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Specification 

Name of the Invention 

Wireless power transmitting apparatus and wireless power receiving apparatus 

Technical Field 

The present invention relates to wireless power transfer technology. More specifically, it relates 

to a wireless power transmitting apparatus and a wireless power receiving apparatus capable of wirelessly 

transferring electric energy to and from a desired device. 

Background Art of the Invention 

With rapid development of information communication technology in recent years, we are 

moving toward a “ubiquitous” society that is based on information communication technology. 

To access information communication devices anytime anywhere, sensors having computer chips 

capable of performing communicative functions must be installed in all social facilities. Consequently, 

supplying power to these devices is becoming a new problem. As the range of portable device types, such 

as mobile phones, Bluetooth headsets, and iPod-type music players, is increasing rapidly, users must 

expend time and effort to charge their batteries. In recent years, wireless power transfer technology has 

attracted attention as a method of solving this problem. 

Wireless power transmission, or wireless energy transfer, refers to a technology for wirelessly 

transferring electrical energy from a transmitter to a receiver through the principle of magnetic induction. 

Electric motors and transformers employing the principle of electromagnetic induction were already 

starting to be used in the 1800s, and subsequently, methods for transmitting electric energy by emitting 

electromagnetic waves, such as radio waves or rays, were attempted. In fact, electrical toothbrushes, and 

electrical razors, which are commonly used in daily life, are charged based on the principle of 

electromagnetic induction. 

Wireless energy transfer schemes used until now may be categorized broadly into magnetic 

induction, electromagnetic resonance, and power transfer using short wavelength radio frequencies. 
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The magnetic induction scheme is a technology that utilizes a phenomenon wherein, when two 

coils are placed adjacent to each other and current is supplied to one of the coils, a magnetic flux is 

generated, resulting in the generation of electromotive force on the other coil. Thus, the magnetic 

induction scheme is being rapidly commercialized for small devices, such as mobile phones. The 

magnetic induction scheme has the advantage of being able to transfer power of up to several hundred 

kilowatts (kW) with high efficiency. However, it has a disadvantage in that the maximum transfer 

distance is 1 cm or less, requiring the coils to be placed in close proximity to a charger or the bottom of a 

mobile phone. 

The electromagnetic resonance scheme employs an electric field or a magnetic field instead of 

utilizing electromagnetic waves or electric current. It has the advantage of not being much affected by the 

problem of electromagnetic waves and is thus safe for other electronic devices and human bodies. 

However, it has the disadvantage of being usable only within a limited distance and space and its energy 

transfer efficiency is somewhat low. 

The short wavelength wireless power transfer scheme–simply, the RF scheme—utilizes the fact 

that energy can be directly transmitted and received in radio wave form. This technology is an RF-type 

wireless power transfer scheme that uses a “rectenna.” A rectenna, a compound word from "rectifier" and 

"antenna," is an element that directly converts radio frequency (RF) power into direct current (DC) 

power. That is, the RF scheme is a technology that converts alternating current (AC) radio waves to DC. 

In recent years, active research has been underway on commercialization of the RF scheme, with 

improvements having been achieved in its efficiency. 

Wireless power transfer technology may be broadly utilized across various industries, such as IT, 

rail, and electric home appliances, as well as in mobile. 

In particular, magnets may be provided on the wireless power transmitter and wireless power 

receiver so that the transmitter can sense the receiver. The transmitter may sense the magnetic field of the 

receiver magnet to determine whether to supply power to the receiver. 
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Conventionally, however, no technology has been provided for the transmitter to be able to 

effectively sense the magnetic field of the receiver magnet. 

Content of the Invention 

Problem to be Solved 

The present invention provides a wireless power transmitting apparatus, a wireless power 

receiving apparatus, and a wireless power transfer system using the same, having been designed to solve 

the problems of the conventional technology described above. 

Further, another purpose of the present invention is to provide a wireless power transmitting 

apparatus capable of effectively sensing a magnetic field of a receiver magnet in a wireless power transfer 

system. 

Further, another purpose of the present invention is to provide a wireless power transfer system 

capable of more effectively sensing a change of magnetic flux density, doing so using polarities of 

magnets. 

Further, another purpose of the present invention is to provide a wireless power transfer system 

capable of optimizing the alignment between a transmitter and a receiver necessary for wireless power 

transfer, doing so using polarities of magnets. 

Further, another purpose of the present invention is to provide a method of arranging polarities of 

a transmitter magnet and a receiver magnet to more effectively sense a magnetic field of the receiver 

magnet required to start wireless power transfer. 

It should be noted that the technical problems that the present invention seeks to solve are not 

limited to the technical problems mentioned above, and other unmentioned technical problems can be 

clearly understood by those skilled in the art to which the present invention pertains, doing so from the 

following description. 

Means of Solving the Problem 

The present invention provides a wireless power transmitting apparatus, a wireless power 
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receiving apparatus, and a wireless power transfer system using the same. 

Further, the present invention can provide a method of arranging polarities of a transmitter 

magnet and a receiver magnet to more effectively sense the magnetic field of the receiver magnet required 

to start wireless power transfer and a method of controlling so that the transmitter and the receiver can be 

rapidly aligned for wireless transfer using the same. 

In another embodiment of the present invention, a wireless power transmitting apparatus for 

wirelessly transmitting power to a wireless power receiving apparatus comprises a transmitting coil for 

transmitting the power, a Hall sensor for sensing a change of magnetic flux density caused by the wireless 

power receiving apparatus, and a controller for comparing the sensed change of magnetic flux density to a 

certain critical value to determine whether to transmit the power, wherein magnets provided in the 

wireless power transmitting apparatus and the wireless power receiving apparatus respectively are 

arranged such that the polarities of the magnets on the surfaces facing each other are different. 

The above aspects of the present invention are merely some of the preferred embodiments of the 

present invention and various embodiments into which the technical features of the present invention are 

incorporated may be derived and understood by those skilled in the art based on the detailed description 

of the present invention to be described. 

Effects of the Invention 

The effects of the method and apparatus according to the present invention are described below. 

First, the present invention has the advantage of providing a wireless power transmitting 

apparatus capable of effectively sensing the magnetic field of a receiver magnet in a wireless power 

transfer system. 

Second, the present invention has the advantage of providing a wireless power transfer system 

capable of more effectively sensing the magnetic field of a receiver using the polarities of the magnets in 

the wireless power transfer system. 

Third, the present invention has the advantage of providing a wireless power transfer system 
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capable of optimizing the alignment between a transmitter and a receiver necessary for wireless power 

transfer using polarities of magnets. 

Fourth, the present invention has the advantage of providing a wireless power transfer system 

capable of making a transmitting coil of a transmitter and a receiving coil of a receiver be vertically and 

horizontally aligned using polarities of magnets on the wireless power transfer system, thereby 

maximizing wireless power transfer efficiency. 

Fifth, the present invention defines the polarity arrangement of magnets provided on the 

transmitter of a wireless power transfer system and can thereby be expected to standardize the structure of 

receivers of individual manufacturers. 

Sixth, the present invention makes it possible to use thinner and smaller magnets through polarity 

arrangement of magnets provided on the transmitter and receiver of a wireless power transfer system, and 

can thereby be expected to reduce the volume of electronic devices equipped with the wireless power 

transfer system. 

The effects obtainable from the present invention are not limited by the above-mentioned effects, 

and other unmentioned effects can be clearly understood from the following description by those having 

ordinary skill in the technical field to which the present invention pertains. 

Brief Description of the Drawings 

The drawings attached below are intended to assist in understanding the present invention, and 

provide embodiments of the present invention, to go along with the detailed description. However, the 

technical features of the present invention are not limited to the specific drawings, and the features 

disclosed in the drawings may be combined with each other to form new embodiments. 

FIG. 1 is a diagram to describe a wireless power transfer system according to an embodiment. 

FIG. 2 is an equivalent circuit diagram of a transmitting induction coil according to an 

embodiment. 

