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(57) ABSTRACT 

A method of manufacturing nano?bers Which use self 
organiZation Which has a process of placing silicon micro 
crystal grains comprising the same element as the substrate 
on the surface of a substrate, a process of heating the 
previously noted substrate in a vacuum until the surface of 
the substrate reaches a melting temperature Whereby, the 
surface of the previously noted substrate is a crystal face and 
the method of manufacturing nano?bers causes numerous 
nanoWires to groW due to elements supplied from the 
substrate in the previously noted heating process by causing 
surface segregation to occur in the crystal faces Which 
placed microcrystal grains causing nano?ber having a stem 
shaped structure. 
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NANOFIBER AND METHOD OF 
MANUFACTURING NANOFIBER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention pertains to the ?eld of microstruc 
tures. More particularly, the invention pertains to a nano?ber 
and a method of manufacturing a nano?ber, particularly a 
method of manufacturing nano?ber formed using a sub 
strate. 

[0003] 2. Description of Related Art 

[0004] Since the discovery of carbon nanotubes as micro 
structures of an order of several nanometer (10'9 m), micro 
structures such as those of silicon (Si) and Germanium (Ge), 
etc., Which had already been discovered have been attracting 
attention once again in recent years. Previously knoWn 
metallic microstructures are the nanostructures of such 
things as bar-shaped silicon crystals, folded silicon Whis 
kers, cone-shaped germanium Whiskers and Gallium Ars 
enide (GaAs) Whiskers. 

[0005] These nanotubes and nanostructures have many 
industrial applications such as in emitter materials and 
materials for hyper?ne devices and they are eXpected to be 
important material to support the emerging “nanotechnol 
Ogy'” 

[0006] According to the previously noted articles, previ 
ously knoWn nanostructures of such things as silicon and 
germanium Which become semiconductors are manufac 
tured using vapor deposition liquid phase solid phase 
(Vapor—Liquid—Solid, hereafter referred to as VLS). In 
addition, a method of manufacturing silicon nanoWire With 
laser abrasion With semiconductor materials containing met 
als has been developed recently. 

[0007] HoWever, control of orientation of groWth of 
nanoWire manufactured With these methods is dif?cult. This 
nanoWire becomes a Wool-shaped structure, and it is dif?cult 
to manufacture nano?ber con?gured from numerous nanoW 
ires folloWing particular aXial directions. Because of this 
they had the disadvantage that it is dif?cult to obtain 
nano?bers With suitable con?gurations for material to be 
used in microelectronic devices. 

[0008] On the other hand, methods of manufacturing 
orientation controlled nano?ber have been developed in 
recent years, for eXample, carbon nanotubes oriented on 
silicon carbide. These utiliZed the chemical decomposition 
reaction on the surface of a SiC Wafer and When the SiO gas 
molecules generated in conjunction With the oxidation of the 
Wafer surface bubble, the crystalline structure of the residual 
carbon changes and is recon?gured as a carbon nanotube 
?lm. HoWever, this method produces many carbon nano 
tubes like “frost columns” and though they form a ?lm, this 
method is based on the idea of eliminating silicon atoms 
from a substrate and not for causing carbon nanotubes to 
form on a substrate. In addition, this is a method for 
manufacturing over a Wide area With mass-production in 
mind, and it is dif?cult to conceive of controlling manufac 
turing closely so that nanotubes can be made into ?ber in 
desired units. Thus, even though orientation can be con 
trolled someWhat this has the disadvantage that is it not 
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something Which Would suggest a method for manufacturing 
nano?bers Which have a desired diameter and length. 

SUMMARY OF THE INVENTION 

[0009] The purpose of this invention is to improve upon 
these faults of the prior art technology, particularly to 
provide nano?ber con?gured from numerous nanoWires 
groWn in a uniform direction, and a method of manufactur 
ing these nano?bers. 

[0010] In order to achieve the previously noted purpose, 
the invention provides a method of manufacturing nano? 
bers Which uses self-organiZation—a process of placing 
silicon microcrystal grains comprising the same element as 
a substrate on the surface of the substrate, and heating the 
previously noted substrate in a vacuum until the surface of 
the substrate reaches a melting temperature. The surface of 
the substrate is a crystal face, and in the previously noted 
heating process the method causes numerous nanoWires to 
groW due to elements supplied from the substrate, by caus 
ing surface segregation to occur in the crystal faces on Which 
Were placed microcrystal grains. This produces a nano?ber 
having a stem shaped structure. 

