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SYSTEM AND METHOD FOR CONTACTLESS POWER TRANSFER

ABSTRACT

A system including a primary coil assembly is provided. The primary coil
assembly 1s configured to operate at a first resonant frequency having a first bandwidth;
wherein a difference between the first resonant frequency and a system frequency is at
least two times the first bandwidth, where the first resonant frequency is selected such
that upon energizing the primary coil assembly at the system frequency, a primary current
is induced in the primary coil assembly, which is at least ten times lesser than a system

current.
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SYSTEM AND METHOD FOR CONTACT LESS POWER TRANSFER

BACKGROUND

[0001] Embodiments of the invention generally relate to power transfer systems

and, more particularly, to contactless power transter systems.

10002] Power transfer systems are employed for transmitting power from one
object to another. Based on a method of transmitting power, the power transter systems
can be classified into power transfer systems using physical connections between 2
transmitter and a receiver for transmitting power and contactless power transfer systems
in which there is no physical connection between the transmitter and the receiver. The
contactless power transfer systems employ various methods for transmitting power
wirelessly. One such approach includes a resonator based contactless power transfer

system.

(0003} The resonator based contactless power transfer systems are used in various
applications such as electric vehicle charging and wireless mobile charging. However,
the configuration and operation of the resonator based contactless power transter systems
may differ based on the application in which the resonator based contactless power
transfer systems are employed. One such application may include a resonator based
contactless power transfer system to provide power to household electrical devices such

as mobile phones, tablets, and laptops.

[0004] In such a configuration, the resonator based contactless power transfer
system includes a source coil that receives power from a power source and transmits the
power to ioad coils provided in the household electrical devices. Such a configuration ot
the resonator based contactless power transfer systems may be operated in two ways. In
a first instance, the source coil may be switched to an operating state manually every time
prior to initiating charging of the household electrical device or in a second instance, the

source coll may be maintained in the operating state continuously with or without the
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requirement of charging of the household electrical device. However, operating the
source coil 1n the first instance requires additional manual effort and operating the source

coil 1n the second instance leads to undesirable electromagnetic interferences in nearby

areas which may lead to satety and health 1ssues.

[0005] Hence, there 1s a need for an 1mproved system to address the

aforementioned issues.
BRIEF DESCRIPTION

10006} Brietly, in accordance with one embodiment, a system including a primary
coil assembly i1s provided. The primary coil assembly is configured to operate at a first
resonant frequency having a first bandwidth; wherein a difference between the first
resonant frequency and a system frequency i1s at least two times the first bandwidth,
where the first resonant frequency is selected such that upon energizing the primary coil
assembly at the system frequency, a primary current is induced in the primary coil

assembly, which 1s at least ten times lesser than a system current.

[0007] In accordance with another embodiment, a wireless charging system i1s
provided. The wireless charging system includes a power source configured to operate at
a system frequency. The wireless charging system also includes a wireless charging
device operatively coupled to the power source, where the wireless charging device

includes one or more resonator coils configured to operate at a first resonant frequency

and having a first bandwidth; wherein a difference between the first resonant frequency
and a system frequency is at least two times the first bandwidth. Furthermore, the first

resonant frequency i1s selected such that upon energizing the one or more resonator coils

by the power source at the system frequency, a primary current is induced in the one or
more resonator coils, which 1s at least ten times lesser than a system current. The
wireless charging system further includes one or more electrical devices including one or
more load coils operatively coupled to a load in respective electrical devices, where upon

magnetically coupling the one or more load coils to the one or more resonator coils, the
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system current is induced in the one or more resonator coils to enable exchange of power

between the one or more load coils and the one or more resonator coils.

DRAWINGS

[0008] These and other features, aspects, and advantages of the present invention
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0009] FIG. 1 1s a schematic representation of a wireless charging module in

accordance with an embodiment of the invention.