FIG. 3 is an equivalent circuit diagram of a power source and wireless power transmitting 
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apparatus according to an embodiment. 

FIG. 4 is an equivalent circuit diagram of a wireless power receiving apparatus according to an 

embodiment. 

FIG. 5 is a perspective view illustrating a wireless power transfer system according to an 

embodiment. 

FIG. 6 is a perspective view illustrating the back of the terminal of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating a wireless power transfer system according to an 

embodiment. 

FIG. 8 is a block diagram of a wireless power transfer system according to an embodiment. 

FIG. 9 is a flow diagram describing an operating method of a wireless power transfer system 

according to an embodiment. 

FIG. 10 is a diagram showing a voltage signal detected by a Hall sensor based on the distance 

between a cradle and a terminal. 

FIG. 11 is a diagram showing a second magnet arranged on a winding coil structure.  

FIG. 12 is a diagram showing a second magnet arranged on a lead frame coil structure.  

FIG. 13 is a diagram showing the intensity of the magnetic flux density according to the 

arrangement of the second magnet in a lead frame coil structure.  

FIG. 14 is a diagram to describe the method of arranging polarity of permanent magnets provided 

in a wireless power transmitting apparatus and a wireless power receiving apparatus according to one 

embodiment of the present invention.  

FIG. 15 is a diagram to describe the method of magnetizing magnets used in a wireless power 

transmitting apparatus and a wireless power receiving apparatus according to one embodiment of the 

present invention.  

FIG. 16 is a diagram to describe the polarity arrangement method of the first magnet (12) and the 

second magnet (30) when the magnet used in the present invention has been magnetized using a sectional 
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and outer circumferential magnetization method (1502).  

FIG. 17 is an internal configuration diagram of a wireless power transmitting apparatus according 

to another embodiment of the present invention. 

Detailed Description for Implementation of the Invention 

Hereinafter, a more detailed description is provided, referring to the diagrams of the apparatuses 

and various methods on which the embodiments of the present invention are applied. The suffixes 

"module" and “part" of components used in the description below are considered and used only for 

convenience of preparing the specification and can be used interchangeably, and thus do not have any 

distinguishable meanings or functions in and of themselves. 

In the descriptions of the embodiments, when a component is mentioned as being formed “up 

(on)” or “down (under)” another component, the two components can be directly in contact up (on)/down 

(under) each other, or one or more intervening components may also be arranged and formed between the 

two components. Also, when a component is expressed as being “up (on)” or “down (under)”, this can 

include not only the meaning of the upward direction, but also the downward direction. 

In the description of the embodiments, a wireless power transmitting apparatus constituting a 

wireless power transfer system will also be referred to as a transmitter, a transmission end, a transmitting 

apparatus, a transmission side, or a power transmitting apparatus for the convenience of description. In 

addition, a wireless power receiving apparatus may also be referred to as a receiver, a terminal, a 

receiving side, a receiving apparatus, or a power receiving apparatus for the convenience of description. 

A transmitter according to the present invention may be configured in the form of a pad or a 

cradle. One transmitter may also include a plurality of wireless power transmitting means to wirelessly 

transmit power to a plurality of receivers. 

A receiver according to the present invention may be used in a mobile phone, a smart phone, a 

laptop computer, a terminal for digital broadcasting, a personal digital assistant (PDA), a portable 

multimedia player (PMP), a navigation system, an MP3 player, and other small electronic devices, but is 
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not limited thereto. The receiver may be any device on which is mounted a wireless power transmitting 

means under the present invention that can charge a battery. FIG. 1 is a diagram to describe a wireless 

power transfer system according to one embodiment of the present invention. 

Referring to FIG. 1, the wireless power transfer system according to the present invention may 

comprise a power source (100), a wireless power transmitting apparatus (200), a wireless power receiving 

apparatus (300), and a load end (400). 

In the embodiment, the wireless power transmitting apparatus (200) may comprise a power 

source (100), but the present invention is not limited thereto. 

The wireless power transmitting apparatus (200) may comprise a transmitting induction coil 

(210) and a transmitting resonance coil (220).  

The wireless power receiving apparatus (300) of the present invention may comprise a receiving 

resonance coil (310), a receiving induction coil (320), and a rectifier (330). 

Both ends of the power source (100) may be connected to both ends of the transmitting induction 

coil (210).  

The transmitting resonance coil (220) may be located at a certain distance from the transmitting 

induction coil (210).  

The transmitting resonance coil (310) may be located at a certain distance from the transmitting 

induction coil (320). 

Both ends of the receiving induction coil (320) may be connected to both ends of the rectifier 

(330). The load end (400) may be connected to both ends of the rectifier (330). In the embodiment, the 

wireless power receiving apparatus (300) may comprise the load end (400). 

Power generated by the power source (100) may be transferred to the wireless power transmitting 

apparatus (200), and the power transferred to the wireless power receiving apparatus (200) may be 

transferred to the wireless power receiving apparatus (300) resonating with the wireless power 

transmitting apparatus (200) (i.e. the apparatus having the same resonance frequency value as the wireless 
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power transmitting apparatus (200)) based on the resonance phenomenon. 

Hereinafter, the power transfer process will be described in more detail. 

The power source (100) may generate AC power having a certain frequency and transfer this 

generated AC power to the wireless power transmitting apparatus (200). 

The transmitting induction coil (210) and the transmitting resonance coil (220) may be 

inductively coupled with each other. That is, AC current may be generated in the transmitting induction 

coil (210) by the AC power supplied from the power source (100), and through electromagnetic induction 

based on such AC current, the AC current may also be induced in the transmitting resonance coil (220), 

which is physically spaced apart from the transmitting induction coil (210). 

Subsequently, the power transferred to the transmitting resonance coil (220) may be transferred 

to the wireless power receiving apparatus (300) having the same resonance frequency value as the 

wireless power transmitting apparatus (200) using a frequency resonance scheme based on resonance. 

Power may be transferred based on resonance between two LC circuits with matching 

impedances. Power transfer based on such resonance is possible at a longer distance with higher transfer 

efficiency than power transfer based on an electromagnetic induction scheme. 

The receiving resonance coil (310) may use the frequency resonance scheme to receive power 

transferred from the transmitting resonance coil (220). AC current may flow to the receiving resonance 

coil (310) due to the received power, and the power transferred to the receiving resonance coil (310) may 

be transferred to the receiving induction coil (320) inductively coupled with the receiving resonance coil 

(310) by electromagnetic induction. The power transferred to the receiving induction coil (320) may be 

rectified by the rectifier (330) and then transferred to the load end (400). 

In the embodiment, the transmitting induction coil (210), the transmitting resonance coil (220), 

the receiving resonance coil (310), and the receiving induction coil (320) may have a spiral structure or a 

helical structure, but the present invention is not limited thereto. 

The transmitting resonance coil (220) and the receiving resonance coil (310) may be resonantly 
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coupled with each other such that power can be transferred at the resonance frequency. 

The efficiency of power transfer between the wireless power transmitting apparatus (200) and the 

wireless power receiving apparatus (300) may be greatly improved by resonant coupling of the 

transmitting resonance coil (220) and the receiving resonance coil (310). 

Power transfer based on a frequency resonance scheme has been described for the above wireless 

power transfer system. 

The embodiment may also be used with power transfer based on an electromagnetic induction 

scheme, in addition to the frequency resonance scheme. 

That is, if the wireless power transfer system in the present embodiment performs power transfer 

based on electromagnetic induction, the transmitting resonance coil (220) comprised in the wireless 

power transmitting apparatus (200) and the receiving resonance coil (310) comprised in the wireless 

power receiving apparatus (300) may be omitted. 

In wireless power transfer, the quality factor and coupling coefficient may be important. That is, 

power transfer efficiency may be proportional to the quality factor and coupling coefficient. Therefore, 

power transfer efficiency may be improved the greater the value is of at least one of the two—the quality 

factor or the coupling coefficient. 

The quality factor may represent an energy index that can be accumulated near the wireless 

power transmitting apparatus (200) or the wireless power receiving apparatus (300). 

