
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2009/0140690 A1 

US 2009014O690A1 

Jung (43) Pub. Date: Jun. 4, 2009 

(54) WIRELESS POWER CHARGING SYSTEM (52) U.S. Cl. ........................................................ 32O/108 

(76) Inventor: Chun-Kil Jung, Seoul (KR) 
(57) ABSTRACT 

Correspondence Address: 
LEVNE & MANDELBAUM A wireless power charging system has a wireless power trans 
222 Bloomingdale Road, Suite 203 mission apparatus formed to charge a plurality of wireless 
WHITE PLAINS, NY 10605 (US) power receiving apparatuses located in a short distance there 

from, wherein the total charging time for the wireless power 
(21) Appl. No.: 12/147,071 receiving apparatuses is saved. The wireless power transmis 

sion apparatus has a main control unit and a resonant con 
(22) Filed: Jun. 26, 2008 verter unit, which transmit the electric signal to the wireless 

power receiving apparatus via the resonance signal generated 
(30) Foreign Application Priority Data from a primary charge core in order to charge the wireless 

power receiving apparatuses. The wireless power transmis 
Nov. 30, 2007 (KR) - - - - - - - - - - - - - - - - - - - - - - - - 10-2007-01.23750 sion apparatus also includes an output signal conversion mod 

O O ule for transmitting a converted electric signal to the resonant 
Publication Classification converter unit and a received signal process module for pro 

(51) Int. Cl. cessing a signal transmitted from the wireless power receiv 
H02. 704 (2006.01) ing apparatus. 

10 26 

214 24 

N N N u- - / 
\ Y. ----- -1 -1M 
Y --- --- -1 
s- -ul- ---1 



Patent Application Publication Jun. 4, 2009 Sheet 1 of 4 US 2009/O140690 A1 

N- u1 
N - - - - -1/ 

s u 

c s 
-> mobile phone -> headset -> gaming + handheld 

Fig. 1 

  



Patent Application Publication Jun. 4, 2009 Sheet 2 of 4 US 2009/O140690 A1 

A 
10 

'. 
2 l 

215 
210 26 

14 212 214 H 24 

------H 211 213 

25 - - - - - - - - - - - 22 

23 

13s 
N u 

N \ - - - 
Ys--- 

3O - - - - 

Fig. 2 



Patent Application Publication Jun. 4, 2009 Sheet 3 of 4 US 2009/O140690 A1 

30 

39 

391 
390 

393 394 
392 

38 

32 
- AY 36 - - - 3 3 3 
- 

Fig. 3 



Patent Application Publication Jun. 4, 2009 Sheet 4 of 4 US 2009/O140690 A1 

STANDBY MODE STAGE (SO1) 

MOTON DETECTING STAGE (SO2) 

UNICRUED RECOGNITION STAGE (SO3) 

POWER TRANSMISSION STAGE(SO4) 

CHARGE CONTROLLING STAGE (SO5) 

FULLY CHARGED STAGE (SO6) 

Fig. 4 

  



