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Electrical stimulation system and method for generating vir-
tual channels are disclosed. The electrical stimulation system
comprises: an electrode controller, a carrier, a plurality of
electrode units, and a buffer layer. The electrode units are
disposed on the carrier, and each of the electrode units are
electrically connected to the electrode controller indepen-
dently. Besides, the electrode units and the carrier are covered
with the buffer layer. When the electrode controller receive a
control signal and drive the corresponding electrode units, the
electrical currents output from the corresponding electrode
units can electrically interfere with each other to generate a
virtual channel between the corresponding electrode units.
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ELECTRICAL STIMULATION SYSTEM AND
METHOD FOR GENERATING VIRTUAL
CHANNELS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an electrical stimu-
lation system for generating virtual channels and, more par-
ticularly, to an electrical stimulation system for generating
virtual channels which can be applied to implants or medical
devices to improve the resolution of neural stimulation.
[0003] 2. Description of Related Art

[0004] Tt is known that organic pathological changes or
organ degeneration may occur with the elevated age of a
patient, or organ damage may be caused by external force.
Especially, the loss of sight or hearing may affect patients’
lives greatly. The main reason for loss of sight or hearing is
that the functions of the receptors do not work properly, which
are used to receive external signals, such as light waves, or
sound waves. Hence, it is impossible to transfer the external
signals into electrical stimulation to stimulate neural fibers.
Therefore, the external signals cannot be transmitted to the
patients’ brains, which may cause the patients’ loss of their
sight or hearing.

[0005] In recent years, retinal prosthesis and cochlear
implants have been developed to restore patients’ vision or
hearing. The retinal prosthesis is an electrode array, which is
applied to replace the photoreceptor cells to receive signals
and stimulate optic nerve fibers. Hence, the retinal prosthesis
can be used for patients” with retinal diseases. The patient
with retinal prosthesis has to wear glasses fitted with a micro-
camera to receive light waves. Then, the light waves are
transferred into signals, which can be accepted by eyes. After
the electrode array receives the signals, the signals are trans-
ferred into currents to stimulate nerve fibers. Finally, the
signals can be transmitted to the patient’s brain through the
nerve fibers.

[0006] In addition, Parkinson’s disease is a degenerative
disease that usually occurs in elderly patients. The primary
symptom is caused by the insufficient formation and action of
dopamine, which is produced in the dopaminergic neurons of
the brain. When more than 50% of the dopaminergic neurons
have degenerated, the patients may lose their motion control.
Currently, in addition to drug therapy, there are several sur-
gical treatments for Parkinson’s disease, i.e. lesion procedure,
deep brain stimulation, and restorative therapy. Deep brain
stimulation (DBS) is a surgical treatment involving the
implantation of a medical device called an electrical stimula-
tion lead, which comprises an electrode array. The electrical
impulses generated from the electrode array are sent to spe-
cific parts of the brain to inthibit the signals causing the abnor-
mal motion. Hence, it is possible to treat the disorder in
motion by deep brain stimulation.

[0007] Theaforementioned retinal prosthesis and electrical
stimulation lead of deep brain stimulation are one kind of
electrical stimulation system, which comprises of an elec-
trode array installed around the target neural fibers. In the
conventional electrical stimulation system, the current gen-
erated from an electrode unit of the electrode array can only
stimulate the neural fiber, which corresponds to the position
of the electrode unit. Hence, it is impossible to stimulate the
neural fibers that are positioned in a region between two
adjacent electrode units selectively.
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[0008] Therefore, it is desirable to provide an electrical
stimulation system, which can improve the resolution of neu-
ral stimulation. Thus, the electrode units can not only stimu-
late the neural fibers corresponding to the positions of the
electrode units, but also stimulate the neural fibers located in
a region between two adjacent electrode units selectively.

SUMMARY OF THE INVENTION

[0009] The object of the present invention is to provide an
electrical stimulation system for generating virtual channels,
which can form a virtual channel between electrodes and
nerve fibers to improve the resolution of neural stimulation.
Also, the electrical stimulation system for generating virtual
channels ofthe present invention can be applied to implants or
medical devices.

