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Description

Title of Invention: ANTENNA FOR WIRELESS POWER

TRANSMISSION AND NEAR FIELD COMMUNICATION
Technical Field

[1] The following description relates to an antenna for wireless power transmission and

near field communication.

Background Art
[2] To provide a wireless communication transmission (WPT) function and a near field

communication (NFC) function in a terminal, a coupling device may be used. Use of

the coupling device may enable a single antenna in the terminal to be shared for the

WPT function and the NFC function. The coupling device may include a coupler, a

radio frequency ( F) switch, and/or a diplexer.

[3] When the terminal employs the coupling device, an efficiency of the WPT function

may be reduced due to an insertion loss generated by the coupling device. In addition,

simultaneous use of the WPT function and the NFC function may be impracticable. To

satisfy both the WPT function and the NFC function to be performed by the single

antenna, a Q value of the single antenna may need to be controlled. Also, a WPT

system and an NFC system may need to be separated from each other.

Disclosure of Invention

Solution to Problem
[4] This Summary is provided to introduce a selection of concepts in a simplified form

that are further described below in the Detailed Description. This Summary is not

intended to identify key features or essential features of the claimed subject matter, nor

is i intended to be used as an aid in determining the scope of the claimed subject

matter.

[5] I one general aspect, a dual antenna includes a loop antenna; and a dual loop

antenna disposed at an inside and an outside of the loop antenna.

[6] The dual loop antenna may include an inner portion disposed at the inside of the loop

antenna; a first outer portion disposed at the outside of the loop antenna; a second outer

portion disposed at the outside of the loop antenna; a first connecting portion

connecting a first end of the inner portion to an end of the first outer portion; and a

second connecting portion connecting a second end of the inner portion to an end of

the second outer portion.

[7] The first connecting portion may overlap the loop antenna disposed on a plane; and

the second connecting portion overlaps the loop antenna.

[8] The loop antenna may be configured to perform wireless power transmission; and the



dual loop antenna may be configured to perform near field communication.

[9] The loop antenna may be configured to generate a first field; and the dual loop

antenna may be configured to generate a second field offsetting the first field.

[10] The loop antenna and the dual loop antenna may be configured so that an induced

current generated in the dual loop antenna by a field generated by the loop antenna is

less than or equal to a predetermined value.

[11] In another general aspect, a dual antenna includes a first antenna including a circle or

polygon shape that is partially cut; and a second antenna disposed at an inside and an

outside of the first antenna.

[12] The second antenna may include an inner portion disposed at the inside of the first

antenna; a first outer portion disposed at the outside of the first antenna; a second outer

portion disposed at the outside of the first antenna; a first connecting portion

connecting a first end of the inner portion to an end of the first outer portion; and a

second connecting portion connecting a second end of the inner portion to an end of

the second outer portion.

[13] The first connecting portion may overlap the first antenna disposed on a plane; and

the second connecting portion may overlap the first antenna.

[14] The first connecting portion and the first antenna may be insulated from each other;

and the second connecting portion and the first antenna may be insulated from each

other.

[15] The first antenna and the second antenna are disposed on a plane.

[16] The second antenna may include a dual loop antenna.

[17] The first antenna is configured to perform wireless power transmission using a first

frequency; and the second antenna is configured to perform near field communication

using a second frequency.

[18] The first antenna may have a high Q value; and the second antenna may have a low

Q value.

[19] The first antenna may be configured to generate a first field; and the second antenna

is configured to generate a second field offsetting the first field.

[20] The first antenna and the second antenna may be configured so that an induced

current generated in the second antenna by a field generated by the first antenna is less

than or equal to a predetermined value.

[21] In another general aspect, a dual antenna includes a first antenna configured to

generate a first field; and a second antenna configured to generate a second field

offsetting the first field.

[22] The first antenna may be configured to perform wireless power transmission; and the

second antenna may be configured to perform near field communication.

[23] Other features and aspects will be apparent from the following detailed description,



the drawings, and the claims.

Brief Description of Drawings
[24] FIG. 1 is a diagram illustrating an example of a terminal.

[25] FIG. 2 is a diagram illustrating an example of a dual antenna of FIG. 1.

[26] FIG. 3 is a diagram illustrating the example of the dual antenna of FIG. 2 in more

detail.

[27] FIG. 4 is a diagram illustrating another example of the dual antenna of FIG. 1.

[28] FIG. 5 is a diagram illustrating an example of a current flow of the dual antenna of

FIG. 2.

[29] FIG. 6 is a diagram illustrating an example of an induced current flowing in an

antenna.

[30] FIG. 7 is a diagram illustrating an example of a wireless power transmission (WPT)

function of the terminal of FIG. 1.

[31] FIG. 8 is a diagram illustrating an example of a near field communication (NFC)

function of the terminal of FIG. 1.

Mode for the Invention
[32] The following detailed description is provided to assist the reader in gaining a com

prehensive understanding of the methods, apparatuses, and/or systems described

herein. However, various changes, modifications, and equivalents of the methods, ap

paratuses, and/or systems described herein will be apparent to one of ordinary skill in

the art. Also, descriptions of functions and constructions that are well known to one of

ordinary skill in the art may be omitted for increased clarity and conciseness.

