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POWER CONTROLLING APPARATUS
APPLIED TO BIOCHIP AND OPERATING
METHOD THEREOF

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to power control, and particu-
larly, to a power controlling apparatus applied to a biochip
and the operating method thereof.

[0003] 2. Description of the Prior Art

[0004] Vision loss is a serious medical issue, where retinal
diseases play major roles. For example, retinitis pigmentosa
is a genetic disease. Itis estimated that 1.5 to 6 out of every 10
thousand people are sick with this disease. The onset age of
this disease ranges from 10 to 45 years old. The symptom of
this disease is night blindness or sight-shrink. A majority of
people with this disease become legally blind by the age of
forty. At present, there is no effective treatment for retinitis
pigmentosa.

[0005] Because of the rapid development of bio-technol-
ogy inrecent years, various biochips have given aray of hope
1o the patients sick with the diseases hard to be cured. Con-
sidering the safety of the patients, a treatment called sub-
retinal silicon chip implantation will be relatively safer and
less-damaging to the eye structure of the patients receiving
this treatment compared to other possible treatments for this
disease.

[0006] However, the retinal chip used in the sub-retinal
silicon chip implantation treatment is generally powered by
solar-cells. The most serious drawback is that the photo-
current generated by solar-cells is small and the efficiency of
the solar-cell could not be effectively improved. Therefore,
the solar-cell powered retinal chip will be limited by the small
photo-current and cannot reach higher output power.

[0007] Therefore, the invention provides a power control-
ling apparatus applied to a biochip and the operating method
thereof to solve the above problems.

SUMMARY OF THE INVENTION

[0008] The invention provides a power controlling appara-
tus applied to a biochip and the operating method thereof. An
embodiment according to the invention is a power controlling
apparatus applied to a biochip.

[0009] The biochip includes M regions (M is a positive
integer), and each of the M regions includes a plurality ofcells
respectively. The power controlling apparatus includes a
pulse generating module, a combinational circuit, and M
controlling modules.

[0010] The pulse generating module is used for generating
a pulse. The combinational circuit receives the pulse and
generates M controlling signals. Each controlling signal has a
predetermined phase which is different from the phases of the
other controlling signals. The M controlling modules are
electrically connected to the combinational circuit. Each of
the M controlling signals corresponds to one of the M con-
trolling modules and activates that controlling module to
selectively power on one of the M regions corresponding to
that controlling module. The cells in the corresponding region
which are powered have an action potential refractory period
which is longer than the power-on interval of the correspond-
ing region.

[0011] Compared to the prior art, the power controlling
apparatus applied 1o a biochip disclosed by the invention
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enables the feasibility of solar cell powered-only sub-retinal
chip that prevents the damage of eyeball structure caused by
the conventional artificial retina chip. For example, the dam-
age may be caused by winding through the eyeball or provid-
ing the power by wiring in the eyeball with the RF wireless
transmission. The safety of the artificial retina chip implan-
tation will be enhanced. In addition, combined with its char-
acteristic of action potential refractory period, the output
efficiency of the artificial retina chip will be improved by
taking turns to provide power to divided region controlled by
the circuit.

[0012] The advantage and spirit of the invention may be
understood by the following recitations together with the
appended drawings.

BRIEF DESCRIPTION OF THE APPENDED
DRAWINGS

[0013] FIG. 1 shows the functional block diagram of the
power controlling apparatus applied to a biochip in the first
embodiment of the invention.

[0014] FIG. 2 shows the circuit diagram of the ring oscil-
lating circuit.

[0015] FIG. 3 shows the functional block diagram of the
power controlling apparatus shown in FIG. 1 further includ-
ing a frequency dividing module.

[0016] FIG. 4shows the position the biochip implanted into
the sub-retinal area of the eyeball.

[0017] FIG. 5 shows an example of applying the power
controlling apparatus of the invention to an artificial retina
chip.

[0018] FIG. 6 shows the flowchart of the power controlling
apparatus operating method applied to a biochip in the second
embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0019] The first embodiment according to the invention is a
power controlling apparatus applied to a biochip. The biochip
includes M regions (M is a positive integer), and each of the
M regions includes a plurality of cells respectively. Please
refer to FIG. 1. FI1G. 1 shows the functional block diagram of
the power controlling apparatus in the first embodiment. As
shown in FIG. 1, the power controlling apparatus 10 includes
apulse generating module 11, a combinational circuit 12, and
M controlling modules 13.