[0010] Another object of the present invention is to provide
an electrical stimulation method for generating virtual chan-
nels, which can improve the resolution of neural stimulation
to achieve the effect of stimulating nerve fibers accurately.
[0011] To achieve the aforementioned objects, the present
invention provides an electrical stimulation system for gen-
erating virtual channels, which comprises: an electrode con-
troller, a carrier, a plurality of electrode units, and a buffer
layer. In the electrical stimulation system for generating vir-
tual channels of the present invention, the plurality of elec-
trode units is disposed on the carrier, and each of the electrode
units is electrically connected to the electrode controller inde-
pendently. Besides, the carrier and the electrode units are
covered with the buffer layer. When the electrode controller
receives a control signal to drive the corresponding electrode
units, the currents output from the corresponding electrodes
units electrically interfere with each other to generatea virtual
channel between the corresponding electrode units.

[0012] Furthermore, the present invention provides an elec-
trical stimulation method for generating virtual channels,
which comprises the following steps: providing an electrical
stimulation system, which comprises an electrode controller,
a carrier, a plurality of electrode units, and a buffer layer,
wherein the electrode units are disposed on the carrier, each of
the electrode units are electrically connected to the electrode
controller independently, and the carrier and the electrode
units are covered with the buffer layer; inputting a control
signal to the electrode controller of the electrical stimulation
system, and driving the corresponding electrode units to out-
put currents; generating a virtual channel between the corre-
sponding electrode units through the currents output from the
corresponding electrodes electrically interfering with each
other.

[0013] The electrical stimulation system and method for
generating virtual channels can prevent the direct contact
between the electrode units and nerve fibers, due to the elec-
trode units being covered with the buffer layer. Moreover, it is
possible to generate a virtual channel by the electrical stimu-
lation system and method for generating virtual channels of
the present invention, as the currents output from the elec-
trode units electrically interfere with each other in and
through the buffer layer. Besides, each of the electrode units
is electrically connected to the electrode source voltage or
current controller independently, so it is possible to control
the position of the virtual channel by means of adjusting the
voltage or current ratio input into the electrode units. Hence,
the electrical stimulation system and method for generating
virtual channels of the present invention not only can direct
stimulate the nerve fibers in the vicinity of the electrode units,
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but also can stimulate the nerve fibers positioned outside the
the immediate vacinity of the electrode units by adjusting the
stimulating sites or creating and adjusting the virtual chan-
nels. Therefore, the electrical stimulation system and method
for generating virtual channels of the present invention can
improve the spatial resolution of the nerve stimulation.
[0014] In the electrical stimulation system and method for
generating virtual channels of the present invention, the cor-
responding electrode units driven by the electrode controller
comprise at least two adjacent electrode units. Furthermore,
the virtual channel is generated between the at least two
adjacent electrode units.

[0015] Preferably, in the electrical stimulation system and
method for generating virtual channels of the present inven-
tion, the electrode units of the electrical stimulation system
form an mxn array, and each m, and n is independently an
integer of 1 or more.

[0016] In the electrical stimulation system and method for
generating virtual channels of the present invention, the elec-
trical stimulation system can further comprise at least one
anchor, which is disposed in the buffer layer and protrudes
from the outer surface of the buffer layer. For example, the
anchors may be installed on the carrier, penetrating through
the buffer layer, and protruding from the outer surface of the
buffer layer; or the anchors may be installed on the buffer
layer and protrude from the outer surface of the buffer layer.
[0017] In the electrical stimulation system and method for
generating virtual channels of the present invention, the con-
ductivity of the buffer layer of the electrical stimulation sys-
tem can be within a range 0f 0.01 to 100 simens/m. Preferably,
the conductivity of the buffer layer of the electrical stimula-
tion system is within a range of 0.1 to 10 simens/m. Besides,
the thickness of the buffer layer can be within a range of 5 to
10000 pm. Preferably, the thickness of the buffer layer is
within a range of 5 to 100 pm.

[0018] In the electrical stimulation system and method for
generating virtual channels of the present invention, the dis-
tance between the two adjacent electrode units of the electri-
cal stimulation system can be within a range of 10 to 10000
pm. Preferably, the distance between the two adjacent elec-
trode units of the electrical stimulation system is within a
range of 10 to 100 pm.

[0019] In the electrical stimulation system and method for
generating virtual channels of the present invention, the mate-
rial of the carrier of the electrical stimulation system is a
biocompatible insulating material, such as silicone, polyim-
ide, or fluoropolymer resin.