The quality factor may vary based on operating frequency (w), or the shape, dimension, and 

material of the coil, etc. The quality factor may be represented by the following Equation 1. 

Equation 1 

Q=w*L/R 

L indicates inductance of a coil and R indicates resistance corresponding to power loss occurring 

within the coil itself. 

The quality factor may have a value between 0 and infinity. As the quality factor increases, the 
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efficiency of power transfer between the wireless power transmitting apparatus (200) and the wireless 

power receiving apparatus (300) may improve. 

The coupling coefficient, which indicates the degree of magnetic coupling between a 

transmitting-side coil and a receiving-side coil, has a range of 0 to 1. 

The coupling coefficient may vary based on the relative positions of the transmitting-side coil and 

the receiving-side coil, the distance between the transmitting-side coil and the receiving-side coil, etc. 

FIG. 2 is an equivalent circuit diagram of a transmitting induction coil according to an 

embodiment. 

As illustrated in FIG. 2, the transmitting induction coil (210) may be configured with an inductor 

(L1) and a capacitor (C1), by which the transmitting induction coil (210) may be configured with a circuit 

having proper inductance and capacitance values. 

The transmitting induction coil (210) may be configured with an equivalent circuit on which both 

ends of the inductor (L1) are connected to both ends of the capacitor (C1). That is, the transmitting 

induction coil (210) may be configured with an equivalent circuit having the inductor (L1) and the 

capacitor (C1) connected in parallel. 

The capacitor (C1) may be a variable capacitor. Impedance matching may be performed as the 

capacitance of the capacitor (C1) is adjusted. Equivalent circuits of the transmitting resonance coil (220), 

the receiving resonance coil (310), and the receiving induction coil (320) may also be identical or similar 

to that illustrated in FIG. 2. However, the present invention is not limited thereto. 

FIG. 3 is an equivalent circuit diagram of a power source and wireless power transmitting 

apparatus according to an embodiment. 

As illustrated in FIG. 3, the transmitting induction coil (210) and the transmitting resonance coil 

(220) may be configured with inductors (L1, L2) having inductance values and capacitors (C1, C2) 

having capacitance values, respectively. 

FIG. 4 is an equivalent circuit diagram of a wireless power receiving apparatus according to an 
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embodiment. 

As illustrated in FIG. 4, the receiving resonance coil (310) and the receiving induction coil (320) 

may be configured with inductors (L3, L4) having inductance values and capacitors (C3, C4) having 

capacitance values, respectively. 

The rectifier (330) may convert the AC power transferred from the receiving induction coil (320) 

into DC power and transfer the converted DC power to the load end (400). 

Specifically, the rectifier (330) may comprise a rectifier and a smoothing circuit, which are not 

illustrated. In an embodiment, a silicon rectifier may be used for the rectifier, and as illustrated in FIG. 4, 

the rectifier may be equalized with a diode (D1). However, the present invention is not limited thereto. 

The rectifier may convert the AC power transferred from the receiving induction coil (320) into 

DC power. 

The smoothing circuit may remove the AC component included in the DC power converted by 

the rectifier to output smooth DC power. In the embodiment, a rectification capacitor (C5) may be used 

for the smoothing circuit as illustrated in FIG. 4. However, the present invention is not limited thereto. 

The DC power transferred from the rectifier (330) may be DC voltage or DC current. However, 

the present invention is not limited thereto. 

The load end (400) may be any charging battery or apparatus needing DC power. For example, 

the load end (400) may be a battery. 

The wireless power receiving apparatus (300) may be mounted in an electronic device needing 

power, such as a mobile phone, a laptop computer, or a mouse. Consequently, the receiving resonance 

coil (310) and the receiving induction coil (320) may each have a shape suitable for the form of the 

electronic device. 

The wireless power transmitting apparatus (200) may exchange information with the wireless 

power receiving apparatus (300) through in-band communication or out-of- band communication. 

The in-band communication may be communication for exchanging information between the 
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wireless power transmitting apparatus (200) and the wireless power receiving apparatus (300) using a 

signal having a frequency used for wireless power transfer. To this end, the wireless power receiving 

apparatus (300) may further comprise a switch and may receive or not receive the power transmitted from 

the wireless power transmitting apparatus (200) based on the switching operation of the switch. 

Consequently, the wireless power transmitting apparatus (200) may detect the power quantity consumed 

by the wireless power transmitting apparatus (200) to recognize an on or off signal of the switch 

comprised in the wireless power receiving apparatus (300). 

Specifically, the wireless power receiving apparatus (300) may change the amount of power 

absorbed by resistance using a resistance element and switch to change the amount of power consumed by 

the wireless power transmitting apparatus (200). The wireless power transmitting apparatus (200) may 

sense the change of power being consumed to acquire information on the status of the load end (400). The 

switch and resistance element may be connected in series. In the embodiment, the status information of 

the load end (400) may include information regarding the current charge amount and the charge amount 

trend of the load end (400). The load end (400) may be comprised in the wireless power receiving 

apparatus (300). 

More specifically, when the switch is opened, power absorbed by the resistance element becomes 

0, and thus power consumed by the wireless power transmitting apparatus (200) decreases. 

When the switch is closed, power absorbed by the resistance element becomes greater than 0, and 

thus power consumed by the wireless power transmitting apparatus (200) increases. If the wireless power 

receiving apparatus repeatedly performs the above-described operation, the wireless power transmitting 

apparatus (200) may detect the power consumed by the wireless power transmitting apparatus (200) to 

perform digital communication with the wireless power receiving apparatus (300). 

The wireless power transmitting apparatus (200) may receive the status information of the load 

end (400) in accordance with the above operation and transmit power suitable thereto. 

On the other hand, the wireless power transmitting apparatus (200) may include a resistance 
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element and a switch, by which status information of the wireless power transmitting apparatus (200) may 

be transferred to the wireless power receiving apparatus (300). In the embodiment, the status information 

of the wireless power transmitting apparatus (200) may include information regarding the maximum 

power quantity that can be transferred by the wireless power transmitting apparatus (200), the number of 

wireless power receiving apparatuses (300) to which the wireless power transmitting apparatus (200) is 

providing power, and the available amount of power of the wireless power transmitting apparatus (200). 

Next, out-of-band communication will be described. 

Out-of-band communication refers to communication for exchanging information necessary for 

transferring power using a separate frequency band, other than the resonance frequency band. The 

wireless power transmitting apparatus (200) and the wireless power receiving apparatus (300) may each 

be equipped with an out-of-band communication module, by which information necessary for transferring 

power therebetween may be exchanged. The out-of-band communication module may be mounted on the 

power source (100). However, the present invention is not limited thereto. In the embodiment, the out-of-

band communication module may use a short-distance communication scheme, such as Bluetooth, 

Zigbee, wireless LAN, or a near field communication (NFC). However, the present invention is not 

limited thereto. 

FIG. 5 is a perspective view illustrating a wireless power transfer system according to an 

embodiment. 

Referring to FIG. 5, the wireless power transfer system according to the embodiment may 

comprise a cradle (10) and a terminal (20). 

The cradle (10) may comprise the power source and wireless power transmitting apparatus 

illustrated in FIG. 1. That is, the power source and the wireless power transmitting apparatus may be 

embedded in the cradle (10). The cradle (10) may have a circular, ovular, square, or rectangular shape 

when viewed from above. However, the present invention is not limited thereto. 

The top surface of the cradle (10) may be in surface contact with one surface of the terminal (20). 
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At least a portion of the top surface of the cradle (10) may have the same shape as the back surface of the 

terminal (20). However, the present invention is not limited thereto. 

The transmitting coils (210, 220) (see FIG. 1) of the wireless power transmitting apparatus 

embedded in the cradle (10) may be arranged in plane opposite to the top surface of the cradle (10). The 

transmitting coils (210, 220) may be arranged parallel to the top surface of the cradle (10) such that power 

of the transmitting coils (210, 220) can be uniformly transferred to the terminal (20). 