US 2009/O 140690 A1 

WIRELESS POWER CHARGING SYSTEM 

CLAIM OF PRIORITY 

0001. This application claims the benefit of Korean Patent 
Application No. 10-2007-0123750 filed on Nov.30, 2007, in 
the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a wireless power 
charging system, and more particularly, to a short-distance 
wireless power charging system, which has a wireless power 
transmission apparatus formed to charge a plurality of wire 
less power receiving apparatuses located in a short distance 
therefrom, wherein the total charging time for a plurality of 
wireless power receiving apparatuses can be saved. 
0004 2. Description of the Related Art 
0005 Portable electronic devices, such as cellular phones, 
personal digital assistants (PDAs), portable media players 
(PMPs), digital multimedia broadcasting terminal (DMB ter 
minals), MPEG audio layer 3 (MP3) players or notebook 
computers, cannot be plugged into the regular power at home 
or office since they are generally used while the users are 
moving. Accordingly, the portable electronic devices are 
equipped with batteries or rechargeable batteries. 
0006. A charging system has been used to charge electric 
power, Supplied from a regular power source, to the batteries 
or a battery pack of the portable devices via power supply 
lines or power Supply connectors. However, when the charger 
and the batteries are connected or disconnected to replenish 
the electric power of the batteries with this connector supply 
system, an instant discharge may happen because of the 
potential differences between the charger connector and the 
battery connector. Hence the foreign substances will be 
gradually gathered on both connectors and finally there may 
be a fire disaster. Further, the collected humidity thereon will 
cause the discharge of the battery and other problems will be 
involved like the declining battery life, the low battery quality, 
and so on. 
0007 To solve the above-mentioned problems of the 
charging system using the power Supply connectors, non 
contacting charging systems have been developed. In this 
non-contacting charging system in accordance with the prior 
art, the device having the battery to be charged is placed over 
the primary coil of the non-contacting charging system and 
the battery will be charged by the secondary coil of the bat 
tery. The battery is charged with the induced electricity from 
the induced electromotive force of the secondary coil by the 
generated magnetic field from the primary coil. 
0008. The conventional non-contacting charging systems 
with the prior art can only be used to supply the electricity to 
the portable devices. There are limited practical uses because 
they cannot be used in various alternatives. 
0009 Besides, if a metal is placed inside the effective 
radius of the generated magnetic field of the primary coil, 
there would be a lot loss of the electricity in the primary coil 
and non-contacting charging System may be damaged. 

