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(57) ABSTRACT 
A three-dimensional structure composed of highly-reliable 
silicon ultrafine wires, a method for producing the three 
dimensional structure, and a device including the same are 
provided. The three-dimensional structure composed of sili 
confine wires includes wires (2) on the order of nanometers 
to micrometers formed by wet etching utilizing the crystal 
linity of a single-crystal material. 
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THREE-DIMIENSIONAL STRUCTURE COMPOSED 
OF SILICON FINE WIRES, METHOD FOR 
PRODUCING THE SAME, AND DEVICE 

INCLUDING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a Divisional of and claims 
benefits of priority under 35 USC S120 from U.S. Ser. No. 
10/515,334, filed Dec. 2, 2004, incorporated herein by 
reference, which is the National Stage of PCT/JP03/06929, 
filed Jun. 2, 2003, and under 35 USC S119 from the prior 
Japanese Patent Applications Nos. 2002-161140, filed Jun. 
3, 2002 and 2003-151255, filed May 28, 2003. 

BACKGROUND OF THE INVENTION 

0002) 1. Technical Field 
0003. The present invention relates to a three-dimen 
sional structure composed of silicon fine wires. In particular, 
the present invention relates to a three-dimensional structure 
using wires on the order of nanometers (referred to as nano) 
to micrometers formed by etching utilizing the crystallinity 
of silicon etc. as elements, a method for producing the same, 
and a device including the same. 
0004 2. Background Art 
0005 Conventionally, a plate or block structure com 
posed of silicon or a structure formed by bending a metal 
conducting wire provides elements such as oscillators and 
coils. 

0006. In general, a tip magnetized with cobalt or iron etc. 
is used as a tip of an atomic force microscope to detect a 
magnetic field. 
0007 Furthermore, the present inventors have already 
proposed elements such as a cantilever composed of a fine 
three-dimensional structure in the following Patent Docu 
ment 1 etc. 

0008 Patent Document 1) 
0009 Japanese Unexamined Patent Application Publica 
tion No. 2001-91.441 (pp. 7-8, FIG. 4) 
0010 Patent Document 2) 
00.11 Japanese Unexamined Patent Application Publica 
tion No. 2001-289768 (pp. 3-4, FIG. 1) 
0012 Patent Document 3) 
0013 Japanese Unexamined Patent Application Publica 
tion No. 2003-114182 (pp. 5-6, FIG. 1) 

DISCLOSURE OF INVENTION 

0014) However, with the known fine tip described above, 
in-process control of the magnetic force is impossible. 
0015. In a scanning temperature microscope, a loop used 
as the temperature sensing element is produced by hand or 
by nanofabrication piece by piece. Therefore, confirmation 
tests and multipoint measurements are difficult to achieve. 
Furthermore, a plate-shaped cantilever used in a known 
scanning force microscope within a scanning electron 
microscope causes the following problems: when scanning 
electron microscopy observation is performed perpendicu 
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larly to the sample, the cantilever blocks the observation 
point, so that it is difficult to observe the sample, and to 
identify the observation point. 
0016. It is expected that miniaturization of the cantilever 
using a three-dimensional structure composed of silicon fine 
wires will improve the sensitivity in mass spectrometry and 
force detection. However, in this technology, damage Such 
as crystal defects in the vicinity of the Surface significantly 
affects the Q factor as a mechanical oscillator. Such damage 
in the vicinity of the surface must be reduced. In particular, 
when the three-dimensional structure composed of silicon 
fine wires is formed by reactive ion etching (anisotropic 
etching), the damage such as crystal defects is increased. 
Therefore, it is important to study etching techniques. 

0017. In view of the above situation, it is an object of the 
present invention to provide a highly-reliable three-dimen 
sional structure composed of silicon ultrafine wires, a 
method for producing the same, and a device including the 
SaC. 

0018. In order to achieve the above object, the present 
invention provides the following: 
0019 1 A three-dimensional structure composed of 
silicon fine wires including wires on the order of nanometers 
to micrometers formed by wet etching utilizing the crystal 
linity of a single-crystal material. 
0020 2. The three-dimensional structure composed of 
silicon fine wires according to 1 above, being a fine coil 
composed of a plurality of the wires. 

0021 (3) A device including a three-dimensional struc 
ture composed of silicon fine wires, wherein a magnetic field 
is generated or detected with a fine coil composed of a 
plurality of wires on the order of nanometers to micrometers 
formed by wet etching utilizing the crystallinity of a single 
crystal material. 
0022 4A device including a three-dimensional struc 
ture composed of silicon fine wires, wherein the temperature 
in a minute area is measured using the temperature-depen 
dent resistance variation of a fine coil composed of a 
plurality of wires on the order of nanometers to micrometers 
formed by wet etching utilizing the crystallinity of a single 
crystal material. 
0023 5. The device including a three-dimensional struc 
ture composed of silicon fine wires according to 4 above, 
wherein the fine coil is used in visualization of the tempera 
ture distribution of planar samples, visualization of the 
temperature distribution and metabolism of biological mate 
rials, and mapping of the temperature distribution of elec 
tronic devices. 

0024 6 A device including a three-dimensional struc 
ture composed of silicon fine wires, wherein the interaction 
or the change in force or mass on the atomic level is detected 
utilizing the change in amplitude, phase, or self-excited 
frequency of an oscillator composed of a plurality of wires 
on the order of nanometers to micrometers formed by wet 
etching utilizing the crystallinity of a single-crystal material. 

0025 7. A device including a three-dimensional struc 
ture composed of silicon fine wires, wherein a sample 
having a specific particle size is trapped in a network 
structure composed of a plurality of wires on the order of 
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nanometers to micrometers formed by wet etching utilizing 
the crystallinity of a single-crystal material. 
0026 8 The device including a three-dimensional struc 
ture composed of silicon fine wires according to 7 above, 
being a filter to absorb a specific substance, the filter being 
formed by modifying the surface of the network structure. 
0027 9. The device including a three-dimensional struc 
ture composed of silicon fine wires according to 7 above, 
wherein the network structure is an elastic body as a whole 
so that the structure is elastic. 

0028 10 The device including a three-dimensional 
structure composed of silicon fine wires according to 7 
above, wherein the network structure is a three-dimensional 
optical filter, a grating, or a shielding window. 
0029 11. The device including a three-dimensional 
structure composed of silicon fine wires according to 7 
above, wherein the network structure is a resistor having a 
grid structure, thereby providing an electrical circuit net 
work. 

0030 12A device including a three-dimensional struc 
ture composed of silicon fine wires, wherein the three 
dimensional structure composed of a plurality of wires on 
the order of nanometers to micrometers formed by wet 
etching utilizing the crystallinity of a single-crystal material, 
and a tip or a block formed at an intersection of the wires by 
the wet etching is used as a probe or a mass to provide the 
structure with predetermined vibration characteristics. 
0031 13 A device including a three-dimensional struc 
ture composed of silicon fine wires, wherein the device 
includes a microscope tip with which an observation portion 
is readily observed, the tip composed of a plurality of wires 
on the order of nanometers to micrometers formed by wet 
etching utilizing the crystallinity of a single-crystal material. 
0032) 14 A method for producing a three-dimensional 
structure composed of silicon fine wires, the method includ 
ing the steps of preparing a silicon-on-insulator (SOI) Sub 
strate having a surface composed of the {100 surface of 
silicon single-crystals thereon; forming a silicon oxide film 
on a part of an SOI layer of the SOI substrate; forming a 
silicon nitride film on the silicon oxide film and the a part of 
the SOI layer; removing a part of the silicon nitride film to 
expose the SOI layer Such that elongated shapes are repeat 
edly arranged so as to be parallel to the <110> direction; 
removing the exposed SOI layer portions by wet etching; 
thermally oxidizing the 111 surface exposed by the wet 
etching to form a thermally-oxidized film; removing a part 
of the remaining silicon nitride film and wet etching the 
newly exposed SOI layer to form an array of silicon fine 
wires; and removing a buried oxide film of the SOI substrate 
to form silicon fine wires that can be independently oscil 
lated. 

0033 15 The method for producing a three-dimensional 
structure composed of silicon fine wires according to 14 
above, wherein proximal ends of the silicon fine wires are 
formed so as to have different shapes on the two lateral sides 
of each fine wire. 