[0011] Here, “crystal face” refers to a uniform atom plane 
in Which atoms are orderly lined up and Which is described 
in crystallography by Miller indices. 

[0012] With the present invention, by making silicon 
microcrystal grains the kernels for groWth, one can specify 
places Where nanoWires Will be caused to groW due to 
self-organiZation, can line up nearly uniformly the direction 
that nanoWires Will groW due to self-organiZation, and can 
manufacture nano?bers comprising numerous nanoWires 
oriented in a speci?c aXial direction. 

[0013] In another embodiment of the method of the inven 
tion, a metal such as gold, but in any case different from the 
substrate, is deposited on the surface by a process of vapor 
deposition. The metal layer may be a monolayer. The 
deposition is done after the silicon microcrystal grains Were 
placed on the surface, but before the step of heating. Thus, 
the vapor deposition of the metal is performed on the crystal 
face at least Where the previously noted silicon microcrystal 
grains are not placed. 

[0014] With this invention the groWth of nanoWires can be 
accelerated because a metal, functions as a surfactant. Gold 
not only functions as a surfactant, but also functions to 
eliminate such things as oXides and carbides, etc., that 
adhere to the crystal face of a substrate, and controls and 
curbs the generation of such things as oXides. Thus, the gold 
layer can decrease the factors that in?uence the direction 
Which nanoWires groW and can improve the uniformity of 
the direction of such groWth. 

[0015] The invention may also include a heat dissipating 
step Which loWers substrate temperature after the heating 
process, and then further heat the material after the heat 
dissipating step, thereby forming joint portions in the 
nano?ber. 

[0016] The nano?ber produced by method of the invention 
comprises numerous silicon nanoWires Which are oriented 
and bundled in the same direction, and provided With a space 
betWeen nanoWires so that the nano?ber Will have a stylus 
shaped cross-sectional con?guration. 
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[0017] Anano?ber With a high aspect ratio can be realized 
With the present invention because it is con?gured from 
nanoWires With uniform direction. 

[0018] The nano?ber may also be formed With a joint 
portion shaped like a constriction Where the diameter is 
smaller. Joint portions manifest a binding effect Which binds 
nanoWires as nano?bers With this invention. 

[0019] The invention also teaches a method of manufac 
turing nano?bers Which use self-organiZation, using the 
steps of vapor depositing a monolayer of gold on the surface 
of a substrate; and heating the substrate in a vacuum until the 
surface of the substrate reaches a melting temperature. This 
causes the gold to vaporiZe and numerous nanoWires to groW 
due to elements supplied from the substrate, causing nano? 
ber having a stem shaped structure to form. 

[0020] The retention of such things as oxides on the 
substrate surface at the time of self organiZation of nanoW 
ires Which become hindrances When nano?ber is formed can 
be curbed and restrained With this invention. 

BRIEF DESCRIPTION OF THE DRAWING 

[0021] FIGS. 1a to 1c are abbreviated oblique vieW draW 
ings of the steps in an embodiment of the method of 
manufacturing nano?bers of this invention. 

[0022] FIG. 2 is an abbreviated cross-section of a silicon 
nano?ber formed from silicon Wire. 

[0023] FIG. 3 is an abbreviated draWing shoWing vertical 
cross section of a silicon nano?ber along the line 3-3 in FIG. 
2 

[0024] FIG. 4 is a photograph taken With an electron 
microscope shoWing a silicon nano?ber 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The present invention Will be explained in the 
folloWing, referring in this description to FIGS. 1 through 
4. 

[0026] FIGS. 1a-1c are abbreviated oblique vieW draW 
ings of the steps of the method of manufacturing nano?bers 
of this invention. In FIGS. 1a-1c, substrate 1 causes nanoW 
ires to groW and form nano?ber 4, and provides a crystalline 
surface Which is con?gured from the same element as 
nano?ber 4 Which is to be manufactured. 

[0027] The ?rst step in the method of manufacturing 
nano?bers of this invention (FIG. 1a) is placing microcrys 
tal grains 2, made of the same element as substrate 1, on the 
surface of substrate 1. 

[0028] The second step (FIG. 1b) is heating substrate 1 to 
a temperature Where the surface of substrate 1 melts, form 
ing an orderly arranged crystal face. 

[0029] In the heating process (FIG. 1c) numerous nanoW 
ires are caused to groW by virtue of elements supplied from 
the surface area melted of substrate 1 by causing surface 
segregation to occur in the crystal faces on Which Were 
placed microcrystal grains, causing nano?bers 4 having a 
stem-shaped structure to form. 

