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(57) ABSTRACT

In a method of manufacturing a semiconductor device, a
semiconductor layer 1s patterned to form a source region, a
channel region, and a drain region 1n the semiconductor
layer. The channel region extends between the source region
and the drain region. Corners of the channel region are
rounded by annealing the channel region to form a nano-rod
structure. Part of the nano-rod structure is then used as a gate
channel. Preferably, a gate diclectric and a gate electrode
both wrap around the nano-rod structure, with the gate
dielectric being between the nano-rod structure and the gate
electrode, to form a transistor device.
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SEMICONDUCTOR NANO-ROD DEVICES

[0001] This application is a divisional of patent applica-
tion Ser. No. 10/370,792, entitled “Semiconductor Nano-
Rod Devices,” filed on Feb. 20, 2003, which application 1s

incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates generally to methods
for manufacturing semiconductor devices. In one aspect, the
present invention relates to a method of forming a nano-rod
structure for a channel of a field effect transistor.

BACKGROUND

[0003] Metal-oxide-semiconductor field effect transistor
(MOSFET) technology is currently the dominant semicon-
ductor technology used for manufacturing ultra-large scale
integrated (ULSI) circuits. As the gate length of the MOS-
FET 1s scaled down 1nto the sub-30 nm regime for improved
performance and density, the source and drain increasingly
interact with the channel to sometimes gain influence on the
channel potential. Hence, a transistor with a short gate
length often suffers from problems related to the 1nability of
the gate to substantially control the on/off states of the
channel, which 1s often called short-channel effects.

[0004] Increased body doping concentration, reduced gate
oxide thickness, and junction depths are some ways to
suppress short-channel effects. However, for device scaling
well mto the sub-30 nm regime, the requirements for body-
doping concentration, gate oxide thickness, and source/drain

doping profiles become mcreasingly difficult to meet using
conventional device structures based on bulk silicon sub-

strates. Thus, alternative device structures that offer better
control of short-channel effects are being considered to
enable the continued scaling down of transistor sizes.

[0005] A highly scalable device structure that offers supe-
rior control of short-channel effects 1s a wrap-around gate
structure for a transistor (a.k.a., surround-gate or gate-all-
around transistor structure). A wrap-around gate structure
typically has a gate that surrounds or wraps around a channel
region. This structure effectively improves the capacitance
coupling between the gate and the channel, as compared to
conventional bulk silicon substrate transistor structures,
double-gate transistor structures, and triple-gate transistor
structures. With the wrap-around gate structure, the gate
gains significant influence on the channel potential, and
therefore improves suppression of short-channel effects. A
wrap-around gate structure typically allows the gate length
to be scaled down by about 50% more compared to a
double-gate structure.

[0006] There are several different ways to implement a
wrap-around gate transistor structure. For example, the
transistor channel may be oriented vertically or horizontally.
Many of the existing designs for horizontally oriented
channels have a square or rectangular shaped cross-section.
When the channel cross-section i1s rectangular or square,
enhanced field effect at the corners of the rectangle may
cause that part of the transistor to turn on earlier (i.€., having
a lower threshold voltage) than parts of the transistor at the
flat sides of the rectangular channel cross-section. This may
result 1n a parasitic off-state leakage. Hence, a cylindrical
channel cross-section 1s preferred over a rectangular channel
Cross-section.
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[0007] Current attempts at obtaining a more circular chan-
nel cross-section are made by oxidizing the silicon beam
forming the channel to round the corners of the rectangular
channel cross-section. However, this method requires a large
amount of oxidation, and hence a large amount of oxide
formation, to convert the rectangular channel cross-section
shape to a rounded or circular channel cross-section. Hence,
there 1s a need for a way to manufacture a transistor channel
having a rounded or circular cross-section shape without
having to form excessive oxide about the channel.

SUMMARY

[0008] The problems and needs outlined above are
addressed by embodiments of the present invention. In
accordance with one aspect of the present invention, a
method of manufacturing a semiconductor device 1s pro-
vided. This method includes the following steps. A semi-
conductor layer 1s patterned to form a source region, a
channel region, and a drain region 1n the semiconductor
layer. The channel region extends between the source region
and the drain region. Corners of the channel region are
rounded by annealing the channel region.

