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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.%%%* shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

(Claim 1]

It is a non—contact charge dexterous planar magnetic element used as structure which
embedded a spiral type plane coil under one side of a magnetic layer,

A non—contact charge dexterous planar magnetic element which arranges two or more plane
coils in series on the same plane, and is characterized by things.

[Claim 2]

The aforementioned magnetic layer comprises ferrite magnetic powder,

A planar magnetic element for the noncontact chargers according to claim 1, wherein volume
density of ferrite magnetic powder in the aforementioned magnetic layer is more than 25vol %.
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely. '

2x%x* shows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[(o001]

[Field of the Invention]

About the planar magnetic element mounted on a noncontact charger, the present invention
suppresses local generation of heat of especially this planar magnetic element, and attains large
slimming down and the improvement in charging efficiency.

[0002]

[Description of the Prior Art]

With the spread of information technologies in recent years, the miniaturization of a cellular
phone, an electronic information terminal, etc., slimming down, and a weight saving proceed
quickly, and the power supply of a rechargeable battery drive like a L.i-ion cell or a nickel
hydoride battery is increasingly used abundantly.

However, a portable device is reserved near the human body in many cases, reliability has a
possibility of producing a problem, in the form which the contact for charge exposed, and the
charging system of the noncontact type is demanded.

(0003]

although mainly used for the apparatus of places equipped with a water supply, such as a shaver
and an electric toothbrush, as a non—contact charging system so far — these days, it is a
description, for example to JP,H2000-78763,A —- like ~— a cellular phone and PHS etc. — it is
increasingly used also for a portable electronic device.

The example of a card shape non—contact feeder system can be especially given as a thin thing
(1162 (2000), Kanai et al.: Kanai et al.. IEEE APEC Record, pp.1157- Institute of Electrical
Engineers of Japan a mug references, such as NETIKUSU study group MAG—-00—150).

(0004]

As a magnetic cell in such a non—contact charging system (non—contact feeder system), the
structure which coiled copper wire about, or air cored coil structure has been conventionally
adopted on a ferrite plate or an amorphous thin belt.

However, there was a problem which is described below in the magnetic cell of these former on
structure.

(1) Coil thickness is about 1 mm, and since the dimension is as large as several centimeter angle,
an occupation area and volume inhibit the miniaturization of apparatus, and slimming down
largely.

(2) In order that the magnetic flux from the power transmission side may cross the inside of a
coil, the loss by the eddy current generated within a receiving coil is large.

[0005]

By the way, as an ultra~thin type coil, the plane type magnetic cell using the ferrite magnetic film
formed by print processes or the sheet method is known ([ Refer to / etc / JP,H11-26239,A ]).
By printing and calcinating first the magnetic paste which mixed the binder with ferrite powder
on a Si substrate, a this plane type magnetic cell forms the ferrite magnetic film of high
resistance, and then is, After forming a coil pattern by the plating method etc. on this film, a
magnetic film is further formed on it and it is manufactured. And it has succeeded in inhibiting a
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coil loss effectively as well as slimming down.

(0006]

[Problem to be solved by the invention]

However, in the magnetic cell of this structure, since the magnetic body is arranged on both
sides of a coil, extraction of the magnetic flux to outside and incorporation of the magnetic flux
from the outside cannot say that it is sufficient, and the magnetic flux between carrier power
transmission coils does not cross a sufficient mutual coil. Therefore, capability sufficient as an
object for noncontact chargers could not be exerted, and the present invention was not able to
apply as a target non—contact charge dexterous planar magnetic element.

{0007]

About the planar magnetic element mounted on a noncontact charger, the present invention
enables the further miniaturization and slimming down, and provides the planar magnetic element
for noncontact chargers which realizes good charging efficiency.

In the planar magnetic element mounted on the above—mentioned noncontact charger, the
present invention suppresses local generation of heat, and realizes improvement in one step of
efficiency.

[0008]

[Means for solving problem]

While the inventors repeat research intensively that the above—mentioned purpose should be
attained, embedding a spiral type plane coil under one side of a magnetic layer and forming a
planar magnetic element It found out that the desired end was further attained advantageously
by carrying out the split shape of the plane coil concerned to plurality, and carrying out a series
connection.,

[o009]

That is, the present invention is a non—contact charge dexterous planar magnetic element used
as the structure which embedded the spiral type plane coil under one side of a magnetic layer,
and solved the aforementioned problem by the non—contact charge dexterous planar magnetic
element which arranges two or more plane coils in series on the same plane, and is characterized
by things.

The aforementioned magnetic layer comprises ferrite magnetic powder, and the present
invention makes it preferable for the volume density of the ferrite magnetic powder in the
aforementioned magnetic layer to be more than 25vol %.

(0010]

[(Mode for carrying out the invention]

Based on Fig.1 and Fig.2, it describes about an embodiment with a preferable non—-contact
charge dexterous planar magnetic element of the present invention.

As a plane coil, although there is form, such as spiral shape and the shape of a meander, an
inductance can be enlarged and it is preferable in the present invention to consider it as spiral
shape.

[0011]

The planar magnetic element 1 of Fig.1 has arranged the two spiral type plane coils 3 in series on
one side of the magnetic layer 2, and it arranges them so that the direction of winding of the
plane coil 3 may serve as reverse. the magnetic connection between the coil wires which were
adjacent to by carrying out like this —— ¥¥%% —— it hears —— it can carry out and is especially
preferable.

The four plane coils 3 are arranged on one side of the magnetic layer 2, and it may be made to
constitute the planar magnetic element 1, as shown in Fig.2. In this case, between the
predetermined terminals of a plane coil is connected with the wiring 5 like a graphic display, and
it makes with a series connection.

[0012]

Thus, the plane coil 3 formed in the planar magnetic element 1 is divided, it can form and
arrange, the turn number of a coil can be divided by connecting in series, and it becomes
possible to distribute local generation of heat which is concentrated on a coil and generated.
The coil wire in one coil can be shortened and direct current resistance can be reduced. While
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being surrounded by the coil of the plane coil, it becomes possible to take the area of a window
largely, and the magnetic flux which crosses the inside of a coil relatively can be reduced,
generation of heat is suppressed, and power receiving efficiency can be improved.

(0013]

On the other hand, if it has composition which formed only one spiral type plane coil in one side
of the magnetic layer 2 as shown in Fig.3 for comparison, generation of heat will concentrate on
one coil, and the length of the coil wire in a plane coil will become long, and direct current
resistance will increase. While being surrounded by the coil, area of a window cannot be taken
largely, either.

As ferrite magnetic powder in a magnetic layer, a NiZn ferrite is made preferable. In order to be
filled up with ferrite magnetic resin and to form a magnetic layer between the coil wires of a
plane coil, there are methods, such as stenciling with screen printing, and the mixture of ferrite
magnetic powder and a resin binder can be attained easily.

[0014]

As the planar magnetic element of the present invention is shown in Fig.4, the plane coil 3 is
formed in the nonmagnetic substrate 7, for example, a Si substrate, an alumina substrate, etc. via
the insulating resin layer 6, and it is made to perform non—contact charge by arranging so that
this nonmagnetic substrate 7 side may become the power transmission equipment 10 side.

The plane coil 3 is formed on the ferrite substrate 8, and it is filled up with the magnetic layer 2
and may be made to form between coil wires, as shown in Fig.5. In this case, the film of the
surface of the plane coil 3 is carried out by the insulating resin layer 6.

[0015]

The power transmission equipment 10 is good also as a winding coil, as the same plane coil as
the planar magnetic element of the present invention may be adopted and it is shown in Fig.4
and Fig.5.It can be suitably chosen by power transmission conditions etc. which system is
adopted. However, the power transmission side coil makes it preferable to consider it as the
arrangement made to correspond to the arrangement which opposes to the plane coil in the
planar magnetic element by the side of power receiving, as shown in Fig.4 and Fig.5.

[0016]

To the next, A magnetic layer comprises ferrite magnetic powder and describes about the point
which makes it preferable to make volume density of the ferrite magnetic powder in the
aforementioned magnetic layer more than 25vol %.

It is to make volume density of ferrite magnetic powder more than 25vol % as it is less than 25vol
%, The coupling coefficient k shown in the magnetic combination between the power transmission
coil by the side of a battery charger and the receiving coil by the side of an equipment body, i.e.,
a following formula, becomes small, It is because sufficient charging characteristic is not
acquired.

[0017]

k=M/(L,xL,) /2
It is here and is M:mutual inductance (H).
LI: The self-inductance (H) of a power transmission coil

L2: The self-inductance (H) of a receiving coil

Such a magnetic layer can fix and form the ferrite magnetic powder of desired composition with
binders, such as an epoxy resin.

[0018]

In the whole magnetic cell, this volume density does not necessarily need to be the same and
the magnetic body of 1 type or 2 type or more of volume density can be used for it according to
places, such as between a magnetic layer, an inside window, and a coil wire.

In the present invention, it is the thickness of a magnetic layer 5-500 It is preferable to consider
it as micrometer degree. For example, although the thickness of a suitable magnetic layer can be
adjusted with adjustment of the volume density of ferrite magnetic powder, if this thickness is
less than 5 micrometers, the incorporation effect of the magnetic flux from the power
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transmission side will become scarce, and on the other hand, it is 500. It is because a magnetic
cell will become thick and will inhibit slimming down of apparatus, if micrometer is exceeded.
[0019]

Planar magnetic element of the present invention, Although you may use it as it is in the state
which has formed the coil, in order to protect the surface, As shown in Fig.5, it is advantageous
to cover the insulating resin layer 6 which is a protective coating which is nonmagnetic [ of
insulating resin, such as an epoxy resin and polyimide resin, glass, etc. ], and is from an electrical
insulator on a coil making side. As shown in Fig.4, it adds to the insulating resin layer 6
concerned, It is effective to cover with the nonmagnetic thin plate-like nonmagnetic substrates
7, such as ceramics, silicon, etc., such as alumina, when securing strength.

[0020]

[Working example]

The typical manufacturing method of the planar magnetic element of the present invention is
described. Specific numerical values, such as a dimension of a description to the following,
illustrate typical composition.

A numerical value is not limited at all.

(1) Form so that it may become 40—-micrometer thickness by screen—stenciling and calcinating
the ferrite paste of a NiZn system on a Si substrate.

(2) Apply polyimide resin on it and it is a Cu seed layer further 0.5 Membranes are formed as
micrometer thickness. o
(3) On it, apply a resist, for example, expose and develop the plane coil pattern of a total of 20
turns on single—sided 10 turn and both sides, and form a resist frame.

(4) Deposit Cu with electroplating in the above-mentioned resist frame.

(5) Etching removes an unnecessary Cu seed layer after resist removing.

(6) Fill up and heat—harden between the lines of the plane coil which formed the paste to which
ferrite magnetic powder was mixed with the epoxy resin with screen printing, and at an inside
window.

[0021]

At the above process, the planar magnetic element of illustration is completed to Fig.4. Form Cu
like the above on a ferrite substrate, and [ a plane coil and nothing ], The paste which mixed
ferrite magnetic powder with the epoxy resin between the line and at an inside window can be
made to be able to fill up and heat—harden, and, finally the planar magnetic element illustrated to
Fig.5_can be completed by forming an insulating resin layer as protective covering.

[0022]

Next, the planar magnetic element (it is hereafter called the example of the present invention.) of
the present invention which carried out the series connection of the two plane coils to Fig.1 and
Fig.4, and formed them in them like illustration is manufactured, and it describes about the result
of having performed the characterization.

For comparison, the planar magnetic element (it is hereafter called a comparative example.) used
as one plane coil shown in Fig.3 is manufactured, and same characterization is carried out.
[0023]

All ferrite composition is Fe203:49 mol%, Zn0:23 mol%, and NiO:28.

It was considered as composition of mol%.

First, on the Si substrate, after printing the ferrite paste of the above-mentioned composition. it
calcinated and the ferrite layer of 40—micrometer thickness was formed. It is 0.5 with the
nonelectrolytic plating method after forming polyimide resin to 3—-micrometer thickness with a
spin coat besides. Membranes were formed on the whole surface by making Cu of micrometer
thickness into a seed layer. Moreover application, exposure, and the development of the resist
were performed, and the resist frame for plane coil formation of spiral shape was formed. Then,
electric Cu plating was performed and etching removal of the unnecessary Cu seed layer was
carried out after resist removing. The completed plane coils are a total of 30 turns on 80
micrometers in thickness, single—sided 15 turn, and both sides. Next, it was filled up with the

——
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epoxy resin paste which made the volume rate of ferrite magnetic powder 60vol %, and it was
made to heat~harden, the magnetic layer was formed, and the planar magnetic element of the
example of the present invention was completed.

[0024]

On the other hand, the planar magnetic element of the comparative example was created by the
same process as the above. The plane coil of the comparative example was made into one thing
of 20 turns.

The power transmission equipment side arranges and formed the power transmission coil
corresponding to each plane coil. The lead was coiled around the coil and each power
transmission coil formed it in the sintering ferrite core. The drive frequency of power
transmission equipment set the gap between 100 kHz and a power-transmission—and-reception
coil as 2 mm. Comparison of the obtained characteristic is shown in Table 1.

[0025]
[Table 1]
HEBE (V) | MMEREH (Q) AT (O
X FEORG) 6 0.8 30
Jod %27 5 1.0 40
[0026]

Compared with the comparative example, in the example of the present invention, the induced
voltage has exceeded and coil direct current resistance is small so that clearly from Table 1. The
example of the present invention is small rather than the comparative example also about the
temperature rise (deltaT) by generation of heat, and the effect of the present invention is clear.
[0027]

[Effect of the Invention)]

According to the present invention, it can be slimmed down extremely, a non-contact charge
dexterous magnetic cell with high charging efficiency can be obtained, and local generation of
heat can also be suppressed now.

[Brief Description of the Drawings]

[Drawing 1]It is a ** type plan view of the non-contact charge dexterous planar magnetic
element of the present invention.

[Drawing 2]t is a ** type plan view of the non-contact charge dexterous planar magnetic
element of another form of the present invention.

[Drawing 3]It is a ** type plan view of the non-contact charge dexterous planar magnetic
element (comparative example) constituted from one plane coil.

[Drawing 4]It is a schematic cross section of the non—contact charge dexterous planar magnetic
element of the present invention, and a feeder system.

[Drawing 5]It is a schematic cross section of the non-contact charge dexterous planar magnetic
element of the present invention which differs in structure, and a feeder system.

[Explanations of letters or numerals]

1, 1a, 1b Non—contact charge dexterous planar magnetic element

2 Magnetic layer
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3 Plane coil

4 Terminal

5 Wiring

6 Insulating resin layer

7 A nonmagnetic substrate (a Si substrate, an alumina substrate)
8 Ferrite substrate

10 Power transmission equipment

11 Ferrite core

12 Winding coil

[Translation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.x%%x shows the word which can not be translated.

3.In the drawings, any words are not translated.

TECHNICAL FIELD

[Field of the Invention]
About the planar magnetic element mounted on a noncontact charger, the present invention
suppresses local generation of heat of especially this planar magnetic element, and attains large

slimming down and the improvement in charging efficiency.
(0002]

[Translation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
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1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.%%%% shows the word which can not be translated.

3.In the drawings, any words are not translated.

PRIOR ART

[Description of the Prior Art]
With the spread of information technologies in recent years, the miniaturization of a cellular
phone, an electronic information terminal, etc., slimming down, and a weight saving proceed
quickly, and the power supply of a rechargeable battery drive like a Li-ion cell or a nickel
hydoride battery is increasingly used abundantly.

However, a portable device is reserved near the human body in many cases, reliability has a
possibility of producing a problem, in the form which the contact for charge exposed, and the
charging system of the noncontact type is demanded.

[0003]

although mainly used for the apparatus of places equipped with a water supply, such as a shaver
and an electric toothbrush, as a non—-contact charging system so far —— these days, it is a
description, for example to JP,H2000-78763,A —— like —— a cellular phone and PHS etc. —- it is
increasingly used also for a portable electronic device.

The example of a card shape non—contact feeder system can be especially given as a thin thing
(1162 (2000), Kanai et al.: Kanai et al.: IEEE APEC Record, pp.1157- Institute of Electrical
Engineers of Japan a mug references, such as NETIKUSU study group MAG-00-150).

[0004]

As a magnetic cell in such a non-contact charging system (non-contact feeder system), the
structure which coiled copper wire about, or air cored coil structure has been conventionally
adopted on a ferrite plate or an amorphous thin belt.

However, there was a problem which is described below in the magnetic cell of these former on
structure.

(1) Coil thickness is about 1 mm, and since the dimension is as large as several centimeter angle,
an occupation area and volume inhibit the miniaturization of apparatus, and slimming down
largely.

(2) In order that the magnetic flux from the power transmission side may cross the inside of a
coil, the loss by the eddy current generated within a receiving coil is large.

[0005]

By the way, as an ultra—thin type coil, the plane type magnetic cell using the ferrite magnetic film
formed by print processes or the sheet method is known ([ Refer to / etc / JP,H11-26239,A ).
By printing and calcinating first the magnetic paste which mixed the binder with ferrite powder
on a Si substrate, a this plane type magnetic cell forms the ferrite magnetic film of high
resistance, and then is, After forming a coil pattern by the plating method etc. on this film, a
magnetic film is further formed on it and it is manufactured. And it has succeeded in inhibiting a
coil loss effectively as well as slimming down.

[0006]

[Translation done.]
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EFFECT OF THE INVENTION

[Effect of the Invention]
According to the present invention, it can be slimmed down extremely, a non—contact charge
dexterous magnetic cell with high charging efficiency can be obtained, and local generation of
heat can also be suppressed now.

[Translation done.]
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TECHNICAL PROBLEM

[Problem to be solved by the invention]

However, in the magnetic cell of this structure, since the magnetic body is arranged on both
sides of a coil, extraction of the magnetic flux to outside and incorporation of the magnetic flux
from the outside cannot say that it is sufficient, and the magnetic flux between carrier power
transmission coils does not cross a sufficient mutual coil. Therefore, capability sufficient as an
object for noncontact chargers could not be exerted, and the present invention was not able to
apply as a target non—contact charge dexterous planar magnetic element.

[0007]

About the planar magnetic element mounted on a noncontact charger, the present invention
enables the further miniaturization and slimming down, and provides the planar magnetic element
for noncontact chargers which realizes good charging efficiency.

In the planar magnetic element mounted on the above-mentioned noncontact charger, the
present invention suppresses local generation of heat, and realizes improvement in one step of
efficiency.

[0008]

[Translation done.]
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* NOTICES *

JPO and INPIT are not responsible for any
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1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2¥¥%%* shows the word which can not be translated.
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(Means for solving problem]
While the inventors repeat research intensively that the above-mentioned purpose should be
attained, embedding a spiral type plane coil under one side of a magnetic layer and forming a
planar magnetic element It found out that the desired end was further attained advantageously
by carrying out the split shape of the plane coil concerned to plurality, and carrying out a series
connection.,

(0009]

That is, the present invention is a non—contact charge dexterous planar magnetic element used
as the structure which embedded the spiral type plane coil under one side of a magnetic layer,
and solved the aforementioned problem by the non—contact charge dexterous planar magnetic
element which arranges two or more plane coils in series on the same plane, and is characterized
by things.

The aforementioned magnetic layer comprises ferrite magnetic powder, and the present
invention makes it preferable for the volume density of the ferrite magnetic powder in the
aforementioned magnetic layer to be more than 25vol %.

(0010]

[Mode for carrying out the invention]

Based on Fig.1 and Fig.2, it describes about an embodiment with a preferable non-contact
charge dexterous planar magnetic element of the present invention.
As a plane coil, although there is form, such as spiral shape and the shape of a meander, an
inductance can be enlarged and it is preferable in the present invention to consider it as spiral
shape.

(0011]

The planar magnetic element 1 of Fig.1 has arranged the two spiral type plane coils 3 in series on
one side of the magnetic layer 2, and it arranges them so that the direction of winding of the
plane coil 3 may serve as reverse. the magnetic connection between the coil wires which were
adjacent to by carrying out like this — *¥¥% —— it hears —— it can carry out and is especially
preferable.

The four plane coils 3 are arranged on one side of the magnetic layer 2, and it may be made to
constitute the planar magnetic element 1, as shown in Fig.2. In this case, between the
predetermined terminals of a plane coil is connected with the wiring 5 like a graphic display, and
it makes with a series connection.

[0012]

Thus, the plane coil 3 formed in the planar magnetic element 1 is divided, it can form and
arrange, the turn number of a coil can be divided by connecting in series, and it becomes
possible to distribute local generation of heat which is concentrated on a coil and generated.
The coil wire in one coil can be shortened and direct current resistance can be reduced. While
being surrounded by the coil of the plane coil, it becomes possible to take the area of a window
largely, and the magnetic flux which crosses the inside of a coil relatively can be reduced,
[gener:alntion of heat is suppressed, and power receiving efficiency can be improved.

0013
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On the other hand, if it has composition which formed only one spiral type plane coil in one side
of the magnetic layer 2 as shown in Fig.3 for comparison, generation of heat will concentrate on
one coil, and the length of the coil wire in a plane coil will become long, and direct current
resistance will increase. While being surrounded by the coil, area of a window cannot be taken
largely, either.

As ferrite magnetic powder in a magnetic layer, a NiZn ferrite is made preferable. In order to be
filled up with ferrite magnetic resin and to form a magnetic layer between the coil wires of a
plane coil, there are methods, such as stenciling with screen printing, and the mixture of ferrite
magnetic powder and a resin binder can be attained easily.

[0014]

As the planar magnetic element of the present invention is shown in Fig.4, the plane coil 3 is
formed in the nonmagnetic substrate 7, for example, a Si substrate, an alumina substrate, etc. via
the insulating resin layer 6, and it is made to perform non—contact charge by arranging so that
this nonmagnetic substrate 7 side may become the power transmission equipment 10 side.

The plane coil 3 is formed on the ferrite substrate 8, and it is filled up with the magnetic layer 2
and may be made to form between coil wires, as shown in Fig.5. In this case, the fim of the
surface of the plane coil 3 is carried out by the insulating resin layer 6.

[0015]

The power transmission equipment 10 is good also as a winding coil, as the same plane coil as
the planar magnetic element of the present invention may be adopted and it is shown in Fig.4
and Fig.5.It can be suitably chosen by power transmission conditions etc. which system is
adopted. However, the power transmission side coil makes it preferable to consider it as the
arrangement made to correspond to the arrangement which opposes to the plane coil in the
planar magnetic element by the side of power receiving, as shown in Fig.4 and Fig.5.

(0016]

To the next, A magnetic layer comprises ferrite magnetic powder and describes about the point
which makes it preferable to make volume density of the ferrite magnetic powder in the
aforementioned magnetic layer more than 25vol %.

It is to make volume density of ferrite magnetic powder more than 25vol % as it is less than 25vol
%, The coupling coefficient k shown in the magnetic combination between the power transmission
coil by the side of a battery charger and the receiving coil by the side of an equipment body, i.e.,
a following formula, becomes small, It is because sufficient charging characteristic is not
acquired.

[0017]

k=M/(LxL,) 172

It is here and is M:mutual inductance (H).
LI: The self-inductance (H) of a power transmission coil

L2'. The self-inductance (H) of a receiving coil

Such a magnetic layer can fix and form the ferrite magnetic powder of desired composition with
binders, such as an epoxy resin.

[0018]

In the whole magnetic cell, this volume density does not necessarily need to be the same and
the magnetic body of 1 type or 2 type or more of volume density can be used for it according to
places, such as between a magnetic layer, an inside window, and a coil wire.

In the present invention, it is the thickness of a magnetic layer 5-500 It is preferable to consider
it as micrometer degree. For example, although the thickness of a suitable magnetic layer can be
adjusted with adjustment of the volume density of ferrite magnetic powder, if this thickness is
less than 5 micrometers, the incorporation effect of the magnetic flux from the power
transmission side will become scarce, and on the other hand, it is 500. It is because a magnetic
cell will become thick and will inhibit slimming down of apparatus, if micrometer is exceeded.
(o019]

Planar magnetic element of the present invention, Although you may use it as it is in the state
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which has formed the coil, in order to protect the surface, As shown in Fig.5, it is advantageous
to cover the insulating resin layer 6 which is a protective coating which is nonmagnetic [ of
insulating resin, such as an epoxy resin and polyimide resin, glass, etc. ], and is from an electrical
insulator on a coil making side. As shown in Fig.4, it adds to the insulating resin layer 6
concerned, It is effective to cover with the nonmagnetic thin plate-like nonmagnetic substrates
7, such as ceramics, silicon, etc., such as alumina, when securing strength.

(0020]

[Translation done.]
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* NOTICES *

JP0 and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.x%4%% shows the word which can not be translated.

3.In the drawings, any words are not translated.