[0020] The pulse generating module 11 is used for gener-
ating a pulse. In practical applications, the pulse generating
module 11 can be a ring oscillating circuit, as shown in FIG.
2. The combinational circuit 12 is electrically connected to
the pulse generating module 11. The combinational circuit 12
receives the pulse and generates M controlling signals. Each
of the M controlling signals has a different phase from the
phases of the other controlling signals.

[0021] The M controlling modules 13 are electrically con-
nected to the combinational circuit 12. Each of the M con-
trolling signals corresponds to one of the M controlling mod-
ules and activates that controlling module to selectively
power on one of the M regions corresponding to that control-
ling module.

[0022] Inpractical applications, the electrical power for the
corresponding region can be provided by solar-cells. It is not
necessary to use an external power source or the destructive
way of winding or wiring for operating the biochip. There-
fore, the safety of the patients under the treatment or after the
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treatment will be highly improved, and the risk of the patients
will be lowered to the minimum.

[0023] When the corresponding region of the biochip is
powered on, the cells in the corresponding region will be
triggered. The triggered cells in the corresponding region
have an action potential refractory period. The cells will be
irresponsive to any stimulus during a period of time once the
cells are triggered, and this period of time is called the action
potential refractory period. Stimulating the cell continuously
in this period is a waste. Therefore, triggering the cells with
periodic pulses provides a way to save power.

[0024] In practical applications, only one region of the M
regions is powered on and the other regions are powered off.
That is to say, among all regions of the biochip, only one
region is powered on at a certain time. This is a way of taking
turns to provide power to divided regions, not only the unnec-
essary power waste can be saved according to the character-
istic of cells, but also the output efficiency obtained by each
region of the biochip will be highly improved respectively.
[0025] As long as the interval of power-on time of the
corresponding region is kept shorter than the action potential
refractory period, the way of taking turns to provide power for
all regions can be used in the invention to save power and
boost the output power of each region. For example, if a
biochip is divided into M regions and the power-on times of
the M regions are all different, the effect of taking turns to
trigger the cells will be the same as that of continuously
triggering the cells. Since the supply power is shared by all
regions in the latter approach and only by a single region in
the former, the efficiency will have M times improvement by
adopting the former approach.

[0026] In practical applications, the power controlling
apparatus 10 can further include a frequency dividing module
14, as shown in FIG. 3. The frequency dividing module 14 is
electrically connected to the pulse generating module 11, and
used for dividing the frequency of the pulse to meet the needs
of the combinational circuit 12.

[0027] In addition, the combinational circuit 12 can be a
logic circuit. The logic circuit can include digital logic gates,
for example, a NAND logic gate, a NOR logic gate, or an
inverter gate.

[0028] In practical applications, the biochip can be an arti-
ficial retina chip. After the manufacturing process, the artifi-
cial retina chip can be used as an implanted biomedical
device. When a sub-retinal silicon chip implantation treat-
ment is performed to a patient sick with retinal disease, the
implanted biochip can be implanted into the sub-retinal
region of the eye of the patient through surgery. The exact
position of the implanted chips can be adjusted according to
surgical situation. Please refer to FIG. 4. FIG. 4 shows the
position of the retinal chip which is implanted into the sub-
retinal area of the eye.

[0029] An exampleis shown in FIG. 5 in which an artificial
retina chip 15 is divided into four regions A1~Ad4. Regions
A1~A4 correspond to the four controlling modules B1~B4 of
the power controlling apparatus 10 applied to the artificial
retina chip 15 respectively. After the pulse generating module
11 generates a reference pulse, the combinational circuit 12
will generate four controlling signals C1~C4 with different
phases according based on the pulses. The controlling mod-
ules B1~B4 correspond to the controlling signals C1~C4
respectively. The controlling module B1 uses the controlling
signal C1 to control the power on/off of the region Al of
artificial retina chip 15. The controlling module B2 uses the
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controlling signal C2 to control the power on/off of the region
A2 of artificial retina chip 15. The controlling modules B3
and B4 are similar to B1 and B2, so they will not be repeated
here.

