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A CONVERTER

FIELD OF THE INVENTION

This invention relates generally to a converter particularly, but not

exclusively, to a converter for an inductive power transfer system.

BACKGROUND OF THE INVENTION

Electrical converters are well known in the art and are available in many
configurations for a variety of applications. Generally speaking, a
converter converts an electrical supply of one type to an output of a
different type. Such conversion can include DC-DC, AC-AC and DC-AC
electrical conversions. In some configurations a converter may have any
number of DC and AC ‘parts’, for example a DC-DC converter might
incorporate an AC-AC transformer converter section.

More specifically, ‘inverter’ is a term that can be used to describe a DC-AC
converter. An inverter may exist in isolation or as part of a larger converter
(as in the above example, which must invert the DC to AC prior to the AC-
AC transformer).  Therefore, ‘converter’ should be interpreted to
encompass inverters themselves and converters that include inverters.
For the sake of clarity, the remainder of this specification will refer only to
‘converter’ without excluding the possibility that ‘inverter might be a

suitable alternative term in certain contexis.

There are many configurations of converters that achieve DC-AC
conversion. Predominately, this is through a suitable arrangement of
switches that by means of co-ordinated switching cause current to flow in
alternating directions through a component. The switches can be
controlled by control circuitry to achieve a desired AC output waveform.
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Further circuit components can be included to shape the output waveform.
Subject to the particular circuit topology, the output waveform will be
dependent on the switches’ frequencies, duty-cycles and working
interrelationship.

One example of the use of converters is in the context of inductive power
transfer (IPT) systems. These systems are a well known area of
established technology (for example, wireless charging of electric
toothbrushes) and developing technology (for example, wireless charging
of handheld devices on a ‘charging mat’). Typically, a primary side
generates a time-varying magnetic field from a transmitting coil or coils.
This magnetic field induces an alternating current in a suitable receiving
coil that can then be used to charge a battery, or power a device or other
load. In some instances, it is possible to add capacitors around the
transmitter coil to create a resonant circuit. Similarly, capacitors can be
added around the receiver coil(s) to create a resonant circuit. Using a
resonant circuit can increase power throughput and efficiency at the
corresponding resonant frequency.

Ordinarily, the transmitting coils are driven by a converter. The
characteristics of the driving current (such as frequency, phase and
magnitude) will be related to the particular IPT system. In some instances,
it may be desirable for the driving frequency of the converter to maich the
resonant frequency of the resonant transmitting coil and / or the resonant
receiving coil. The magnitude may be changed to correspond to the load
requirements on the secondary side. In some systems, the load
requirements can be communicated to the primary side by a suitable

means.
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All of these layers of control add complexity and cost to the design of IPT
systems. Accordingly, it is desired to have a simplified method of

controlling a converter.

Another problem associated with IPT systems, is that for resonant
systems, the resonant frequency of the transmitter is not fixed but varies
according to the load on the receiver. Changes in the load are reflected
back to the transmitter through the mutual inductive coupling, which in
turns affects the resonant frequency of the transmitter. Thus, if the
converter is supplying an output to the transmitter coil at a frequency that
is no longer equivalent to the resonant frequency of the transmitter the
power throughput is diminished and the system becomes less efficient.

A further problem associated with IPT systems is that the values of
resonant components such as the transmitter or receiver coil and the
resonant capacitors may vary due to manufacturing tolerances, age,
temperature, power transmission distance changes and the presence of
nearby metal or magnetic material, among other factors. These variations
affect the resonant frequency of the transmitter, which may fall out of
resonance with the receiver causing power throughput to be diminished
and the system to become less efficient.

One way that this variation in resonant frequency can be accommodated is
by adapting the control switches to switch off and switch on when the
voltage through the transmitting coil goes to zero. Thus, the switching
frequency will automatically correspond to the resonant frequency of the
transmitting coil. A disadvantage of such a solution is that the frequency
of the transmitted magnetic field will then vary over a range dependent on
the resonant frequency of the transmitting coil. This is problematic for two
reasons: first, the receiver must adaptively retune to changes in the
transmitted frequency or alternatively lose power; and secondly, it is
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undesirable to have the system operating over a range of frequencies
since the available bandwidth might be too narrow.

