a plurality of NMOS regions formed on a semi-
conductor substrate, and a plurality of isolation
structures formed in the PMOS regions and the
NMOS regions;
a plurality of first nanowires formed in the base
of the PMOS regions and a first wrap-gate struc-
ture surrounding each first nanowire;
a plurality of second nanowires formed in the
base of the NMOS regions and a second wrap-
gate structure surrounding each second na-
nowire; and
a barrier layer formed between the semiconduc-
tor substrate and each first wrap-gate structure
and also between the semiconductor substrate
and each second wrap-gate structure.

11. The semiconductor nanowire device according to
claim 10, wherein the plurality of first nanowires are
made of a germanium-containing material.

12. The semiconductor nanowire device according to
claim 10 or 11, further including a first dielectric layer
formed to cover a circumference of each first na-
nowire and a second dielectric layer formed to cover
a circumference of each second nanowire.

13. The semiconductor nanowire device according to
any one of the claims 10-12, wherein each second
nanowire further includes a second epitaxial wire and
a second semiconductor layer covering a surface of
the second epitaxial wire.

14. The semiconductor nanowire device according to
any one of the claims 10-13, wherein the second
semiconductor layer is made of a material including
a Group III-V semiconductor material.

15. The semiconductor nanowire device according to
any one of the claims 10-14, wherein, perpendicular
to a length direction of each second nanowire, a
cross-section of the second nanowire has a sigma
shape.
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