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(57) ABSTRACT 

The present invention relates to a contact-less power Supply 
magnetically coupled to a battery device having a receiving 
coil therein, for contact-less charging the battery device, the 
contact-less power Supply having a sending coil array includ 
ing a plurality of sending coils for inducing a charging power 
to the receiving coil; and a driving means for detecting a 
sending coil magnetically coupled to the receiving coil and 
selectively driving only the detected sending coil. 

6 Claims, 7 Drawing Sheets 
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CONTACT-LESS POWER SUPPLY, 
CONTACT LESS CHARGER SYSTEMIS AND 

METHOD FOR CHARGING 
RECHARGEABLE BATTERY CELL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a national stage application under 35 
U.S.C. 371 based on and claiming the benefit of International 
Application Serial No. PCT/KR2007/000392 filedon Jan. 23, 
2007 and the benefit of priority from Korean Application No. 
10-2006-0009304 filed on Jan. 31, 2006, the entire contents of 
each of which are incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to a power Supply for a por 
table electronic equipment, and in particular, to a contact-less 
charger system using inductive coupling. 

BACKGROUND ART 

A rechargeable secondary electric cell (i.e. a battery) is 
mounted in a portable electronic equipment Such as a mobile 
communication terminal, a PDA and so on. To charge the 
secondary electric cell (i.e. battery), it requires a separate 
power Supply for Supplying electric energy to the battery of 
the portable electronic equipment using a commercial power 
Source for domestic use. Typically, each of the power Supply 
and the battery has a separate external contact terminal, and 
thus the power supply is electrically connected to the battery 
by connecting to the two contact terminals. 

However, if the contact terminals protrude outward, this 
leads to bad appearance and the contact terminals are con 
taminated by external impurities, resulting in poor contact 
state. And, if the battery is disconnected or exposed to mois 
ture due to a user's carelessness, the battery is apt to lose the 
charging energy. 

To solve a contact-type charging method, a wireless 
charger system has been Suggested, which charges a power 
Supply and a battery in a contact-less manner. 

Prior arts teach contact-less charger systems, which charge 
a battery using inductive coupling between a primary coil of 
a charging body and a secondary coil of a battery pack with 
out contact terminals, as disclosed in Korean Laid-open 
Patent Publication No. 2002-57468, Korean Laid-open Patent 
Publication No. 2002-57469, Korean Patent Registration No. 
363,439, Korean Patent Registration No. 428,713, Korean 
Laid-open Patent Publication No. 2002-35242, Korean Util 
ity Model Registration No. 217.303, U.K. Laid-open Patent 
Publication No. 2314470, U.S. Laid-open Patent Publication 
No. 2003/0210106, Japanese Laid-open Patent Publication 
No. 2002-209344, Japanese Laid-open Patent Publication 
H9-233706, Japanese Laid-open Patent Publication No. 
2001-258182, and U.S. Pat. No. 6,316,909. 

However, the above-mentioned conventional contact-less 
charger systems have a disadvantage that the charging effi 
ciency depends on the positional relationship between the 
primary coil and the secondary coil. That is, in case positional 
offset exists between the primary coil and the secondary coil, 
induced electromotive force is insufficiently induced to the 
secondary coil, and thus the contact-less charger system has 
lower charging efficiency than a contact-type charger system. 
Therefore, the user should arrange the portable electronic 
equipment or the battery pack having the secondary coil 
therein at an optimal position on the charging body. 
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2 
To solve the problem, attempts have been made to change 

the arrangement pattern of the primary coil for securing high 
charging efficiency regardless of location or orientation of the 
secondary coil. 

Korean Patent Registration No. 524.254 (hereinafter 
referred to as 254 patent) discloses a contact-less charger 
system, in which a flat core is formed by connecting a plural 
ity of small-sized cores made of cobalt-based or ferrite mate 
rials, and a core block is formed by winding a predetermined 
pattern of coil on the flat core and mounted in a wireless 
charging pad (a primary charging body). 
The above 254 patent arranges a plurality of coils alter 

nately or parallel on the same plane of the charging body to 
compensate for positional offset between a primary coil and a 
secondary coil, which results in excessive waste of energy, 
compared with a contact-less charger system using a single 
coil. 

DISCLOSURE OF INVENTION 

Technical Problem 

It is an object of the present invention to provide a contact 
less power supply which effectively transmits induced elec 
tromotive force to a secondary battery device regardless of 
positional relationship between a primary coil and a second 
ary coil. 

And, it is another object of the present invention to provide 
a contact-less power Supply which simultaneously charges a 
plurality of portable electronic equipments. 

And, it is another object of the present invention to provide 
a contact-less power supply which realizes high charging 
efficiency and minimizes waste of energy. 