It is an object of the invention to provide the public with a useful choice.

SUMMARY OF THE INVENTION

According to one example embodiment there is provided an inductive
power receiver including at least two switches connected across a
resonant circuit, the resonant circuit including an inductance and a

capacitance, wherein:

a first switch of the at least two switches is configured to switch into

a first state based on a first event dependent on a receiver variable; and

the first switch is configured to switch to a second state based on a

second event independent of a receiver variable.

It is acknowledged that the terms “comprise”, “comprises” and
“‘comprising” may, under varying jurisdictions, be attributed with either an
exclusive or an inclusive meaning. For the purpose of this specification,
and unless otherwise noted, these terms are intended to have an inclusive
meaning — i.e. they will be taken to mean an inclusion of the listed
components which the use directly references, and possibly also of other

non-specified components or elements.

Reference to any prior art in this specification does not constitute an
admission that such prior art forms part of the common general
knowledge.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings which are incorporated in and constitute part
of the specification, illustrate embodiments of the invention and, together
with the general description of the invention given above, and the detailed
description of embodiments given below, serve to explain the principles of

the invention.

Figure 1 is a schematic diagram of an inductive power transfer
system;

Figure 2 is a circuit diagram of a converter topology according to an
embodiment;

Figure 3 is a series of graphs relating to typical control of a converter;

Figure 4 is a series of graphs relating to control of a converter

according to an embodiment;

Figure 5 is a series of graphs relating to control of a converter

according to a further embodiment;

Figure 6 shows waveforms relating to control of a converter according

to another embodiment;

Figure 7 shows a converter topology according to another

embodiment;

Figure 8 is a circuit diagram of a receiver configuration with a split
receiver coil L1 and L2;

Figure 9 is a series of graphs showing how varying a delay pulse

results in varying of the DC output;
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Figure 10 s a circuit diagram of a controller embodiment of the receiver
configuration of Figure 8; and

Figure 11 is a circuit diagram of a receiver configuration with a
separate receiver coil L5.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

An inductive power transfer (IPT) system 1 is shown generally in Figure 1.
The IPT system includes an inductive power transmitter 2 and an inductive
power receiver 3. The inductive power transmitter is connected to an
appropriate power supply 4 (such as mains power). The inductive power
transmitter may include an AC-DC converter 5 that is connected to an
inverter 6. The inverter supplies a transmitting coil or coils 7 with an AC
current so that the transmitting coil or coils generate an alternating
magnetic field. In some configurations, the transmitting coils may also be
considered to be separate from the inverter. The transmitting coil or coils
may be connected to capacitors (not shown) either in parallel or series to

create a resonant circuit.

Figure 1 also shows a controller 8 within the inductive power transmitter 2.
The controller may be connected to each part of the inductive power
transmitter. The controller may be adapted to receive inputs from each
part of the inductive power transmitter and produce outputs that control the
operation of each part. The controller may be implemented as a single unit
or separate units, adapted to control various aspects of the inductive
power transmitter depending on its capabilities, including for example:
power flow, tuning, selectively energising transmitting coils, inductive

power receiver detection and/or communications.
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The inductive power receiver 3 includes a receiving coil or coils 9 that is
connected to receiving circuitry 10 that in turn supplies power to a load 11.
When the inductive power transmitter 2 and inductive power receiver are
suitably coupled, the alternating magnetic field generated by the
transmitting coil or coils 7 induces an alternating current in the receiving
coil or coils 9. The receiving circuitry 10 is configured to convert the
induced current into a form that is appropriate for the load 11. The
receiving coil or coils 9 may be connected to capacitors (not shown) either
in parallel or series to create a resonant circuit. In some inductive power
receivers, the receiver may include a controller 12 which may control the
tuning of the receiving coil or coils 9, or the power supplied to the load 11
by the receiving circuitry 10.