EXAMPLE

[Working example]

The typical manufacturing method of the planar magnetic element of the present invention is
described. Specific numerical values, such as a dimension of a description to the following,
illustrate typical composition.

A numerical value is not limited at all.

(1) Form so that it may become 40-micrometer thickness by screen—stenciling and calcinating
the ferrite paste of a NiZn system on a Si substrate.

(2) Apply polyimide resin on it and it is a Cu seed layer further 0.5 Membranes are formed as
micrometer thickness.
{(3) On it, apply a resist, for example, expose and develop the plane coil pattern of a total of 20
turns on single-sided 10 turn and both sides, and form a resist frame.
(4) Deposit Cu with electroplating in the above—mentioned resist frame.

(5) Etching removes an unnecessary Cu seed layer after resist removing.

(6) Fill up and heat—harden between the lines of the plane coil which formed the paste to which
ferrite magnetic powder was mixed with the epoxy resin with screen printing, and at an inside
window.

[0021]
At the above process, the planar magnetic element of illustration is completed to Fig.4. Form Cu
like the above on a ferrite substrate, and [ a plane coil and nothing ], The paste which mixed
ferrite magnetic powder with the epoxy resin between the line and at an inside window can be
made to be able to fill up and heat—harden, and, finally the planar magnetic element illustrated to
.[I::ig.S S:an be completed by forming an insulating resin layer as protective covering.

0022

Next, the planar magnetic element (it is hereafter called the example of the present invention.) of
the present invention which carried out the series connection of the two plane coils to Fig.1 and
Fig.4, and formed them in them like illustration is manufactured, and it describes about the result
of having performed the characterization.

For comparison, the planar magnetic element (it is hereafter called a comparative example.) used
as one plane coil shown in Fig.3 is manufactured, and same characterization is carried out.
[0023]

All ferrite composition is Fe203:49 mol%, Zn0:23 mol%, and NiO:28.

It was considered as composition of mol%.

First, on the Si substrate, after printing the ferrite paste of the above—mentioned composition, it
calcinated and the ferrite layer of 40—micrometer thickness was formed. It is 0.5 with the
nonelectrolytic plating method after forming polyimide resin to 3—micrometer thickness with a
spin coat besides. Membranes were formed on the whole surface by making Cu of micrometer
thickness into a seed layer. Moreover application, exposure, and the development of the resist
were performed, and the resist frame for plane coil formation of spiral shape was formed. Then,
electric Cu plating was performed and etching removal of the unnecessary Cu seed layer was
carried out after resist removing. The completed plane coils are a total of 30 turns on 80
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micrometers in thickness, single—sided 15 turn, and both sides. Next, it was filled up with the
epoxy resin paste which made the volume rate of ferrite magnetic powder 60vol %, and it was
made to heat—harden, the magnetic layer was formed, and the planar magnetic element of the
example of the present invention was completed.

[0024]

On the other hand, the planar magnetic element of the comparative example was created by the
same process as the above. The plane coil of the comparative example was made into one thing
of 20 turns.

The power transmission equipment side arranges and formed the power transmission coil
corresponding to each plane coil. The lead was coiled around the coil and each power
transmission coil formed it in the sintering ferrite core. The drive frequency of power
transmission equipment set the gap between 100 kHz and a power—transmission—and-reception
coil as 2 mm. Comparison of the obtained characteristic is shown in Table 1.

[0025]

[Table 1]
BT (V) | MMESER (Q) AT (O
k. 3300 )| 6 0.8 30
fid ] 5 1.0 40
[0026]

Compared with the comparative example, in the example of the present invention, the induced

voltage has exceeded and coil direct current resistance is small so that clearly from Table 1. The

example of the present invention is small rather than the comparative example also about the
temperature rise (deltaT) by generation of heat, and the effect of the present invention is clear.
[0027]

[Translation done.]
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* NOTICES *

JP0 and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.%%%* shows the word which can not be translated.

3.In the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]
[Drawing 1]It is a ** type plan view of the non-contact charge dexterous planar magnetic
element of the present invention.

Drawing 2]It is a ** type plan view of the non-contact charge dexterous planar magnetic
element of another form of the present invention.

[Drawing 3]It is a ** type plan view of the non—contact charge dexterous planar magnetic
element (comparative example) constituted from one plane coil.

[Drawing 4]It is a schematic cross section of the non—contact charge dexterous planar magnetic
element of the present invention, and a feeder system.

Drawing 5]It is a schematic cross section of the non—contact charge dexterous planar magnetic
element of the present invention which differs in structure, and a feeder system.
[Explanations of letters or numerals]

1, 1a, 1b Non—contact charge dexterous planar magnetic element
2 Magnetic layer

3 Plane coil

4 Terminal

5 Wiring

6 Insulating resin layer

7 A nonmagnetic substrate (a Si substrate, an alumina substrate)
8 Ferrite substrate

10 Power transmission equipment

11 Ferrite core

12 Winding coil

[Translation done.)

2/12/2013

Momentum Dynamics Corporation

Exhibit 1009
Page 517



Data sourced extemnally and reproduced by Baldwins Intellectual Property Auckland Page 1 of 2

* NOTICES *

JPO and INPIT are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.%x%* shows the word which can not be translated.

3.In the drawings, any words are not translated.

DRAWINGS

[Drawing 1]
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[Drawing 3]
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 12/451,436 01/13/2010 | [ To be Mailed
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process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
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%\'&. UNITED STATES PATENT AND TRADEMARK OFFICE

= 3 UNITED STATES DEPARTMENT OF COMMERCE
Vi United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450

Alexandria, Virginia 22313-1450
wWww.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER
14443 7590 02/04/2014
The Law Office of Richard F. Jaworski, PC NGUYEN, TUYEN T
273 Walt Whitman Road
Suite 327 l ART UNIT PAPER NUMBER ‘
Huntington Station, NY 11746-4149 2837
DATE MAILED: 02/04/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
12/451.436 01/13/2010 John Talbot Boys 6081/81072 4685

TITLE OF INVENTION: MULTI POWER SOURCED ELECTRIC VEHICLE

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEEDUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional UNDISCOUNTED $960 $0 $0 $960 05/05/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

II1. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-288S

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

(fualed unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
mamtenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This cemﬁcale cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) apers. Each additional paper, such as an assngnment or formal drawing, must
Eave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

14443 . 7598 . 02/04/2014 R I hereby certify that this Fee(s) Transmittal is being deposited with the United
The Law Office of Richard F. Jaworski, PC States Postal Service with sufficient postage for first class mail in an envelope
. addressed to the Mail Stop ISSUE FEE address above, or being facsimile
§7?’ “;aZI'; Whitman Road transmitted to the USPTO (g71) 273-2885, on the date indicated below.
uite

(Depositor's name)

Huntington Station, NY 11746-4149

(Signature)
(Date)
APPLICATION NO. I FILING DATE ] FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/451,436 01/13/2010 John Talbot Boys 6081/81072 4685
TITLE OF INVENTION: MULTI POWER SOURCED ELECTRIC VEHICLE
| APPLN. TYPE ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE I PREV.PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 30 $0 $960 05/05/2014
| EXAMINER | ART UNIT I CLASS-SUBCLASS |
NGUYEN, TUYEN T 2837 336-08400C
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . ) |
(1) The names of up to 3 registered patent attorneys
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A)NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) d Payment by credit card. Form PTO-2038 is attached.
[J Advance Order - # of Copies [ The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

a Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/ISA and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
a Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken

to be a notification of loss of entitlement to micro entity status.

(| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CER 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW. IlSplO gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. |  CONFIRMATION NO. }
12/451,436 01/13/2010 John Talbot Boys 6081/81072 4685
| EXAMINER ‘
14443 7590 02/04/2014
The Law Office of Richard F. Jaworski, PC NGUYEN, TUYEN T
273 Walt Whitman Road
Suite 327 [ ART UNIT | paperNUmBER |
Huntington Station, NY 11746-4149 2837

DATE MAILED: 02/04/2014

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 357 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 357 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Conwol Number and expiration
date for the agency to display on the inswument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(¢)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
12/451,436 BOYS ET AL.
: OF i i AlA (First Inventor to
Notice of Allowability EG?{'E;\"‘WGUYEN ’2‘&;?"" Fil) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to BCE filed 12/12/2013.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ______; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 72-83 and 93-115. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see nitp://www. usplo.gov/patents/init events/pph/index.jsp or send an inquiry to EPH{eedback@usplo.Gov .

4. X Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)X Al b)[] Some *c)[] None of the:
1. X Certified copies of the priotity documents have been received.
2. [] Certified copies of the priority documents have been received in Application No. ___
3. [0 Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date .

Identifying indicia such as the application humber (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [J Notice of References Cited (PTO-892) 5. [J Examiner's Amendment/Comment

2. [{] Information Disclosure Statements (PTO/SB/08), 6. [ Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 12/12/2013

3. [ Examiner's Comment Regarding Requirement for Deposit 7. Other ___

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date ____

/TUYEN NGUYEN/
Primary Examiner, Art Unit 2837

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140127
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Dkt. 1172/69068

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Hpplication of : John Talbot BOYS et al.

Serial No. : 12/451,436 Examiner: Tuyen T. Nguyen
Date Filed : January 13,2010 GAU: 2832
For :  MULTI POWER SOURCED ELECTRIC VEHICLE

273 Walt Whitman Rd.
Suite 327
Huntington Station, NY 11746

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

The information listed in the attached form PTO-1449 is brought to the attention of the
Examiner. In accordance with 37 C.F.R. §1.92(a)(2)(ii), copies of U.S. Patents listed herein need
not be provided.

It is respectfully requested that the information cited in annexed Form PTO-1449 be
considered by the Examiner in connection with the above-identified patent application, and that

such art be made of record in said application.

I hereby certify that this paper is being deposited this date with the U.S.
Postal Service as first class mail addressed to the Commissioner for Patents,

PO Box 1450, Alexandria, VA 22313-1450
/ Decempc 9, 3013

Rlchard F. Jaworskl Date
Reg. No. 33,515

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /TN/
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John Talbot BOYS et al. 1172/69068
Page 2 of 2

The citation of the listed items is not a representation that they constitute a complete or
exhaustive listing of the relevant art or that these items are prior art. The items listed are
submitted in good faith, but are not intended to substitute for the Examiner's search. It is hoped,
however, that in addition to apprising the Examiner of the particular items, they will assist in
identifying fields of search and in making as full and complete a search as possible.

The filing of this Information Disclosure Statement is not an admission that the
information cited herein is, or is considered to be, material to patentability as defined in 37
C.F.R. §1.56(b).

This Information Disclosure Statement is being submitted along with a Request for
Reconsideration.

It is believed that no fee is required for consideration of the present Information
Disclosure Statement. However, if a fee is deemed to be required, the Office is authorized to
charge any fees to Deposit Account 50-5504.

Early and favorable consideration of the case is respectfully requested.

Respectfully submitted,

RICHARD F. JAWORSKI

Registration No. 33,515

Attomey for Applicant

Customer No. 14443

The Law Office of Richard F. Jaworski, PC
Tel. (631) 659-3608

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /TN/
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Fo -1449 U.S. Department of Commerce atty. Docket No i
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DEC 1 2 2013 %) INFORMATION DISCLOSURE CITATION Tiing Date Group
\ ) BY APPLICANT January 13, 2010 [2832
. &/ (Use several sheets if necessary)
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2, & U.S. PATENT DOCUMENTS
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Initial if Appropriate
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OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.) ‘
AU ‘
|2 |
| A% |
|2 |
[EXAMINER /Tuyen Nguyen/ DATE CONSIDERED /272014
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP
609: Draw line through citation if not in conformance and not considered. Include copy of this
form with next communication to applicant.
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AI
AJ
AK
AL
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AO
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i
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP
609: Draw line through citation if not in conformance and not considered. Include copy of this
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. . Application/Control No. Applicant(s)/Patent under
Issue Classification Reexamination
12/451,436 BOYS ET AL.
Examiner Art Unit
TUYEN NGUYEN 2837
ISSUE CLASSIFICATION
ORIGINAL CROSS REFERENCE(S)
CLASS SUBCLASS CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
336 84C
INTERNATIONAL CLASSIFICATION
Holio sk B 27/32
/
/
/
/
none Total Claims Allowed: 35
(Assistant Examiner)  (Date) /Tuyen Nguyen/
Primary Examiner 0.G. 0.G.
1/25/2014 Print Claim(s) Print Fig.
(Legal Instruments Examiner) (Date) 1 3
(Primary Examiner) (Date)
|:| Claims renumbered in the same order as presented by applicant | [] CPA [ T.D. [0 R.1.47
— © _ © _ © _ © _ © — © _ ©
© c © c © c © < © c © c © =]
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S8 S8 S8 “1 6 S8 S 6 “16
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3 33 63 13 | 93 123 153 183
4 34 64 14 | 94 124 154 184
5 35 65 15 | 95 125 155 185
6 36 66 16 | 96 126 156 186
7 37 67 17 | 97 127 157 187
8 38 68 18 | 98 128 158 188
9 39 69 19 | 99 129 159 189
10 40 70 20 | 100 130 160 190
11 41 71 21 | 101 131 161 191
12 42 1 72 22 | 102 132 162 192
13 43 2 73 23 | 103 133 163 193
14 44 3 74 24 | 104 134 164 194
15 45 4 75 25 | 105 135 165 195
16 46 5 76 26 | 106 136 166 196
17 47 6 77 27 | 107 137 167 197
18 48 7 78 28 | 108 138 168 198
19 49 8 79 29 | 109 139 169 199
20 50 9 80 30 | 110 140 170 200
21 51 10 | 81 31 | 111 141 171 201
22 52 11 82 32 | 112 142 172 202
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24 54 84 34 | 114 144 174 204
25 55 85 35 | 115 145 175 205
26 56 86 116 146 176 206
27 57 87 117 147 177 207
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BIB DATA SHEET

UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WwWw.uspto.gov

CONFIRMATION NO. 4685

SERIAL NUMBER
12/451,436

CLASS
336

FILING or 371(c)
DATE
01/13/2010
RULE

GROUP ART UNIT
2837

ATTORNEY DOCKET
6081/81072

APPLICANTS

INVENTORS
John Talbot Boys, Auckland, NEW ZEALAND;
Grant Anthony Covic, Auckland, NEW ZEALAND;

** CONTINUING DATA ****sssrsssssmiksstsnnnnin
This application is a 371 of PCT/NZ2008/000103 05/09/2008

** FOREIGN APPLICATIONS ****tsssssassrssins
NEW ZEALAND 585128 05/10/2007
NEW ZEALAND 556646 07/20/2007

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
01/26/2010

aYes D No

35 USC 119(a-d) conditions met aYes D No

Verified and /TUYEN T NGUYEN/
Acknowledged Examiner's Signature

Foreign Priority claimed

STATE OR
COUNTRY

NEW ZEALAND

D Met after
Allowance

/TN/
Initials

SHEETS
DRAWINGS

TOTAL
CLAIMS

5 21

INDEPENDENT
CLAIMS

5

ADDRESS

The Law Office of Richard F. Jaworski, PC
273 Walt Whitman Road

Suite 327

Huntington Station, NY 11746-4149
UNITED STATES

TITLE
MULTI POWER SOURCED ELECTRIC VEHICLE

FEES: Authority has been given in Paper

FILING FEE _
RECEIVED |No. to charge/credit DEPOSIT ACCOUNT
2502 No. for following:

|0 Al Fees

U 1.16 Fees (Filing)

U 1.18 Fees (Issue)

U Other

\D Credit

|
|
U 1.17 Fees (Processing Ext. of time) ]
|
|
|

BIB (Rev. 05/07)
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PART B - FEE(S) TRANSMITTAL

. Complete and send this form, together‘- applicable fee(s), to: Mail Mail Stop IS EE W
v Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE af rcquircd{).eBlocks 1 through 5 should be completed where
apfropriatc. All further correspondence including the Patent, advance orders and notification of maintenance fecs will be mailed to the current corrcspondence address as
indicated unl?ss cor;tgcted below or directed otherwise in Block 1, by (a) specifying a ncw correspondence address; and/or (b) indicating a scparate "FEE ADDRESS" for
maintenance fee notifications. -

Note: A certificate of .mailin can only be used for domestic mailings of the

Fec(s) Transmittal. This certificatc cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) gapcrs_ Each additional paper, such as an agsignment or formal draw]ng, must
avc its own certificate of mailing or transmission.

X
MAY 07 200

Certificate of Mailing or Transmission
I hereby certify that this Fec&s Transmittal is being dcposited with thc United
States Postal Scrvice with sufficient postage for first class mail in an cnvelope
addressed to thc Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

14443 7590 02/04/2014
The Law Office of Richard F. Jaworski, PC
273 Walt Whitman Road
"Suite 327

Huntington Station, NY 11746-4149 %, Ridnard . JawonrlK| (Depositors name)
' g st At cer it e Blmetr)
Mad & Q0/Y )
U . rd
APPLICATIONNO. | FILING DATE [ FIRST NAMED INVENTOR [arToRNEY DOCKET NO. | CONFIRMATIONNO. |
12/451,436 01/13/2010 John Talbot Boys 6081/81072 4685

TITLE OF INVENTION: MULTI POWER SOURCED ELECTRIC VEHICLE
85/87/2614 CCHAU2  BBBBBBIS 12451436

81 FC:1581 _968.68 0P
| APPLN. TYPE " ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE lPREV‘ PAID ISSUE FEE [ TOTAL FEE(S) DUE [ DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 ? 05/05/2014
I ' EXAMINER I ART UNIT | CLASS-SUBCLASS |
NGUYEN, TUYENT 2837 336-08400C
1. Change of correspondence address or indication of "Fec Address" (37 2. For printing on the patent front page, list '
CFR 1.?63). (1) The names of up to 3 registered patent attorneys | Lew OF 5t cr_ of quﬁfti
O Change of correspondence address (or Change of Correspondence or agents OR, alternatively, 7 Jawsorsiy 3 r.'.)d_
Address form PTO/5B/122) attached. (2) The name of a single firm (having as a member a
() "Fee Address” indication (or "Fee Address" Indication form registercd attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more rccent) attached. Use of a Customer 2 rc%wtered patent attorneys or agents. Ifnonamcis 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or typc)

PLEASE NOTE: Unless an assi]%nce is identified below, no assignec data will appear on the patent. If an assignee is identificd below, the document has been filed for
recordation as sct forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Avckland Onsecvices L Avck)un)  Mew Zealand

Please check the appropriate assignee category or categories (will not be printed on the patent) : 3 Individual aCorporation or other private group entity U Government

4a. glgjbllowing fec(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee O A check is enclosed.
O publication Fee (No small entity discount permittcd) [B'Paymcnt by credit card. Form PTO-2038 is attached.
U Advance Order - # of Copies (2 The Director is hereby authorized to charge the re?ir d fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number_§o ~5_6& 4 (enclose an extra copy of this form).
5. Change in Entity Status (from status indicated above)
O Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (sce forms PTO/SB/15A and 15B), issuc
v fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
a Applicant asserting small entity status. See 37 CFR 1.27 N%LE, If the application was previously under micro entity status, checking this box will be taken
. 0 be a notification of loss of entitlement to micro entity status.
a Applicant changing to regular undiscounted fce status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature ‘_V WW Date __Mua ‘(} Lol L/

H4 . d.
Typed or printed name & o ‘\“"‘& : F : 3“-"‘) orsk) ‘ Registration No. 33 % 5) {

Page 2 of 3
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Form 49 U.S. Department of Commerce 1?';'2 /I;o;gz; ro iezr/:.251m436
. 4
o? P Patent and Trademark Office ~iicant
Qoa E’Zhn Talbot BOYS et al.
w ® [INFORMATION DISCLOSURE CITATION Filing Date Group
p&\\‘u ] BY APPLICANT January 13, 2010 [2832
{Use several sheets if necessary)
)
/ U.S. PATENT DOCUMENTS
iﬁ::::l Document Number Date Name Class Subclass E‘;l;::rgla:::ate
C TN an |5 [4 |6 |9 |0 |3 |6 Nov. 21, 1995 [Eto
FHN
AB
J
AC
AD
AE
AF
AG
RH
AL
AJ
AK
AL
AM
AN
AO
AP
FOREIGN PATENT DOCUMENTS
Document Number Date Country Class | Subclass Translation
Yes No
ITN/ AQ|JP|06| - |27|73| 5| 8 [Oct. 4, 1994 Japan Abst.
/TN/ | a= [9P|20[02[ -[23|15]45|aug. 16, 2002 Japan nbst .
JTN/ |AS|JP| 8| - |23|83| 2| 6 |Sept. 17, 1996 Japan Abst .
! | AT |JP|T2(00]|7-|50|54(80| =—prer—ahmim Japan
CH ﬂng,,./:r oo 0% /2po7 P
¥ T
toldocument OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
" Tavu
/T SD'N/ Notice of Reasons for Rejection in corresponding Japanese application p2010-507347
|OJ’!/ZOI 3 (Original and English Translation)
I ind |
l A |
[EXAMINER DATE CONSIDERED 8/12/2013

{Tuyen Nguven/

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP
609: Draw line through citation if not in conformance and not considered. Include copy of this
form with next communication to applicant.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWwW DSP[O.gOV

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/451,436 06/10/2014 8749334 6081/81072 4685
14443 7590 05/21/2014

The Law Office of Richard F. Jaworski, PC
273 Walt Whitman Road

Suite 327

Huntington Station, NY 11746-4149

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 782 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

John Talbot Boys, Auckland, NEW ZEALLAND;
Grant Anthony Covic, Auckland, NEW ZEALAND;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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Dkt. 1172/69068 /ﬂ/

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

U.S. Patent No. : 8,749,334
Serial No. : 12/451,436
Date Filed : January 13,2010
For : MULTI POWER SOURCED ELECTRIC VEHICLE
273 Walt Whitman Rd.

Suite 327
Huntington Station, NY 11746

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

The information listed in the attached form PTO-1449 is being submitted herewith. In
accordance with 37 C.F.R. §1.92(a)(2)(ii), copies of U.S. Patents listed herein need not be
provided.

The cited documents were both third party submissions in a corresponding Japanese
patent application. In addition, document WO 03/105308 was recently cited by the EPO in an
extended European Search Report.

The above-noted application having issued as a patent, it is respectfully requested that the
information cited in annexed Form PTO-1449 be placed in the file wrapper of the above-

identified application.

I hereby certify that this paper is being deposited this date with the U.S.
Postal Service as first class mail addressed to the Commissioner for Patents,

P.O. Box 1450, Alexandria XA 22%13-1450
- vov. 19,304
Richard F. Jawofsk#” ) Date 4]

Reg. No. 33,515
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Patent and Trademark Office bppiicant ’
John Talbot BOYS et al.
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609: Draw line through citation if not in conformance and not considered. Include copy of this
form with next communication to applicant.
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John Talbot BOYS et al. 1172/69068
Page 2 of 2

The filing of this Information Disclosure Statement is not an admission that the

information cited herein is, or is considered to be, material to patentability as defined in 37

C.E.R. §1.56(b).

Respectfully submitted,

RICMARD F. /AWORSKI
Registration No. 33,515

Attorney for Applicant

Customer No. 14443

The Law Office of Richard F. Jaworski, PC
Tel. (631) 659-3608
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DESCRIPTION JP2006042519

(0001]

The present invention relates to non-contact power transmission apparatus capable of, such as between a
charger and a portable terminal such as a mobile phone to carry out a non-contact power transmission.

[0002]

Conventionally, as a non-contact power transmission device of this type, regardiess of the shape of the bottom of
the unit of the portable communication device, and the non-contact power transmission using electromagnetic
induction between the power receiving coil of the charging unit and the power transmission coil of the charging
unit (for example, see Patent Document 1, Patent Document 2) which was set to improve efficiency is known.

The transmitting coil is wound to the transmitting coil core, the receiving coil is wound in a receiving coil core.

Also, both are composed of rod-like body and the receiving coil and the transmitting coil core core, in use, the
end faces of the two cores is in opposition.

10-14124 No. 10-4639 JP Hei
(0003)

Meanwhile, the receiving coil power transmission coil that is used for non-contact power transmission device of
the prior art is wound on the core either.

In this case, since the most concentrated on the core, unnecessary radiation due to the magnetic field is
negligible, the magnetic field generated from the coil is not particularly necessary to take measures to suppress
unnecessary radiation.

However, in order to focus on their core a magnetic field generated from the coil, as described above, it is
necessary to structure such as to face the end surfaces simultaneously for the both cores in use.

[0004]

Therefore, as in the prior art, when it is used by winding the core to a different power receiving coil and the
transmitting coil, because there are restrictions on the structure and form of the coils, it is difficult to achieve
planar thinner and there is a problem that.

Therefore, it is conceivable to realize the thickness of the receiving coil and the transmitting coil, thereby
planarization of the two coils, the use of the core is not possible in plan of the same, magnetic field generated
from the coil some suppression of unnecessary radiation by, and is necessary to improve the efficiency of power
transmission.

