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(57) ABSTRACT 

Provided is a method for fabricating a nano-wire field effect 
transistor including steps of preparing a nano-wire field 
effect transistor including two columnar members made of a 
silicon crystal configuring a nano-wire on a Substrate are 
arranged on a Substrate in parallel and one above the other, 
and an SOI substrate having a (100) surface orientation; pro 
cessing a silicon crystal layer configuring the SOI substrate 
into a standing plate-shaped member having a rectangular 
cross-section; processing the silicon crystal by orientation 
dependent wet etching and thermal oxidation into a shape 
where two triangular columnar members are arranged one 
above the other with a spacing from each other as to face 
along the ridge lines of the triangular columnar members; and 
processing the triangular columnar member into a circular 
columnar member configuring a nano-wire by hydrogen-an 
nealing or a thermal oxidation; and an integrated circuit 
including the transistor. 
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NANO-WIRE FIELD EFFECT TRANSISTOR, 
METHOD FOR MANUFACTURING THE 

TRANSISTOR, AND INTEGRATED CIRCUIT 
INCLUDING THE TRANSISTOR 

TECHNICAL FIELD 

0001. The present invention relates a nano-wire field 
effect transistor, a method for manufacturing the transistor, 
and an integrated circuit including the transistor. 

BACKGROUND ART 

0002 Silicon integrated circuits have been progressed in 
enlarging the scale as well as in improving the performance 
according to so-called Moore's rule, and Supported the devel 
opment of the advanced information technology (IT) society 
from an aspect of the hardware. This trend is expected to be 
continued also in future. However, it is deeply concerned that 
miniaturization of the conventional bulk type CMOS inte 
grated circuit will reach its limit in near future. Its main 
reasons are an increase in leakage current due to the minia 
turization of the transistor, a degradation in Switching prop 
erty of the transistor (an increase in the sub-threshold slope) 
and so on. In other word, a serious problem lies in that the 
more the technology node progresses, the more percentage of 
inefficient power consumption due to the leakage current 
rather than the operating power increases. 
0003. In order to overcome this essential difficulty, the 
ITRS road map has declared an introduction of an ultra-thin 
body, fully depleted SOI (Silicon-On-Insulator) device, 
double-gate/multi-gate MOSFET and so on in an early stage 
of the decade from 2010 year. Especially, a global attention 
has been directed towards a fin type double gate MOSFET 
(FinFET) having a standing, lateral channel (Refer to Non 
Patent Document 1) as a promising candidate device after the 
32=node. Even with this double gate MOSFET, however, it is 
still not easy to perfectly suppress increase of the leakage 
current and the sub-threshold slope due to the short channel 
effect when the gate length of the device is decreased to 20 nm 
or below (corresponding to a stage after the 32 nm node). 
Furthermore, the dimension of the channel is required to be 
Small corresponding to shortening the gate length, but form 
ing the Small channel is difficult. 
0004 Since the threshold voltage of the FinFET described 
above is a fixed value, it is not available for applications such 
as dynamic electric power control. Proposal to overcome Such 
a drawback has already been made. For example, Patent 
Document 1 and 2 realizes threshold voltage control by physi 
cally separating and electrically isolating the gate electrodes 
which sandwich a vertical type channel, by applying a fix bias 
Voltage to one of the gate electrodes, and by driving the 
transistor with the other gate electrode. By changing the fixed 
bias Voltage value, the drain current versus gate Voltage char 
acteristics (I-V) of the transistor shifts horizontally, thereby 
enabling the threshold Voltage control. 
0005. When the threshold voltage is controlled by a gate 
voltage on one side, however, the sub-threshold slope inevi 
tably increases significantly from the ideal value S-60 
mV/decade, which leads to a degradation of the Switching 
characteristics of the device. Further problem is that the drain 
current decreases significantly when the threshold Voltage is 
controlled by applying a Voltage to one of the gate electrodes, 
since the gate bias works to a direction for one of the channels 
to close. 
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0006. In recent years, a silicon nano-wire field effect tran 
sistor has been actively studied and developed as a device 
structure to break through the limit of the channel miniatur 
ization in order to overcome the problems such as the short 
channel effect, decrease in the driving current, difficulty in 
formation of a fine channel and so on described above for the 
FinFET. A silicon nano-wire field effect transistor such as 
shown, for example, in FIGS. 29, 30 and 31 has been pro 
posed (Non Patent Document 2 and 3). Features of such a 
device structure include the channel having a nano-meter 
sized circular cross-section shape, and a gate electrode cov 
ering around the channel. This structure has, therefore, a 
stronger controllability to a channel potential by the gate and 
is more effective in Suppressing the short channel effect com 
pared with the FinFET. This structure also gives some latitude 
in channel miniaturization. In other words, the dimension of 
the channel can favorably be larger than the gate length. This 
is resulted from that the gate electrode tightly covers all 
around the channel (Gate-All-Around: GAA) in the nano 
wire field effect transistor, whereas the gate electrode covers 
only two sides of the channel in FinFET. 
0007. In order to increase the driving current, a plurality of 
nano-wires each having a circular cross-section shape are 
arranged laterally in the nano-wire field effect transistor pro 
posed so far, as shown, for example, in FIGS. 32.33 and 34. 
This structure, however, would enlarge the device area. 
0008 Patent Document 1: Japanese Patent Application 
Publication No. 2002-270850. 
0009 Patent Document 2: Japanese Patent Application 
Publication No. 2005-1671 63. 
0010. Non Patent Document 1: IEEE Trans. Electron 
Devices, Vol. 47. No. 12, pp. 2320-2325, 2000. 
0011 Non Patent Document 2: Symposium on VLSI 
Technology 2004, pp. 196-197. 
0012 Non Patent Document 3: Sung Dae Suk, et al., 
IEDM Tech. Dig., pp. 735-738, 2005. 