Figure 2 shows an example of the inverter 6. The inverter 6 includes a DC
supply 202, DC inductors 203, an output inductor 204 (transmitting coil 7),
resonant capacitor 205, control switches (which for the sake of clarity shall
be called switch one 206 and switch two 207) and control circuitry 208.
Also shown in figure 2 are parasitic capacitors 209 and parasitic body
diodes 210, which are characteristic of the control switches.

Under typical operation of the inverter 6 switch one 206 and switch two
207 are alternately switched on and off with a 50% duty cycle. The
frequency of the switches is such as to match the natural resonant
frequency of the output inductor 204 and resonant capacitor 205. This will
produce the waveforms as shown in figure 3. To achieve the switching
pattern, prior systems might employ a controller that is programmed to
activate the switches alternately according to the zero crossings of the
output inductor voltage.

A method of controlling the converter may be as follows: each switch is
switched into a first state at the occurrence of a first switching event
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dependent on a converter variable; and switched into a second state at the
occurrence of a second switching event independent of a converter

variable.

The following will refer to the first state as an on state, and the second
state as an off state. However, the first state may also be an off state and
the second state may also be an on state.

First Switching Event

The first switching event is when the voltage across switch one 206 or
switch two 207 goes to, or near to, zero. That is to say, the switch one
switches on when the voltage across switch one goes to, or near to, zero
and switch two switches on when the voltage across the switch two goes
to, or near to, zero. Since the voltage across switch one 6 or switch two
207 is dependent on the voltage across the output inductor 4, it can be
said to be related to a dependent variable of the converter. In this way,
the switches switching on can accommodate changes in the system since
the occurrence of the first switching event may alter with changes in the

system.

In this way the first event is dependent on a converter variable; the
converter variable being the voltage zero crossing.

The voltage can be detected and when it reaches a certain value it
becomes a triggering event. For example, a comparator circuit may output
a change in state when a voltage across the resonant transmitter coil falls
below a defined threshold. This control can be contained in the control

circuitry 208.
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One benefit of using the voltage across switch one 206 or switch two 207
reaching or nearing zero as the first switching event may be zero-voltage
switching. That is to say, the switches are switched on when the voltage
across them is zero, which minimises energy losses, improves efficiency

and prevents damage to the switches due to overcurrent.

In another embodiment, the first switching event is the zero crossing of the
current through switch one or switch two. That is to say, switch one
switches on when the current through switch one goes to, or near to, zero
and switch two switches on when the current through switch two goes to,
or near to, zero. Other variable characteristics in the system 1 may be
suitable as the basis for a first switching event.

Second Switching Event

The second switching event is the expiration of a fixed time interval (a)
after the other switch has switched off. That is to say, switch one 206 is
switched off a fixed time interval (a) after switch two has switched off and
switch two 207 is switched off a fixed time interval (o) after switch one has
switched off. Since the switching off of switch one or switch two is not
related to a dependent variable of the system (i.e. it is preset and will not
vary), it will stay the same regardless of any changes in the system.
Further, since the switches are continuously switching off after a fixed time
interval, the frequency of the switches is also not related to a dependent
variable of the system. The frequency of the converter can be calculated
according to equation 1

1
fconverter =< (1 )

20
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A circuit may be included to detect a switch switching into an off state, and
to trigger the other switch to switch off after a fixed delay. Alternatively, a
controller could be programmed to internally control this process without
there being any need to actually detect the change in state of the
switches. This control can be contained in the control circuitry 208, and
the time interval, a, can be varied by a user or according to a lookup table.

In this way the second event is independent of a converter variable; the
delay a being set independently from operational variables of the
converter (e.g.: voltage or current based variables), and the second event
being the conclusion of the delay.

