a2 United States Patent

US009438063B2

10) Patent No.: US 9,438,063 B2

Lin et al. 45) Date of Patent: Sep. 6, 2016
(54) CHARGE APPARATUS (56) References Cited
(71)  Applicant: Industrial Technology Research U.S. PATENT DOCUMENTS
Institute, Hsinchu (TW) )
5,982,139 A 11/1999 Parise ]
(72) Inventors: Jui-Ying Lin, Hsinchu County (TW); 6,567,002 B2 5/2003 .ManneSChl ctal
Mu-Tao Chu, Hsinchu (TW); Yu-Chen (Continued)
Yu, Hsinchu County (TW); Wen-Yih
Liao, Taichung (TW); Ming-Hsien Wu, FOREIGN PATENT DOCUMENTS
Tainan (TW) W 533646 5/2003
. ™ M255370 1/2005
(73) Assignee: Industrial Technology Research iued
Institute, Hsinchu (TW) (Continued)
OTHER PUBLICATIONS
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 Takanori Narita, et al., “The Development of Space Solar Power
U.S.C. 154(b) by 261 days. System Technologies,” Mitsubishi Heavy Industries Technical
Review vol. 48 No. 4, Dec. 2011, pp. 17-22.
(21) Appl. No.: 14/197,229 (Continued)
(22) Filed: Mar. 5, 2014 Primary Examiner — Suresh Memula
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Jianq Chyun IP Office
US 2014/0217955 Al Aug. 7, 2014 (57) ABSTRACT
L A charge apparatus including a natural energy conversion
Related U.S. Application Data module, an energy converter, an energy transmitter, an
(63) Continuation-in-part of application No. 12/833,218, energy receiver, and an electricity storage device is pro-
filed on Jul. 9, 2010, now Pat. No. 8,692,505. vided. The natural energy conversion module receives the
natural energy and converts the natural energy into a first
(51) Int. CL electric energy. The energy converter is electrically con-
HO02J 7/00 2006.01 nected to the natural energy conversion module and converts
( ) d to th 1 oy i dule and
HO02J 7/02 2016.01 the first electric energy into a wireless energy. The ener
he fi lectri rgy i irel gy. Th 2y
(Continued) transmitter is electrically connected to the energy converter
and transmits the wireless energy. The energy receiver
(52) US.CL receives the wireless energy and converts the wireless
CPC ...ccee. H02J 7/025 (2013.01); H02J 7/34 energy into a second electric energy to charge an external
(2013.01); HO2J 7/35 (2013.01); HO2J 17/00 apparatus. The energy transmitter monitors the current
(2013.01); H02J 5/005 (2013.01); YO2E charge status of the external apparatus so as to adjust
10/766 (2013.01) transmitting the wireless energy. The electricity storage
(58) Field of Classification Search device is electrically connected to the natural energy con-

CPC ettt et HO027T 7/35
USPC ittt 320/101
See application file for complete search history.

Natura! energy

AN

version module to store the first electric energy.

17 Claims, 11 Drawing Sheets

400\ Haturel energy Fil dectic evegy [ glamayeelic woe yal

conversion module

ransmitter

=

T .
1 Bectromogneli
I
M wve

406 Second electric ener 3
Extema apparatus y E\ectro{rzgg;:z?c e / ot

Hlectrcity storage device

408




US 9,438,063 B2

Page 2
(51) Int. CL 2013/0147429 Al 6/2013 Kirby et al.
H02J 7/35 (2006.01) 2013/0249481 Al 9/2013 Jacobs et al.
2013/0300358 Al  11/2013 Kirby et al.
HO02J 7/34 (2006.01) 4
Ho2J 17/00 (2006.01) FOREIGN PATENT DOCUMENTS
HO02J 5/00 (2016.01)
™ M317697 8/2007
(56) References Cited ™ 200931763 7/2009
WO 2007008646 1/2007
U.S. PATENT DOCUMENTS wo 2009140216 A2 11/2009
WO 2009140217 A2 11/2009
WO 2009140218 Al 11/2009
6,882,128 B1* 4/2005 Rahmel .................. HO02J 17/00
e 320/101 WO 2009140219 Al 11/2009
612,004 B2 7/2005 Storm, Jr. et al. wo 2009140220 Al 11/2009
WO 2009140221 A2 11/2009
6,949,909 B2 9/2005 Chuang
p WO 2009140222 Al 11/2009
6,967,462 Bl 11/2005 Landis
WO 2009140223 Al 11/2009
6,994,448 Bl 2/2006 Gorrell
: WO 2009140216 A3 1/2010
7,471,062 B2  12/2008 Bruning
- WO 2009140217 A3 1/2010
8,487,478 B2 7/2013 Kirby et al.
WO 2009140221 A3 1/2010
8,547,057 B2  10/2013 Dunworth et al.
- WO 2009140221 A8 4/2010
8,611,815 B2  12/2013 Mohammadian et al.
- WO 2010047850 Al 4/2010
8,629,650 B2 1/2014 Mohammadian et al.
- WO 2010057224 Al 5/2010
2003/0098057 Al 5/2003 Mizuno et al.
- WO 2010093719 Al 8/2010
2004/0142733 Al 7/2004 Parise
WO 2010093721 Al 8/2010
2005/0062454 Al 3/2005 Raghunath et al.
p WO 2010093723 Al 8/2010
2006/0238365 Al  10/2006 Vecchione et al.
p WO 2010093724 Al 8/2010
2006/0266917 Al  11/2006 Baldis et al.
WO 2010093728 A2 8/2010
2007/0019693 Al 1/2007 Graham
WO 2010093729 Al 8/2010
2007/0114967 Al 5/2007 Peng
: WO 2010093730 A2 8/2010
2008/0236648 Al  10/2008 Klein et al.
- WO 2010093964 A2 8/2010
2009/0284082 Al  11/2009 Mohammadian
- WO 2010093967 A2 8/2010
2009/0284218 Al  11/2009 Mohammadian et al.
- WO 2010093973 A2 8/2010
2009/0284220 Al  11/2009 Toncich et al.
: WO 2010118161 A2  10/2010
2009/0284227 Al  11/2009 Mohammadian et al.
- WO 2010093973 A3 11/2010
2009/0284245 Al  11/2009 Kirby et al.
f WO 2009140221 A9  12/2010
2009/0284369 Al  11/2009 Toncich et al. WO 5010093728 A3 12/2010
2009/0286470 Al  11/2009 Mohammadian et al.
- WO 2010093729 A2  12/2010
2009/0286475 Al  11/2009 Toncich et al.
- WO 2010093730 A3 12/2010
2009/0286476 Al  11/2009 Toncich et al.
- WO 2010144885 A1 12/2010
2010/0194335 Al 8/2010 Kirby et al.
- WO 2010118161 A3 4/2011
2010/0201189 Al 8/2010 Kirby et al.
WO 2010093964 A3 5/2011
2010/0201201 Al 8/2010 Mobarhan et al.
- WO 2011063053 A2 5/2011
2010/0201202 Al 8/2010 Kirby et al.
- WO 2011063054 Al 5/2011
2010/0201311 Al 8/2010 Kirby et al.
- WO 2011063057 A2 5/2011
2010/0201312 Al 8/2010 Kirby et al.
f WO 2011063057 A3 5/2011
2010/0201314 Al 8/2010 Toncich et al.
- WO 2011063058 A2 5/2011
2010/0201533 Al 8/2010 Kirby et al.
- WO 2010093967 A3 7/2011
2010/0207572 Al 8/2010 Kirby et al.
! WO 2011063053 A3 7/2011
2010/0213895 Al 8/2010 Keating et al.
2010/0225270 AL 9/2010 Jacobs et al. WO 2011063058 A3 712011
WO 2013052178 4/2013

2010/0225272 Al 9/2010 Kirby et al.
2010/0253281 Al  10/2010 Li OTHER PUBLICATIONS
2010/0289341 Al  11/2010 Ozaki et al.
2010/0323616 Al  12/2010 Von Novak et al.
2011/0030757 Al 2/2011 Lin et al.
2011/0115431 Al 5/2011 Dunworth et al.