(0005)

When In view of the above, to achieve planarization of the receiving coil and the transmitting coil is used for
contactless power transmission, suppression of unwanted radiation from the coil, and an object of the present
invention, improve the efficiency of power transmission The present invention is to provide a non-contact power
transmission apparatus capable.

[0006)

In order to achieve the object of the present invention to solve the above problem, the invention comprises the
following configuration.

That is, the first aspect of the present invention, and a power transmission device including a first coil and a
power receiving device including a secondary battery and a second coil, wherein the power transmission device
is electromagnetically coupled to the second coil, wherein the first coil When it has a transmission means for
generating a supply alternating current to the first coil, when the second coil is electromagnetically coupled to the
first coil, the power receiving device, alternating current is induced in the second coil and a receiving means for
charging the secondary battery by direct current is converted to direct current and converted this further, the
second coil and the first coil, so that its plane faces and a spiral the surface opposite the surface on which both of
them are opposed to each other and consisting of the second planar coil and the first planar coil is in, said
second planar coil and said first planar coil is provided each magnetic sheet was on.

(0007)

The second invention, in the first invention, the outer surface of the magnetic sheet provided on the second
planar coil and said first planar coil was further be provided so as to overlap each metal sheet.
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In the first or second invention, the second coil constituting the power receiving device, the receiving means, and
one of the secondary battery, according to the third invention, integral to the secondary battery and the second
coil of at least ized.

[0008]

In the first or second invention, the second coil constituting the power receiving device, the receiving means, and
one of the secondary battery, the fourth invention, the secondary battery and the second coil at least, | was to be
solidified or accommodated in the case within a given.

In the invention of any one of the fourth and the power receiving device, a fifth aspect of the present invention,
and so as to mobile phones through the first.

[0009])

A power transmission device comprising a first coil, and transmission and receiving compatible apparatus
including a secondary battery of the first and second coils, a sixth invention, a power receiving device including a
secondary battery of the second and third coil and a, when the first coil is electromagnetically coupled to the third
coil or the second coil, and a transmission means for generating a supply alternating current to the first coil,
wherein the power transmission device, the transmission and receiving combined when the second coil is
electromagnetically coupled with said third coil, and a transmission means for generating the supplied AC to the
second coil by using a battery as a power supply secondary of said first device, said second coil When you try to
electromagnetically coupled with said first coil, and a power receiving means for charging the secondary battery
according to claim 1 by a DC that converts alternating current into direct current induced in the second coil, and
the transformed , when the third coil electromagnetically coupled to the second coil or the first coil, the power
receiving device, the second by a DC that converts alternating current into direct current which is induced in the
third coil, and the transformed and a receiving means for charging the secondary battery 2, further wherein the
first coil, the second coil, and the third coil, the plane so as to face each other and a spiral and, and a third planar
coil first planar coil yl, and the second planar coil, wherein the first planar coil,On the opposite side of the surface
facing each of the second planar coil, and the third planar coil was provided to the magnetic sheet.

[0010]

In the sixth invention, the first planar coil, said second planar coil, and the outer surface of the magnetic sheet
provided on the third planar coil, further, a seventh aspect of the present invention, provided so as to overlap
each metal sheet was so.

Aspect 7 or 6, wherein the second coil constituting the transmission and receiving compatible apparatus, the
power transmission means, said receiving means, and of the secondary battery of the first, the eighth invention,
the atleast In and integrated rechargeable battery of the first and second coil, the third coil which constitutes the
power receiving device, the receiving means, and of the secondary battery of said second and said third coil at
least | have integrated a secondary battery of the second.

[0011]

Aspect 7 or 6, wherein the second coil constituting the transmission and receiving compatible apparatus, the
power transmission means, said receiving means, and of the secondary battery of the first, the ninth invention,
the atleast In and, so as to solidify or housing, the third coil which constitutes the power receiving device, the
receiving means, and the secondary battery of the first and second coil 2 and the second in the case of the given
Which of the following cell, secondary battery and the second and the third colil is set to be solidified or housed in
the case at least a predetermined.

[0012]

In the invention of any one of the ninth to the power receiving device and the transmission and receiving
compatible apparatus, a tenth aspect of the present invention, and so as to mobile phones through 6
respectively.

According to the present invention with the structure as described above, and the power receiving coil and power
transmission coil that is used for contactless power transfer is made from the planar coil, at the time of use,
although they form a transformer, It can be suppress unnecessary radiation due to the magnetic field such that
both coils occurs, it is possible to achieve the efficiency of power transmission.

[0013]

Hereinafter, embodiments of the present invention will be described with reference to the drawings.
[0014])

(First embodiment)

The configuration of the first embodiment of the non-contact power transmission apparatus of the present
invention will be described with reference to Figure 1.
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Non-contact power transmission apparatus according to the first embodiment is, for example, it is applied to a
mobile phone, as shown in Figure 1, the power transmitting device 11 which functions as a charger, 2 as the
power of the cellular phone unit 12 | and a power receiving device 13 including: a battery.

[0015)

The power receiving device 13 and the power transmission device 11, by binding electromagnetically, and is
adapted to form a non-contact power transmission apparatus that performs transmission power without contact
as described below.

As shown in Figure 1, the AC / DC converter 111, a transmission circuit 112, the power transmission device 11,
and a transmitting coil 113.

Itis intended for converting a predetermined DC voltage to AC voltage of 100 [V] for example is supplied to the
home, AC / DC converter 111 is adapted to supply to the transmission circuit 112 and the DC voltage converted .
This is a circuit that generates an AC voltage of a predetermined frequency using the DC voltage from the AC /
DC converter 111, transmission circuit 112 is adapted to supply to the transmitting coil 113 to the AC voltage
generated.

[0016]

As shown in Figure 1, the power receiving device 13 includes a receiving coil 131, a receiving circuit 132, the
charge and discharge control circuit 133, and a secondary battery 134.

Can be housed in a single container together, the secondary battery 134 receiving coil is a component 131,
receiving circuit 132, and discharge control circuit 133, or the power receiving device 13, and synthetic
thermosetting resin By using integrally modularized was (solidified), it is arranged to form a module powered
device (battery pack).

[0017)

The receiving coil 131, when it is used to be close to the power transmission coil 113 of the power transmission
device 11, the two coils 131,113 is adapted to form a transformer between them by electromagnetic coupling.

AC voltage induced in the receiving coil 131 by electromagnetic coupling, are supplied to the receiving circuit
132.

Receiving circuit 132 is a circuit that outputs a DC voltage by rectifying the AC voltage induced in the receiving
coil 131.

I's supplied to the secondary battery 134 via the discharge control circuit 133, the D C voltage output from the
power receiving circuit 132 is adapted to charge the secondary battery 134.

[0018]

And performs control of the charge in the case of charging the secondary battery 134 by the output from the
receiving circuit 132, discharge control circuit 133, discharge when operating the mobile phone unit 12 is the load
at the secondary battery 134 is a circuit for controlling the.

Secondary battery 134 is a battery such as a lithium ion battery, it can be used repeatedly by charging after
discharge.

[0019)

Next, the specific structure of the power receiving coil 131 of the power receiving device 13 and the power
transmission coil 113, the power transmitting device 11, will be described with reference to FIGS.

As shown in Figure 2, the planarspiral coil 113a, the magnetic sheet 113b, the power transmission coil 113 is
made of a metal sheet 113c.

Then, as shown in Figure 3, the outer surface of the flat spiral coils 113a, so as to cover the outer surface
entirety, and is provided in a state in which the metal sheet 113c¢ and the magnetic sheet 113b is stacked.

[0020]

Therefore, as shown in Figure 3, is configured to be larger in the order of metal sheet 113c planar spiral coil
113a, and magnetic sheet 113b,, the components of the power transmission coil 113, a suitable means such as
adhesives are and fixed contact or, together.

In addition, as shown in Figure 2, the planar spiral coil 131a, the magnetic sheet 131b, receiving coil 131 is made
of a metal sheet 131c.

Then, as shown in Figure 3, the outer surface of the flat spiral coils 131a, so as to cover the outer surface
entirety, and is provided in a state in which the metal sheet 131c and the magnetic sheet 131b is stacked.

[0021]
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Therefore, as shown in Figure 3, is configured to be larger in the order of metal sheet 131c planar spiral coil
131a, and magnetic sheet 131b,, the components of the receiving coil 131, a suitable means such as adhesives
are and fixed contact or together.

In addition, a planar spiral coil 113a of the power transmission coil 113 side and the planar spiral coil 131a of the
receiving coil 131 side, in use, to form a transformer its inner side each other to face, as shown in Figure 3 has
become.

For this reason, when in use, can suppress unnecessary radiation by the magnetic field planar spiral coil 113a,
131a occurs, metal sheet 113c, the 131c, magnetic sheet 113b, 131b is due to the electric field planar spiral coil
113a, 131a occurs | have been able to suppress unnecessary radiation.

[0022)

Here, in which the planar spiral coils 113a, 131a is made of insulated wires, such as twisted or single wire, wound
spirally in the same plane as shown in Figures 2 and 3 the wire .

Moreover, it becomes a magnetic material plate-like or sheet-like, magnetic sheet 113b, 131b is used, magnetic
silicon steel sheet, amorphous metal.

[0023]

The metal sheet 113c, the 131c, is made of a metallic material or sheet-like plate, and aluminum is used.

Next, a specific example of incorporating each cell phone case and the case of the charger, and a power
receiving unit 13 and the power transmission device 11 having a structure as shown in Figures 1 to 3, with
reference to Figure 4 described.

[0024]

Each element is built into the case 21 of the charger shown in Figure 4, which constitute the power receiving
device 13 shown in Figure 1, each element constituting the power transmission device 11 shown in Figure 1, a
cell phone case shown in Figure 4 It is built into the 31.

Case 21 of the charger, as shown in Figure 4, on the upper side, | have provided a mobile phone accommodating
portion 211 of the case 31 of the mobile phone is accommodated when charging the mobile phone.

Also, with the power transmission coil receiving portion 212 on the lower side of the mobile phone housing
portion 211, to the power transmission coil receiving portion 212, case 21 of the charger in a state where the
power transmission coil 113 shown in Figure 3, for example sealed are housed.

Furthermore, the case 21 of the charger, the circuit board 22 mounted with components such as power
transmission circuit 112 and the AC / DC converter 111 of the power transmission device 11 is accommodated.

[0025]

Case 31 of the cellular phone, as shown in Figure 4. in its lower part, a housing portion 311 which houses a
power receiving device module 32 modularized the power receiving device 13 shown in Figure 1, the exchange
of the power receiving device module 32 and a, a lid 312 for opening and closing of the housing portion 311
when.

Here, as described above, the power receiving device module 32 is housed in one container together, the
secondary battery 134 constituting the power receiving device 13, the receiving coil 131, receiving circuit 132,
and discharge control circuit 133, , or is obtained by modularized together with the synthetic resin and
thermosetting.

[0026])

As shown in the figure, the power receiving device module 32 shown in Figure 4, the case 321 such secondary
battery 134 receiving circuit 132, and discharge control circuit 133, is, and is housed in a case 321 of a
rectangular-shaped thin The receiving coil 131 is integrally attached to the casing 321 of the lower surface.

Also, the case 31 of the portable phone, the circuit board 33 mounted with electronic components of the various
circuits making up the main body of the cellular phone 12 is housed.

[0027]

Next, an operation example of the first embodiment having such a configuration will be described with reference
to FIGS.

Will be described as being charged using the power transmission device 11, the secondary battery 134 of the
power receiving device 13.

In this case, to a state brought close to the power transmission coil 113 of the power transmission device 11 and
the receiving coil 131 of the power receiving device 13, for electromagnetic coupling of two coils 131,113.

In this case, the receiving coil 131 and the power transmission coil 113, for example, | will state shown in Figure 4
or Figure 3.

Momentum Dynamics Corporation
Exhibit 1009
Page 555



[0028]

Thus, the receiving coil 131 and the power transmission coil 113 is electromagnetically coupled to the secondary
battery 134 of the power receiving device 13, charging by the power transmitting device 11 is started.

This charging time, charging of the secondary battery 134 is performed by receiving circuit 132.

This charging time, electric field and magnetic field is generated in the receiving coil 131 and the transmitting coil
113, there is the unnecessary radiation.

However, as shown in Figure 3, the magnetic sheet 113b, the 131b, it is possible to suppress unnecessary
radiation due to magnetic fields flat spiral coils 113a, 131a is generated, the metal sheet 113c, 131c is generated
planar spiral coil 113a, the 131a to suppress unnecessary radiation due to the electric field to be.

[0029]

Monitors the state of charge of the secondary battery 134, the charging is terminated, the charge and discharge
control circuit 133 stops the charging of the secondary battery 134 by the receiving circuit 132.

In this way, when the charging is completed to the secondary battery 134, and away from the power transmission
coil 113 of the power transmission device 11 and the receiving coil 131 of the power receiving device 13,
whereby the main body of the cellular phone 12, 2, which is charged the | can be used as a power source to the
next battery 134.

[0030)

As described above, in this first embodiment, the receiving coil 131 and the power transmission coil 113 is used
for contactless power transfer is made from the planar coil, In use, they form a transformer, but both power
transmission and efficient, can suppress unnecessary radiation due to the electric field and magnetic field from
the coil can be.

(0031]

(Second Embodiment)

The configuration of the second embodiment of the non-contact power transmission apparatus of the present
invention will be described with reference to FIG.

[0032)

Non-contact power transmission apparatus according to the second embodiment is, for example, it is applied to a
mobile phone, as shown in Figure 5, the power transmitting device 11 which functions as a charger, 2 as the
power of the cellular phone unit 12 and a transmission and receiving device 14 combined, including the
secondary battery as a power source of the mobile phone unit 15 and the power receiving device 13, including: a
battery, functions as a charger.

Then, the power transmission device 11 is included in it when it was formed, respectively, non-contact power
transmission equipment by the electromagnetically coupled to the powered device 13 or transmission and
receiving compatible apparatus 14, was combined with the transmission and receiving compatible apparatus 14 It
can be charged by a secondary battery that is included in it if it is possible to charge the battery 2, bound to the
powered device 13.

Also form a non-contact power transmission system by binding electromagnetically power receiving apparatus
13, transmission and receiving compatible apparatus 14 is enabled to charge the storage batteries included in the
power receiving device 13 at this time.

[0033]

Next, the specific configuration of each part of the second embodiment will be described with reference to FIG.

Power receiving device 13 and the power transmission device 11, so that the same structure as the power
receiving device 13 and the power transmission device 11 shown in Figure 1, and the same reference numerals
are added to the same components, description of the configuration is omitted here .

As shown in Figure 5, a transmission circuit 141, a receiving circuit 142, a secondary battery 143, the charge and
discharge control circuit 144, the transmission and receiving coil 145, transmission and receiving device 14
combined, the selector switch SW1~SW3 and, I'm provided with a setting device 146, a control circuit 147, and a
display 148.

[0034)

141, 143 incoming circuit 142,2 battery, 144 charge and discharge control circuit, transmission and receiving coil
145, the changeover switch SW1~SW3, setting device 146, the transmission and receiving compatible apparatus
14, control circuit power transmission circuit, which is a component of the display 148, or is contained in a single
container together, each component other than the display unit 148 and the setting device 146, modularized
together or by using a synthetic thermosetting resin and 147, and then (solidified), it is arranged to form a
transmission and receiving module compatible apparatus.
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[0035)

Here, it is basically the same as the power receiving device module has a module of the power receiving device
13 shown in Figure 1, the transmission and receiving compatible apparatus module is formed similarly to the
power receiving device module 32, for example, shown in Figure 4 that.

In operation, generates an AC voltage of a predetermined frequency using the DC voltage supplied from the
secondary battery 143, transmission circuit 141 is a circuit for supplying to the transmission and receiving coil
145 of the AC voltage generated.

If the power is transmitted thereto from the power transmitting device 11 transmission and receiving coil 145 is
electromagnetically coupled with the power transmission coil 113 of the power transmission device 11, the
receiving circuit 142 rectifies the AC voltage induced in the transmission and receiving coil 145 circuit for
generating a DC voltage, that the AC - DC converter is a circuit.

Is supplied to the secondary battery 143 via the discharge control circuit 144, the DC voltage generated by the
power receiving circuit 142 is adapted to charge the secondary battery 143.
[0036]

Secondary battery 143 is a battery such as a lithium ion battery, it can be used repeatedly by charging after
discharge.

Performs control of the charging (monitoring) in the case of charging the secondary battery 143 through 142
receiving circuit, the charge and discharge control circuit 144 operates the mobile phone unit 15 is a load and
power transmission circuit 141 in the secondary battery 143 is a circuit for controlling the discharge (monitor) -
when.

[0037)

The transmission and receiving coil 145, when it is used to be close to the power transmission coil 113 of the
power transmission device 11, the two coils 145,113 is adapted to form a transformer between them by
electromagnetic coupling .

Also, the transmission and receiving coil 145, in the case of using is brought close to the receiving coil 131 of the
power receiving device 13, the two coils 145,131 are adapted to form a transformer between them by
electromagnetic coupling have.

In other words, the receiving coil 131 transmitting coil 113, and the transmission and receiving coil 145, is
adapted to be separated from each other and can be electromagnetically coupled to each other.

[0038])

SW1, SW2 select switch is configured to perform a selective connection with the transmission and receiving coil
145, and the receiving circuit 142 or the power transmission circuit 141.

Also, changeover switch SW3 is configured to perform a selective connection between the secondary battery
143, and the receiving circuit 142 or the power transmission circuit 141.

Normally, the contacts of the changeover switch SW1~SW3 These are connected to the power receiving side
circuit 142, for example as shown.

[0039]

The setting unit 146, and is intended user to selectively set the use of the receiving circuit 142 or the power
transmission circuit 141, the configuration data are inputted to the control circuit 147.

According to the setting data from the setting device 146, the control circuit 147 is a circuitthat causes the
display unit 148 displays the operation state to control the switching of the contacts of the changeover switch
SW1~SWa3.

The display 148 is made of a liquid crystal display device, predetermined information is intended to be displayed
as described above.

(0040]

Next, a specific configuration of the transmission and receiving coil 145 113, and receiving coil 131, the power
transmission coil shown in FIG 5, will be described with reference to FIG.

Receiving coil 131 and the transmitting coil 113 shown in Figure 5, configured in the same manner as the
receiving coil 131 and the transmitting coil 113 of the first embodiment shown in FIG.

Also, transmission and receiving coil 145 shown in Figure 5 is configured in the same manner as the receiving
coil 131 or the transmitting coil 113 for example shown in Figure 3.

[0041])
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With this configuration, in use, to form a transformer coils two of which are electromagnetically coupled to each
other, receiving coil 131 113, and the transmission and receiving coil 145, the power transmission coil shown in
Figure 5, when the thus power transmission efficiency by suppressing unnecessary radiation caused by an
electric field or a magnetic field generated by each coil.

Next, an operation example of the second embodiment having such a configuration will be described with
reference to FIG.

[0042]

Here, in the second embodiment, similarly to the first embodiment, it may be charged by the power transmitting
device 11 and 134 secondary battery of the power receiving device 13, but in this case because it is already
explained, the following | The operation of other cases.

First, a description will be given when charging with the power transmitting device 11, the secondary battery 143
of the transmission and receiving compatible apparatus 14 mounted on a main body of the cellular phone 15.

In this case, it is in a state where it is brought close to the power transmission coil 113 of the power transmission
device 11 and transmission and receiving coil 145 of the transmission and receiving device 14 combined, both
coils 145,113 are electromagnetically coupled.

[0043)

In this state, the setting unit 146, the setting is made to the effect that charging the secondary battery 143 using
the power transmission device 11, the setting data is input to the control circuit 147.

Accordance with the configuration data, causes the display unit 148 to display to that effect, the position shown in
Figure 5, the contact of the changeover switch SW1~SW3, that is, the controf circuit 147, is connected to the
receiving circuit 142 side.

[0044]

As a result, the secondary battery 143 of the transmission and receiving compatible apparatus 14, charging by
the power transmitting device 11 is started.

This charging time, charging of the secondary battery 143 is performed by receiving circuit 142.

In addition, the charging time, electric field and magnetic field is generated by the 145 transmission and receiving
coil and the transmitting coil 113, there is the unnecessary radiation.

However, at this time, the transmission and receiving coil 145 and the power transmission coil 113 is configured
in the same manner as the receiving coil 131 and the power transmission coil 113 shown in Figure 3 as
described above.

For this reason, in the same manner as the receiving coil 131 and the transmitting coil 113 shown in Figure 3,
transmission and receiving coil 145 and the transmitting coil 113 can suppress unnecessary radiation due to the
electric field and magnetic field coil generates.

[0045]

Monitors the state of charge of the secondary battery 143, the charging is terminated, the charge and discharge
control circuit 144 stops the charging of the secondary battery 143 by the receiving circuit 142.

Then, 134 secondary battery of the power receiving device 13 to be mounted on the mobile phone unit 12 is
unusable, by using the transmission and receiving compatible apparatus 14 mounted on a main body of the
cellular phone 15, the charging of the secondary battery 134 will be described to be charged.

[0046]

In this case, it is in a state where it is brought close to the transmission and receiving coil 145 of the transmission
and receiving unit 14 serves a receiving coil 131 of the power receiving device 13, both coils 131,145 are
electromagnetically coupled.

In this state, it is performed in the setting unit 146 to set the effect that charging the secondary battery 134 by the
transmission and receiving device 14 combined, the setting data is input to the control circuit 147.

In accordance with the setting data, and causes the display 148 to display to that effect, the position opposite to
the position shown in the figure, the contact of the changeover switch SW1~SW3, that is, the control circuit 147
switches the power transmission circuit 141 side .

(0047)

As a result, 134 secondary battery powered device 13, charging by the transmission and receiving compatible
apparatus 14 is started.
This charging time, charging of the secondary battery 134 is performed by receiving circuit 132.

In addition, the time of charging, electric field and magnetic field is generated by the transmission and 145
receiving coil and the receiving coil 131, there is the unwanted radiation.
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However, at this time, the transmission and receiving coil 145 and receiver coil 131 is configured in the same
manner as the receiving coil 131 and the power transmission coil 113 shown in Figure 3 as described above.
Similar to the receiving coil 131 and the transmitting coil 113 shown in Figure 3, transmission and receiving coil
and 145 ,, receiving coil 131 can suppress unnecessary radiation due to the electric field and magnetic field coil
generates for this.

[0048]

Monitors the state of charge of the secondary battery 134, the charging is terminated, the charge and discharge
control circuit 133 stops the charging of the secondary battery 134 by the receiving circuit 132.

As described above, in this second embodiment, the receiving coil 131 113, andthe transmission and receiving
coil 145, power transmission coils to be used for non-contact power transmission is changing suddenly planar
coil, In use, the two of which transformer is formed by the coil of Tsu, it can be, and can suppress unnecessary
radiation due to magnetic or electric fields from the coils forming the transformer, to improve the efficiency of
power transmission.

[0049])

Also, in this second embodiment, it is mounted on a portable phone unit 15 and transmission and receiving
compatible apparatus 14 including a secondary battery 143 functions as a charger, the mobile phone body 12 to
the power receiving device 13 including a secondary battery 134 was like to be mounted on.

Therefore, according to the second embodiment, a mobile phone equipped with the power receiving device 13
becomes unavailable, 134 secondary battery of the power receiving device 13 using a mobile phone equipped
with a transmission and receiving compatible apparatus 14 it is possible to charge, it is very convenience.

[0050]

Furthermore, in the transmission and receiving compatible apparatus 14 of the second embodiment, when used
as a battery charger or when used as a secondary battery, on which can be set freely its use, display unit user
the setting state it can be easily recognized by, it is possible to prevent malfunction due to the misconfiguration.

Other Embodiments

In the first embodiment, as shown in Figures 2 and 3, composed of a metal sheet 113c planar spiral coil 113a,
and magnetic sheet 113b,, the receiving coil 131, the power transmission coil 113, the planar spiral coil 131a, |
was to be made of a metal sheet and 131c magnetic sheet 131b,.

However, the receiving coil 131 and the transmitting coil 113 may be omitted each metal sheet 113c, and 131c.

[0051]

The configuration of this point, it is the same for each component of the receiving coil 131 power transmission
coils in the second embodiment 113, and transmission and receiving coil 145,.

In the first embodiment, the power receiving device 13, and integrating the secondary battery 134 receiving coil is
a component 131, receiving circuit 132, and discharge control circuit 133, it is arranged to form a power receiving
device module This integration may be any secondary battery 134 and the receiving coil 131 at least.