0034 16. The method for producing a three-dimensional 
structure composed of silicon fine wires according to 14 
above, wherein the silicon fine wires are processed such that 
each One wire has the same length. 
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0035) 17 The method for producing a three-dimensional 
structure composed of silicon fine wires according to 14 
above, wherein the silicon fine wires are processed such that 
each fine wire has different length. 
0036) 18 A method for producing a three-dimensional 
structure composed of silicon fine wires, the method includ 
ing the steps of preparing an SOI substrate having a surface 
composed of the {100) surface of silicon single-crystals 
thereon; forming a silicon nitride film on an SOI layer of the 
SOI substrate; removing a part of the silicon nitride film to 
expose the SOI layer Such that elongated shapes are repeat 
edly arranged so as to be parallel to the <110> direction; 
removing the exposed SOI layer portions by wet etching; 
thermally oxidizing the 111 surface exposed by the wet 
etching to form a thermally-oxidized film; removing a part 
of the remaining silicon nitride film and wet etching the 
newly exposed SOI layer to form an array of silicon fine 
wires; and removing a buried oxide film of the SOI substrate 
to form silicon fine wires that can be independently oscil 
lated. 

0037) 19 The method for producing a three-dimensional 
structure composed of silicon fine wires according to 18 
above, wherein proximal ends of the silicon fine wires are 
formed so as to have different shapes on the two lateral sides 
of each fine wire. 

0038 20) The method for producing a three-dimensional 
structure composed of silicon fine wires according to 18 
above, wherein the silicon fine wires are processed such that 
each fine wire has the same length. 
0039. 21. The method for producing a three-dimensional 
structure composed of silicon fine wires according to 18 
above, wherein the silicon fine wires are processed such that 
each fine wire has different length. 
0040 22 The method for producing a three-dimensional 
structure composed of silicon fine wires according to 14 
above, wherein the three-dimensional structure includes 
probes. 

0041) 23. The method for producing a three-dimensional 
structure composed of silicon fine wires according to 22 
above, wherein the probes are singly-supported beams. 

0042 24 The method for producing a three-dimensional 
structure composed of silicon fine wires according to 23 
above, wherein the singly-supported beams are cantilevers 
for an atomic force microscope. 
0043. 25. The method for producing a three-dimensional 
structure composed of silicon fine wires according to 22 
above, wherein the probes are doubly-supported beams. 

0044) 26 The method for producing a three-dimensional 
structure composed of silicon fine wires according to 18 
above, wherein the three-dimensional structure includes 
probes. 

0045 27 The method for producing a three-dimensional 
structure composed of silicon fine wires according to 26 
above, wherein the probes are singly-supported beams. 

0046 28 The method for producing a three-dimensional 
structure composed of silicon fine wires according to 27 
above, wherein the singly-supported beams are cantilevers 
for an atomic force microscope. 



US 2006/0273445 A1 

0047 29. The method for producing a three-dimensional 
structure composed of silicon fine wires according to 26 
above, wherein the probes are doubly-supported beams. 
0.048 30 A three-dimensional structure composed of 
silicon fine wires produced by the method for producing a 
three-dimensional structure composed of silicon fine wires 
according to 14 above. 
0049 31 A three-dimensional structure composed of 
silicon fine wires produced by the method for producing a 
three-dimensional structure composed of silicon fine wires 
according to 18 above. 
0050. In other words, the present invention provides the 
following features: 
0051 (1) A coil can be formed using a plurality of silicon 
fine wires. The coil can be used as a fine coil to generate or 
detect a magnetic field. 
0.052 (2) A coil can be formed using a plurality of silicon 
fine wires. The temperature in a minute area can be mea 
Sured utilizing the temperature-dependent resistance varia 
tion of the coil. The coil can also be used in visualization of 
the temperature distribution of planar samples, visualization 
of the temperature distribution and metabolism of biological 
materials, and mapping of the temperature distribution of 
electronic devices. 

0053 (3) An oscillator can be formed using a plurality of 
silicon fine wires. The interaction or the change in force or 
mass on the atomic level can be detected utilizing the change 
in amplitude, phase, or self-excited frequency of the oscil 
lator. 

0054 (4) A network structure can be formed using a 
plurality of silicon fine wires. The network structure can be 
used to trap a sample having a specific particle size. 

0.055 (5) A network structure can be formed using a 
plurality of silicon fine wires. The network structure 
achieves a filter to absorb a specific Substance by modifying 
the surface thereof. 

0056 (6) A network structure can be formed using a 
plurality of silicon fine wires to function as an elastic body 
as a whole. The network structure achieves an elastic body 
less Susceptible to damage. 

0057 (7) A network structure can be formed using a 
plurality of silicon fine wires. The network structure 
achieves a three-dimensional optical filter, a grating, and a 
shielding window. 

0.058 (8) A network structure can be formed using a 
plurality of silicon fine wires. The network structure forms 
a resistor having a grid shape to achieve an electrical circuit 
network. 

0059 (9) A structure of up to three-dimensions can be 
formed using a plurality of silicon fine wires. A tip or a block 
can be formed at an intersection of the silicon fine wires by 
wet etching. The tip or the block can be used as a probe or 
a mass, thereby providing a structure having predetermined 
vibration characteristics. 

0060 (10) Singly-supported beams composed of silicon 
fine wires are provided, in which the crystallinity of silicon 
is utilized and no damage such as crystal defects occurs. 
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0061 (11) Singly-supported beams in which proximal 
ends of the fine wires functioning as probes have different 
shapes on the two lateral sides of each fine wire are 
provided. Such singly-supported beams can be produced 
inexpensively by a simple process that omits a step of 
forming a silicon oxide film. The singly-supported beams 
have a durable structure because the proximal ends of the 
singly-supported beams have an asymmetrical shape. 
0062 (12) Singly-supported beams having excellent 
probe characteristics and the same length are provided. 
0063 (13) Singly-supported beams having excellent 
probe characteristics and a different length are provided. 
0064 (14) Doubly-supported beams composed of silicon 
fine wires are provided, in which the crystallinity of silicon 
is utilized and no damage such as crystal defects occurs. 
0065 (15) Doubly-supported beams having excellent 
probe characteristics and the same length are provided. 
0066 (16) Doubly-supported beams having excellent 
probe characteristics and a different length are provided. 
0067 (17) A three-dimensional structure having singly 
Supported beams or doubly-supported beams composed of 
silicon fine wires and having excellent probe characteristics 
is provided. 

SUMMARY OF THE INVENTION 

BRIEF DESCRIPTION OF THE DRAWINGS 

0068 A more complete appreciation of the invention and 
many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by refer 
ence to the following detailed description when considered 
in connection with the accompanying drawings, wherein: 
0069 FIG. 1 is a schematic view of a device having a tip 
Supported by a plurality of fine wires according to an 
embodiment of the present invention. 
0070 FIG. 2 is a perspective view of an oscillator 
(device) having a tip Supported by a plurality of fine wires 
according to an embodiment of the present invention. 
0071 FIG. 3 is a perspective view of a fine coil (device) 
composed of a plurality of fine wires according to an 
embodiment of the present invention. 
0072 FIG. 4 is a perspective view of an oscillator 
(device) having tips Supported by two doubly-supported fine 
wires according to an embodiment of the present invention. 
0.073 FIG. 5 is a perspective view of a fine coil (device) 
having a grid structure composed of fine wires according to 
an embodiment of the present invention. 
0074 FIG. 6, according to an embodiment of the present 
invention, is a perspective view of an oscillator (device) 
having a tip Supported by a plurality of fine wires and used 
to detect the temperature-dependent resistance variation. 
0075 FIG. 7 is a drawing showing a resistance bridge in 
FIG. 6. 

