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may emanate from the main nanowire at a substantially fixed distance
along a length of the main nanowire.
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TITLE

Branched nanowires and a method for manufacturing branched nanowires

FIELD OF THE INVENTION

Embodiments of the present invention relate to nanowires. In particular, they

relate to semiconductor nanowire structures.

BACKGROUND TO THE INVENTION

Nanowires are nanostructures that may be used to construct very small scale

circuits.

BRIEF DESCRIPTION OF VARIOUS EMBODIMENTS OF THE INVENTION

According to various, but not necessarily all, embodiments of the invention
there is provided an apparatus, comprising: a main nanowire having a first
portion and a second portion, the first portion having a first carrier
concentration and the second portion having a second carrier concentration,
different to the first carrier concentration; and a plurality of branch nanowires,

each branch nanowire emanating from the first portion of the main nanowire.

The main nanowire may be elongate and have a length. The plurality of
branch nanowires may emanate from the main nanowire at a substantially

fixed distance along the length of the main nanowire.

The main nanowire may comprise a junction that is substantially
perpendicular to the length of the main nanowire. The junction may separate
the first portion of the main nanowire and the second portion of the main

nanowire.
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At least a portion of each branch nanowire may have the first carrier
concentration. Each branch nanowire may comprise a junction separating the
portion having the first carrier concentration and a portion having a third

carrier concentration.

The third carrier concentration may be different to the first carrier
concentration and the second carrier concentration. The first carrier
concentration, the second carrier concentration and the third carrier
concentration may be such that at least one built in potential difference is
present across the apparatus.

According to various, but not necessarily all, embodiments of the invention
there is provided an apparatus, comprising: an elongate main nanowire
having a length; and a plurality of branch nanowires, each branch nanowire
emanating from the elongate main nanowire at a substantially fixed distance

along the length of the elongate main nanowire.

The substantially fixed distance may be at an end of the length of the elongate
main nanowire. Each branch nanowire may emanate from the end of the

length of the elongate main nanowire.

The apparatus may further comprise at least one junction separating nanowire
portions having different carrier concentrations.

The apparatus may comprise a junction separating first and second portions

in the elongate main nanowire having different carrier concentrations.

The apparatus may comprises a plurality of junctions. Each junction may
separate a branch nanowire portion having a first carrier concentration and an
elongate main nanowire portion having a second carrier concentration. Each
junction may be situated at an interface between a branch nanowire and the

elongate main nanowire. Alternatively, each junction may be situated at a
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position away from an interface between a branch nanowire and the elongate

main nanowire.

According to various, but not necessarily all, embodiments of the invention
there is provided a method, comprising: growing a main nanowire; and
applying further material to the main nanowire through an aperture in a mask,
in order to grow a plurality of branch nanowires, using the further material,

from the main nanowire.

The main nanowire may have a length. The aperture in the mask may enable
the further material to be applied to the main nanowire at a substantially fixed
distance along the length. The substantially fixed distance may be at an end
of the length of the main nanowire.

The main nanowire may be grown by applying material through the aperture
in the mask. The mask may restrict how the main nanowire grows. It may be
that the mask does not restrict how the branch nanowires grow from the main

nanowire. The main nanowire may be grown without using a mask.

A method may further comprise: growing the plurality of branch nanowires,

using the further material, from the main nanowire.

The main nanowire may be grown using electrodeposition. The branch

nanowires may be grown using a vapor liquid solid process.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of various examples of embodiments of the
present invention reference will now be made by way of example only to the
accompanying drawings in which:

Fig. 1 illustrates an apparatus and a cylindrical co-ordinate system,;

Fig. 2 illustrates a first two-dimensional schematic of an apparatus;
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Fig. 3 illustrates a second two-dimensional schematic of an apparatus;
Fig. 4 illustrates a method; and
Fig. 5 illustrates various stages in the growth of an apparatus.

DETAILED DESCRIPTION OF VARIOUS EXEMPLARLY EMBODIMENTS
OF THE INVENTION

The Figures illustrate an apparatus 10, comprising: an elongate main
nanowire 13 having a length L; and a plurality of branch nanowires 20, each
branch nanowire emanating from the elongate main nanowire 13 at a
substantially fixed distance along the length L of the elongate main nanowire
13.