[0030] This method of manufacturing Was suggested from 
the phenomenon of materials of a different type such as 
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impurities that exist in crystals segregating on the interfaces 
of crystals When three dimensional crystals are heated. That 
is to say, forming crystalline interfaces only in areas Where 
microcrystal grains 2 are placed by placing microcrystal 
grains 2 on the surface of this substrate 1 When the surface 
of substrate 1 is arranged so that it Will be a crystal face With 
atoms arranged in an orderly fashion as the ?rst stage. By 
heating substrate 1 so that it reaches a temperature Where the 
substrate surface melts, surface segregation is generated in 
the crystal interface causing elements located in the surface 
of substrate 1 to concentrate in areas Where microcrystal 
grains 2 exist. Then elements made ?uid by melting are 
supplied to nanoWire 5 (FIGS. 2 and 3) Which is groWing 
by self-organiZation and ultimately congeal at the tip 5a 
(FIG. 3) of nanoWire 5. Because of this, the direction that 
nanoWire 5 projects from the Will folloW direction (111). 

[0031] Here, self-organiZation refers to organiZation main 
taining given conditions by controlling factors Which 
endeavor to develop a structure and factors Which endeavor 
to restrict its development. In the method of manufacturing 
described earlier, We set the factor endeavoring to develop 
structure as the furnishing to the microcrystal grains 2 of 
elements constituting substrate 1 induced in surface segre 
gation in the previously noted heating process. The action of 
elements constituting substrate 1 to maintain equilibrium 
positions Was selected as the factor endeavoring to restrict 
development, for example, the action to maintain uniform 
distance betWeen adjacent elements. These factors can be 
controlled by discontinuing heating. Another factor is the 
given conditions that microcrystal grains 2 congeal in the 
area placed. 

[0032] In addition, because such things as point defects, 
Which do not exist in an ideal solid, exist on the surface of 
substrate 1, there Was also the possibility that nanoWire 5 
might form With these point defects as the groWth kernel. 
HoWever, point defects are very Weak as factors inducing the 
generation of surface segregation and since the location 
Where they exist cannot be controlled they are not practical. 
Because of this, as described earlier, by placing microcrystal 
grains 2 on the crystal face side of substrate 1, this causes 
local crystal grain boundaries to form as factors inducing 
surface segregation. 

[0033] The previously noted method of manufacturing 
Will be described in greater detail, With reference to FIGS. 
2 and 3 and a speci?c embodiment of the invention. At the 
time of manufacturing, the material of substrate 1 causing 
nanoWire 5 to groW is preferably silicon monocrystals 
(hereafter referred to as silicon substrate). Here the silicon 
substrate 1 Would be a siZe With a surface area of 20 mm><5 
mm. In addition the surface of this silicon substrate 1 Was 
processed so that the arrangement of silicon crystals Would 
be surface (111). Finally, We used silicon microcrystal grains 
Which Were constituted With the same elements as silicon 
substrate 1 for the microcrystal grains 2 that Would be the 
groWth kernels of nano?ber 4. 

[0034] The placement process, vapor deposition process 
and heat process Will be explained respectively in the 
folloWing using FIGS. 1a-1c. 

[0035] As FIG. 1a shoWs, silicon microcrystal grains 2 
Were placed in the places Where silicon nano?bers 4 Were to 
groW on the (111) crystal face of silicon substrate 1. Here it 
is possible to control the diameter and cross-sectional con 
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?guration of the silicon nano?bers that Will grow With the 
size of the silicon microcrystal grain 2 that becomes the 
groWth kernel. For example, the siZe of silicon microcrystal 
grain 2 and the diameter of silicon nano?ber 4 become 
nearly equal and the cross-sectional con?guration of silicon 
nano?ber 4 easily approximates the cross-sectional con?gu 
ration of silicon microcrystal grain 2. Incidentally, the 
number of silicon nanoWires 5 per unit cross sectional area 
comprising silicon nano?ber 4 normally depends on tem 
perature and is not in?uenced by the siZe of silicon micro 
crystal grain 2 or the diameter of silicon nano?ber 4. 

[0036] Since the heating of silicon substrate 1 is conducted 
in a vacuum, a silicon substrate 1 Which has had the 
previously noted silicon microcrystal grain 2 placed is put in 
a vacuum chamber. When silicon substrate 1 is introduced 
into the vacuum the atmosphere inside the chamber is air. 
Then, after the silicon substrate has been introduced into the 
chamber the pressure in the vacuum chamber is reduced 
until it reaches an ultra high vacuum (UHV) Which is less 
than 1><10_7 Pa. 