0.076 FIG. 8 is a schematic view of a fine coil (device) 
to which a modulation function can be added, according to 
an embodiment of the present invention. 
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0.077 FIG. 9 shows cantilevers functioning as probes 
composed of silicon fine wires according to an embodiment 
of the present invention. 
0078 FIG. 10 shows a production process (No. 1) of the 
cantilevers (singly-supported beams composed of fine 
wires) shown in FIG. 9. 
0079 FIG. 11 shows a production process (No. 2) of the 
cantilevers (singly-supported beams composed of fine 
wires) shown in FIG. 9. 
0080 FIG. 12 shows a production process (No. 3) of the 
cantilevers (singly-supported beams composed of fine 
wires) shown in FIG. 9. 
0081 FIG. 13 shows a production process (No. 4) of the 
cantilevers (singly-supported beams composed of fine 
wires) shown in FIG. 9. 
0082 FIG. 14 shows a production process (No. 5) of the 
cantilevers (singly-supported beams composed of fine 
wires) shown in FIG. 9. 
0.083 FIG. 15 shows cantilevers functioning as probes 
composed of silicon fine wires according to a first modifi 
cation of the embodiment of the present invention. 
0084 FIG. 16 shows cantilevers functioning as probes 
composed of silicon fine wires according to a second modi 
fication of the embodiment of the present invention. 
0085 FIG. 17 shows cantilevers functioning as probes 
composed of silicon fine wires according to an embodiment 
of the present invention. 
0.086 FIG. 18 shows a production process (No. 1) of the 
cantilevers functioning as probes composed of silicon fine 
wires shown in FIG. 17. 

0087 FIG. 19 shows a production process (No. 2) of the 
cantilevers functioning as probes composed of silicon fine 
wires shown in FIG. 17. 

0088 FIG. 20 shows a production process (No. 3) of the 
cantilevers functioning as probes composed of silicon fine 
wires shown in FIG. 17. 

0089 FIG. 21 shows cantilevers functioning as probes 
composed of silicon fine wires according to a modification 
of the embodiment of the present invention. 
0090 FIG. 22 shows doubly-supported beams function 
ing as probes composed of silicon fine wires according to an 
embodiment of the present invention. 
0091 FIG. 23 shows a production process (No. 1) of the 
doubly-supported beams functioning as probes composed of 
silicon fine wires shown in FIG. 22. 

0092 FIG. 24 shows a production process (No. 2) of the 
doubly-supported beams functioning as probes composed of 
silicon fine wires shown in FIG. 22. 

0093 FIG. 25 shows a production process (No. 3) of the 
doubly-supported beams functioning as probes composed of 
silicon fine wires shown in FIG. 22. 

0094 FIG. 26 shows a production process (No. 4) of the 
doubly-supported beams functioning as probes composed of 
silicon fine wires shown in FIG. 22. 
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0.095 FIG. 27 shows doubly-supported beams of fine 
wires functioning as probes composed of silicon fine wires 
according to a modification of the embodiment of the 
present invention. 
0096 FIG. 28 shows doubly-supported beams (wherein 
proximal ends of the fine wires have different shapes on the 
two lateral sides of each fine wire) functioning as probes 
composed of silicon fine wires according to an embodiment 
of the present invention. 
0097 FIG. 29 shows a production process (No. 1) of the 
doubly-supported beams (wherein the proximal ends of the 
fine wires have different shapes on the two lateral sides of 
each fine wire) as functioning probes composed of silicon 
fine wires shown in FIG. 28. 

0.098 FIG. 30 shows a production process (No. 2) of the 
doubly-supported beams (wherein the proximal ends of the 
fine wires have different shapes on the two lateral sides of 
each fine wire) as functioning probes composed of silicon 
fine wires shown in FIG. 28. 

0099 FIG. 31 shows a production process (No. 3) of the 
doubly-supported beams (wherein the proximal ends of the 
fine wires have different shapes on the two lateral sides of 
each fine wire) as functioning probes composed of silicon 
fine wires shown in FIG. 28. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0.100 Embodiments of the present invention will now be 
described with reference to the drawings. 
0101 FIG. 1 is a schematic view of a device having a tip 
Supported by a plurality of fine wires according to an 
embodiment of the present invention. 
0102) In this figure, reference numeral 1 indicates a 
cantilever base, reference numeral 2 indicates a plurality of 
fine wires, reference numeral 3 indicates a tip, and reference 
numeral 4 indicates a sample. 
0.103 As shown in the figure, since the tip 3 is supported 
by a plurality of fine wires on the order of nanometers 
(hereinafter abbreviated as nano) to micrometers, the obser 
vation portion of the sample 4 is not blocked. As a result, the 
portion being observed with the tip 3 can be readily observed 
with an optical microscope or a scanning microscope. 
0.104) The present inventors have already proposed a fine 
mechanical oscillator formed using a semiconductor mate 
rial, a method for producing the same, and a measuring 
device including the same in the above-cited Patent Docu 
ment 1. FIG. 2 is a perspective view of an oscillator (device) 
having a tip Supported by a plurality of fine wires according 
to an embodiment of the present invention. 
0105. In this figure, reference numeral 100 indicates an 
oscillator base, reference numerals 101 and 102 indicate two 
fine wires, and reference numeral 103 indicates a tip formed 
at the intersection of the two fine wires 101 and 102. FIG. 
3 is a perspective view of a fine coil (device) composed of 
a plurality of fine wires according to an embodiment of the 
present invention. 
0106. In this figure, reference numeral 200 indicates a 
fine coil base, and reference numeral 201 indicates a fine coil 
composed of V-shaped fine wires. 
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0107 FIG. 4 is a perspective view of an oscillator 
(device) having tips Supported by two doubly-supported fine 
wires according to an embodiment of the present invention. 
0108. In this figure, reference numeral 300 indicates 
oscillator bases disposed at both sides, reference numerals 
301 and 302 indicate two fine wires extending from the 
oscillator bases 300 disposed at both sides thereof, respec 
tively, and reference numeral 303 indicates tips formed at 
the intersection of the two fine wires 301 and 302. 

0109) Alternatively, double coils composed of the two 
doubly-supported fine wires may be formed without forming 
the tips 303 shown in FIG. 4. 
0110 FIG. 5 is a perspective view of a fine coil (device) 
having a grid structure composed of fine wires according to 
an embodiment of the present invention. 
0111. In this figure, reference numeral 400 indicates a 
fine coil base, and reference numeral 401 indicates a fine coil 
having a grid structure composed of fine wires. This device 
can also be formed in three-dimensional structure. FIG. 6, 
according to an embodiment of the present invention, is a 
perspective view of an oscillator (device) having a tip 
supported by a plurality of fine wires and used to detect the 
temperature-dependent resistance variation. FIG. 7 is a 
drawing showing a resistance bridge thereof. 
0112 In this figure, reference numeral 500 indicates a 
cantilever support, reference numeral 501 indicates a plu 
rality of fine wires, and reference numeral 502 indicates a 

0113. In this embodiment, each of the cantilevers com 
posed of the fine wires 501 is doped with boron to provide 
electrical conductivity. In addition, the resistance bridge 
shown in FIG. 7 is formed at the cantilever support 500. As 
a result, the resistance variation due to the temperature of the 
cantilever can be detected. Because of the significantly low 
heat capacity, this device can provide high sensitivity and 
response frequency. In FIG. 7, symbol r, represents the 
resistance of a plurality of the fine wire portions, and symbol 
r and symbol r- represent the resistances of the cantilever 
support 500. 
0114. According to a method for producing the above 
devices shown in FIGS. 2 to 6, for example, single-crystal 
silicon is etched with potassium hydroxide (KOH) to pro 
vide a fine wire composed of a plurality of crystal faces. An 
example of Such a fine wire is composed of two silicon 
{111 surfaces and a silicon 100 surface. 
0115 Silicon single-crystals have the 111 surface and 
its equivalent Surfaces disposed in two or more directions. 
Therefore, depending on the combination of the crystal 
faces, a fine wire having different axial directions can be 
produced by etching the single-crystal silicon. 

0116 Furthermore, depending on the combination of fine 
wires having different orientations and fine wires parallel to 
each other, a one-dimensional line and various two or three 
dimensional structures. Such as a coil structure, a grid 
structure, a network structure, and an oscillator structure, 
can be achieved. Such a three-dimensional structure is 
produced using a multilayered structure composed of for 
example, silicon and silicon oxide by masking appropriate 
areas according to whether the areas are to be etched or not. 
The structures produced by the present invention can be 
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used as a beam, a V-shaped coil, a V-shaped resistor, a grid 
structure, and a three-dimensionally linked structure. In any 
case, in known methods, these structures are made by hand 
or by combining plate-shaped components. In contrast, the 
present invention provides the following advantages: The 
structure can be miniaturized, a plurality of the structures 
can be produced at the same time, the structure can be 
produced with high uniformity, the structure can be pro 
duced three-dimensionally, the frequency of the structure 
can be increased, and oscillation loss of the structure can be 
decreased. 