[33] Throughout the drawings and the detailed description, the same reference numerals

refer to the same elements. The drawings may not be to scale, and the relative size,

proportions, and depiction of elements in the drawings may be exaggerated for clarity,

illustration, and convenience.

[34] FIG. 1 is a diagram illustrating an example of a terminal 100. The terminal 100

includes a dual antenna 110, a wireless power transmission (WPT) receiver 180, and a

near field communication (NFC) transceiver 190.

[35] The dual antenna 110 may be a high-isolation dual antenna. The dual antenna 110

includes a first antenna 120, a first matching part 122, a first connector 124, a second

antenna 130, a second matching part 132, and a second connector 134.

[36] The first antenna 120 is configured for WPT. The first antenna 120 may have a high

Q value for the WPT. The first antenna 120 may receive a signal having a frequency f .

The WPT receiver 180 may use the frequency . For example, f0 may be about 13.56

MHz.

[37] The second antenna 130 is configured for NFC. The second antenna 130 may have a



low Q value for the NFC. The second antenna 130 may receive a signal having a

frequency , . The NFC transceiver 190 may use the frequency , . For example, ,

may be about 6.78 MHz.

[38] The high Q value of the first antenna 120 may be about 100 or more. The high Q

value may be within a range of Q values needed for high efficiency WPT. The low Q

value of the second antenna 130 may be about 40 or less. The low Q value may be

within a range of Q values needed for a high data transmission rate in NFC.

[39] The high Q value and the low Q value may be relative concepts. For example, when

the first antenna 120 has the high Q value, this may mean the Q value of the first

antenna 120 is higher than the Q value of the second antenna 130. When the second

antenna 130 has the low Q value, this may mean the Q value of the second antenna 130

is lower than the Q value of the first antenna 120.

[40] The first antenna 120 and the second antenna 130 may be separated from each other

physically and/or electrically. The first antenna 120 and the second antenna 130 may

be adjacent to each other. In this example, nevertheless, the first antenna 120 and the

second antenna 130 may have high isolation characteristics with respect to each other.

In more detail, the first antenna 120 may have high isolation characteristics with

respect to the second antenna 130. For example, an electromagnetic field generated

from the second antenna 130 may have almost no influence or low influence on the

first antenna 120. The second antenna 130 may have high isolation characteristics with

respect to the first antenna 120. For example, an electromagnetic field generated from

the first antenna 120 may have almost no influence or low influence on the second

antenna 130.

[41] The first connector 124 connects the first antenna 120 and the WPT receiver 180 to

each other. The first connector 124 transmits, to the WPT receiver 180, the signal

received through the first antenna 120. The second connector 134 connects the second

antenna 130 and the NFC transceiver 190 to each other. The second connector 134

transmits, to the NFC transceiver 190, the signal received through the second antenna

130. Also, the second connector 134 transmits, to the second antenna 130, a signal

received from the NFC transceiver 190.

[42] The first matching part 122 is an impedance matching part. The first matching part

122 performs impedance matching between the first antenna 120 and the WPT receiver

180. The first matching part 122 may perform the impedance matching between an

output impedance of the first antenna 120 and an input impedance of the WPT receiver

180. According to characteristics of the first antenna 120, the first matching part 122

may include capacitors connected in series or parallel.

[43] The second matching part 132 is an impedance matching part. The second matching

part 132 performs impedance matching between the second antenna 130 and the NFC



transceiver 190. The second matching part 132 may perform the impedance matching

between an output impedance of the second antenna 130 and an input impedance of the

NFC transceiver 190. To obtain proper Q values of the second antenna 130, the second

matching part 132 may include passive devices. The passive devices may include a

resistor, capacitor, and an inductor.

[44] FIG. 2 is a diagram illustrating an example of the dual antenna 110 of FIG. 1. In FIG.

2, the first antenna 120, the second antenna 130, the first matching part 122, the second

matching part 132, the first connector 124, and the second connector 134 that are

described with reference to FIG. 1 are shown.

[45] The first antenna 120 is a single loop antenna. The second antenna 130 is a dual loop

antenna. The second antenna 130 is disposed at an inside and an outside of the first

antenna 120. In more detail, the second antenna 130 encompasses the first antenna 120.

That is, a portion of the second antenna 130 is disposed at an outside of a region in

which the first antenna 120 is disposed, and another portion of the second antenna 130

is disposed at an inside of the region in which the first antenna 120 is disposed. The

configuration of the second antenna 130 will be described in more detail with reference

to FIG. 3.

[46] The first antenna 120 is for WPT. To achieve a high Q value, the first antenna 120 is

the single loop antenna having a large linewidth. The second antenna 130 is for NFC.

To achieve a low Q value, the second antenna 130 is the dual loop antenna having a

small linewidth.

[47] Due to the dual loop antenna configuration, the second antenna 130 may have high

isolation characteristics with respect to the first antenna 120. The first antenna 120 and

the second antenna 130 may have high isolation characteristics with respect to each

other. The high isolation characteristics may be expressed as a decibel (dB) value at a

frequency, such as a frequency f or a frequency . The high isolation characteristics

may have different dB values with respect to the WPT and the NFC. For example, the

high isolation characteristics in the WPT may be about 20 dB at the frequency fa of

about 13.56 MHz. The high isolation characteristics in the NFC may be about 25 dB at

the frequency of about 6.78 MHz.