[0052]

Furthermore, in the second embodiment, transmission and receiving device 14 combined, 141, 143 receiving
circuit battery 142,2, 144 charge and discharge control circuit, transmission and receiving coil 145, the selector
switch SW1~SW3 transmission circuit which is a component , of the display device 148 set 146, and a control
circuit 147, and integrating the components other than the display unit 148 and the setting device 146, it is
arranged to form a transmission and receiving compatible apparatus module.

However, this integration may be any secondary battery 143 and the transmission and receiving coil 131 at least.
[0053)

In the second embodiment and the first embodiment has been described as being applied to a mobile phone, but
can be applied to a portable device such as a video camera or mobile terminals, such as portable computers and
in place of this.

[0054)

Is a block diagram showing a configuration of a first embodiment of the present invention,
Is an exploded perspective view of each component of the receiving coil and the transmitting coil.
Is a cross-sectional view showing the structure of a receiving coil and transmitting coil.

Is a cross-sectional view showing a state incorporated in the cell phone case and the case of the charger, and a
power transmitting apparatus and the power receiving apparatus.

Is a block diagram showing the configuration of a second embodiment of the present invention.
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[0055]

11 ... the power transmission device, 12 and 15 ... mobile phone body, 13 ... powered device, 14 ... transmission
and receiving compatible apparatus, 32 ... powered device module, 113 ... power transmission coil, 113a, 131a
--+ planar spiral coil, 113b, 131b - magnetic sheet, 113c, 131c -** metal sheet, 112,141 ... power transmission
circuit, 131 ... receiving coil, 132, 142 ... incoming circuit, 134,143 ... secondary battery, 145 ... transmission and
receiving coil.

CLAIMS JP2006042519

[0001]

And a power transmission device including a first coil and a power receiving device including a secondary battery
and a second coil,

When the first coil is electromagnetically coupled to the second coil, wherein the power transmission device has a
transmission means for generating an alternating current supplied to the first coil,

When the second coil is electromagnetically coupled to the first coil, the power receiving device, for charging of
the secondary battery by a OC that converts alternating current into direct current induced in the second coil, and
the transformed and a receiving means,

Further, the second coil and the first coil consists second planar coil and the first planar coil that plane is adapted
to face a spiral,

And said second planar coil and the first planar coil, the non-contact power transmission device to the surface
opposite to the surface in which the two faces, and characterized by providing each of the magnetic sheet.

[0002]

The outer surface of the magnetic sheet provided on the second planar coil and the first planar coil, further, the
non-contact power transmission device according to claim 1, characterized in that is provided to overlap each
metal sheet.

[0003]

The second coil constituting the power receiving device, the receiving means, and one of the secondary battery,
to claim 1, characterized in that it is integrated to the secondary battery and the second coil of at least non-
contact power transmission device according.

(0004]

The second coil constituting the power receiving device, the receiving means, and one of the secondary
batteries, the secondary battery and the second cail, it has to be solidified or accommodated in a case at least a
predetermined The contactless power transmission apparatus according to claim 1, wherein the.

[0005]

The power receiving device, the non-contact power transmission apparatus according to claim 1 of any one of
claims 1 to 4, characterized in that it was mounted on a cellular phone.

[0006]

And a power transmission device including a first coil, and the transmission and receiving combined device
including a secondary battery of the first and second coil and a power receiving device including a secondary
battery of the second and third coil,

The power transmission device,

When electromagnetically coupled to the third coil of the first coil or the second coil, and a transmission means
for generating an alternating current supplied to the first coil,

The transmission and receiving compatible apparatus is,

when the second coil is electromagnetically coupled with said third coil, and a transmission means for generating
an alternating current supplied to the second coil by using a battery as a power supply of the secondary first,
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when the second coil is electromagnetically coupled to the first coil, and receiving means for charging the
secondary battery according to claim 1 by a DC that converts alternating current into direct current induced in the
second coil, and the transformed and a door,

The powered device,

When electromagnetically coupled to the second coil and the third coil or the first coil, the secondary battery and
the second by a DC that converts alternating current into direct current which is induced in the third coil, and the
transformed and a receiving means for charging,

Further, the first coil, the second coil, and the third coil, the third planar first planar coil the plane is in opposition
to each other a spiral, and the second planar coil, and a coil,

And wherein the first planar coil, the second planar coil, and the third planar coil, the non-contact power
transmission apparatus is characterized in that a surface opposite to a surface facing, respectively, and provided
with a magnetic sheet.

[0007]

The first planar coil, said second planar coil, and the outer surface of the magnetic sheet provided on the third
planar coil, further, according to claim 6, characterized in that is provided to overlap each metal sheet non-
contact power transmission equipment.

(0008)

The second coil constituting the transmission and receiving compatible apparatus, said power transmission
means, said receiving means, and of the secondary battery according to claim 1, the integrated rechargeable
battery of the first and the second coil, at least,

And the third coil which constitutes the power receiving device, the receiving means, and of the secondary
battery and the second, characterized in that it has integrated rechargeable battery and the second and the third
coil at least The contactless power transmission apparatus according to claim 6 or 7.

[0009]

The second coil constituting the transmission and receiving compatible apparatus, said power transmission
means, said receiving means, and of the secondary battery according to claim 1, the secondary battery of the
first and the second coil is at least a predetermined and so as to solidify or housed in the case,

And the third coil which constitutes the power receiving device, the receiving means, and of the secondary
battery of the second secondary battery and the second and the third coil is housed within a case at least a
predetermined or the non-contact power transmission apparatus according to claim 6, characterized in that it is
arranged to solidify.

[0010]

The power receiving device and the transmission and receiving combined device, non-contact power
transmission apparatus according to claim 1 any one of claims 9 to claim 6, characterized in that it was mounted
on a cellular phone, respectively.
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FIELD OF THE INVENTION
This invention relates to a battery charges, and in particular to a battery charger
having a planar surface on which one or more battery powered devices may be placed

for battery recharging through induction. The invention also extends to a battery

charging system for use with conventional electronic devices and that allows

conventional electronic devices to be charged using the battery charging system of the

present invention,

BACKGROUND OF THE INVENTION
* Portable electronic equipment such as mobile phones, handheld computers,
personal data assistants, and devices such as a wireless computer mouse, are gormally

powered by batteries. In many cases, rechargeable batteries are prefesred because of

environmental and economical concerns. The most common way to charge rechargeable

batteries is to use a conventional charger, which normally consists of an AC-DC power
supply (in case of using the‘ac mains) or a DC-DC power supply (in case of using a car
battery). Conventional chargers normally use a cord (an electric cable for a physical
electrical connection) to connect the charger circuit (a power supply) e the baltery
located in the portable electronic equipment. The basic schematic of the conventional

battery charger is shown ip Fig.1.

PRIOR ART
Inductive electronic chargers without direct physical electrical conection have

been developed in some portable electronic equipment such as electric toothbrushes
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" where because they are designed to be used in the bathroom in the vicinity of sinks and

water, it is not safe to provide a conventional electrical connection. US6,356,049,

US6301,128, US6,118,249, also all describe varioos forms of inductive cbargers. These

" inductive type chargers, however, use traditional transformer designs with windings

wound around ferrite magnetic cores as .shown in Fig.2. The main magnetic flux
between the primar'y winding and secondary winding has to go through the magnetic
core materials. Other contactless chargers proposed elso use magnetic cores as the main
structure for the coupled transformer vlvindin.gs.

A contactless charger nsi;ig a single priméry printed winding witl{out any EMI
5hielding has been proposed by Choi et al in “A new contaclless battery charger for
portable teleconimun.imtions/éomputing electronics” ICCE International Conference on
Consumer Blectronics 2001 Pages 58-59. However, the magnetic flux distribution of a
single spiral winding has a major problem of pon-uniform magpetic fux-distribution.
As illustrated further below, the magnitude <;f the magpetic ficld in the centre of the
core of a spiral winding is highest and decreases from the centre. This means that if the
portable electronic device is not placed properly in the central region, the charging
effect is not effective in this non-uniform field distribution. Furthemmore, without proper
EMI shielding, undesirable indu;ved cuntents may flow in other metallic parts of the

portable electronic equipment.

SUMMARY OF THE INVENTION
According to the present invention therc is prov_ided a battery charger system
'comprising a charging module comprisinga primary charging circuit and being formed
with a planar charging surface adapted to rective an electronic device to be charged,

wherein said primary chargiog circuit includes the primary winding of a transformer,
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said primary winding being substantially parallel to said planér charging surface,

wherein said primary winding is provided with electromagnetic shielding- on the side of
said winding opposite from said planar charging surface, and wherein said electronic
device is forined with a secondary winding.

Io a preferred embodiment the primﬁry winding is formed on a planar printed
circuit board. ‘ I

Preferably the magnetic flux generated by the primary winding is substantially

uniform over at least a major part of the planar charging surface. In this way the precise.

position and orientation of the electronic device on the charging surface is not critical.

To achieve this the charging module may comprise a plurality of primary windings,

which may preferably be disposed in a regular array.

In a preferred embodiment the primary winding is provided with

electromagpetic- shielding on the side of said winding opposite from said- planar

- charging surface. This shielding may include a sheet of ferrite material, and more

preferably also may further include a sheet of conductive material such as copper or
eluminium _

It is an advantage of the pre.sent invention that in preferred embodiments the
planar chlarging surface may be large enough to receive two or more electronic devio_es,

and the primary charging circuit is adapted to charge two or more devices

simultaneously. In this way it is possible to charge more than one device simultaneously.

For example the planar charging surface may be divided into a plurality of charg‘x;g
regions, which regions may be defined by providing a plurality of pri.mary transformer
windings arranged in a regular array and connecting the windings in groups 1o define
said charging regions. A further. advant#ge of the i)resenl'-ipvenlion is that it enables the

possibility of allowing a device to move ovet the charging surfacc while being charged

Momentum Dynamics Corporation

Exhibit 1009
Page 565



[457]2010-507347 [Zf+H)FERL26. 08. 22

10

15

20

WO 03/103308 H e © === PCT/AU03/0721

at the same time. This possibility is particularly useful to a device which is designed to

be moved such as a wireless computer mouse

Viewed from another aspect the present invention provides a battery charging,

system comprising a charging module comprising a primary charging circuit and being

formed with a charging surface for receiving an electronic device to be charged, '

wherein said cliarging module clompriscs a pllimlity of transformer primacy windings
arranged in a rcgular array. ‘ | ‘

Inaddition to the battery charging system, the invention also extends to a battery
powered postable electronic device comprising a rechargeable battery, and wherein the
device includes a planar secclnhdary winding” for receiving electrical energy from a
battery charger, and electromagnetic shielding between the winding and the m:jor
clectronic components of said device.

Preferably‘. the shielding comprises a sheet of feerite material and a sheet of
conductive material such as copper.

Preferably the winding is formed integrally with a back cover of said device.

An important aspect of the present invention is that it provides a battery
charging system that employs a localised charging concept. In parsicular, when there is

an array of primary .coils, it will be understood that energy is only transferred from

those primary coils that are adjacent the seoohdary coil located in the device being

charged. In other words, when a device is placed ona planar charging surface that is

greater ia size than the device, énergy is only transferred from that part of the planar
charging surface that is directly beneath the device, and possibly also immediately
adjacent areas that are still able to couple 10 the secondary coil.

Viewed from another aspect the present inventionprovides a battery charging

system comprising a primary module and at least one secondary module, said primary

5
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. module comprising means for connecting to a mains supply, aed at least one primary

winding adjacent to a charging surface of said .primaxy module, and wherein said

s«:condaxir module comprises a secondary winding adjacent fo a surface of said

secondary module, circuit means for converting altemating current generated in said

secondary winding to a regulated DC output, and a charging conuector for connection to
the charging socket of an electroric device.

According to another as;pwt the invention also extends to a scoonda}y module
for a battery charging system, mﬁprising: a housing having -at least one charging
surface, a winding provided in said housing adjacent to said surface and adapted to
receive magnetic flux when said surﬁaée is brought adjacent 10 a primary winding,

circuit means for converting alternating current in said secondary winding to a regulated

- DC output, and a connector means for connecting said DC output ¢o the charging socket

of an electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

Some embodiments of the inventios will now be described by way of exarmple

and with reference to the accompanying drawings, in which:-
Fig.1 is a schematic view of a conventional prior art battery charger with direct
electrical connection,
¥ig.2 is a schematic view of a conventional magnetic core-based lra;nsformel as
used in prior art inductive battery charger systems,
Fig.3 is a schematic view of a planar transformer with shielding,
Figs4(a)-(c) are (a) a perspeclive view of a battery charger system accosding to

an embodiment of the present invention, (b) a view similar 10 (a) but showing

Momentum Dynamics Corporation

Exhibit 1009
Page 567



[4525]2010-507347 [ 1 B ] pK26. 08. 22 7
. P _ 1[
ik
WO 03/105308 'E___ e ceon s PCT/Auomojzl

-10

1S

20

25

.thc structure of the primary charging system, and (c) a view similar to (a) and ®)

but showing the top cover xemo.vcd for clarity, .

Figs.5(a) & (b)' show the structure of the primary charger with the top cover ..

removed for clarity, and in Fig.5(a) with the structure shown in exploded view,

Figs.6(a) & (b) show (a) a single spiml PCB winding, and (b) the measured

magnetic field distribution of a single spiral winding,

Figs.7(a) & (b) illustrate” the use of a magnetic core to control magnetic field

distribution, -

Fig.8 éhows an embodiment of (he invention in which a plurality of primary

windings are arranged inan amey structure,.

Fig§9(a) & (b) shows (a) a ’4 x 4 primary winding array, and (b) the resulting

magnetic field distribution, "o '

Figs.10(a)-(c) iustrate ao embodiment. of .the invention in which primary
. windings are arranged in groups with Fig.10{c) showing the equivalent circuit,

Fig.11 shbws an example of the back cover of an cl§c&ronic device designed to

be recharged using anembodiment of the present invention;

Figs.12(a)-(d) show exploded views of the back cover of Fig.11,

Figs.13(a) & (b) show views of a watch that may be recharged in accordance

with an embodiment of the invention, _

Fig.14 shows a charging module in ac«.;orda-moc with an alicmative embodiment

of the in§ention. |

Fig1S shows a first layer of a 4x5 winding array for use in a multi-layer

embodiment,

ﬂé.lG shows a second layer of a 3z4 winding array for use in conjunction with

the layer of Fig.15 in a multi-layer embodiment,
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Fig.17 shows the layers of Fig.15 and Fig.16 in the two-layer st.ructuit. _
Fig.18is simpl'rﬁ;:d version of Fig.15, _ . i
Fig.19 is a simplified version of Fig16, - .
Fig.20 is a simplified version of Fig.17,
5 ~ Fig.21is a plot showing the smoothing effect of the two-layer structure,
" Pig.22 shows a hexagonal spiral winding,
Fig.23 is.a simplified form of Fig.22,
Fig.24 shows a single-layer of hexagonal spiral windings,
Fig.25 ;hows two adjacent hexagonal spiral windings,

10 . Fig.26 shows the mmf diswibution of the adjacent windings of Fig.25,

Fig.27 shows three qdjgdent hexagonal spiral windings and the pcaks and
minima of the flux distribution, -

Fig.28 shows two overlapped layers of hexagonal spiral windings,

Fig.29 shows the location of the peak flux in the structure of Rig.28,

15 Fig.30 corresponds to Fig.29 imy also shows the location of the flux minima,
Fig.31 shows an embodiment of the invention formed with three overlapped
layers,

Fig.32 correspords toFig 31 but shows the location of the ﬂux’p:ai(s,
Fig.33 is a plot showing the uniformityl of the flux distribution along a line,

20 Fig.34 shows a square spiral wingiing, ' '
Fig 35 is a simplified vession of Fig.34,

Fig.36 shows 4 first layer of sc.{uare spiral windings; _
Fig.37 corresponds to Fig.36 but shows the location of the flux maxima and

minima,
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Fig.38 shows two overlapped layers of square spiral windin@ including the
Jocation of the flux maxima and minima,
Fig.39 shows three overlapped layers of square spiral windings including the

location of the flux maxima and minima,

. Fig.40 shows four overlapped layers of square spiral windings including the

location of the flux maxima and minima,

Flg.d,i illustrates a battery charging system according to a further embodiment

of the invention,

- Fig.42 is a view similar to Fig.41 but part broken away to show the primary

winding,

Fig43isa viel.w similar to Fig42 blln of an alternate embodiment,

Figs.44(a) and (b) illustrate possible magnetic cores for use in the emt;odimem
of Fig.42,

Fig.45 shows an equivalent circuit for the charging system of an embodiment of

the invention,

"Fig.46 illustrates an example of a secondary module for use in an embodiment

of the invention,

Fig.47 shows a part broken away view of secondary module of a embodiment
of the invention, .

Fig.48 is a view similar to Fig.tﬁ but of a further embodix-nem,

Fig49 is a view showing the complete charging system aeot;rding to an
embodiment of the ixivention, ‘

Fig.50 is a view similar to i’ig.49 but showiilg'hm;r tbe charging system
according to an embodi;nem of the invention can be used to charge multiple

devices having different forms of charging connections, and
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Fig.51 is a view illustrating how an embodiment of the present invention can be

used to enable a conventional electronic device to be charged using an inductive

charging platform as shown in Fig.4.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will now be described in respéct of a preferred '

embodiment in the form of an inductive battery charger for portable electronic
equipment such as mobile phones, handheld computers and personal digital assistants
(PDA), and devices such as a wircless computer mouse.

Referring firstly to Fig.4, the inductive charger system com]:;zises two modules,
apower aelivering charger module that contains the primary circuit of a planar isolation

transfornter and a secondary circuit that is located it the portable electronic equipment

to be charged. In this embodiment of the invention, the charger circuit is located within

a housing 1 that is formed with a flat charging svrface 2. Tbe secondary circuit is

formed in the portable equipment to be charged (in this example a mobile phone 3) and '

the equipment is formed with at least onc planar surface. As will be seen from the

‘following description the equipment is charged simply by placing the equipment on the

surface so that the planar surface on the equipment is brought into contact with the flat

charging surface 2. It is a parlicnlarly preferred aspect of the present invention that the

equipment to be charged does not have to be positioned on the charging surface in any

special orientation. Furthermore, in preferred embodiments of the invension two or more
mobile devices may be charged simultaneously on the same charging surface, and/or a
device that is designed to be moved (Quch as a wireless computer mouse) can be
charged while ‘being-moved over the charging surface (which could be integrated irto a

computer mouse pad). It will also be seen from the following description that the energy
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transfer is “localised” in the sense that energy is only transferred from the charginé
surface to the device from that part of the charging suiface that is ditectly beneath the
device (and possibly to a lesser extent regions adjace}ll thereto). |

Referring in particular to Fig.4(b) the primary charging module comprises a
printed circuit board 4 formed with at least one spiral conductive track formed theréon
as a primary winding. It will be understog.yd, however, that the primary winding need not
necessarily be formed on a PCB and could be formed separately. Allemalively, multiple
PCBs each formed with at least one winding could be "stacked" on top of e;.ach other o
increase the.total flux. Preferably, as will be described further below, there are in fact a
plurality of such spirai tracks disposed in an array as shown in Fig.4(c) in which a top

insulaling sheet has been removed for clarity.(Beneathi the PCB 4 (ie the side of the PCB)

wa m_the char surface) i§ ided’ EMI shielding comprising firstly a ferti

(bt ' condgiive fhEet 6 wileh i thise
(@_coppey_sheei Benzath Lhe copper sheet 6 may be provided any suitable form of
suﬁslrate_material 7,ega plastics material. Above the PCB 4 may be provided a sheet of
inéulaxing material 8 which formns the charging surface. Preferably the PCB 4, the EMI
shielding sheets 5,6, the substrate 7 and the insulasng cover sheet 8 may also be
generally the same size and shape, for example rectangular, so as to form the primary
charging module with the charging surface being large enough to accormmodate at least
one, and more preferably two or more, devices to be charged. Figs.5(a) and (b) also
show the structure of the charging module without the cover sheet and wit:hout any
devices to be charged thereon for the sake of clarity.

"As shown in Fig.4, lh? primary transformer circuit module transmits electrical
emergy al high frequency through a flat charging surface that contains the primary

transformet windings. Thc secondary winging is also planar and is located in the
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portable electronic equipment and couples this egergy, and a recﬁﬁer within the
portable equipment tectifies the high-frequency secondary AC voltage into a DC
voltage for.charging the battery inside the portable eq.uipinmt either directly or via a
charging <circuit. The rectified DC voltage is applied to the battery via mechanical
contacts provided in an integrated back cover as will be described further below. No
physical electrical connection between the primary charger circuit and the portable
electronic equipment is needed.

The primary charger circuit has (1) a switched mode power electronic circuit. (2)
the primary side of a planar transforner that consists of a group of primary windings
conpected in series or in parallel or a combination of both, (3) an EMI shilcld and (4) a
flat interface surface on which one or more portable electronic devices can be placed
and charged simultaneously. The schematic of the primary charger system is shown in
Fig.5(a) and (b) without the insulating cover.

The battery charging system can be powered by AC or DC power sources. If the
power supply is the AC mains, the switched mode power electronic circuit should
perform a low-frequency (50 or 60Hz) AC to DC power conversion and then DC to
high-frequency (typically in the range from 20kHz to 10MHz) AC power convefsion,
This high-frequency AC voltage will feed the primary planar windings of the primary
charger circuit. If the power supply is a batery (e.g. a car battery), the switched mode
power supply should perform a DC to high-frequency AC power conversion 'I‘he‘ high-
frequency voltage is fed to the primary windings of the plaim transformer.

Preferably, the chasger should be able to charge one or more than one items of

portable electronic equipment at the same time. In order to achieve such a function, the

AC magnetic flux experienced by each item of portable equipment placed on' the .

charging surface should be as even as possible. A standard planar spiral winding as
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shown in Figl.G(a) is not suitable to meet this requirement because its flux distribution is
ot uniform as shown in Fig.6(b) when the winding is excited by an AC power source.
The reason for such non-uniform magneliclﬂux distriﬁution is that the number of turns
in the central region of (he single spiral winding is largést. As the magniludel‘of the
magnetic flux and the magnetomotive force (mmf) is proporiional to the product of the
number of turn and the current in the winding, the magnetic flux is highest in the centre
of the winding.

One method to ensurehnifonn magnetic flux or mmf distribution is to use a
concentric primary winding .wi_th a planar magnetic oore as shown in Fig.7(a). This
magnelic core-based approach allows the magnetic flux to concentrate inside the core
and typical magnetic flux distribution is shown in Fig.7(b). In general, the flat charging
il;terface- surface of the primary charger should be larger than the tqtal area of the

portable electronic equiprent. -

In order to ensure that more than one ilem of portable electronic equiptent can -

be placed on the flat charging susface and charged sbnaltaneously, a second and more

preferred method proposed is to ensure that the magnetic flux distribution eitpcrienced

by each items of portable electronic equipment is as uniform as possible. This method

cen be realized by using a “distributed” priraary placar transformer winding array
structure as shown in Fig.8. This planar winding arcay consists of many printed spiral
windings formed on the PCB, These printed spiral windings can be hexagonal, circular,
square or rectangular spirals;. and can be connected in series, in parallel or a
combination of both to the high-frequency AC voltage generated in the powér supply in
the primary charger circuit. The array should comprises relatively closely sbaoed coils
sO as to be able to generate the required near-uniform magnetic flux distribuﬁon; as an

array of widely spaced apart coils may not generate such a near-uniform feld.

13
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Fig9(a) shows a practical example with the. transformer winding arcay
mnneq(ed in series so that all the ﬂu:_:cs created in the windings point to the same
direction. Fig.9(b) show the measured flux distribution of one planar tcansformer when
the windings in the transformer arzay are conmected in series. This measwerment
confitms the near uniform qagncﬁc flux distribution of the array structure. Comparison
of Fig.6(b) and Fig9(b) confirms the improvement of the uniform' magnetic ﬁeid

distribution using the transformer array structure. In addition, this transformer array

. structure provides for the possibility of multiple primary ‘transformer windings being '

provided for locélized charging as will now be explained.
The primary transformer windings ‘can also take the 'form of a combination of
serics and parallel connections if desired. Such an arrangement allows the charging

surface to be divided into various charging regions to cater for different sizes of the

secondasy windings inside the portable electronic equipment. Fig.10(a) illustrates this -

localized charging zone principle. Assume that the transformer array is divided into 4

20nes (A, B, C, and D). The transformer windings within each zone are connected in

series to form one primary winding group with the distributed magnetic flux feature.
There will be four primary windings in the equivalent circuit as shown.in Fig.10(c). If

the portable electronic cquipment is placed on Zones A and B as shawn in Fig.10(b), the

equivalent electrical circuit is shown in Fig.10(c). Only the parallel primary transformer

vlvinding groups for Znnes'A and B are loaded because they can sense a nearby
secondary winding circuit in the portable electronic equipment. Therefore, they will
generate magnetic flux in Zones A and B. Primary transformer'wind.ings Cand D are
oot loaded because they have oo secondary transformer circuit close to them and their

equivalent secondary circuits are simply an open-circuit (Fig 10(c)). As a result, power

transfer between the primary charger circuit and the secondary windings inside the

14
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; 'por&blc electronic equipment takes place basicélly through the coupled regions (areas)

of the charging interflace surfoce covered by the portable electronic equipment. The non-
covered area of the charging surface will transfer virtually no evergy. This special
design avqids unnecessary electromagnetic interference. A further advantage of this
localised energy transfer concept, is that it enables a mc;vable device (such as a wireless
computer mouse) to be continually charged as it moves over the cha;g;irig surface. In the

case of a wireless computer mouse, for example, the primary charging circuit-could be

integrated into a mousepad and the mouse may be charged as it rcsts on and/or moves

over the mousepad.