[0009] Next, some example annecaling parameters that
may be used are described. The annealing may occur 1n a
reaction chamber having an environment therein including a
gas of hydrogen, nitrogen, a mixed gas including hydrogen
and argon, a mixed gas including hydrogen and nitrogen, or
an 1ert gas. The annealing environment may be H, gas at a
pressure ranging from about 1.0x107" torr to about 800 torr.
The annealing environment may be N, gas at a pressure
ranging from about 1.0x10™" torr to about 800 torr. The
annealing may occur in a reaction chamber having an
evacuated environment. The annealing environment may be
a vacuum environment at a pressure ranging from about
1.0x10  torr to about 1.0x107> torr. The annealing may
occur 1n a reaction chamber having a temperature ranging
from about 600° C. to about 1200° C. therein. The annealing
occurs at an anneal time ranging from about 1 second to
about 2 hours. The annealing may be performed in a
hydrogen gas (H,) environment at about 900° C. for about
2 minutes.

[0010] In accordance with another aspect of the present
invention, a method of manufacturing a semiconductor
device 1s provided. This method includes the following
steps. A semiconductor layer 1s patterned to form a source
region, a channel region, and a drain region 1n the semicon-
ductor layer. The channel region extends between the source
region and the drain region. Corners of the channel region
are rounded by annealing the channel region. The insulating
layer 1s etched using an etch chemistry selective against
ctching the semiconductor layer. The etching 1s performed
long enough so that at least a segment of the rounded
channel region 1s suspended above a proximate portion of
the insulating layer. A gate dielectric material 1s formed on
a surface of and about the rounded channel region. A gate
electrode material 1s formed on the gate dielectric and about
the rounded channel region. The gate electrode material 1s
patterned to form a gate electrode. The gate electrode
includes a gate wrap region that wraps around the rounded
channel region and a gate contact region extending there-
from.

[0011] Inaccordance with yet another aspect of the present
invention, a semiconductor device 1s provided, which
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includes an 1nsulating layer, an underlying layer, a layer of
semiconductor material, a gate dielectric, and a gate elec-
trode. The 1nsulating layer i1s over the underlying layer. The
layer of semiconductor material 1s over the 1nsulating layer.
The semiconductor layer has a source region, a drain region,
and an annealed nano-rod structure extending between the
source and drain regions. The gate dielectric 1s formed on the
surface of at least a segment of the nano-rod structure. The
gate electrode 1s formed on the surface of the gate dielectric
at the segment. Preferably, the gate dielectric and the gate
clectrode are both formed completely around the nano-rod
structure at the segment. Preferably, the nano-rod structure
has a cross-section diameter less than about 65 nm.

[0012] In accordance with still another aspect of the
present invention, a semiconductor device including a plu-
rality of transistors, 1s provided. Each of the plurality of
transistors includes an annealed semiconductor layer, a gate
dielectric surface layer, and a gate electrode. The annealed
semiconductor layer has a source region, a drain region, and
a channel region formed therein. The channel region extends
between the source region and the drain region. The source
region has a substantially flat source contact portion. The
drain region has a substantially flat drain contact portion.
The channel region has a substantially circular cross-section
shape. The gate dielectric surface layer wraps around a
segment of the channel region. The gate electrode has a gate
wrap region that wraps around the segment of the channel
region and a gate contact region extending therefrom. The
cgate dielectric layer 1s between the segment of the channel
region and the gate wrap region of the gate electrode.

BRIEF DESCRIPTION

[0013] For a more complete understanding of the present
invention, and the advantages thereof, reference 1s now
made to the following descriptions taken 1n conjunction with
the accompanying drawings, 1n which:

10014] FIGS. 1A, 2A, 3A, 4A, 5A, and 6A show simpli-
fied perspective views of one transistor device being manu-
factured on a semiconductor device 1in accordance with a
preferred embodiment of the present invention;

10015] FIGS. 1B, 2B, 3B, 4B, 5B, and 6B are simplified
cross-section views of FIGS. 1A, 2A, 3A, 4A, SA, and 6A,
respectively, as taken along lines 1B-1B, 2B-2B, 3B-3B,
4B-4B, 5B-5B, and 6B-6B, respectively; and

10016] FIGS. 7A-7D show some possible variations of the

nano-rod structure formed after an annealing processing in
accordance with the present invention.

DETAILED DESCRIPTION

[0017] The use of presently preferred embodiments are
discussed 1n detail below. It should be appreciated, however,
that the present mnvention provides many applicable inven-
tive concepts that can be embodied in a wide variety of
specific contexts. The specific embodiments discussed are
merely illustrative of specific ways to make and use the
invention, and do not limit the scope of the mvention.