[0010] FIG. 2 is a schematic representation of a contactless power transfer system

including the wireless charging module of FIG. 1 and one or more load coils operatively

coupled to one or more electrical devices in accordance with an embodiment of the

invention.

[0011] FIG. 3 1s a schematic representation of another configuration of the

wireless charging module of FIG. 2 in accordance with an embodiment of the invention.

[0012] FIG. 4 1s a schematic representation of an exemplary current pattern’in
resonators R1-R19 of the wireless charging module of FIG. 3 upon placing a load coil on

the wireless charging module in accordance with an embodiment of the invention.

[0013] FIG. 5 1s a schematic representation of another embodiment of a

contactless power transtfer system in accordance with an embodiment of the invention.

[0014] FIG. 6 1s a schematic representation of an exemplary current pattern in
resonators R1-R19 of the wireless charging module of FIG. 5 upon placing a load coil in
proximity to the wireless charging module in accordance with an embodiment of the

invention.
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[0015] FIG. 7 1s a schematic representation of a two layer quadrature array
configuration of the wireless charging system of FIG. 3 in accordance with an

embodiment of the invention.

[0016] FIG. 8 1s a schematic representation of a three layer quadrature array
configuration of the wireless charging system of FIG. 3 in accordance with an

embodiment of the invention.

10017] FIG. 9 depicts various structures of the resonators that may form the array

1n accordance with an embodiment of the invention.

[0018] FIG.10 1s a schematic representation of an exemplary furniture module
including a wireless charging module in accordance with an embodiment of the

invention.
DETAILED DESCRIPTION

[0019] Embodiments of the present invention include a system for contactless
power transter. The system includes a primary coil assembly configured to operate at a
first resonant frequency having a first bandwidth; wherein a difference between the first
resonant frequency and a system frequency is at least two times the first bandwidth,
where the first resonant frequency is selected such that upon energizing the primary coil
assembly at the system frequency, a primary current is induced in the primary coil
assembly, which 1s at least ten times lesser than a system current. In one embodiment,
the system includes a wireless charging system. The wireless charging system includes a

power source, a wireless charging device, and one or more electrical devices.

[0020] Unless defined otherwise, technical and scientific terms used herein have
the same meaning as 1s commonly understood by one of ordinary skill in the art to which
this disclosure belongs. The terms “first”, “second”, and the like, as used herein do not
denote any order, quantity, or importance, but rather are used to distinguish one element

from another. Also, the terms “a” and “an” do not denote a limitation of quantity, but
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rather denote the presence of at least one of the referenced items. The term “or” 1s meant
to be Inclusive and mean one, some, or all of the listed items. The use of “including,”
“comprising” or “having” and variations thereof herein are meant to encompass the items
listed thereafter and equivalents thereof as well as additional items. Specifically, unless
indicated otherwise, the term “coupled” includes resonance coupling that is defined as a
coupling between two or more resonators such that they are able to exchange power when
excited at a particular frequency. The terms “exchange” and “transfer” may be used

interchangeably 1n the specification and convey the same meaning.

10021] FIG. 1 is a schematic representation of a system 10 for contactless power
transfer in accordance with an embodiment of the invention. The system 10 includes a
primary coil assembly 20 configured to operate at a first resonant frequency having a first
bandwidth. The primary coil assembly 20 1s designed such that a difference between the
first resonant frequency and a system frequency is at least two times the first bandwidth.
In one embodiment, the system frequency includes a frequency of a power source 30
operatively coupled to the primary coil assembly 20. Furthermore, the power source 30
1s used to energize the primary coil assembly 20 at the system frequency and upon
energizing the primary coil assembly 20, a primary current 1s induced within the primary

coil assembly 20.