Brown, “The History of Power Transmission by Radio Waves”,
IEEE Transactions on Microwave Theory and Techniques, vol. 32,

2011/0115432 Al 52011 El-Maleh et al. Issue:9, Sep. 1984, pp. 1230-1242. .
2011/0119135 Al 52011 Grilli et al. Baarma_n, Understanding Wireless Power”, Dec. 2009, Fulton
2011/0119144 Al 52011 Grilli et al. Innovation LLC, pp. 1-13. . _
2012/0019057 A9 1/2012 Kirby et al. Shinohara, “Wireless Power Transmission for Solar Power Satellite
2012/0153731 A9 6/2012 Kirby et al. (SPS)”, Space Solar Power Workshop, Georgia Institute of Tech-
2013/0134922 A1*  5/2013 Takagi ........cc........ HOIM 10/44 nology, 2006, pp. 1-43.

320/101

2013/0147428 Al 6/2013 Kirby et al. * cited by examiner



U.S. Patent Sep. 6, 2016 Sheet 1 of 11 US 9,438,063 B2

Natural energy

100 First electric energy
\d Naturql ey Energy transmitter e 102
conversion module

|
| Energy
|
|
v

106 Second electric ener
\C Extemal apparatus }\ i Energy receiver e fo4

FIG. 1

200

/ ?)6 ;)4 }/202

A N

FIG. 2



U.S. Patent Sep. 6, 2016

300

Sheet 2 of 11

Naturl energy

WY

400\ Natural energy

conversion module

US 9,438,063 B2

~302

Digital inverter

FIG. 3

First electric energy

Electricity storage device

|-304

Electromagnetic wave

406
\C External apparatus e

Second lectric energy

transmitter

D

l wave

| eclramagret

C

E\ectromaqnetlc Wave

Flectricity storage device

FIG. 4

receiver

Va 404

408




U.S. Patent Sep. 6, 2016 Sheet 3 of 11 US 9,438,063 B2

Natural energy

AN

500\ N ety First lectric energy ﬁ{ | 902

conversion module :
Radio :

fave \I/ /

506 Second electric ener
\( Extemal apparatus } y %_‘J | 504

512

Electricity storage device

FIG. 5

Naturl enrqy

AN

600\ Natural energy First electic energy 602

conversion module

Light source

Second electric energy

DL

606
\( Extemal apparatus e

608
Electricity storage device

FIG. 6



U.S. Patent Sep. 6, 2016 Sheet 4 of 11 US 9,438,063 B2

706 First electic ener
N Energy supply module J Energy transmitter | 100

0

C Hectromagnetic wove

L

708 Second electric ener _
\( Extemal apparatus )< ) Enery receiver L 102

4

FIG. 7



U.S. Patent Sep. 6, 2016 Sheet 5 of 11 US 9,438,063 B2

800 1 800b/>@ EP1 \//

 EP1

804b 808b 806b

—— 805

FIG. 8A

803

—_—

ETH W TE3 8040 807 806a

FIG. 8B



US 9,438,063 B2

Sheet 6 of 11

Sep. 6, 2016

U.S. Patent

6 "Old



US 9,438,063 B2

Sheet 7 of 11

Sep. 6, 2016

U.S. Patent

0l "9l



US 9,438,063 B2

Sheet 8 of 11

Sep. 6, 2016

U.S. Patent

L1 "OIA

206

4206

DZ06

3006 |

q006 006




U.S. Patent Sep. 6, 2016 Sheet 9 of 11 US 9,438,063 B2

<
>
A M
803 \m LI LT 8 8060




U.S. Patent

803

Sheet 10 of 11

Sep. 6, 2016

—_—

803

——

__________
-

S1/2 T4 804a 8080

FIG. 14

US 9,438,063 B2

806q

806a



US 9,438,063 B2

Sheet 11 of 11

Sep. 6, 2016

U.S. Patent

025~ 0151~ PR 50
H |
smoiddo
afosoys Absau] Mol ooty
smounddo buwonisog smoioddo yoqpsa,
_ _
o’ ol |og
¢di eyl —~— B
at
1)) m oy et ———
f f
U3 buwaoa
0cvl co$\ o_ic o

Gl "9l

0vEl —
e — J_
m Jo3991 aossa m Ostl N
MN " _ Rjesu)
(T2 stes wo !
_ 150 _
S F T _
| "
gk _
0gEl | | _
_
| aonap buyyyds foseu
AT P DUCS AbkU | -
0ctl m m N
4 NI | " 19) 13m0 Abiau]
AT M
0lgl _.IJ,. |||||||| .
A 143 | puo bunpusuoy
00kl QNPOL LOISIaNU0)
71 Ao pamoy
00t

d \_, pua fbiau]



US 9,438,063 B2

1
CHARGE APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of prior U.S.
patent application Ser. No. 12/833,218 filed on Jul. 9, 2010.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
specification.

TECHNICAL FIELD

The disclosure relates to a charge apparatus, and more
particularly, to an energy-converting charge apparatus.

BACKGROUND

Natural energy resources offer low pollution, high regen-
eration, and easy collection. Wind and solar energy are two
ideal natural energy resources compared to coal, petroleum,
and gas for thermal energy generation (which have limited
quantities and are highly pollutive) and water for hydraulic
energy generation (which is restricted by the terrain). Par-
ticularly, a stable and continuous energy supply can be
ensured if different natural energy resources are combined.

In recent years, application of solar energy in energy
generation has been increasing significantly. Solar panels are
broadly deployed by various manufacturers to reduce the
cost in power consumption and set up an environment-
friendly manufacturing site. How to effectively convert a
natural energy into electricity and store it has become one of
the major subjects in today’s energy and resources research.
A light emitting device which uses solar energy as its power
supply is disclosed in U.S. Pat. No. 6,994,448.

However, electric energy is the essential element for
driving electronic devices and appliances. Conventionally,
electric energy is generated by using thermal energy,
hydraulic energy, or nuclear energy and then conducted to
electronic devices and appliances to charge the same
through transformers, power cables, and receptacles. Since
the conventional technique for driving electronic devices
and appliances depends on the contact between different
elements, the charging effect may not be satisfactory due to
oxidized contact points and sparks, electric shocks, power
failures may be caused. In addition, different electronic
devices and appliances require different power cables and
charge apparatuses. Thus, the cables may be tangled together
if different electronic products are used, and the working
area of these electronic products may be limited by the
position of the power source and the lengths of the cables.

Some wireless charging techniques have been developed
in recent years. For example, an optical charge apparatus
including a light source and a sensor connected to the light
source is disclosed in U.S. Patent Publication 2007/0114967.
When the sensor detects that a portable electronic apparatus
having photovoltaic cells as its receiving device is getting
close to the light source, the sensor controls the light source
to emit light. The light emitted by the light source reaches
the photovoltaic cells in the portable electronic apparatus to
charge the portable electronic apparatus. However, because
the photovoltaic cells are used as the receiving end of the
energy transmission, this charge apparatus disclosed in the
U.S. Patent Publication 2007/0114967 has a low photoelec-
tric conversion rate therefore is not so practical.