The second switching event may alternatively be the expiration of a time
interval that runs from a change of state of the same switch, or a clock
signal could be used to trigger the switches to switch off, irrespective of
the state of the other switch.

Figure 4 shows the state of switch one and switch two, the voltage across
each switch and the voltage across the output inductor. At time t4, switch
one switches off and switch two switches on. Switch two switches on
because the voltage across the switch goes to zero. As switch one is
switched off, the voltage across the inductor begins to increase then
decrease (resulting in the observed waveform). After time a has elapsed
since switch one switched off, at time t,, switch two switches off. Since a
has been preset to equate to half the natural resonant period (tg) of the
output inductor and output capacitor, t; corresponds to the time when the
voltage across switch one goes to zero, and thus switch one switches on.
This cycle repeats and results in a switching pattern that has the same

effect as the 50% duty cycle with fixed frequency described earlier.
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In some cases the resonant frequency of the output inductor and output
capacitor may change e.g.: due to degradation of circuit parts; load
changes affecting the coupling between the primary and secondary coils in
IPT systems; etc. Figure 5 illustrates where half the resonant time period
(tr)) is less than a, or where a is fixed to a value more than tg’. At time ti,
switch one switches off, causing the voltage across the inductor to
increase then decrease resulting in the observed waveform. Since tg' is
less than a, the voltage across switch one reaches zero before a has
elapsed. Hence, at to switch one switches on. This occurs before switch
two has switched off, so that both switches are simultaneously on. Then
at ts, after time a has elapsed since switch one switched off, switch two
switches off. This cycle repeats and results in a switching pattern with a
duty cycle greater than 50%, but with the same frequency as the example
shown in figure 3 (i.e. 1/(2a)).

Figure 6 demonstrates where tg” is more than a (or equivalently, where a
is set to less than tg”). In this embodiment, rather than both switches
being simultaneously on for a portion of each cycle (as with the example

given in figure 4), both switches are simultaneously off.

To avoid a high voltage spike from developing across open switch one 206
or open switch two 207 due to the energy stored in the inductors 203 a
large snubber network may be used. For example additional discrete
capacitors can be provided across each of switch one 206 and switch two
207 as snubbers, as well as forming part of the resonating network
together with the output inductor 204.

Figure 7 shows such an alternative converter topology 711, which includes
such additional capacitors 712. The converter 711 includes a DC supply
713, DC inductors 714, an output inductor 715, control switches 716 with
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parasitic capacitors 718 and parasitic body diodes 719, and control
circuitry 717.

In an alternative embodiment, it may be desirable to prevent the
waveforms as shown in figure 6 from occurring (for example, because a
snubber network is not desirable). This can be achieved by controlling a
to be not less than tg”, or to use another methodology in those

circumstances.

For example, it is possible to adjust the control method so that the
switches are switched off when the last of the following occurs:

» the expiration of a fixed time interval (a) after the other switch has
switched off (i.e. the second switching event as described above);
or

» The other switch switching on.

Thus, the waveforms shown in figure 6 would not eventuate as each
switch would switch off only when the other switch switches on; preventing
both switches being simultaneously off. This results in a fixed frequency
whenever the resonant period is less than or equal to 2a (i.e. 1/(2a)) but
would have a variable frequency whenever the resonant period is greater
than 2a.

One or more embodiments allow the frequency to remain fixed (as
determined by a), whilst still being responsive to parameter variations such
as changes in inductance and capacitance values, and changes in the
load or coupling (by the duty cycle of the switches changing).

In prior art IPT systems an increase in load on the output of the receiver
will cause the resonant frequency of the transmitting inductor (i.e. coil or
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coils) and capacitor to increase. However, the one or more embodiments
ensure that the operating frequency of the transmitter remains constant
(as determined by a). This can be demonstrated by comparing figures 4
and 5.