DISCLOSURE OF INVENTION 

Problems to be Solved by the invention 
0013 The object of the present invention is to solve the 
above problems of the conventional nano-wire field effect 
transistor and to increase the driving current without increas 
ing device area 

Solutions to Solve the Subject 
0014) 
CaS. 

(1) A nano-wire field effect transistor, characterized in that an 
even number of columnar members configuring nano-wires 
and being made from silicon crystal are arranged over a 
substrate in parallel and in the vertical direction to a surface of 
the substrate. 
(2) The nano-wire field effect transistor in accordance with 
the above description (1), characterized in that a plurality set 
of the even number of columnar members are arranged in 
parallel. 
(3) The nano-wire field effect transistor in accordance with 
the above description (1) or (2), characterized in that the 
silicon crystal is a SOI (Silicon-On-Insulator) layer config 
uring an SOI substrate. 
(4) The nano-wire field effect transistor in accordance with 
the above description (3), characterized in that the SOI sub 
strate has a (100) surface orientation, and that the columnar 

The above problems can be solved by following 
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member is a circular columnar member (also referred to as “a 
nano-wire having a circular cross-section shape in this 
description). 
(5) The nano-wire field effect transistor in accordance with 
the above description (4), characterized in that around the 
circular columnar member a gate electrode is provided via a 
gate insulator film. 
(6) An integrated circuit including the nano-wire field effect 
transistor in accordance with the above description any of (1) 
to (5). 
(7) The integrated circuit in accordance with the above 
description (6), further including the nano-wire field effect 
transistor which lacks an upper columnar member in an even 
number of columnar members configuring nano-wires. 
(8) A manufacturing method of the nano-wire field effect 
transistor, comprising steps of: 
00.15 preparing an SOI substrate having a (100) surface 
orientation; 
0016 processing a silicon crystal layer comprising the 
SOI substrate into a standing plate-shaped member having a 
rectangular cross-section; 
0017 processing the silicon crystal layer by orientation 
dependent wet etching and thermal oxidation into a shape 
where two triangular columnar members are arranged one 
above the other with a spacing from each other so as to face 
along the ridge lines of the triangular columnar members; and 
0018 processing the two triangular columnar members 
into circular columnar members configuring a nano-wire by 
hydrogen annealing or thermal oxidation. 
(9) A manufacturing method of the nano-wire field effect 
transistor, comprising steps of: 
0019 preparing an SOI substrate having a (100) surface 
orientation and including two or more of SOT layers and 
buried oxide films: 
0020 processing a silicon crystal layer configuring the 
SOI substrate into a standing plate-shaped member having a 
rectangular cross-section; 
0021 processing the silicon crystal layer by orientation 
dependent wet etching and thermal oxidation into a shape 
where two triangular columnar members are arranged one 
above the other with a spacing from each other so as to face 
along the ridge lines of the triangular columnar members; and 
0022 processing the two triangular columnar members 
into circular columnar members configuring a nano-wire by 
hydrogen annealing or thermal oxidation. 
0023. Furthermore, the “nano-wire field effect transistor 
of the above description (1) to (3) includes not only a nano 
wire field effect transistor configuring a nano-wire having a 
circular cross-section shape but also a nano-wire field effect 
transistor configuring a nano-wire having a polygonal cross 
section shape. 