[0018] Example embodiments of the present invention
will be described herein 1n a specific context of making,
semiconductor devices, such as transistors. In other embodi-
ments not shown, embodiments of the present invention also
may include nano-wires or quantum-wires formed 1n accor-
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dance with the present invention. The present invention may
also be applied, however, to other situations.

[0019] A preferred manufacturing process in accordance
with the present invention may be used to make a transistor
device. Some of the manufacturing steps of this preferred
embodiment being used to make a transistor embodiment are
illustrated in FIGS. 1A-6B. While describing the structure
formation steps shown in FIGS. 1A-6B, process parameters
and steps for the preferred embodiment will described, as
well as some of the possible alternatives or variations of the
process parameters and steps. However, the process param-
eters shown and/or described herein are merely examples to
1llustrate and describe the present invention. With the benefit
of this disclosure, one of ordinary skill in the art will likely
realize other variations and embodiments of the present
invention within the scope and spirit of the appended patent
claims.

10020] FIGS. 1A, 2A, 3A, 4A, 5A, and 6A show simpli-

fied perspective views of one transistor device 20 being
manufactured on a semiconductor device. Such a semicon-
ductor device will often have millions of these transistors 2().
However, for purposes of illustration and discussion, only
one transistor device 20 1s shown and the remainder of the
semiconductor device 1s not shown. FIGS. 1B, 2B, 3B, 4B,
SB, and 6B are simplified cross-section views of FIGS. 1A,
2A, 3A, 4A, 5A, and 6A, respectively, as taken along lines
1B-1B, 2B-2B, 3B-3B, 4B-4B, 5B-5B, and 6B-6B, respec-
fively.

[0021] Referring to FIGS. 1A and 1B, an itermediate
structure 1s shown having an insulating layer 22 formed on
an underlying layer 24. A semiconductor layer 26 1s formed
on the insulating layer 22. This type of structure 1s some-
times referred to as a silicon-on-insulator substrate and 1s
commonly available as a starting material. A patterned
active region mask 28 1s formed on the semiconductor layer
26. The mask 28 may be formed from a pad silicon oxide
layer 30 and a silicon nitride layer 32, for example. With the
mask 28 in place having a pattern desired to be formed 1n the
semiconductor layer 26, the semiconductor layer 26 1is
preferably anisotropically etched (e.g., dry plasma etching)
to conform the semiconductor layer 26 to the pattern of the

mask 28.

10022] The underlying layer 24 will often be a silicon
waler, for example. However, the underlying layer 24 may
be another type of layer, including but not Iimited to: an
clemental semiconductor, such as germanium; an alloy
semiconductor, such as silicon-germanium; or a compound
semiconductor, such as gallium arsenide or indium phos-
phide, for example.

[0023] The insulating layer 22 in some embodiments may
be referred to as a “buried oxide” layer. However, the
insulating layer 22 may be composed of a material or a
combination of materials from a large variety of materials,
including but not limited to: silicon dioxide, silicon nitride,
aluminum oxide, plastic, or polymer, for example. In a
currently preferred embodiment, the msulating layer 22 1is
composed of silicon dioxide (S10,).

10024] The semiconductor layer 26 may be composed of a
material or a combination of materials from a large variety
of materials, including but not limited to: any semiconductor
material, silicon, carbon, elemental semiconductor material
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(c.g., germanium), alloy semiconductor material (e.g., sili-
con-germanium, silicon-germanium-carbon), compound
semiconductor material (e.g., indium phosphide, gallium
arsenide), plastic, or polymer, for example. Such materials
may be 1n crystalline or amorphous forms. In a currently
preferred embodiment, the semiconductor layer 26 1s com-
posed of silicon. Hence, 1n the preferred embodiment shown
in FIGS. 1A-6B, the semiconductor layer 26 1s a silicon
layer.