The terminal (20) may refer to a certain electronic device that includes a battery (36) for charging 

and performs certain electronic functions using power charged in the battery (36). For example, the 

terminal (20) may include a mobile device, such as a smart phone or a tablet PC, or an electric home 

appliance, such as a television, refrigerator, or washing machine. 

The terminal (20) may comprise the wireless power receiving apparatus and load end illustrated 

in FIG. 1. That is, the wireless power receiving apparatus and load end may be embedded in the terminal 

(20). 

For charging, the terminal (20) may be placed on the top surface of the cradle (10). When the 

terminal (20) is placed, the back cover (24) of the terminal (20) may be in contact with the top surface of 

the cradle (10), with the front cover (22) of the terminal (20) facing upward. Consequently, power may be 

wirelessly provided from the cradle (10), such that the load end is charged with power. 

As illustrated in FIG. 6, the receiving coil (32) and magnet (30) may be arranged adjacent to the 

back surface of the terminal (20) corresponding to the top surface of the cradle (10). The receiving coil 

(32) may also be arranged in a plane opposite the transmitting coils (210, 220) of the cradle (10), the top 

surface of the cradle (10), and the back cover (24) of the wireless power receiving apparatus. Particularly, 

when the receiving coil (32) of the terminal (20) is arranged parallel to the transmitting coils (210, 220) of 

the cradle (10), the power transfer efficiency of power transferred from the transmitting coils (210, 220) 

of the cradle (10) to the receiving coil (32) of the terminal (20) may be maximized. 

Hereinafter, the structure of the wireless power transfer system according to an embodiment will 
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be described in even more detail, with reference to FIG. (7). 

FIG. 7 is a cross-sectional view illustrating a wireless power transfer system according to an 

embodiment. 

As illustrated in FIG. (7), the cradle (10) may comprise a transmitting coil (14) and a first magnet 

(12). The transmitting coil (14) and the first magnet (12) may be arranged adjacent to the top surface of 

the cradle (10). The transmitting coil (14) and the first magnet (12) may be arranged on the same plane. 

The transmitting coil (14) may be the transmitting induction coil and/or the transmitting 

resonance coil illustrated in FIG. (1). For example, in a resonance scheme, both the transmitting induction 

coil and the transmitting resonance coil are used. On the other hand, in an electromagnetic induction 

scheme, only the transmitting induction coil may be used. 

The transmitting coil (14) may be arranged to surround the first magnet (12). The transmitting 

coil (14) has a number of turns, and there may be separation between the adjacent transmitting coils (14). 

However, the present invention is not limited thereto. The transmitting coil (14) may be arranged parallel 

to an imaginary horizontal plane. The central region of the transmitting coil (14) with the above-described 

structure may be an empty space. 

The first magnet (12) may be arranged in the central region of the transmitting coil (14). The first 

magnet (12) may have a thickness equal to, greater than, or less than that of the transmitting coil (14). The 

thickness and area of the first magnet (12) may vary depending upon the intensity of the magnetic flux 

density required for the first magnet (12) and the occupied area of the first magnet (12). 

The terminal (20) may comprise a shielding member (26), a receiving coil (32), and a second 

magnet (30). The receiving coil (32) and the second magnet (30) may be arranged on the same plane. 

The receiving coil (32) may be the receiving resonance coil and/or the receiving induction coil 

illustrated in FIG. (1). For example, in a resonance scheme, both the receiving resonance coil and the 

receiving induction coil are used. On the other hand, in an electromagnetic induction scheme, only the 

receiving induction coil may be used. 
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The receiving coil (32) may be arranged to surround the second magnet (30). The receiving coil 

(32) has a number of turns, and there may be separation between the adjacent receiving coils (32). The 

receiving coil (32) may be arranged parallel to an imaginary horizontal plane. The central region of the 

receiving coil (32) with the above-described structure may be an empty space. 

The second magnet (30) may be arranged in the central region of the receiving coil (32). The 

central region of the receiving coil (32) may be smaller than the central region of the transmitting coil 

(14). However, the present invention is not limited thereto. The second magnet (30) may have a thickness 

equal to, greater than, or less than that of the receiving coil (32). The thickness and area of the second 

magnet (30) may vary depending upon the intensity of the magnetic flux density required for the second 

magnet (30) and the occupied area of the second magnet (30). 

The second magnet (30) enables the approach or contact of the terminal (20) to be sensed by the 

cradle (10). 

To carry out this sensing, the cradle (10) may further comprise a Hall sensor (16). The Hall 

sensor (16) may be arranged between the top surface of the cradle (10) and the first magnet (12). 

However, the present invention is not limited thereto. The Hall sensor (16) may be arranged to be more 

adjacent to the top surface of the cradle (10) than the first magnet (12). The Hall sensor (16) may be 

arranged in the cradle (10) between the first magnet (12) of the cradle (10) and the second magnet (30) of 

the terminal (20). When no terminal (20) is present, the Hall sensor (16) senses only the intensity of the 

magnetic flux density of the first magnet (12). On the other hand, when the terminal (20) approaches the 

cradle (10), the Hall sensor (16) may sense the intensity of the magnetic flux density of the second 

magnet (30) as well as the intensity of the magnetic flux density of the first magnet (12). Consequently, 

the cradle (10) senses the intensity of the magnetic flux density of the first magnet (12) and the intensity 

of the flux density of the second magnet (30) sensed when the terminal (20) is placed on the cradle (10), 

relative to the intensity of the magnetic flux density of the first magnet (12) sensed when no terminal (20) 

is present. If the change width (α) of magnetic flux density is equal to or greater than a critical value, it 
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may be determined that the terminal (20) is placed on the cradle (10) for charging and the terminal (20) 

may be charged. 

In the above embodiment, the Hall sensor (16) is described as being arranged between the top 

surface of the cradle (10) and the first magnet (12). However, it should be noted that this is merely one 

embodiment and that in another embodiment of the present invention, the Hall sensor (16) may be 

arranged at one side of the bottom of the first magnet (12) or at one side of the bottom of the transmitting 

coil (14). 

To this end, the second magnet (30) may be formed of a material that causes a change width (α) in 

the magnetic flux density which is equal to or greater than a critical value. For example, the critical value 

may be 32G. The critical value required in the standards may be 40G. 

The second magnet (30) may be formed of an electrical sheet. For example, the electrical sheet 

may contain between 1% and 5% silicon (Si). However, the present invention is not limited thereto. The 

silicon content of the second magnet (30) may be varied to cause a change width (α) of magnetic flux 

density which is equal to or greater than the critical value required in the standards or by the customer. 

For example, the receiving coil (32) and the second magnet (30) may be attached to the back 

surface of the shielding member (26) using an adhesive (28). On the shielding member (26) may be 

arranged a printed circuit board having electronic parts, comprising a power source, an AC power 

generation unit, and a controller. 

The shielding member (26) may shield the magnetic field induced by the coil so that the magnetic 

field cannot affect the electronic parts, thereby preventing malfunction of the electronic parts. 

FIG. 8 is a block diagram of a wireless power transfer system according to an embodiment. 

Referring to FIGs. 5 to 8, the wireless power transfer system may comprise a cradle (10) and a 

terminal (20). 

The external form of the cradle (10) and terminal (20) were previously described. Hereinafter, the 

circuit configuration embedded in the cradle (10) and terminal (20) will be described. 
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The cradle (10) may comprise a power source, an AC power generation unit (19), a controller 

(17), a transmitting coil (14), a first magnet (12), and a Hall sensor (16). 

The power source may be the power source illustrated in FIG. 1, and the transmitting coil (14) 

may be the transmitting induction coil and/or the transmitting resonance coil illustrated in FIG. 1. 

The power source generates AC power or DC power. The power source may convert the AC 

power into first DC power and convert the converted first DC power into second DC power. 

The AC power generation unit (19) may convert power from the power source into AC power 

under control of the controller (17). The AC power converted by the AC power generation unit (19) may 

be transmitted to the terminal (20) through the transmitting coil (14). 

