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FIG. 3

forming a photovoltaic component having a S31
substrate, a first conducting layer, an active layer
and a second conducting layer stacked in sequence

encapsulating the photovoltaic component and 532
exposing a portion of the first conducting layer

and the second conducting layer

rolling the encapsulated photovoltaic component 833
to form a guiding channel having two open ends

FIG. 4
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DEVICE FOR STIMULATING NEURAL
REGENERATION AND FABRICATION
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to devices for stimu-
lating neural regeneration and fabrication methods thereof,
and, more particularly, to a device having a photovoltaic
component for stimulating neural regeneration electrically
and a fabrication method thereof.

[0003] 2. Description of Related Art

[0004] Due to many paralysis patients resulting from dam-
aged spinal cord or nerves, there is an urgent need to repair a
damaged portion of a nerve. However, human neural cells are
poorly regenerated with respect to other cells, such that the
efficiency of neural treatment is poor.

[0005] In the current therapy, patients are treated with
autologous nerve grafts. However, the donor nerve grafts,
which are usually taken from a part of the body, would lose
their functions.

[0006] Therefore, it is developed in the field to find a scaf-
fold or nerve guidance channel for neural regeneration,
directing regeneration of neural cells and repairing a dam-
aged portion of a nerve. It has been found that electrical
stimulation would significantly enhance neural generation, so
as to improve treatment efficiency and shorten therapy time.
[0007] U.S. Pat. No. 4,308,868 disclosed a flexible elec-
trode array for stimulating neural regeneration. However, the
device uses a watch-type disc battery, and the battery material
is not suitable for being implanted into human body owing to
its toxicity. In addition, U.S. Pat. No. 5,030,225 disclosed
electrically-charged nerve guidance channels, which have no
need to be further electrically charged. However, it is limited
to enhance neural regeneration without continuous electrical
stimulation.

[0008] Hence, it is an urgent issue to develop a device for
being implanted in human bodies without the need of an
external power supply.

SUMMARY OF THE INVENTION

[0009] In order to overcome the drawbacks in the conven-
tional technology, the present invention provides a device for
stimulating neural regeneration electrically and a fabrication
method thereof. The device can be implanted into a body and
driven by in vitro light, so as to further stimulate neural
regeneration.

[0010] Inaccordance with the present invention, the device
includes a photovoltaic component having a substrate, a first
conductive layer, an active layer and a second conductive
layer stacked in sequence; and an encapsulant for encapsu-
lating the photovoltaic component to form the device, with a
portion of the first conductive layer and that of the second
conductive layer exposed from the encapsulant, wherein the
device is configured to be placed at a damaged portion of a
nerve, and when the device of the device is illuminated by
light, a voltage difference exists between the first conductive
layer and the second conductive layer for producing an elec-
tric current, so as to stimulate neural regeneration or neurite
outgrowth and treat the damaged portion of the nerve.
[0011] In one embodiment of the present invention, the
device is rolled as a guiding channel having two open ends,
and the guiding channel is configured to receive the damaged
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portion of the nerve. In another embodiment of the present
invention, the device is in a form of a scaffold for being
disposed at the damaged portion of the nerve.

[0012] In addition, the encapsulant for encapsulating the
photovoltaic component is biocompatible. The first conduc-
tive layer of the photovoltaic component includes a first elec-
trode layer and a conductive polymer layer formed on the first
electrode layer. The active layer is formed by a mixed semi-
conductor material of an n-type semiconductor material
(electron-acceptor) and a p-type semiconductor material
(electron-donor). The second conductive layer of the photo-
voltaic component includes a second electrode layer and an
electrical connection layer formed on the second electrode
layer.