[48] The first antenna 120 may have a circular shape or a polygonal shape. The first

antenna 120 may have a shape of a partially cut circle or a partially cut polygon, rather

than a complete circle or polygon. In the example of FIG. 2, the first antenna 120 has a

rectangular shape with rounded corners. A lower end of the first antenna 120 is

partially cut.

[49] Two end points of the first antenna 120 are connected to the first matching part 122

and the first connector 124. The two end points of the first antenna 120 may be input



feeding units of the first antenna 120. Two end points of the second antenna 130 are

connected to the second matching part 132 and the second connector 134. The two end

points of the second antenna 130 may be input feeding units of the second antenna 130.

[50] The first antenna 120 and the second antenna 130 may be disposed on a plane. For

example, the plane may not be a completely 2-dimensional (2D) plane, but may be a

curved plane, a bent plane, and/or a stepped plane having different heights. Also, the

first antenna 120 and the second antenna 130 may be provided on a printed circuit

board (PCB), and may be provided on a case or a battery cover of a mobile phone.

[51] A portion of the second antenna 130 passes over or under (i.e., overlaps or is

overlapped by) the first antenna 120 disposed on the plane. The portion of the second

antenna 130 may pass under a portion of the first antenna 120 disposed on the plane,

i.e., may be overlapped by a portion of the first antenna 120 disposed on the plane. A l

ternatively, the portion of the second antenna 130 may pass over a portion of the first

antenna 120 disposed on the plane, i.e., may overlap a portion of the first antenna 120

disposed on the plane. If the portion of the second antenna 130 passes over or under

the first antenna 120 disposed on the plane, an overlapping or overlapped portion of

the first antenna 120 and an overlapped or overlapping portion of the second antenna

130 may be separated from each other physically and/or electrically. More than one

portion of the second antenna 130 may pass over or under the first antenna 130, i.e.,

may overlap or be overlapped by the first antenna 120. For example, in FIG. 2, three

portions of the second antenna 130 pass over, i.e., overlap, the first antenna 120.

However, one or more portions of the second antenna 130 may pass over, i.e., overlap,

the first antenna 120, while one or more other portions of the second antenna 130 may

pass under, i.e., be overlapped by, the first antenna 120.

[52] For example, at the overlapped portion of the first antenna 120 and the overlapping

portion of the second antenna 130, an empty space or an insulating material may be

disposed between the overlapped portion of the first antenna 120 and the overlapping

portion of the second antenna 130. The overlapped portion of the first antenna 120 and

the overlapping portion of the second antenna 130 may be separated from each other

physically and/or electrically by the empty space or the insulating material.

[53] The first antenna 120 and the second antenna 130 may be disposed on different

planes, respectively. In the terminal 100, the plane on which the first antenna 120 is

disposed and the plane on which the second antenna 130 is disposed may be adjacent

to each other.

[54] When the WPT is performed through the configuration of the dual antenna 110, a

coupling device may not be separately used in the dual antenna 110. For example,

since two ports of the dual antenna 110 are provided, a coupling device functioning as

a switch may be unnecessary. Since an insertion loss is not generated by a coupling



device, a reduction in an efficiency of the WPT may be prevented.

[55] The second antenna 130 may be disposed around the first antenna 120. Although the

dual antenna 110 includes two antennas, an area occupied by the dual antenna 110 may

not be much greater than an area occupied by a single antenna.

[56] The first antenna 120 and the second antenna 130 may have different Q values

relative to each other. For example, when the first antenna 120 has a high Q value

while the second antenna 130 has a low Q value, the WPT may be performed with a

high efficiency, and data communication of the NFC may be performed with a high

data transmission rate. Thus, by having different characteristics, the first antenna 120

and the second antenna 130 may be adjacent to each other without influencing each

other.

[57] By the configuration of the dual antenna 110, the WPT and the NFC may be simul

taneously achieved through heterogeneous frequencies, e.g., the frequencies f and .

For example, during wireless transmission of power to the terminal 100 using the

WPT, the terminal 100 may perform data communication using the NFC.

[58] FIG. 3 is a diagram illustrating the example of the dual antenna 110 of FIG. 2 in

more detail. With reference to FIG. 3, a configuration of the second antenna 130 of

FIG. 2 will be described in more detail. The second antenna 130 includes an inner

portion 310, a first outer portion 320, a second outer portion 330, a first connecting

portion 340, and a second connecting portion 350.

[59] The inner portion 310 is disposed at an inside of the first antenna 120. That is, the

inner portion 310 is disposed in a region formed at the inside of the first antenna 120.

[60] The first outer portion 320 and the second outer portion 330 are disposed at an

outside of the first antenna 120. That is, the first outer portion 320 and the second outer

portion 330 are disposed in a region formed at the outside of the first antenna 120.

[61] The first connecting portion 340 connects a first end 312 of the inner portion 310 to a

first end 322 of the first outer portion 320. In more detail, a first end 342 of the first

connecting portion 340 is connected to the first end 322 of the first outer portion 320.

A second end 344 of the first connecting portion 340 is connected to the first end 312

of the inner portion 310.