The controller (17) may control the AC power generation unit (19) based on changes in 

intensities of the magnetic flux densities (B1, B2) detected by the Hall sensor (16). 

Detection of voltage signals will be described with reference to FIG. 10. 

As illustrated in FIG. 10, the Hall sensor (16) may detect the intensity of the magnetic flux 

density (B1) of the first magnet (12) comprised in the cradle (10). If the terminal (20) is placed on the 

cradle (10), the Hall sensor (16) may detect the intensity of the magnetic flux density (B2) of the second 

magnet (30) comprised in the terminal (20). In the figure, the intensity of the magnetic flux density (B2) 

of the second magnet (30) is illustrated as being less than that of the magnetic flux density (B1) of the 

first magnet (12). Alternatively, the intensity of the magnetic flux density (B2) of the second magnet (30) 

may be equal to or greater than that of the magnetic flux density (B1) of the first magnet (12). 

The Hall sensor (16) may convert the intensity of the magnetic flux density (B1) of the first 

magnet (12) and the intensity of the magnetic flux density (B2) of the second magnet (30) into electric 

signals and provide this to the controller (17). For example, the electric signals may be voltage signals. 

However, the present invention is not limited thereto. For example, a magnetic flux density of 1G may be 

converted into a voltage signal of 5 mV. For example, if the intensity of the magnetic flux density (B1) of 

the first magnet (12) is 10G, the Hall sensor (16) may convert the intensity of the magnetic flux density 

-22- Masimo Ex. 1015 
IPR Petition - USP 10,627,783



(B1), which is 10G, detected from the first magnet (12), into a voltage signal of 50 mV and provide the 

converted voltage signal to the controller (17). 

When there is no terminal (20), i.e. when the terminal (20) is located at a distance at which the 

intensity of the magnetic flux density (B2) of the second magnet (30) cannot be sensed by the Hall sensor 

(16), the first voltage signal (S1) corresponding to the intensity of the magnetic flux density (B1) of the 

first magnet (12) is detected by the controller (17). 

When the terminal (20) moves into a sensable section (P) in which the intensity of the magnetic 

flux density (B2) of the second magnet (30) can be sensed by the Hall sensor (16) of the cradle (10), the 

second voltage signal (S2) corresponding to the sum of the intensity of the magnetic flux density (B1) of 

the first magnet (12) and the intensity of the magnetic flux density (B2) of the second magnet (30) may be 

detected by the Hall sensor (16). 

A boundary point between the distance at which the intensity of the magnetic flux density (B2) of 

the second magnet (30) cannot be sensed and the sensable section (P) may be defined as an undetectable 

critical point (P). When the distance between the terminal (20) and the cradle (10) is greater than the 

undetectable critical point (P), the intensity of the magnetic flux density (B2) of the second magnet (30) 

cannot be sensed by the Hall sensor (16). When the distance between the terminal (20) and the cradle (10) 

becomes less than the undetectable critical point (P), i. e. within the sensable section (P), the intensity of 

the magnetic flux density (B2) of the second magnet (30) can be sensed by the Hall sensor (16). 

The second voltage signal (S2) may linearly increase as the terminal (20) approaches the cradle 

(10). 

The second voltage signal (S2) may become saturated from a certain point and then have a 

uniform level. From a certain point, the intensity of the magnetic flux density (B2) of the second magnet 

(30) is maximized. The magnetic flux density (B2) of the second magnet (30) may be maximally 

maintained up to a certain distance from the second magnet (30) and then gradually decrease beyond that 

distance. 
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Therefore, when the terminal (20) approaches the cradle (10) and enters a region in which the 

intensity of the magnetic flux density (B2) is at the maximum, the second voltage signal (S2) detected by 

the Hall sensor (16) in this region does not increase any more and is maintained at a uniform level. That 

is, since the intensity of the magnetic flux density (B2) of the second magnet (30) cannot increase beyond 

the maximum even if the terminal (20) is placed on the cradle (10), the second voltage signal (S2) 

corresponding to the sum of the intensity of the magnetic flux density (B2) of the second magnet (30) and 

the intensity of the magnetic flux density (B1) of the first magnet (12) may be maintained at a fixed level. 

When the terminal (20) is placed on the cradle (10), i.e. the distance between the terminal (20) 

and the cradle (10) is 0, the second voltage signal (S2) corresponding to the intensity of the magnetic flux 

density (B1) of the first magnet (12) and the intensity of the magnetic flux density (B2) of the second 

magnet (30) may be detected at a fixed level. In this case, the second voltage signal (S2) may be greater 

than the first voltage signal (S1). 

The difference between the second voltage signal (S2) and the first voltage signal (S1) may be 

defined as the change width (α). 

For example, when the change width (α) between the second voltage signal (S2) and the first 

voltage signal (S1) is greater than a predetermined critical value, the controller (17) may determine that 

the terminal (20) is placed on the cradle (10) and control the AC power generation unit (19) so that AC 

power is transmitted through the transmitting coil (14). 

The terminal (20) may comprise a receiving coil (32), a rectifier (34), a battery (36), and a second 

magnet (30). 

The receiving coil (32) may be the receiving resonance coil and/or the receiving induction coil 

illustrated in FIG. 1. The battery (36) may be the load end illustrated in FIG. 1. 

The receiving coil (32) receives the AC power provided from the transmitting coil (14) of the 

cradle (10). 

The rectifier (34) smooths the AC power provided from the receiving coil (32) and converts the 
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AC power to DC power from which noise has been removed. 

The terminal (20) may further comprise a DC-DC converter (not illustrated) connected between 

the rectifier (34) and the battery (36) for converting the DC power converted by the rectifier (34) into 

rated power or rated voltage required by the battery (36). 

The terminal (20) may communicate with the cradle (10) through in-band communication or out-

of-band communication to provide information to the cradle (10) regarding the increase and decrease in 

intensity of power required by the terminal (20) and the current charged state of the terminal (20). 

Although not illustrated, the terminal (20) may further comprise a management module for 

sensing the state of received AC power or of the battery (36) to prevent too much power from being 

supplied to the battery (36) and a controller to control the management module, as well as to provide 

overall control. 

FIG. 9 is a flow diagram describing an operating method of a wireless power transfer system 

according to an embodiment. 

Referring to FIGs. (8) and (9), if the terminal (20) is not placed on the cradle (10), the controller 

(17) of the cradle (10) operates in sleep mode in which no AC power is emitted and only the minimal 

current consumption is provided to drive the necessary internal components, such as the Hall sensor (16). 

The controller (17) receives a first voltage signal (S1) corresponding to the magnetic flux density 

of the first magnet (12) from the Hall sensor (16) through the operation of the Hall sensor (16). 

The controller (17) verifies whether there is a change of the magnetic flux density. That is, the 

controller (17) verifies whether the second voltage signal (S2) being provided is greater than the first 

voltage signal (S1) provided from the Hall sensor (16). When the terminal (20) approaches the cradle 

(10), the second voltage signal (S2) detected by the Hall sensor (16) may increase as the terminal (20) 

gradually approaches. The second voltage signal (S2) may be a signal that reflects the intensity of the 

magnetic flux density (B2) of the second magnet (30), as well as the intensity of the magnetic flux density 

(B1) of the first magnet (12). For example, the second voltage signal (S2) may be converted from the sum 
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of the intensity of the magnetic flux density (B1) of the first magnet (12) and the intensity of the magnetic 

flux density (B2) of the second magnet (30). However, the present invention is not limited thereto. 

The second voltage signal (S2) may be increased from the first voltage signal (S1). The change 

width (α) between the second voltage signal (S2) and the first voltage signal (S1) increases, therefore, as 

the terminal (20) approaches the cradle (10), as illustrated in FIG. 10. 

The controller (17) verifies whether the change width (α) between the second voltage signal (S2) 

and the first voltage signal (S1) is equal to or greater than the critical value. 

Upon determining that the change width (α) is equal to or greater than the critical value, the 

controller (17) switches the mode from sleep mode to wake-up mode. 