Technical Solution 

In order to achieve the above-mentioned objects, a contact 
less power Supply in accordance with a first aspect of the 
present invention magnetically coupled to a battery device 
having a receiving coil therein, for contact-less charging the 
battery device, has a sending coil array including a plurality of 
sending coils for inducing a charging power to the receiving 
coil; and a driving means for detecting a sending coil mag 
netically coupled to the receiving coil and selectively driving 
only the detected sending coil. 
At this time, the driving means selects only a sending coil 

having a feedback response from the battery device. Particu 
larly, the driving means determines whether a feedback 
response exists from the battery device within a predeter 
mined time while sequentially driving the sending coils of the 
sending coil array, and selects only a sending coil having the 
feedback response from the battery device within a pre-de 
termined time, or the driving means selects only a sending 
coil having a feedback response from the battery device 
within a predetermined time while simultaneously driving all 
of the sending coils of the sending coil array. 

And, a charging power Supply system in accordance with a 
second aspect of the present invention, magnetically coupled 
to a battery device including a secondary coil for inductive 
coupling, a wireless sending module for wirelessly sending 
data, a charge controlling circuit for controlling the charging 
state of the battery device, and a rechargeable battery, has a 
primary coil array including a plurality of primary coils for 
inducing a charging power to the secondary coil; a rectifier 
circuit for converting the external alternating current Voltage 
to direct current Voltage; a coil driving circuit for generating 
a driving power to drive the primary coil based on the direct 
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current Voltage; a wireless receiving module for receiving a 
feedback signal from the wireless sending module; and a 
drive controlling circuit for controlling the coil driving circuit 
to preliminarily drive the primary coils, selecting only a pri 
mary coil having the feedback response from the battery 
device according to the preliminary drive of the primary coil, 
and driving only the selected primary coil thereby to charge 
the battery device. 

At this time, the drive controlling circuit determines 
whether the feedback response exists from the battery device 
within a predetermined time while preliminarily driving 
sequentially the primary coils, and selects only a primary coil 
having the feedback response from the battery device within 
a predetermined time, or the drive controlling circuit selects 
only a primary coil having feedback response from the batter 
device within a predetermined time while preliminarily driv 
ing simultaneously all of the primary coils. 

And, the primary coil array includes a plurality of the 
primary coils arranged in a matrix pattern or in a ZigZag. 
pattern. 
A charging method for charging a battery in accordance 

with a third aspect of the present invention, in a contact-less 
charger system composed of a power Supply including a 
primary coil array having a plurality of primary coils and a 
wireless receiving module, and a battery device having a 
secondary coil magnetically coupled to the primary coil, a 
wireless sending module and a rechargeable battery, includes 
(A) selecting any one of the primary coils and preliminarily 
driving the selected primary coil during a relatively short 
time; (B) waiting for a feedback response from the battery 
device during a predetermined time: (C) in case the feedback 
response exists, temporarily storing identification informa 
tion of the corresponding primary coil in a memory; (D) 
selecting another primary coil from the primary coil array and 
repetitively performing the steps (A) to (C); (E) sequentially 
performing the step (D) on all of the primary coils of the 
primary coil array; and (F) reading the identification infor 
mation of the primary coil from the internal memory and 
selectively Supplying a charging power to only the corre 
sponding primary coil. 

And, a charging method for charging a battery in accor 
dance with a fourth aspect of the present invention, in a 
contact-less charger system composed of a power Supply 
including a primary coil array having a plurality of primary 
coils and a wireless receiving module, and a battery device 
having a secondary coil magnetically coupled to the first coil, 
a wireless sending module and a battery, includes (A) pre 
liminarily driving sequentially the primary coils during a 
relatively short time; (B) waiting for a feedback response 
from the battery device during a predetermined time: (C) 
selecting at least one primary coil having the feedback 
response; and (D) charging the battery device by applying a 
charging power to the selected primary coil. 

And, a charging method for charging a battery in accor 
dance with a fifth aspect of the present invention, in a contact 
less charger system composed of a power Supply including a 
primary coil array having a plurality of primary coils and a 
wireless receiving module, and a battery device having a 
second coil magnetically coupled to the first coil, a wireless 
sending module and a battery, includes (A) preliminary driv 
ing simultaneously all of the primary coils of the primary coil 
array during a relatively short time; (B) waiting for a feedback 
response from the battery device during a pre-determined 
time; (C) selecting at least one primary coil having the feed 
back response; and (D) charging the battery device by apply 
ing a charging power to the selected primary coil. 
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And, a contact-less charger system in accordance with a 

sixth aspect of the present invention including a primary coil 
array composed of a plurality of primary coils; a first charging 
unit having a wireless receiving module; a second charging 
unit having a secondary coil magnetically coupled to the 
primary coil and a wireless sending module; and a battery 
Supplied a charging power from the second charging unit, 
wherein the first charging unit includes the primary coil array 
having a plurality of the primary coils for inducing the charg 
ing power to the secondary coil; and means for selecting a 
primary coil having the feedback response from the second 
charging unit after driving the primary coils in a waiting 
mode, and driving only the selected primary coil in a charging 
mode and, the second charging unit includes means for gen 
erating a feedback signal informing the start of charging in 
case that a power Sufficient to drive an internal circuit is 
induced to the second coil, and transmitting the feedback 
signal to the first charging unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more fully described in the 
following detailed description, taken accompanying draw 
ings, however, the description proposed herein is just a pref 
erable example for the purpose of illustrations, not intended 
to limit the scope of the invention. In the drawings: 

FIG. 1 is a schematic perspective view of a conventional 
contact-less charger system. 