A non-radiative energy wireless transmission technique is
disclosed in PCT Publication WO 2007/008646 A2, wherein
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the energy is transmitted through resonance coupling
between two resonance structure apparatuses.

Additionally, a wireless energy transmission system is
disclosed in U.S. Patent Publication 2006/0266917, wherein
an energy signal is issued and the position of an electronic
product to be charged is determined at the receiving end
through a reflection mechanism so as to charge the electronic
product. A wireless charging system adaptable to a vehicle
is disclosed in U.S. Pat. No. 5,982,139. When the wireless
charging system receives a positioning signal of the vehicle,
the wireless charging system charges the vehicle. The
receiving end of the wireless charging system includes a
logic circuit for detecting whether the electric volume of the
vehicle reaches a charging standard. The wireless charging
system can charge only one vehicle at one time.

In U.S. Patent Publication 2007/00019693, the position of
an electronic product that is to be charged is determined
through an image captured by a camera, and the electric
volume of the electronic product is detected to determine
whether to turn on a wireless energy transmission function.
Furthermore, an optical receiver is disclosed in U.S. Pat. No.
6,972,904, wherein a diffractive optical element (DOE) is
adopted for diffracting a light beam to a reflection plane, and
the reflection plane is suitable for focusing the light beam
into a specific direction.

SUMMARY

A charge apparatus is provided herein.

According to one of the exemplary embodiments of the
charge apparatus, the charge apparatus includes a natural
energy conversion module, an energy converter, an energy
transmitter, an energy receiver, and an electricity storage
device. The natural energy conversion module receives the
natural energy and converts the natural energy into a first
electric energy. The energy converter is electrically con-
nected to the natural energy conversion module and converts
the first electric energy into a wireless energy. The energy
transmitter is electrically connected to the energy converter
and transmits the wireless energy. The energy receiver
receives the wireless energy and converts the wireless
energy into a second electric energy to charge an external
apparatus. The energy transmitter monitors the current
charge status of the external apparatus so as to adjust
transmitting the wireless energy. The electricity storage
device is electrically connected to the natural energy con-
version module to store the first electric energy.

According to one of the exemplary embodiments of the
charge apparatus, the charge apparatus includes a natural
energy conversion module, an energy converter, a transmit-
ting antenna, a receiving antenna, and an electricity storage
device. The natural energy conversion module receives the
natural energy and converts the natural energy into a first
electric energy. The energy converter is electrically con-
nected to the natural energy conversion module and converts
the first electric energy into an electromagnetic wave. The
transmitting antenna is electrically connected to the energy
converter and transmits the electromagnetic wave in a
wireless manner. The receiving antenna receives the elec-
tromagnetic wave in a wireless manner and converts the
electromagnetic wave into a second electric energy to charge
an external apparatus. The transmitting antenna monitors the
current charge status of the external apparatus so as to adjust
transmitting the electromagnetic wave. The electricity stor-
age device is connected to the receiving antenna to store the
second electric energy.



US 9,438,063 B2

3

According to one of the exemplary embodiments of the
charge apparatus driven by a natural energy, the charge
apparatus includes an energy receiver and an external appa-
ratus. The energy receiver receives a wireless energy and
converts the wireless energy into a second electric energy.
The external apparatus is charged by the energy receiver
wherein a charge status of the external apparatus is moni-
tored so as to adjust the wireless energy transmitting.

Several exemplary embodiments accompanied with fig-
ures are described in detail below to further describe the
disclosure in details.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide
further understanding, and are incorporated in and constitute
a part of this specification. The drawings illustrate exem-
plary embodiments and, together with the description, serve
to explain the principles of the disclosure.

FIG. 1 is a block diagram illustrating a charge apparatus
driven by a natural energy according to a first exemplary
embodiment of the present disclosure.

FIG. 2 is a block diagram illustrating a solar electricity
generating apparatus applied to the charge apparatus in the
first exemplary embodiment.

FIG. 3 is a block diagram illustrating a wind electricity
generating apparatus applied to the charge apparatus in the
first exemplary embodiment.

FIG. 4 is a block diagram illustrating a charge apparatus
driven by a natural energy according to a second exemplary
embodiment of the present disclosure.

FIG. 5 is a block diagram illustrating a charge apparatus
driven by a natural energy according to a third exemplary
embodiment of the present disclosure.

FIG. 6 is a block diagram illustrating a charge apparatus
driven by a natural energy according to a fourth exemplary
embodiment of the present disclosure.

FIG. 7 is a block diagram illustrating an electromagnetic
wave charge apparatus according to a fifth exemplary
embodiment of the present disclosure.

FIG. 8A is a diagram illustrating a charge apparatus
driven by a natural energy according to a sixth exemplary
embodiment of the present disclosure.

FIG. 8B is an enlarged view of area A in FIG. 8A.

FIG. 9 is a diagram illustrating how an energy transmitter
monitors the charge status of an external apparatus.

FIG. 10 is a diagram illustrating how an energy transmit-
ter determines whether there is any obstacle in a transmis-
sion path.

FIG. 11 is a diagram illustrating a charge apparatus driven
by a natural energy according to a seventh exemplary
embodiment of the present disclosure.

FIG. 12 is a diagram illustrating a charge apparatus driven
by a natural energy according to another exemplary embodi-
ment of the present disclosure.

FIG. 13 is a diagram illustrating how an energy transmit-
ter transmits a wireless energy to an energy receiver accord-
ing to another exemplary embodiment of the present disclo-
sure.

FIG. 14 is a diagram illustrating how an energy transmit-
ter transmits a wireless energy to an energy receiver accord-
ing to another exemplary embodiment of the present disclo-
sure.

FIG. 15 is a block diagram illustrating a charge apparatus
driven by a natural energy according to another exemplary
embodiment of the present disclosure.
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DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

FIG. 1 is a block diagram illustrating a charge apparatus
driven by a natural energy according to a first exemplary
embodiment of the present disclosure.

Referring to FIG. 1, the natural-energy-driven charge
apparatus in the present embodiment includes a natural
energy conversion module 100, an energy transmitter 102,
and an energy receiver 104. The natural energy conversion
module 100 receives a natural energy and converts it into a
first electric energy. The energy transmitter 102 receives the
first electric energy and converts it into an energy. The
energy transmitter 102 may be a light emitting device or a
radio wave transmitter. For example, the light emitting
device may be a light emitting diode (LED), an incandes-
cent, a laser diode, or other collimated light sources, and the
radio wave transmitter may be a transmitting antenna that
can convert the first electric energy into an electromagnetic
wave and radiate it into the space. In addition, a sensor (not
shown) may be disposed on the energy transmitter 102 for
detecting the position of the energy receiver 104. When it is
detected that the energy receiver 104 is getting close, the
sensor drives the energy transmitter 102 to start working.
The energy receiver 104 receives the energy and converts it
into a second electric energy to be consumed by an external
apparatus 106. The energy receiver 104 may be a photo
detector or a radio wave receiver. For example, the photo
detector may be a photovoltaic semiconductor, a photo-
diode, a phototransistor, or a photovoltaic cell. If the energy
receiver 104 is a radio wave receiver, the energy receiver
104 is composed of a receiving antenna that receives the
electromagnetic wave and converts it into the second electric
energy. In addition, the natural-energy-driven charge appa-
ratus may further include an electricity storage device (not
shown) for storing the second electric energy. The energy
transmitter 102 and the energy receiver 104 may be induc-
tion coils. Energy is transmitted between the energy trans-
mitter 102 and the energy receiver 104 (as indicated by the
dotted arrow in FIG. 1) without any conventional power
cable. For example, if the energy transmitter 102 is a light
emitting device, the light it generates can be transmitted to
the energy receiver 104 through an optical fiber, and if the
energy transmitter 102 is a radio wave transmitter, the
electromagnetic wave it generates can be transmitted to the
energy receiver 104 through waveguide (when the electro-
magnetic wave is a radio wave) or the air.