[62] The second connecting portion 350 connects a second end 314 of the inner portion

310 to a first end 332 of the second outer portion 330. In more detail, a first end 352 of

the second connecting portion 350 is connected to the first end 332 of the second outer

portion 330. A second end 354 of the second connecting portion 350 is connected to

the second end 314 of the inner portion 310.

[63] The first connecting portion 340 overlaps the first antenna 120 disposed on a plane.

At an overlapped portion of the first antenna 120, the first connecting portion 340 and

the first antenna 120 may be separated from each other physically and/or electrically.



The second connecting portion 350 overlaps the first antenna 120 disposed on the

plane. At another overlapped portion of the first antenna 120, the second connecting

portion 350 and the first antenna 120 may be separated from each other physically and/

or electrically.

[64] For example, at the overlapped portion of the first antenna 120 that is overlapped by

the first connecting portion 340, an empty space or an insulating material may be

disposed between the first connecting portion 340 and the overlapped portion of the

first antenna 120. That is, the first connecting portion 340 and the overlapped portion

of the first antenna 120 may be separated from each other physically and/or electrically

by the empty space or the insulating material.

[65] For example, at the overlapped portion of the first antenna 120 that is overlapped by

the second connecting portion 350, an empty space or an insulating material may be

disposed between the second connecting portion 350 and the overlapped portion of the

first antenna 120. That is, the second connecting portion 350 and the overlapped

portion of the first antenna 120 may be separated from each other physically and/or

electrically by the empty space or the insulating material.

[66] As described above, isolation between the first antenna 120 and the second antenna

130 may be solved structurally. Accordingly, suitable isolation characteristics may be

obtained.

[67] A second end 324 of the first outer portion 320 and a second end 334 of the second

outer portion 330 may be connected to a second matching part, e.g., the second

matching part 132 of FIG. 2.

[68] FIG. 4 is a diagram illustrating another example of the dual antenna 110 of FIG. 1. In

comparison to the example of FIG. 2, positions of the first antenna 120 and the second

antenna 130 of the example of FIG. 4 are exchanged.

[69] In more detail, the first antenna 120 is a dual loop antenna. The second antenna 130

is a dual loop antenna. The first antenna 120 is disposed at an inside and an outside of

the second antenna 130. In more detail, the first antenna 120 encompasses the second

antenna 130. A portion of the first antenna 120 is disposed at an outside of a region in

which the second antenna 130 is disposed. Another portion of the first antenna 120 is

disposed at an inside of the region in which the first antenna 120 is disposed. The dual

loop antenna structure of the first antenna 120 may enable the first antenna 120 to have

high isolation characteristics with respect to the second antenna 130.

[70] The first antenna 120 may have a circular shape or a polygonal shape. The first

antenna 120 may have a shape of a partially cut circle or a partially cut polygon, rather

than a complete circle or a complete polygon. In the example of FIG. 4, the first

antenna 120 has a rectangular shape with rounded corners. A lower end of the first

antenna 120 is partially cut.



[71] A portion of the second antenna 130 passes over or under (i.e., overlaps or is

overlapped by) the first antenna 120 disposed on a plane. The portion of the second

antenna 130 may pass under a portion of the first antenna 120 disposed on the plane,

i.e., may be overlapped by a portion of the first antenna 120 disposed on the plane. A l

ternatively, the portion of the second antenna 130 may pass over a portion of the first

antenna 120 disposed on the plane, i.e., may overlap a portion of the first antenna 120

disposed on the plane. If the portion of the second antenna 130 passes over or under

the portion of the first antenna 120 disposed on the plane, an overlapping or

overlapped portion of the first antenna 120 and an overlapped or overlapping portion

of the second antenna 130 may be separated from each other physically and/or elec

trically. More than one portion of the second antenna 130 may pass over or under the

first antenna 129, i.e., may overlap or be overlapped by the first antenna 120. For

example, in FIG. 4, four portions of the second antenna 130 pass over, i.e., overlap, the

first antenna 120. However, one or more portions of the second antenna 130 may pass

over, i.e., overlap, the first antenna 120, while one or more other portions of the second

antenna 130 may pass under, i.e., be overlapped by, the first antenna 120.

[72] For example, at the overlapped portion of the first antenna 120 and the overlapping

portion of the second antenna 130, an empty space or an insulating material may be

disposed between overlapped portion of the first antenna 120 and the overlapping

portion of the second antenna 130. That is, the overlapped portion of the first antenna

120 and the overlapping portion of the second antenna 130 may be separated from each

other physically and/or electrically by the empty space or the insulating material.

[73] The first antenna 120 and the second antenna 130 may be disposed on different

planes, respectively. In the terminal 100, the plane on which the first antenna 120 is

disposed and the plane on which the second antenna 130 is disposed may be adjacent

to each other.

[74] The second antenna 130 includes an inner loop and an outer loop. The outer loop is

disposed at an outside of the inner loop. A first end of the inner loop and a first end of

the outer loop are connected to the second matching part 132. A second end of the

inner loop and a second end of the outer loop are connected to each other.