Wake-up mode may be an activation process for transmitting power to the terminal (20).  

Upon switching to wake-up mode, the controller (17) performs wireless charging. That is, power 

is provided from the power source under control of the controller (17). The AC power generation unit 

(19) may generate AC power from the power of the power source, and the generated AC power may be 

transmitted to the terminal (20) through the transmitting coil (14). 

Hereinafter, an optimal arrangement design structure of the second magnet (30) comprised in the 

terminal (20) will be described according to the embodiment. 

Receiving coils (32) comprised on the terminal (20) may be categorized into those having a 

winding coil structure (FIG. 11) and those having a lead frame coil structure (FIG. 12). Here, the 

receiving coil (32) may be manufactured as a flexible printed circuit board (FPCB). If manufactured as an 

FPCB, the receiving coil may be manufactured to have the same form as a lead frame coil. Here, the 

FPCB is a kind of PCB. Since the FPCB can be bent, it has the advantage of being possible to be three-

dimensionally wired and reduced in size and weight. Consequently, there is interest in materials capable 

of replacing conventional, rigid PCB materials and these are being widely used in small or mid-sized 

electronic products, such as mobile phones, digital cameras, laptop computers, and camcorders. In 

addition, FPCBs have been recently applied to various mobile devices, including smart phones and tablet 
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PCs. 

The biggest difference between a winding coil (32A) and a lead frame coil (32B) is the presence 

or absence of pads. That is, a winding coil does not have pads, whereas a lead frame coil (32B) has pads 

(45, 47). 

A winding coil (32A) may be wound from one end (41) by a predetermined number of turns such 

that the diameter of the coil gradually decreases and then the other end (43) may be withdrawn near one 

end (41) of the winding coil (32A) across the coil wound by multiple turns. 

The lead frame coil (32B) may have one end (41) connected to a first pad (45) and the other end 

(43) connected to a second pad (47). The lead frame coil (32B) may be wound from one end (41) by a 

predetermined number of turns such that the diameter of the coil gradually decreases and then may be 

connected to the other end (43). In this case, the second pad (47) connected to the other end (43) may be 

arranged in the coil wound by multiple turns. 

As described above, the winding coil (32A) and the lead frame coil (32B) both have empty 

central regions. The second pad (47) connected to the other end (43) of the lead frame coil (32B) may be 

arranged in the central region. 

The diameter of the central region of the winding coil (32A) is D3 and the diameter of the central 

region of the lead frame coil (32B) is D4. 

Since there are no pads in the central region of the winding coil (32A), the second magnet (30A) 

may have a diameter (D1) almost equal to the diameter (D3) of the central region. 

On the other hand, since the second pad (47) of the lead frame coil (32B) is arranged in the 

central region, the second magnet (30B) may have a diameter (D2) that is less than the diameter (D4) of 

the central region. 

Consequently, the diameter (D1) of the second magnet (30A) arranged in the central region of the 

winding coil (32A) may be larger than the diameter (D2) of the second magnet (30B) arranged in the 

central region of the lead frame coil (32B). 
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FIG. 13 is a diagram showing the intensity of the magnetic flux density according to the 

arrangement of the second magnet in a lead frame coil structure. 

Samples as shown in Table 1 were used for experiments. The thickness of the second magnet 

(30B) was fixed at 150mm. 

Sample Thickness of the 

back cover (24) [mm] 

Diameter/area of the 

second magnet (30B) 

[mm/mm2] 

Ratio of the area of the second 

magnet (30B) to available area [%] 

#1 0.5 8/50 44 

#2 0.6 8/50 44 

#3 0.7 8/50 44 

#4 0.8 9/64 56 

#5 0.5 11/95 84 

#6 0.6 11/95 84 

#7 0.7 12/113 100 

#8 0.8 12/113 100 

 

Here, the available area, which is the area in which the second magnet (30B) may be arranged, 

may vary depending upon whether the pad is arranged in the central region. The second pad (47) is 

present in the central region of the lead frame structure, whereas the second pad (47) is not present in the 

central region of the winding coil structure. Therefore, the available area of the lead frame structure may 

be less than that of the winding coil (32A) structure. In this case, if a second magnet (30B) having the 

same diameter is arranged there, the ratio of the area of the second magnet (30B) to the available area in 

the lead frame coil structure is greater than that in the winding coil (32A) structure. 

In FIG. 13, XI to X5 indicate diameters of the second magnet (30B). XI indicates that the 

diameter of the second magnet (30B) is 8 mm, and X2 indicates that the diameter of the second magnet 
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(30B) is 9 mm. In addition, X3 indicates that the diameter of the second magnet (30B) is 10 mm, X4 

indicates that the diameter of the second magnet (30B) is 11 mm, and X5 indicates that the diameter of 

the second magnet (30B) is 12 mm. 

The horizontal axis indicates the thickness of the back cover (24) of the terminal (20), and the 

vertical axis indicates the voltage value converted from the intensity of the magnetic flux density (B2) of 

the second magnet (30B). The voltage value may be calculated by multiplying the intensity of the 

magnetic flux density (B2) by 5. For example, if the intensity of the magnetic flux density (B2) of the 

second magnet (30B) is 30G, the voltage value may be 120 mV. 

As illustrated in FIG. 13, A1, which is a preferable voltage value required in the standards, is 200 

mV, and A2, which is a recommended voltage value required in the standards, is 160 mV. In order to 

obtain the preferable voltage value of 200 mV, it is necessary for the second magnet (30B) to have an 

intensity of magnetic flux density (B2) of 40G. In order to obtain the recommended voltage value of 160 

mV, it is necessary for the second magnet (30B) to have an intensity of magnetic flux density (B2) of 

32G. 

In order to meet the standards, it is necessary to have a structure that arranges the second magnet 

(30B) to have the recommended voltage value (160 mV) or more. 

As illustrated in FIG. 13, whenever the back cover (24) has a thickness of 0.5 mm to 0.8 mm, the 

intensity of the magnetic flux density (B2) of the second magnet (30B) is more than 160 mV. 

In addition, if the back cover (24) has a thickness of 0.5 mm to 0.7 mm, whenever the diameter of 

the second magnet (30) is 8 mm to 12 mm, the intensity of the magnetic flux density (B2) of the second 

magnet (30B) is more than 160 mmV. 

If the back cover (24) has a thickness of 0.8 mm, whenever the second magnet (30B) has a 

diameter of 9 mm to 12 mm, the intensity of the magnetic flux density (B2) of the second magnet (30B) is 

more than 160 mmV. However, if the second magnet (30B) has a diameter of 8 mm, the intensity of the 

magnetic flux density (B2) of the second magnet (30B) is less than 160 mmV. 
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If the second magnet (30B) has a diameter of 12 mm or more, the intensity of the magnetic flux 

density (B2) of the second magnet (30B) may become even larger. However, as the diameter of the 

second magnet (30B) increases, the power receiving efficiency may decrease. That is, the power receiving 

efficiency may be improved only if power transmitted from the cradle (10) is efficiently received. 

However, as the diameter of the second magnet (30B) increases, the magnetic flux density increases, and 

this increasing magnetic flux density interferes in the generation of current by the receiving coil (32B) of 

the terminal (20) so that the terminal (20) may not be able to efficiently receive power from the cradle 

(10). 

If the power receiving efficiency of the terminal (20) is ensured, therefore, the second magnet 

(30B) may have a diameter of 12 mm or more. Even in this case, the maximum diameter of the second 

magnet (30B) cannot exceed the diameter obtained based on the available area. For example, if the 

available area is 130 mm2, the radius (r) is 6.43 mm since the available area is 3.14r2. Consequently, the 

available area may have a diameter (D) of 12.86 mm since (D) is 2r. 

If the power receiving efficiency of the terminal (20) is not ensured, it is preferrable for the 

diameter of the second magnet (30B) to be set at less than 12 mm. 

On the other hand, Table 2 shows the arrangement standards of the second magnet (30A) in the 

winding coil structure. 