0.117) The above beam can be used as a stylus, a singly 
supported beam, or a probe. The V-shaped coil can be used 
as a fine coil. 

0118. The V-shaped resistor can be used as a probe for 
temperature mapping in a minute area by utilizing the 
temperature-dependent resistance variation. 
0119) The grid structure can be used as a physical filter or 
a physical and chemical filter by modifying the Surface 
thereof. In addition, the grid structure, which is a kind of 
sponge structure, can achieve a predetermined elasticity, and 
functions as a filter that selects light depending on the 
direction or the wavelength. Furthermore, when the structure 
is vibrated, the structure functions as an optical modulation 
element. The absorption of a specific Substance can be 
detected as a change in vibration characteristics of the 
structure by combining the filter function of the specific 
substance with the oscillator function. 

0.120. In the structure composed of fine wires, the inside 
of the fine wires is used as a waveguide for light or a 
waveguide for oscillation, thereby controlling the propaga 
tion of the light or the oscillation. 
0.121. As described above, fine wires on the order of nano 
to micrometers can be achieved by wet etching utilizing the 
crystallinity of silicon etc., and a three-dimensional structure 
using the fine wires as elements can be achieved. This 
technology allows elements such as an oscillator, a net, a 
coil, a heat-generating loop, a filter, and a magnetic sensor 
on the order of microns to Submicrons to be produced. As a 
result, the oscillator can detect force or mass, the net can trap 
a sample having a specific particle size, the coil can generate 
a fine magnetic field or can detect Such a magnetic field, and 
the heat-generating loop can measure the temperature dis 
tribution of a sample. 
0.122 This method is applicable to mass production of a 
three-dimensional structure composed of millions to hun 
dreds of millions of fine wires. 

0123 FIG. 8 is a schematic view of a fine coil (device) 
to which a modulation function can be added, according to 
an embodiment of the present invention. 
0.124. In this figure, reference numeral 600 indicates a 
fine coil support, reference numeral 601 indicates a fine coil 
composed offine wires, and reference numeral 602 indicates 
a sample. 
0.125. In this embodiment, when current flows in the fine 
coil 601 composed of fine wires, the fine coil 601 can detect 
the Lorentz force or its gradient due to the magnetic field of 
the sample 602 as a force applied in the oscillation direction. 
0.126 This device allows a magnetic profile to be mea 
Sured without using the characteristics of a magnetic tip. 
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Furthermore, a modulation function Such as modulation of 
the current, which cannot be added to known magnetic tips, 
can be added to this device. 

0127. The present invention is applicable to a scanning 
probe microscope, oscillation measurement, analysis of 
characteristics of Surfaces and interfaces, an electric circuit, 
a mass detector, an electrical circuit network, a Substance 
trapping filter, and an elastic material. The present invention 
is also applicable to the measurements of temperature, the 
temperature distribution of electronic devices, and the tem 
perature distribution and metabolism of biological materials. 
0128. In the following aspect of the present invention, the 
wording "a cantilever generally represents a cantilever used 
in an atomic force microscope, and the wording “a probe' 
represents a probe which is not limited to the cantilever used 
in the atomic force microscope, but represents an element 
used for various applications such as mass detection and 
magnetic field detection. 
0129 FIG. 9 shows cantilevers functioning as probes 
composed of silicon fine wires according to an embodiment 
of the present invention. FIG. 9(a) is a perspective view 
thereof, FIG. 9(b) is a plan view thereof, and FIG. 9(c) is 
a cross-sectional view taken along line L-L in FIG. 9(b). 
0130. In this figure, reference numeral 701 indicates a 
handling wafer, reference numeral 702 indicates a buried 
oxide film, reference numeral 703 indicates a silicon-on 
insulator (SOI) layer, and reference numeral 707 indicates 
silicon fine wires (cantilevers composed of singly-supported 
beams), which are formed by utilizing the crystallinity of the 
SOI layer 703. 
0131) A method for producing the cantilevers (singly 
supported beams composed of fine 30 wires) will now be 
described with reference to FIGS. 10 to 14. 

0132 (1) FIG. 10(a-1) is a plan view and FIG. 10(a-2) 
is a perspective view. As shown in these figures, in Step S1, 
the buried oxide film 702 is formed on the handling wafer 
701, and the SOI layer 703 is formed on the buried oxide 
film 702. Herein, arrow A indicates the <100> direction and 
arrow B indicates the <110> direction. 

0133) (2) FIG. 10(b-1) is a plan view and FIG. 10(b-2) 
is a perspective view. As shown in these figures, in Step S2, 
a silicon oxide (SiO) film 704 is formed on a part of the SOI 
layer 703. 
0134) (3) FIG. 10(c-1) is a plan view and FIG. 10(c-2) is 
a perspective view. As shown in these figures, in Step S3, a 
silicon nitride (SiN) film 705 is deposited thereon. 
0135 (4) FIG. 1(d-1) is a plan view, FIG. 11(d-2) is a 
cross-sectional view taken along line A-A in FIG. 11(d-1), 
and FIG. 11(d-3) is a cross-sectional view taken along line 
B-B in FIG. 11(d-1). As shown in these figures, in Step S4, 
the silicon nitride (SiN) film 705 is patterned to form 
parallel rectangular windows such that an edge 704A of the 
silicon oxide (SiO) film 704 appears in each window. The 
long sides of each rectangular window are parallel to the 
<110> direction. 

0136. As shown in FIG. 11(d-4), the windows may be 
opened at one end. As shown in FIG. 11(d-5), the windows 
may be opened at both ends. As shown in FIG. 11(d-6), the 
windows may be opened at the other end. 
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0.137 (5) FIG. 12(e-1) is a plan view, FIG. 12(e-2) is a 
cross-sectional view taken along line C-C in FIG. 12(e-1), 
and FIG. 12(e-3) is a cross-sectional view taken along line 
D-D in FIG. 12(e-1). As shown in these figures, in Step S5, 
the SOI layer 703 that is exposed in the windows is 
Subjected to wet etching with an alkaline solution using the 
silicon nitride (SiN) film 705 as the mask, thus forming 
recesses defined by <111 > surfaces 703A. 
0138 (6) FIG. 12(f1) is a plan view, FIG. 12(f2) is a 
cross-sectional view taken along line E-E in FIG. 12(f1), 
and FIG. 12(f3) is a cross-sectional view taken along line 
F-F in FIG. 12(f1). As shown in these figures, in Step S6, 
the resultant wafer is thermally oxidized. As a result, the 
exposed <111 > surfaces 703A of the silicon are protected 
with a thermally-oxidized film 706. 
0139 (7) FIG. 13(g-1) is a plan view, FIG. 13(g-2) is a 
cross-sectional view taken along line G-G in FIG. 13(g-1), 
and FIG. 13(g-3) is a cross-sectional view taken along line 
H-H in FIG. 13(g-1). As shown in these figures, in Step S7. 
a part of the silicon nitride (SiN) film 705 is removed. 
Although the figures show a case in which the silicon nitride 
(SiN) film 705 partly remains, the entire silicon nitride 
(SiN) film 705 may be removed. 
0140 (8) FIG. 13(h-1) is a plan view and FIG. 13(h-2) 
is a cross-sectional view taken along line I-I in FIG. 13(h-1). 
As shown in these figures, in Step S8, Second wet etching is 
performed using the thermally-oxidized film 706 as the 
mask. Consequently, as shown in FIG. 13(h-2), SOI layers 
703 having a substantially triangular cross-section are 
formed on the buried oxide film 702, one surface of each 
SOI layer 703" being protected with the thermally-oxidized 
film 706. 

0141 (9) FIG. 14(i-1) is a plan view and FIG. 14(i-2) is 
a cross-sectional view taken along line J-J in FIG. 14(i-1). 
As shown in these figures, in Step S9, the thermally oxidized 
film 706 formed in Step S6, the silicon nitride (SiN) film 
705 partly left in Step S7, and the silicon oxide (SiO) film 
704 are removed. As a result, the wire-shaped SOI layers 
703 having a substantially triangular cross-section are 
formed. 