[75] In the dual loop antenna structure, the inner loop and the outer loop overlap each

other, e.g., a portion of the outer loop overlaps a portion of the inner loop. At an

overlapped portion of the inner loop and an overlapping portion of the outer loop, an

empty space or an insulating material may be disposed between the overlapped portion

of the inner loop and the overlapping portion of the outer loop. That is, at the

overlapped portion of the inner loop and the overlapping portion of the outer loop may

be separated from each other physically and/or electrically by the empty space or the

insulating material.



[76] Accordingly, through the connection between the second end of the inner loop and

the second end of the outer loop, the inner loop and the outer loop form a dual loop.

The dual loop enables a length of the second antenna 130 to be twice as long as a

single-loop antenna. As a result, a material of the second antenna 130 may have a

lower capacitance than a material of a single-loop antenna having a length half as long

as the second antenna 130.

[77] FIG. 5 is a diagram illustrating an example of a current flow of the dual antenna 110

of FIG. 2. Referring to FIG. 5, arrows in the first antenna 120 denote a current flowing

in the first antenna 120, and arrows in the second antenna 130 denote a current flowing

in the second antenna 130.

[78] The current flows counterclockwise in the first antenna 120. Therefore, the first

antenna 120 generates a field in an inner region 510 of the dual antenna 110 inside an

inner loop of the second antenna 130, and generates a field in an outer region 520 of

the dual antenna 110 outside an outer loop of the second antenna 130. A direction of

the field generated by the first antenna 120 in the inner region 510 is opposite to a

direction of the field generated by the first antenna 120 in the outer region 520. The

field may be an electric field, a magnetic field, or an electromagnetic field.

[79] The first antenna 120 also generates a field between the loop of the first antenna 120

and the inner loop of the second antenna 130, and generates a field between the loop of

the first antenna 120 and the outer loop of the second antenna 130. A direction of the

field generated by the first antenna 120 between the loop of the first antenna 120 and

the inner loop of the second antenna 130 is opposite to a direction of the field

generated by the first antenna 120 between the loop of the first antenna 120 and the

outer loop of the second antenna 130.

[80] In the inner loop of the second antenna 130, the current flows clockwise. In the outer

loop of the second antenna 130, the current flows counterclockwise. Since directions of

these currents are opposite, a direction of a field generated by the current flowing in

the inner loop and a direction of a field generated by the current flowing in the outer

loop are opposite to each other in the inner region 510 and the outer region 520, and

are the same between the inner loop and the outer loop. Therefore, the fields generated

by the inner loop and the outer loop offset each other in the inner region 510 and the

outer region 520, and augment each other between the inner loop and the outer loop.

An offset of fields may be an offset of magnetic field components of the fields, and an

augmentation of fields may be an augmentation of magnetic field components of the

fields.

[81] The strength of a magnetic field generated by a current depends on a distance from

the current. Therefore, in the inner region 510, the magnetic field generated by the

inner loop is stronger than the magnetic field generated by the outer loop of the second



antenna 130, so that in the inner region 510, the magnetic field generated by the inner

loop is only partially offset by the magnetic field generated by the outer loop, and

some of the magnetic field generated by the inner loop remains in the inner region 510.

Also, in the outer region 520, the magnetic field generated by the outer loop is stronger

than the magnetic field generated by the inner loop, so that in the outer region 520, the

magnetic field generated by the outer loop is only partially offset by the magnetic field

generated by the inner loop, and therefore some of the magnetic field generated by the

outer loop remains in the outer region 520.

Although the fields generated by the inner loop and the outer loop of the second

antenna 130 augment each other between the inner loop and the outer loop, the

resulting augmented field has a negligible effect on a current flowing in the first

antenna 120 because the inner loop and the outer loop of the second antenna 130 are

close to the first antenna 120.

The field generated by the loop of the first antenna 120 will be called a first field.

The resulting field generated by the inner loop and the outer loop of the second

antenna 130 will be called a second field. A direction of the first field is opposite to a

direction of the second field, so the first field and the second field offset each other.

Consequently, the first antenna 120 and the second antenna 130 may have high

isolation characteristics with respect to each other.

A single shielding material may be used on a plane on which the first antenna 120

and the second antenna 130 are formed. For example, if the plane is a PCB or a case of

the terminal 100, the first antenna 120 and the second antenna 130 may be formed on

the PCB or the case, and the shielding material may cover the first antenna 120 and the

second antenna 130. Since the single shielding material is applied to both the first

antenna 120 and the second antenna 130, a production efficiency may be increased

while a cost is reduced. Also, the single shielding material may enable a thickness of

the dual antenna 110 and the terminal 100 to be reduced.

A current flowing in the first antenna 120 may not induce a current in the second

antenna 130 because any current induced in the inner loop of the second antenna 130

may be counteracted by any current induced in the outer loop of the second antenna

130 due to the way the inner loop and the outer loop are connected.

FIG. 6 is a diagram illustrating an example of an induced current flowing in an

antenna. Referring to FIG. 6, a first antenna 620 may correspond to the first antenna

120 described with reference to FIG. 1. A second antenna 630 may correspond to the

second antenna 130 described with reference to FIG. 1.

A flux that induces a current in the first antenna 620 or the second antenna 630 may

be expressed by the following Equation 1:



[89] In Equation 1, Φ may denote a flux that induces a current in the first antenna 620

due to a field generated by the second antenna 630, or a flux that induces a current in

the second antenna 630 due to a field generated by the first antenna 620. The direction

of the induced current may be determined according to the right-hand grip rule. Addi

tionally, V denotes a constant to convert the generated field into the flux.