The Figures also illustrate an apparatus 10, comprising: a main nanowire 13
having a first portion 18 and a second portion 14, the first portion 18 having a
first carrier concentration and the second portion 14 having a second carrier
concentration, different to the first carrier concentration; and a plurality of
branch nanowires 20, each branch nanowire emanating from the first portion

18 of the main nanowire 13.

Fig. 1 illustrates an apparatus 10. The apparatus 10 may, for example, be a
nanostructure. The nanostructure may be a nanocomponent for use in
circuitry. For instance, some or all of the apparatus 10 may be made from a

semiconductor material.

The apparatus 10 comprises a main nanowire 13 and a plurality of branch
nanowires 20. The main nanowire 13 and the branch nanowires 20 may be

integrally formed.

The main nanowire 13 may be elongate and may, for example, be roughly
cylindrical in shape. In the illustrated example, the main nanowire 13 has a

smooth, curved outer surface 15, although this need not be the case. The
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cylinder has a length L and a diameter/width D. The diameter/width D of the
main nanowire 13 may, for example, be somewhere between 300 nanometers
(nm) and 1 micron. The length L of the main nanowire 13 may be many times

larger than the diameter/width.

Fig. 1 also illustrates a cylindrical co-ordinate system (p, @, z) designated with
the reference numeral 30. The z-axis 32 defines a height relative to the origin
12 of the co-ordinate system 30. p defines a radial distance from the z-axis
32. ¢ defines an azimuth around the z-axis 32. x and y axes are also shown in
Fig. 1 for illustrative purposes. In this example, the azimuth ¢ is measured

counter-clockwise from the x-axis.

In this example, the origin 12 of the cylindrical co-ordinate system 30 is
considered to be at the centre of a surface 11 at the end of the main nanowire
13 (as shown in Fig. 1). In this instance, the surface 11 is a face at one end of
the length L of the main nanowire 13. The cylindrical co-ordinate system 30
may be used to define points within or around the apparatus 10.

Each one of the branch nanowires 20 may emanate from the main nanowire
13 at a substantially fixed distance along the length L of the main nanowire
13. For example, the branch nanowires 20 may emanate from a segment of
the main nanowire 13 that is defined by a substantially fixed value on the z-
axis 32 and variable values of p and ¢. Each of the branch nanowires 20 may,
for example, have a width/diameter that is somewhere between 2nm and
100nm.

In the example illustrated in Fig. 1, every one of the branch nanowires 20
emanates from a surface 17 at the end of the main nanowire 13. In this
instance, the surface 17 is a face at the end of the length L of the main
nanowire 13. The surface 17 effectively represents an interface between the

main nanowire 13 and the branch nanowires 20.
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Each branch nanowire 20 emanates from a different point on the surface 17.
For each of these points, z=L, and p and ¢ may take any one of a number of

values within the boundary of the surface 17.

The surface 17 from which the branch nanowires 20 emanate is at the
opposite end of the main nanowire 13 to the surface 11 where the origin of the

cylindrical co-ordinate system 30 is situated.

In some other embodiments of the invention, some of all of the branch
nanowires 20 may not emanate from the surface 17 at the end of the main
nanowire 13. For example, the branch nanowires 20 may emanate from a
segment of the main nanowire 13 that is defined by a substantially fixed value
on the z-axis that is not equal to L, and variable values of p and .
Alternatively, some or all of the branch nanowires 20 may emanate from the
outer surface 15 of the main nanowire 13, at various different points along the

z-axis 32.

Fig. 2 illustrates an example of a two-dimensional schematic of an apparatus
10 having the same form as that illustrated in Fig. 1. In this example, the main
nanowire 13 comprises a junction, which separates a first portion 18 of the
main nanowire 13 from a second portion 14 of the main nanowire 13. The
position of the junction is illustrated by a dotted line 16. In this example, the
junction 16 is substantially perpendicular to the length L of the main nanowire
13 and substantially parallel to the diameter/width D and the end surfaces 11,

17 of the main nanowire 13.