[0037] Here, the vacuum pressure inside the vacuum 
chamber, assuming that the molecules of residual gases such 
as carbon (C) in the interior of the chamber adhere to the 
surface of the substrate, Will be at least 1><10_4 Pa or less so 
that it Will not cover all of the (111) face of silicon substrate 
1. For example, this is because if it is several Torr (1 Torr is 
approximately 1><102 Pa) there Will be residual carbon, SiC 
and oxides Will form on the surface of substrate 1, possibly 
becoming factors hindering the self-organiZation of silicon 
nanoWire 5. 

[0038] This is not restricted to a procedure in Which a 
silicon substrate 1 is introduced into a vacuum chamber for 
heating after silicon microcrystal grains 2 have been placed 
on silicon substrate 1. Needless to say, one may also use a 
device that can place silicon microcrystal grains 2 on a 
silicon substrate 1 in a heating device and then create a 
vacuum after introducing the silicon substrate in the heating 
device. 

[0039] In this embodiment, a process is provided Which 
vapor deposits metal 3 comprising an element Which differs 
from silicon microcrystal grains 2 on the surface of a silicon 
substrate 1 on Which silicon microcrystal grains 2 have been 
placed in a vacuum prior to heating silicon substrate 1. Here, 
the vapor deposition of metal 3 is done at least on a crystal 
face on Which silicon microcrystal grains 2 have not been 
placed. 

[0040] To be more speci?c, prior to the process of heating 
silicon substrate 1 metal 3 is vapor deposited on the crystal 
face of a silicon substrate 1 and this metal 3 acts as a 
surfactant and a vapor deposition process for groWing sili 
con ?ber nano?ber 4 is provided. Here a surfactant refers to 
a material furnished When a certain material is furnished to 
a surface Which is an object to be controlled and this material 
furnished controls the state of the surface by spreading over 
the surface. By vapor deposition of a metal Which is a 
surfactant it is possible to accelerate the surface segregation 
of silicon elements in the vicinity of an interface When 
heated., and here it is the a crystal face of silicon substrate 
1. 

[0041] In this embodiment gold (Au) Was used for the 
metal vapor deposited on silicon substrate 1. Amonolayer of 
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gold Was vapor deposited and as Will be discussed later, the 
vapor deposited gold Was caused to evaporate in a heating 
process causing numerous nanoWires 5 to groW due to 
elements supplied from a substrate, forming a nano?ber 4 
having a stem shaped structure. The amount deposited Was 
con?rmed by observation of the formation of a 6x6 structure 
on the surface using Re?ection high-energy electron diffrac 
tion (RHEED). 
[0042] The reason gold Was selected as the metal to be 
vapor deposited Was not only because of its feature as a 
surfactant. It Was because it manifested features that Would 
clean the crystal face such as eliminating residual carbon 
adhering to the (111) face of the silicon substrate and the 
suppressing or preventing the formation of oxides by caus 
ing the gold to evaporate. Thus, it can suppress such things 
as oxides etc. Which become hindrances When forming 
silicon nanoWire 5 from forming as a residue on the surface 
of the substrate When self-organiZing silicon nanoWire 5. 

[0043] The reason for choosing a monolayer Was because 
When thicker than a monolayer a solid phase reaction With 
silicon substrate 1 Would occur, the gold Would move and 
become a solid solution With the silicon substrate 1. That is 
to say because When normal vacuum vapor deposition is 
done With the gold, the vapor deposited gold, after it is 
adsorbed to the (111) face of the silicon substrate, gets into 
the interior of the silicon substrate so that it has signi?cantly 
inferior device properties compared to the original substrate. 
Thus since satisfactory substrate properties cannot be 
achieved With gold in solid solution, this must be avoided 
and We therefore made a monolayer. 