The back .cover of the portable electronic equipment is a detachable back cover
shown in Fig.12(a) that covers the battery and which may be removed when the battery
is 'neplacgd. in preferred embodiments of the present invention, this back cover bas a
built-in secondary planar transformer winding 10, a d;ode rectifier circuit 13 and
preferably a thin EMI shield 11,12 as shown in I"ig.l2(l3) & (). When the back cover
side of the portable equipment is placed n;‘,ar the flat charging smface of the primary
charger circuit, this secondary winding couples the energy fram the nearby primary
transformer winding or windings. The rectifier circuit rectifies the coupled AC voltage
into'a DC voltage for charging tht_z battery through mechanical contacts 14. This rectifier
circuit also prevents the battery from dlschargmg into the secondary winding. In order
to avoid induced circuit from (.:irculaling in other metal par inside portable elecironic

circuit, it is preferable to include a thin EMI shield as part of the integrated back cover

structure as shown in Fig.12. This EMT shield can be a thin piece of ferrite material

(such as a flexible ferrite sheet developed by Siemens) or ferrite sbeets, or more
preferably a combination of a fermite sheet 11 and then a thin sbeet 12 of copper of

another conductive material such as aluminium..
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It will thus be seen that, at least m its preferred forms, the present invention
provides a new planar induc(ive‘ battery charger for portable electronic.equipment such
as mobile phones, handheld computers, personal data assistant (PDA) and electronic
watches, and wireless computer mice. The inductive charger system consists of two
modules, .including .(1) a power delivering charg;’.r circuit that contains the primary
circuit of a planar isolation transformer and a flat charging surface and (2) a separate
secondary transformer circuit that .cpnsis(s of a | printed winding, a rectifier and
preferably a thin EMI shi;:ld and which is.' located in the portable electronic equipment
to be charged. - . .

An zdvamage. of the pn:lsem invention, at Jeast in preferred forms, is that the

primary chmger circuit system has the primary side of a planar transformer and a flat

interface surface on which one or more pormbie electronic devices can be placed and

charged simultaneously. The secondary circuit can be Integrated into the beck cover of

the portable electronic device or separately placed inside the electronic device. The
invention also extends to a back cover design with an in-built secondary circuit for the

portable equipment. The secondary winding of the planar transformer can be EMI

shielded and ihtegréled into the back cover adjacent to the battery in the portable *

electronic device. As long as the back cover sides of the portable electronic device are
placed on the charger surface, one or more portable electronic devices <an be chazged

simultaneously, regatdless of their orientations, -

Figs.13(2) and (b) show how an embodiment of the invention may be used to

recharge a watch battery. A watch is formed with a ba.si:; watch mechinism 20, which is

powered by a rechargeable battery 21. The watch mechanism is shielded from electrical

" interference in the charging process by an EMI shield consisiing of, for example, a

copper sheet 22 and a ferrite sheet 23 (with the copper sheet closer to the watch

\b
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mechanism than the ferrite sheet). The other side of the EMI shield is provided a planar
coreless lransformer secondary winding 24 formed with electrical contacts 26 for

counccion to the battery 21 and with a rectifier circuil to prevent discharge of the

- battery. Finally, the watch structure is completed by the provision of a planar back

cover 25 formed of non-metallic material. It will be understood that the watch battery
may be recharged by pfacing Qhe_ watch on the charging susface of a battery charging
system as de-saibed in the above embodiments such that the back cover 25 lies flat on
the planar charging surface. Electrical energy is then coupled from the primary
winding(s) in the battery charging module to the secondary winding in the watch and
then to the rechargeable battery.

In the embodiments described above _the charging module is formed as a single

integral unit (as shown for example in Figs.4 and 5). However, in some situations it

may be desirable to separate the elechonic chacging circuit from the planar charging .

surface. This possibility is shown in Fig.14 in'which the elecxronic charging circuit 30

is connected by a cable 31 to the charging slurﬁaoe 32. The charging surface 32 includes
an insulating top cover, the planar 'piimary windings printed on a PCB, and a bottom
BMI shicld formed of ferrite and a conducli;re sheet such as copper. This embodiment
has the advantage that the charging snrfnce is relatively thin, and Fhereﬁorc may be
useful for example when the device to be charged is a wireless computer mouse
because the charging surface can double as a mousepad as well as a charging surface.

In the embodiments described above a single layer of transformer arrays is
provided. However, in order to generate a more uniform mméﬁc field distribution,

multi-layer transformer amays can be used. The following embodiments describe how

" multiple layers of transformer arrays may be used that can provide a very uniform

magpetic field distribution on the charging surface.

I
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Fig.15 shows a 4x5 primary planar transformer winding array which consials of
square-gprial winding patterns. This can be fabricated on one layer of the printed circuit
board structure. It should be noted that, for an individual winding pattern in the amay,

the magnitude of the magnetic flux is highest in the center of the spiral winding. The

magnitude of the magnetic flux is smallest in the small gap between adjacent winding

pattemns.
A second layer with a 34 tansformer winding array is shown in Fig.16. The

individual winding pattems in both layers are identical. As shown in Fig.17, by having

the two layers of arrays arranged in such a manner that the center (region of maximum °

magnetic flux magnitude) of a winding pattern on one layer is placed on the gap (méion
of minimum magnetic flux magaitude) between adjacent winding paitterns on the other
layer, the variation of the magnetic ficld magnitude can be minimized and the magnetic
flux magpitude can therefore be made as even s possible over the overlapped surface.
The essence of the multi-layer transformer arrays is to have a displacement betweon‘ the
individual winding patterns of the two Iayers so that the regions of the maximum
magnetic field magpitque of one layer is “evened out” by the regions of the minimum
magnetic ficld magnitude.

In order to examine the ‘uniforn maguetic field magnitude’ feature of the
proposed overlapped multi-layer transformer arrays, this ‘magnitude smoothing’
concept is illustrated in simplified -diagrams in Fig.18 to 20. Fig.18 is a simplificd
version of Fig.15. Each solid square in Fig.18 represents a square-spiral winding pattem'
in the first layer (Fig.15). Fig.19 is a simplified version of the Fig.16. Each dotted
square represents a square-spiral winding pattern in the second layer (Fig.16). The
simplified version of the multi-layer amay structure is shown in Fig.20, From ﬁg.Zd, it

can be seen that the overlapped array stracture (with correct displacement between the

18
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two layers) divides each square-spiral winding pattern into four smaller sub-regions. -

The important feature is that the four sub-regions are identical in terms of winding
swucture. Despite that fact that the disiibution of the magnetic field raagpitude on the
surface of each individual square-spiral winding is not ‘oniform, the distribution of be
resultant magnitude field magnitude on ke surface of each sub-region is more or less

identical because of the overlapped mutti-layer winding structure. The concept of the

* generating uniform magnetic field magnitude over the charging surface is illustrated in

Fig.21.

In this example, a multi-layer ﬁnsformgx winding aeray structure that can
provide a uniform magnetic field magnitude distribution is described. This exampl.e is
based on square-spiral winding patterns. In principle, winding patterns of other shapes
can also be applied as long as the resultant magnetic fi.elld magnitude distribution is as
uniform as possible. I

The use qf two layers of transformer arrays can reducc the variation in the

magnetic flux over the charging surface. However, there may still be some variations

and the use of a three or four layer structure may provide a still more uniform flux _
 diskibution as described in the following embodiments.

The following erabodiment is a structure comprising three layers of planar

winding arrays. This PCB winding structure can generate magnctomotive force (mwaf)
of substantially even magnitude over the charging surface. Each winding‘x.may consists

of a plurality spiral windings each of which are of an hexagonal shape. Aspiral winding

arranged in a hexagona.l shape is shown in Fig.22. For simplicity, it will be repr'éséhied

as a hexagon as shown in Fig.23. A plurality of hexagonal spiral windings can be

arrimged as an array as shown in Fig.24. These windings can be connected in parallel, in

series or a combination of both to the -electronic driving circuit. If a cumrent passes
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through each spiral winding pattcm, a magnctomotive force (mf), which is equal to the
product. of the number of turns (V) and current (1) (i.e. NT), is generated Fig.25 .;hows
two spiral Iw'inding pattems adjacent to each other and the per-unit mm/ plot over the
distance (dotted line) can be linearized as shown in Fig.26. It can be seen that the munf
distxibutiﬁn over the distance is not uniform. The maximum nunf occurs in the’ center of
the hexagonal pattern and the minimum #imf occurs in the edge of the pattecn.

Fig.27 sbows three adjacent windings. The maximum mnif region is labelled by
a symbol P (which stands for Peak mmf). The minimum mmf region at the junction of
two patterns is labeled as “V” (which stands for Valley of the numf distribution). In order

to generate a uniform mmf distibution over the planar charging surface, two more

layers of PCB winding arrays should be added. This principle is explained firstly by

adding a second layer of PCB winding array to the fitst one as shown in Fig.28. The
second layer is placed on the first one in Isuch a way that the peak mmf positions (F) of
the patterns of one layer are placed directly over the valley positiops (V) of the pattems
in the other layer. Fig.29 highlights the peak positions of the patterns that are direclly
over the valley positions of the other layer for the two overlapped PCB layers in Fig 28,

It can be observed from Fig.29, however, that the use of two layers of PCB
winding arrays, while presenting an improvement over a single layer, does not offer the
optimal solution for generating uniform mmf over the inductive charging surface. For
each hexégonal pattern in the 2-layer structure, the peak posilions occupy the central
position and three (out of six) vertices of each hexagon. The remaining three vertices
are valley positions (V) that need to be filled by a third layer of PCB winding amays.
These valley positions are shov»;n inFig.30 as empty squares.

Careful examination of Fig30. shows that there are six peak positions (P)

surrounding each valley position. Therefore, a third layer of a hexagonal PCB winding
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" array can be used to fill up all these remaining valley positions. By placing the central

positions (peak mmf positions) of the hexagonal winding patterns of the third layer of
the PCB winding arrdy over the remaining valley positions of the two-laye-r structure, an
optimal three-layer structure is formed as shown in Fig.31. Fig.32 highlights the peak
mmf positions of the three-layer structure. It can be observed that all central positions
and vertices of all hexagonal patterns have peak muf.

In order to confirm that the mmf over the surface has uniﬁ(;rm mmf distribution,
any distance between any two adjacent peak mmf positions can be considered as

illustrated in Fig.33. If the winding pattezns are excited in the.same manner and polarity

.80 that the nunf generated by oach layer of the winding array are always in the same

direction at any moment, the resultant munf is simply the sum of the mumf generated by
each Jayer. The dotted line in Fig.33 shows.thz.n the resultant mmf aver the distance
between any two adjacent peak positions in Fig33 is equal to 1.0 per unit. This
confirmos that the proposed three-layer PCB winding array structure can be used to
generate hig)l].y uniform nanf over the inductive charging surface. When used as a
contactless, inductive charging surface, this uniform mmif distribution feature ensures
that, for a given airgap, a secondary PCB coupling winding can'always couple the same
amount.of magnetic flux regardless of the position of the secondary (coupling) PCB on
the inductive charging slurface. In addition, the voltage induced in the secondary
winding would be the same ovet the inductive charging surface.

In another embodiment, the three-layer PCB winding array structure can be
opnstmcted as a four-layer PCB, with one of the four layers accommodating the return
paths of the spiral windings to the elecironic driving circuit. |

A further embodimeant is based again on square spiral winding pattems. In this

embodiment four layers of square-spira) winding arrays are used to generate highly

|
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uniform mmf over the PCB surface, As in the hexagonal embodiment described abcve,

 for convenience of illustration each squarc-spiral winding pattern (Fig.34) is simplified

as_a square symbol (Fig.35) in the following description.

" Pig36 shows the first layer of the square-spiral PCB winding asray. The mmf in

.'the central region of each square pattern is higbest. These regions are highlighted as

‘Peak’ or (F) in Fig.37. The regions of the minimum mmf (i.c. the. valleys) oocurs along
the edges of the square paucr;ls. These regions are hié)ilighted with dots (¢) in l;‘ig.37.

In order to reduce the mmf ripples on the surface, the peak (P) positions of a
second layer of square-spiral PCB winding array canl placed over some of the vailey
positions (*) as shown in Fig.38. When a third layer of square-spiral PCB winding aray

is added to the structure in Fig.38, the resultant layout is shown in Fig.39. It can now be

" observed that one more layer of the square-spiral PCB windings is needed to fill up all

the valleys with peaks as shown in Fig.40.

The inductive battery charging platform described above, which can be regarded
as the primary circuit of a transformer system (or the pdmary inductive charging
system), can be used as a standard battery charging platform for portable electronic

equipment with compatible inbuilt secondary circuitry in the electronic equipment to be

* charged. However, existing electronic equipment that is not designed for compatibility

with .me abovedescribed battery charging platform cannot take advantage of the
convenience offered iby the battery charging platform. Another embodiment of the
présent invention therefore provides both a battery charging system that can stand
independeatly and «can be used to charge oxisﬁng conventional devices, and a means by
which a conventional electronic .devicc can be charged using the charging platform

described above.
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Referring firstly to Fig.41 tlier;a is shown therein a perspective view of a patt of
a battery charging system according to an embodiment of the jaresent invcnu'oh. The
part of the charging system showa in Fig.41 may be ter-med the primary inductive
charging system sin.ce as will be explained below it comprises at least one primary
winding, The part of thle battery chﬁrg‘ng system shown in Fig.4l may also be
considered to be an exiension system since in preferred forms it may be adapted to
charge multiple devices and is therefore analogous to a con'vemibnal cxténs@o'n lead that
allows multiple iterns of electronic equipment to share the same power socket.

The charging system is provided with multiple charging slots 100,101,102 for

receiving secondary charging modules to be described further below. As will be

explained further below each charging slot is provided with a primary winding. Fig.41
shows a schematic of the primary inductive charging extension system with three
charging slots. However, it should be noted that the number of slots is not restricted to
three and can be as few as a single charging slot, or can be more than three. It will be
u;ldcrslooa that the number of charging slots dictate the numbes of devices that can be
charged simultaneously. The primary charging extension system is connected fo the
mainé through a plug 103 and includes a power electronic circuit 104 that provides a
bigh-frequency (typically in the range of 1kHz to 2MHz) AC voltage t6 the primary

windings that are located under the charging slot surfaces. It should be noted that the

surfaces of the slots arc flat and the slots are separated from each other by dividing

walls. Bach slot is therefore the same size as the surface of a housing of a sccondary
module to be described below, and the separating walls and mechanical switches to be

described below together act to engage a secondary module and hold it in a correct

orientation for efficient charging.

23
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Each primary winding can be a coil 105 as sbown in Fig.42 or a printed-circuit-
board (PCB) winding 106 as shown in Fig.43. If the primary winding is a coil 105, the

coil 105 is preferably accommodated in a space 107 defined by a magnetic structurc 108

such as the two examples shown in F i§.44(a) and (b) in Which the.coil is wound around .

" a magnetic core 108. If a PCB winding is used, appropriate elcclromagﬁ:lic (EM)

shiclding, such es the combined use of femite and copper sheets described i Us
6501364, can be placed under the PCB winding in order to'ensure that the magpetic flux

generated in the PCB winding will not penetrate through the base of the primary

_inductive charging extension system. Preferably, mechanical switches 109 can be

provided in each charging slot that when closed activate the primary winding to the
high-frequency AC voltage source when the secondary charging module (to be

described below) is inserted in that particular slot. As discussed above, the mechanical

switches may also serve to engage and hold the secondary module in place. This ‘

mechanism ensures that only windings in the slots used by the secondary moduks. are

excited by the high-frequency AC voltage source. The equivalent circuit is showa in

Fig.4S.

It wi!i also be understood that the primary winding could be constructed as a
multiple layer structure as di-scussed above in order to provide a particnlarly preferred
even flux distribution over the charging surface. |

" Fig.46 shows a typical secondary charging module 200 for use with the prixﬁary

charging extension system shown in Fig.41. Each secondary module has a conventional

cable 201 and charger connecter 202 that is adapted to be réceivec_l within the charging

socket of a conventional electronic device. It will be understood that different secondary

charging modules 200 may be provided differing only by the type of the connector 202.

Bach secondary charging moduje 200 is provided with a housing 203 that contains a I

¢
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secondary circuit to be described below. The housing is preferably rectangular (but of
course ‘could be any suitable shape) and of such a size that it may be received in one of
the slots 100-102 of the primary charging extension sysicm: The housing 203 should
have at least one preforably flat surface for placing on the charging slot of the primary
charging extension systemI-This flat suriace is preferably parallel to the plane of the
secondary winding within the housing such that when the secondary module is placed in
a slot of the primary extension system the secondary winding is substantia.lly parallel to
the primary winding beneath the surface of the slot. The housing 203 of the secondary
module should preferably be made of non-conductive and non-ferromagnetic material
so that no current will be induced in the housing material.

As can be seen from Figs.47 and 48 inside each secondary charging module 200
are at least one secondary, winding 204 and charker circuitry 205 that receives the
induced AC voltage in the secondary winding and provi‘des a regulated DC outpuf
voltage for the charging purpose. The secondary winding should be kept inside the
housing. The secondary winding can be a coil (Fig.47) or it can be printed on a PCB
(Fig.48). The function of the secbndary winding is to ‘act as the secondary winding of a
transformer system to éick up the changing magnetic fiux generated by the primary
winding of the primary charging extension system. .

The secondary coil or PCB winding should be placed close to the (preferably flat)
surface of the housing of the sscondary charging module so as to pick up maximum
changing AC magnetic flux fmm:lhe primary inductive charging extension system or
platform. According to Faraday’s Law, an AC voltage will be induced across the
secondary winding if the secondary winding senses a changing magnetic fiux (that can

be generated by the primary winding in the primary inductive charging system).

25
25

Momentum Dynamics Corporation

Exhibit 1009
Page 586



[#$5112010-507347 (ZftA ] IIZESiZ_Q.__O& 22

10

15

20

25

W0 03/105308 : . PCT/AUO3/0¢721

25

The terminals of the secondary winding are conzected to the inpull terminals of
an electronic circuit.205 that (1) performs the AC-DC power conversion function (i.e.
cectifying the AC voltage into DC) and (2) pmferably also regulate the DC voltaée wa
desired value (typically in the range from 3V to 24V) within a certain tolerance.
Through a cable and a charger_connector for connecting to charging socket in the
portable equipment, this DC volsage can be used to chargé the portable equipment a
shown in Fig.49,

The secondary winding dcsign {such as number of turns and dimensions of
windings), the DC regulated voltage level and the type of connector can be designed

according to the charging requirements' of specific electronic products. Therefore,

_ different seoondary charging modules can be designed for different ranges of products,

but all secondary modules are compatible with Lhe same primary charging extension
system as shown in Fig.50 in which two different types of secondary modules adapted

for charging differcnt devices, and having different connectors 202,202’ are shown in

‘adjacent slots of the primary charging extension system. As the primary inductive

charging extension system preferably has several charging slots for accommodating the
secondary charging modules, it can be u'sed {o charge several items of convemtional
portable elnotronic: equipment simultaneously.

A ‘further -advantage of the secondary charging module is that it allows a
conventional electronic device to be charged using the inductive batiery charging
platforn described above. Although a conventional eleckonic device cannot be chasged

by placing it directly on the chérging platform surface because it does not have tbe in-

built secondary winding, fnstea}i a secondary charging module can be placed in the '

inductive charging system and charge the conventional device therefrom as shown in

Fig.51

u
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In principle, the housing of the sedondary charging module can have more than
one preferably flat interface sucface. If the housing is a cuboid it will bave two large
opposed interface surfaces (eg upper and lower surfaces of a relatively thin flat cuboid

structure a shown in the Figures) and with this cuboid design, elithcx interface surface of

the secondary module housing can be placed on the charging slots of the primary'

inductivc charging extension system or other charging platform. This cuboid design
makes the secondary charging modules very user-friendly because it does not matter

which way up the housing of the secondary module is placed on the primary charging

_ surface,

In suinmary. a preferred embodiment of the secondary charging module consists of

(i) a non-conductive housing that has at least one surface (and prefetably two

surfaces) for placing on the charging slot of the primary charging extension
system or the charging platform and that accommodates the sccondary
winding and circuitry for charging the electronicequipment,

(ii) A secondary winding, that car €ither be printed in a printed-circuit-board
(PCB) or a conductor coil,

- (iil) an AC-DC power oonvcllsion circuit that converts the ac induced voltage
picked by the secondary winding from the primary. AC voltage excitation
into a regulated or uqregulalbd DC voltage, typically in the mn-ge from 3V to
24V, '

(iv)  a conventional cable that connects the DC voltage output of the secondaty
circuitryl to a connector that is compatible with the charging socket in the
conventional electronic equipment.

It will thus be seen that, .a-l lc;st in preferred forms, the charging syétem of the

present invention including the proposed secondary charging'modules offers users a

27
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convenient and user-firiendly battery charglog system for a wide range of portable
elecwonic equipment. Using the appropriate charger connectors that are compatible with
different portable equipment, the proposed charging system enables one single charging
system (that occupies only one power ;-;oim or socket in the ac maing) to charge a wide
range of electronic equipment.

The present invention, at least in preferred forms, provides a new charging
system allows more than ooe 'pieoe of equipment to be charged simultaneously, and
tegardless of their oricntations on the charginé surface, and allows a movable device to

be charged while it moves over the charging surface.

Momentum Dynamics Corporation

Exhibit 1009
Page 589



[#55F]2010-507347 [Z{FH 1 5£26. 08. 22

10

15

mﬁﬁiﬂﬁﬂﬂ

WO 3/105308 - T PCTIAUIMOTI

CLAIMS

1.

A battery charger system comprising a charging module comprising a primary
charging circuit and being formed with a planax charging surface adapted to

receive an eleamnic devics ko be charged, wherem said primary chaxgmg circuit

" includes the primary winding of a transformer, said primary winding being

substantially parallel to said planar charging surface, wherein said primary
winding is provided with electromagnelic shielding on the side of said winding
opposite from said planar charging surface, and wherein said electronic device is

formed with a secandary winding.

A battery charger system as claimed in clabm 1 wherein said transformer
primary winding is formed on a printed circuit board.

A battery cherging system as claimed in claim I wherein the ;nagnetic flux
generated by said primaty winding is substantially unifonn over at least a major

part of said planar charging surface.

A battery charging system as claimed in claim 1 wherein said charging module -

comprises a plurality of primary windings.

A battery charging system as claimed in claim 4 wherein said primary windings

are disposed in a regular array.

29
29
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11.

12,

29

' Abattery charging system as claimed in claim 4 wherein said primary windings

are formed in a multi-layer strocture comprising at least two layers and with

each said layer including an array of primary windings.

A battery charging system as claimed in claim & wherein the array of a first said
layer is offset relative to the array of a second saidlayer whereby regions of said
first layer genseating maximum magnetic flux coincide with regions of said

second layer that generate minimum magpetic flux.

A battery charging system as claimed in claim 6 comprising three layers-of

hexagonal windings.

A battery charging system as claimed in claim 6 comprising four layers of

square windings.

A battery charging system as claimed in claim 5 wherein said primary windings

are hexagonal, drcular, rectangular, square or polygonal in shape.

A battery charger system as claimed in claim 1 wherein said shielding includes a

sheet of ferrite material.

A battery charging system as claimed in claim 11 wherein said shielding further

inchudes a second sheet of conductive material.

30
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- 16.-

17.

18.

A battery charging system as claimed in claim 1 wherein said planar charging
surface is large enough to receive two or more electronic devices, and wherein
said primary charging circuit is adapted to charge-two or more devices

simultaneously.

A battery charging system as claimed in claiml3 wherein said planar charging

surface is divided into a plurality of charging regions.

Abanéry charging system as clabned in claim 34 wherein said primary cflarging
circuit comprises a plurality of primary transformer windings amranged in a
regular array and wherein said windings are connected in groups to define said

charging regions.

A battery charging system as claimed in claim 1 wherein said primary charging

circuit comprises an array of primary windings, and wherein when a device is

pleced on said charging surface charging energy is wransferred to said device

from only those primary windings closely adjacent to said device.