[0020] In the electrical stimulation system and method for
generating virtual channels of the present invention, the mate-
rial of the buffer layer of the electrical stimulation system is a
biocompatible semiconducting material. Besides, the buffer
layer of the electrical stimulation system can further comprise
a buffer, wherein the components of the buffer are similar to
the components of tissue fluid.

[0021] Therefore, the buffer layer and the carrier of the
electrical stimulation system of the present invention are
made of biocompatible materials, so it is possible to apply the
electrical stimulation system of the present invention to
implants or medical devices, such as a retinal prosthesis, a
cochlear implant, the electrical stimulation lead for deep
brain stimulation, or spinal cord stimulation. Furthermore,
the material of the buffer layer is a semiconducting material,
which still has conductivity, so the buffer layer allows the
electrical stimulation to be generated therein without imped-
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ing the currents output from the electrode units greatly. In
addition, the material of the buffer layer is a non-perfect
electric conductor, so the situation of short circuits will not
happen. Moreover, the electrical stimulation system and
method of the present invention can generate a virtual channel
between two adjacent electrode units. Hence, it is possible to
stimulate target nerve fibers accurately by the electrical
stimulation system and method of the present invention, even
though the number of the electrode units is limited. Therefore,
the electrical stimulation system and method of the present
invention can improve the spatial resolution of the neural
stimulation.

[0022] Other objects, advantages, and novel features of the
invention will become more apparent from the following
detailed description when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 11is a perspective view of the electrical stimu-
lation system for generating virtual channels as a retinal pros-
thesis in Embodiment 1 of the present invention;

[0024] FIG. 2 is a cross-sectional view of the electrical
stimulation system for generating virtual channels installed
on the retinal in Embodiment 1 of the present invention;
[0025] FIG. 3 is a cross-sectional view of the electrical
stimulation system installed on the retinal in Comparative
example 1;

[0026] FIG. 4 is a stimulation model of the electrical stimu-
lation system of Comparative example 1;

[0027] FIG.5is astimulation model of the electrical stimu-
lation system for generating virtual channels of Embodiment
1 of the present invention;

[0028] FIG. 6 is another stimulation model of the electrical
stimulation system for generating virtual channels of
Embodiment 1 of the present invention;

[0029] FIG. 7 is a cross-sectional view of the electrical
stimulation system for generating virtual channels installed
on the retinal in Embodiment 2 of the present invention;
[0030] FIG. 8 is a perspective view of the electrical stimu-
lation system for generating virtual channels as a retinal pros-
thesis in Embodiment 3 of the present invention;

[0031] FIG. 9is a perspective view of the electrical stimu-
lation system for generating virtual channels used in the deep
brain stimulation in Embodiment 4 of the present invention;
[0032] FIG.10is aperspective view of the electrical stimu-
lation system for generating virtual channels of Embodiment
4 of the present invention;

[0033] FIG. 11 is a perspective view of the electrical stimu-
lation system for generating virtual channels in Embodiment
5 of the present invention;

[0034] FIG. 12 is a perspective view of the electrical stimu-
lation system for generating virtual channels used in the spi-
nal cord stimulation in Embodiment 5 of the present inven-
tion; and

[0035] FIG. 13 is a cross-sectional view of the electrical
stimulation system for generating virtual channels used in the
spinal cord stimulation in Embodiment S of the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT
Embodiment 1

[0036] FIG. 11s a perspective view of the electrical stimu-
lation system for generating virtual channels of Embodiment
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1 of the present invention, which is used as a retinal prosthe-
sis. In the present embodiment, the electrical stimulation
system is one kind of epiretinal prosthesis. First, the patient
should wear glasses fitted with a micro-camera to receive the
light images. Then, the light images received by the micro-
camera are transferred into a control signal, which can be
processed by the electrical stimulation system for generating
virtual channels of the present embodiment, through a pro-
cessor 2.

[0037] Theelectrical stimulation system for generating vir-
tual channels of the present embodiment comprises: an elec-
trode controller 3, a carrier 41, a plurality of electrode units
42, and a buffer layer 43. In the electrical stimulation system
ofthe present embodiment, electrodeunits 42 are disposed on
the carrier 41, and each of the electrode units 42 is electrically
connected to the electrode controller 3 independently.
Besides, the carrier 41 and the electrode units 42 are covered
with the buffer layer 43. Additionally, the electrode units 42
are arranged in an array. In the present embodiment, the
electrode units 42 are arranged in an 8x8 array. The electrode
array 4 composed of the carrier 41, the electrode units 42, and
the buffer layer 43 are disposed on the nerve fiber layer 51 of
the retina 5, so the electrode array 4 of the present invention is
one type of epiretinal prosthesis.