If, for example, a is set to tr under a first load, the waveform in figure 4
results. However, if there is an increase in load on the output of the
receiver, the resonant frequency of the transmitting coil and capacitor will
increase, which is equivalent to half the resonant period decreasing (i.e.
tr’, where tg’ < tg). Since tgr’ is less than a, the waveforms in figure 5
result. The frequency of the transmitter remains constant despite load
changes affecting the resonant frequency of the transmitting coil and
capacitor. One or more embodiments may be able to adapt essentially
immediately to changes in the load without requiring complicated control

circuitry.

A further benefit in the context of IPT systems may be that a receiver does
not need to retune if the transmitter frequency is constant. A receiver can
thus be tuned to a set frequency, which may result in more efficient

wireless energy transfer.

Receiver

The method of controlling the inverter 6, described above, may also be
adapted for use in the receiving circuitry 10. Typically receiving circuitry 10
includes a power pick-up stage, a rectification stage, and a power control

stage.

In prior art receivers, losses in the receiving circuitry 10 may be
problematic. For example the power control stage consists of some
switching arrangement that contributes to loss. The rectifier stage adds to
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loss because of diode conduction losses, although this can be reduced by
using a synchronous rectifier. Depending on the application the amount of
power transferred to the receiver may already be low, e.g., of the order of
a few to tens of Watts, therefore it may be desirable to reduce any loss in

the receiving circuitry 10.

Where thermal considerations are also a design factor, this may increase
the desirability to minimise receiver losses. It may also be desirable to

reduce the component count, where the PCB size is important.

In a further embodiment an output power control stage is combined with a
rectifier stage and/or a power pickup stage. In this way losses and circuit

size may be minimised.

Figure 8 shows a receiving circuitry topology 800 according to an
embodiment which is applicable as power rectification and regulation
circuitry of the receiver 3. A split receiver coil Ly Lz is connected in parallel
with a tuning capacitor C1. The combination of the coils L1 L, and the
capacitor C1 form a resonant tank 802 which is tuned for a frequency
substantially similar to that of the transmitter 2. The split receiver coils L1
L, together act as the receiving coil 9, however this is achieved by
ensuring that the level of mutual coupling between the coils Ly and L is
minimised so that receipt of power transferred by the transmitter of the IPT
system utilising the receiver is optimised. Ideally there is no mutual
coupling, but in practice mutual coupling of up to about 30% is tolerable for
the power receipt efficiency requisite in a commercial IPT system. This
may be achieved by winding the coils L1 and L, in the opposite sense,
e.g., Ly is wound clockwise and L, is wound counter-clockwise. Further,
efficiency of the receiving coil(s) may be enhanced by winding or locating
the coils on a mutual core, e.g., of magnetically permeable material, such
as ferrite, to provide control of the magnetic fields induced therein.
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The approximate mid-point or substantially centre tapping 804 of the coils
L1 L, is connected to load Rg connected in parallel with a DC smoothing
capacitor C,. The ends of the coils L1 L, are connected to two switches Sy
Sz in a push pull or current doubling rectifier configuration. Each switch is
provided with a control signal by a controller 806 to rectify the resonant
voltage induced across the resonant tank 802 to that required by the load
11 (Ro) of the receiver 3. In particular, the voltage 808a 808b respectively
at the resonant circuit of either coil Ly L> and the output voltage 810 (with
associated phase) from the resonant tank 802 are input to the controller
806 which compares these outputs so as to provide the control signals.

Figure 9 shows an example of the control signals in the receiver. In
summary each switch is switched similar to the afore-described switching
of the inverter 6 in the transmitter 2. That is, each switch is turned ON
based on a first event and turned OFF based on a second event.

Each switch is associated with one side of the voltage across the receiver
coil(s). Typically in synchronous rectification, a switch is turned ON when
the opposite side of the coil voltage begins to rise. In one embodiment a
delay is inserted between the opposite coil voltage rise time and the switch
ON time. In effect, the switches are used to ‘hold’ the voltage across the
coil at OV for a period of time. By adjusting the period of time during which
the coil voltage is held at 0V, the DC output of the receiving circuitry 800
can be controlled to be higher or lower than the otherwise synchronously
rectified DC output voltage. This means that the receiver 3 has buck and
boost capability.