10025] In FIGS. 2A and 2B the mask 28 has been
removed and the patterned semiconductor layer 26 remains
in the form of an H-shaped, thin silicon 1sland. However, 1n
other embodiments (not shown), the patterned semiconduc-
tor layer 26 may have other shapes (e.g., U-shaped,
V-shaped, I-shaped, L-shaped, etc.). The thickness of the
patterned silicon layer or 1sland 26 may range from about
two angstroms to about 1000 angstroms, for example. The
patterned silicon layer 26 has a source region 40, a drain
region 42, and a channel region 44. The channel region 44
extends between the source region 40 and the drain region
42. As shown 1 FIG. 2A, the channel region 44 has a width
that 1s much narrower than the contact pad portions 50 and
52 of the source and drain regions 40 and 42, respectively.

[0026] Next, the silicon atoms in the patterned silicon
layer 26 are re-arranged by annealing the silicon layer 26 at
clevated temperatures. The re-arrangement 1s induced by
surface migration of silicon atoms driven by a tendency to
minimize surface tension. During the annealing, the re-
arrangement of the atoms at the narrow channel region 44
causes the corners of the channel region 44 to be rounded,
as shown 1mn FIGS. 3A and 3B, to transform the channel
region 44 mto a nano-rod structure 60. If carried out long
enough and/or under sufficient heat, the resulting nano-rod
structure 60 may be completely rounded having a circular-
shaped cross-section, as shown in FIG. 3B. The contact pad
portions 50 and 52 of the source and drain regions 40 and 42
will also likely experience slight shape changes, such as
rounding of at least some of their corners. But because the
contact pad portions 50 and 52 are much wider than the
channel region, these contact pad portions 50 and 52 will
typically still be substantially flat 1n shape or with only a
slight curvature. The contact pad portions of the source and
drain regions serve to provide a portion onto which metallic
or conductive materials form electrical connection with the
source and drain regions. It 1s understood that the contact
pad 1s an optional feature of this invention. If the contact pad
portions of the source and drain regions are omitted, the
patterned semiconductor layer may be I-shaped, {for
example. In this case, the electrical connection between the
metallic or conductive material and the source and drain
regions may be formed directly on the nano-rod structure.

[10027] Example parameters for the annealing process used
to round the corners of the channel region 44 will be
described next. The temperature for the annealing process
may range from about 600° C. to about 1200° C. The anneal
fime may range from about 1 second to about 2 hours. The
pressure in the reaction chamber (not shown) used for the
annealing process may vary, depending 1n part upon the
environment within the reaction chamber. The reaction
chamber may be a chemical vapor deposition (CVD) epi-
taxial reactor, for example. The annealing process may occur
in a reaction chamber having an environment of hydrogen
gas (I,) at a partial pressure ranging from about 1.0x107"
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torr to about 800 torr. In another embodiment, the annealing
environment may be evacuated (i.€., a vacuum environment)
at a pressure ranging from about 1.0x107"° torr to about
1.0x10 torr. In still another embodiment, the annealing
environment may be nitrogen gas (IN,) at a pressure ranging,
from about 1.0x107" torr to about 800 torr. The annealing
environment may also be one of the following environments
(but not limited to): an environment of a mixed gas including
hydrogen and argon; an environment of a mixed gas includ-
ing hydrogen and nitrogen; an environment with other gases
in addition to hydrogen to form a mixed gas ambient; or an
environment of an inert gas, for example.

[0028] In a preferred embodiment, the annealing process
is performed in a hydrogen gas (H,) ambient at about 900°
C. for about 2 minutes. During testing, annealing a 28 nm
thick silicon channel region 44 under such conditions did not
reveal crystal defects.

[10029] After forming the nano-rod structure 60, the insu-
lating layer 22 may be etched to expose the bottom surface
of the nano-rod 60, as shown 1n FIGS. 4A and 4B. The
nano-rod 60 1s supported by the contact portions 50 and 52
of the source and drain regions 40 and 42. It 1s preferred to
ctch away the msulating layer 22 beneath the nano-rod 60 at
least enough to allow the gate to wrap around the nano-rod
60 for optimum gate control performance. The use of the
annealing process of the present invention to form a nano-
rod structure 60 (described above) may also be applied to a
non-wrap-around gate design (i.e., where the gate electrode
only covers three sides of the gate channel, or where the gate

clectrode does not completely wrap around the gate chan-
nel).