In this example, each (and every) one of the branch nanowires 20 also
comprises a junction. The junctions are illustrated by the dotted line 25 in Fig.
1. Each junction 25 separates a first portion 22 of a branch nanowire from a

second portion 24 of a branch nanowire.
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The junctions 16, 25 in the main nanowire 13 and the branch nanowires 20
may separate semiconductor materials of different types. For example, the
first portion 18 of the main nanowire 13 and the first portion 22 of the branch
nanowires 20 may be a first type of semiconductor material. The second
portion 14 of the main nanowire 13 may be a second type of semiconductor
material. The second portion 24 of the branch nanowires 20 may be a third
type of semiconductor material.

The first type of semiconductor material may have a first carrier concentration;
the second type of semiconductor material may have a second carrier
concentration; and the third type of semiconductor material may have a third

carrier concentration.

The first, second and third semiconductor materials may have the same “base
semiconductor material” (which may be, for example, a group IV
semiconductor such as silicon or germanium, or a compound semiconductor
including II-VI or 1ll-V semiconductors), but have different levels of doping
and/or different dopants. If the first, second and third semiconductor materials
have different levels of doping and/or different dopants, the first, second and
third carrier concentrations of the first, second and third semiconductor
materials are considered to be different.

For example, in some implementations, the apparatus 10 may have a p-i-n
structure. In these implementations, the third type of semiconductor material
(from which the second portion 24 of the branch nanowires 20 is formed) is a
p-type material. The first type of the semiconductor material (from which the
first portion 18 of the main nanowire 13 and the first portion 22 of the branch
nanowires 20 is formed) is an intrinsic semiconductor. The second type of
semiconductor material (from which the second portion 14 of the main

nanowire 13 is formed) is an n-type material.
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If the apparatus 10 has a p-i-n structure, the junctions 25 in the branch
nanowires 20 are p-i junctions and the junction 16 in the main nanowire 13 is

an i-n junction.

When the p-i junctions 25 are formed, holes from the p-type material diffuse
into the intrinsic material, leaving a depletion region in the p-type material.

The depletion region in the p-type material includes negatively charged ions.

When the i-n junction 16 is formed in the main nanowire 13, electrons from
the n-type material diffuse into the intrinsic material, leaving a depletion region
in the n-type material. The depletion region in the n-type material includes

positively charged ions.

An electric field from the positively charged ions in the n-type material to the
negatively charged ions in the p-type material means that the p-i-n structure

has a built-in potential.

The p-i-n structure effectively acts as a diode. If the p-i-n structure is forward
biased, it conducts electricity, allowing conventional current to flow from the p-
type material to the n-type material. Thus, if the apparatus 10 has a p-i-n
structure, it may be used as a summation node (to sum signals) in a circuit.
Alternatively, if the p-i-n structure is reverse biased, it generally does not

conduct electricity.

Alternatively, in other implementations, the apparatus 10 illustrated in Fig. 2
may have an n-i-p structure. In these implementations, the junctions 25 in the
branch nanowires 20 are n-i junctions and the junction 16 in the main
nanowire 13 is an i-p junction. The n-i-p structure effectively acts as a diode. If
the n-i-p structure is forward biased, it conducts electricity, allowing
conventional current to flow from the n-type material to the p-type material.

Thus, if the apparatus has a n-i-p structure, it may be used as a splitter node
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(to split signals) in a circuit. Alternatively, if the n-i-p structure is reverse
biased, it generally does not conduct electricity.

In further implementations, the apparatus 10 may have a p-n-p structure or an
n-p-n structure. In these implementations, the apparatus 10 may act as a
transistor, such as a field effect transistor or a bipolar transistor. A controlling
electrode may be provided to enable the apparatus 10 to function as a
transistor. For example, if the apparatus 10 is configured to function as a field
effect transistor, the controlling electrode may be a gate electrode. If the
apparatus 10 is configured to function as a bipolar transistor, the controlling
electrode may be a base electrode.

Fig. 3 illustrates a further example of a two-dimensional schematic of an
apparatus 10 having the same form as that illustrated in Fig. 1. In this
example, the branch nanowires 20 are formed of a first semiconductor
material and the main nanowire is formed of a second, different,

semiconductor material.

In this example, junctions are present at the interface 17 between each (and
every) branch nanowire 20 and the main nanowire 13. The junctions are
illustrated by the dotted line 19.