In other words, when the voltage on one side of the resonant tuning
capacitor C falls to zero, the corresponding switch on that side turns ON
(first event), and remains on for the duration of half of a resonant cycle
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(when the voltage on the side of the resonant capacitor falls to zero), and
holds ON for a set delay a thereafter (second event; which is the

conclusion of the delay).

Similar to the control of the transmitter 2, in the receiver 3 the first event is
dependent on a variable of the receiver itself e.g.,: the receiver variable is
the voltage zero crossing, and the second event is independent of a
variable of the receiver, e.g., the delay a is set independently of
operational variables of the receiver, such as voltage or current based
variables, such that the second event sets the conclusion of the delay.

The controller 806 can be implemented using discrete analogue
components (opamps, comparators, etc.) for a fixed output voltage and the
switches can be implemented as field effect transistors Q¢ Q2 (or other
similar switch configurations), as shown in Figure 10. In the exemplary
embodiment depicted in Figure 10, the voltage across the resonant tank
802 is measured by comparator U,. The square wave output is provided to
a ramp generator 812. The DC output voltage is converted to an error
signal which compares it to a 1.25V DC signal. The ramp voltage is
compared by comparator Us to the DC error signal, and the output is
provided to the gate of Q.. Similarly the opposite polarity of the voltage
across the resonant tank 802 is measured by comparator Us. Ramp
generator 814 and comparator U4 generate the gate signal for Q4. In this
fashion closed loop control can be achieved to maintain the output DC
voltage at a predetermined value according to the Ve signal. In effect the
delay a is adjusted until the output voltage is 1.25V. This is because the
output voltage at the output phase is fed straight into Ug. Alternatively the
target output voltage could be set by feeding a fraction of the output
voltage into Us (through a voltage divider). For example, to regulate the
output at 2.5V, the output voltage could be divided by 2 and that signal fed
into Ug with the 1.25V .
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Alternatively the controller can be implemented with a microcontroller for
an adjustable output voltage. In one example, the output voltage may be
sensed and then the delay a can be increased or decreased in steps by a
microcontroller to vary the output in a closed feedback loop. The algorithm
steps may be programmed into the microcontroller to include

predetermined criteria relating to the control strategy.

In a further embodiment, receiver circuitry 1000 shown in Figure 11 is
provided in which the receiver circuitry 1000 has a single (loop) coil Ls
which is connected in parallel to a tuning capacitor C3 to form a resonant
tank 1002. Two (split) DC inductors L4 Lg connect the resonant tank 1002
to a DC voltage output node 1004 connected to (DC) load Rg (11) of the
receiver 3 shown in parallel with a smoothing capacitor C,. As with Figure
8, two switches Q¢ Q2 are connected in a push pull or current doubling
rectifier configuration to the resonant tank 1002 and are operated in the

same manner.

The circuit in Figure 10 may be more useful than the circuit of Figure 11 in
situations where a fixed coupling coefficient between transmit and receive
coils is present, or when circuit size and complexity is a priority over output
voltage ripple, for example. This is because the circuit in Figure 11
contains large DC inductors. These inductors provide stability for the
system and act to smooth the DC output current such that the DC output
ripple may be lower with this configuration but the circuit size is larger as
compared with the Figure 10 embodiment. Also a conventional single
inductor receiver coil can be utilized so the manufacture of the receiver coll

may be simpler and cheaper.

While the present invention has been illustrated by the description of the
embodiments thereof, and while the embodiments have been described in
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detail, it is not the intention of the Applicant to restrict or in any way limit
the scope of the appended claims to such detail. Additional advantages
and modifications will readily appear to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to the specific details,
representative apparatus and method, and illustrative examples shown
and described. Accordingly, departures may be made from such details
without departure from the spirit or scope of the Applicant’s general

inventive concept.
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CLAIMS:

1. An inductive power receiver including at least two switches
connected across a resonant circuit, the resonant circuit including an

inductance and a capacitance, wherein:

5 a first switch of the at least two switches is configured to switch
into a first state based on a first event dependent on a receiver
variable; and

the first switch is configured to switch to a second state based on

a second event independent of a receiver variable.