FIGS. 2a and 2b are use state views of a contact-less power 
supply in accordance with a preferred embodiment of the 
present invention. 

FIG. 3 is another use state view of a contact-less power 
supply in accordance with a preferred embodiment of the 
present invention. 

FIG. 4 is a functional block diagram of a contact-less 
charger system inaccordance with a preferred embodiment of 
the present invention. 

FIG. 5 is a timing chart illustrating the relation between the 
sequential driving of a sending coil and a feedback response 
signal in accordance with an exemplary embodiment of the 
present invention. 

FIG. 6 is a flowchart illustrating a contact-less charging 
method in accordance with an exemplary embodiment of the 
present invention. 

FIG. 7 is a timing chart illustrating the relation between the 
simultaneous driving of a sending coil and a feedback 
response signal in accordance with another exemplary 
embodiment of the present invention. 

FIG. 8 is a flowchart illustrating a contact-less charging 
method in accordance with another exemplary embodiment 
of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Hereinafter, preferred embodiments of the present inven 
tion will be described in detail with reference to the accom 
panying drawings. Prior to the description, it should be under 
stood that the terms used in the specification and the appended 
claims should not be construed as limited to general and 
dictionary meanings, but interpreted based on the meanings 
and concepts corresponding to technical aspects of the 
present invention on the basis of the principle that the inventor 
is allowed to define terms appropriately for the best explana 
tion. Therefore, the description proposed herein is just a pref 
erable example for the purpose of illustrations only, not 
intended to limit the scope of the invention, so it should be 

InductEV, Inc. 
Exhibit 1015 

Page 011



US 8,159,183 B2 
5 

understood that other equivalents and modifications could be 
made thereto without departing from the spirit and scope of 
the invention. 

FIG. 1 is a schematic perspective view of a conventional 
contact-less charger system for describing a contact-less 
charging principle using an electromagnetic induction phe 
OO. 

As shown in drawing, the contact-less charger system 
includes a power Supply 10 for generating a charging power 
for Supplying to a battery using an external power, and a 
battery device 20 supplied with the charging power from the 
power Supply 10 in a contact-less manner and charging the 
internal battery (not shown) using the charging power. 
The battery device 20 includes a battery pack having a 

battery therein or a portable electronic equipment having a 
battery therein. Preferably, the portable electronic equipment 
includes a cellular phone, a PDA, an MP3 player and so on. 
The battery in the battery device 20 is a rechargeable electric 
cell including a lithium ion electric cell or a lithium polymer 
electric cell. 
The power supply 10 is supplied with electric energy from 

the external power and generates the charging power for 
supplying to the battery device 20, and is preferably formed of 
a pad type so that the battery device 20 is easily mounted 
thereon. And, the external power Supplied to the power Supply 
10 preferably uses a commercial alternating current power 
(for example, 60 Hz, 220V/100V) for domestic use, but a 
direct current power can be applied. 
The power Supply 10 has a primary coil 11 and an antenna 

12, and the battery device 20 has a secondary coil 21 corre 
sponding to the primary coil 11 of the power supply 10 and an 
antenna 22 corresponding to the antenna 12 of the power 
supply 10. 
The primary coil 11 is magnetically coupled to the second 

ary coil 21 by inductive coupling. Accordingly, the secondary 
coil is juxtaposed on the primary coil, and thus a magnetic 
field generated by the primary coil induces an induced current 
into the secondary coil. And, the primary coil 11 and the 
secondary coil 21 are Surrounded by the antennas 12 and 22. 
respectively. 

And, the power Supply 10 has a charging power Supply 
circuit 15 therein for driving the primary coil 11 to generate a 
magnetic field, and the battery device 20 has a charging 
circuit 25 therein for charging the battery using the induced 
electromotive force induced by the secondary coil 21. 

FIGS. 2a and 2b are use state views of a power supply in 
accordance with the present invention. 

Referring to FIG. 2a, a power supply 100 of the present 
invention does not have a single coil in a charging pad like the 
power supply 100 of FIG. 1, but instead has a coil array 
including a plurality of coils 11. And, the coil array 110 is 
surrounded by an antenna coil 120. A single antenna coil 120 
may be formed so as to the whole coil array 110 or a plurality 
of antenna coils 120 may be formed so as to surround, for 
example four to six primary coils. 
As such, the coil array 110 including a plurality of the coils 

achieves the positional conformation between a primary coil 
and a secondary coil more easily than a coil array including a 
single coil. As shown in FIG.2a, even though a battery device 
200 is arranged slantingly at any position on the power Supply 
100, positional offset between the primary coil and the sec 
ondary coil does not occur. That is, although the battery 
device 200 is arranged at any desired position on the power 
supply 100, there exists at least one primary coil conformable 
in position to the secondary coil arranged in the battery device 
1OO. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
Thus, with the power Supply of the present invention, a user 

doesn’t need to consciously consider the positional relation 
ship between the primary coil and the secondary coil, thereby 
improving the convenience of use. And, the coil array 110 of 
the present invention may include a plurality of coils formed 
in a matrix pattern as shown in FIG. 2a or include a plurality 
of coils arranged, i.e. formed in a ZigZag pattern as shown in 
FIG. 2b. 