In some implementations of the invention, the branch nanowires 20 are made
from a p-type material and the main nanowire 13 is made from an n-type
material. In these implementations, the p-n structure effectively acts as a
diode. If the p-n structure is forward biased, it conducts electricity, allowing
conventional current to flow from the p-type material to the n-type material.
Thus, if the apparatus 10 has a p-n structure, it may be used as a summation

node (to sum signals) in a circuit.

In other implementations, the branch nanowires 20 are made from a n-type

material and the main nanowire 13 is made from an p-type material. In these
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implementations, the n-p structure effectively acts as a diode. If the np
structure is forward biased, it conducts electricity, allowing conventional
current to flow from the n-type material to the p-type material. Thus, if the
apparatus 10 has a n-p structure, it may be used as a splitter node (to split

signals) in a circuit.

The apparatuses 10 described above in relation to Figs 1, 2 and 3 may have
various different applications. For example, the apparatuses 10 may be used
in an artificial neural network or any other nanoelectronic architecture (for
example, as a summation node) or in nanosensor arrays where the branch
nanowires 20 may operate as individual sensors (for example, for the
detection of biological or chemical species) and their individual responses are

summed together at the interface with the main nanowire.

A method of manufacturing an apparatus 10 in accordance with embodiments

of the invention will now be described in relation to Fig. 4 and Fig. 5.

The first drawing on Fig. 5 (designated with the reference numeral 400)
illustrates a sandwich structure 80 comprising a substrate 70, a mask 50 and

a cathode 60 sandwiched between the substrate 70 and the mask 50.

The substrate 70 may, for example, be a silicon wafer or a glass slide. The
mask 50 may, for example, be a porous membrane such as an anodic
aluminum oxide film or a polycarbonate fiim. The cathode 60 may, for

example, be a sputtered or evaporated metal film.

An outer surface 51 of the mask 50 comprises a plurality of apertures/pores
52. Each aperture 52 defines an elongate chamber 54 that extends through
the mask 50 to the cathode 60.

At block 410 of the method illustrated in Fig. 4, a main nanowire 13 is grown

by applying a material through an aperture in the mask 50. This is shown
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illustratively by the drawing that is also designated with the reference numeral
410 in Fig. 5.

A plurality of main nanowires may be grown using a first growth process. In
this example, the first growth process is electrodeposition. A salt compound
that comprises a substance to be deposited into the chambers 54 of the mask
50 is dissolved in an electrolyte solution. For example, if one wishes to make
main nanowires from silicon, the salt compound is a silicon salt such as silicon
tetrachloride (SiCls). The salt compound is dissociated into its constituent
parts (Si** and 4Cly, in the case of SiCls) when it is in the electrolyte solution.

The cathode 60 of the structure 80 is one of two electrodes that form part of
an electrical circuit. The electrolyte solution contains ions which permit current

flow between the two electrodes.

The sandwich structure 80, comprising the cathode 60, and the other
electrode (the anode) are immersed in the electrolyte solution comprising the
dissolved salt compound. When a direct current is applied between the
cathode 60 and the anode, the cations in the electrolyte solution (silicon
cations in the case of SiCls) are attracted to the cathode 60. The cations travel
though the apertures 52 in the mask 50 and into the chambers 54 before
reaching the surface of the cathode 60. The cations are reduced at the
cathode 60, and thus deposit in elemental form (with no charge) in the
chambers 54 of the mask 50.

The acquisition of material (silicon, in this case) in the chambers 54 results in
a main nanowire 13 being formed in each chamber. Each of the chambers 54
effectively acts to restrict the direction of growth of each main nanowire 13,
such that a desired main nanowire shape is achieved. Each main nanowire 13
may be of the form illustrated in Figs 1, 2 and 3 and described above.
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In order to create a doped main nanowire 13 and/or a main nanowire 13
comprising a junction (and two differently doped portions), the salt compound
may be varied appropriately or an additional salt may be added to the
electrolyte solution.

At block 420 of Fig. 4, further material is applied to a main nanowire through
an aperture in the mask 50, in order to grow a plurality of branch nanowires,
using the further material, from the main nanowire. This is shown illustratively

by the drawing that is designated by the reference numeral 420 in Fig. 5.