0142 (10) FIG. 14(i-1) is a plan view and FIG. 14(j-2) 
is a cross-sectional view taken along line K-K in FIG. 
14(i-1). As shown in these figures, in Step S10, the wire 
shaped SOI layers 703'cantilevers (singly-supported 
beams) having a substantially triangular cross-section are 
processed to have a predetermined length for example, by 
reactive ion etching (RIE). 
0143 (11) Finally, FIG. 14(k-1) is a plan view and FIG. 
14(k-2) is a cross-sectional view taken along line L-L in 
FIG. 14(k-1). As shown in these figures, in Step S11, the 
buried oxide film 702 disposed under the wire-shaped SOI 
layers 703 having a substantially triangular cross-section is 
removed to separate the SOI layers 703'. Thus, silicon fine 
wires cantilevers (singly-supported beams)707 can be 
formed from the wire-shaped SOI layers 703 having a 
Substantially triangular cross-section. The silicon fine wires 
707 are formed by utilizing the crystallinity of a single 
crystal material, and each of the silicon fine wire 707 has the 
same length. 
0144. As described above, the method for producing a 
three-dimensional structure composed of silicon fine wires 
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includes the steps of preparing an SOI substrate having a 
surface composed of the 100 surface of silicon single 
crystals thereon; forming a silicon oxide film 704 on a part 
of an SOI layer 703 of the SOI substrate; forming a silicon 
nitride film 705 on the SOI layer 703 and the silicon oxide 
film 704; removing a part of the silicon nitride film 705 to 
expose the SQI layer 703 such that elongated shapes are 
repeatedly arranged side-by-side so as to be parallel to the 
<110>direction; removing the exposed SOI layer 703 by wet 
etching with an alkaline solution; thermally oxidizing the 
(111) surfaces 703A exposed by the wet etching to form a 
thermally-oxidized film 706; removing a part of the remain 
ing silicon nitride film 705; wet etching the newly exposed 
SOI layer 703 with an alkaline solution; removing the 
thermally-oxidized film 706 of the resultant SOI layers 703' 
having a Substantially triangular cross-section, the remain 
ing silicon nitride film 705, and the silicon oxide film 704; 
forming an array of silicon fine wires; processing the silicon 
fine wires such that the silicon fine wires have a predeter 
mined length; and removing a buried oxide film 702 of the 
SOI substrate to form silicon fine wires cantilevers (singly 
supported beams composed of fine wires)707 that can be 
independently oscillated. 

0145 FIG. 15 shows cantilevers functioning as probes 
composed of silicon fine wires according to a first modifi 
cation of the embodiment of the present invention FIG. 
15(a) is a perspective view thereof, FIG. 15(b) is a plan 
view thereof, and FIG. 15(c) is a cross-sectional view taken 
along line M-M in FIG. 15(b). 
0146 In this embodiment, proximal ends of the silicon 
fine wires cantilevers (singly-supported beams composed 
of fine wires)708 are aligned. However, the silicon fine 
wires 708 are formed such that the length of each fine wire 
gradually changes from one to the next. Other structures are 
the same as those of the above silicon fine wires. 

0147 FIG. 16 shows cantilevers functioning as probes 
composed of silicon fine wires according to a second modi 
fication of the embodiment of the present invention. FIG. 
16(a) is a perspective view thereof, FIG. 16(b) is a plan 
view thereof, and FIG. 16(c) is a cross-sectional view taken 
along line N-N in FIG. 16(b). 

0148. In this embodiment, distal ends of silicon fine wires 
cantilevers (singly-supported beams composed of fine 
wires)709 are formed on the same line, whereas the proxi 
mal ends of the silicon fine wires form a slanted shape. As 
a result, the length of each fine wire gradually changes from 
one to the next. Other structures are the same as those of the 
above silicon fine wires. 

0149. As described above, according to the present 
invention, singly-supported beams composed of silicon fine 
wires that Suffer no damage Such as crystal defects can be 
formed by utilizing the crystallinity of silicon, in contrast to 
a known example in which cantilevers are formed by 
anisotropic etching (such as RIE) regardless of the crystal 
linity of silicon. 
0150 FIG. 17 shows cantilevers functioning as probes 
composed of silicon fine wires according to an embodiment 
of the present invention. FIG. 17(a) is a perspective view 
thereof, FIG. 17(b) is a plan view thereof, and FIG. 17(c) 
is a cross-sectional view taken along line H-H in FIG. 17(b). 
In this figure, reference numeral 801 indicates a handling 
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wafer, reference numeral 802 indicates a buried oxide film, 
reference numeral 803 indicates an SOI layer, and reference 
numeral 806 indicates silicon fine wires (cantilevers com 
posed of singly-supported beams), which are formed by 
utilizing the crystallinity of the SOI layer 803. 
0151. A method for producing the cantilevers (singly 
supported beams in which proximal ends of the fine wires 
have different shapes on the two lateral sides of each fine 
wire) will now be described with reference to FIGS. 18 to 
20. 

0152 (1) FIG. 18(a-1) is a plan view and FIG. 18(a-2) 
is a perspective view. As shown in these figures, in Step S1, 
the buried oxide film 802 is formed on the handling wafer 
801, and he SOI layer 803 is formed on the buried oxide film 
802. Herein, arrow A indicates the <100> direction and 
arrow B indicates the <110> direction. 

0153 (2) FIG. 18(b-1) is a plan view and FIG. 18(b-2) 
is a perspective view. As shown in these figures, in Step S2, 
a silicon nitride (SiN) film 804 is formed on the SOI layer 
8O3. 

0154 (3) FIG. 18(c-1) is a plan view and FIG. 18(c-2) is 
a cross-sectional view taken along line A-A in FIG. 18(c-1). 
As shown in these figures, in Step S3, the silicon nitride 
(SiN) film 804 is patterned to form parallel rectangular 
windows such that the SOI layer 803 appears in each 
window. The long sides of the rectangular windows are 
parallel to the <110> direction. 
O155 (4) FIG. 18(d-1) is a plan view and FIG. 18(d-2) 
is a cross-sectional view taken along line B-B in FIG. 
18(d-1). As shown in these figures, in Step S4, wet etching 
is performed with an alkaline Solution using the silicon 
nitride (SiN) film 804 as the mask, thus forming recesses 
defined by <111> surfaces 803A. 
0156 (5) FIG. 19(e-1) is a plan view and FIG. 19(e-2) is 
a cross-sectional view taken along line C-C in FIG. 19(e-1). 
As shown in these figures, in Step S5, the resultant wafer is 
thermally oxidized. As a result, the exposed <111 > surfaces 
803A of the silicon are protected with a thermally-oxidized 
film 805. 

O157 (6) FIG. 19(f1) is a plan view and FIG. 19(f2) is 
a cross-sectional view taken along line D-D in FIG. 19(f1). 
As shown in these figures, in Step S6, the silicon nitride 
(Si3N4) film 804 is partly removed such that the silicon 
nitride (SiN) film 804 remains at both ends of the rectan 
gular windows. 
0158 (7) FIG. 19(g-1) is a plan view and FIG. 19(g-2) 
is a cross-sectional view taken along line E-E in FIG. 
19(g-1). As shown in these figures, in Step S7, second wet 
etching is performed using the thermally-oxidized film 805 
as the mask. Consequently, SOI layers 803'singly-sup 
ported beams in which proximal ends of the fine wires 
functioning as probes have different shapes on the two 
lateral sides of each fine wire having a substantially trian 
gular cross-section are formed on the buried oxide film 802. 
one surface of each SOI layer 803" being protected with the 
thermally-oxidized film 805. 