10 2. The receiver in claim 1, wherein the first event is the voltage across
or current in the first switch reaching, crossing through, or rising from

Zero.

3. The receiver in claim 2, wherein the second event is the conclusion of

a delay.

15 4. The receiver in claim 3, wherein the delay starts from when a second
switch of the at least two switches, switches to the second state.

5. The receiver in claim 3, wherein the delay is determined based on a
predetermined DC output voltage.

6. The receiver in claim 5 where the predetermined DC output voltage is
20 selected from the group consisting of a buck voltage and a boost

voltage.

7. The receiver in claim 3, wherein the delay is determined based on
predetermined criteria.
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The receiver in claim 3, further comprising a closed loop controller
configured to provide switching signals to the at least two switches, to
control the DC output voltage to a substantially predetermined level.

The receiver in claim 1 wherein the resonant circuit includes a pair of
receiving coils in series or a split receiving coil, in parallel with a
capacitor, and wherein a common point between the coils is

connected to a DC load.

The receiver in claim 1 wherein the resonant circuit includes a
receiving coil in parallel with a capacitor, and the receiver further
comprises two inductors, each connected between a respective

switch and a DC load.

The receiver in claim 1 wherein the combination of the at least two
switches connected across a resonant circuit is a modified push pull

converter or modified current doubling rectifier circuit.

The receiver in claim 1 wherein the first state is an ON state and the
second state is an OFF state.
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Figure 1



WO 2016/064283

2/11

PCT/NZ2015/050175

203
204
20
O
- | |
206 '
205
i_._____
et
209
| g 210
32
208

Figure 2

207



PCT/NZ2015/050175

WO 2016/064283

3/11

Output
Inductor

St

S2

Figure 3



PCT/NZ2015/050175

WO 2016/064283

4/11

N

/N /N /N N\
—— o -— ot
— /N
3
..M.OIVﬁ ||||||| ||V¢|I..l -
= 3
S = - —— -
o 3
5
T e e e e e e e T e e e, e N e e — . e e ——— e — —— e —— — — — — —_— N s —
5
S = ~— S
20 n N n
532 N
©
o=



PCT/NZ2015/050175

5/11

WO 2016/064283

Figure 5

N N N ~ A
A..I. +— — et
IIIIIIIII Mllllﬂlllllllll e —— g — = ———
3
N /S ... DD SEUPIpIIPPE -t NN SN I
3
:S
—
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII _— e ——
V — — —— — 2
5 0 b 2 n 0s)
25 — N
S5 w n
O =



PCT/NZ2015/050175

WO 2016/064283

6/11

/

Output
Inductor

S2 (V)

S1

S2



WO 2016/064283 PCT/NZ2015/050175

7111
/711
714
/
715
71N
O M
716 716
718 718
| A / |
S1 :j L # E: S2
719 \ \ 719
T
711

711 -

— S1

— S2

Figure 7



WO 2016/064283 PCT/NZ2015/050175
8/11
T 800
_ RS
- 0 804
802
A G
! T £2 :
808a | ! 808b
e i 11 bl
i 1 1
I e m 810
S1\ \ S
.
806

Figure 8



PCT/NZ2015/050175

WO 2016/064283

9/11

Output
Inductor

Comparatof
Output

S1
S2

Figure 9



WO 2016/064283 PCT/NZ2015/050175

10/11
iy 800
—=c2 0 RS 804
802
S e —
I LT La el
! "Lt 12 :
| i
Legi ! | Leg2
S | =
] }
l_ o e e C_:_t ______________ _
Gate!l Wy = Gate2
oy —
Q1 Q2
.
12v
Legt ad
b X b2 in-phase T"‘”
Leg2? Ramp 3 U2 Gate2
s o ' —a
i / enerator] },é
812 Voltage Error
12v
Leg2 od
é'i_..__& U4 in-phase dd
Legl Ramp 3 U5 Gatet
- S S—
jves Generator -
£S
814 Voltage Error