[0044] Here a metal that vaporiZes When the silicon sub 
strate 1 is heated in a vacuum, that is to say; one that has a 
boiling point or sublimation point that is loWer than the 
silicon substrate 1 in a vacuum may be selected. For 
example, besides gold silver may be used but from the 
aspect of cleaning gold is most suitable. 
[0045] FIG. 1c shoWs the heating process. Silicon sub 
strate 1 is heated by passing an electric current of 10A 
through it. It is heated for 200 minutes at 1000° C. This is 
done for the folloWing reasons. The surface of silicon Will 
melt at approximately 800° C. in a vacuum and it Will melt 
entirely When 1350° C. is exceeded. On the other hand, gold 
3 Which is vapor deposited on the (111) face of silicon 
substrate 1 Will begin to melt at 800° C. in a vacuum if the 
previously noted solid phase reaction has not occurred and 
Will vaporiZe at 1000° C. A solid phase reaction With the 
gold Will not occur at this time since gold Was vapor 
deposited in a monolayer as previously noted and after it has 
acted as a surfactant it vaporiZes. From the above, the vapor 
deposited gold is caused to evaporate and We set the heating 
temperature as 1000° C. as a temperature that Will cause 
only the surface area of silicon substrate 1 to melt. 

[0046] The temperature of the surface of silicon substrate 
1 Was measured With an infrared radiation temperature 
gauge because silicon substrate 1 Was in a vacuum chamber, 
and a method of maintaining a uniform heating temperature 
Was adopted based on the results of this measurement. Then 
by heating, the self organiZation of silicon nanoWire 5 Was 
stimulated and caused to groW, causing silicon nano?ber 4 
to form from numerous silicon nanoWires 5. The maximum 
of the vacuum pressure at the time of heating Was 6x10‘5 Pa. 

[0047] FIGS. 2 and 3 are abbreviated type draWings 
shoWing silicon nanoWires formed in the previously noted 
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heating process. FIG. 2 is an abbreviated drawing showing 
a cross-section of a silicon nano?ber formed from silicon 
Wire. FIG. 3 is an abbreviated draWing shoWing vertical 
cross section of a silicon nano?ber seen from the direction 
of 3-3 of FIG. 2. 

[0048] As previously noted a silicon nano?ber 4 forms in 
the portion Where silicon microcrystal grain 2 have been 
placed, corresponding to the diameter of those silicon micro 
crystal grain 2. At this time numerous silicon nanoWires 5 
are formed adjacent to each other as is shoWn in FIG. 2. 

[0049] As FIG. 3 shoWs, While the surface 1a of silicon 
substrate 1 melts due to heating, this lique?ed silicon rises 
due to the capillary action betWeen silicon Wires 5. After this 
lique?ed silicon reaches the tip 5a of silicon Wire 5 it 
congeals at tip 5a. Silicon nanoWires 5 groW due to the 
repetition of this process and in its turn silicon nano?ber 4 
forms. By manufacturing in this Way numerous nanoWires 5 
are prepared from silicon, these nanoWires 5 go in the same 
direct direction, aggregate in a bundle and nano?ber 4 
having a structure provided With gaps betWeen nanoWires 5 
so that its cross-sectional con?guration is stem shaped is 
obtained. 

[0050] Then since silicon nano?ber 4 groWs correspond 
ing to duration of heating time, the heating process is 
continued until the silicon ?ber 4 groWs to the desired 
length. This heating process is discontinued by stopping the 
How of electrical current through silicon substrate 1. When 
the How of electrical current is stopped after the current How 
has stopped the temperature drops from approximately 130° 
C. to 120° C. in 1 second and to approximately 50° C. in a 
minute. 

[0051] In one embodiment, a heat dissipating step is added 
Which loWers the temperature of the substrate after the 
previously noted heating process, and then a further heating 
step Was done after this heat dissipating process. To be more 
speci?c, after heating for 200 minutes as previously noted, 
the How of electric current is discontinued as the heat 
releasing process and then the silicon substrate is once again 
heated continuously. The substrate Was alloWed it to sit and 
heat to dissipate for 15 minutes after discontinuing heating. 
The vacuum pressure at this time Was 5x10‘7 Pa. Then the 
substrate Was again heated for 60 minutes. The vacuum 
pressure at the conclusion of the period of heating Was 
4x10 Pa. 

[0052] FIG. 4 shoWs a photograph taken With an electron 
microscope of silicon nano?ber 4 obtained When a heat 
releasing process is provided after a heating process and 
then another heating process is provided. When the heating 
is interrupted by the heat releasing period, the diameter of 
silicon nano?ber 4 Will be con?gured With small joint. When 
one does not Want this joint to form the silicon substrate 1 
is removed from the vacuum chamber after the heat releas 
ing process. The ring shape that is seen in FIG. 3 is the 
interface betWeen the areas of nano?ber 4 to Which surface 
silicon Was supplied and the areas to Which it Was not 
supplied in conjunction With melting. 