FIG. 3 is another user state view of a power supply in 
accordance with the present invention. 

Referring to FIG.3, at least one battery devices 200a, 200b 
and 200c are arranged on the power supply 100 having the 
coil array 110. Thus, the power supply 100 of the present 
invention has an advantage of simultaneously charging a plu 
rality of the battery devices 200a, 200b and 200c. 

However, the power supply 100 shown in FIGS. 2 and 3 has 
advantages of securing stable charging efficiency regardless 
of the positional relationship between the primary coil and the 
secondary coil and simultaneously charging a plurality of 
battery devices, but has a disadvantage of excessive energy 
consumption. 

Therefore, the inventors found that energy consumption is 
remarkably reduced by driving only a primary coil of which at 
least a portion is coupled to a battery device, among a plural 
ity of primary coils. 
The preferred embodiment of the power supply in accor 

dance with the present invention will be hereinafter described 
in detail with regard to FIGS. 4 and 5. 

First, FIG. 4 is a functional block diagram of a contact-less 
charger system in accordance of a preferred embodiment of 
the present invention. 

Referring to FIG. 4, the contact-less charger system in 
accordance of this exemplary embodiment includes a power 
supply 100 and a battery device 200. 
The power supply 100 has a sending coil array 110, a 

rectifier 152, a power distribution circuit 153, a coil driving 
circuit 154, a control circuit 155, a charging mode controlling 
circuit 156, and wireless receiving modules 157 and 158. 
The sending coil array 110 includes at least one sending 

coils (TC, TC. . . .TC) and the sending coils (TC, TC. . . . 
TC) are preferably formed in a matrix pattern as shown in 
FIGS. 2 and 3. 
The rectifier 152 rectifies alternating current voltage of a 

commercial alternating current power (60 Hz, 220V) 151 to 
direct current Voltage and transmits the direct current Voltage 
to the power distribution circuit 153. 
The power distribution circuit 153 transmits the direct cur 

rent voltage rectified by the rectifier 152 to the selected coil 
driving circuit 154. That is, the power distribution circuit 153 
receives a selection command from the control circuit 155 
and transmits the rectified direct current voltage to the coil 
driving circuit 154 instructed by the selection command. For 
example, the power distribution circuit 153 is a kind of 
switching circuit located between the rectifier 152 and the 
coil driving circuit 154, and electrically connects the coil 
driving circuit 154 selected by the control circuit 155 to the 
rectifier 152. 
The charging mode controlling circuit 156 controls the coil 

driving circuit 154 selected by the control circuit 155 to 
control the driving mode of the corresponding sending coil 
110. For example, the driving mode includes waiting mode, 
charging mode and buffer mode. 

Referring to FIG. 5, the waiting mode is for checking the 
coupling state between a primary coil and a secondary coil, 
and for example, is a mode at which the primary coil is driven 
during 50 msec (w) and stopped during 1 sec (t). The charg 
ing mode is a mode at which the primary coil is driven during 
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longer time (w) than in the waiting mode of the primary coil 
conformable in position to the secondary coil thereby to 
charge the battery device. And, the buffer mode is a mode at 
which the driving time (w) of the primary coil is reduced for 
reducing power consumption, when the battery device is fully 
charged. 

Although the present invention shows that the driving 
mode of the sending coil includes waiting mode, charging 
mode and buffer mode as shown in FIG. 5, the present inven 
tion is not limited in this regard. 

The coil driving circuit 154 converts direct current voltage 
from the rectifier into alternating current Voltage having uni 
form level and frequency (for example, 80 kHz) to individu 
ally drive a plurality of the sending coils. Particularly, the coil 
driving circuit 154 of this exemplary embodiment generates a 
predetermined alternating current pulse Voltage by each 
mode (for example, a waiting mode, a charging mode and a 
buffer mode) as shown in FIG. 5 according to control of the 
charging mode controlling circuit 156. 
The wireless receiving modules 157 and 158 include an 

antenna coil 158 and a receiving circuit 157, and wirelessly 
receive charging start signals (FR, FR and so on) and charg 
ing state signals (CS, CS and so on) fed back from the 
battery device 200, and demodulates and charging state sig 
nals and transmits them to the control circuit 155. 
The control circuit 155 receives a feedback signal of the 

battery device 200 from the receiving circuit 157, analyzes 
the feedback signal and controls the power distribution circuit 
153 and the charging mode controlling circuit 156. Particu 
larly, the control circuit 155 is preferably connected to a pulse 
generator (not shown) and a timer (not shown). That is, the 
timer counts the pulse transmitted from the pulse generator 
and transmits the counted value to the control circuit 155. 
Thus, the control circuit 155 sequentially drives the coil driv 
ing circuit 154 by controlling the power distribution circuit 
153 according to a predetermined cycle (Tw-t). 