Figure 10



WO 2016/064283 PCT/NZ2015/050175

11/11
1000
Gl Ry 1004 /
r‘v”: r’“\f‘:
4 8
/1002
! — p’
Cs

- L
. =
CATE 2 — — GATE ¢
@2

Figure 11



INTERNATIONAL SEARCH REPORT International application No.

PCT/NZ2015/050175

A. CLASSIFICATION OF SUBJECT MATTER
HO2M 7/00 (2006.01) HO2J 17/00 (2006.01) HOIF 38/00 (2006.01)

According to International Patent Classification (IPC) or to both national classification and TPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPIAP, EPODOC, INSPEC, Google Patents, Google Scholar and Espacenet searched with keywords: WPT, IPT, wireless,
contactless, power, transfer, switch, resonance, inductance, capacitance, state, first, second, on, off, condition, voltage, zero,
crossing, time, delay, lag, buck, boost, load, turn, status, dependent, series, parallel, converter, control and similar terms.

Espacenet searched with keywords (applicant/inventor): Saining Ren as the inventor, powerbyproxi as the applicant.

Applicant(s)/Inventor(s) name searched in internal databases provided by IP Australia.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

Documents are listed in the continuation of Box C

Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art which isnot ~ "T"  later document published after the international filing date or priority date and not in
considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E" earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) or ~ "Y"  document of particular relevance; the claimed invention cannot be considered to
which 1s cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art
"O"  document referring to an oral disclosure, use, exhibition . .
or other means & document member of the same patent family
"p" document published prior to the international filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
7 December 2015 07 December 2015
Name and mailing address of the ISA/AU Authorised officer
AUSTRALIAN PATENT OFFICE Prakash Prasai
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE
Email address: pet@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Telephone No. 0262832939

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT PCT/NZ2015/050175

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2014/0293670 A1 (POWERBYPROXI LIMITED ) 02 October 2014
X See the whole document particularly the abstract, figures 1-3, 6, paragraphs [0003]- 1-12
[0006], [0012]-[0013], [0023]-[0026], [0028]- [0031], [0034], [0036]-[0037], claims 1-
7.

US 2014/0252874 A1 (IHI CORPORATION}) 11 September 2014
A See the whole document 1-12

US 5428521 A (KIGAWA et al.) 27 June 1995
A See the whole document. 1-12

Form PCT/ISA/210 (fifth sheet) (July 2009)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/NZ2015/050175

This Annex lists known patent family members relating to the patent documents cited in the above-mentioned international search
report. The Australian Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

Patent Document/s Cited in Search Report

Patent Family Member/s

Publication Number Publication Date Publication Number Publication Date

US 2014/0293670 Al 02 October 2014 US 2014293670 A1l 02 Oct 2014
CN 104040863 A 10 Sep 2014
EP 2777142 A2 17 Sep 2014
JP 2015503314 A 29 Jan 2015
KR 20140090669 A 17 Jul 2014
WO 2013070094 A2 16 May 2013

US 2014/0252874 Al 11 September 2014 US 2014252874 Al 11 Sep 2014
CN 103947081 A 23 Jul 2014
EP 2787604 A1l 08 Oct 2014
JP 2013115932 A 10 Jun 2013
WO 2013081045 Al 06 Jun 2013

US 5428521 A 27 June 1995 US 5428521 A 27 Jun 1995
JP H06178464 A 24 Jun 1994
JP 2803943 B2 24 Sep 1998

End of Annex

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

Form PCT/ISA/210 (Family Annex)(July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report
	Page 36 - wo-search-report