[0030] Next, a gate diclectric material 62 is formed on the
surface of and about the nano-rod structure 60 (as well as on
the other exposed portions of the silicon layer 26), as shown
mn FIGS. 5A and 5B. As shown 1n FIG. 5B, because the
nano-rod 60 i1s exposed on all sides after etching away part
of the insulting layer 22, the gate dieclectric material 62 may
be formed completely around the nano-rod surface. The gate
dielectric material 62 may be an oxide formed by thermal
oxidation or atomic-layer CVD for uniform deposition, for
example. Hence, the gate dielectric will likely form on all
exposed areas, including the contact portions 50, 52 of the
source and drain regions 40, 42. The gate dielectric material
may take the form of a variety of compositions, mncluding
but not limited to: silicon dioxide (S10,), silicon oxynitride
(SiO,.N,), HfO,, ZrO,, Al,O;, La,0;, or other high permit-
fivity materials, for example.

[0031] A gate electrode material is then deposited,
masked, and etched to form the gate electrode 64, as shown
in FIGS. 6A and 6B. The gate electrode material may be
selected from a variety of materials, including but not
limited to: a semiconductor material (e.g., poly-silicon,
poly-silicon-germanium); a metal material (e.g., molybde-
num, tungsten, titanium); a metallic nitride (e.g., tantalum
nitride, titanium nitride); or any combination thereof, for
example. As shown 1n FI1G. 6B, because the nano-rod 60 1s
elevated above the insulating layer 22 (at least where the
channel will be formed), the gate electrode 64 may be
formed completely around the nano-rod 60, as preferred.
During or after the etching of the gate electrode material to
form the patterned gate electrode 64, the gate dielectric
material 62 may be removed from the source and drain
regions, as shown i FIG. 6A.



US 2005/0121706 Al

[0032] Because the gate dielectric 62 is preferably aligned
with the gate electrode 64 at the channel, the gate dielectric
62 can be self-aligned with the gate electrode 64 by simply
ctching the gate electrode material with an etch chemuistry
that will also etch away the gate dielectric material 62 while
being selective against etching the silicon layer 26. Also,
because the gate dielectric 62 at the gate channel 1s shielded
by the gate electrode 64, the 1on implantation processes for
doping the silicon layer 26 outside of the channel (i.e., to
form the source and drain of the transistor 20) may be
self-aligning as well.

[0033] As shown in FIGS. 7A, 7B, 7C, and 7D, the
resulting shape of the nano-rod 60 formed at the channel
region 44 may vary, depending on the annealing parameters
used. For example, the nano-rod portion 60 shown 1n FIG.
7A has a generally rectangular shaped cross-section with
rounded corners (1.€., more than 4 crystal faces). The nano-
rod portion 60 shown in FIG. 7B has a generally oval-
shaped cross-section. In other embodiments, the nano-rod
cross-section may have a rounded but arbitrarily shaped or
somewhat arbitrarily shaped, as shown 1 FIG. 7C for
example. However, as described above, the preferred shape
of the nano-rod cross-section for a preferred transistor
embodiment 1s circular, as shown 1n FIG. 7D. Preferably,
the nano-rod 60 has a diameter no larger than about 65 nm.
The diameter of the nano-rod cross-section may be 1n the
order of nanometers (e.g., about 4 nm), and such nano-rods
may be used for the channel of a field-effect transistor, for
example.

[0034] In another manufacturing embodiment (not shown)
of present 1invention, after FIG. 2A, part of the msulating
layer 22 may be etched away before the annealing process
for rounding the corners of the channel region 44. Also, after
FIG. 5A, the gate dielectric material 62 may be patterned
and etched (to leave a gate dielectric portion around the
nano-rod 60 where the gate channel will be formed) before
the deposition of the gate electrode material. In still another
embodiment, after F1G. SA, the gate electrode material may
be etched using a first etch chemistry to form the gate
clectrode 64, and then the gate dielectric material 62 may be
ctched using a second etch chemistry after forming the gate
clectrode 64. In such case, the gate electrode 64 may act as
a self-aligning mask for the etching of the gate dielectric
material 62 to shield the gate dielectric between the gate
clectrode 64 and the nano-rod 60.

[0035] Although several embodiments of the present
mvention have been described 1n detail, 1t should be under-
stood that various changes, substitutions and alterations can
be made herein without departing from the spirit and scope
of the mvention as defined by the appended claims. More-
over, the scope of the present application 1s not intended to
be limited to the particular embodiments of the processes,
machines, manufactures, compositions of matter, means,
methods and steps described 1n the specification. As one of
ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines,
manufactures, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that
perform substantially the same function and/or achieve
substantially the same result as the corresponding embodi-
ments described herein may be utilized according to the
present 1nvention. Accordingly, the appended claims are
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intended to include within their scope such processes,
machines, manufactures, compositions of matter, means,
methods, or steps.