Sample Thickness of the 

back cover (24) 

[mm] 

Diameter/area of the 

second magnet (30A) 

[mm/mm2] 

Ratio of the area of the second magnet (30A) to 

available area [%] 

#1 0.5 8/50 22 

#2 0.6 8/50 22 

#3 0.7 8/50 22 

#4 0.8 9/64 28 

#5 0.5 11/95 42 
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#6 0.6 11/95 42 

#7 0.7 12/113 50 

#8 0.8 12/113 50 

 

As shown in Table 2, the arrangement standards of the second magnet (30A) in the winding coil 

structure are identical to those of the second magnet (30B) in the lead frame coil structure. As previously 

described, however, no pad is present in the winding coil (32A) and so there is no pad in the central 

region of the winding coil (32A). As a result, the central region of the winding coil (32A) may be utilized 

only as a space for arranging the second magnet (30A). Consequently, the available area may be the 

entirety of the central region of the winding coil (32A). Thus, the ratio of the area of the second magnet 

(30A) to the available area in the winding coil structure is less than that in the lead frame coil structure. 

For example, as shown in Table 1, the ratio of the area of the second magnet (30B) to the available area in 

the lead frame coil structure is between 44% and 100%, whereas, as shown in Table 2, the ratio of the 

area of the second magnet (30A) to the available area in the winding coil structure is between 22% and 

50%. 

Although experimental data on the intensity of the magnetic flux density (B2) of the second 

magnet (30A) in the winding coil structure is not illustrated in Table 2, it can be adequately expected that 

the intensity of the magnetic flux density (B2) of the second magnet (30A) in the winding coil structure 

will show a tendency similar to the intensity of the magnetic flux density (B2) of the second magnet 

(30B) in the lead frame coil structure illustrated in FIG. 13. 

FIG. 14 is a diagram to describe a polarity arrangement method of permanent magnets provided 

in a wireless power transmitting apparatus and a wireless power receiving apparatus according to an 

embodiment of the present invention. 

Permanent magnets having polarities (separated here into N pole and S pole) may be used as the 

magnets according to this embodiment. Generally, providing magnetic force to one surface of a 
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permanent magnet such that it has a certain polarity is called magnetization. When magnets are arranged 

so that the same polarities face each other between the magnets, repulsive force is generated. On the other 

hand, when magnets are arranged so that opposite polarities face each other between the magnets, a force 

of pulling each other (attractive force) is generated between the magnets. 

Referring to FIG. 14, the polarity magnetized on the top surface of the first magnet (12) provided 

in the cradle (10) may be different from the polarity magnetized on the bottom surface of the second 

magnet (30) of the terminal (20) facing the top surface of the first magnet (12). For example, the top 

surface of the first magnet (12) may be magnetized as an N pole, and the bottom surface of the second 

magnet (30) may be magnetized as an S pole. On the other hand, the top surface of the first magnet (12) 

may be magnetized as an S pole, and the bottom surface of the second magnet (30) may be magnetized as 

an N pole. 

When the back cover (24) of the terminal (20) is placed on the top surface of the cradle (10), 

therefore, a force of pulling each other (attractive force) may be generated between the first magnet (12) 

and the second magnet (30). 

If attractive force is generated between the first magnet (12) and the second magnet (30), the 

change width (α) of the magnetic flux density sensed by the Hall sensor (16) may be relatively higher 

than when a repulsive force is generated. In addition, the separation distance between the transmitting coil 

(14) and the receiving coil (32) may also be reduced by the attractive force between the first magnet (12) 

and the second magnet (30). 

Consequently, the Hall sensor (16) may more rapidly and accurately sense that the terminal (20) 

is placed on the cradle (10). In addition, the separation distance between the transmitting coil (14) and the 

receiving coil (32) may be reduced by the attractive force between the first magnet (12) and the second 

magnet (30), thereby improving wireless power transfer efficiency. 

In the above example in FIG. 14, the polarities of the first magnet (12) and the second magnet 

(30) are illustrated as being magnetized in the top and bottom direction. However, it should be noted that 
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this is merely one embodiment and that in another embodiment of the present invention, as shown later in 

FIG. 15, the magnets may be magnetized in various forms. 

FIG. 15 is a diagram to describe the method of magnetizing magnets used in a wireless power 

transmitting apparatus and a wireless power receiving apparatus according to one embodiment of the 

present invention. 

Hereinafter, a disk-shaped magnet will used by way of example for describing. However, this is 

merely one embodiment, and the shape of the magnet may also be configured to have a polygonal 

structure, such as a quadrangular or rhombus-type shape, or a donut structure wherein the inside of the 

disk is empty. 

Referring to FIG. 15, at least one magnetization method selected from among a top and bottom 

magnetization method (1501), a sectional and outer circumferential magnetization method (1502), a 

cross-sectional multi-pole magnetization method (1503), and an outer circumferential multi-pole 

magnetization method (1504) may be used as the magnetization method according to the present 

invention. 

In another embodiment of the present invention, the magnetization method of the magnet used in 

the wireless power transmitting apparatus (200) may be different from that of the magnet used in the 

wireless power receiving apparatus (300). For example, the top and bottom magnetization method. (1501) 

may be used for the magnet provided in the wireless power transmitting apparatus (200), and the sectional 

and outer circumferential magnetization method (1502) may be used for the magnet provided in the 

wireless power receiving apparatus (300). 

The top and bottom magnetization method (1501) is a method of magnetizing a magnet such that 

the top surface and bottom surface of the magnet have different poles. 

The sectional and outer circumferential magnetization method (1502) is a method of magnetizing 

a magnet such that upper and lower sections and the outer circumference of the magnet have different 

poles. 
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The sectional multi-pole magnetization method (1503) is a method of dividing the sections of a 

magnet into a plurality of cells and magnetizing each cell with a polarity such that neighboring cells have 

different poles. 

The outer circumferential multi-pole magnetization method (1504) is a method of magnetizing 

such that different poles are alternately arranged along the outer circumference of the magnet. 

FIG. 16 is a diagram to describe the polarity arrangement method of the first magnet (12) and the 

second magnet (30) when the magnet used in the present invention has been magnetized using a sectional 

and outer circumferential magnetization method (1502). 

Referring to FIG. 16, in one embodiment of the present invention, a section of the first magnet 

(12) may be magnetized with a first polarity, and the outer circumference of the first magnet may be 

magnetized with a second polarity different from the first polarity. On the other hand, the section of the 

second magnet (30) may be magnetized with the second polarity, and the outer circumference of the 

second magnet (30) may be magnetized with the first polarity. 

For example, a user may incorrectly place the terminal (20) on the cradle (10) such that the 

change width (α) of the magnetic flux density sensed by the Hall sensor (16) is less than a certain critical 

value. At this time, an attractive force may be generated between the two magnets since the polarity of the 

outer circumference of the first magnet (12) is different from that of the outer circumference of the second 

magnet (30) and the polarity of the section of the first magnet (12) is different from that of the section of 

the second magnet (30). The separation distance between the first magnet (12) and the second magnet 

(30) may be reduced by the generated attractive force. As a result, the change width (α) of the magnetic 

flux density sensed by the Hall sensor (16) may increase to or above a certain critical value. In addition, 

wireless power transfer efficiency may be optimized due to the reduced separation distance. 

FIG. 17 is an internal configuration diagram of a wireless power transmitting apparatus according 

to another embodiment of the present invention. 

Referring to FIG. 17, a cradle (10) may comprise a plurality of Hall sensors (1711 to 1713), first 
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and second vibration modules (1720 and 1730), and a controller (1730). 

In FIG. 17, the first to third hall sensors (1711 to 1713) are illustrated. However, it should be 

noted that this is merely one embodiment and that in another embodiment of the present invention, a 

larger or smaller number of Hall sensors may be configured depending on the size of the cradle (100) and 

the method of embodying it. 

In addition, only two vibration modules are illustrated in FIG. 17. However, it should be noted 

that a larger or smaller number may be configured depending on the size of the cradle (100) and the 

method of embodying it. 