[0022] The system 10 further includes a load coil 40 that may be magnetically
coupled to the primary coil assembly 20. The load coil 40 1s placed within a
predetermined distance 50 from the primary coil assembly 20 to magnetically couple to
the primary coil assembly 20 to the load coil 40. Due to the magnetic coupling between
the primary coil assembly 20 and the load coil 40, a system current is induéed within the

primary coil assembly 20 and the load coil 40. As used herein, the term “system current”
may be defined as a current provided by the power source 30. The primary coil assembly
20 draws the system current from the power source 30 at the system frequency and

transters the system current to the load coil 40 via a magnetic field 60.
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10023] Furthermore, 1n situations, where the load coil 40 is not placed within the
predetermined distance 50 from the primary coil assembly 20 and the primary coil
assembly 20 1s energized by the power source, the primary current in the primary coil
assembly 20 1s at least ten times lesser than the system current which leads to lower
electromagnetic interferences. Further details of selecting the first resonant frequency of

the primary coil assembly 20 are discussed with respect to FIG. 2.

[0024] FIG. 2 1s an exemplary graphical representation 70 depicting a first
resonant frequency and a system frequency with respect to current induced in the primary
coil assembly of FIG. 1 in accordance with an embodiment of the invention. X-axis 80
depicts frequency. Y-axis 90 represents current. Point 100 represents the first resonant
frequency. Point 110 represents the system frequency. Arrows 120 represent the first
bandwidth. Arrow 130 represents the difference between the first resonant frequency and
the system frequency. Curve 140 represents a current drawn by the primary coil
assembly when the load coil is placed outside the predetermined distance from the
primary coil assembly. Curve 150 represents a current drawn by the primary coil
assembly when the load coil is placed within the predetermined distance from the primary
coil assembly. Line 160 represents the primary current and line 170 represents the
system current. As shown, the difference 130 between the first resonant frequency 100
and the system frequency 110 is at least two times the first bandwidth 120. Moreover,
the primary current 160 in the primary coil assembly at the system frequency 110 is ten
times lesser than the system current 170 when the load coil is not placed within the
predetermined distance. Similarly, as shown, the system current 170 at the system
frequency 110 in the condition where the load coil is placed within the predetermined
distance is ten times higher than the primary current 160 at the system frequency 110.
Theretore, the first resonant frequency 100 is selected such that upon energizing the
primary coil assembly at system frequency 110 without the load coil induces the primary
current 160 which is at least ten times lesser than the system current 170, which is
induced when the load coil is placed within the predetermined distance at the system

frequency 110.
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[0025] FIG. 2 1s a schematic representation of a wireless charging system 200 in
accordance with an embodiment of the invention. The wireless charging system 200
includes a primary coil assembly 210 disposed on a housing 220. In one embodiment, the
primary coil assembly 210 includes a wireless charging device. The primary coil
assembly 210 includes a first layer of one or more resonator coils and a second layer of
one or more resonator coils. The first layer includes a primary coil 230 operatively
coupled to a power source 240. The second layer includes a plurality of resonator coils
250 magnetically coupled to the primary coil 230 and disposed on top of the primary coil
230. The primary coil 230 and the plurality of resonator coils 250 are energized at a
system frequency using the power source 240 and a primary current is induced in the
primary coil 230 and the plurality of resonator coils 250. In one embodiment, the
primary current includes a near zero current. In a specific embodiment, the near zero

current may include a current less than one ampere.

[0026] Subsequently, one or more electrical devices 260, 270 are placed in
proximity of the plurality of resonator coils 250 such that the one or more load coils 280,
290 operatively coupled to the one or more electrical devices 260, 270 are within a
predetermined distance of one or more sets of resonator coils 265, 275. In one
embodiment, each set 285, 295may include one or more resonator coils. The present
embodiment includes a first electrical device 260 further including a first load coil 280

and a second electrical device 270 further including a second load coil 290. The first

electrical device 260 is placed in proximity with a first set of resonator coils 265 and the
“second electrical device 270 is placed 1in proximity with a second set of resonator coils
275. In one embodiment each of the first load coil 280 and the second load coil 290
Include a magnetic material coating that induces a change in the first resonant frequency
of the first set of resonator coils 265 and the second set of resonator coils 275
respectively. Such change in the first resonant frequency increases the primary current
from near zero to a load current (system current of FIG. 1). The magnetic coupling of the
first set of resonator coils 265 and the second set of resonator coils 275 with the primary