That is to say, the control circuit 155 sequentially drives the 
coil driving circuit 154 according to a predetermined time 
(w, t), receives the feedback signal from the battery device 
200 and selects the sending coils (TC, TC. . . . TC) to be 
converted into a charging mode. 
The battery device 200 has a secondary coil 210, a rectifier 

251, a constant-voltage/constant-current circuit 252, a charg 
ing state detection circuit 253, a control circuit 255, and 
wireless sending modules 220 and 256. 

The secondary coil 210 is a receiving coil magnetically 
connected to the primary coil (or the sending coil) for gener 
ating induced electromotive force. A power signal applied to 
the primary coil 110 is a pulse train signal (a pulse having a 
width of w) shown in FIG. 5, and thus induced electromotive 
force induced to the secondary coil 210 also becomes an 
alternating current pulse train. And, the alternating current 
Voltage pulse induced to the secondary coil 210 also complies 
with any one of waiting mode, charging mode and buffer 
mode according to the driving mode of the primary coil 100, 
as shown in FIG. 5. 
The rectifier 251 is connected to an output terminal of the 

secondary coil 210, and planarizes the alternating current 
voltage pulse induced by the secondary coil 210 to a prede 
termined level of direct current voltage. 

The constant-Voltage/constant-current circuit 252 gener 
ates constant-Voltage and constant-current to be charged to a 
battery using a predetermined level of the direct current volt 
age. That is, the constant-Voltage/constant-current circuit 252 
maintains a constant-current mode at the initial charging 
point of the battery, and when the charging Voltage of the 
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battery is saturated, the constant-Voltage/constant-current 
circuit 252 converts the constant-current mode into a con 
stant-voltage mode. 
The charging state detection circuit 253 detects the charg 

ing State, such as the electrical state induced to the output 
terminal of the secondary coil, the electrical state of the 
output terminal of the rectifier or Voltage at the opposite ends 
of the constant-voltage/constant-current circuit. The detected 
charging state detection signal is input into the control circuit 
255. 
The control circuit 255 is a kind of microprocessor, and 

receives a monitoring signal Such as the charging state detec 
tion signal and controls the constant-Voltage/constant-current 
circuit 252 and the wireless sending modules 220 and 256 
based on the monitoring signal. 

That is to say, the control circuit 255 checks whether or not 
the primary coil is coupled to the secondary coil, the posi 
tional relationship between the primary coil and the second 
ary coil, the charging state of the battery (constant-current 
mode, constant-voltage mode or the charging extent) and the 
Voltage state of the opposite ends of the constant-Voltage/ 
constant-current circuit based on the charging state detection 
signal input from the charging state detection circuit 253. 
Particularly, the control circuit 255 checks a drop point of the 
alternating Voltage pulse induced to the secondary coil, and 
synchronizes a transmission point of the feedback response 
signal to be transmitted to the power supply 100 with the drop 
point of the pulse. 

And, in case a minimum level of current capable of driving 
the control circuit 255 exists at the output terminal of the 
secondary coil 210, the control circuit 255 feeds back the 
charging start signals (FR, FR and so on) (See FIG.5) to the 
power supply 100. Accordingly, the control circuit 155 of the 
power supply 100 determines that at least a portion of the 
currently driving sending coil 110 is coupled to the secondary 
coil 210, and temporarily stores information in an internal 
memory (not shown). 
And, the control circuit 255 of the secondary battery device 

monitors the charging current and the charging Voltage of the 
battery 262 at any time, and temporarily stores the monitoring 
value in the internal memory (not shown). The memory not 
shown in the drawing stores specification information (for 
example, product code, rating and so on) of the battery as well 
as the charging state information of the battery Such as the 
monitored charging current and charging Voltage. 

And, the control circuit 255 appropriately selects and con 
verts the constant-voltage mode and the constant-current 
mode according to the charging state of the battery. 
The wireless sending modules 256 and 220 includes an 

antenna 220 for sending the feedback response signal (for 
example, the charging start signal or the charging state signal) 
to be transmitted to the power supply 100, and a sending 
circuit 256 for modulating a baseband signal Such as the 
charging state information to generate the feedback response 
signal. 
A protection circuit (PCM; Pulse Code Modulation)261 is 

arranged between the constant-voltage/constant-current cir 
cuit 252 and the battery 262 to prevent excessive voltage or 
current from being applied to the battery. The protection 
circuit 261 and the battery 262 forms a single battery unit 260. 
The functional configuration of the above-mentioned con 

tact-less charger system in FIG. 4 is just one exemplary 
embodiment for describing the principle of the present inven 
tion, and various modifications will be apparent within the 
range of not spoiling the technical principle of the present 
invention. 
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Next, operation of the contact-less charger system in accor 
dance with a preferred embodiment of the present invention is 
described with reference to FIGS. 5 and 6. 