[0013] Inaccordance with the present invention, a fabrica-
tion method of a device for stimulating neural regeneration
includes the steps of: (1) forming a photovoltaic component
having a substrate, a first conductive layer. an active layer and
a second conductive layer stacked in sequence; (2) encapsu-
lating the photovoltaic component to form the device with a
portion of the first conductive layer and a portion of the
second conductive layer exposed from the encapsulant; and
(3) rolling the device to form a guiding channel having two
open ends, wherein the device is configured to be placed ata
damaged portion of a nerve, and when the photovoltaic com-
ponent of the device is illuminated by light, a voltage differ-
ence exists between the first conductive layer and the second
conductive layer for producing an electric current, so as to
stimulate neural regeneration and treat the damaged portion
of the nerve.

[0014] In comparison with the prior art, the device of the
present invention can be implanted into a body of an organism
without being connected to an external battery or other energy
source. Hence, the device of the present invention has no need
for multiple surgical procedures, and further can provide
stable electrical stimulation for neural regeneration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic view showing a device for
stimulating neural regeneration and/or neurite outgrowth
according to the present invention;

[0016] FIG. 2 is a schematic view showing a device for
stimulating neural regeneration connected to a cut nerve
according to the present invention;

[0017] FIG.31isaschematic view showing a section view of
a device for stimulating neural regeneration according to the
present invention;

[0018] FIG. 4 is a flow chart showing a fabrication method
of a device for stimulating neural regeneration according to
the present invention; and

[0019] FIG. 5 is a chart showing the current density and
voltage of the photovoltaic component in the device for
stimulating neural regeneration illuminated by 980 nm laser
according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0020] The detailed description of the present invention is
illustrated by the following specific examples. Persons skilled
in the art can conceive the other advantages and effects of the
present invention based on the disclosure contained in the
specification of the present invention.
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[0021] The term “a first” or “a second” described in the
specification of the present invention is used for illustration
but not for limiting the scope of the present invention.
[0022] FIG. 1 shows a device 1' for stimulating neural
regeneration and/or neurite outgrowth according to the
present invention. The device 1' includes a photovoltaic com-
ponent 1 and an encapsulant 2.

[0023] The photovoltaic component 1 includes a substrate
10, a first conductive layer 12, an active layer 13 and a second
conductive layer 15 stacked in sequence. The substrate 10 is
a flexible substrate. The first conductive layer 12 and the
second conductive layer 15 are made of a conductive poly-
mer. The active layer 13 is made of a mixed semiconductor
material of an n-type semiconductor material (such as [6,6]-
phenyl-C61-butyric acid methyl ester, PCBM) and a p-type
semiconductor material (such as poly(3-hexylthiophene),
P3HT).

[0024] The encapsulant 2 such as a biocompatible plastic
encapsulant is used for encapsulating the photovoltaic com-
ponent 1 and exposing a portion of the first conductive layer
12 and a portion of the second conductive layer 15, so as to
form the device 1'. As shown in FIG. 1, the dotted line indi-
cates the encapsulation range of the encapsulant 2.

[0025] The device 1' is placed at a damaged portion of a
nerve. When the photovoltaic component 1 of the device 1'is
illuminated by light 5 (for example, near-infrared photons
passing through human tissues to the photovoltaic component
implanted in the human body), a photovoltage exists between
the first conductive layer 12 and the second conductive layer
15 so as to produce an electric current for stimulating neural
regeneration and thus repairs the damaged portion of the
nerve.

[0026] Thedevice 1' may be a guiding channel or a scaffold.
Specifically, the device 1' is rolled to form a guiding channel
having two open ends for receiving the damaged portion of
the nerve. FIG. 2 shows the device 1' rolled as a guiding
channel having two open ends. As shown in FIG. 2, a nerve 4
is cut into nerve segments 4a and 45, the nerve segments 4«
and 45 are respectively introduced into the guiding channel
via the two open ends of the device 1', and the severed nerve
is reconnected via the guiding channel upon the surgery to
assist the neural regeneration. Generally, if a large part of a
nerve is cut and the nerve is directly reconnected via surgery,
most functions of the nerve would gradually lose. Therefore,
the two nerve segments 4a and 4b need to be reconnected via
the guiding channel. If there is no such guiding channel,
neural cells would grow randomly and the transected nerve
ends are hard to be repaired.