In particular, as illustrated in FIG. 17, it can be seen that the polarities of the first magnet (12) 

and second magnet (30) according to this embodiment are arranged to generate attractive force between 

the magnets. 

The first to third Hall sensors (1711 to 1713) may each measure a change width (α) of magnetic 

flux density in their respective locations and transfer the measured change width (α) of magnetic flux 

density to the controller (1730). At this time, the controller (1730) may determine whether to start 

wireless power transfer based on the change width (α) of the magnetic flux density measured by each of 

the first to third Hall sensors (1711 to 1713). If the change width (α) of the magnetic flux density 

measured by the second Hall sensor (1712) located at the top end of the first magnet (12) exceeds a 

certain first critical value, the controller (1730) may determine that the terminal (20) is placed normally 

on the cradle (10) and start wireless power transfer. On the other hand, if the change width (α) of the 

magnetic flux density measured by the second hall sensor (1712) is less than a certain first critical value 

and the change width (α) of the flux density measured by the first Hall sensor (1711) is equal to or greater 

than a certain second critical value, the controller (1730) may operate the first vibration module (1720) to 

reduce the separation distance between the magnets. Here, if the first vibration module (1720) is operated, 

the terminal (20) having the second magnet (30) may move in the direction of the first magnet (12). 

Afterward, the change width (α) of the magnetic flux density measured by the second hall sensor (1712) 
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may exceed the certain first critical value. 

At this time, the magnetic flux density of the magnetic field generated on the first magnet (12) 

may be measured differently by the first Hall sensor (1711) and the second Hall sensor (1712) depending 

on the separation distances from the Hall sensors to the first magnet (12). Consequently, the critical value 

for the change width (α) of magnetic flux density, which may be used to determine whether the terminal 

(20) is placed on the cradle (10), may be set differently for each Hall sensor. 

The critical value for change width (α) of magnetic flux density for each Hall sensor may be 

preset based on the measured value of the magnetic flux density according to the separation distance from 

the first magnet (12) to the Hall sensor when there is no terminal (20) on the cradle (10). 

If magnets magnetized with polarities as described above are arranged in the cradle (10) and the 

terminal (20) of the wireless power transfer system, it is possible to maximize the change width (α) of the 

magnetic flux density measured by the Hall sensor (16) and to minimize the separation distance between 

the magnets, thereby improving wireless power transfer efficiency. 

In addition, if magnets with polarities as described above are arranged in the cradle (10) and the 

terminal (20) of the wireless power transfer system, it is possible to use thinner and smaller magnets, 

thereby reducing the volume of electronic devices on which the wireless power transfer system is 

equipped. 

In FIGs. 7, 14, and 17, the Hall sensor is illustrated as being arranged between the first magnet 

(12) and the top surface of the cradle (10). However, it should be noted that this is merely one 

embodiment and that in another embodiment of the present invention, the Hall sensor may be arranged at 

one side of the bottom of the first magnet (12) or at one side of the bottom of the transmitting coil (14). 

In another embodiment of the present invention, the transmitting coil (14) is illustrated to be 

wound on the outside of the first magnet (12). However, it should be noted that this is merely one 

embodiment and that in another embodiment of the present invention, the first magnet (12) may be 

arranged at the upper end of the transmitting coil (14). 
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At this time, a certain shielding material for minimizing the effects of magnetic fields and electric 

fields may also be used between the first magnet (12) and the transmitting coil (14). 

Hereinafter, the kinds of magnets applicable to the present invention will be described briefly. 

The types of permanent magnets applicable to the present invention may include neodymium (Nd) 

magnets consisting of neodymium (Nd), iron (Fe), and boron (B); ferrite (Fe) magnets consisting of 

manganese (Mn), cobalt (Co), and nickel (Ni); rubber magnets consisting of ferrite powder and rubber; 

alnico magnets using an alloy of aluminum (Al), nickel (Ni), cobalt (Co), and iron (Fe); and samarium 

cobalt (Sm-Co) magnets consisting of samarium (Sm), cobalt (Co), and other rare-earth elements added. 

Permanent magnets may be used based on having been manufactured to have various shapes, 

such as a disk shape, a quadrangular shape, a dish shape (circular or quadrangular), a ring shape, or a 

globular shape. In addition, some permanent magnets may be isotopically configured such that magnetic 

force can be generated only from one side of the magnet. 

The method according to the above embodiments may be produced as a program to be executed 

by a computer and may be stored in recording media readable by a computer. Examples of recording 

media readable by a computer include read-only memory (ROM), random-access memory (RAM), 

compact disc read-only memory (CD-ROM), magnetic tape, floppy disk, and optical data storage device. 

In addition, the recording media readable by a computer may also be achieved in the form of a carrier 

wave (for example, transmission through the Internet). 

The recording media readable by a computer may be distributed to computer systems connected 

to a network such that the code readable by the computer is stored and executed in a distributed way. In 

addition, a functional program, code, and code segments for achieving the above method may be easily 

inferred by programmers in the art to which the embodiments pertain. 

It will be clear to those skilled in the art that the present invention can be implemented in other 

specific forms within the spirit of the present invention and the necessary characteristics. 

Therefore, 
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the detailed descriptions are limited in all aspects, and should be considered as being exemplary. The 

scope of the present invention must be determined by reasonable interpretation of the attached claims, and 

all modifications within the equivalent scope of the present invention are included under the scope of the 

invention. 

Description of the Symbols 

10: Cradle    12, 30, 30A, 30B: Magnet 

14:  Transmitting coil   16:   Hall sensor 

17:  Controller   19:   AC power generation unit 

20:  Terminal   22:   Front cover 

24:  Back cover   26:   Shielding member 

28:  Adhesive   32, 32A, 32B:  Receiving coil 

34:  Rectifier    36:   Battery 

41:  One end    43:   Other end 

45, 47:  Pad    100:   Power source 

200:  Wireless power transmitting device 210:   Transmitting induction coil 

220:  Transmitting resonance coil 300:  Wireless power receiving apparatus 

310:  Receiving resonance coil  320:   Receiving induction coil 

330:  Rectifier    400:   Load end 
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Claims 

Claim 1 

A wireless power transmitting apparatus for wirelessly transmitting power to a wireless power 

receiving apparatus, the wireless power transmitting apparatus comprising:  

a transmitting coil for transmitting power;  

a Hall sensor for sensing the change of magnetic flux density caused by the wireless power 

receiving apparatus; and  

a controller for comparing the sensed change of magnetic flux density with a certain critical 

value to determine whether to transmit power,  

wherein individual magnets provided in the wireless power transmitting apparatus and the 

wireless power receiving apparatus are arranged such that the polarities of the magnets on the surfaces 

facing each other are different.
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Abstract 

Summary 

The present invention relates to a wireless power transfer system. In another embodiment of the present 

invention under one embodiment of the present invention, a wireless power transmitting apparatus for wirelessly 

transmitting power to a wireless power receiving apparatus comprises a transmitting coil for transmitting power, a 

Hall sensor for sensing a change of magnetic flux density caused by the wireless power receiving apparatus, and a 

controller for comparing the sensed change of magnetic flux density to a certain critical value to determine 

whether to transmit power, wherein magnets provided in the wireless power transmitting apparatus and the 

wireless power receiving apparatus respectively are arranged such that the polarities of the magnets on the 

surfaces facing each other are different. Therefore, the wireless power transfer system under the present invention 

has the advantage of being able to more effectively sense changes in the magnetic flux density on a wireless 

power transmitting apparatus and transmit wireless power, this being achieved by placing magnets with polarity 

in the wireless power transmitting apparatus and wireless power receiving apparatus. 

Representative Drawing 

Fig. 14 
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Drawings 

FIG. 1 

 

FIG. 2 

 

FIG. 3 
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FIG. 4 

 

FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 8 

 

FIG. 9 
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FIG. 10 
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FIG. 11 
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FIG. 12 
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FIG. 13 
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FIG. 14 

 

FIG. 15 
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FIG. 16 
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FIG. 17 
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