EFFECTIVENESS OF THE INVENTION 

0024. In accordance with the present invention, there are 
provided two nano-wires arranged one above the other on an 
SOI substrate having a (100) surface orientation. Therefore, 
the driving current of the transistor becomes twice as large as 
that of the conventional nano-wire field effect transistor with 
the same device area. 
0025. In addition, by fabricating the nano-wire with ori 
entation dependent wet etching, the channel has a Smooth 
Surface with an atomic layer order which is Superior in size 
reproducibility and uniformity. 
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0026. Therefore, the present invention can improve a 
variation in size and characteristics in the conventional nano 
wire having a circular cross-section shape formed by high 
temperature hydrogen annealing or thermal oxidizing from a 
nonuniform silicon thin wire prepared by RIE (Reactive Ion 
Etching). 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0027 FIG. 1 is a plan view of a nano-wire field effect 
transistor in accordance with the first embodiment of the 
present invention. 
0028 FIG. 2 is an A-A cross-sectional view of FIG.1. (2.) 
0029 FIG. 3 is a B-B' cross-sectional view of FIG. 1. 
0030 FIG. 4 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0031 FIG. 5 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0032 FIG. 6 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0033 FIG. 7 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0034 FIG. 8 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0035 FIG. 9 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0036 FIG. 10 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0037 FIG. 11 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0038 FIG. 12 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0039 FIG. 13 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0040 FIG. 14 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0041 FIG. 15 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0042 FIG.16 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0043 FIG. 17 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0044 FIG. 18 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0045 FIG. 19 is a fabrication process diagram of the nano 
wire field effect transistor in accordance with the first 
embodiment of the present invention. 
0046 FIG. 20 is a plan view of a nano-wire field effect 
transistor in accordance with the second embodiment of the 
present invention. 
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0047 FIG. 21 is an A-A cross-sectional view of FIG. 20. 
0048 FIG. 22 is a B-B' cross-sectional view of FIG. 20. 
0049 FIG.23 is a plan view of an integrated circuit includ 
ing the nano-wire field effect transistorin accordance with the 
third embodiment of the present invention. 
0050 FIG.24 is A1-A1" and A2-A2 cross-sectional views 
of FIG. 23. 
0051 FIG. 25 is a B-B' cross-sectional view of FIG. 23. 
0052 FIG. 26 is a plan view of an integrated circuit includ 
ing the nano-wire field effect transistorin accordance with the 
fourth embodiment of the present invention. 
0053 FIG. 27 is A1-A1" and A2-A2 cross-sectional views 
of FIG. 26. 
0054 FIG. 28 is a B-B' cross-sectional view of FIG. 26. 
0055 FIG.29 is a plan view of the conventional nano-wire 
field effect transistor. 
0056 FIG. 30 is an A-A cross-sectional view of FIG. 29. 
0057 FIG. 31 is a B-B' cross-sectional view of FIG. 29. 
0058 FIG.32 is a plan view of the conventional nano-wire 
field effect transistor with a lateral arrangement of two nano 
wires. 
0059 FIG.33 is an A-A cross-sectional view of FIG. 32. 
0060 FIG. 34 is a B-B' cross-sectional view of FIG. 32. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0061. Detailed descriptions will be given below by dem 
onstrating some embodiments of the field effect transistors in 
accordance with the present invention. 
0062 For convenience, a device fabricated by the gate 
last-process; using a not-intentionally doped (non-doped) 
SOT (Silicon-On-Insulator) substrate having a (100) surface 
orientation, and forming two vertically symmetrical nano 
wires each having a circular cross-section shape are formed 
simultaneously by reactive ion etching (RIE), orientation 
dependent wet etching and thermal oxidation, and high tem 
perature hydrogen annealing or thermal oxidation is 
described. However, a similar device can be fabricated by the 
gate-first-process. In the gate-first-process, an impurity ionis 
introduced to the Source-drain regions by ion implantation 
after fabricating the gate pattern. 