First of all, for the convenience of description, assuming 
that the power supply 100 of this exemplary embodiment has 
a coil array structure (i.e. fifteen primary coils are formed 
within an antenna coil in a matrix pattern) as shown in FIG. 
2a, and the battery device (for example, a cellular phone) is 
arranged on the power supply 100 as shown in FIG.2a. That 
is, assuming that the battery device 200 is arranged over the 
sending coils #7, #8, #9, #12, #13 and #14 among the sending 
coils of the power supply 100 as shown in FIG.2a. 
When the external power such as the commercial alternat 

ing current power 151 is applied to the power supply 100, the 
control circuit 155 of the power supply wakes up, and controls 
the power distribution circuit 153 and the coil driving circuit 
154 to sequentially drive the sending coils 110 (S10). At this 
time, the timer counts a pre-determined pulse input from the 
pulse generator not shown in the drawing and inputs the count 
information into the control circuit (S15). 

First, the control circuit 155 controls the power distribution 
circuit 153 to apply the direct current voltage rectified by the 
rectifier 152 to the coil driving circuit #1154 during a prede 
termined time (w). That is, as shown in FIG. 5, the control 
circuit 155 drives the coil driving circuit #1154 to drive the 
sending coil TC during the time w (for example, 50 msec) 
and alert the sending coil TC during the time t (for example, 
1 sec) (S20). At this time, the control circuit 155 determines 
whether or not the feedback response signal (a charging start 
signal) exists from the secondary battery device 200 within 
the time t (S25). 

In case any response is not received from the secondary 
battery device 200, the control circuit 155 determines that the 
secondary coil coupled to the sending coil TC does not exist, 
and controls the power distribution circuit 153 to drive the 
coil driving circuit #2 154. That is, the control circuit 155 
determines whether or not the number n of the sending coil (or 
the coil driving circuit) reaches 15 (S35), and in case the 
number (n) of the sending coil does not reach 15, the control 
circuit adds 1 to the value of n (S40). Accordingly, a selection 
signal output from the control circuit 155 instructs the coil 
driving circuit #2154 and thus the coil driving circuit #2 154 
is driven in the same manner as the step S20. 

Meanwhile, in case the feedback response signal exists 
from the battery device 200 in the step S25, the control circuit 
determines that there exists the secondary coil 210 of which at 
least a portion is coupled to the sending coil TC, temporarily 
stores the number (#1) of the corresponding sending coil in 
the internal memory and performs the step S35 (S30). 

In this exemplary embodiment, as shown in FIG. 2, the 
sending coil TC to the sending coil TC are not magnetically 
coupled to the secondary coil. Thus, as shown in FIG. 5, 
during operation of the sending coil TC to the sending coil 
TC, any feedback response signal is not received to the 
antenna coil 158. However, the sending coils TC, TCs, TC 
and TC are magnetically coupled to the secondary coil 210 
of the battery device 200. Thus, the induced electromotive 
force occurs to the secondary coil 210 of the battery device, 
and the control circuit 255 of the battery device is driven by 
the induced electromotive force. Meanwhile, the induced 
electromotive force occurred to the output terminal of the 
secondary coil 210 is also converted into direct current pulse 
as shown in FIG. 5, and the charging State detection circuit 
253 detects the drop point of the direct current pulse and 
reports the drop point of the direct current pulse to the control 
circuit 255. Accordingly, the control circuit 255 transmits the 
feedback response signals (FR, FR FR and so on) to the 
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10 
wireless receiving modules 157 and 158 of the power supply 
100 through the wireless sending modules 220 and 256. FIG. 
5 shows that the feedback response signal of each of FR FR 
and FR is received to the antenna coil 158 of the power 
Supply during the waiting time (t) of the sending coils TC, 
TCs and TC. 
The sending coil TC is physically coupled to the battery 

device, but it is not magnetically coupled to the secondary coil 
210. Thus, although the sending coil TC operates in the state 
of waiting mode, the feedback response signal is not received 
to the antenna coil. And, a portion of the sending coil TC is 
magnetically coupled to the secondary coil 210, but Voltage 
induced to the secondary coil is inevitably very low due to the 
positional offset. Accordingly, although the induced electro 
motive force is generated, the induced electromotive force 
cannot drive the control circuit 255 of the battery device, and 
thus the feedback response signal is not received to the 
antenna coil. 
As such, the control circuit 255 waits for the feedback 

response signal from the battery device 200 while sequen 
tially driving the sending coils TC to TC. At this time, 
when the feedback response signal is received during opera 
tion of a specific sending coil, the control circuit 255 tempo 
rarily stores the number(H) of the corresponding sending coil 
in the internal memory. 

Meanwhile, in case the value of n is 15 in the above step 
S35, the control circuit performs the step S45 to wait for the 
feedback response signal. At this time, in case the feedback 
response signal exists, the control circuit temporarily stores 
the number #15 of the corresponding sending coil in the 
internal memory in the same manner of the step S30 (S50), 
and in case the feedback response signal does not exist, the 
control circuit stops the waiting mode and converts into a 
charging mode. 

That is to say, the control circuit 155 retrieves the internal 
memory, reads the numbers #7, #8 and #13 of the sending 
coils temporarily stored in the internal memory, controls the 
power distribution circuit 153 and the charging mode control 
ling circuit 156 based on the reading result thereby to convert 
the sending coils TC, TCs and TC into a charging mode and 
stop the operation of the other sending coils (S55 and S60). 