The arrows 90 shown in drawing 420 in Fig. 5 illustrate the direction in which
the further material is applied to the main nanowires that have been grown in
the chambers 54. In this example, the further material is applied in a direction

that is substantially perpendicular to the outer surface 51 of the mask 50.

As the further material is applied while the mask 50 is still in position around
the main nanowires, the deposition of the further material is effectively
confined to a particular part of the surface area of each main nanowire. For
instance, the geometry of the mask 50 may be such that each aperture
enables the further material to be deposited on to a part of the main nanowire
13 that is a fixed distance along the length of the main nanowire 13. In this
example, the deposition is confined to an end surface 17 of each main
nanowire (see Figs 1, 2 and 3 and the description above).

The further material may, for example, comprise silicon. In some
embodiments of the invention, the further material comprises a catalyst. The
catalyst may, for example, be gold. The further material may be applied by

sputtering or evaporating a gold film, or depositing metal colloids.

After the further material has been applied to the main nanowires, a plurality
of branch nanowires 20 is grown from each branch nanowire using a second

growth process. The second growth process may, for example, be a vapor-
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liquid-solid process. The branch nanowires 20 may be doped and may
comprise semiconductor junctions, as described above in relation to Figs 1, 2
and 3.

The mask 50 may or may not remain in place while the branch nanowires 20
are grown. If the mask 50 is in place, it does not restrict the direction of growth
of the branch nanowires 20. The mask 50 may be removed by wet chemical

etching, before or after the branch nanowires 20 are grown.

The branch nanowires 20 grow outwardly from the surface 17 on the main
nanowire that the further material is applied to. The final drawing 430 in Fig. 5
illustrates the nanostructures 10 after the vapor-liquid-solid process has taken
place and after the mask 50 has been removed. Each nanostructure 10
comprises a main nanowire 13 and a plurality of branch nanowires 20. Each
of the nanostructures 10 may take the one of the forms described above in

relation to Fig 1, Fig. 2 and/or Fig 3.

The above described method advantageously allows a nanostructure 10 to be
formed where the each and every one of the branch nanowires 20 of the
nanostructure 10 emanates from a particular part of a main nanowire 13 (such
as from the end of the main nanowire 13). This advantageously enables a
junction to be defined in the main nanowire 13 that is situated away from the
interface between the branch nanowires 20 and the main nanowire 13,
enabling the nanostructure 10 to be used as a summation node or a splitter
node.

The illustration of the blocks in Fig 4 does not necessarily imply that there is a
required or preferred order for the blocks and the order and arrangement of
the block may be varied. Furthermore, it may be possible for some steps to be
omitted.
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Although embodiments of the present invention have been described in the
preceding paragraphs with reference to various examples, it should be
appreciated that modifications to the examples given can be made without
departing from the scope of the invention as claimed. For example, it will be
appreciated that the method of manufacturing a nanostructure 10 described
above is not necessarily the only method of manufacturing that nanostructure.

In alternative methods of manufacture, the main nanowire 13 and the branch
nanowires 20 of a nanostructure 10 such as those described in Figs 1, Fig. 2
and/or Fig. 3 may be grown using vapor-liquid-solid processes.

In some alternative methods of manufacture it is not necessary to put a mask
in place prior to growing the main nanowires 13. For example, in one
alternative method of manufacture, the main nanowires 13 are grown using a
vapor liquid solid process without a mask in place. After the main nanowires
13 have been grown, a mask may be put in place, for instance by spin-coating
a polymer fiim and oxygen plasma etching back to expose only the end
surfaces of the main nanowires 13. The further material (for use in the
growing branch nanowires 20) may then be applied to the end surfaces of the

main nanowires 13.

In another alternative method of manufacture, the main nanowire 13 is formed
using liquid alloy droplet comprising a metal (such as gold) and a
semiconductor (such as silicon). The branch nanowires 20 may be formed by
using a temperature change to cause a plurality of solid semiconductor nuclei
to form from the liquid alloy droplet. Each solid semiconductor nucleus forms
the seed for subsequent growth of a branch nanowire 20.