First Embodiment 

0063 FIGS. 1, 2 and 3 show a first embodiment in accor 
dance with the present invention. FIG. 1 is a plan view of a 
nano-wire field effect transistor in accordance with the 
present invention, the transistor having a pair of nano-wires 
each having a circular cross-section shape and being arranged 
one above the other formed on a (100) SOI substrate. FIG. 2 
is an A-A cross-sectional view thereof, and FIG. 3 is a B-B' 
cross-sectional view thereof. In FIGS. 1 to 3, numeral refer 
ence 1 denotes a substrate, 2 denotes a buried oxide film, 3 
denotes a gate electrode, 5-1 and 5-2 denote nano-wares each 
having a circular cross-section shape and simultaneously 
formed one above the other. 6-1 and 6-2 are gate insulator 
films, and 7-1 and 7-2 are a source region and a drain region, 
respectively. 
0064 FIGS. 4 to 19 show an example of a fabrication 
process of the nano-wire field effect transistor having a pair of 
nano-wires each having a circular cross-section shape and 
being arranged one above the other in accordance with the 
first embodiment of the present invention. In FIGS. 4 to 19, 
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FIG. (A) shows an A-A cross-sectional view, and FIG. (B) 
shows a B-B' cross-sectional view. 

0065. First, as shown in FIG. 4, an SOT wafer with a 
buried oxide film 2 and a silicon crystal layer 9 having a (100) 
Surface orientation is prepared on a silicon Substrate 1. 
0.066 Next, an oxide film 10 is formed by utilizing thermal 
oxidation, as shown in FIG. 5. 
0067. In the next step, a resist pattern 20 is formed by 
electron beam lithography, as shown in FIG. 6. In the follow 
ing step, a resist pattern 20 is transferred into the oxide film 10 
to form a hard mask 10-1 by RIE, as shown in FIG. 7. 
0068. In the next step, after a source region 7-1 and a drain 
region 7-2 are formed as shown in FIG. 8 by ion implantation 
using the resist pattern 20 and the hard mask 10-1 as protec 
tion films. The resist pattern is removed by oxygen plasma 
and an aqueous Solution of such as Sulfuric acid and hydrogen 
peroxide, and the oxide film hard mask 10-1 is removed by 
hydrofluoric acid. Such ion implantation process is per 
formed twice, each for forming source-drain regions of a 
PMOS and an source-drain regions of NMOS, respectively. 
In the ion implantation process, P or AS is used as an ion 
species for an NMOS transistor, and B or BF+ is used as an 
ion species for a PMOS transistor. 
0069. In the next step, a new oxide film 11 is deposited by 
CVD (Chemical Vapor Deposition), as shown in FIG. 9. It is 
preferable to performannealing at a temperature T-850° C. in 
a nitrogen ambient for 2 minutes, since the etching rate of the 
CVD oxide film in a diluted hydrofluoric acid solution is too 
high. In the following step, a nanometer-sized resist pattern 
21 is formed by electron beam lithography, as shown in FIG. 
10. In the next step, the resist pattern 21 is transferred to the 
CVD oxide film 11 by RIE to form a hard mask 11-1, as 
shown in FIG. 11. The resist pattern 21 is then removed by 
using an oxygen plasma process and an aqueous solution 
including Sulfuric acid and hydrogen peroxide and the like. In 
the following step, the (100) SOI layer 9 is vertically etched 
with a RIE process by using the hard mask 11-1 to form a 
silicon nano-wire 9-1 with a rectangular cross-section, as 
shown in FIG. 12. Then reaction product of RIE is removed 
by oxygen plasma, and cleaning is performed by aqueous 
Solution of Such as Sulfuric acid and hydrogen peroxide. 
(0070. In the following step, as shown in FIG. 13, the width 
of the hard mask 11-1 is finely adjusted by using a diluted 
hydrofluoric acid solution. A vertically symmetric pair of 
nano-wires each having a triangular cross-section 40-1 and 
40-2 are formed by performing an orientation dependent wet 
etching of the rectangular silicon channel 9-1 from the side 
Surfaces by using an alkaline aqueous solution Such as TMAH 