[0027] Inaddition, there is no limitation to the shape of the
device 1' according to the present invention as long as the
damaged/cut portion of the nerve may be received in the
guiding channel. Thus, when the photovoltaic component of
the device 1' is illuminated by the light 5, a photovoltage
exists between the first conductive layer 12 and the second
conductive layer 15 so as to stimulate the growth of the nerve
4 and to connect the nerve segments 4a and 45.

[0028] The device 1' may be a scaffold for connecting the
two nerve segments and stimulating the growth of the nerve,
and there is no limitation to the shape of the scaffold. As
shown in FIG. 1, the device 1' is placed between the nerve
segments 4a and 4b for connecting the nerve segments 4¢ and
4b. The nerve segments 4a and 4b are respectively connected
to the first conductive layer 12 and the second conductive
layer 15 via a biocompatible adhesive, and thus there is a
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photovoltage between the first conductive layer 12 and the
second conductive layer 15 to stimulate neural regeneration.
Alternatively, the nerve segments 4a and 45 are connected to
the device 1' via stitching, and thus the nerve is attached to the
device for stimulating neural regeneration in the present
invention.

[0029] FIG. 3 shows a photovoltaic component in a device
for stimulating neural regeneration according to an embodi-
ment of the present invention. In this embodiment, the pho-
tovoltaic component includes a substrate 20, a first electrode
layer 21, a conductive polymer layer 22, an active layer 23, a
second electrode layer 24 and an electrical connection layer
25 stacked in sequence.

[0030] The first electrode layer 21 and the conductive poly-
mer layer 22 may form the first conductive layer 12 shown in
FIG. 1, and the material of the first electrode layer 21 may
include indium tin oxide or indium zinc oxide. The active
layer 13 is made of a mixed semiconductor material of an
n-type semiconductor material (such as [6,6]-phenyl-C61-
butyric acid methyl ester) and a p-type semiconductor mate-
rial (such as poly(3-hexylthiophene)). The second electrode
layer 24 and the electrical connection layer 25 form the sec-
ond conductive layer 15 shown in FIG. 1. The second elec-
trode layer 24 may include calcium, and the electrical con-
nection layer 25 may include aluminum.

[0031] FIG. 4 shows a fabrication method of a device for
stimulating neural regeneration according to the present
invention. In step S31, a photovoltaic component having a
substrate 10, a first conductive layer 12, an active layer 13 and
a second conductive layer 15 stacked in sequence is formed.
For example, a flexible substrate 20 is formed thereon with a
first electrode layer 21 and then applied with a conducting
polymer layer 22, such that the first conductive layer is
formed on the substrate 20. Then, an active layer 23 (e.g., an
organic semiconductor layer) is deposited on the first conduc-
tive layer. Upon annealing, a second electrode layer 24 and an
electrical connection layer 25 are formed on the active layer
23 by thermal evaporation to form the second conductive
layer. The cathode may be made of calcium, and aluminum is
used as the wire connected to an external circuit and protects
the calcium from being oxidized by water and oxygen.

[0032] In step S32, the biocompatible plastic is used for
encapsulating the photovoltaic component and exposing a
portion of the first conductive layer and a portion of the
second conductive layer.

[0033] Instep S33, the device 1'is rolled to form a guiding
channel having two open ends. The guiding channel is placed
at a damaged portion of a nerve. When the photovoltaic com-
ponent of the device 1' is illuminated by light, there is a
photovoltage between the first conductive layer and the sec-
ond conductive layer to stimulate the growth of the nerve and
thus to treat the damage portion of the nerve.