Referring to FIG. 1 again, the natural energy conversion
module 100 may be a solar electricity generating apparatus
or a wind electricity generating apparatus. When the natural
energy conversion module 100 is a solar electricity gener-
ating apparatus, it converts solar energy into the first electric
energy. For example, as shown in FIG. 2, the solar electricity
generating apparatus includes a photovoltaic cell array 200,
a charge battery array 202, a unidirectional current device
204, and an outer lead 206. The photovoltaic cell array 200
includes a plurality of solar chips 210 for receiving solar
energy and converting it into the first electric energy. The
charge battery array 202 includes a plurality of charge
batteries 212 for storing the first electric energy. The unidi-
rectional current device 204 is located between the photo-
voltaic cell array 200 and the charge battery array 202. The
unidirectional current device 204 may be a blocking diode,
and this blocking diode can prevent power consumption
caused by countercurrent. The outer lead 206 connects the
photovoltaic cell array 200, the unidirectional current device
204, and the charge battery array 202. On the other hand,
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when the natural energy conversion module 100 is a wind
electricity generating apparatus, it converts wind energy into
the first electric energy. For example, as shown in FIG. 3, the
wind electricity generating apparatus includes a wind driven
generator 300, a digital inverter 302, and an electricity
storage device 304. The wind driven generator 300 converts
wind energy into the first electric energy. The digital inverter
302 converts the voltage of the first electric energy. The
electricity storage device 304 stores the first electric energy.

FIG. 4 is a block diagram illustrating a charge apparatus
driven by a natural energy according to a second exemplary
embodiment of the present disclosure.

Referring to FIG. 4, the natural-energy-driven charge
apparatus in the present embodiment includes a natural
energy conversion module 400, an electromagnetic wave
transmitter 402, and an electromagnetic wave receiver 404.
The natural energy conversion module 400 receives a natu-
ral energy and converts it into a first electric energy. The
electromagnetic wave transmitter 402 receives the first elec-
tric energy and converts it into an electromagnetic wave (for
example, a laser wave or a radio wave). The electromagnetic
wave transmitter 402 may be a laser diode (D) or any other
device that can emit a directional light energy. After the
electromagnetic wave transmitter 402 generates the laser
wave, the light energy is transmitted to the electromagnetic
wave receiver 404 through optical fiber or through peer-to-
peer transmission with the air as the transmission medium.
In addition, a sensor (not shown) may be disposed on the
electromagnetic wave transmitter 402 for detecting the posi-
tion of the electromagnetic wave receiver 404. When it is
detected that the electromagnetic wave receiver 404 is
getting close, the sensor drives the electromagnetic wave
transmitter 402 to emit the electromagnetic wave. The laser
wave may be implemented by using a GaAs visible or
invisible laser (for example, a laser having its wavelength
between 600 nm and 1600 nm), or a GaN visible or deep
ultraviolet laser (for example, a laser having its wavelength
between 200 nm and 600 nm). Besides, the laser wave may
also be an InP laser (for example, a laser having its wave-
length between 1100 nm and 1800 nm). The laser wave may
further be a solid-state laser, a gas laser, or a LD.

Referring to FIG. 4 again, the electromagnetic wave
receiver 404 in the natural-energy-driven charge apparatus
receives the aforementioned laser wave and converts it into
a second electric energy to be consumed by an external
apparatus 406. For example, the electromagnetic wave
receiver 404 in the present embodiment includes a photo
detector. The photo detector may be a photovoltaic semi-
conductor, a photodiode, a phototransistor, or a photovoltaic
cell. The photo detector is applicable to the detection of both
visible and invisible lights. The electric energy converted by
the photo detector is usually a current source. The current
source can be converted into a voltage source. Alternatively,
the second electric energy is first stored in an electricity
storage device (for example, a battery) 408 and then used for
driving the backend external apparatus 406, e.g. a light
emitting device, a mobile device, or a display device, etc.
For example, a GaAs laser with wavelength 980 nm emits a
100 mW laser beam and transmits the laser beam to the
photo detector through optical fiber to generate a current of
40 mA. Herein this current of 40 mA is enough for driving
a small bulb. In the second embodiment, the transmission
medium between the electromagnetic wave transmitter 402
and the electromagnetic wave receiver 404 may be air or
optical fiber. The natural energy conversion module 400 can
be referred to the natural energy conversion module 100 in
the first embodiment.
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FIG. 5 is a block diagram illustrating a charge apparatus
driven by a natural energy according to a third exemplary
embodiment of the present disclosure.

Referring to FIG. 5, the natural-energy-driven charge
apparatus in the present embodiment includes a natural
energy conversion module 500, a radio wave transmitter
502, and a radio wave receiver 504. The natural energy
conversion module 500 receives a natural energy and con-
verts it into a first electric energy. The natural energy
conversion module 500 can be referred to the natural energy
conversion module 100 in the first embodiment. The radio
wave transmitter 502 is connected to the natural energy
conversion module 500, receives the first electric energy and
converts the first electric energy into a radio wave. In
addition, a sensor (not shown) may be disposed on the radio
wave transmitter 502 for detecting the position of the radio
wave receiver 504. When it is detected that the radio wave
receiver 504 is getting close, the sensor drives the radio
wave transmitter 502 to emit the radio wave. The radio wave
receiver 504 is disposed opposite to the radio wave trans-
mitter 502, receives the radio wave and converts the radio
wave into a second electric energy to be consumed by an
external apparatus 506. The radio wave transmitter 502
includes a transmitting antenna 508, and the transmitting
antenna 508 converts the first electric energy into an elec-
tromagnetic wave and radiates it into the space. The radio
wave receiver 504 also includes a receiving antenna 510 for
receiving the radio wave and converting it into the second
electric energy. The natural-energy-driven charge apparatus
may further include an electricity storage device 512. The
electricity storage device 512 is connected to the radio wave
receiver 504 and stores the second electric energy to be
consumed by the external apparatus 506. In the present
embodiment, the radio wave transmitter 502 and the radio
wave receiver 504 may be induction coils, and the trans-
mission medium between the radio wave transmitter 502 and
the radio wave receiver 504 may be waveguide or air.

FIG. 6 is a block diagram illustrating a charge apparatus
driven by a natural energy according to a fourth exemplary
embodiment of the present disclosure.

Referring to FIG. 6, the natural-energy-driven charge
apparatus in the present embodiment includes a natural
energy conversion module 600, a light emitting device 602,
and a photo detector 604. The natural energy conversion
module 600 receives a natural energy and converts it into a
first electric energy. The natural energy conversion module
600 can be referred to the natural energy conversion module
100 in the first embodiment. The light emitting device 602
is connected to the natural energy conversion module 600,
and which receives the first electric energy and converts it
into a light source, wherein the light source may be an
electromagnetic light (for example, a :laser wave) or a
non-electromagnetic light (for example, the light emitted by
a LED or a fluorescent bulb). In the present embodiment, the
light emitting device 602 may be a LED or a fluorescent
bulb. In addition, a sensor (not shown) may be disposed on
the light emitting device 602 for detecting the position of the
photo detector 604. When it is detected that the photo
detector 604 is getting close, the sensor drives the light
emitting device 602 to emit light. Because the photo detector
604 in the present embodiment can detect light of related
wavelength, a high photoelectric conversion rate over 60%
is achieved. Thus, the energy conversion rate is increased
considerably compared to that in a photovoltaic cell.
Besides, the wavelengths of light absorbed by a photovoltaic
cell range from 0.4 pm to 1.1 pm. In the present disclosure,
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the selection of wavelength range is made more flexible by
adopting a photo detector corresponding to a light source.