(Tetramethylammonium Hydroxide) after the fine adjustment 
step. The nano-wires each having a triangular cross-section 
are formed approximately with self alignment, since the Sur 
face orientation of both of the side surfaces of the nano-wires 
each having a triangular cross-section becomes (111) plane 
and the etching rate of this plane by TMAH /40 smaller than 
that of a (110) plane. The etching time needs to be controlled 
precisely to prevent the nano-wire with a triangular cross 
section from being over-etched. Whether a gap 22 is formed 
between the upper and the lower nano-wires each having a 
triangular cross-section or not depends on the width W of the 
hard mask 11-1 and the thickness H of the SOI. More specifi 
cally, in a case where W<H/tan 55° a gap 22 is formed, but not 
in a case where WH/tan 55°. The former condition is 
adopted here. However, the latter condition is selected in a 
case where a separation between the upper and the lower 
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nano-wires each having a triangular cross-section is per 
formed in a thermal oxidation process in a later step. 
0071. In the following step, as shown in FIG. 14, the hard 
mask 11-1 and the buried oxide film 2 under the nano-wire 
with a triangular cross-section 40-2 are etched by using a 
hydrofluoric acid solution, then a gap 23 is formed. 
0072. In the following step, as shown in FIG. 15, a high 
temperature hydrogen annealing process is performed to 
deform the nano-wires each having a triangular cross-section 
40-1 and 40-2 to nano-wires each having a circular cross 
section shape 5-1 and 5-2. In the next step, gate oxide films 
6-1 and 6-2 are formed by utilizing thermal oxidation, as 
shown in FIG. 16. In this process, in place of the oxide film a 
high permittivity (high-k) material deposited by the CVD 
method may also be used as a gate insulator film. 
0073. Next, a gate electrode material 30 is deposited, as 
shown in FIG. 17. As the gate electrode material, a poly 
silicon or a refractory metal, for example, TiN, Mo, Ta/Mo 
alloy and the like are used. In the following step, agate pattern 
24 is formed by electron beam lithography, as shown in FIG. 
18. Next, as shown in FIG. 19, a gate electrode 3 is formed by 
etching the gate electrode material 30 by RIE. In the next step, 
a CVD oxide film is deposited, contact hole is opened, and an 
aluminum electrode is then formed. These processes are 
omitted here since they are similar to the fabrication process 
of the conventional integrated circuit. By these processes, the 
fabrication of the nano-wire field effect transistor having a 
Vertical pair of nano-wires each having a circular cross-sec 
tion shape in accordance with the present invention is com 
pleted. 

Second Embodiment 

0074 FIGS. 20, 21 and 22 show the second embodiment 
of the present invention. FIG. 20 shows a plan view of a 
nano-wire field effect transistor in accordance with the 
present invention. In this figure, a plurality of pairs of nano 
wires each having a circular cross-section shape arranged one 
above the other are arranged in parallel. FIG. 21 shows an 
A-A cross-sectional view thereof, and FIG.22 shows a B-B' 
cross-sectional view thereof. In FIGS. 20 to 22, numeral 
reference 1 denotes a substrate, 2 denotes a buried oxide film, 
3 denotes a gate electrode, 5-5, 5-6, 5–7, 5-8, 5-9, and 5-10 
denote nano-wires each having a circular cross-section shape, 
6-5, 6-6, 6–7, 6-8, 6-9, and 6-10 denote gate insulator films, 
and 7-1 and 7-2 denote source-drain regions. 
0075 A fabrication process of the second embodiment is 
basically same as that of the first embodiment. A different 
point is that in the electron beam lithography process in the 
above paragraph 0016, a pattern of the nano-wire is formed so 
that a plurality of pairs of nano-wires each having a circular 
cross-section shape can be arranged. Other processes are the 
same as those of the first embodiment. 