[90] Also, in Equation 1, S denotes a surface through which the generated field passes.

denotes an infinitesimal element of the surface S . S may denote a physical, math

ematical, or conceptual infinitesimal element of .

[91] Further, in Equation 1, H in denotes an inward field. j in may denote an inward

magnetic field. H in denotes a field directed into the plane on which the first antenna

620 and the second antenna 630 are disposed. JJ denotes an outward field JJ may

denote an outward magnetic field J denotes a field directed out of the plane on
b n out

which the first antenna 620 and the second antenna 630 are disposed. The fields

denoted by H in and are directed in opposite directions with respect to each other.

[92] FIG. 6 also shows the inward field H,„ and the outward field JJ . In FIG. 6, ( )
" out

denotes the inward field H ln , and (7) denotes the outward field H
out

. In addition,

an arrow 640 denotes a direction of the induced current flowing in the first antenna 620

due to the fields ,„ and JJ .
' " n out

[93] Since the directions of the fields H in and JJ are opposite to each other, when an

absolute value of a surface integral of j tn according to Equation 1 and an absolute

value of a surface integral of J according to Equation 1 are equal or similar to each

other, each of a mutual flux value and a coupling value between the first antenna 620

and the second antenna 630 may be 0 or approximately 0. According to the mutual flux

value and the coupling value of 0 or approximately 0, the first antenna 120 and the

second antenna 130 may have high isolation characteristics with respect to each other.

[94] As described above, the first antenna 620 may correspond to the first antenna 120

described with reference to FIG. 1, and the second antenna 630 may correspond to the

second antenna 130 described with reference to FIG. 1.

[95] The first antenna 120 and the second antenna 130 may be designed, generated,

formed, arranged, or manufactured in the dual antenna 110 or the terminal 100 so that

the induced current generated in the first antenna 120 due to the field generated by the



second antenna 130 is minimized; or so that the induced current generated in the

second antenna 130 due to the field generated by the first antenna 120 is minimized; or

so that the induced current generated in the first antenna 120 due to the field generated

by the second antenna 130 is less than or equal to a predetermined threshold value; or

so that the induced current generated in the second antenna 130 due to the field

generated by the first antenna 120 is less than or equal to a predetermined threshold

value; or so that a first induced current generated in the first antenna 120 and a second

induced current generated in the second antenna 130, which are generated due to the

field generated by the first antenna 120 and the field generated by the second antenna

130, are minimized; or so that a first induced current generated in the first antenna 120

and a second induced current generated in the second antenna 130, which are generated

due to the field generated by the first antenna 120 and the field generated by the second

antenna 130, are less than or equal to a predetermined threshold value.

[96] For example, a distance between the first antenna 120 and the second antenna 130

may be controlled so that the current may be minimized, or may be less than or equal

to the predetermined threshold value. In another example, areas of the first antenna 120

and the second antenna 130 may be controlled so that the current may be minimized, or

may be less than or equal to the predetermined threshold value. That is, in designing,

generating, forming, arranging, and/or manufacturing the first antenna 120 and the

second antenna 130, the distance between the first antenna 120 and the second antenna

130, and/or the areas of the first antenna 120 and the second antenna 130, may be taken

into consideration.

[97] FIG. 7 is a diagram illustrating an example of a WPT function of the terminal 100 of

FIG. 1. A WPT transmitting terminal 700 is shown in FIG. 7. The WPT transmitting

terminal 700 includes an antenna 710, a matching part 720, and a WPT transmitter

730.

[98] To perform WPT, the antenna 710 may use a frequency f . For high efficiency WPT

at the frequency fQ , the antenna 710 may have a high Q value at the frequency f .

[99] The matching part 720 is an impedance matching part. The matching part 720

performs impedance matching between the antenna 710 and the WPT transmitter 730.

In more detail, the matching part 720 performs matching between an output impedance

of the WPT transmitter 730 and an input impedance of the antenna 710.

[100] The WPT transmitter 730 outputs a signal for the WPT. The antenna 710 receives the

signal from the WPT transmitter 730 via the matching part 720, and transmits the

signal to the terminal 100.

[101] The first antenna 120 of the terminal 100 receives the signal transmitted from the

antenna 710. That is, the WPT between the antenna 710 and the first antenna 120 is



performed. The WPT transmitting terminal 700 and the terminal 100 may be located

within a predetermined distance from each other that enables the WPT.

[102] As described above, the dual antenna 110 may have high isolation characteristics.

Therefore, even when a high level of wireless power is transmitted to the first antenna

120, power or signals received by the second antenna 130 for the NFC due to in

terference from the first antenna 120 may be weak. That is, interference at the second

antenna 130 from the first antenna 120 may be prevented due to the high isolation

characteristics of the dual antenna 110. The interference may include an electrical in

terference, a magnetic interference, and/or an electromagnetic interference.

[103] FIG. 8 is a diagram illustrating an example of an NFC function of the terminal 100 of

FIG. 1. An NFC terminal 800 is shown in FIG. 8. The NFC terminal 800 includes an

antenna 810, a matching part 820, and an NFC transceiver 830.