Referring to FIG. 6 again, the photo detector 604 is
disposed opposite to the light emitting device 602, receives
the aforementioned light source and converts the light
source into a second electric energy to be consumed by an
external apparatus 606. The photo detector 604 may be a
photovoltaic semiconductor, a photodiode, a phototransistor,
or a photovoltaic cell, wherein the phototransistor is usually
composed of a photodiode and a transimpedance amplifier.
The transimpedance amplifier converts the current supplied
by the photodiode into a voltage so that a voltage source is
output. Besides, in the present embodiment, the natural-
energy-driven charge apparatus further includes a first elec-
tricity storage device 608. The first electricity storage device
608 is connected to the photo detector 604 for storing the
second electric energy.

FIG. 7 is a block diagram illustrating an electromagnetic
wave charge apparatus according to a fifth exemplary
embodiment of the present disclosure.

Referring to FIG. 7, the electromagnetic wave charge
apparatus in the present embodiment includes an energy
transmitter 700 and an energy receiver 702. The energy
transmitter 700 receives a first electric energy and converts
it into an electromagnetic wave (for example, a radio wave
or a laser wave). The energy receiver 702 receives the
electromagnetic wave from the energy transmitter 700
through a transmission medium 704 and converts the elec-
tromagnetic wave into a second electric energy. In addition,
a sensor (not shown) may be disposed on the energy
transmitter 700 for detecting the position of the energy
receiver 702. When it is detected that the energy receiver
702 is getting close, the sensor drives the energy transmitter
700 to start working. The transmission medium 704 may be
air, optical fiber, or waveguide, wherein the optical fiber may
be quartz optical fiber or plastic optical fiber. Moreover, the
electromagnetic wave charge apparatus in the present
embodiment further includes an energy supply module 706
for supplying the first electric energy to the energy trans-
mitter 700. The energy supply module 706 may be a general
power supply or a natural energy conversion module. For
example, the general power supply may be a battery or
mains electricity, and the natural energy may be solar energy
or wind energy. Finally, the second electric energy converted
by the energy receiver 702 is supplied to and consumed by
an external apparatus 708.

FIG. 8A is a diagram illustrating a charge apparatus
driven by a natural energy according to a sixth exemplary
embodiment of the present disclosure.

Referring to FIG. 8A, the natural-energy-driven charge
apparatus in the present embodiment includes a natural
energy conversion module 800, an energy converter 802, an
energy transmitter 803, and a plurality of energy receivers
804a and 8045 (only two of which are illustrated in FIG. 8
as examples).

The natural energy conversion module 800 receives a
natural energy N1 (for example, a solar energy) and converts
it into a first electric energy EP1. In the present embodiment,
the natural energy conversion module 800 includes conver-
sion units 800a, 8005, and 800c. The conversion units 800a,
8005, and 800c may be photovoltaic cells, and these pho-
tovoltaic cells are electrically connected with each other and
converts the solar energy into the first electric energy EP1.
In another embodiment, the natural energy N1 includes at
least one of solar energy, water energy, geothermal energy,
wave energy, tidal energy, wind energy, and biomass energy.
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Referring to FIG. 8A again, the energy converter 802
converts the first electric energy EP1 into a wireless energy
W. The wireless energy W may be a magnetic energy or an
electromagnetic wave, wherein the electromagnetic wave
may be a microwave, a light wave, a radio wave, or a laser
wave.

The energy transmitter 803 is electrically connected to the
energy converter 802. The energy transmitter 803 receives
the wireless energy W and transmits it in a wireless manner.
To be specific, when the energy converter 802 converts the
first electric energy EP1 into the wireless energy W which
can be conveniently transmitted in a wireless manner, an
energy splitting device (not shown) in the energy transmitter
803 splits the wireless energy W into a plurality of energy
portions and transmits these energy portions to the energy
receivers 804a and 8045 of a plurality of external appara-
tuses in a wireless manner. The energy splitting device may
be disposed on the energy transmitter 803 to simplify the
apparatus.

Then, the energy receivers 804a and 8045b receive the
wireless energy W in a wireless manner and convert the
received wireless energy W into a second electric energy
EP2 to be consumed by external apparatuses 806a and 8065.
Herein the external apparatuses 806a and 8065 may be cell
phones or notebook computers. In addition, the wireless
energy W in the present embodiment may be laser. Since
laser is highly collimated, easy to integrate, and free of radio
frequency (RF) interference, the highly intensive wireless
energy W to the energy receivers 804a and 8045 can be
exactly transmitted.

As shown in FIG. 8A, the energy receivers 804a and 8045
may be connected to the external apparatuses 8064 and 8065
by, for example, the circuits 808a and 8085, and the circuits
808a and 8085 transmit the converted second electric energy
EP2 to the external apparatuses 806a and 8065 to charge the
external apparatuses 806a and 8065.

Additionally, the energy transmitter 803 in the present
embodiment may also transmit a microwave signal MW to
locate the energy receiver 804a or 8044. In other words, in
the present embodiment, the position of the external appa-
ratus 806a or 8065 is determined by using microwave.
Compared to the conventional positioning technique in
which a regular light beam is used, positioning within a large
area can be carried out by using microwave due to the high
directivity of microwave. Besides, because the transmission
of microwave is not affected by the weather (unlike a regular
light beam), after the energy transmitter 803 determines the
position of the energy receiver 804a or 8045, it can transmit
energy to the external apparatus 806a or 80654 in the specific
direction so that the energy transmission efficiency can be
improved.

Referring to FIG. 8A again, the natural-energy-driven
charge apparatus in the present embodiment further includes
an electricity storage device 805. The electricity storage
device 805 is electrically connected to the natural energy
conversion module 800, and the first electric energy EP1 is
stored in the electricity storage device 805 through circuit
transmission. After that, the energy converter 802 converts
the first electric energy EP1 into the wireless energy W, and
the energy transmitter 803 transmits the wireless energy W
to the energy receivers 804a and 8045 in a wireless manner.

To be specific, in the present embodiment, a converter
(not shown) may be disposed on the energy receivers 804a
and 8045 to convert the wireless energy W into the second
electric energy EP2, so that the second electric energy EP2
can be consumed by the external apparatuses 806a and 8065.
In another embodiment, the energy transmitted between the
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energy receivers 804a and 8045 and the external apparatuses
806a and 8065 may be through waveguide instead of the
circuits 808a and 8085.

For example, in another embodiment, the energy trans-
mitter 803 may be a transmitting antenna, such as a dipole
antenna, a panel antenna, a microstrip antenna, a multiple
element dipole antenna, a Yagi antenna, a parabolic dish, an
omniantenna, a grid antenna, or a disc antenna. The energy
receivers 804a and 8045 may be an receiving antenna, such
as a dipole antenna, a panel antenna, a microstrip antenna,
a multiple element dipole antenna, a Yagi antenna, a para-
bolic dish, an omniantenna, a grid antenna, or a disc antenna.