[0030] The second embodiment according to the invention
is a power controlling apparatus operating method. The
power controlling apparatus is applied to a biochip. The bio-
chip includes M regions (M is a positive integer) and each of
the M regions includes a plurality of cells.

[0031] Please referto FIG. 6. FIG. 6 shows the flowchart of
the power controlling apparatus operating method in the sec-
ond embodiment. Firstly, step S11 is performed to generate a
pulse. Then, step S12 is performed for generating M control-
ling signals with different phases according to the pulse. Each
controlling signal has a different phase from the phases of
other controlling signals.

[0032] Afterward, step S13 is performed to use each of the
M controlling signals for selectively powering on a corre-
sponding region of the M regions. When the corresponding
region is powered on, step S14 is performed for triggering the
cells in the corresponding region. The cells in the correspond-
ing region which are powered have an action potential refrac-
tory period that is longer than the interval of power-on time of
the corresponding region.

[0033] In practical applications, when the corresponding
region of the M regions is powered on and the others of the M
regions are powered off, the step of dividing the frequency of
the pulse can be performed between step S11 and step S12.
[0034] Compared to the prior art, the power controlling
apparatus applied to a biochip disclosed by the invention
prevents the damage on eyeball structure caused by the con-
ventional artificial retina chip. For example, the damage may
be caused by winding through the eyeball or providing power
by wiring in the eyeball with the RF wireless transmission. So
the safety of the artificial retina chip implantation will be
highly enhanced by the power controlling apparatus dis-
closed in the invention. In addition, combined with the char-
acteristic of action potential refractory period, the output
efficiency of the artificial retina chip will be improved by way
of taking turns providing power controlled by the circuit.
[0035] With the example and explanations above, the fea-
tures and spirits of the invention will be hopefully well
described. Those skilled in the art will readily observe that
numerous modifications and alterations of the device may be
made while retaining the teaching of the invention. Accord-
ingly, the above disclosure should be construed as limited
only by the metes and bounds of the appended claims.

What is claimed is:

1. A power controlling apparatus applied to a biochip, the
biochip comprising M regions, M being a positive integer,
each of the M regions comprising a plurality of cells, the
power controlling apparatus comprising:

a pulse generating module, for generating a pulse;

a combinational circuit receiving the pulse for generating
M controlling signals, each controlling signal with a
predetermined phase different from the phase of the
other controlling signal; and

M controlling modules electrically connected to the com-
binational circuit, each of the M controlling signals cor-
responding to and for activating one of the M controlling
modules to selectively power on one corresponding
region of the M regions;
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wherein the cells in the corresponding region which is
powered have an action potential refractory period
longer than an interval of the power-on time of the cor-
responding region.

2. The power controlling apparatus of claim 1, wherein
only one region of the M regions is powered on and the other
regions are powered off.

3. The power controlling apparatus of claim 1, further
comprising:

a frequency dividing module, electrically connected to the
pulse generating module for dividing the frequency of
the pulse.

4. The power controlling apparatus of claim 1, wherein the
corresponding region includes solar cells to provide electrical
power thereto.

5. The power controlling apparatus of claim 1, wherein the
combinational circuit comprises a NAND logic gate, a NOR
logic gate, or an inverter gate.

6. The power controlling apparatus of claim 1, wherein the
biochip is an artificial retina chip.

7. A power controlling apparatus operating method for a
biochip, the biochip comprising M regions, M being a posi-
tive integer, each of the M regions comprising a plurality of
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cells respectively, the power controlling apparatus operating
method comprising the steps of:
generating a pulse;
generating M controlling signals according to the pulse,
each controlling signal with a predetermined phase dif-
ferent from the phase of the other controlling signal; and

using each of the M controlling signals for selectively
powering on a corresponding region of the M regions;

wherein the cells in the corresponding region which is
powered have an action potential refractory period
longer than an interval of the power-on time of the cor-
responding region.

8. The power controlling apparatus operating method of
claim 7, wherein only one region of the M regions is powered
on and the others of the M region are powered off.

9. The power controlling apparatus operating method of
claim 7, further comprising the step of:

dividing the frequency of the pulse.

10. The power controlling apparatus operating method of
claim 7, wherein the corresponding region includes solar cells
to provide electrical power thereto.

11. The power controlling apparatus operating method of
claim 7, wherein the biochip is an artificial retina chip.
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