coil 230 enable the first load coil 280 and the second load coil 290 to exchange power
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with the primary coil 230 simultaneously and independently via the first set of resonator
coils 265 and the second set of resonator coils 275 respectively. In one embodiment, the
first set of resonator coils 265 and the second set of resonator coils 275 may enable bi-
directional exchange of power and data between the first set of resonator coils 265 and

the first load coil 280 and the second set of resonator coils 275 and the second load coil

290.

10027] FIG. 4 is a schematic representation of another configuration 300 of the
wireless charging system 200 of FIG. 3 in accordance with an embodiment of the
invention. This configuration 300 of the wireless charging system may include a first
layer of resonator coils including a primary coil 310 and a second layer of resonator coils
including a plurality of resonator coils 320 disposed above the primary coil 310. In this
embodiment, the second layer of resonator coils includes an array 330 of nineteen
resonator coils (R1-R19) magnetically coupled to the primary coil 310. Each of the
plurality of resonator coils 320 may be excited by the same primary coil 310. Detailed

operations of this embodiment are discussed later with respect to FIG. 5.

10028] FIG. 5 is a schematic representation of an exemplary current pattern 350 1n
resonator coils R1-4, R8, R14 and R19 of the wireless charging system 300 of FIG. 3
upon placing a load coil (FIG. 3) on the wireless charging system in accordance with an
embodiment of the invention. In this embodiment, the load coil (FIG. 3) is placed on the
wireless charging system such that resonator coils R1-4, R8, R14 and R19 fall within the
predetermined distance and a system current (FIG. 1) 1s induced in the resonator coils R1-
4, R8, R14 and R19. The magnetic coupling between the resonator coils R1-4, R8, R14
and R19, the primary coil 310 and the load coil enables an exchange of power between
the primary coil and the load coil via the resonator coils R1-4, R, R14 and R19.
However, intensity of system current flowing via each resonator coil may be different
based on a portion of the load coil placed above each resonator coil. In this embodiment,
resonator coils R1, R4, and R8 may represent a highest intensity of current, shown by

section 360, flowing from the primary coil (FIG. 3) to the load coil. Similarly, resonators
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R14, R2, and R19 depict a moderate intensity of current, shown by section 370, flowing
from the primary coil to the load coil and resonator R3 represents least intensity of
current shown by section 380. Furthermore, the remaining resonator coils in the array

330 (FIG. 4) include the primary current which is at least ten times lesser than the system

current.

[0029] FIG. 6 is a schematic representation of another configuration 400 of the
wireless charging system 200 of FIG. 3 in accordance with an embodiment of the
invention. This configuration 400 of the wireless charging system may include only one
layer of resonator coils 410 arranged in a hexagonal array and operatively coupled to a
power source. In one embodiment, each of the resonator coils 410 1s operati\;ely coupled
to the power source in parallel. Each of the resonator coils include a primary current at
the system frequency and upon magnetically coupling one or more load coils to one or
more resonator coils, the resonator coils within the predetermined distance from the one
or more load coils induce a system current and enable an exchange of power as discussed
in FIG. 3-5. In one embodiment, the configuration 400 may also be arranged 1n a

quadrature array.

[0030] FIG. 7 is a schematic representation of a two layer quadrature array
configuration 420 of the wireless charging system 200 of FIG. 3 in accordance with an
embodiment of the invention. This configuration 420 includes two layers 430, 440 of
resonator coils 450 arranged in a quadrature array. The first layer 430 is formed by
arranging the resonator coils 450 in the quadrature array. Furthermore, a second layer
440 of the resonator coils 450 is disposed on top of the first layer 430 in a displaced

manner such that there is no void between the first layer 430 and the second layer 440.