0159 (8) FIG. 200h-1) is a plan view and FIG. 20(h-2) 
is a cross-sectional view taken along line F-F in FIG. 
200h-1). As shown in these figures, in Step S8, the thermally 
oxidized film 805 formed in Step S5 and the silicon nitride 
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(SiN) film 804 remaining at both ends are removed. As a 
result, the wire-shaped SOI layers 803'singly-supported 
beams in which the proximal ends of the fine wires have 
different shapes on the two lateral sides of each fine wire 
having a substantially triangular cross-section are formed. 
0160 (9) FIG.20(i-1) is a plan view and FIG.20(i-2) is 
a cross-sectional view taken along line G-G in FIG. 200i-1). 
As shown in these figures, in Step S9, the wire-shaped SOI 
layers 803 having a Substantially triangular cross-section 
are processed by, for example, RIE so as to have a prede 
termined length. 
0161 (10) Finally, FIG.20(i-1) is a plan view and FIG. 
200-2) is a cross-sectional view taken along line H-H in 
FIG. 200-1). As shown in these figures, in Step S10, the 
buried oxide film 802 disposed under the wire-shaped SOI 
layers 803 having a Substantially triangular cross-section is 
removed. Then, the wire-shaped SOI layers 803 having a 
Substantially triangular cross-section are separated from the 
handling wafer 801 to form singly-supported beams 806 in 
which the proximal ends of the fine wires have different 
shapes on the two lateral sides of each fine wire. 
0162 FIG. 21 shows cantilevers functioning as probes 
composed of silicon fine wires according to a modification 
of the embodiment of the present invention. FIG. 21(a) is a 
perspective view thereof, FIG. 21(b) is a plan view thereof, 
and FIG. 21(c) is a cross-sectional view taken along line I-I 
in FIG. 21(b). 
0163. In this embodiment, proximal ends of silicon fine 
wires cantilevers (singly-supported beams composed of 
fine wires)807 have different shapes on the two lateral sides 
of each fine wire. Furthermore, the silicon fine wires can 
tilevers (singly-supported beams composed of fine wires) 
807 are formed such that the length of each fine wire 
gradually changes from one to the next. Other structures are 
the same as those of the above silicon fine wires. 

0164. As described above, the singly-supported beams 
806 and 807 in which the proximal ends of the fine wires 
functioning as probes have different shapes on the two 
lateral sides of each fine wire can be produced inexpensively 
by a simple process that omits a step of forming a silicon 
oxide film. These singly-supported beams have a durable 
structure because the proximal ends of the singly-supported 
beams have an asymmetrical shape. Accordingly, singly 
Supported beams having durability against aging, not being 
easily broken, and utilizing the crystallinity of silicon can be 
formed. 

0165 FIG. 22 shows doubly-supported beams function 
ing as probes composed of silicon fine wires according to an 
embodiment of the present invention. FIG. 22(a) is a 
perspective view thereof, FIG. 22(b) is a plan view thereof, 
and FIG. 22(c) is a cross-sectional view taken along line 
K-K in FIG. 22(b). 
0166 In this figure, reference numeral 901 indicates a 
handling wafer, reference numeral 902 indicates a buried 
oxide film, reference numeral 903 indicates an SOI layer, 
and reference numeral 907 indicates silicon fine wires 
(doubly-supported beams), which are formed by utilizing 
the crystallinity of the SOI layer 903. 
0167 A method for producing the doubly-supported 
beams composed of fine wires will now be described with 
reference to FIGS. 23 to 26. 
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0168 (1) FIG. 23(a-1) is a plan view and FIG. 23(a-2) 
is a perspective view. As shown in these figures, in Step S1, 
the buried oxide film 902 is formed on the handling wafer 
901, and the SOI layer 903 is formed on the buried oxide 
film 902. Herein, arrow A indicates the <100> direction and 
arrow B indicates the <110> direction. 

0169 (2) FIG. 23(b-1) is a plan view and FIG. 23(b-2) 
is a perspective view. As shown in these figures, in Step S2, 
a silicon oxide (SiO) film 904 is formed by patterning both 
ends of the SOI layer 903. 
0170 (3) FIG. 23(c-1) is a plan view and FIG. 23(c-2) is 
a perspective view of FIG. 23(c-1). As shown in these 
figures, in Step S3, a silicon nitride (SiN) film 905 is 
deposited on the entire Surface. 
0171 (4) FIG. 24(d-1) is a plan view, FIG. 24(d-2) is a 
cross-sectional view taken along line A-A in FIG. 24(d-1), 
and FIG. 24(d-3) is a cross-sectional view taken along line 
B-B in FIG. 24(d-1). As shown in these figures, in Step S4, 
the silicon nitride (SiN) film 905 is patterned to form 
rectangular windows such that the silicon oxide (SiO2) film 
904 appear in both ends of each window. As shown in FIG. 
24(d-4), the shape of the windows may be opened at both 
ends, or as shown in FIG. 24(d-5), the shape of the windows 
may be opened at only the bottom end. 

0172 (5) FIG. 24(e-1) is a plan view, FIG. 24(e-2) is a 
cross-sectional view taken along line C-C in FIG. 24(e-1), 
and FIG. 24(e,-3) is a cross-sectional view taken along line 
D-D in FIG. 2:4(e-1). As shown in these figures, in Step S5, 
wet etching is performed with an alkaline Solution using the 
silicon nitride (SiN) film 905 as the mask, thus forming 
recesses defined by <111 > surfaces 903A. 
0173 (6) FIG. 25(f1) is a plan view, FIG. 25(f-2) is a 
cross-sectional view taken along line E-E in FIG. 25(f1), 
and FIG. 25(f3) is a cross-sectional view taken along line 
F-F in FIG. 25(f1). As shown in these figures, in Step S6, 
the resultant wafer is thermally oxidized using the silicon 
nitride (SiN) film 905 as the mask. As a result, the exposed 
<111 > surfaces 903A of the silicon are protected with a 
thermally-oxidized film 906. 

0.174 (7) FIG. 25(g-1) is a plan view, FIG. 25(g-2) is a 
cross-sectional view taken along line G-G in FIG. 25(g-1), 
and FIG. 25(g-3) is a cross-sectional view taken along line 
H-H in FIG. 25(g-1). As shown in these figures, in Step S7. 
the silicon nitride (SiN) film 905 is removed. 
0175 (8) FIG. 26(h-1) is a plan view and FIG. 26(h-2) 
is a cross-sectional view taken along line I-I in FIG. 26(h-1). 
As shown in these figures, in Step S8, Second wet etching is 
performed using the thermally-oxidized film 906 as the 
mask. Consequently, SOI layers 903" (doubly-supported 
beams functioning as probes) having a Substantially trian 
gular cross-section are formed on the buried oxide film 902, 
one surface of each SOI layer 903" being protected with the 
thermally-oxidized film 906. 

0176 (9) FIG. 26(i-1) is a plan view and FIG. 26(i-2) is 
a cross-sectional view taken along line J-J in FIG. 26(i-1). 
As shown in these figures, in Step S9, the thermally oxidized 
film 906 formed in Step S6 is removed. As a result, the 
wire-shaped SOI layers 903" (doubly-supported beams func 
tioning as probes) having a Substantially triangular cross 
section are formed. 
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0177 (10) FIG. 26(i-1) is a plan view and FIG. 26(j-2) 
is a cross-sectional view taken along line K-K in FIG. 
26(i-1). As shown in these figures, in Step S10, the buried 
oxide film 902 disposed under the wire-shaped SOI layers 
903' having a substantially triangular cross-section is 
removed. As a result, the wire-shaped SOI layers 903' 
having a Substantially triangular cross-section are separated 
from the handling wafer 901. Thus, probes 907, i.e., doubly 
Supported beams, composed of silicon fine wires utilizing 
the crystallinity of the SOI layer 903 are formed. 

0178 As described above, the method for producing a 
three-dimensional structure composed of silicon fine wires 
includes the steps of preparing an SOI substrate having a 
surface composed of the 100 surface of silicon single 
crystals thereon; forming a silicon oxide film 904 on both 
ends of an SOI layer 903 of the SOI substrate; forming a 
silicon nitride film 905 on the silicon oxide film 904; 
removing a part of the silicon nitride film 905 to expose the 
SOI layer 903 such that elongated shapes are repeatedly 
arranged side-by-side so as to be parallel to the <110> 
direction; removing the exposed SOI layer 903 by wet 
etching with an alkaline solution; thermally oxidizing the 
{111 surfaces 903A exposed by the wet etching; removing 
all of the remaining silicon nitride film 905; wet etching the 
newly exposed SOI layer 903 with an alkaline solution; 
forming an array of silicon fine wires; and removing a buried 
oxide film 902 of the SOI substrate to form silicon fine wires 
907 that can be independently oscillated. 