In some embodiments of the invention, the junction or junctions in the
apparatus 10 may be situated in positions other than those described in
relation to Figs 1, 2 and 3.
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As described above, in some embodiments of the invention, the branch
nanowires 20 and the main nanowire 13 of an apparatus 10 may be made
from the same “pbase semiconductor material”. In some alternate
embodiments of the invention, the branch nanowires 20 are formed from a
different base semiconductor material to the main nanowire 13, forming
heterostructures. The formation of heterostructures may enable an
appropriate band structure to be formed to control/restrict current flow in a

particular direction.

Features described in the preceding description may be used in combinations
other than the combinations explicitly described.

Although functions have been described with reference to certain features,
those functions may be performable by other features whether described or

not.

Although features have been described with reference to certain
embodiments, those features may also be present in other embodiments
whether described or not.

Whilst endeavoring in the foregoing specification to draw attention to those
features of the invention believed to be of particular importance it should be
understood that the Applicant claims protection in respect of any patentable
feature or combination of features hereinbefore referred to and/or shown in

the drawings whether or not particular emphasis has been placed thereon.
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CLAIMS

An apparatus, comprising:

a main nanowire having a first portion and a second portion, the first
portion having a first carrier concentration and the second portion having
a second carrier concentration, different to the first carrier concentration;
and

a plurality of branch nanowires, each branch nanowire emanating from

the first portion of the main nanowire.

An apparatus as claimed in claim 1, wherein the main nanowire is
elongate and has a length, and the plurality of branch nanowires
emanate from the main nanowire at a substantially fixed distance along

the length of the main nanowire.

An apparatus as claimed in claim 2, wherein the main nanowire
comprises a junction, substantially perpendicular to the length of the
main nanowire, which separates the first portion of the main nanowire

and the second portion of the main nanowire.

An apparatus as claimed in claim 1, 2 or 3, wherein at least a portion of

each branch nanowire has the first carrier concentration.

An apparatus as claimed in claim 4, wherein each branch nanowire
comprises a junction separating the portion having the first carrier

concentration and a portion having a third carrier concentration.

An apparatus as claimed in claim 5, wherein the third carrier
concentration is different to the first carrier concentration and the second

carrier concentration.
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An apparatus as claimed in claim 5 or 6, wherein the first carrier
concentration, the second carrier concentration and the third carrier
concentration are such that at least one built in potential difference is
present across the apparatus.

An apparatus, comprising:

an elongate main nanowire having a length; and

a plurality of branch nanowires, each branch nanowire emanating from
the elongate main nanowire at a substantially fixed distance along the
length of the elongate main nanowire.

An apparatus as claimed in claim 8, wherein the substantially fixed
distance is at an end of the length of the elongate main nanowire, and
each branch nanowire emanates from the end of the length of the

elongate main nanowire.

An apparatus as claimed in claim 8 or 9, further comprising at least one
junction separating nanowire portions having different carrier

concentrations.

An apparatus as claimed in claim 8, 9 or 10, wherein the apparatus
comprises a junction separating first and second portions in the elongate

main nanowire having different carrier concentrations.

An apparatus as claimed in claim 8, 9 or 10, wherein the apparatus
comprises a plurality of junctions, each junction separating a branch
nanowire portion having a first carrier concentration and an elongate

main nanowire portion having a second carrier concentration.

An apparatus as claimed in claim 12, wherein each junction is situated at
an interface between a branch nanowire and the elongate main

nanowire.
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14.

15.

16.

17.

18.

19.

20.

18

An apparatus as claimed in claim 12, wherein each junction is situated at
a position away from an interface between a branch nanowire and the

elongate main nanowire.

A method, comprising:

growing a main nanowire; and

applying further material to the main nanowire through an aperture in a
mask, in order to grow a plurality of branch nanowires, using the further

material, from the main nanowire.

A method as claimed in claim 15, wherein the main nanowire has a
length, and the aperture in the mask enables the further material to be
applied to the main nanowire at a substantially fixed distance along the
length.

A method as claimed in claim 16, wherein the substantially fixed distance
is at an end of the length of the main nanowire.

A method as claimed in claim 15, 16 or 17, wherein the main nanowire is
grown by applying material through the aperture in the mask, and the
mask restricts how the main nanowire grows, but the mask does not

restrict how the branch nanowires grow from the main nanowire.