[0038] With reference to FIG. 1, the electrode controller 3
is electrically connected to the processor 2, so the control
signal is transferred into the electrode controller 3 after pro-
cessed by the processor 2. The electrode controller 3 drives
the corresponding electrode units 42 after receiving the con-
trol signal, and the currents output from the corresponding
electrode units 42 electrically interfere with each other in the
buffer layer 43, to generate a virtual channel between the
corresponding electrode units 42.

[0039] FIG. 2 is a cross-sectional view of the electrical
stimulation system for generating virtual channels installed
on the retinal in the present embodiment. The carrier 41 and
the electrode units 421, 422 are covered with the buffer layer
43 to prevent the electrode units 421, 422 from contacting
with the nerve fiber layer 51 directly. Hence, the buffer layer
43 can protect the nerve fiber layer 51 from being stimulated
directly.

[0040] The electrical stimulation system for generating vir-
tual channels of the present invention can be applied to medi-
cal devices and implants. Therefore, in the electrical stimu-
lation system for generating virtual channels of the present
invention, the material of the buffer layer 43 and the carrier 41
are biocompatible materials. Furthermore, the buffer layer43
can further comprise a buffer liquid solution, wherein the
components of the buffer solution are similar to the compo-
nents of tissue fluid. In addition, the currents output from the
electrode units 42 interfere with each other in the buffer layer
43 to generate a virtual channel, so the material of the buffer
layer 43 has to be a semiconducting material, and the con-
ductivity of the buffer layer is within a range of 0.01 to 100
simens/m. In the present embodiment, the conductivity of the
buffer layer 43 is 1.43 simens/m. Also, the material of the
carrier 41 has to be an insulating material, such as silicone,
polyimide, or fluoropolymer resin. In the present embodi-
ment, the material of the carrier is silicone.

[0041] The virtual channel is generated through the cur-
rents output from the electrode units interfering with each
other, so the space for the generation of a virtual channel
should be in a suitable range. If the distance between the
electrode array and the nerve fiber layer is long enough, the
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virtual channel can be generated easily. However, as shown in
FIG. 2, the electrode array 4 of the present invention is
installed over the nerve fiber layer 51, so the space (between
the electrode array 4 and the nerve fiber layer 51) for gener-
ating the virtual channel is restricted, due to the physiology
structure of the retina. Hence, the thickness H of the buffer
layer 43 is restricted. Preferably, the thickness H of the buffer
layer 43 is within a range of 5 to 10000 um. Moreover, the
distance S between the electrode units 421, 422 is also
restricted. If the distance S between the electrode units 421,
422 is too long, the currents output from the electrode units
can not interfere with each other sufficiently and probably.
Hence, the virtual channel cannot be generated when the
distance S between the electrode units 421, 422 is not within
a suitable range. Preferably, the distance between the elec-
trode units 421, 422 may be within a range of 10 to 10000 pm.
In the present embodiment, the distance S between the elec-
trode units 421, 422 is within a range of 30 um, and the
thickness H of the buffer layer 43 is 15 pm.

[0042] With reference to FIGS. 1 and 2, the electrical
stimulation method of the present invention comprises the
following steps:

[0043] providing an electrical stimulation system 6, which
comprises: an electrode controller 3, and an electrode array 4
(as shown in FIG. 1);

[0044] inputting a control signal to the electrode controller
3 of the electrical stimulation system 6, and driving the cor-
responding electrode units 421, 422 to output currents, which
generate corresponding electric fields 44 (as shown in FIG.
2);

[0045] generating a virtual channel (or a stimulating site)
45inthe buffer layer 43, between the corresponding electrode
units 421, 422, through the corresponding electric fields 44
generated from the currents output from the corresponding
electrodes 421, 422 electrically interfering with each other.
[0046] With reference to FIG. 2, the corresponding elec-
trode units driven by the electrode controller (not shown in
FIG. 2) comprise at least two adjacent electrode units 421,
422. The virtual channel 45 is formed between two adjacent
electrode units 421, 422, through the currents output fromtwo
adjacent electrode units 421, 422 interfering with each other.
In addition, the position of the virtual channel 45 can be
controlled by means of adjusting the current ratio output from
the two adjacent electrode units 421, 422, wherein the current
ratio can be adjusted by the electrode controller (not shown in
FIG. 2).