A battery charging system as claimed in claim 1 wherein said planar charging
surface is large enough to enable a said device to be moved over said charging

surface while being charged.

A charging module for a battery charging system, said module comprising a

primary charging circuit and being formed with a charging surface for receiving
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19.

20.

21

24.

3

an electronic device to be charged, wherein said charging module co;npri_sés a

plurality of trapsformer primary windings arranged in a regular array.

A charging module as claimed in claim 18 wherein when an elpwonic device to
be charged is placed on said charging surface charging energy is transferred to

said device from only those primary windings closely adjacent to said device.

A charging module as claimed in claim 18 wherein said tansformer primary

windings are connected to each other in series and/or in paraliel.

A charging module as claimed in claim 18 wherein said primary transformer

windings are planar and substantially parallel to a planar charging surface.

A charging module as claimed in claim 21 whcre}n said primary windings are
formed in al least two planes, each sa-id plane including an array of said
windings.

A charging module as claimed in claim 22 wherein the array of a first said plarie
is offsct relative to the array of a second said planc whereby regions of Isaid first
array- that generate maximum magpetic flux coincide with regions of said second

array that generate minimum magnetic flux.

A charging module as claimed in claim 22 comprising three layers of hexagonal

windings.
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A charging module as claimed in claim 22 cox-nprlsing four layers of sqﬁare

windings,

A charging module as claimed in claim 21 wherein said primary wicdings are

formed on a printed circuit board.

- A charging module as claimed in claim 21 wherein electromagnetic shielding is

pmvidéd on the side of said primary windings opposite from said planar

charging sorface.

A charging modul€ as claimed in claim 27 wherein said shielding comprises a

sheet of ferrite material.

A’ charging module as claimed in claim 28 wherein said shielding forther

comprises a second sheet of conductive material.

A charging module as claimed in claim 18 wherein said charging surface is large

enough to allow two or more devices to be charged thereon simultaneously.
A charging module s claimed in claim 18 wherein said charging surface is large
enough to allow a device 0 be moved over the charging surface while being

charged.

A battery powered portable electronic device comprising a rechargeable battery,

and wherein said device includes a planar seco;xdary winding for receiving .
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electrical energy from a battery chatger, and electromagneﬁc shielding between

said winding and the major electronic components of said device,

An clectronic device as claimed in claim 32 wherein said Shielding comprises a

~ shectof ferrite material and a sheet of conductive matefial

An electronic device as claimed in claim 32 wherein said winding is formed

integrally with a back cover of said device.

A battery charging system comprising a primary module axid at least one
secondary module, said primary module comprising means for connecting ioa
mains supply, and at least one primary winding adjacent a charging surfacz of
said primary module, and whercin said secondary module comprises a secondary
winding adjacent a surface of said s'econdary modﬁle, cixcuit means for
converting alternating curx:ent generated | in sai-d secondary winding to a
regulated DC outpat, and a charging connector for connection to the charging

socket of an electronic device.

A battery charging system as claimed in claim 35 whereinsaid primary charging
module comprises & plurality of primary windings each associated with a
respeclive charging surface whereby seid primary charging module is able b

receive a plurality of secondary charging modules simultaneously.

A battery charging syslem as claimed in claim 36 whercin said charging surfaces-

are provided with engagement means for engaging a secondary module.
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38. A battery charging system as claimed in .daim 37 wherein said engagement

‘means include a mechanical switch wheréby power is supplied to sald primary

winding only when a secondary module is engaged by a charging surface.

A battery charging system as claimed in claim 35 wherein said primary winding

is formed by a coil.

A battery charging system as claimed in claim 39 wherein said coil is wound on

a magnetic structure.

A battery charging 'system as claimed in claim 39 wherein said coil is pacallel to
said charging surface.
A béttery charging system as claimed in claim 35 wherein said primary winding

is printed in a printed circuit board.

A battery charging system as claimed in claim 42 wherein said printed circuit

1

board is parallel to said charging surface.

A battery charging system as claimed in claim 35 wherein said secondary

winding is formed by a coil.

A battery charging system as claimed in claim 44 wherein said coil is parallel to

said charging surface.

35
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A baltery charging system as claimed in claim 1 wherein said secondary

winding is printed on a printed circuit board.

A battery charging system as claimed in claim 46 wherein said printed ciccuit

board is parallel to said charging surface.

A secondary module for a battery charging system, comprising: a housing
baving at least one charging surface, a winding provided in said housing
adjacent to said surface and adapted to rescive magnetic flux when said surface
is brought adjacent to a primary winding, circuit means for converting
alternating current in said sscondary winding to a regulated DC output, atd a
copnector means for oonnecn'ﬁg said IDC output to the charging socket of an

electromnic device.
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EXECUTION VERSION

ASSIGNMENT

This ASSIGNMENT (the “Assignment’), dated effective as of né_ February 2019 (the
“Effective Date”), is made by WiTricity Corporation, a Delaware corporation (the “Assignee”), and
QUALCOMM Incorporated, a Delaware corporation (the “Assignor™).

RECITALS

WHEREAS, Assignor, Assignee and QUALCOMM Technologies, Inc., a Delaware
corporation, are parties to that certain Asset Purchase Agreement, dated & February, 2019 (the
“Asset Purchase Agreement”), pursuant to which Assignor assigned to Assignee, and Assignee
assumed from Assignor, for the consideration, and upon the terms and conditions, set forth in the

Asset Purchase Agreement, certain contracts of Assignor, including the Assigned Contract (as
defined below).

WHEREAS, capitalized terms used herein but not otherwise defined shall have the
meanings given to such terms in the Asset Purchase Agreement.

NOW, THEREFORE, pursuant to the Asset Purchase Agreement, and in consideration

of these premises, and for good and valuable consideration, the receipt and adequacy of which is
hereby acknowledged, it is agreed that:

1. Subject to the terms of the Asset Purchase Agreement, Assignor hereby grants,
sells, conveys, transfers, sets over, delivers, and assigns unto Assignee, its successors and
assigns, the contract listed on Schedule A. including without limitation all of Assignor’s legal
and equitable rights, privileges, interest and duties in and to such contract, and Assignor’s rights

and licenses in and to any proprietary rights under such contract (the “Assigned Centract”) and
Assignee hereby accepts such assignment.

2. Assignor hereby covenants that from time to time after the delivery of this
instrument, at Assignee’s reasonable request and without further consideration, Assignor will
execute and deliver any further documents and take any further actions as reasonably may be

required to convey, transfer to and vest in Assignee, and to put Assignee in possession of, any of
the Assigned Contract transferred hereby.

3. Assignor hereby requests the United States Patent and Trademark Office
Commissioner for Patents and any other applicable governmental entity or registrar {including

any applicable foreign or international office or registrar), to record Assignee as the assignee and
owner of the Assigned Contract.

4. Nothing contained in this Assignment shall be decmed to modify, supersede,
enlarge or affect the rights of any person under the Asset Purchase Agreement. If any provision

of this Assignment is inconsistent or conflicts with the Asset Purchase Agreement, the Asset
Purchase Agreement shall control.

5. All of the covenants, terms and conditions set forth herein shall be binding upon
and shall inure to the benefit of the parties hereto and their respective successors and assigns.

WEST\285155913.2
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EXECUTION VERSION

6. No modification, waiver or termination of this Assignment shall be binding unless
executed in writing by the party to be bound thereby. No waiver of any of the provisions of this
Assignment shall be deemed or shall constitute a waiver of any other provision hereof, nor shall
such waiver constitute a continuing waiver unless otherwise expressly provided.

7. This Assignment is governed by, and all disputes arising under or in connection
with this Assignment shall be resolved in accordance with, the laws of the State of Delaware,
United States (to the exclusion of its conflict of laws rules).

8. This Assignment may be executed and delivered (including by facsimile or
electronic transmission) in two or more counterparts, and by the different parties hereto in
separate counterparts, each of which when executed and delivered shall be deemed to be an
original but all of which taken together shall constitute one and the same agreement.

(REMAINDER OF PAGE INTENTIONALLY LEFT BLANK)
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EXECUTION VERSION

IN WITNESS WHEREOF, the parties have executed this Assignment on the date first
above written.

QUALCOMM INCORPORATED

ACKNOWLEDGMENT

A notary public or other officer completing this certificate verifies only the identity of the individual
who signed the document to which this certificate is attached, and not the truthfulness, accuracy, or

validity of that document.

State of California

County of San Diego )

On _\i\ February 20% before me, Angela R. Gonzales, Notary Public,

personally appeared __Q‘.}-EWMM RO , who
proved to me on the basis 6t satisfactory evidence to be the person(s) whose name(s) is/are subscribed to
the within instrument and acknowledged to me that he/she/they executed the same in his/her/their
authorized capacity(ies), and that by his/her/their signature(s) on the instrument the person(s), or the
entity upon behalf of which the person(s) acted, executed the instrument.

1 certify under PENALTY OF PERJURY under the laws of the State of California that the foregoing
paragraph is true and correct.

WITNESS my hand and official seal.

ANGELA R. GONZALE
Commission # 2144947 &
Netary Public - Catifornia §
San Diego County
nires Mar 2§ 4

Signature LAA NB\ YA |

My Comm. Ex
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WiTricity Corporation

By: _h‘m\al (e i i
Name: Donald R. Peck
Title: Chief Financial Officer

[SIGNATURE PAGE TO ASSIGNMENT]
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SCHEDULE A TO ASSIGNMENT

1. The Amended and Restated License Agreement, dated October 14, 2011, by and between
Auckland UniServices Limited and Qualcomm Incorporated as the successor in interest to Halo
Inductive Power Technologies Limited, as amended by that certain letter agreement dated
July 31, 2012, by and between Auckland UniServices Limited and Qualcomm Incorporated, as
amended by that certain Second Amendment, dated October 14, 2011, as amended by that
certain Third Amendment, dated October 14, 2011, as amended by that certain Fourth
Amendment, dated May 1, 2017.
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Conficlential

AUCKLAND UNISERVICES LIMITED,

a company Incorporated and reglstered in
New Zeaknd with corpany number 373821
{the "Licenisor”)

HALD INDUCTIVE POWER TECHNOLOGIES LIMITED,
3 company Incorporated and reglstered in

Guernsey, Channe! Islands, with company nuxiber 51792

{the “Licensea”)

AMENDED AND RESTATED

L

LICENSE AGREEMENT
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AMENDED AND RESTAYED
LICENSE AGREEMENT

THIS AMENDED AND RESTATED LICENSE AGREEMENT (this *Agreament”) Is executed by the
Licensor (as defined below) and the Licensee (as defined below) on this §%day ot (¢r A
2011 (the “Execution Date"). This Agreement shall, however, have retroactive effect to May 10, 2010 :
since this Agreement shall supersede and replace in its entirety the Original Exclusive License :
Agraement (as defined below) and Original Joint License Agreement (as defined below) from thelir i
Inception.

PARTIES

1. AUCKLAND UNISERVICES LIMITED, a company Incorporated and registered in New Zealand
with company number 373821 (the "Licansor"), and

2. HALO INDUCTIVE POWER TECHNOLOGIES LIMITED, a company Incorparated and registered .
in Guernsey, Channel Islands, with company number 561762 (the “Licensee”).

NOW, THEREFORE, for good ‘and valuable cansideration, the recelpt and legal sufficiency of which is
hereby acknowledged, the Licensor and the Licensee hereby amend and restate the Original Exclusive
License Agreement and Original Joint License Agreement In their entirely and from thelr Inception, as
follows:

WEST\224111408.18
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AGREEMENT

I
1, DEFINITIONS AND INTERPRETATION

Dofinitions |

1.1 Inthis Agreement, oxcapt as lhe context otharwiss requires;

WEST\224111408, 18 i
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Dynamic Demand Conirol* means technolagy to adjust foad elemenls on a power receivar or
transmilter based on the monitoring of the fraquency of the fransmisslon or recelpt of power, and
passibly other power control paramieters, In order ta permit indlvidual, intermittent power loads to
swilch on or off at oplimal momentss int order to balance an overall power system load generation,
thereby reducing power mismatches.
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“Exclusive {nteltectial Proparty Rights” means all Intellectual F’roperty Rights, including,
withaut limitatlon, any patent rights and Know-How righls, claiming, protecting or relating to any of
the following:

(a)

(b)
(©

(@

the invenitions claimed in lhe patents and patent apphcat!pns fisted on Schedule 1,
including, without limitation, aay paténts-or palent applications desiving priority
thefefror;

any Improvémants to the same;

any technology included in this. Agreemanit by the Licensee through the exercise of i
its rights under the New Co-operation-Agreement 1o include such technology within
the exclusive licente granted In this Agreement. or

such othér technalogy relevant 40 the Fleld, inciuding, but not limited to, technology i
relating to IP-DT -and Dynamic Demand Control, Which were solely owned or .
contiolled by the Licensor on May 19, 2010; which for the avoldarce of doubt 1
excudes under this clause (d) the palent fights cavered by the Licensor's IPT :
patent families 31, 32, 39, 40, 41 and 42 (as disclosed by the Licensor to the s
reprégentatives of Qualcomm Immadiately prior-{o the Execution Date). |

“Exclusivé Licensed Product” means any prodiicl (he manufacture; use, sale; Importalion,
exportation or disposal of which would, but for the licetise granted heretinder, Infringe ahy of the |

WESTI224111408:18
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“Rlald” ieans producls which enable a Road Vehicls loinitiate, capture, control, icansenit andlot:
recelve ensrgy orpoweron a wirgless basls bymeans of magnaiie andfor resonam induction. .

"lmpro')ements" meaans aiy Impfovements, modiﬂcauons addltions or developments of or to
any of the claims made in a patent or patent application, permntedto beintlidad in that ‘patentor
patant:application.

“Iritellectuat’ Property Rights" means any and all rights:to and interests in, ‘or protscting, any
and alt ingiustrial and Jntellectual property of dny kirid, whether 6¢ nol in & materlal form, including
butnot limited to!

{8)  copyrghts (axcluding those in academic ailicles), trade mark rights, design rights;
allrights refating to confidential information:and inventions, patentapplicatiors and
patents (or equlvalent in any jurisdiction), together with any right to epply for

5.
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registratlon of any such intellestual property rights anywhere in the world, any right
to claim priority under international conventlan for 2any such applications and all
tights conferred by such industral or Intellactual property when registered or
granted; and

alt dlghts to and in any processes, formulae. designs, reports. draw!ngs,
spacilicalions, softwar {
Inventlons, discov

“P-DT* méans ductive power distribution techinology. '

“IPT* meais inductive power technology, |

CRSEE

D g ey 24
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I
"Now Co-operdtion Agreement means Hiat ceifaln Amended and Restated Co-operation
Agraement entered Into batwaen the Licensor and the Licensée on the Execullon Date. o

!

|

1

i

|

WESTV22411140,18 {
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“Road Vehicle” means any vehicla having one-orimore whiséls, which 1§ designed:

(&)  foruse.ona public orprivate road; .

(b)  tobedriven or controlled by 3 human driver; and

(¢)  lalransport people o goods.
Notwithstanding anything above, the term “Road Veéhicle” does not Inclvide any vehicle primarity
designed for materials handiing use In-ports; surface mining and tndergroind g sites and

airports and any. forklift, automalic guided vehicle, rall guided vehicle, golf cart.:mobllily scoafar of
simitar vehiole not designed for use on sither.a public or private road.

WESTZ24111408,18
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2. LICENSE

License Grant

21 Subjecttotheterms and gonditions of dlause 9.7-0f this Agreement, the Licensor hereby grantsto
the Licensee, and the Licensee hereby accepls:

(8) an exclusive {except as desctibad in clause 2.2 and subjett to clause 9.6), non- ;
transferable (sxoept as permilled in clause 19.10), worldwide license under{e Exclusive
Intellestital Propeity Righits-to use all of the Exclusive Inteliectal Property Righls In the |
Fiald, and to make, have made, use, sell, ofier for sale, imiport, expoft and otherwlse
dtspose ol Exclusive Licensed Products in the Fleld. These rights. include. without
limitation, the right to- use; feproduce, display, perforin, nadify, create improvements, ]
enhancements, and derdvative works of, and distribite directly or indirectly throiigh i
multipte Uers, all works of authorship and techiiology forming part of the Exclusive
Intellgctual Property Rights for use in the FIeld, Including without Jimltation. creafing |
Improveénients. The Licensee-shall have the right to grantsublicenses with respect to all
or any postion of the rights granted In-this clause 2.1(a), whethet directty or indireetly
throughmultiple ters.

22

12, y
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As'slgni‘n‘en't. -

11,

44,
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Without limiting the foregoing, the Llcensee shall also have the right to assign this Agreement,
without. .obtaining the prior written consent of the Licensor, to Qualcomm or a Qual¢omm-
designated direct or indirect subsidiary of Qualcomm,

45,
WEST\224 114408.18
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EXECUTION.

| BIGNED on behal of

"AUCKLAND UNISERVICES LIMITED by:

(Zl

Signature Signature I )
Py Lo J Mieet - |
Name: Name _ ‘
I 4O TetTor,

Tils Tite T ' |
|

46.

WESTQ24111408.18 :

Momentum Dynamics Corporation
Exhibit 1009
Page 654



THIRD AMENDMENT

THIS THIRD AMENDMENT is made to the Second Amendment that was made to the
Amended and Restated License Agreement dated October 14, 2011, as amended by that
certain letter agreement dated July 31, 2012, between Auckland UniServices Limited, a
companyincorporated and registered in New Zealand with company number 373821 and
having its place of business at Level 10,70 Symonds Street, Auckland Central, Auckland,
New Zealand (“UniServices”), and QUALCOMM Incorporated, a Delaware corporation
having its place of business at 5775 Morehouse Drive, San Diego, CA 92121
(“Qualcomm”) (collectively, the “Agreement”), and is entered into effective as of
October 14, 2011,  UniServices and Qualcomm may be referred to individually as a
“Party” and collectively as the “Parties” in this Third Amendment.

THIRD AMENDMENT:
NOW, THEREFORE, the Parties hereby agree as follows:

1. Headings: Definitions. Section headings used in this Third Amendment are
inserted for the purpose of convenience only and are not intended to affect the meaning
or interpretation of any provision of this Third Ameridment. For the purpose of the
construction and interpretation of this Third Amendment, the word “including” (and
variations thereof such as “include” and “includes”) will not be deemed to be z term of
limitation, but rather will be deemed to be followed by the words “without limitation,”
and the words “herein,” “hereof,” and “hereunder” will refer to this Third Amendment
as a whole. Unless otherwise specified herein, capitalized terms used in this Third
Amendment given to such terms in the Agreement.

2. Schedules 1, 2 and 5. Schedule 1 to the Agreement is supersedizd and replaced in
its entirety by Schedule 1 that is attached to this Third Amendment. Schedule 2 to the
Agreement is superseded and replaced in its entirety by Schedule 2 that is attached to
this Third Amendment. Schedule 5 to the Agreement is superseded and replaced in its
entirety by Schedule 5 that is attached to this Third Amendment.

3. No Other Amendment. Except as expressly set forth in this Third Amendment,
the Agreement shall remain in full force and effect without any modification. The terms
and conditions of this Third Amendment and the Agreement supersedes all prior and
contemporaneous cral or written understandings between the Parties with respect to
their subject matter, and constitute the entire agreement of the Parties with respect to

1
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such subject matter. The terms and conditions of this Thitd Amendment and the
Agreement shall not be modified or amended, except by a writing signed by (i) an
authorized representative of UniServices and (ii) the then-current President oxr Corporate
Secretary of Qualcomm (or his or her authorized designee).

IN WITNESS WHEREQCF, the Parties have, through their duly authorized
representatives, caused this Third Amendment to be entered into effective as of the Third
Amendment Date. This Thitd Amendment may be signed in counterparts.

Auckland UniServices Limited QUALCOMM Incorporated
s28808 rdamafol / ;/ N
By: [H4F8 laan g{i By: (. ﬁ’z‘f -;23;/;.;%{“\
Printed Name: Wig. 5’?%?%:%5%?& Printed Name: fl«iﬁ&m §$§W.éy*
nte, el Mongier . mwe Y ¢ frs-Secnla,
Date: gﬁ;‘}; :"?555 i Date: ;’:5{93 “%J 28t7
2
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Schedule 1

Patent Families Exclusively Licensed

Inductive Power Distributions System - Inventors: Boys and Green

IPTO4 | 121457W0 PCT 2/5/1992 | PCT/GB1992/000220 Expired
IPT04 | 121.457NZP1 NZ 3/26/1991 | 237572 Expired
IPT04 | 121457NzP3 NZ 9/30/1991 | 240018 Expired
IPTO4 | 121457NzP2 | NZ 9/19/1991 | 239862 } Expired
IPT04 | 121457NZ NZ 1/23/1992 | 237572 237572 Explred
IPT04 | 121457NZ NZ 7/1/1991 | 238815 Abandoned
IPT04 | 121457AU AU 2/5/1992 | 1992012373 658605 Expired
IPTO4 | 121457CA CA 2/5/1992° | 2106784 2106784 Expired B
IPT04 | 121457EP 53 2/5/1992 | 92904583.9 577611 Expired
IPT04 | 121457FR FR 2/5/1992 | 92904583.9 577611 Expired
IPT04 | 121457DE DE 2/5/1992 | 692272429 577611 Expired |
IPT04 | 12145768 GB 2/5/1992 | 92904583.9 577611 Expired
IPT04 | 121457NL NL 2/5/1992 | 92904583.9 577611 Expired
IPT04 | 123452(T i 2/5/1992 | 92904583.9 577611 Expired
IPTO4 | 121457SE SE 2/5/1992 | 92904583.9 577611 Explred
IPTO4 | 121457€S £S 2/5/1992 | 92904583.9 577611 Explred

IPT04 | 121457ePD2 | EP(DIV2) | 2/5/1992 | 011308293 T | Abandoned
iPT04 | 121457€PD1 EP 2/5/1992 97202324,6 818868 Revoked/Invalidated
IPT04 | 121457/P P 2/5/1992 | 1992-504164 2667054 Explred
IPTO4 | 121457JpD1 Ip(Div) 4/14/1995_| 1995.889076 3304677 Expired
1PT04 | 1214571PD2 JP(DIv2) | 3/15/2002 | 2002-071125 3729787 Explred

| IPT04 | 121457)PD3 JP(Div3) | 8/10/2005 | 2005-231427 | 3776115 Expired
IPTO4 | 121457KR KR 2/5/1992 | 10-1993-0702898 180047 Expired
IPTO4 | 121457MX MX 3/13/1992 | 9201100 | 182161 Expired
IPTO4 | 121457US us 1/30/1992 | 07/827,887 5293308 Granted
IPT04 | 121457TW ™W 2/7/1992 | 081100829 201828 Expired

Resonant Power Supplies - Inventors: Boys and Greéen

Qualcorun Proprietary and Conficdential

{PTO5 [ 121458NZP1, NZ | 8/12/1991 239366 Expired

IPTO5 | 121458NZP2 Nz 8/23/1991 | 239533 239533 Expired

IPTO5 | 121458NZ NZ 8/3/1992 239366 239366 Expired

IPTOS | 121458 us 18/5/1992 07/926,051 5450305 Expired
3

Momentum Dynamics Corporation

Exhibit 1009
Page 657




IPTO5 | 121458AU AU 8/7/1992 1992023966 656803 Abandoned
IPTOS | 121458)P P 8/7/1992 1993-504165 3178837 Abandoned
IPTOS | 121458KR KR 8/7/1992 10-1994-0700424 10-0163412 Abandoned
IPTOS | 121458TW T™W 8/7/1992 94-700424 81106363 Abandoned
IPTOS | 121458WO0 PCT 8/7/1992 PCT/GB1992/001463 Expired

Supply of Power to Primary Conductors (G2/G3) — Inventors: Boys and Green

IPT09 | 121460NZP1 | NZ 12/5/1937 | 329340 Expired

IPTO9 | 121460NZP2 Nz | 3/18/1998 | 329991 Expired

IPTOS | 121460 NZ 12/7/1998 | 504852 504852 Lapsed

(PTOS | 121460 NZ 12/4/2001 515941 T Abandoned

IPT0S. | 121460W0 PCT 12/4/1998 PCT/NZ1998/00179 Expired

IPTO9 | 121460DF DE | 12/4/1998 | 69841810.7 1050094 Abandoned -
IPTO9 | 121460 us 12/4/1998 | 09/555,79 6621183 Granted

IPTOS | 121460EP EP 12/4/1998 | 98962726.0 1050094 Abandoned

IPT09 | 121460AU AU 12/4/1998 | 17898/99 Abandoned

IPTO9 | 121460TW TW | 12/4/1998 | 87120180 125932 Abandoned i
IPTO9 | 121460KR KR 12/4/1998 | 10-2000-7006%57 Abandoned

PT09 | 1214601P I3 12/4/1998 | 2000-524850 T " | Abandoned

Control of Serles Resonant fnductive Pick-ups — Inventors: Boys and Stielau

: 'n\:F;;-\E .