SUMMARY OF THE INVENTION 

0010. To solve the above-mentioned problems, the present 
invention is directed to a wireless power charging system 
formed to charge a plurality of wireless power receiving 
apparatuses placed in a short distance from a wireless power 
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transmission apparatus, wherein the total charging time for a 
plurality of wireless power receiving apparatuses will be 
saved. 
0011 Moreover, when a plurality of wireless power 
receiving apparatuses are fully charged, the wireless power 
transmission system will be automatically changed to a 
standby mode, wherein the initial pulse signal is sending out. 
By doing so, the charging efficiency will be maximized while 
the loss of the electricity will be minimized. 
0012. According to an aspect of the present invention, 
there is provided a wireless power charging system for charg 
ing one or a plurality of wireless power receiving apparatuses 
in a short distance from a wireless power transmission appa 
ratus. The wireless power transmission apparatus includes a 
power transmission apparatus case as an outside body hous 
ing a main control unit and a resonant converter unit, which 
transmit an electric signal to one or via a resonance signal 
generated from a primary charge core; an output signal con 
version module for transmitting the converted electric signal 
to the resonant converter unit by the control signal from the 
main control unit; and a received signal process module, 
which processes a signal transmitted from the wireless power 
receiving apparatus via the primary charge core and sends the 
processed signal out to the main control unit. 
0013 Hereupon the resonant converter unit may include 
an R-L-C series-parallel resonant converter. 
0014. The power transmission apparatus case may include 
a power on/off switch on the front side thereof; an input panel 
for signal input; and a display panel showing the charging 
status of the wireless power receiving apparatus and normal/ 
abnormal status of the wireless power transmission appara 
tus. The power transmission apparatus further includes a 
power Supply unit installed inside the power transmission 
apparatus case. 
0015 The main control unit may include a power supply 
block connected with the power supply unit for the power 
Supply to the wireless power transmission apparatus; a signal 
output block for sending the display signal to show the status 
on a display panel; a gate output signal process block coupled 
with an output signal conversion module for transmitting a 
power signal transferred from the primary charge core; a 
received signal process block for processing a signal trans 
mitted from a received signal process module, which pro 
cesses the signal transmitted from the wireless power receiv 
ingapparatus; and a main controller which controls the power 
Supply block, the signal output block, the gate output signal 
process block, and the received signal process block. 
0016 Furthermore, the wireless power receiving appara 
tus may include a secondary charge core fronting the primary 
charge core of the wireless power transmission apparatus in 
order to receive the power signal via the resonant with the 
magnetic field; a received power signal conversion module 
connected with the secondary charge core for converting the 
received power signal; a charge circuit block linked with the 
received power signal conversion module in order to charge 
the battery cell; a protection circuit block formed between the 
charge circuit block and the battery cell for detecting the 
charged current into the battery cell and sending the charging 
status of the battery cell to the wireless device control mod 
ule; a Voltage regulator block for the power Supply to the 
wireless device control module; and a wireless device control 
module, which controls the received power signal conversion 
module, the charge circuit block, the protection circuit block, 
and the Voltage regulator block. 
0017. The present invention formed with the above-men 
tioned figures is constructed to charge a plurality of wireless 
power receiving apparatuses located in a short distance from 
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the wireless power transmission apparatus, wherein the 
advantageous effect is that the total charging time for a plu 
rality of wireless power receiving apparatuses can be saved. 
0018 Moreover, when a plurality of wireless power 
receiving apparatuses are fully charged, the wireless power 
transmission system will be changed to a stand-y mode where 
the initial pulse signal is sending out. By doing so, the charg 
ing efficiency will be maximized while the loss of electric 
power will be minimized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The above and other objects, features and other 
advantages of the present invention will be more clearly 
understood from the following detailed description taken in 
conjunction with the accompanying drawings, in which: 
0020 FIG. 1 is a schematic configuration view of a wire 
less power charging system in accordance with the present 
invention; 
0021 FIG. 2 is a block diagram of a wireless power trans 
mission apparatus in accordance with the present invention; 
0022 FIG.3 is a block diagram of a wireless power receiv 
ing apparatus according to the present invention; and 
0023 FIG. 4 is a flow diagram of a conceptual transmis 
sion control process for the wireless power charging system 
in accordance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0024. The invention will now be described in detail with 
reference to the accompanying drawings. 
0025 FIG. 1 is a schematic configuration view of a wire 
less power charging system in accordance with the present 
invention, FIG. 2 is a block diagram of a wireless power 
transmission apparatus in accordance with the present inven 
tion, FIG. 3 is a block diagram of a wireless power receiving 
apparatus according to the present invention, and FIG. 4 is a 
flow diagram of a conceptual transmission control process for 
the wireless power charging system in accordance with the 
present invention. 
0026 Referring to FIGS. 1 to 4, a wireless power charging 
system A is formed with a wireless power transmission appa 
ratus 10 to transmit the power signal for charging one or a 
plurality of wireless power receiving apparatuses 30 located 
in a short distance from the wireless power transmission 
apparatus 10. 
0027. The wireless power transmission apparatus 10 
includes a powertransmission apparatus case 11 as an outside 
body, housing therein a main control unit 21 and a resonant 
converter unit 23, which transmit an electric signal to the 
wireless power receiving apparatus 30 via a primary charge 
core 13; an output signal conversion module 22 for transmit 
ting a converted electric signal to the resonant converter unit 
23 by a control signal from the main control unit 21; and a 
received signal process module 24, which processes a signal 
transmitted from the wireless power receiving apparatus 30 
via the primary charge core 13 and sends the processed signal 
out to the main control unit 21. 
0028. The resonant converter unit 23 includes an R-L-C 
series-parallel resonant converter. As shown in FIG. 1, the 
magnetic field is generated according to the electromagnetic 
resonance by the resonant converter unit 23 and the primary 
charge core 13. With this process, the power signal is ready to 
be sent to the wireless power receiving apparatuses 30 located 
in a short distance from the wireless power transmission 
apparatus 10. 
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0029. The power transmission apparatus case 11 (of the 