[0047] Hence, theelectrical stimulation system and method
for generating virtual channels ofthe present embodiment not
only can directly stimulate the nerve fiber corresponding to
the positions of the electrode units, but also can stimulate the
nerve fiber located outside the positions of the electrode units.
Therefore, the electrical stimulation system and method for
generating virtual channels of the present embodiment can
improve the spatial resolution of the neural stimulation.

Comparative Example 1

[0048] The electrical stimulation system of the present
comparative example is similar that of the Embodiment 1,
except that the electrical stimulation system of the present
comparative example does not comprise a buffer layer.
Hence, when the electrical stimulation system of the present
comparative example is installed on the nerve fiberlayer 51 of
the retina, the electrode units 422 disposed on the carrier 411
are in contact with the nerve fiber layer 41, as shown in FIG.
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3. Due to the close proximity of the electrode unit 422 to the
nerve fiber layer 41, virtual channels can not be generated or
adjusted.

[0049] Simulation Experiment Result

[0050] Theactivation of the nerve fiber of the retina excited
by the electrical stimulation system of Embodiment 1 and
Comparative example 1 is modeled with activation function
(AF). The AF contour is numerical computed from the poten-
tial extracted from the modeling retina model. The AF con-
tour presents the likelihood of exciting the nerve fiber, and the
AF contour peak can be used to indicate the activated posi-
tion, where the nerve fiber is most likely to be excited.
[0051] FIG. 41s a stimulation model of the electrical stimu-
lation system of Comparative example 1. When the voltage
ratio input into electrode units 421, 422 is 1:1, there are two
peaks under the electrode units 421, 422 and those indicate
two excitations. From the modeling result show in F1G. 4, it is
found that each of the electrode units 421, 422 generates
stimulation to stimulate nerve fibers respectively.

[0052] FIG.5is a stimulation model of the electrical stimu-
lation system for generating virtual channels of Embodiment
1 of the present invention. When the voltage ratio input into
electrode units 421,422 s 1:1, there is only one peak between
the two electrode units 421,422 and in the middle of the two
electrode units 421, 422. Herein, the peak shown in FIG. 5 is
the so-called virtual channel.

[0053] FIG. 6 is another stimulation model of the electrical
stimulation system for generating virtual channels of
Embodiment 1 of the present invention. When the voltage
ratio input into electrode units 421, 422 is 3:1, there is only
one peak between the two electrode units 421, 422, and that is
the so-called virtual channel. Compared to the modeling
result shown in FIG. §, the position of the virtual channel
shown in FIG. 6 is close to the electrode unit 421. From the
modeling results shown in FIGS. 5 and 6, it is found that the
position of the virtual channel can be controlled through
adjusting the voltage (or current) input ratio into the electrode
units, so it is possible to improve the spatial resolution of the
neural stimulation.

[0054] From the modeling result shown in FIG. 4, the elec-
trical stimulation system of Comparative example 1 can only
stimulate the nerve fiber beneath the electrode units, because
the electrical stimulation system of Comparative example
does not comprise a buffer layer to generate the virtual chan-
nel. In contrast, from the modeling results shown in FIGS. 5
and 6, the electrical stimulation system of Embodiment 1 can
generate virtual channels between the electrode units,
because the electrical stimulation system of Embodiment 1
comprises a buffer layer. With a buffer layer, there is a space
between the electrode units and nerve fibers. Therefore, the
space allows the current output from the electrode units elec-
trically to interfere with each other, and virtual channels can
be generated more easily. In addition, the position of the
virtual channels can be controlled through adjusting the volt-
age (or current) input ratio into the electrode units.

Embodiment 2

[0055] Theelectrical stimulation system for generating vir-
tual channels of the present embodiment is similar to that of
Embodiment 1, except that the electrical stimulation system
of the present embodiment further comprises at least one
anchor, which can be installed on the carrier or on the buffer
layer to fix the electrode array on the nerve fiber layer of the
retina. In the present embodiment, as shown in FIG. 7, the
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anchors 46 are installed on the carrier 41 and protrude from
the outer surface of the buffer layer 43 to fix the electrode
array (not shown in FIG. 7) on the nerve fiber layer 51 on the
retina.