What 1s claimed 1s:
1. A semiconductor device comprising;:

an 1nsulating layer over an underlying layer;

a layer of semiconductor material over the insulating
layer, the semiconductor layer having a source region,
a drain region, and an annealed nano-rod structure
extending between the source and drain regions;

a gate dielectric formed on the surface of at least a
segment of the nano-rod structure; and

a gate electrode formed on the surface of the gate dielec-

tric at the segment.

2. The semiconductor device of claim 1, wherein the gate
dielectric 1s formed completely around the nano-rod struc-
ture at the segment.

3. The semiconductor device of claim 2, wherein the gate
clectrode 1s formed completely around the nano-rod struc-
ture at the segment.

4. The semiconductor device of claim 1, wherein the
semiconductor material 1s selected from a group consisting
of silicon, germanium, silicon-germanium alloy, silicon-
germanium-carbon alloy, indium phosphide compound, and
gallium arsenide compound.

5. The semiconductor device of claim 1, wherein the
insulating layer comprises a material selected from a group
consisting of silicon dioxide, silicon nitride, and aluminum
oxide.

6. The semiconductor device of claim 1, wherein the
underlying layer 1s a silicon substrate.

7. The semiconductor device of claim 1, wherein the gate
dielectric comprises a material selected from a group con-
sisting of silicon dioxide, silicon oxynitride, HIO2, ZrO2,
Al203, and La203.

8. The semiconductor device of claim 1, wherein the gate
clectrode comprises a material selected from a group con-
sisting of a semiconducting material, a metal, and a metal
nitride.

9. The semiconductor device of claim 1, wherein the
nano-rod structure has a cross-section diameter less than
about 65 nm.

10. The semiconductor device of claim 1, wherein the
nano-rod structure has a substantially circular cross-section.

11. The semiconductor device of claim 1, wherein the
nano-rod structure has rounded corners.

12. A semiconductor device comprising a plurality of
transistors, wherein each of the plurality of transistors com-
Prises:

an annealed semiconductor layer having a source region,
a drain region, and a channel region formed therein, the
channel region extending between the source region
and the drain region, the channel region comprising a
nano-rod structure with rounded corners;

a gate dielectric formed on the surface of at least a
segment of the nano-rod structure; and

a gate electrode formed on the surface of the gate dielec-
tric at the segment, the gate electrode having a gate
contact region extending therefrom.
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13. The semiconductor device of claim 12, wherein the
cgate dielectric 1s formed completely around the nano-rod
structure at the segment.

14. The semiconductor device of claim 13, wherein the
gate electrode 1s formed completely around the nano-rod
structure at the segment.

15. The semiconductor device of claim 12, wherein the
semiconductor material 1s selected from a group consisting
of silicon, germanium, silicon-germanium alloy, silicon-
germanium-carbon alloy, indium phosphide compound, and
gallium arsenide compound.

16. The semiconductor device of claim 12, further com-
prising an insulating layer over an underlying layer, wherein
the semiconductor layer 1s formed over the 1nsulating layer.

17. The semiconductor device of claim 16, wherein the
insulating layer comprises a material selected from a group
consisting of silicon dioxide, silicon nitride, and aluminum
oxide, and wherein the underlying layer 1s a silicon sub-
strate.

18. The semiconductor device of claim 12, wherein the
gate dielectric comprises a material selected from a group

consisting of silicon dioxide, silicon oxynitride, HIO2,
Zr02, Al1203, and La203, and wherein the gate electrode
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comprises a material selected from a group consisting of a
semiconducting material, a metal, and a metal nitride.

19. The semiconductor device of claim 12, wherein the
nano-rod structure has a cross-section diameter less than
about 65 nm.

20. A semiconductor device comprising a plurality of
transistors, wherein each of the plurality of transistors com-
Prises:

an annealed semiconductor layer having a source region,
a drain region, and a channel region formed therein, the
channel region extending between the source region
and the drain region, the channel region having a
substantially circular cross-section shape,

a gate dielectric layer around a segment of the channel
region, and

a gate electrode having a gate wrap region that wraps
around the segment of the channel region and a gate
contact region extending therefrom, wherein the gate
dielectric layer 1s between the segment of the channel
region and the gate wrap region of the gate electrode.
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