Accordingly, a driving pulse having a width w is applied to 
the sending coils (TC, TCs and TC) and the corresponding 
charging power pulse is induced to the secondary coil 210 
magnetically coupled to the sending coils. The induced 
charging power is converted into direct current through the 
rectifier 251 and is charged to the battery 262 through the 
constant-voltage/constant-current circuit 252. At this time, 
the charging state detection circuit 253 detects the charging 
current and charging Voltage applied to the battery 262 and 
transmits the charging current and charging Voltage to the 
control circuit 255. The control circuit 255 feeds back the 
charging state signals (CS, CS, and so on) shown in FIG.5 to 
the power supply 100 at the drop point of the charging power 
pulse. 
The control circuit 155 of the power supply fed back with 

the charging state signals (CS, CS and so on) from the 
battery device 200 controls the driving level of the sending 
coils (TC, TCs and TC) in conformity with the charging 
state of the battery. And, when the battery is fully charged 
during the charging mode, the control circuit 155 controls the 
charging mode controlling circuit 156 to convert the driving 
mode of the sending coils (TCTCs and TC) into the buffer 
mode as shown in FIG.5. The pulse width (w) of the driving 
pulse of buffer mode is smaller than the pulse width (w) of 
the driving pulse of charging mode and is similar to the pulse 
width (w) of the driving pulse of waiting mode. 
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As described above, the contact-less charger system of the 
present invention does not drive all of the sending coils of the 
sending coil array, but instead drives only a sending coil 
magnetically coupled to the receiving coil of the battery 
device, and thus the contact-less charger system is capable of 
remarkably reducing energy consumption compared with a 
conventional system. And, to detect the sending coil magneti 
cally coupled to the receiving coil of the battery device, the 
present invention operates a preliminary waiting mode hav 
ing relatively lower power consumption than the charging 
mode. Further, a plurality of the sending coils are included in 
the sending coil array, and thus the present invention is 
capable of simultaneously charging a plurality of the battery 
devices. 

Although the above-mentioned embodiment of the present 
invention shows the power distribution circuit 153 arranged 
between the rectifier 152 and the coil driving circuit 154, the 
power distribution circuit 153 may be arranged between a 
single coil driving circuit and a plurality of the sending coils. 

Further, Although the exemplary embodiment of the 
present invention shows the pulse width modulation used in 
controlling the driving level of the sending coil, other meth 
ods such as frequency modulation may be applied. 

Although the exemplary embodiment shown in FIG. 4 
shows a single antenna coil 120 surrounding the whole of the 
coil array, antenna coils may be individually arranged to each 
of the sending coils (TC, TC-TC). 
AS Such, if the sending coil and the antenna coil is formed 

integrally into a coil block, there is no need to find the sending 
coil coupled to the secondary coil while sequentially driving 
the sending coils as shown in FIG. 5. That is, as shown in FIG. 
7, it is possible to simultaneously drive all of the sending coils 
and receive only the sending coil magnetically coupled to the 
secondary coil. In this case, different frequencies or different 
codes may be used to distinguish feedback signals received to 
different antenna coils. 

Another embodiment of the present invention is described 
in detail with reference to FIGS. 7 and 8. 
When the external power 151 is applied to the power Sup 

ply 100 (S200), the control circuit 155 controls the power 
distribution circuit 153 and the charging mode controlling 
circuit 156 to simultaneously drive all of the sending coils 
(TC-TCs) of the sending coil array110 in the waiting mode 
(S202). 
The magnetic field generated from the sending coils 

(TC-TCs) is radiated to the external environment, and 
induced electromotive force occurs to the output terminal of 
the secondary coil 210 by the magnetic field generated from 
the sending coils (for example, TC and TCs) magnetically 
coupled to the secondary coil 210. At this time, signals emit 
ted from the sending coils (TC-TCs) should have different 
frequencies or different codes so that the battery device 200 
distinguishes the sending coils (TC-TCs). 
The battery device 200 analyzes the waiting mode power 

pulse induced to the output terminal of the secondary coil 
210, determines the number (ii) of the sending coils having 
generated the induced electromotive force, and transmits the 
number information as a feedback response signal to the 
power supply 100. 
At this time, after the control circuit 155 of the power 

Supply drives the sending coils (TC-TCs) in the waiting 
mode, the control circuit waits for the feedback response 
signal and determines whether the time required to receive the 
feedback response signal exceeds a predetermined time (for 
example, 50 msec) (S204 and S206). 

At this time, when the feedback response signal is received 
from the battery device 200 within a predetermined time, the 
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12 
control circuit analyzes the response signal, and selects the 
sending coil (for example, TC and TCs) magnetically 
coupled (or conformable in position) to the secondary coil 
210 (S208). 
The control circuit 155 converts the driving mode of the 

sending coils (for example, TC and TCs) selected in the 
above step S208 from the waiting mode to the charging mode 
by controlling the power distribution circuit 153 and the 
charging mode controlling circuit 156 (S210). 
As described above, the present invention simultaneously 

drives all of the sending coils of the sending coil array, and 
thus the time required to operate at the waiting mode is 
reduced thereby to reduce unnecessary power consumption. 