121461NZP1 9/9/1999 337716 Abandoned
121461PCT PCT 9/9/2000 PCT/NZ2000/000175 Expired

121461AU AU 9/6/2000 74620/0 772748 Abandoned

121461 Us | 9/6/2000 10/070,620 6705441 Granted 7
121461JP Jp | 9/6/2000 2001-522645 4456789 “Granted

121461NZ NZ 9/6/2000 337716 337716 Abandoned

121461CA cA 9/6/2000 2383644 2383644 Abandoned

121461EP EP 9/6/2000 00963170.6 1219000 Granted

1214610E | DE | 9/9/2000 60045515.7 1219000 Granted ’
121461FR FR 9/9/2000 00963170.6 1219000 Granted

121461GB GB ["/572000 00963170.6 1219000 Granted ]

4
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Pick-Up Apparatus for Inductive Power Transfer Systems ~ Inventors: Boys, Covlc and Elliot

IPT23 | 121462NZ1 5/2/2006 46955 Expired

IPT23 | 121462W0 | PCT 5/2/2007 | PCT/NZ2007/000097 Expired

PT23 | 121462 Us 5/2/2007 | 12/226,95 7969269 Re-fssue Filed - (see
: | PT81)

1PT23 | 12146281 Us 6/28/2013 | 32/930,505 Pending

IP123 | 121462R1D1 | Us 10/31/2014 | 14/529,939 Pending

123 | 121462822 | NZ 5/2/2007 | 546955 546955 Granted

IPT23 | 121462EP EP 5/2/2007 | 077939411 ' Pending

IPTZ3 | 121462CN N 11/2/2008 | 2007800207240 71200780020724.0 | Granted

Inductively Coupled AC Power Transfe# — Inventors: Boys and Green

IPT27 | 121463NzP1 | NZ 4/17/2009 | 576320 Expired
IPT27 | 121462NZ NZ 9/11/2008 | 571222 571222 Granted
IPT27 | 121463EP EP 9/11/2009 | 098132905 Pending
IPT27 | 121463JP P 9/11/2009 | 2011-526828 5756754 Granted
1PT27 | 121463KR KR S/1172009 | 10-2011-7008327 Pending
IPT27 | 121463CN CN 9/11/2009 | 200980143019.9 21200980143019.9 | Granted
IPT27 | 121463 us 9/11/2009 | 12/998,031 Pending
IPT27 | 121463W0 | PCT 9/11/2009 | PCT/NZ2009/000191 Expired

Multi Power Sourced Electric Vehicle —Inventors: Boys and Covic

Qualcomm Proprietary and Confidential

(PT28 | 121464NZP1 | NZ | 5/10/2007 | 555128 Expired
IPT28 | 121464NZ NZ 5/29/2008 | 555128 555128 Granted
IPT28 | 123464NZP2 NZ 7/20/2007 | 556646 Expired
IPT28 | 121464 us 5/9/2008 | 12/451,436 8749334 | Granted
1PT28 | 121464NZD1 Nz(Div) | 8/26/2008 | 579313 579313 Granted
IPT28 | 121464AU AU 5/9/2008 2008251143 2008251143 Granted
IPT28 | 121464CN N 5/9/2008 | 200880023317.X 1143755 Granted
IPT28 | 121464WO0 PCT 5/9/2008 PCT/NZ2008/000103 Expired
PT28 | 121464KR KR 5/9/2008 10-2009-7025202 Pending
IPT28 | 121464EP EP 5/9/2008 08766952.9 Pending

5
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IPT28 | 121464NZD1D1 | NZ 3/1/2011 591463 Abandoned
IPT28 | 121464CA CA 5/9/2008 2687060 Pending :
IPT28 | 121464JP »P | 5/9/2008 2010-507347 Pending ;
1PT28 | 121464IN IN 5/9/2008 7552 /DELNP/2009 Pending i
IPT28 | 121464AUD1 AU(DIv) | 2/28/2012 | 2012201155 Pending
IPT28 | 121464CND1 CN(Dlv) | 1/14/2013 | 201310012148.2 Pending
"IPT28 | 121464CNDID1 | CN(Dlv) | 5/9/2015 2015101644481 i ‘Pending
IPT28 | 121464KRD1 KR(DIv) | 12/23/2013 | 10-2013-7034223 Pending
IPT28 | 121464KRD2 KR(Div) | 3/25/2015 | 10-2015-7007587 Pending
| IPT28 | 121464D1 Us(Div) | 3/14/2014 13/999,663 Pending
I PT28 | 121464D2 us(piv) | 5/5/2014 14/120,197 Pending
[ IPT28 | 121464)PD1 JP(Div) 2/9/2015 2015-023233 Pending

Inductive Power Transfer Apparatus - Inventors: Boys and Huang

PT29A | 121498N7P1 | NZ 2? 574677 Expired

IPT29A | 121494NZ NZ 5/5/2010 574677/556137 Abandoned

PT29A | 121494W0 | PCT | 2/5/2010 PCT/NZ2010/000017 Expired

PT29A | 121494EP & 2/5/2010 10738795.3 Pending

PT29A | 121494 Us 2/5/2010 13/138,299 9,283,858 | Granted

Inductive Power Transfer Apparatus - Inventors: Boys, Covic, Hugang and Budhia

|PT29B | 121494NZP1 NZ 2/5/2009 578677 B Expired

"1PT29B | 121497NZP1 "Nz 4/8/2009 576137 Expired

IPTZ98 | 121497NzD1 Nz(ow) | 5/31/2010 585802 Abandonedl

IPT298 | 121497NZDID1 | Nz(Div) | 11/30/2011 596792 Abandoned

IPT298 | 121497NzD1D1 | NZ 5/5/2010 611167 Abandotied

IPT298 ‘2211497w0' PCT 2/5/2010 | PCT/NZ2010/000018 Expired

IPT298" | 121497CN CN 2/5/2010 201080012846.7 7L201080012846.7 | Granted

IPT298 | 121497CND1 ~ | CN(Div) | 9/25/2015 201510621373.5 o Pending

PT29B | 121497CA CA 2/5/2010 2751595 ' | Pending

IPT298 | 121497IN IN 2/5/2010 6327/DELNP/2011 pending H
IPT298 | 1214971P P 2/5/2010 2011-549109 Pending :
1PT298 | 121497JPD1 1P(DIv) | 7/6/2015 2015-135622 Pending

IPT298 | 121497EP EP 2/5/2010 10738796.1 o Pending

IPT298 | 121497KR KR 2/5/2010 10-2011-7020758 ' pending

6
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IPT298 ] 121497

us

2/5/2010

13/138,298

9,071,061

Granted

IPT29B [ 141497C1

us

4/30/2015

14/700,770

Pending

Inductive Power Transfer Apparatus and Electrical Autocycle Charger, Including the Inductive Power Transfer Apparatus -
Inventors: Bays and Covic

PT34 | 121465NZP1 | NZ 5/12/2009 | 576909 Expired

IPT34 121465N2D1 Nz{Div} | 11/14/2011 | 596393 Abandoned

IPT34 | 121465NZ NZ 5/12/2010 | 576909 Abandoned, -
IPT34 | 121465W0 PCT 5/12/2010 | PCT/NZ2010/000088 N Expired

IPT34 | 1214650 P 5/12/2010 | 2012-510770 Pending

IPT34 | 121465)PD1 P 11/13/2005 | 2015-223470 Pending

IPT34 | 121465CN N 5/12/2010 | 201080031336.4 Pending

1PT34 | 121465 Us 5/12/2010 | 13/261,001 Pending

1PT34 | 121465EP EP 5/12/2010 | 107751513 Pending

Vehicular Roadway Inductive Power Transfer Systems —lnventors: Boys and Covic

"IPT35 | 121466P1 us 8/7/2009 61/273,701 ] | Expired

1PT35 | 121466WO PCT 8/6/2010 | PCT/N22010/000159 | | Expired

IPT35 | 121466W02 PCT 7/9/2015 PCT/NZ2015/050088 Expired

IPT3S | 121466CN CN 8/6/2010 201080042396.6 20%080042396.6 | Granted
IPT35 | 121466 Us 8/6/2010 13/389,210 Pending

IPT35 | 121466IN N [8/6f2010 1935/DELNP/2012 Pending

IPT35 | 121466EP €p 8/6/2010 10806690.3 Pending

IPT35 | 121466KR KR 8/6/2010 10-2012-7006120 Pending

IPT35 | 121466JP P 8/6/2010 2012-523582 Pending =)
IPT35 | 121466JPD1 | JP(DIv) | 8/6/2010 2014-12113 Pending

IPT35 | 121466NZP1 | NZ 7/9/2014 627280 Expired ]

Power Control in IPT Roadway- Inventors: Boys/Covic

IPT36 | 121467W0 PCT 9/9/2010 PCT/NZ22010/000181

IPT36 | 1214671P P 9/9/2010 2012-528772 Pending

IPT36 .| 121467P1 us 9/9/2009 61/276,204 Expired

IPT36 | 121467 us 6/9/2010 13/395,173 9,077,194 Granted
7
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[ lPT3_6—l 121467€P

EP [ 9/9/2010

] 1.0815680.3

Pending

Series AC Coritrolier —Inventors: Boys, Covic and' Wu

IPT37 | 121469NZP1 | NZ 10/12/2009 | 580388 Expired
IPT37 | 121469W0 PCT 10/12/2010 | PCT/NZ2010/000203 Expired
IPT37 | 121469NZ | NZ 10/19/2010 | 580388 580388 Granted
IPT37 | 121469 Us | 10/12/2010 | 13/261,258 Pending
IPT37 | 121469C1 us 11/23/2015 | 14/948,702 T Pending

Multiphase Inductive Power Transfer System — Inventors: Boys, Covic, Budhiaand Kissin

TRplanon

121470NZPL | NZ | 5/19/2010 | 585483 Expired
121470NZP2 | NZ 8/25/2010 | 587567 Expired
121470NZ NZ 6/3/2011 585483 585483 Granted
121470W0 PCT 5/19/2011 PCT/N22011/000079 Expired
121470 Us | 5/19/2011 | 13/698,851 Pending
121470CN cN 5/19/2011 | 201180035293.1 Pending
121470EP EP 5/19/2011 11783803,7 Pending
121470)P T3 5/19/2081 | 511125/2013 Pending
121470MY MY 5/19/2011 | PI2012700954 Pending

Bi-Directional Inductive Power Transfer —inventor: Madawala

IPT45 | 12147INZP1 | NZ 11/76/2008 | 573241 Expired
IPT4S | 12147INZP2 | NZ 9/3/2009 579498 Expired
IPT45 | 121471WO0 PCT 11/26/2009 | PCT/NZ2009/000259 | Expired
IPT45 | 121471 Us 11/26/2009 | 13/131,155 Pending
IPT45 | 121471INZ NZ 12/21/2009 | 573241 573241 Granted
IPTAS | 12147INZD1 | NZ(Div} | 1/03/2010 | 582580 582580 Granted

Primary Side Power Transfer for Inductive Power Transfer — Inventor: Miadawala

3 s A 8
IPT46 121472NZP1 | NZ 9/3/2009 579499 Expired
IPT46 121472MzP2 | NZ 9/3/2009 579498 Expired
8
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1PT46 12147202 | N2 11/26/2008 | 573241 573241 Granted
IPT46 121472W0 | PCT 11/26/2009 | PCT/NZ2009/000263 Expired
IPT46 121472 s 11/26/2009 | 13/131,153 8,923,015 Granted
IPT46 121472C1 | US '12/29/2014 | 14/584,320 | Pending T

inductive Power Transfer System —Inventors: Madawala and Thrimawithana

Nz

6/30/2010

Expired

IPT47 | 121473NZP1 586526 |

1PT47 | 121473WO PCT 6/30/2011 PCT/NZ2011/000124 Expired |
IPT47 | 121473 . us 6/30/2011 13/807,436 Pending |
IPT47 | 121473NZ NZ 7/28/2011 586526 586526 Granted |

Inductive Power transfer Apparatus ~ Inventors: Boys, Covic and Budtiia

121498N2P1 NZ 8/5/2010 587222 Expired
1PT49 | 121498W0 PCT 8/5/2011 PCT/NZ2011/000153 Expired
IPT4S | 121498 Us 8/5/2011 13/814;415 Pending
IPT49 | 121498NZ NZ 8/19/2011 587222 Abandoned
IPT49 | 121498NzD1 | NZ{(Div) 2/20/2013 607346 Abandoned
IPT49 | 121498NZD1D1 | NZ(DIv) 6/12/2014 | 626194 TAbandoned

inductive Power Transfer System —inventors: Covic and Kissin

IPT50 | 121474WO0 PCT 8/6/2010 PCT/NZ2010,/000160 Expired
IPTS0 | 121474 us 8/6/2010 13/389,090 pending
IPTS0 | 121474FP Ep 8/6/2010 108066911 Pending
IPTS0 | 121474KR KR 8/6/2010 10-2012-700612% Pending
IPTS0 | 121474IN IN 8/6/2010 1947/DELNP/2012 Pending
IPT50 | 121474CN CN 8/6/2010 201080042400.9 pending
IPTS0 | 121474P P 8/6/2010 201.2-523583 Pending
IPTS0 | 121474)PD1 | JP(Div) | 10/22/2015 | 2015-208300 Pending

Inductive Power Transfer Control {IPT pick-up controller) — Inventors: Covic, Boys and Huang

g‘fgg ' Eas i
IPT51 | 121487NzP1 INZ 8/13/2010 | 587357 IExplred
9
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IPT51 | 121487MZ NZ 8/18/2011 | 587357 587357 Granted |
IPT51 | 121487W0 PCT 8/12/2011 | PCT/NZ2011/000155 Expired |
PTSL | 121487IN IN 8/12/2011 | 2106/DELNP/2013 Pending |
IPTST | 121487KR KR 8/12/2011 | 10-2013-7005935 pending
IPT51 | 121487Us Us 8/12/2011 | 13/816,630 9,369,058 Granted
IPTS1 | 12148701 Us 5/9/2016 | 15/150,385 Pending
IPT51 | 121487EP EP 8/12/2011 | 118166743 pending
IPT51. | 121487CN CN 8/12/2011 | 201180049292.2 Pending
IPTS1 | 121487JP P 8/12/2011 | 2013-524812 [ Pending

Inductive Power Transfer Apparatus with AC and DC Output— Inventors: Covic, Boys and Robertson

' 11}16?;010 589865 Expired
IPT52 | 123488WO0 PCT 12/9/2011 | PCT/NZ2011/000256 Expired
IPT52 | 121488US us 12/9/2011 | 13/992,757 Pencling
PT52 | 121488NZ° NZ 12/12/2011 | 589865 589865 Granted

Inductive Power Transfer Pick-up Circutits — Inventors: Covic and Robertson

“PT53 | 121489NZP1 N2 |93/2000 | 537780 . R ' “Expired
IPT53 | 121489W0 PCT 9/5/2011 PCT/NZ2011/000181, Expired
IPT53 | 121489IN IN 9/5/2011 2869/DELNP/2013 Pending
IPT53 | 121489EP EP 9/5/2011 11822189.4 ¢ Pending
PT53 | 1214890P »P 9/5/2011 2013-527033 ’ Pending
IPTS3 | 121489US | US 9/5/2011 13/82,0477 Pending
IPT53 | 121489CN N 9/5/2011 201180051750.6 Pending
IPT53 | 121489NZ NZ "112/5/2011 | 587780 587780 Granted
IPT53 | 121489KR KR 9/5/2011 10-2013-7008491 Pending

Inductive Power Recelver Apparatus (Bipolar Recelver Pad) — Inventors: Covicand Budhia

R A

PT54 | 121490NZF1 | NZ 11/1/2010 | 588937 ! T Expired

1PT54 | 121490W0Q PCT 8/5/2011 PCT/NZ2011/000154 Expired

IPT54 | 121490KR KR 8/5/2011 10-2013-7005726 Pending

IPT54 | 121490JP P 8/5/2011 2013-524060 5941046 Granted

"IPTS4 | 121490EP EP 8/5/2011 11814854.3 Pending
10
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IPT54° | 121490IN N 8/5/2011 1921/DELNP/2013 Pending
IPT54 | 121490US us 8/5/2011 13/814,542 Pending
LIPT54 121490CN CN 8/5/2011 201180048057.3 Pending

Load Control for Bi-Directional Inductive Power Transfer Systems — Inventors: Madawala, Thrimawithana

146623N2P1 | NZ [ 6/2772011 | 593764 “Expired
IPT55 | 146623W0 | PCT 6/27/2012 | PCT/NZ2012/000107 Expired
IPTS5 | 146623 Us 6/22/2012 | 14127,882 Pending
IPT55 | 146623KR KR 6/27/2012 | 10-2014-7001559 Pending
iPT55 | 1466230 P 6/27/2012 | 2014-518471 Pending
IPT55 | 146623EP EP 6/27/2012 | 12804818.8 pending
IPTSS | 146623CN N 6/27/2012 | 201280030503.2 Pending
IPT55 | 146623NZ NZ 7/9/2012 | 593764 593764 Granted

Interoperabllity of Magnetic Structures for Inductive Pawer Transfer Systems — Inventors: Covic

12149INZP1 | NZ 7/8/2011 593977 Explred
IPTS7 | 12149iNZP2 | NZ 12/23/2011 | 597367 Expired
IPT57 | 121491W0 PCT 7/9/2012 PCT/NZ2012/000121 Explred
IPT57 | 121491JP P 7/9/2012 2014-518475 Pending
IPT57 | 121491EP EP 7/9/2012 12820784,2 Pending
IPT57 | 121491US Us 7/9/2012 14/131,138 Pending
IPT57 | 121491CN N 7/8/2012 201280037549,7 Pending
IPT57 | 121491KR KR 7/9/2012 10-2014-7003472 Pending
IPTS7 | 121491INzD1 | NZ(Div) | 3/31/2014 623198 Abandoned
IPTS7 | 121491NZ NZ 10/8/2012 | 593977 Abandonied

Double Conductor Single Phase Inductive Power Transfer Tracks — Inventors: Covic and Raabe

IPT58 | 121492NZP1 NZ 7/19/2011 594158 Explred
" IPTS8 | 121492W0 PCT 7/19/2012 PCT/NZ2012/000127 Explred
" IPT58 | 121492U8 us | 7/19/2012 14/233,261 Pending

IPT58 | 121492CN CN | 7/19/2012 201280038877.9 Pending

IPTS8 | 121492EP EP 7/19/2012 12819897.5 Pending

IPT58 | 121492)p P 7/19/2012 2014-521588 Pending
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IPTS8 | 121492KR Tkr 7/19/2012 10-2014-7004312 Pending
IPT58 | 121492NZ NZ 10/19/2012 594158 Abandoned
IPT58 | 121492NZD1 | N2(Div} | 3/31/2014 623197 Abandoned

IPT Magnetic Shielding - Inventors: Covic and Boys

121493NZP1 /772011 555056 Expired
IPT59 | 121493W0 PCT 9/7/2012 PCT/NZ2012/000160 Expired
IPT59 | 121493KR KR 9/7/2012 10-2014-7007332 Pending
IPT59 | 121493€P EP 9/7/2012 12829832.0 Pending
IPT59 | 121493CN N 9/7/2012 201280052907.1 Pending
IPT59 | 121483IN IN 9/7/2012 1434/DELNP/2014 Pending
IPT59 | 121493JP 1P 9/7/2012 2014-529639 Pending
IPT59 | 121493US | US 9/7]2012 14/240,191 Pending

Magnetic Field Shaping for Inductive Power Transfer — Inventors: Covic and Boys

“IPT60 | 123493NZP1 10/28/2011 | 596080 | Expire
IPT60 | 123493NZP2 | NZ. 12/16/2011 | 597166 Expired
IPT60 | 123493NzP3 | NZ ] 9/6/2012 602304 Expired
IPT60 | 123493W0 PCT I 10/29/2012 | PCT/NZ2012/000198 ! | Expired
IPT60 | 123493KR 1 KR | 9/7/2012 10-2014-7014470 i 1 Pending
PT60 | 123493Us | us | 10/29/2012 | 14/354,705 | Allowed
IPTE0 | 123493IN l iN | 10/29/2012 | 4062/DELNP/2014 t Pending

[ IPTE0 | 123493EP | £p 10/29/2012 | 12843894.2 [ Pending
IPT60 | 123493p | P 10/29/2012 | 2014-538747 Pending
IPTE0 | 123493CN l CN 10/29/2012 | 201280064514.3 Pending
1PT60 | 123493Nz | NZ 1/25/2013 606189 Abandoned
IPTE0 | 123493NZD1 INZ(Di'v) 8/1/2014 628198 Abandoned

Inductive Power Transfer System and Method — Inventors: Govic and Boys

597174

IPT61 | 123494NZP1 NZ 12/16/2011 Expired
IPT61 | 123494W0 PCT 12/18/2012 PCT/1B2012/002730 Expired
IPT61 | 123494KR KR 12/18/2012 10-2014-7019724 Pending
IPT61 | 123494JP JP 12/18/2012 2014-546664 Pending

12
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IPT61 | 123494Us us 12/18/2012 | 14/365,873 Pending
PT61 | 123494EP EP 12/18/2012 | 12858565.0 Pending
IPT61 | 123494GB GB 12/18/2012 | 14126163 Pending
IPT61 | 123494CN cN 12/18/2012 | 21280069521.1 Pending
IPT61 | 123494NZ NZ 3/15/2013 608273 608273 Granted

Magnetic Structure Interoperability for IPT Systems — Inventoys: Covle and Boys

9/16/2011

59551

Cognated with IPT57

63

123496N2P1

2/16/2012

598253

R

Expired
IPT63 | 123496WO 2/15/2013 PCT/NZ2013/000016 Expired B
IPT63 | 123496KR KR 2/15/2013 | 10-2024-7025625 | Pending
IPT63 | 123496JP Ip 2/15/2013 | 2014-557594 l Pending
IPT63 | 123496IN N 2/15/2013 | 7034/DELNP/2014 Pending
IPT63 | 123496CN cN 2/15/2013 | 201380019993.0 Pending
PT63 | 123496US us 2/15/2013 | 14/379,068 ‘ Pending
IPT63 | 123496EP EP 2/15/2013 | 13749300.3 Pending
IPT63 | 123496NZ NZ | 4/19/2013 [ 609482 609482 Granted

3

VAR Control for IPT System — Inventors: Covic and Boys

Qualcomum Proprietary and Confidential

T23497NZPL T2/272012 597987 Expired
IPT64 | 123497W0 | PCT 2/1/2013 PCT/NZ2013/000009 | Expired
IPTe4 | 123497EP EP 2/1]2013 13813549.6 Pending
IPT64 | 123497US us 2/1/2013 14/376,401 Pending
IPT64 | 123497CN | CN 2/1/2013 2013800178455 Pending
IPT64 | 123497JP | JP 2/1/2013 2014-555521 Pending
IPT64 | 123497KR KR 2/1/2013 10-2014-7024432 Pending
PT64 | 123497NZ | NZ 4/16/2013 609519 ' ‘Abandoned
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Flux Coupling Device and Magnetic Structures Therefor— Inventors: Covic and Budhia

PT65 | 150927NZP1 | NZ 7/9/2012 601154 Expired
IPT65 | 150927W0 | PCT 7/9/2013 PCT/NZ2013/000120 Expired
iPT65 | 150927JP 1P 7/9/2013 2015-521574 o Pending
PT65 | 150927CN | cN | 7/9/2013 2013800467169 Pending
IPT65 | 150927 Us 177972013 14/410,817 Pending
[PT65 | 150927KR KR 7/9/2013 10-2015-7003352 Pending
IPT65 | 150927EP- EP 7/972013 13816491.8 Pending
IPT65 | 150927NZ NZ 7/31/2013 613512 Abandoned

Design Consideratlons for Variable Coupling Lumped Coll Systems— Inventors: Chang-Yu and Covic

‘Inductive Power Transfer Control Using Energy Injection

- 131923NZP1 8/31/2012 ] eoz1sh4
IPT66 | 131923NZP2 | NZ 9/14/2012 ! 602543 Expired
IPT66 | 131923WO0 PCT 9/2/2013 - PCT/N2201.3/000154 Expired
IPT66 | 131923NZ NZ 11/29/2013 618318 Abandoned
IPT66 | 131923KR KR |"9/2/2013 10-2015-7008302 pending
IPT66 | 181923EP EP 9/2/2013 13833528.6 Pending
IPT66 | 131923US us 9/2/2013 14/424,390 Pending
IPT66 | 1319231P I 9/2/2013 2015-529721 Pending
1PT66 | 131923CIN CN 9/2/2013 201380055662.2 Pending