Third Embodiment 

0076 FIGS. 23, 24, and 25 show the third embodiment of 
the present invention. FIG. 23 shows a plan view of an inte 
grated circuit in accordance with the present invention. In this 
figure, a nano-wire field effect transistor including a pair of 
nano-wires each having a circular cross-section shape 
arranged one above the other is used as a PMOS, whereas a 
nano-wire field effect transistor with a nano-wire having a 
circular cross-section shape where the upper nano-wire a 
circular cross-section shape is removed by an etching is used 
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as an NMOS. FIG. 24 shows an A1-A1" and A2-A2 cross 
sectional views thereof, and FIG. 25 shows a B-B' cross 
sectional view thereof. 
0077. In FIGS. 23 to 25, numeral reference 1 denotes a 
substrate, 2 denotes a buried oxide film, 3 denotes a gate 
electrode, 5-1, 5-2, and 5-4 are nano-wires each having a 
circular cross-section shape, 6-1, 6-2, 6-3, and 6-4 denote gate 
insulator films, and 7-1, 7-2, 7-3, and 7-4 denote source-drain 
regions. 
0078 A fabrication process of the third embodiment is 
basically same as that of the first embodiment, but following 
two points. 
(1) In the ion implantation process in the above paragraph 
0017, B or BF+ is implanted in the source-drain regions 7-1 
and 7-2 of the nano-wire field effect transistor having a pair of 
nano-wires each having a circular cross-section shape 
arranged one above the other, whereas P or AS is implanted in 
the source-drain regions 7-3 and 7-4 of the nano-wire field 
effect transistor which lacks an upper nano-wire a circular 
cross-section shape. 
(2) After the formation of the gate electrode in the above 
paragraph 0021, the region of the nano-wire field effect tran 
sistor having a pair of nano-wires each having a circular 
cross-section shape arranged one above the other is protected 
by a thick resist film, and then another resist with low viscos 
ity is coated with high speed. An etching back of the resist is 
performed by using an oxygen plasma, until a protruding 
head of intersecting part between the nano-wire and the gate 
electrode is opened. In the following step, the gate electrode, 
the oxide film and the upper nano-wire are successively 
etched by RIE with the etching gas species changed accord 
ingly. Finally, the resist is removed by an aqueous solution 
including Sulfuric acid and hydrogen peroxide, and a CVD 
oxide film is deposited as a protection film. Through these 
processes, fabrication of a nano-wire field effect transistor 
with a nano-wire having a shape with a circular cross-section 
in which an upper nano-wire is etched off and only a lower 
nano-wire remains is completed. Other processes are similar 
to those of the first embodiment. 

Fourth Embodiment 

007.9 FIGS. 26, 27 and 28 show the fourth embodiment of 
the present invention. FIG. 26 shows a plan view of an inte 
grated circuit in accordance with the present invention, where 
a nano-wire field effect transistor having a pair of nano-wires 
each having a circular cross-section shape arranged one 
above the other and a nano-wire field effect transistor a plu 
rality of pairs of nano-wires each having a circular cross 
section shape being arranged one above the other are mixed. 
FIG. 27 shows A1-A1" and A2-A2 cross-sectional views 
thereof, and FIG. 28 shows a B-B' cross-sectional views 
thereof. 
0080. In FIGS. 26 to 28, numeral reference 1 denotes a 
substrate, 2 denotes a buried oxide film, 3 denotes a gate 
electrode, 5-1, 5-2, 5–5, 5-6, 5–7, 5-8, 5-9, and 5-10 denote 
nano-wires each having a circular cross-section shape, 6-1, 
6–2, 6-5, 6-6, 6–7, 6-8, 6-9, and 6-10 denote gate insulator 
films, and 7-1, 7-2, 7-3, and 7-4 denote source-drain regions. 
I0081. A fabrication process of the fourth embodiment is 
basically same as that of the first embodiment. A different 
point is that two kinds of resist patterns are simultaneously 
drawn for two types of nano-wire field effect transistors in the 
electron beam lithography in the above paragraph 0016. 
Other processes are similar to those of the first embodiment. 
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0082 In the above first to fourth embodiments, a nano 
wire field effect transistor including two nano-wires and an 
integrated circuit including the transistor are demonstrated. 
However, a nano-wire field effect transistor including an even 
number more than four of nano-wires arranged one above the 
other and an integrated circuit including Such a transistor can 
be fabricated by using an SOI substrate having more than two 
SOI layers and buried oxide films on the surface. In this 
example, a current drivability will be improved. 