[0053] What functions as the binder Which binds numer 
ous silicon nanoWires 5 and makes silicon nano?ber 4 are 
the silicon nanoWires 5 in the peripheral portion and they 
achieve this by mutually melting or congealing. In addition 
to this, by making the previously noted joint portion, this 
binding effect is enhanced and strength improved. 
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[0054] While the vacuum pressure in each process in the 
previously noted embodiment differed, it Would be desir 
able, if possible, to make this uniform. 

[0055] Because this invention is con?gured and functions 
as previously noted, it is possible to specify the places Where 
nanoWires Will form from self-organiZation by using micro 
crystal grains for groWth kernels, make the direction of 
groWth due to self-organiZation of nanoWires uniform and 
manufacture nano?bers comprised of numerous nanoWires 
oriented a speci?c aXial direction. 

[0056] In addition it is possible to accelerate the groWth of 
nanoWire With the invention noted in claim 2 because vapor 
deposited metal functions as a surfactant. 

[0057] Further, With the invention noted in claims 3 and 4, 
vapor deposited gold not only functions as a surfactant, since 
it also functions to eliminate such things as oXides and 
carbides etc. that adhere to the crystal face of a substrate and 
controls and curbs the generation of such things as oXides, 
it can decrease the factors that in?uence the direction Which 
nanoWires groW and can improve the uniformity of the 
direction of such groWth. 

[0058] With the invention noted in claim 5 joint portions 
in the nano?ber can be formed Where desired. 

[0059] A nano?ber With a high aspect ration can be 
realiZed With the invention noted in claim 6 because it is 
con?gured from nanoWires With uniform direction. 

[0060] Joint portions manifest a binding effect Which 
binds nanoWires as nano?bers With invention noted in claim 
7. 

[0061] The retention of such things as oXides on the 
substrate surface at the time of self organiZation of nanoW 
ires Which become hindrances When nano?ber is formed can 
be curbed and restrained With the invention of claim and a 
nano?ber comprising nanoWires With good directionality 
can be provided. 

[0062] Accordingly, it is to be understood that the embodi 
ments of the invention herein described are merely illustra 
tive of the application of the principles of the invention. 
Reference herein to details of the illustrated embodiments is 
not intended to limit the scope of the claims, Which them 
selves recite those features regarded as essential to the 
invention. 

Table of Reference Numbers 

silicon substrate 
a surface of silicon substrate crystal 

silicon microcrystal grain 
metal 
silicon nano?ber 
silicon nanoWire 
tip of silicon nanoWire 

What is claimed is: 
1. A method of manufacturing nano?bers on a substrate 

comprising the steps of: 

a) placing silicon microcrystal grains of the same element 
as the substrate on a surface of the substrate; 
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b) heating said substrate in a vacuum until the surface of 
the substrate reaches a melting temperature, such that 
the surface of said substrate is a crystal face; 

such that nanoWires are caused to grow due to elements 
supplied from the substrate in the heating process by 
causing surface segregation to occur in the crystal face. 

2. The method of claim 1, further comprising the step, 
before step (b), depositing onto the surface of the substrate 
by vapor deposition in a vacuum, a metal comprising an 
element different from the silicon rnicrocrystal grains, at 
least Where said silicon rnicrocrystal grains are not placed. 

3. The method of claim 2, Wherein the metal Which is 
vapor deposited on the substrate is gold. 

4. The method of claim 2, in Which the metal is vapor 
deposited in a rnonolayer. 

5. The method of claim 1, further comprising the steps, 
after step (b), of 

dissipating heat to loWers a substrate temperature after 
said heating step (b); and 

heating again, after the dissipating step. 
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6. A nano?ber comprised of numerous nanoWires, corn 
prising silicon Which is oriented and is bundled in a same 
direction as said nanoWires, provided With a space betWeen 
nanoWires, such that the nano?ber has a stern shaped cross 
sectional con?guration. 

7. The nano?ber of claim 6, having a joint portion shaped 
like a constriction Where a diameter is smaller. 

8. A method of manufacturing nano?bers on a substrate, 
comprising the steps of: 

a) vapor depositing a rnonolayer of gold on a surface of 
the substrate; 

b) heating said substrate in a vacuum until the surface of 
the substrate reaches a melting temperature, causing 
said gold to vaporiZe; 

such that nanoWires groW due to elements supplied from 
the substrate in said heating step, causing a nano?ber 
having a stern shaped structure to form. 