Embodiment 3

[0056] FIG. 8 is a perspective view of the electrical stimu-
lation system for generating virtual channels of Embodiment
3 of the present invention, which is used as a retinal prosthe-
sis. In the present embodiment, the electrical stimulation
system is one kind of subretinal prosthesis. The electrical
stimulation system and method for generating virtual chan-
nels are similar to those of Embodiment 1, except that the
electrode array 4 is disposed under the photoreceptor layer
53, and the electrode array 4 faces the photoreceptor layer 53.
When the electrode controller 3 drives the electrode units 42,
the currents output from the electrode units 42 can stimulate
the photoreceptor layer 53. Then, the signal is transmitted to
the nerve fiber layer through cells in the photoreceptor layer
53.

Embodiment 4

[0057] FIG. 9is a perspective view of the electrical stimu-
lation system for generating virtual channels used in the deep
brain stimulation (DBS) in the present embodiment. The elec-
trical stimulation system and method for generating virtual
channels are similar to those of Embodiment 1, except that the
electrode array 4 is a 1x4 array. The electrical stimulation
system and method of the present embodiment can inhibit the
abnormal brain excitation raised in the patient with brain
disease, such as Parkinson’s disease. Compared to the con-
ventional electrical stimulation system used in DBS, the elec-
trical stimulation system of the present embodiment can
stimulate nerve fibers more accurately, due to the buffer layer.
Hence, the electrical stimulation system of the present
embodiment can further inhibit the abnormal excitation more
exactly.

[0058] FIG. 10 is a perspective view of the electrical stimu-
lation system for generating virtual channels in the present
embodiment. With reference to FIGS. 9and 10, the carrier 41
and the electrode units 42 of the present embodiment are
covered with a buffer layer 43, so the position of the virtual
channel generated from the electrode units 42 can be con-
trolled through adjusting the current (or voltage) input ratio
into the electrode units 42. Hence, the electrical stimulation
system of the present embodiment can stimulate nerve fibers
located between two adjacent electrode units 42, as shown in
FIG. 9.

Embodiment 5

[0059] FIG. 11 is a perspective view of the electrical stimu-
lation system for generating virtual channels used in the spi-
nal cord stimulation (SCS) in the present embodiment. The
electrical stimulation system and method for generating vir-
tual channels are similar to those of Embodiment 1, except
that the electrode array 4 is a 1x4 array.

[0060] The electrical stimulation system and method of the
present embodiment can alleviate pain in patients with
chronic back and/or leg pain. Compared to the conventional
electrical stimulation system used in SCS, the electrical
stimulation system of the present embodiment can stimulate
nerve fibers located in the spinal cord more selectively, due to
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the buffer layer. Hence, the electrical stimulation system of
the present embodiment can further alleviate chronic back
and/or leg pain.

[0061] FIGS. 12 and 13 areis a perspective view and a
cross-sectional view of the electrical stimulation system for
generating virtual channels in the present embodiment,
respectively. As shown in FIGS. 12 and 13, the electrical
stimulation system 4 of the present embodiment is installed in
the spinal column 7 to stimulate the nerve fibers located in the
spinal cord 71. With reference to FIGS. 11, 12, and 13, the
carrier 41 and the electrode units 42 of the present embodi-
ment are covered with a buffer layer 43, so the position of the
virtual channel generated from the electrode units 42 can be
controlled through adjusting the current (or voltage) input
ratio into the electrode units 42. Hence, the electrical stimu-
lation system of the present embodiment can stimulate nerve
fibers located inside the spinal cord 71 between two adjacent
electrode units 42, as shown in FIG. 13.

[0062] In conclusion, the electrical stimulation system and
method for generating virtual channels of the present inven-
tion can generate virtual channels between the two electrode
units, because the buffer layer of the electrical stimulation
system provides a space for virtual channel generation. How-
ever, it is hard to manufacture an electrode array with great
quantity and high density of electrode units for electrical
stimulation system, due to the limitation of the semiconductor
process. In the conventional electrical stimulation system, it
is unable to stimulate the nerve fibers between the electrode
units under the limited number of electrode units, so the
spatial resolution of the neural stimulation is not good
enough. In contrast, when the electrical stimulation system
and method for generating virtual channels of the present
invention are used, it is possible to control the position of the
virtual channels through adjusting the voltage (or current)
input ratio into the electrode units. Hence, the virtual chan-
nels generated by the electrical stimulation system of the
present inverntion can stimulate the nerve fibers between the
electrode units, so it is able to improve the spatial resolution
of the neural stimulation.