EXPLANATION TO SYMBOLS 

0083. 1: Substrate 
0084. 2: buried oxide film 
I0085 3, 3-1, 3-2: gate electrode 
I0086 4: insulating film 
0087 5, 5-1, 5-2, 5-4, 5-5, 5-6, 5–7, 5-8, 5-9, 5-10: 
nano-wire having a circular cross-section shape 

I0088 6-1, 6–2, 6-4, 6–5, 6-6, 6-7, 6-8, 6-9, 6-10: gate 
insulator film 

I0089 7-1, 7-2, 7-3, 7-4: source-drain region 
(0090 9: (100) silicon crystal layer 
0091 10: oxide film 
0092) 11: oxide film 
0093. 11-1: hard mask 
(0094) 13-1, 13-2: insulating film 
(0095 20, 21: resist pattern 
(0096 22, 23: gap 
(0097 24: resist pattern 
I0098 30: gate electrode material 
0099 40-1, 40-2: nano-wire having a triangular cross 
section shape 

0100 50: fin channel having a rectangular cross-section 
shape 

0101 50-1, 50-2, 50-3: nano-wire having a circular 
cross-section shape 

0102 60-1, 60-2, 60-3: gate insulator film 
1. A nano-wire field effect transistor, characterized in that 

an even number of columnar members configuring nano 
wires and being made from silicon crystal are arranged over a 
substrate one above the other and in parallel direction to a 
surface of the substrate. 

2. The nano-wire field effect transistor in accordance with 
claim 1, characterized in that a plurality set of the even num 
ber of columnar members are arranged in parallel. 

3. The nano-wire field effect transistor in accordance with 
claim 1 or 2, characterized in that the silicon crystal is an SOI 
(Silicon-On-Insulator) layer configuring an SOT (Silicon 
On-Insulator) substrate. 
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4. The nano-wire field effect transistor in accordance with 
claim 3, characterized in that the SOT substrate has a (100) 
Surface orientation, and that the columnar member is a circu 
lar columnar member. 

5. The nano-wire field effect transistor in accordance with 
claim 4, characterized in that around the circular columnar 
member a gate electrode is formed via a gate insulator film. 

6. An integrated circuit including the nano-wire field effect 
transistor in accordance with any of claim 1 to claim 5. 

7. The integrated circuit in accordance with claim 6, further 
including the nano-wire field effect transistor which lacks an 
upper columnar member in an even number of columnar 
members configuring nano-wires. 

8. A manufacturing method of the nano-wire field effect 
transistor, comprising steps of: 

preparing an SOI substrate having a (100) surface orienta 
tion; 

processing a silicon crystal layer comprising the SOI Sub 
strate into a standing plate-shaped member having a 
rectangular cross-section; 

processing the silicon crystal layer by orientation depen 
dent wet etching and thermal oxidation into a shape 
where two triangular columnar members are arranged 
one above the other with a spacing from each other so as 
to face along the ridge lines of the triangular columnar 
members; and 

processing the two triangular columnar members into a 
circular columnar member configuring a nano-wire by 
hydrogen annealing or thermal oxidation. 

9. A manufacturing method of the nano-wire field effect 
transistor, comprising steps of: 

preparing an SOI substrate having a (100) surface orienta 
tion and including two or more SOI layers and buried 
oxide films; 

processing a silicon crystal layer configuring the SOI layer 
into a standing plate-shaped member having a rectangu 
lar cross-section; 

processing the silicon crystal layer by orientation depen 
dent wet etching and thermal oxidation into a shape 
where two triangular columnar members are arranged 
one above the other with a spacing from each other so as 
to face along the ridge lines of the triangular columnar 
members; and 

processing the two triangular columnar members into a 
circular columnar member comprising a nano-wire by 
hydrogen annealing or thermal oxidation. 
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