P67 | 146628Nz2P1 107172012 602767 'Explred

IPT67 | 146628NZP2 | NZ 10/9/2012 602903 Explred

1PT67 | 146628W0 | PCT 10/1/2013 PCT/NZ2013/000184 Expired

1PT67 | 146628NZ NZ 10/1/2013 616162 Abandoned

IPT67 | 145628CN CN | 10/1/2013 | 2013800514070, | Pending

(1PT67 | 146628EP EP 10/1/2013 | 13843553.2 o Pending ’
IPT67 | 1466281p P 10/1/2013 2015-535601 Pending

7IPT67 | 146628KR KR~ | 10/1/2013 10-2051-7007591 Pending T
IPT67 | 146628 us 10/1/2013 14/432120 Pending

IPT67 | 146628IN N 10/1/2013 2545/DELNP/2015 "| Pending
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Wiring Harness and Wireless Power Transfer System—Inventors: Keefing; Beaver, van Boheemen, Kissin, Covic and Boys

i .'§'aj %ﬁﬁ% ._

3/20/2012 61/613,414 Expired
IPT68 | 120822W0 | pPCT 3/20/2013 PCT/NZ2013/000045 Expired
IPT68 | 120822EP P | 3/20/2013 13764869.7 pending
IPT68 | 120822 Us 3/20/2013 14/386,206 Pending
PT68 | 120822KR KR 3/20/2013 10-2024-7029391 Pending
IPT68 | 120822CN cN 3/20/2013 201380024923.4 Pending
PT68 | 1208220P 1P 3/20/2013 2015-501611 o Pending

Winding Arrangements in Wireless Power Transfer Systems— Inventors: Keeling, van Bolieemen, Kissin, Beaver, Boys Covic,
etal,

IPT69 | 120823P1 Us 3/20/2012 61/613,420 . Expired

IPT69 | 120823W0 | PCT 3/20/2013 PCT/NZ2013/000046 Expired

IFT69 | 120823 Us 3/20/2013 14/386,311 Pending
IPT69 | 120823KR KR 3/20/2013 10-2014-7029392 ' Pending
IPT69 | 120823CN CN 3/20/2013 201380024920.0 Pending
IPT69 | 120823EU EP 3/20/2013 13763812.8 pending
IPT69 | 1208230p P 3/20/2013 2015-501612 Pending

Electromagnetic Field Confinement— Inventors: Covic and Boys

IPT70 | 150928NzP1 | NZ 3/27/2013 608759 _Expired
IPT70 | 150928NzP2 | Nz° | 7/10/2013 | 613099 Expired
IPT70 | 150928Nz NZ 3/31/2014 623218 | | Abandoned
IPT70 | 150928W0 | pcT 3/27/2014 PCT/NZ2014/000054 [ TExpired
IPT70 | 150928EP EP 3/27/2014 14774618.4 Pending
IPT70 | 150928KR KR 3727/2014 10-2015-7030132 - ' pending
IPT70 | 150928 Us 3/27/2014 14/780,102 Pending T
IPT70 | 150928IN N | 3/27/2014 9057/DELNP/2015 " | Pending
IPT70 | 150928CN CN 3/27/2014 201480028597.9 Pending
IPT70 | 1509281P P 3/27/2014 2016505431 Pending
15
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An Qutput Current Doubler for a Parallel Tuned IPT Pickup - Inventors: Keeling and Boys

8t

[PT72 [ LHoE2INZPT |Ne | 12/20/2013—|'€19303 Expired [
IPT72 | 12082INZP2 | NZ 8/19/2014 628991 Expired |
iPT72 | 120821W0 pCT 12/19/2014 PCT/NZ2014/050025 Expired |
IPT72 | 120821 us 6/20/2016 15/106,642 Pending |
IPT72 | 120821CN CN Unknown Pending
IPT72 | 120821EP EP 12/19/2014 Unknown 14871146.8 Pending
IPT72 | 120821IN IN 12/19/2014 Unknown S Pending

| 1PT72 | 120821P Ip 12/19/2014 Unknown .2016-541639 Pending

A Polyphase Inductive Power Transfer System with Individual Control of Phases— Inventors: Madawala and Thrimawithana 2
: %
147303NZP1 xpired i

IPT73 | 147303Nz NZ 8/29/2013 £14853 Abandoned :
1PT73 147303W0 PCT 8/28/2013 PCT/NZ2013/000151 Expired E
IPT73 147303 us 8/28/2013 14/424,384 | | Pending g:
IPT73 147303KR KR 8/28/2013 10-2015-7008158 I | Pending %
IPT73 147303 JP 8/28/2013 -%015-529720 | l Pending ;
I IPT73 147303CN €N  8/28/2013 201380053814.5 I E Pending %
IPT73 147303€EP EP 8/28/?01;3 | 138329214 | l Pending B %

Resonant Frequency Compensation~ Inventors: Thrimawithana and Madawala

H
i

628544

150997NZP1 Expired

IPT76 | 150997WO PCT 8/11/2015 PCT/NZ2015/050105 Pending

8/11/2014

i

Vehicle or Moving Object Déetection- Ifiventors: Boys

| 146626NZP1 66 Explred”
146626NZ NZ 11/12/2013 617614 Abandoned
146626WQ, PCT 11/12/2013 PCT/NZ2013/000202 Expired
IPT77 | 146626CN CN 11/12/2013 201380058928.9 Pending
IPT77 | 146626EP EP 11/12/2013 13854136.2 Pending
IPT77 | 146626KR | KR 11/12/2013 10-2015-7015221 Pending
IPT77 | 1466261P I 11/12/2013 | 2015-541736 Pending
16
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I 1PT77 | 146626

|us

I 11/12/2013 [ 14/441,682

Pending

Resonant Power Supply with Self TunIng— Inventors: Boys and Covic

147428NZPL | NZ | 9/52}2013 615464 Expired
IPT78 | 147428W0 | PCT 9/10/2014 PCT/NZ20147000196 Expired
IPT78 | 147428IN N 4/11/2016 201617012657 Pending
IPT78 | 147428 Us 5/15/2014 15/021,440 Pending
IPT78 | 147428CN N 5/15/2014 201480059590.3 Pending
IPT78 | 147428EP EP 4/13/2016 14784558.0 T Periding
IPT?78 | 147428)P I3 5/15/2014 2016-541933 Pending
IPT78 | 147428KR KR 5/15/2014 10-2016-7009583 pending

A Multilevel Converter—Inventors: Rahnamaee, Madawala, Thrimawithana

621294

Eupi?ed

IPT79 | 152419WO0

2/23/2015

PCT/NZ2015/050016 ’

Pending

‘Inductive Power Transfer Apparatus— Inventors: Covic and Boys

IPT80 | 150998NZPL

NZ

7/8/2014

627210

Expired

IPT80 | 150998WO0

PCT

2/8]2015

PCT/NZ2015/050087

Pending

Pick-Up Apparatus for inductive Power Transfer Systems— Inventors: Covicand Boys

(P78 | 121462R1

5/2/2007

13/930,505 |

Lo

K Pending (Re-issue, see IPT23}

IPT81 | 121462R1D1

us

10/31/2014

14/529,939 |

| Pending (Re-issue, see IPT23)

MagneticFlux Coupling Structures with Controlled Flux Canceflation-Inventors: Tejeda, Covic, Gawith, Boys and Pearce

T
1PT82 | 150715N2P1 NZ 9/11/2014 631149 Explred
IPT82 | 150715NzP2 NZ 3/16/2015 706024 Expired
IPT82 | 1507.15N2P3 NZ 4/1/2015 706620 Expired
IPT82 | 150715W0 PCT 9/10/2015 | PCT/NZ2015/050139 Pending
17
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Vertically Stacked Colls for Magnetic Flux. Coupling Structures— Inventors: Boys and Couic

[PTe3

J 157084NZP1 I ﬁz r 4/1/'2915' | 706614

Multi-Source IPT System for Dynamic EV Charging — Inventors: Duleepa, Udaya

TR
> ek

i B ) HE
IPT84 | 161482NZP1 NZ 7/20/2015 709915
IPT84 | 161482WO0 PCT 7/20/2016 PCT/N22016/050116 Pending

Hybrid IPT System — fnventors: Madavirala, Thrimawithana, Zzhao

-a-ﬁ%

: B
161483NZP1 NZ | 8/6/2015 | 710795 | lPending

Resonant.Power Transfer — lnventors: -Covic and Boys

IPT86 | 162716NZP1 NZ | 2/11/2016 |716859 Pending

Resonant Power Transfer — Inventors: Covic, Kamineni, Neath

PT87 1 1 N 7/48/2016 722264 { Pending

i

| IPT88 | 164878NzP1 | NZ | 8/1/2016 ! 722771 l Pending 1
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Schedule 2

Patent Families Non-exclusively Licensed

Decoupling Circuits — Inventors: Boys and Covic

PTl6 | 15438INZP1 | NZ 4/9/2003 | 525219 Expired
IPT16 | 154381NZ NZ 4/5/2004 525219 525219 Abandoned
1PT16 | 154381NZD1 | NZ(Div) | 4/5/2004 532156 532156 | Abandoned
IPT16 | 154381WO PCT 4/5/2004 PCT/N22004/000066 expired 7
IPT16 | 154381 us 10/11/2005 | 11/246,166 7,279,850 Granted

Single phase power supply for inductively coupled power transfer systems —ihventor: Boys

P22 | 154385NZP1 | NZ 2/28/2006 | 545664 Expired
1PT22 | 154385NZ NZ 2/28/2007 | 545664 545664 Granted
1PT22 | 154385EP EP 2/28/2007 | 077159937 Pending
IPT22 | 154385W0 | PCT 2/28/2007 | PCT/NZ2007/000041 Expired
T22 | 1543850 I3 8/27/2008 | 2008-557230 5399080 Granted
IPT22 | 154385 us 8/27/2008 | 12/224,534 8953340 Granted
IPT22 | 154385CN cN 1077/2008 | 200780012613.5 ZL200780012613.5 | Granted
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Schedule 5
Covenanted Selely Owned Patents

Pick-Up Apparatus for Inductive Power Transfer Systems — Inveritors: Boys, Covic and Elliot

1PT23 | 121462NZP1 NZ 5/2/2006 546955 I Expired ]

PT23 [ 121462W0 PCT 5/2/2007 PCT/NZ2007/000097 [ Expired i

IPT23 | 121462 us 5/2/2007 12/226,956 { 7969269 Re-Issue Flled - (see I

1pT81)

IPT23 | 121462R1 us 6/28/2013 13/930,505 Pending |
f IPT23 | 121462R1D1 us 10/31/2014 | 14/529,939 Pending '
[ IPT23 | 121462NZ NZ 5/2/2007 546955 546955 Granted [

IPT23 | 121462EP EP .hs_/z/zom _ 077939411 Pending }
| IPT23 | 121462CN CN 11/2/2008 200780020724.0 7L200780020724.0 | Granted ‘

Inductive Power Transfer Apparatus - Inventors: Boys and Huang

i : serposteencen

i

%U

i

I {PT29A | 121494NzZP1 | NZ 127572009 574677 Expired
IPT29A | 121494W0 PCT 2/5/2010 PCT/NZ2010/000017 Explred
IPT29A | 121494EP EP 2/5/2010 10738795.3 Pending

| IPT29A | 121494 us, 2/5/2010 13/138,299 9,283,858 Granted

inductive Power Transfer Apparatus - Inventars: Boys, Covic, Hugang and Budhia

[ IPT298 | 121494NZ 2/5/2009 74677 Expired
IPT29B | 121497NZP1 NZ 4/8/2009 576137 Expired
IPT29B | 121497NzD1 Nz(piv) | 5/31/2010 | 585802 ' Abandgned
IPT29B | 121497NzD1D1 NZ(biv) | 11/3072011 | 596792 ‘ | Abandoned
IPT29B | 121497NzD1D1D1 | NZ 5/5/2010 611167 ) ] ) Abandoned
IPT29B | '121497W0 PCT 2/5/2010° PCT/NZ2010/00001.8 Expired
IPT29B | 121497CN [« 2/5/2010 201080012846.7 71201080012846.7 | Granted
IPT29B | 121497CND1 CN(Dlv) | 9/25/2015 | 2015106213735 Pending
IPT29B | 121497CA CA 2/5/2010 2751595 Pending
1PT29B | 121497IN IN 2/5/2010 6327/DELNP/2011 Pending
[ 1PT29B | 121497JP I 2/5/2010 2011-549109 | pending
IPT298 | 121497JPD1 IP(Div) 7/6/2015 2015-135622 ¢ | Pending
1PT298 I 121497€P ) | EP 1 2/5/2010 { 10738796.1 | | Pending
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IPT298 | 121497KR KR 2/5/2010 10-2011-7020758 Pending
1PT298 | 121497 us 2/5/2016 13/138,298 9,071,061 Granted
IPT29B | 141497C1 Us 4/30/2015 | 14/700,770 Pending

Inductively Powered Mobile Sensor System — Inventors: Budgett, Hu and Malpas

_iPT 42 Nz 9/16/2004 535390 | 535390 Granted_
le 42 AU 9/16/2005 2005285545 20052855_45 Granted
IPT 42 GB 9/16/2005 0706623.6 2433656 Granted
IPT 42 us 8/21/2007 11/575,449 Granted
IPT42 wo 9/16/2005 PCT/N22005/000245 EXpI'red

Bi-Directional Inductive Power Transfer —Inventor: Madawala

|PT45 | 12147INZP1 | NZ ] 11/26/2008 | 573241 Expired
PTa5 | 12147iNzP2 | NZ | 9/3/200 | 579498 Expired
PT45 | 121471W0 PCT | 11/26/2009 | PCT/NZ2009/000259 Expired
PTas | 121471 Us 11/26/2009 | 13/131,155 Pending
IPT45 | 12147INZ NZ 12/21/2009 | 573241 573241 Granted
IPT45 | 121471NzD1 Nz(Dlv) | 1/03/2010 | 582580 582580 Granted

Primary Side Power Transfer for Inductive Power Transfer—Inventor: Madawala

; IPT46 ‘ 121472N1P1 NZ 579499 Expired
1PT46 121472W0 PCT 11/26/2009 | PCT/Nz2009/000263 Expired
IPT46 121472 us 11/26/2009 | 13/131,153 8923015 Granted
IPT46 121472C1 us 12/29/2014 | 14/584,320 Pending

Load Control for Bi-Directional inductive Power Transfer Systems — Inventors: Madawala, Yhrimawithana

Qualcorun Proprietary and Confidential

IPTS5 | 146623NZP1 | NZ 6/27/2011 593764 | Expired

IPTS5 | 146623W0 PCT 6/27/2012 PCT/N22012/000107 t Expired

IPTS5 | 146623 us 6/22/2012 14127,882 ] Pending

IPTS5 | 146623KR KR 6/27/2012 10-2014-7001559 | | Pending

IPTS5 | 146623)P P 6/27/2012 2014-518471 | | Pending

IPT55 | 146623EP EP 6/27/2012 12804818.8 | | Pending
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[ IPTS5 [ 146623CN

ICN

6/27/2012

201280030503.2

| Pending J

| IPT55 ] 146623NZ

INZ

7/9/2012

599764

593764

| Granted |

Initeroperability of Magnetic Structures for Inductive Power Transfer Systems ~ Inventors: Covic

12149182P1 | NZ 7/8/2011 593977 Expired
IPT57 | 12149INZP2 | Nz 12/23/2011 | 597367 Expired
IPT57 | 121491W0 | PCT 7/9/2012 PCT/NZ2012/000121 Expired
PT57 | 121491/P P 7/9/2012 2014-518475 Pending
IPTS7 | 121491EP EP 7/3/2012 12820784.2 Pending
PT57 | 121491US us 7/9/2012 14/131,138 Pending
IPT57 | 121491CN CN 7/9/2012 201280037549.7 Pending
PT57 | 121491KR | KR 7/9/2012 10-2014-7003472 Pending
IPTS7 | 121491NZD1 | NZ(Div) | 3/31/2014 623198 Abandoned
IPT57 | 12149INZ | NZ 10/8/2012 593977 Abandoned

Magnetic Structure Interoperability for IPT Systems — Inventors: Covic and Boys

IPT62 | 123495NZ1

Nz

Cognated with IPTS7

| 9/16/2011

, 59".‘5'251

Multiple Coll Flux Pad —Inventors: Covic and Boys

‘IPT6_3 123.496‘NZP1. NZ ] 5716/2012 | 558253 Expired

IPT63 | 123496WO0 | PCT 2/15/2013 | PCT/NZ2013/000016 Expired

1PT63 | 123496KR KR 2/45/2013 | 10-2014-7025625 Pending =
| Pr63 | 123496.P P 2/15/2013 | 2014-557594 Pending

IPT63 | 123496IN IN 2/15/2013 | 7034/DELNP/2014 Pending
IPT63 | 123496CN cN 2/15/2013 | 201380019993.0 Pending B

IPT63 | 123496US us 2/15/2013 | 14/379,068 Pending

IPT63 | 123496EP EP 2/15/2013 | 137493003 Pending

PT63 | 123496NZ NZ 4/18/2013 | 609482 609482 Granted

VAR Control for IPT System — Inventors: Covic and Boys

597987

Expired

[ 2/2/2012
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IPTe4 | 123497WO | PCT 2/1/2013 PCT/NZ2013/000003 Expired
1PT64 | 123497EP EP 2/1/2013 138135496 Pending
PTed | 123497Us | Us 2/1/2013 14/376,401 Pending
PT64 | 123497CN | CN | 3/1/2013 2013800178455 Pending
IPT64 | 1234970P P 2/1/2013 2014-555521 Pending
IPT64 | 123497KR KR 2/1/2013 10-2014-7024432 Pending :
PT64 | 123497NZ | NZ 4/16/2013 | 609519 Abandoned ;

Design Considerations for Variable Coupling Lumped Coil Systems— Inventors: Chang-¥u-and Covic

AR

“IPT66 | 131923NzP1 | NZ 8/31/2012 602184 Expired

IPT66 | 131923NZP2 | NZ 9/14/2012 602543 Expired i
IPT66 | 131923W0 PCT 9/2/2013 PCT/NZ2013/000154 Expired

PT66 | 131923NZ NZ 11/29/2013 618318 Abandoned

IPT66 | 131923KR KR 9/2/2013 10-2015-7008302 Pending

IPT66 | 131923EP EP 9/2/2013 138335286 pending

1PT66 | 131923U5 | US 9/2/2013 14/424,390 Pending

PT66 | 1319231P 1P 9/2/2013 | 2015-529721 R Pending

IPT66 | 131923CN CN 9/2/2013 201380055662.2 Pending

Wiring Harness and Wireless Power Transfer System~— Inventors: Keeling, Beaver, van Boheemen, Kissin, Covlc and Boys

1PT68 | 120822P1 US 3/20/2007 | 61/613400 ’ T Expired
IPT68 | 120822W0 | PCT 3/20/2013 PCT/NZ2013/000045 Expired
IPT68 | 120822EU EP 3/20/2013 | 13764869.7 -7 | pending
IPT68 | 120822 Us 3/20/2013 14/386,206 Pending
IPT68 | 120822KR KR 3/20/2013 10-2014-7029391 Pending
IPT68 | 120822CN | CN | 3/20/2013 201380024923.4 Pending
| PTe8 | 1208220p P 3/20/2013 2015-501611 Pending

Winding Arrangementsin Wireless Power Transfer Systems—Inventors: Keeling, van Boheemea, Kissin, Beaver, Boys Covic,
etal.

IPT69 | 120823P| us 3/20/2012 61/613,414 Expired H

IPT69 | 120823W0 | PCT 3/20/2013 PCT/NZ2013/000046 Expired ,

IPT69 | 120823 s 3/20/2013 14/386,311 Pending £
23
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IPT69 | 120823KR KR 3/20/2013 10-2014-7029392 t Pending
IPT69 | 120823CN CN 3/20/2013 201380024920.0 Pending
IPT69 | 120823EU EP 3/20/2013 13763812.8, Pending
IPT69 120823]P Jp 3/20/2013 2015-501612 Pending

Vehicle or Moving Object Detection- Inventors: Bays

{777 | 146626N2P1 | Nz 11/12/2012 Expired ’
IPT77 | 146626NZ NZ 11/12/2013 617614 Abandoned [
IPT77 | 146626WO0 PCT 11/12/2013 PCT/NZ2013/000202 . Expired l
IPT77 | 146626CN CN 11/12/2013 201380058928.9 Pending _ |
| IPT77 | 146626EP EP 11/12/2013 13854136.2 Pending ]
IPT?7 | 146626KR KR 11/12/2013 10-2015-7015221 Pending |
IPT77 | 146626JP 1P 11/12/2013 2015-541736 Pending [
IPT77 | 146626 us 11/12/2013 14/441,682 Pending |

Pick-Up Apparatus for Inductive Power Transfer Systems— Inventors: Covic and Boys; IPT 23 Re-Issue Applications

1PT81

121462R1 "Us

.ﬁﬁd‘:{ﬁd S
5/2/2007

13/930,505

St : :
Pending (Re-issue, see IPT23)

IPT81

121462R1D1 us

10/31/2014

14/529,939 e

Pending {Re-issue, see IPT23)

Magnetic Flux Coupling Structuies with Controlled Flux Cancellation— Inventors: Tejeda, Covic, Gawith, Boys and Pearce

| IPT82 | 1507150ZP1 [ Nz 631149 Expired
PT2 | 15071522 | NZ 3/16/2015 | 706024 Expired
(PT82 | 150715NZP3 | NZ 4/1/2015 706620 “Pending |
1PT82 | 150715WO PCT 9/10/2015 PCT/NZ2015/050139 Pending |
24
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FOURTH AMENDMENT

THIS FOURTH AMENDMENT is made to the Amended and Restated License
Agreement dated October 14, 2011, as amended by that certain letter agreement last
signed on July 31, 2012, by the Second Amendment effective October 14, 2011 and by the
Third Amendment effective October 14, 2011 (collectively, the “Agreement”) between
Auckland UniServices Limited, a company incorporated and registered in New Zealand
with company niumber 373821 (“UniServices”) and QUALCOMM Incorporated, a
Delaware corporation (“Qualcomm”), and is entered into effective as of May 1, 2017 (the
“Fourth Amendment Date”). UniServices and Qualcomm may be referred to
individually as a “Party” and collectively as the “Parties” in this Fourth Amendment.

FOURTH AMENDMENT:
NOW, THEREFORE, the Parties hereby agree as follows:

L Headings; Definitions. Headings tised in this Fourth Amendment ate inserted
far the purpose of convenience only and are not intended to affect the meaning or
interpretation of any provision of this Fourth Amendment. PFor the purpose of the
construction and interpretation of this Fourth Amendment, the word “including” (and
variations thereof such as “inclide” and “includes”) will not be deemed to be a term of
limitation, but rather will be deemed to be followed by the words “without limitation,”
and thewords “herein,” “hereof,” and “hereunder” will refer to this Fourth Amendment
as a whole. Unless otherwise specified herein, capitalized tetms uised in this Fourth
Amendment given to such terms in the Agreement.

2. Clause 1.1 Definitions.
a.  The definition of “Road Vehicle” in the Agreement is deleted and replaced by
the following
“Road Vehicle” means any vehicle, scooter, motorcycle, bicycle, tricycle,
Segway, wheelchair, or other similar apparatus or machine (whether
controlled directly or indirectly through remote or autonomous means (and
with or without human input)) having one or more wheels that is designed
primarily: (i) for use on a public or private road, trail, pathway, driveway,
pavement, race ttack and its surrounding areas (e.g., race pit, entrance and exit
area to race track), garage surface, or parking lot (whether located indoors or
outdoors); and (ii) to transport, or provide any service to oz for, any person (ox
persons) or goods.
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No Other Amendment. Except as expressly set forth in this Foutth Amendment,

the Agreement shall remain in full force and effect without any modificationi. The
terms and conditions of thig Fourth Amendment and the Agreement supersedes all
prior and contemporaneous oral or written understandings between the Parties
with respect to their subject matter, and constitute the entire agteement of the
Parties with respect to such subject matter. The terms and conditions of this Fourth
Amendment and the Agreement shall not be modified or amended, except by a
writing signed by the authorized representatives of both UniServices and
Qualcomm,
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IN WITNESS WHEREOF, the Parties have, through their duly authorized
representatives, caused this Fourth Amendment to be entered into effective as of the
Fourth Amendment Date. This Foutth Amendment may be sigted in counterpatts.

Auckland UniServices Limited QUALCOMM Inc6rporated
By: Wﬁﬂmﬁ%
i
Printed Name; W.H-U. CHAR LS Printed Klame: ____JohnHan
Title: GEER AL MANA Qé W . Titl Sr Vice President & General Manager
; » itle:

Date: 4/‘“% 920‘2 Date: 5/531/3&#/17
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