Hereinabove, preferred embodiments of the present inven 
tion has been described in detail with reference to the accom 
panying drawings. However, it should be understood that the 
detailed description and specific examples, while indicating 
preferred embodiments of the invention, are given by way of 
illustration only, since various changes and modifications 
within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

INDUSTRIAL APPLICABILITY 

As described above, a plurality of the sending coils are 
formed on the charging pad in a matrix pattern, and thus the 
present invention prevents the positional offset with the sec 
ondary coils and is capable of simultaneously charging a 
plurality of portable electronic equipments in a contact-less 
a. 

Further, the present invention is capable of selectively driv 
ing only the primary coil conformable in position to the 
secondary coils of portable electronic equipments, thereby 
remarkably reducing waste of energy. 
The invention claimed is: 
1. A contact-less power Supply magnetically coupled to a 

battery device having a receiving coil therein, for contact-less 
charging the battery device, the contact-less power Supply 
comprising: 

a coil array including a plurality of sending coils for induc 
ing a charging power to the receiving coil; and 

a driving means for detecting a sending coil magnetically 
coupled to the receiving coil and selectively driving only 
the detected sending coil, 

wherein the driving means sequentially drives any one of 
the sending coils, and in case a feedback response from 
the battery device exists, temporarily stores in an inter 
nal memory identification information of the corre 
sponding sending coil having the feedback response, 
and then reads all the identification information tempo 
rarily stored in the internal memory, and selectively 
Supplies the charging power to the detected sending coil 
only. 

2. A charging power Supply system magnetically coupled 
to a battery device including a secondary coil for inductive 
coupling, a wireless sending module for wirelessly sending 
data, a charge controlling circuit for controlling the charging 
state of the battery device, and a rechargeable battery, the 
charging power Supply system comprising: 

a primary coil array including a plurality of primary coils 
for inducing a charging power to the secondary coil; 

a rectifier circuit for converting an external alternating 
current Voltage into direct current Voltage; 

a coil driving circuit for generating a driving power for 
driving the plurality of primary coils based on the direct 
current Voltage; 
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a wireless receiving module for receiving a feedback signal 
from the wireless sending module; and 

a drive controlling circuit for controlling the coil driving 
circuit, wherein the drive controlling circuit preliminar 
ily drives any one of the plurality of primary coils, and in 
case a feedback response from the battery device exists, 
temporarily stores in an internal memory identification 
information of the corresponding primary coil having 
the feedback response, and then reads all the identifica 
tion information temporarily stored in the internal 
memory, and selectively generates the driving power to 
the corresponding primary coil only. 

3. The charging power Supply system of claim 2, 
wherein the plurality of primary coils are arranged in a 

matrix pattern. 
4. The charging power Supply system of claim 2, 
wherein the plurality of primary coils are arranged in a 

ZigZag pattern. 
5. A charging method for charging a battery in a contact 

less charger system composed of a power Supply including a 
primary coil array having a plurality of primary coils and a 
wireless receiving module, and a battery device including a 
secondary coil magnetically coupled to the primary coil, a 
wireless sending module and a rechargeable battery, the 
charging method comprising: 

(A) selecting any one of the primary coils and preliminarily 
driving the selected primary coil during a relatively short 
time; 

(B) waiting for a feedback response from the battery device 
during a predetermined time; 

(C) in case the feedback response exists, temporarily stor 
ing identification information of the corresponding pri 
mary coil in an internal memory; 

(D) selecting another primary coil from the primary coil 
array and repetitively performing the steps (A) to (C); 

(E) sequentially performing the step (D) on all of the pri 
mary coils of the primary coil array; and 
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(F) reading the identification information of the primary 

coil from the internal memory and selectively Supplying 
a charging power to the corresponding primary coil only. 

6. A contact-less charger system comprising: 
a first charging unit including a wireless receiving module 

and a primary coil array having a plurality of primary 
coils; 

a second charging unit including a secondary coil magneti 
cally coupled to the plurality of primary coils and a 
wireless sending module, wherein the plurality of pri 
mary coils are configured to induce a charging power to 
the secondary coil; and 

a battery Supplied with the charging power from the second 
charging unit, 

wherein the first charging unit further includes: 
a first means for selecting only the primary coil having a 

feedback response from the second charging unit after 
driving the plurality of primary coils in a waiting 
mode, and driving only the selected primary coil in a 
charging mode, and 

wherein the second charging unit further includes: 
a second means for generating a feedback signal inform 

ing the charging start in case that a power Sufficient to 
drive an internal circuit is induced to the secondary 
coil, and transmitting the feedback signal to the first 
charging unit, 

wherein the first means preliminarily drives any one of the 
primary coils, and in case the feedback response from 
the second charging unit exists, temporarily stores iden 
tification information of the corresponding primary coil 
having the feedback response, and then selects only the 
corresponding primary coil having the feedback 
response by reading all the identification information 
temporarily stored, and selectively drives only the 
Selected primary coil, 

whereby, among the plurality of primary coils of the pri 
mary coil array, only the primary coil conformable in 
position to the secondary coil is selectively driven. 

k k k k k 
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