0179 FIG. 27 shows doubly-supported beams of fine 
wires functioning as probes composed of silicon fine wires 
according to a modification of the embodiment of the 
present invention. FIG. 27(a) is a perspective view thereof, 
FIG. 27(b) is a plan view thereof, and FIG. 27(c) is a 
cross-sectional view taken along line L-L in FIG. 27(b). 

0180. In this embodiment, the doubly-supported beams 
composed of fine wires 908 are formed such that the length 
of each fine wire gradually changes from one to the next. 
Other structures are the same as those of the above silicon 
fine wires. 

0181. As described above, according to the present 
invention, doubly-supported beams composed of silicon fine 
wires that Suffer no damage Such as crystal defects can be 
formed by utilizing the crystallinity of silicon, in contrast to 
a known method in which doubly-supported beams are 
formed by anisotropic etching (Such as RIE) regardless of 
the crystallinity of silicon. 

0182 FIG. 28 shows doubly-supported beams (wherein 
proximal ends of the fine wires have different shapes on the 
two lateral sides of each fine wire) functioning as probes 
composed of silicon fine wires according to an embodiment 
of the present invention. FIG. 28(a) is a perspective view 
thereof, FIG. 28(b) is a plan view thereof, and FIG. 28(c) 
is a cross-sectional view taken along line G-G in FIG. 28(b). 
In this figure, reference numeral 1001 indicates a handling 
wafer, reference numeral 1002 indicates a buried oxide film, 
reference numeral 1003 indicates an SOI layer, and refer 
ence numeral 1006 indicates silicon fine wires (doubly 
supported beams) in which the proximal ends have different 
shapes on the two lateral sides of each fine wire, the silicon 
fine wires being formed by utilizing the crystallinity of the 
SOI layer 1003. 
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0183. A method for producing the doubly-supported 
beams composed of fine wires will now be described with 
reference to FIGS. 29 to 31. 

0184 (1) FIG. 29(a-1) is a plan view and FIG. 29(a-2) 
is a perspective view. As shown in these figures, in Step S1, 
the buried oxide film 1002 is formed on the handling wafer 
1001, and the SOI layer 1003 is formed on the buried oxide 
film 1002. Herein, arrow Aindicates the <100> direction and 
arrow B indicates the <110> direction. 

0185 (2) FIG. 29(b-1) is a plan view and FIG. 29(b-2) 
is a perspective view. As shown in these figures, in Step S2, 
a silicon nitride (SiN) film 1004 is formed on the entire 
surface of the SOI layer 1003. 
0186 (3) FIG. 29(c-1) is a plan view and FIG. 29(c-2) is 
a cross-sectional view taken along line A-A in FIG. 29(c-1). 
As shown in these figures, in Step S3, the silicon nitride 
(SiN) film 1004 is patterned to form rectangular windows. 
0187 (4) FIG. 30(d-1) is a plan view and FIG. 30(d-2) 
is a cross-sectional view taken along line B-B in FIG. 
30(d-1). As shown in these figures, in Step S4, wet etching 
is performed with an alkaline Solution using the silicon 
nitride (SiN) film 1004 as the mask, thus forming recesses 
defined by <111> surfaces 1003A. 
0188 (5) FIG.30(e-1) is a plan view and FIG.30(e-2) is 
a cross-sectional view taken along line C-C in FIG. 30(e-1). 
As shown in these figures, in Step S5, the resultant wafer is 
thermally oxidized using the silicon nitride (SiN) film 
1004 as the mask. As a result, the exposed <111 > surfaces 
1003A of the silicon are protected with a thermally-oxidized 
film 1005. 

0189 (6) FIG.30(f1) is a plan view and FIG.30(f2) is 
a cross-sectional view taken along line D-D in FIG. 30(f1). 
As shown in these figures, in Step S6, the silicon nitride 
(SiN) film 1004 is partly removed such that the length of 
the removed portion is shorter than the length of the rect 
angular windows. 
0.190 (7) FIG. 31(g-1) is a plan view and FIG. 31(g-2) 
is a cross-sectional view taken along line E-E in FIG. 
31(g-1). As shown in these figures, in Step S7, second wet 
etching is performed using the thermally-oxidized film 1004 
as the mask. Consequently, SOI layers 1003" (doubly-sup 
ported beams functioning as probes) having a substantially 
triangular cross-section are formed on the buried oxide film 
1002, one surface of each SOI layer 1003' being protected 
with the thermally-oxidized film 1005. 
0191 (8) FIG. 31(h-1) is a plan view and FIG. 31(h-2) 
is a cross-sectional view taken along line F-F in FIG. 
31(h-1). As shown in these figures, in Step S8, the thermally 
oxidized film 1005 formed in Step S5 and the silicon nitride 
(SiN) film 1004 are removed. As a result, the wire-shaped 
SOI layers 1003" (doubly-supported beams) having a sub 
stantially triangular cross-section are formed. 
0.192 (9) FIG. 31(i-1) is a plan view and FIG. 31(i-2) is 
a cross-sectional view taken along line G-G in FIG. 31 (i-1). 
As shown in these figures, in Step S9, the buried oxide film 
1002 disposed under the wire-shaped SOI layers 1003 
having a Substantially triangular cross-section is removed. 
As a result, silicon fine wires (doubly-supported beams) 
1006 having different shapes on the two lateral sides of each 
fine wire are formed by utilizing the crystallinity of the SOI 
layer 1003. 
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0193 As described above, the silicon fine wires (doubly 
supported beams) 1006 having different shapes on the two 
lateral sides of each fine wire can be produced inexpensively 
by a simple process that omits a step of forming a silicon 
oxide film. These doubly-supported beams have a durable 
structure because the proximal ends of each doubly-Sup 
ported beam have an asymmetrical shape. Accordingly, 
doubly-supported beams having durability againstaging, not 
being easily broken, and utilizing the crystallinity of silicon 
can be formed. 

0194 The present invention is not limited to the above 
embodiments. Various modifications can be made based on 
the purpose of the present invention, and those modifications 
are not excluded from the scope of the present invention. As 
described above in detail, the present invention provides the 
following advantages. 
0.195 (A) An oscillator composed of fine wires can be 
achieved. As a result, the oscillation direction can be limited 
depending on the combination of the fine wires. In addition, 
since the fine wires have a smooth crystal face, the oscilla 
tion loss due to the Surface can be reduced. As a result, an 
oscillator having a high Q factor can be achieved. 
0196) (B) An oscillator composed of fine wires can be 
achieved. As a result, an oscillator wherein the decrease in 
characteristic frequency and the decrease in the Q factor are 
low even in a liquid can be achieved. Accordingly, an 
oscillator Suitable for higher sensitivity and high-speed 
detection can be achieved. 

0197) (C) An oscillator composed of fine wires can be 
achieved. The oscillator can be used as a coil that can 
generate a magnetic field or detect a magnetic field as 
Lorentz force in response to a current flow. 
0198 (D) A coil composed of fine fires can be achieved. 
As a result, the coil can detect the temperature-dependent 
resistance variation in the area where the coil is in contact 
with a sample. Thus, the temperature in a minute area of the 
sample can be measured. As a result, mapping of the 
temperature distribution of electronic devices and mapping 
of the distribution of the temperature and metabolism of 
biological materials can be achieved. Furthermore, since a 
large number of fine coils can be produced with high 
uniformity, confirmation tests and multipoint measurements 
can be performed. 
0199 (E) A network structure can be formed using a 
plurality of fine wires, thereby trapping samples having a 
specific particle size. 
0200 (F) A network structure can be formed using a 
plurality of fine wires. As a result, the network structure can 
achieve a filter to adsorb a specific Substance by modifying 
the surface thereof. This filter has chemical and physical 
selectivity. 
0201 (G) A network structure can be formed using a 
plurality of fine wires to function as an elastic body as a 
whole. 