[0063] Although the present invention has been explained
in relation to its preferred embodiment, it is to be understood
that many other possible modifications and variations can be
made without departing from the scope of the invention as
hereinafter claimed.

What is claimed is:

1. An electrical stimulation system for generating virtual
channels, comprising:

an electrode controller;

a carrier;

a plurality of electrode units disposed on the cartier, and
each of the electrode units are electrically connected to
the electrode controller independently; and

a buffer layer covering the carrier and the electrode units;

wherein, the electrode controller receives a control signal
to drive the corresponding electrode units, and the cur-
rents output from the corresponding electrodes units
electrically interfere with each other to generate a virtual
channel between the corresponding electrode units.

2. The electrical stimulation system as claimed in claim 1,
wherein the corresponding electrode units driven by the elec-
trode controller comprise at least two adjacent electrode
units.
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3. The electrical stimulation system as claimed in claim 2,
wherein the virtual channel is generated between the at least
two adjacent electrode units.

4. The electrical stimulation system as claimed in claim 1,
wherein the electrode units form an mxn array, and each m,
and n is independently an integer of 1 or more.

5. The electrical stimulation system as claimed in claim 1,
further comprising at least one anchor, which is disposed in
the buffer layer and protrudes from the outer surface of the
buffer layer.

6. The electrical stimulation system as claimed in claim 1,
wherein the conductivity of the buffer layer is within a range
0f 0.01 to 100 simens/m.

7. The electrical stimulation system as claimed in claim 1,
wherein the thickness of the buffer layer is within a range of
5 to0 10000 pm.

8. The electrical stimulation system as claimed in claim 1,
wherein the distance between the two adjacent electrode units
is within a range of 10 to 10000 pum.

9. The electrical stimulation system as claimed in claim 1,
wherein the material of the carrier is a biocompatible insulat-
ing material.

10. The electrical stimulation system as claimed in claim 1,
wherein the material of the buffer layer is a biocompatible
semiconducting material.

11. The electrical stimulation system as claimed in claim 1,
wherein the electrical stimulation system is applied to retinal
prosthesis, deep brain stimulation, or spinal cord stimulation.

12. Anelectrical stimulation method for generating virtual
channels, comprising the following steps:

providing an electrical stimulation system, which com-
prises: an electrode controller, a carrier, a plurality of
electrode units, and a buffer layer, wherein the electrode
units are disposed on the cartier, each of the electrode
units are electrically connected to the electrode control-
ler independently, and the carrier and the electrode units
are covered with the buffer layer;

inputting a control signal to the electrode controller of the
electrical stimulation system, and driving the corre-
sponding electrode units to output currents; and

generating a virtual channel between the corresponding
electrode units through the currents output from the
corresponding electrodes electrically interfering with
each other.

13. The electrical stimulation method as claimed in claim
12, wherein the corresponding electrode units driven by the
electrode controller comprise at least two adjacent electrode
units.

14. The electrical stimulation method as claimed in claim
13, wherein the virtual channel 1s generated between the at
least two adjacent electrode units.

15. The electrical stimulation method as claimed in claim
12, wherein the electrode units form an mxn array, and each
m, and n is independently an integer of 1 or more.

16. The electrical stimulation method as claimed in claim
12, wherein the electrical stimulation system further com-
prises at least one anchor, which is disposed in the buffer layer
and protrudes from the outer surface of the buffer layer.

17. The electrical stimulation method as claimed in claim
12, wherein the conductivity of the buffer layer is within a
range of 0.01 to 100 simens/m.
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18. The electrical stimulation method as claimed in claim
12, wherein the thickness of the buffer layer is within a range
of 5 to 10000 pm.

19. The electrical stimulation method as claimed in claim
12, wherein the distance between the two adjacent electrode
units is within a range of 10 to 10000 pm.

20. The electrical stimulation method as claimed in claim
12, wherein the material of the carrier is a biocompatible
insulating material.
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21. The electrical stimulation method as claimed in claim
12, wherein the material of the buffer layer is a biocompatible
semiconducting material.

22. The electrical stimulation method as claimed in claim
12, wherein the electrical stimulation method is applied to
retinal prosthesis, cochlear prosthesis, deep brain stimula-
tion, or spinal cord stimulation
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