The transmitting frequency of the wireless energy W
maybe within the range of 110~150 kHz. The transmitting
frequency of the wireless energy W maybe within the range
0t 350~375 kHz. The transmitting frequency of the wireless
energy W maybe within the range of 10~15 MHz. The
transmitting frequency of the wireless energy W maybe
within the range of 470~860 MHz. The transmitting fre-
quency of the wireless energy W maybe within the range of
850~950 MHz. The transmitting frequency of the wireless
energy W maybe 2.45 GHz.

A dipole antenna would include two identical conductive
elements such as metal wires or rods, which are usually
bilaterally symmetrical Several different variations of the
dipole are also used, such as the folded dipole, short dipole,
cage dipole, bow-tie, and batwing antenna. Dipoles may be
used as standalone antennas themselves, but they are also
employed as feed antennas (driven elements) in many more
complex antenna types, such as the Yagi antenna, parabolic
antenna, reflective array, turnstile antenna, log periodic
antenna, and phased array. Yagi antenna is consisting of a
driven element and additional parasitic elements. The para-
sitic element is slightly longer (typically 5% longer) than the
driven dipole. a parabolic dish antenna would include a
metal parabolic reflector with a small feed antenna sus-
pended in front of the reflector at its focus, pointed back
toward the reflector. The reflector is a metallic surface
formed into a paraboloid of revolution and usually truncated
in a circular rim that forms the diameter of the antenna.
Parabolic antennas is nonresonant, so it can function over a
wide range of frequencies, that is a wide bandwidth. To
change the frequency of operation would involve replacing
the feed antenna with one that works at the new frequency.
Some parabolic antennas receive at multiple frequencies by
having several feed antennas mounted at the focal point,
close together.

FIG. 8B is an enlarged view of area A in FIG. 8A. As
shown in FIG. 8B, the energy transmitter 803 includes a
transmitting end TE1 and a receiving end TE2. The trans-
mitting end TE1 transmits the wireless energy W to the
energy receiver 804a in a wireless manner. The receiving
end TE2 receives an instruction signal S1 from the energy
receiver 804a, wherein the instruction signal S1 provides an
energy transmission information to the energy transmitter
803. In the present embodiment, the energy transmission
information may be a current charge status of the external
apparatus 806a.

On the other hand, the energy receiver 804a in the present
embodiment may further include a receiving end TE3 and a
transmitting end TE4. The receiving end TE3 receives the
wireless energy W from the energy receiver 803, and the
transmitting end TE4 transmits the instruction signal S1 to
the energy receiver 803. To be specific, when the receiving
end TE3 of the energy receiver 804a receives the wireless
energy W from the transmitting end TE1 of the energy
transmitter 803, the transmitting end TE4 of the energy
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receiver 804a transmits the instruction signal S1 to the
receiving end TE2 of the energy receiver 803, wherein the
instruction signal S1 represents the energy transmission
information (i.e., the current charge status of the external
apparatus 806a).

FIG. 9 is a diagram illustrating how the energy transmitter
803 monitors the charge status of the external apparatus
806a.

Referring to FIG. 9, when the external apparatus 806q is
not fully charged yet (for example, t=t, and t=t,), the energy
transmitter 803 continues to supply the wireless energy W.
Contrarily, after the external apparatus 806a is fully charged
(for example, t=t;), the intensity E2 corresponding to the
instruction signal S changes and is transmitted back to the
energy transmitter 803 so that the energy transmitter 803
stops supplying the wireless energy W. As described above,
the energy transmitter 803 can monitor the charge status of
the external apparatus 806a according to the instruction
signal S1, so as to determine whether to continues supplying
the wireless energy W. Thereby, the power consumption can
be reduced.

Additionally, as shown in FIG. 8B, in the present embodi-
ment, the energy receiver 804a may further include a
controller 807. The controller 807 executes a logic opera-
tion. The energy receiver 804a transmits a displacement
signal S2 to the energy transmitter 803 according to the
operation result of the controller 807 such that the energy
transmitter 803 can adjust the position or the angle of the
transmitting end TE1.

To be specific, when the energy receiver 804qa starts to
transmit the wireless energy W, the controller 807 performs
the position adjustment to find the maximum value of the
wireless energy W within the area in which the energy
receiver 804a is located. Meanwhile, the energy receiver
804a keeps receiving the wireless energy W. When the
intensity E1 of the received wireless energy W is lower than
a predetermined threshold, the transmitting end TE4 of the
energy receiver 804a outputs the displacement signal S2 to
notify the energy transmitter 803 to adjust the position or the
angle of the transmitting end TE1. Namely, the energy
transmitter 803 adjusts its transmitting position or the trans-
mitting angle when the received energy (for example, an
electromagnetic wave energy or a magnetic energy) of the
energy receiver 804a is lower than a predetermined thresh-
old. So that an optimal working point can be maintained
between the transmitting end TE1 of the energy transmitter
803 and the receiving end TE3 of the energy receiver 804a.

It should be noted that in the present embodiment, even
though the wireless energy W is transmitted in a single
direction, other signals may be transmitted in a single
direction or in two different directions. As described above,
the energy transmitter 803 transmits the microwave signal
MW to locate the energy receiver 804a or 8045b. After that,
the energy receiver 804a transmits the displacement signal
S2, and the energy transmitter 803 determines whether to
adjust the position or direction of the transmitting end TE1
according to the displacement signal S2. Namely, the signal
transmission between the transmitting end TE4 and the
receiving end TE2 is not limited to the single direction from
the transmitting end TE4 to the receiving end TE2. Instead,
it could be bidirectional.

Moreover, as shown in FIG. 10, besides monitoring the
charge status, the transmitting end TE4 and the receiving end
TE2 may also simultaneously provide an information indi-
cating whether an obstacle O blocking the energy transmis-
sion exists in the transmission path. Namely, the energy
transmission information may be a transmission path infor-
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mation. Referring to FIG. 10, when the obstacle O does not
exist in the transmission path between the receiving end TE3
and the transmitting end TE1 (for example, t<tl), the
instruction signal S instructs the energy transmitter 803 to
supply the wireless energy W continuously. Contrarily, when
the obstacle O exists in the transmission path (for example,
t1<t<t2), the energy E2 of the instruction signal S changes
to notify the energy transmitter 803 to stop supplying the
wireless energy W. After the obstacle O leaves the trans-
mission path (for example, t>t2), the intensity E2 of the
instruction signal S changes again to notify the energy
transmitter 803 to supply the wireless energy W again.

As described above, through the obstacle monitoring
function, energy loss caused by invalid transmission is
prevented, and meanwhile, any damage caused by the trans-
mitted wireless energy to a living creature that passes
through the transmission path is also prevented. In other
words, the charge apparatus in the present embodiment
offers a life protection function. In addition, the functions of
the transmitting end TE4 and the receiving end TE2 are not
limited to those described in the present embodiment, and
other possible states (for example, any malfunction or the
charge status of the energy transmitter 803) of the energy
transmitter 803 and the energy receiver 804a may be shared
between the transmitting end TE4 and the receiving end
TE2.

Referring to FIG. 8B, in another embodiment, the trans-
mitting end TE1 of the energy transmitter 803 may also be
a fiber optic connector. In other words, the energy transmit-
ter 803 may be considered a charging station with a fiber
optic connector. Thus, the energy transmitter 803 is con-
nected to the energy receiver 804a through optical fiber to
transmit light energy. After that, the energy receiver 804a
converts the light energy into the second electric energy EP2
to be consumed by the external apparatus 806a.