power transmission apparatus 10) includes a power on/off 
Switch on the front side thereof, an input panel for signal 
input; and a display panel 14 showing the charging status of 
the wireless power receiving apparatus 30 and normal/abnor 
mal status of the wireless power transmission apparatus 10. 
Inside the power transmission apparatus case 11, a power 
supply unit 25 is installed. Therefore, the operator can use the 
wireless power charging system A according to the displayed 
messages on the display panel 14 of the wireless power trans 
mission apparatus 10. 
0030 The main control unit 21 of the wireless power 
transmission apparatus 10 may include a power Supply block 
211 coupled with the power supply unit 25 for the power 
Supply to the wireless power transmission apparatus 10; a 
signal output block 212 for sending the signal to show the 
status on a display panel 14, a gate output signal process block 
213 coupled with a output signal conversion module 22 for 
transmitting the transferred power signal from the primary 
charge core 13; a received signal process block 214 for pro 
cessing the transmitted signals from a received signal process 
module 24 which processes the transmission signal from the 
wireless power receiving apparatus 30; and a main controller 
210 which controls the power supply block 211, the signal 
output block 212, the gate output signal process block 213, 
and the received signal process block 214. 
0031. Furthermore, the wireless power receiving appara 
tuS 30 may include a secondary charge core 32 fronting the 
primary charge core 13 of the wireless power transmission 
apparatus 10 in order to receive the power signal via the 
resonant with the magnetic field; a received power signal 
conversion module 33 connected with the secondary charge 
core 32 for converting the received power signal; a charge 
circuit block 36 linked with the received power signal con 
version module 33 in order to charge the battery cell 35; a 
protection circuit block 37 formed between the charge circuit 
block 36 and the battery cell 35 for detecting the charged 
current into the battery cell35 and sending the charging status 
of the battery cell35 to the wireless device control module39: 
a voltage regulator block 38 for the power supply to the 
wireless device control module 39; and a wireless device 
control module 39 which controls the received power signal 
conversion module 33, the charge circuit block 36, the pro 
tection circuit block 37, and the voltage regulator block 38. 
0032. The wireless power receiving apparatus 30 can be 
included inside the portable electronic devices, for example, 
cellular phones, PDAs, PMPs, DMB terminals, MP3s or note 
book computers. 
0033. With the wireless power charging system A, the 
power signal can be transmitted to the secondary charge core 
32 of the wireless power receiving apparatus 30 by the reso 
nance signals according to the electric field and magnetic 
field transferred from the primary charge core 13 although the 
wireless power receiving apparatus 30 is several meters apart 
from the wireless power transmission apparatus 10. 
0034. The secondary charge core 32 of the wireless power 
receiving apparatus 30 collects the power signals, which are 
the resonant signals by the electric field and magnetic field, 
and can be made of the materials like titanium dioxide (TiO2, 
dielectric constant 96), barium tetratitanate (BaTi4O9. 
dielectric constant 37), and lithium tantalite (LiTaC3, dielec 
tric constant 40). 
0035. For the secondary charge core 32 corresponding to a 
power receiving antenna for the resonant signals, it is better to 
use the materials with the Small loss according to the dielec 
tric constant. 
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0036. The wireless power charging system A with above 
mentioned figures in accordance with the present invention is 
to transmit the power signal, as the resonant signal by the 
electric field and the magnetic field, to one or a plurality of 
wireless power receiving apparatuses 30. It is an advantage 
that the charging operation is still possible despite the 
increased or decreased numbers of the wireless power receiv 
ing apparatuses 30, even though the wireless power transmis 
sion apparatus 30 is sending out the same amount of the 
resonant signals. 
0037. If there is no wireless power receiving apparatus 30 
in the near area; the power receiving apparatus 30 is placed in 
close proximity and starts being charged for the first time; or 
a changed condition happens like one or a plurality of wire 
less power receiving apparatuses 30 are fully charged and 
charging is stopped, the wireless power charging system A 
needs to be designed to transfer these information to the 
wireless power transmission apparatus 10 which operates 
properly in accordance with the received information. 
0038. As shown in FIG. 4, the wireless power charging 
system A will be changed to a standby mode stage S01, in 
which the charging operation will be stopped if there is no 
wireless power receiving apparatuses 30 near the wireless 
power transmission apparatus 10. At the standby mode stage 
S01, this system is regularly sending out the pulse signal by 
the predetermined cycle and detects if any wireless power 
receiving apparatuses 30 are approaching within several 
meters. When any approaching wireless power receiving 
apparatuses 30 are detected within several meters, the system 
will start sending out the charging power. 
0039. Before sending out the charging power, the system 
will perform a motion detecting stage S02 at first to check if 
the approaching objects are properly working wireless power 
receiving apparatuses 30. 
0040. In the standby mode stage S01, together with the 
pulse signal, the system will send out the signal asking for the 
unique ID data signal of the wireless power receiving appa 
ratus 30. Next step is to perform a unique ID recognition stage 
S03 to recognize if the wireless power receiving apparatus 30 
is the proper one for the charging operation with the received 
signal from the wireless power receiving apparatus 30. 
0041. When it is recognized as a properly working wire 
less power receiving apparatus 30 with a properly recognized 
unique ID, the system will start working the charging opera 
tion in a power transmission stage S04. 
0042. During the power transmission stage S04, the sys 
tem can send out a unique code as an initial signal. This 
unique code is to recognize the status of the charged power 
and the condition of the equipment for every wireless power 
receiving apparatus 30 when a plurality of wireless power 
receiving apparatuses 30 are connected and being charged 
with the wireless power charging system A at the same time. 
The data value of the unique ID for each wireless power 
receiving apparatus 30 can be changed to a code value and this 
code value can be used for sending/receiving data for the 
unique ID of the wireless power receiving apparatus 30 
instead. 
0043. When a plurality of wireless power receiving appa 
ratuses 30 are connected and being charged at the same time, 
the system can be adapted to send out each status of the 
charged power and the condition of the equipment for every 
wireless power receiving apparatus 30 and control the charg 
ing amount at each charging stage in a charge controlling 
stage S05. 
0044) When a wireless power receiving apparatus 30 is 
fully charged according to the status of the charged power, the 
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charging operation is controlled to stop working although the 
specific power signal for the wireless power receiving appa 
ratus 30 is received. 