[104] To perform NFC, the antenna 810 may use a frequency , . For efficient NFC at the

frequency , , the antenna 810 may have a low Q value at the frequency , .

[105] The matching part 820 is an impedance matching part. The matching part 820

performs impedance matching between the antenna 810 and the NFC transceiver 830.

The matching part 820 performs matching between an output impedance of the NFC

transceiver 830 and an input impedance of the antenna 810.

[106] The NFC transceiver 830 outputs a signal for the NFC, and receives a signal for the

NFC. The antenna 810 receives the signal outputted from the NFC transceiver 830 via

the matching part 820, and transmits the received signal to the terminal 100. The

antenna 810 further receives a signal transmitted from the terminal 100, and inputs the

received signal to the NFC transceiver 830 via the matching part 820.

[107] The second antenna 130 of the terminal 100 receives the signal transmitted from the

antenna 810. That is, the NFC between the antenna 810 and the second antenna 130 is

performed. The NFC terminal 800 and the terminal 100 may be located within a prede

termined distance from each other that enables the NFC.

[108] As described above, the dual antenna 110 may have high isolation characteristics.

Therefore, even when signals are received by the second antenna 130 or signals are

transmitted from the second antenna 130, power or signals received by the first antenna

120 for the WPT due to interference from the second antenna 130 may be weak. That

is, interference at the first antenna 120 from the second antenna 130 may be prevented

due to the high isolation characteristics of the dual antenna 110. The interference may

include an electrical interference, a magnetic interference, and/or an electromagnetic

interference.

[109] The various units, elements, and methods described above may be implemented

using one or more hardware components, one or more software components, or a com-



bination of one or more hardware components and one or more software components.

[110] A hardware component may be, for example, a physical device that physically

performs one or more operations, but is not limited thereto. Examples of hardware

components include microphones, amplifiers, low-pass filters, high-pass filters, band

pass filters, analog-to-digital converters, digital-to- analog converters, and processing

devices.

[Ill] A software component may be implemented, for example, by a processing device

controlled by software or instructions to perform one or more operations, but is not

limited thereto. A computer, controller, or other control device may cause the

processing device to run the software or execute the instructions. One software

component may be implemented by one processing device, or two or more software

components may be implemented by one processing device, or one software

component may be implemented by two or more processing devices, or two or more

software components may be implemented by two or more processing devices.

[112] A processing device may be implemented using one or more general-purpose or

special-purpose computers, such as, for example, a processor, a controller and an

arithmetic logic unit, a digital signal processor, a microcomputer, a field-pro

grammable array, a programmable logic unit, a microprocessor, or any other device

capable of running software or executing instructions. The processing device may run

an operating system (OS), and may run one or more software applications that operate

under the OS. The processing device may access, store, manipulate, process, and create

data when running the software or executing the instructions. For simplicity, the

singular term "processing device" may be used in the description, but one of ordinary

skill in the art will appreciate that a processing device may include multiple processing

elements and multiple types of processing elements. For example, a processing device

may include one or more processors, or one or more processors and one or more con

trollers. In addition, different processing configurations are possible, such as parallel

processors or multi-core processors.

[113] A processing device configured to implement a software component to perform an

operation A may include a processor programmed to run software or execute in

structions to control the processor to perform operation A. In addition, a processing

device configured to implement a software component to perform an operation A, an

operation B, and an operation C may include various configurations, such as, for

example, a processor configured to implement a software component to perform op

erations A, B, and C; a first processor configured to implement a software component

to perform operation A, and a second processor configured to implement a software

component to perform operations B and C; a first processor configured to implement a

software component to perform operations A and B, and a second processor configured



to implement a software component to perform operation C; a first processor

configured to implement a software component to perform operation A, a second

processor configured to implement a software component to perform operation B, and

a third processor configured to implement a software component to perform operation

C; a first processor configured to implement a software component to perform op

erations A, B, and C, and a second processor configured to implement a software

component to perform operations A, B, and C, or any other configuration of one or

more processors each implementing one or more of operations A, B, and C. Although

these examples refer to three operations A, B, C, the number of operations that may

implemented is not limited to three, but may be any number of operations required to

achieve a desired result or perform a desired task.

[114] Software or instructions that control a processing device to implement a software

component may include a computer program, a piece of code, an instruction, or some

combination thereof, that independently or collectively instructs or configures the

processing device to perform one or more desired operations. The software or in

structions may include machine code that may be directly executed by the processing

device, such as machine code produced by a compiler, and/or higher- level code that

may be executed by the processing device using an interpreter. The software or in

structions and any associated data, data files, and data structures may be embodied per

manently or temporarily in any type of machine, component, physical or virtual

equipment, computer storage medium or device, or a propagated signal wave capable

of providing instructions or data to or being interpreted by the processing device. The

software or instructions and any associated data, data files, and data structures also

may be distributed over network-coupled computer systems so that the software or in

structions and any associated data, data files, and data structures are stored and

executed in a distributed fashion.