[0031] FIG. 8 is a schematic representation of a three layer quadrature array
configuration 460 of the wireless charging system 200 of FIG. 3 in accordance with an
embodiment of the invention. In this configuration, a third layer 460 1s disposed on top

of the second layer 440 of FIG. 7 to form the quadrature array. The third layer 460 is
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disposed on top of the second layer 440 in a displaced manner such that there is no void

between the first layer 430, the second layer 440, and the third layer 460.

[0032] FI1G. 9 depicts various structures 500 of the resonator coils that may form
the primary coil assembly in accordance with an embodiment of the invention. In one
embodiment, the plurality of resonator coils may include a single loop coil 510. In
another embodiment, the plurality of resonator coils may include multiple turns such as in
a split ring structure 520, spiral structure 530, Swiss-roll structure 540, or helical coil
550. Selection of a structure for a particular application is determined by the size of the

array and selt-resonating frequency of the plurality of resonators.

[0033] F1G. 10 1s a schematic representation of another embodiment 600 of a
wireless charging system of FIG. 3 in accordance with aﬁ embodiment of the invention.
In this embodiment, the wireless charging system 600 includes a wireless charging device
610 and one or more load coils 620. The wireless charging device 610 further includes a
first layer 630 including a first set 640 of resonator coils and a second layer 650 including
a second set 660 of resonator coils. The second set 660 of resonator coils is disposed
above the first set 640 of resonator coils such that each resonator coil in the first set 640
corresponds to a resonator coil in the second set 660. For example, the wireless charging
system 600 1ncludes four resonator coils represented by reference numerals 642, 644,
646, 648 forming the first set 640. Each of the four resonator coils 642, 644, 646, 648
may be individually coupled to four corresponding resonator coils represented by
reference numerals 662, 664, 666, 668 forming the second set 660. Each of the four coils
642, 644, 646, 648 are operatively coupled to a power source 670. For illustration
purposes, only one load coil 620 1s represented, however multiple load coils may also be
used to simultaneously exchange power with the one or more resonator coils as disclosed
in FIG. 3. In one embodiment, the one or more resonator coils in the second set 660 may
form one or more sets of resonator coils and each set of resonator coils in the second

layer 650 may be magnetically coupled to a corresponding resonator coil in the first set

640.
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[0034] During operation, upon placing the load coil 620 in proximity of the
second set 660 of resonator coils such as resonator coils 664, 666, a system current 1s
induced in the resonator coils 664, 666 and the corresponding resonator coils 644, 646 1n
the first set 640. In one embodiment, a change in the current of those corresponding
resonators 664, 666 is observed, which are placed within a predetermined distance 680 of
the load coil 620. Such a change in the current of the corresponding resonators 664, 666
induces a change 1n the current of the corresponding resonator coils 644, 646 of the first
set 640. The current 1n the resonator coils 644, 646, 664, 666 increases from a primary
current (FIG. 1-2) to a system current which is at least ten times higher than the primary
current. Such a change in current 1n the resonator coils 644, 646, 664, 666 enables
exchange of power between the one or more resonator coils 644, 646, 664, 666 in the

wireless charging device and the load coil 620.

[0035] It is to be understood that a skilled artisan will recognize the
interchangeability of various features from different embodiments and that the various
features described, as well as other known equivalents for each feature, may be mixed
and matched by one of ordinary skill in this art to construct additional systems and
techniques in accordance with principles of this disclosure. It 1s, theretore, to be
understood that the appended claims are intended to cover all such modifications and

changes as fall within the scope of the invention.

' [0036] While there have been described herein what are considered to be
preferred and exemplary embodiments of the present invention, other modifications of

these embodiments falling within the scope of the invention described herein shall be

apparent to those skilled in the art.
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WHAT IS CLAIMED IS:

1. A system comprising:

a primary coil assembly configured to operate at a first resonant frequency
having a first bandwidth; wherein a difference between the first resonant frequency and a
system frequency is at least two times the first bandwidth;

wherein the first resonant frequency is selected such that upon energizing the
primary coil assembly at the system frequency, a primary current is induced in the

primary coil assembly, which is at least ten times lesser than a system current.