0045. When all the wireless power receiving apparatuses 
30 are fully charged, a fully charged stage S06 will be per 
formed to stop working the wireless power transmission 
apparatus 10. 
0046 Hence, the wireless power charging system. A stops 
working the charging operation. The system is changed to the 
standby mode stage S01 and the wireless power transmission 
apparatus 10 is continuously sending out the pulse signal to 
detect another wireless power receiving apparatus 30 to be 
charged. 
0047 While the present invention has been shown and 
described in connection with the preferred embodiments, it 
will be apparent to those skilled in the art that modifications 
and variations can be made without departing from the spirit 
and Scope of the invention as defined by the appended claims. 

What is claimed is: 

1. A wireless power charging system for charging one or a 
plurality of wireless power receiving apparatuses in a short 
distance from a wireless power transmission apparatus, 
wherein the wireless power transmission apparatus com 
prises: 

a power transmission apparatus case as an outside body 
housing a main control unit and a resonant converter 
unit, which transmit an electric signal to the wireless 
power receiving apparatus via a resonance signal gener 
ated from a primary charge core; 

an output signal conversion module for transmitting the 
converted electric signal to the resonant converter unit 
by the control signal from the main control unit; and 

a received signal process module, which processes a signal 
transmitted from the wireless power receiving apparatus 
via the primary charge core and sends the processed 
signal out to the main control unit. 

2. The wireless power charging system according to claim 
1, wherein the resonant converter unit includes an R-L-C 
series-parallel resonant converter. 

3. The wireless power charging system according to claim 
1, wherein the power transmission apparatus case includes: 

a power on/off switch on a front side thereof; 
an input panel for signal input; and 
a display panel showing the charging status of the wireless 

power receiving apparatus and normal/abnormal status 
of the wireless power transmission apparatus, and 

wherein the power transmission apparatus further com 
prises a power Supply unit installed inside the power 
transmission apparatus case. 

4. The wireless power charging system according to claim 
1, wherein the main control unit includes 

a power Supply block connected with the power Supply unit 
for power Supply to the wireless power transmission 
apparatus; 

a signal output block for sending a signal to show the status 
on a display panel; 

a gate output signal process block coupled with an output 
signal conversion module for transmitting a power sig 
nal transferred from the primary charge core; 
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a received signal process block for processing a signal 
transmitted from a received signal process module, 
which processes the signal transmitted from the wireless 
power receiving apparatus; and 

a main controller which controls the power Supply block, 
the signal output block, the gate output signal process 
block, and the received signal process block. 

5. The wireless power charging system according to claim 
1, wherein the wireless power receiving apparatus includes: 

a secondary charge core fronting the primary charge core 
of the wireless power transmission apparatus in order to 
receive a power signal via the resonant with the magnetic 
field; 

a received power signal conversion module connected with 
the secondary charge core for converting the received 
power signal; 
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a charge circuit block linked with the received power signal 
conversion module in order to charge the battery cell; 

a protection circuit block formed between the charge cir 
cuit block and the battery cell for detecting the charged 
current into the battery cell and sending the charging 
status of the battery cell to the wireless device control 
module; 

a Voltage regulator block for the power Supply to the wire 
less device control module; and 

a wireless device control module, which controls the 
received power signal conversion module, the charge 
circuit block, the protection circuit block, and the volt 
age regulator block. 
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