[115] For example, the software or instructions and any associated data, data files, and data

structures may be recorded, stored, or fixed in one or more non-transitory computer-

readable storage media. A non-transitory computer-readable storage medium may be

any data storage device that is capable of storing the software or instructions and any

associated data, data files, and data structures so that they can be read by a computer

system or processing device. Examples of a non-transitory computer-readable storage

medium include read-only memory (ROM), random-access memory (RAM), flash

memory, CD-ROMs, CD-Rs, CD+Rs, CD-RWs, CD+RWs, DVD-ROMs, DVD-Rs,

DVD+Rs, DVD-RWs, DVD+RWs, DVD-RAMs, BD-ROMs, BD-Rs, BD-R LTHs,

BD-REs, magnetic tapes, floppy disks, magneto-optical data storage devices, optical

data storage devices, hard disks, solid-state disks, or any other non-transitory

computer-readable storage medium known to one of ordinary skill in the art.



[116] Functional programs, codes, and code segments that implement the examples

disclosed herein can be easily constructed by a programmer skilled in the art to which

the examples pertain based on the drawings and their corresponding descriptions as

provided herein.

[117] As a non-exhaustive illustration only, a terminal described herein may be a mobile

device, such as a cellular phone, a personal digital assistant (PDA), a digital camera, a

portable game console, an MP3 player, a portable/personal multimedia player (PMP), a

handheld e-book, a portable laptop PC, a global positioning system (GPS) navigation

device, a tablet, a sensor, or a stationary device, such as a desktop PC, a high-definition

television (HDTV), a DVD player, a Blue-ray player, a set-top box, a home appliance,

or any other device known to one of ordinary skill in the art that is capable of wireless

communication and/or network communication.

[118] While this disclosure includes specific examples, it will be apparent to one of

ordinary skill in the art that various changes in form and details may be made in these

examples without departing from the spirit and scope of the claims and their

equivalents. The examples described herein are to be considered in a descriptive sense

only, and not for purposes of limitation. Descriptions of features or aspects in each

example are to be considered as being applicable to similar features or aspects in other

examples. Suitable results may be achieved if the described techniques are performed

in a different order, and/or if components in a described system, architecture, device,

or circuit are combined in a different manner and/or replaced or supplemented by other

components or their equivalents. Therefore, the scope of the disclosure is defined not

by the detailed description, but by the claims and their equivalents, and all variations

within the scope of the claims and their equivalents are to be construed as being

included in the disclosure.
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Claims
A dual antenna comprising:

a loop antenna; and

a dual loop antenna disposed at an inside and an outside of the loop

antenna.

The dual antenna of claim 1, wherein the dual loop antenna comprises:

an inner portion disposed at the inside of the loop antenna;

a first outer portion disposed at the outside of the loop antenna;

a second outer portion disposed at the outside of the loop antenna;

a first connecting portion connecting a first end of the inner portion to

an end of the first outer portion; and

a second connecting portion connecting a second end of the inner

portion to an end of the second outer portion.

The dual antenna of claim 2, wherein the first connecting portion

overlaps the loop antenna disposed on a plane; and

the second connecting portion overlaps the loop antenna.

The dual antenna of claim 1, wherein the loop antenna is configured to

perform wireless power transmission; and

the dual loop antenna is configured to perform near field commu

nication.

The dual antenna of claim 1, wherein the loop antenna is configured to

generate a first field; and

the dual loop antenna is configured to generate a second field offsetting

the first field.

The dual antenna of claim 1, wherein the loop antenna and the dual

loop antenna are configured so that an induced current generated in the

dual loop antenna by a field generated by the loop antenna is less than

or equal to a predetermined value.

A dual antenna comprising:

a first antenna comprising a circle or polygon shape that is partially cut;

and

a second antenna disposed at an inside and an outside of the first

antenna.

The dual antenna of claim 7, wherein the second antenna comprises:

an inner portion disposed at the inside of the first antenna;

a first outer portion disposed at the outside of the first antenna;

a second outer portion disposed at the outside of the first antenna;
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a first connecting portion connecting a first end of the inner portion to

an end of the first outer portion; and

a second connecting portion connecting a second end of the inner

portion to an end of the second outer portion.

The dual antenna of claim 8, wherein the first connecting portion

overlaps the first antenna disposed on a plane; and

the second connecting portion overlaps the first antenna.

The dual antenna of claim 9, wherein the first connecting portion and

the first antenna are insulated from each other; and

the second connecting portion and the first antenna are insulated from

each other.

The dual antenna of claim 7, wherein the first antenna and the second

antenna are disposed on a plane.

The dual antenna of claim 7, wherein the second antenna comprises a

dual loop antenna.

The dual antenna of claim 7, wherein the first antenna is configured to

perform wireless power transmission using a first frequency; and

the second antenna is configured to perform near field communication

using a second frequency.

The dual antenna of claim 7, wherein the first antenna has a high Q

value; and

the second antenna has a low Q value.

The dual antenna of claim 7, wherein:

the first antenna is configured to generate a first field; and

the second antenna is configured to generate a second field offsetting

the first field.

The dual antenna of claim 7, wherein the first antenna and the second

antenna are configured so that an induced current generated in the

second antenna by a field generated by the first antenna is less than or

equal to a predetermined value.

A dual antenna comprising:

a first antenna configured to generate a first field; and

a second antenna configured to generate a second field offsetting the

first field.

The dual antenna of claim 17, wherein the first antenna is configured to

perform wireless power transmission; and

the second antenna is configured to perform near field communication.
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