2. The system of claim 1, further comprising a load coil and wherein the
system current comprises a current drawn by the primary coil assembly upon

magnetically coupling the load coil to the primary coil assembly.

3. The system of claim 1, wherein the primary coil assembly comprises

one or more resonator coils and a load coil comprises one or more load coils.

4. The system of claim 3, wherein the primary coil assembly comprises

one or more layers of the resonator coils.

3. The system of claim 3, wherein the one or more load coils are
magnetically coupled to the one or more resonator coils to enable exchange of power

between the one or more resonator coils and the one or more load coils.

6. The system of claim 5, wherein the one or more resonator coils within a

predetermined distance of the one or more load coils in the primary coil assembly
operates at the system current to enable exchange of power between the one or more

resonator coils and the one or more load coils.

7. The system of claim 3, wherein the one or more resonator coils enable
simultaneous exchange of power and data between the one or more resonator coils and

the one or more load coils.

12
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8. The system of claim 7, wherein the one or more resonator coils enable
bi-directional exchange of power and data between the one or more resonator coils and

the one or more load coils.

9. The system of claim 1, wherein the primary coil assembly 1s energized

by a power source and the system frequency comprises a frequency of the power source.

10.  The system of claim 1, wherein the primary coil assembly comprises a

wireless charging device.

11. A wireless charging system comprising:
a power source configured to operate at a system frequency;
a wireless charging device operatively coupled to the power source
comprising:
one or more resonator coils configured to operate at a first resonant
frequency and having a first bandwidth; wherein a difference between the first resonant
frequency and a system frequency is at least two times the first bandwidth;
wherein the first resonant frequency is selected such that upon
energizing the one or more resonator coils by the power source at the system frequency, a
primary current is induced in the one or more resonator coils, which 1s at least ten times
lesser than a system current.
one or more electrical devices comprising:
one or more load coils operatively coupled to a load in respective
electrical devices;
wherein upon magnetically coupling the one or more load coils to the
one or more resonator coils, the system current is induced 1n the one or more resonator

coils to enable exchange of power between the one or more load coils and the one or

more resonator coils.

13
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12, The system of claim 11, wherein the one or more resonator coils within
a predetermined distance of the one or more load coils operates at the system current to
enable exchange of power between the one or more resonator coils and the one or more

load coils.

13. The system of claim 11, wherein the one or more resonator coils enable
simultaneous exchange of power and data between the one or more resonator coils and

the one or more load coils.

14. The system of claim 11, wherein the one or more resonator coils enable
bi-directional exchange of power and data between the one or more resonator coils and

the one or more load coils.

15.  The system of claim 11, wherein the one or more resonator coils are

arranged 1n one or more layers of resonator coils.

16.  The system of claim 15, wherein one resonator coil forms a first layer
and operates as a primary coil and a plurality of resonator coils form a second layer

disposed on top of the primary coil.

17.  The system of claim 16, wherein the primary coil 1s operatively coupled
to the power source and the plurality of resonator coils are magnetically coupled to the

primary coil.

18.  The system of claim 15, wherein a first set of resonator coils form a
first layer and a second set of resonator coils form a second layer, wherein the second

layer 1s disposed on top of the first layer.

19.  The system of claim 18, wherein each of the resonator coils in the first

set 1s magnetically coupled to a corresponding resonator coil in the second set.

14
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20.  The system of claim 18, wherein each of the resonators in the first set 1s
operatively coupled to the power source 1n a parallel configuration and upon magnetically
coupling the one or more load coils to the one or more resonator coils in the second set
enables exchange of power between the corresponding resonator coils in the first set and

the one or more load coils at the system current.

15
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