FIG. 11 is a diagram illustrating a charge apparatus driven
by a natural energy according to a seventh exemplary
embodiment of the present disclosure.

Referring to FIG. 11, the natural-energy-driven charge
apparatus in the present embodiment includes a natural
energy conversion module 900, a plurality of energy con-
verters 902, a plurality of energy transmitters 903, and an
energy receiver 904a. The natural energy conversion module
900 includes a plurality of conversion units 900a, 9005, and
900c.

In the present embodiment, the conversion units 900a,
9005, and 900c¢ convert a natural energy N1 into a first
electric energy EP1, and the conversion units 900a, 9005,
and 900¢ may be photovoltaic cells. The charge apparatus in
the present embodiment is similar to the charge apparatus in
the sixth embodiment, while the main difference between the
two is that each of the conversion units 900a, 9005, and 900¢
has a corresponding energy converters 902a, 9025, or 902¢
and a corresponding energy transmitters 903a, 9035, or
903c. The energy converters 902a, 9025, and 902¢ convert
the first electric energy EP1 into a wireless energy W. The
energy transmitters 903a, 9035, and 903¢ receive the wire-
less energy W and transmit it to the energy receiver 904 in
a wireless manner.

To be specific, when the energy converters 902a, 9025,
and 902¢ convert the first electric energy EP1 into the
wireless energy W (for example, an electromagnetic wave
energy), the energy transmitters 903a, 9035, and 903c
transmit the wireless energy W to the energy receiver 904 in
a wireless manner. In the present embodiment, to increase
the wireless transmission efficiency, the energy receiver 904
includes an energy receiving head 904a. In the present
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embodiment, a receiving surface of the energy receiving
head 904¢ is in a cone shape. However, in other embodi-
ments, the receiving surface of the energy receiving head
904a may also be in a parabolic shape, an elliptical shape,
a hemispherical shape, a funneled shape, a bowl shape, a
disc shape, or any other shape that can increase the receiving
efficiency. For example, in another embodiment, the energy
receiver 904 may be an antenna, such as a dipole antenna, a
panel antenna, a microstrip antenna, a multiple element
dipole antenna, a Yagi antenna, a parabolic dish, an omnian-
tenna, a grid antenna, or a disc antenna.

As shown in FIG. 11, because the energy receiver 904 in
the present embodiment has the energy receiving head 9044,
the wireless energy W transmitted by the energy transmitters
903a, 9035, and 903c¢ from different directions can be
simultaneously received. In addition, an electricity storage
device 905 may be connected to the energy receiver 904
externally. After the energy receiver 904 converts the wire-
less energy W into the second electric energy EP2, the
second electric energy EP2 may be stored into the electricity
storage device 905 and then a determination for determining
whether to transmit the second electric energy EP2 to an
external apparatus 906a to charge the same according to the
actual requirement is performed.

In another embodiment, the energy receiver 904 may be
implemented as a rotary energy receiver such that the
receiving angle can be adjusted according to the positions of
the energy transmitters 903a, 9035, and 903¢. For example,
the energy receiving head 904a can rotate to sequentially
receive the wireless energy W emitted by the energy trans-
mitters 903a, 9035, and 903¢ from different directions. In
other embodiments, the energy transmitters 903a, 9035, and
903¢ may be disposed in different power plants, and the
energy receiver 904 may be disposed on the top of a building
along with the electricity storage device 905, so that the
energy receiver 904 can receive the wireless energy W from
the power plants, convert the wireless energy W into the
second electric energy EP2, and store the second electric
energy EP2 into the electricity storage device 905 or supply
the second electric energy EP2 to the residents in the
building.

Additionally, in the present embodiment, the conversion
units 900a, 9005, and 900¢ are all solar panels. However, in
another embodiment, the conversion units 900a, 9005, and
900¢ may also be wind power plants, geothermal power
plants, or hydraulic power plants.

Moreover, as shown in FIG. 12, in another embodiment,
the conversion unit 900a may also be disposed in the space
to directly collect solar energy (i.e., the natural energy N1).
For example, a solar panel 908 that has a surface area of up
to several square kilometres can be deployed on a synchro-
nous orbit outside the aerosphere of the Earth 907 for
collecting the more intensive solar energy N1 compared to
that collected on the ground. Then, the solar energy N1 is
transmitted back to the energy receiver 904 (illustrated in
FIG. 11) on the Earth 907 through laser or microwave, and
the energy receiver 904a may be a giant disc antenna located
within a prohibited area on the sea or a reservoir.

FIG. 13 is a diagram illustrating how an energy transmit-
ter transmits a wireless energy to an energy receiver accord-
ing to another exemplary embodiment of the present disclo-
sure.

As shown in FIG. 13, in the present embodiment, the
energy transmitter 803' transmits the wireless energy W
through a magnetic field M1. To be specific, the energy
transmitter 803' converts the first electric energy EP1
received from the energy converter 802 (illustrated in FIG.
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8A) into a magnetic energy M1 and radiates it into the space.
The external apparatus 806a receives the magnetic energy
M1 through an energy receiver 804' and converts the mag-
netic energy M1 into the second electric energy EP2 to be
consumed by the external apparatus 806a. In addition, the
energy receiver 804' may also be a multipolar receiver
having multiple magnetic poles. Namely, the energy receiver
804' is a receiver with multiple N/S polarity combinations
such that the magnetic energy M1 in the space can be
effectively collected and converted into the second electric
energy EP2 to be consumed by the external apparatus 806a.

FIG. 14 is a diagram illustrating how an energy transmit-
ter transmits a wireless energy to an energy receiver accord-
ing to another exemplary embodiment of the present disclo-
sure.

As shown in FIG. 14, besides that the external apparatus
806a receives the wireless energy W from the energy
transmitter 803 and the energy receiver 804a converts the
wireless energy W into the second electric energy EP2, as
illustrated at the lower part of the FIG. 14, when the energy
transmitter 803 stops transmitting energy, if the energy
receiver 804a is located within the transmission environ-
ment of other wireless energy (for example, light energy,
radio wave, or solar energy), the energy receiver 804a
directly converts the natural energy N1 (for example, the
solar energy) into the second electric energy EP2 to be
consumed by the external apparatus 806a by using an
auxiliary natural energy conversion module 808. The aux-
iliary natural energy conversion module 808 may be a solar
panel disposed on the energy receiver 804a.

Moreover, the energy receiver 804a may have a general
receptacle, and when the supply of the natural energy N1
stops, energy can still be supplied to the external apparatus
806a through the receptacle or a battery. As described above,
the energy receiver 804a in the present embodiment is a
multifunctional apparatus.

FIG. 15 is a block diagram illustrating a charge apparatus
driven by a natural energy according to another exemplary
embodiment of the present disclosure. The natural-energy-
driven charge apparatus in the present embodiment includes
an energy end, a transmitting end, a receiving end, and a user
end. The energy end may be an energy conversion module
1100, and the energy conversion module 1100 receives an
energy P, converts the energy P into a first electric energy
EP1, and transmits the first electric energy EP1 to the
transmitting end, wherein the energy P may be a natural
energy, the mains electricity, or other energies. The trans-
mitting end includes an energy converter 1200 and an energy
transmitter 1300. The energy converter 1200 converts the
first electric energy EP1 into a wireless energy W and
transmits the wireless energy W to the energy transmitter
1300.