0202 (H) A network structure can be formed using a 
plurality of fine wires, thereby achieving a three-dimen 
sional optical filter, a grating, and a shielding window. A 
three dimensional structure having a regular shape can be 
achieved, and therefore, selectivity depending on the direc 
tion and the wavelength can be obtained. An optical modu 
lation element can be achieved by vibrating the structure. 
0203 (I) A network structure can be formed using a 
plurality of fine wires. This network structure forms a 
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resistor having a grid shape to achieve an electrical circuit 
network. The electrical circuit network having the network 
structure can be achieved, thereby realizing a fine three 
dimensional body that can perform three-dimensional sens 
1ng. 

0204 (J) A structure of up to three-dimensions can be 
formed using a plurality of fine wires. A tip or a block can 
beformed at an intersection of the fine wires by wet etching. 
The tip or the block can be used as a probe or a mass, thereby 
providing a structure having predetermined vibration char 
acteristics. As a result, this structure can control the vibra 
tion characteristics, which can normally be controlled only 
with a macroscopic structure or a handmade three-dimen 
sional structure. Furthermore, this structure provides a high 
Q factor and high design flexibility. 

0205 (K) A cantilever composed of fine wires and a tip 
used in a scanning probe microscope can be formed. In 
optical microscopy or scanning electron microscopy per 
formed perpendicularly with respect to a sample, even the 
close vicinity of the tip can be directly observed using this 
cantilever. As a result, the relationship between the relative 
positions of microscope images can be obtained and each 
microscopy can be performed more readily. 

0206. In other words, the following can be achieved: (1) 
the generation of a magnetic field and the detection of a 
magnetic field by realizing a fine coil, and the improvement 
in detection sensitivity by modulating the current flowing in 
the coil; (2) temperature measurement and mapping by 
realizing a fine resistor; (3) the detection of mass and force 
on the atomic level by the achievement of a fine oscillator; 
(4) the achievement of an oscillator having a low oscillation 
loss and a low decease in frequency in liquid by realizing a 
fine oscillator, and the improvement of the sensitivity and 
increase in the frequency thereby; (5) physical and chemical 
filtering functions by a fine three-dimensional structure; (6) 
the achievement of an optical element composed of a fine 
three-dimensional structure; (7) a scanning probe micro 
Scope within an optical microscope or a scanning electron 
microscope wherein the field of view is not easily blocked; 
and (8) the improvement of confirmation test reliability and 
the achievement of multipoint measurements as a result of 
the production, with high uniformity, of a large number of 
the various structures or sensing elements mentioned above. 
0207 (L) In the present invention, singly-supported 
beams composed of silicon fine wires that Suffer no damage 
such as crystal defects can be formed by utilizing the 
crystallinity of silicon, in contrast to a known method in 
which singly-supported beams are formed by anisotropic 
etching (such as RIE) regardless of the crystallinity of 
silicon. 

0208 (M) Singly-supported beams in which proximal 
ends of the fine wires functioning as probes have different 
shapes on the two lateral sides of each fine wire are 
provided. Such singly-supported beams can be produced 
inexpensively by a simple process that omits a step of 
forming a silicon oxide film. These singly-supported beams 
have a durable structure because the proximal ends of the 
singly-supported beams have an asymmetrical shape. 
Accordingly, singly-supported beams having durability 
against aging, not being easily broken, and utilizing the 
crystallinity of silicon can be formed. 
0209 (N) Singly-supported beams having excellent 
probe characteristics and the same length can be readily 
formed. 
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0210 (O) Singly-supported beams having excellent 
probe characteristics and different length can be readily 
formed. 

0211 (P) Doubly-supported beams composed of silicon 
fine wires that suffer no damage such as crystal defects can 
beformed by utilizing the crystallinity of silicon, in contrast 
to a known method in which doubly-supported beams are 
formed by anisotropic etching (Such as RIE) regardless of 
the crystallinity of silicon. 
0212 (Q) Doubly-supported beams in which the proxi 
mal ends of the fine wires functioning as probes have 
different shapes on the two lateral sides of each fine wire are 
provided. These doubly-supported beams have a durable 
structure because the proximal ends of each doubly-Sup 
ported beam have an asymmetrical shape. Accordingly, 
doubly-supported beams having durability againstaging, not 
being easily broken, and utilizing the crystallinity of silicon 
can be formed. 

0213 (R) Doubly-supported beams having excellent 
probe characteristics and the same length can be readily 
formed. 

0214) (S) Doubly-supported beams having excellent 
probe characteristics and different length can be readily 
formed. 

0215 (T) A three-dimensional structure including singly 
Supported beams or doubly-supported beams composed of 
silicon fine wires, and having excellent probe characteristics 
can be produced. 

INDUSTRIAL APPLICABILITY 

0216) The present invention is suitable for reading out 
very high-density information, measuring mechanical or 
physical properties of minute samples, and measuring mag 
netism or atomic force with high resolution. The present 
invention is particularly useful as a measurement technology 
on the order of nanometers. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0217 Referring now to the drawings, wherein like ref 
erence numerals designate identical or corresponding parts 
throughout the several views. 
0218. Obviously, numerous modifications and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that within the 
Scope of the appended claims, the invention may be prac 
ticed otherwise than as specifically described herein. 

1. A three-dimensional structure composing silicon fine 
wires comprising two fine wires on the order of nanometers 
to micrometers formed by wet-etching utilizing the crystal 
linity of a single-crystal material, and a tip formed at an 
intersection of the two wires. 

2. The three-dimensional structure composing silicon fine 
wires according to claim 1, wherein the two wires form a 
fine coil. 

3. A device comprising a three-dimensional structure 
composing silicon fine wires, wherein a magnetic field is 
generated or detected with a fine coil comprising a plurality 
of fine wires on the order of nanometers to micrometers 
formed by wet etching utilizing the crystallinity of a single 
crystal material. 
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4. A device comprising a three-dimensional structure 
composing silicon fine wires, wherein the temperature in a 
minute area is measured using the temperature-dependent 
resistance variation of a fine coil comprising a plurality of 
fine wires on the order of nanometers to micrometers formed 
by wet etching utilizing the crystallinity of a single-crystal 
material. 

5. The device comprising a three-dimensional structure 
composing silicon fine wires according to claim 4, wherein 
the fine coil is used in visualization of the temperature 
distribution of planar samples, visualization of the tempera 
ture distribution and metabolism of biological materials, and 
mapping of the temperature distribution of electronic 
devices. 

6. A device comprising a three-dimensional structure 
composing silicon fine wires, wherein the interaction or the 
change in force or mass on the atomic level is detected 
utilizing the change in amplitude, phase, or self-excited 
frequency of an oscillator comprising a plurality of fine 
wires on the order of nanometers to micrometers formed by 
wet etching utilizing the crystallinity of a single-crystal 
material. 

7. A device comprising a three-dimensional structure 
composing silicon fine wires, wherein a sample having a 
specific particle size is trapped in a network structure 
comprising a plurality of fine wires on the order of nanom 
eters to micrometers formed by wet etching utilizing the 
crystallinity of a single-crystal material. 

8. The device comprising a three-dimensional structure 
composing silicon fine wires according to claim 7, being a 
filter to absorb a specific substance, the filter being formed 
by modifying the surface of the network structure. 

9. The device comprising a three-dimensional structure 
composing silicon fine wires according to claim 7, wherein 
the network structure is an elastic body as a whole so that the 
structure is elastic. 

10. The device comprising a three-dimensional structure 
composing silicon fine wires according to claim 7, wherein 
the network structure is a three-dimensional optical filter, a 
grating, or a shielding window. 

11. The device comprising a three-dimensional structure 
composing silicon fine wires according to claim 7, wherein 
the network structure is a resistor having a grid structure, 
thereby providing an electrical circuit network. 

12. A device comprising a three-dimensional structure 
composing silicon fine wires, wherein the three-dimensional 
structure comprises a plurality of fine wires on the order of 
nanometers to micrometers formed by wet etching utilizing 
the crystallinity of a single-crystal material, and a tip or a 
block formed at an intersection of the fine wires by the wet 
etching is used as a probe or a mass to provide the structure 
with predetermined vibration characteristics. 

13. A device comprising a three-dimensional structure 
composing silicon fine wires, wherein the device comprises 
a microscope tip with which an observation portion is 
readily observed, the tip comprising a plurality of fine wires 
on the order of nanometers to micrometers formed by wet 
etching utilizing the crystallinity of a single-crystal material. 