A method as claimed in any of claims 15 to 18, wherein the main

nanowire is grown without using a mask.

A method as claimed in any of claims 15 to 19, further comprising:
growing the plurality of branch nanowires, using the further material, from

the main nanowire.



WO 2010/133751 PCT/F12010/050272

1/5

20

17

10
J’15

13+

30




PCT/F12010/050272

WO 2010/133751

FIG. 2



PCT/F12010/050272

WO 2010/133751

FIG. 3



WO 2010/133751

PCT/F12010/050272

4/5

f41 0
GROWING MAIN NANOWIRE 10

APPLYING FURTHER MATERIAL TO MAIN 420
NANOWIRE TO GROW BRANCH NANOWIRES 20

FIG. 4



WO 2010/133751 PCT/F12010/050272

430 —

FIG. 5



INTERNATIONAL SEARCH REPORT Tnternational application No.

PCT/FI12010/050272

A, CLASSIFICATION OF SUBJECT MATTER
See extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: B82B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Fl, SE, NO, DK

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal,Google Scholar

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 2005054121 A2 (BTG INT LTD et al.) 16 June 2005 (16.06.2005)

X page 2 lines 13-31, page 4 lines 11-27, page 8 lines 7-18, page 20 lines 1-9 | 1-14
Y page 2 lines 13-31, page 4 lines 11-27, page 8 lines 7-18, page 20 lines 1-9 | 15-20
Y US 2009045720 A1 (LEE EUN KYUNG et al.) 15-20

19 February 2009 (19.02.2009)
paragraphs [0003],[0062,][0065] and [0068]

P.X US 2010075130 A1 (MENG GUOWEN et al.) 25 March 2010 (25.03.2010) | 1-14

A WO 2006060476 A2 (UNIV RICE WILLIAM M et al.)
08 June 2006 (08.06.2006)

A EP 2048492 A1 (FUJIFILM CORP) 15 April 2009 (15.04.2009)

A US 2008179586 A1 (KAMINS THEODORE 1) 31 July 2008 (31.07.2008)

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E"  earlier application or patent but published on or after the international ~ "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"'  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited. to establish the pl_lblication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other means combined with one or more other such documents, such combination

"P"  document published prior to the international filing date but later than being obvious to a person skilled in the art
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

18 June 2010 (18.06.2010) 29 June 2010 (29.06.2010)
Name and mailing address of the ISA/FI Authorized officer
National Board of Patents and Registration of Finland Thomas Carlsson
P.0O. Box 1160, FI-00101 HELSINKI, Finland
Facsimile No. +358 9 6939 5328 Telephone No. +358 9 6939 500

Form PCT/ISA/210 (second sheet) (July 2009)



INTERNATIONAL SEARCH REPORT Tnternational application No.

PCT/F12010/050272
Patent document Publication Patent family Publication
cited in search report date members(s) date
WO 2005054121 A2 16/06/2005 KR 20060133542 A 26/12/2006
JP 2007523028T T 16/08/2007
EP 1689668 A2 16/08/2006
CN 101124152 A 13/02/2008
US 2006057360 A1 16/03/2006
US 2009045720 A1 19/02/2009 JP 2007137762 A 07/06/2007
KR 20070104034 A 25/10/2007
KR 20070050333 A 15/05/2007
US 2010075130 A1 25/03/2010 None
WO 2006060476 A2 08/06/2006 US 2007009421 A1 11/01/2007
EP 2048492 A1 15/04/2009 US 2009098344 A1 16/04/2009
JP 2009090423 A 30/04/2009
US 2008179586 A1 31/07/2008 DE 112008000264T T5 25/02/2010
CN 101595566 A 02/12/2009
WO 2008094544 A1 07/08/2008

Form PCT/ISA/210 (patent family annex) (Tuly 2009)



INTERNATIONAL SEARCH REPORT . .
International application No.

PCT/F12010/050272

CLASSIFICATION OF SUBJECT MATTER

Int.Cl.
B82B 1/00 (2006.01)
B82B 3/00 (2006.01)

Form PCT/ISA/210 (extra sheet) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