In the present embodiment, the energy transmitter 1300
includes a transmitter 1310, an energy splitting device 1320,
a position sensor 1330, and a message receiver 1340. The
transmitter 1310 transmits the wireless energy W to the
receiving end in a wireless manner. The wireless transmis-
sion may be achieved through electromagnetic induction,
microwave, or light energy, wherein electromagnetic induc-
tion has shorter transmission distance but is easier to imple-
ment and safer to human health.

In addition, the energy splitting device 1320 allows the
energy transmitter 1300 to transmit different portions of the
wireless energy W to a plurality of receiving ends. As shown
in FIG. 15, the receiving end may be an energy receiver
1400, and the energy receiver 1400 includes a receiver 1410
and a converter 1420. The receiver 1410 receives the wire-
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less energy W and transmits it to the converter 1420 in a
wireless manner. The converter 1420 converts the wireless
energy W into a second electric energy EP2 to be consumed
by an external apparatus. Herein the external apparatus may
be an apparatus circuit 1510 or an energy storage apparatus
1520 at the user end, wherein the energy storage apparatus
1520 may be an electricity storage device deployed on the
top of a building to be used by residents in the building.

The energy receiver 1400 further includes a controller
1430, a feedback apparatus 1440, and a positioning appa-
ratus 1450. The positioning apparatus 1450 sends a displace-
ment signal S to the energy transmitter 1300 to allow the
energy transmitter 1300 to adjust the transmission direction
of the wireless energy W. The controller 1430 controls the
feedback apparatus 1440 and the positioning apparatus 1450
according to an information D of the receiver 1410, wherein
the information D may be the status of the wireless energy
W currently received by the receiver 1410. When the con-
troller 1430 detects that the intensity of the wireless energy
W received by the receiver 1410 is lower than a predeter-
mined threshold, the feedback apparatus 1440 and the posi-
tioning apparatus 1450 that receive a control signal CS2
send an instruction signal S to the position sensor 1330 and
the message receiver 1340 at the transmitting end. Then the
controller 1350 at the transmitting end adjusts the energy
distribution quantity of the energy splitting device 1320 or
the transmission position or direction of the energy trans-
mitter 1300, so as to allow the receiver 1410 at the receiving
end to receive a more intensive wireless energy W. On the
other hand, a position sensor 1330 and the positioning
apparatus 1450 may communicate with each other through
microwave in a single direction or in two different directions
between the transmitting end and the receiving end to
determine the exact position of the receiving end. Moreover,
similar to that in the embodiment described above, the
natural-energy-driven charge apparatus in the present
embodiment also offers the charge status detecting and
obstacle monitoring functions such that the power consump-
tion can be reduced and human safety can be protected. The
present embodiment can be referred to related description of
foregoing embodiments therefore will not be described
herein.

In summary, a natural-energy-driven charge apparatus
provided by the present disclosure can convert a natural
energy into electric energy, and therefore is very economical
and environment-friendly. Besides, the natural-energy-
driven charge apparatus provided by the present disclosure
can control the charge status of a charged apparatus. In
addition, in a natural-energy-driven charge apparatus pro-
vided by the present disclosure, the electric energy is con-
verted into an electromagnetic wave by an electrically-
driven energy transmitter, and the electromagnetic wave is
received and stored as electric energy by an energy receiver,
so that the effect of conventional energy charging through
power cable is achieved. Thus, the problems of oxidized
contact point, power failure, and electromagnetic interfer-
ence in the existing contact charging technique are pre-
vented, and the problem of tangled cables when different
electronic products are used can be avoided. Moreover, in
the natural-energy-driven charge apparatus provided by the
present disclosure, no additional circuit is required for
connecting the energy transmitter and the energy receiver so
that the application of the natural-energy-driven charge
apparatus is not limited by its working environment.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the disclosed embodiments without departing from the scope
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or spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure cover modifications and varia-
tions of this disclosure provided they fall within the scope of
the following claims and their equivalents.

What is claimed is:

1. A charge apparatus driven by a natural energy, com-
prising:

a natural energy conversion module receiving the natural
energy and converting the natural energy into a first
electric energy;

an energy converter, electrically connected to the natural
energy conversion module to convert the first electric
energy into a wireless energy;

an energy transmitter, electrically connected to the energy
converter to transmit the wireless energy;

an energy receiver, receiving the wireless energy and
converting the wireless energy into a second electric
energy to charge at least one external apparatus,
wherein the energy transmitter monitors the current
charge status of the external apparatus so as to adjust
transmitting the wireless energy; and

an electricity storage device is electrically connected to
the natural energy conversion module to store the first
electric energy.

2. The charge apparatus according to claim 1, wherein the
energy transmitter stops supplying the wireless energy when
the external apparatus is fully charged.

3. The charge apparatus according to claim 1, wherein a
receiving angle of the energy receiver is adjusted according
to the position of the energy transmitter.

4. The charge apparatus according to claim 1, wherein the
energy receiver has an energy receiving head to rotate to
receive the wireless energy.

5. The charge apparatus according to claim 1, wherein the
wireless energy comprises at least one of a magnetic energy
and an electromagnetic wave.

6. The charge apparatus according to claim 5, wherein the
electromagnetic wave is a microwave, a light wave, a radio
wave, or a laser.

7. The charge apparatus according to claim 1, wherein the
energy transmitter comprises a position sensor for detecting
a position of the energy receiver.

8. A charge apparatus driven by a natural energy, com-
prising:

a natural energy conversion module, receiving the natural
energy and to convert the natural energy into a first
electric energy;

an energy converter, electrically connected to the natural
energy conversion module to convert the first electric
energy into an electromagnetic wave;

a transmitting antenna, electrically connected to the
energy converter to transmit the electromagnetic wave
in a wireless manner;
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a receiving antenna, receiving the electromagnetic wave
in a wireless manner to convert the electromagnetic
wave into a second electric energy to charge an external
apparatus, wherein the transmitting antenna monitors

5 the current charge status of the external apparatus so as
to adjust transmitting the electromagnetic wave; and
an electricity storage device is connected to the receiving
antenna to store the second electric energy.

9. The charge apparatus according to claim 8, wherein the
charge apparatus further comprises a position sensor.

10. The charge apparatus according to claim 8, wherein
the transmitting antenna stops supplying the electromagnetic
wave when the external apparatus is fully charged.

11. The charge apparatus according to claim 8, wherein a
receiving angle of the receiving antenna is adjusted accord-
ing to the position of the transmitting antenna.

12. The charge apparatus according to claim 8, wherein
the receiving antenna has a receiving head to rotate to
receive the electromagnetic wave.

13. A charge apparatus driven by a natural energy, com-
prising:

an energy receiver receiving a wireless energy and con-
verting the wireless energy into a second electric
energy; and

an external apparatus is charged by the energy receiver
wherein a charge status of the external apparatus is
monitored so as to adjust the wireless energy transmit-
ting.

14. The charge apparatus according to claim 13, wherein
the energy receiver has an energy receiving head which
rotates to receive the wireless energy.

15. The charge apparatus according to claim 13, wherein
the charge apparatus, further comprising:

a natural energy conversion module receiving the natural
energy and converting the natural energy into a first
electric energy;

an energy converter, electrically connected to the natural
energy conversion module to convert the first electric
energy into a wireless energy;

an energy transmitter, electrically connected to the energy
converter to transmit the wireless energy; and

an electricity storage device is electrically connected to
the natural energy conversion module to store the first
electric energy.

16. The charge apparatus according to claim 15, wherein
the energy transmitter stops supplying the wireless energy
when the external apparatus is fully charged.

17. The charge apparatus according to claim 15, wherein
a receiving angle of the energy receiver is adjusted accord-
ing to the position of the energy transmitter.
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