[0034] FIG. 5 is a chart showing the current density and
voltage of the photovoltaic component in the device for
stimulating neural regeneration illuminated by 980 nm laser
according to the present invention. As shown in FIG. 5, when
the energy of the incident light is 24 mW, the photovoltaic
component has the open-circuit voltage of 0.29V, the short-
circuit current of 0.004 mA, the fill factor of 0.31, and the
energy conversion efficiency of 0.0016%. Hence, the photo-
voltaic component driven by red or near-infrared (wavelength
about 500-1500 nm) photons has significant photovoltaic
effect in the present invention.
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[0035] Since the neural regeneration is slow, the device for
implantation needs to have convenient power supply and
needs to be comfortable. In the present invention, the device
for stimulating neural regeneration has flexibility and bio-
compatibility, and thus can be implanted into a body of an
organism and self-powered due to the photovoltaic effect
driven by in vitro near-infrared photons, so as to stimulate
neural regeneration and speed the neural recovery. In the
present invention, there is no need to connect the electrode to
an external power supply, so as to reduce the number of
surgery and help the patient relief his pain.

[0036] The invention has been described using exemplary
preferred embodiments. However, it is to be understood that
the scope of the invention is not limited to the disclosed
arrangements. The scope of the claims, therefore, should be
accorded the broadest interpretation, so as to encompass all
such modifications and similar arrangements.

1. A device for stimulating neural regeneration, compris-
ing:

a photovoltaic component having a substrate, a first con-
ductive layer, an active layer and a second conductive
layer stacked in sequence; and

an encapsulant for encapsulating the photovoltaic compo-
nent with a portion of the first conductive layer and a
portion of the second conductive layer exposed from the
encapsulant, wherein the device is configured to be
placed at a damaged portion of a nerve, and when the
encapsulated photovoltaic component of the device is
illuminated by light, a photovoltage exists between the
first conductive layer and the second conductive layer
for producing an electric current, so as to stimulate neu-
ral regeneration of and repair the damaged portion of the
nerves.

2. The device of claim 1, configured to be rolled as a
guiding channel having two open ends, so as for the guiding
channel to receive the damaged portion of the nerve.

3. The device of claim 1, the device is a scaffold to be
disposed at the damaged portion of the nerve.

4. The device of claim 1, wherein the first conductive layer
comprises a first electrode sub-layer formed on the substrate
and a conductive polymer sub-layer formed on the first elec-
trode sub-layer.
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5. The device of claim 4, wherein the first conductive layer
is made of indium tin oxide or indium zinc oxide.

6. The device of claim 1, wherein the active layer is made
of a mixed semiconductor material of an n-type semiconduc-
tor material and a p-type semiconductor material.

7. The device of claim 6, wherein the n-type semiconductor
material includes phenyl C61-butyric acid methyl ester, and
the p-type semiconductor material includes poly(3-hexylth-
iophene).

8. The device of claim 1, wherein the second conductive
layer comprises a second electrode sub-layer formed on the
active layer and an electrical connection sub-layer formed on
the second electrode sub-layer.

9. The device of claim 8, wherein the second electrode
sub-layerincludes calcium, and the electrical connection sub-
layer includes aluminum.

10. The device of claim 1, wherein the encapsulant is a
biocompatible plastic.

11. A fabrication method of a device for stimulating neural
regeneration, comprising the steps of:

forming a photovoltaic component having a substrate, a

first conductive layer, an active layer and a second con-
ductive layer stacked in sequence;

encapsulating the photovoltaic component to form the

device with a portion of the first conductive layer and a
portion of the second conductive layer exposed from an
encapsulant; and

rolling the device to form a guiding channel having two

open ends, so as for the device to be placed at a damaged
portion of a nerve, and such that when the device is
illuminated by light, a photovoltage exists between the
first conductive layer and the second conductive layer
for producing an electric current, so as to stimulate neu-
ral regeneration and repair a damaged portion of a nerve.

12. The fabrication method of claim 11, wherein the first
conductive layer is formed by forming a first electrode sub-
layer and a conducting polymer sub-layer stacked on the first
electrode sub-layer.

13. The fabrication method of claim 11, wherein the second
conductive layer is formed by forming a second electrode
sub-layer and an electrical connection sub-layer stacked on
the second electrode sub-layer.
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