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(57) Abstract: Power conversion system and method for delivering power to a load. The power conversion system electrically con-
necting between a DC power source and the load, and comprising at least one flip-flop arrangement for creating a first pulsed current
having a first frequency, a transformer arrangement stepping up a potential of the first pulsed current, a first transformer portion of
the transformer arrangement being connected to the at least one flip-flop arrangement, a resonance circuit arrangement connected to
a second transformer portion of the transformer arrangement, the second transformer portion being in operation arrangement with the
first transformer portion, the resonance circuit arrangement having a resonance frequency, and an energy storage component connected
between the resonance circuit arrangement and the load when in use.
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SYSTEM AND METHOD FOR MANAGING POWER
DELIVERY TO A LOAD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Patent Application No. 63/272,422,
titled “SYSTEM AND METHOD FOR MANAGING POWER DELIVERY TO A LOAD”, filed
October 27, 2021, the entirety of which is incorporated by reference herein.

TECHNICAL FIELD

[0001] The present disclosure relates to the field of electric power delivery from a power
source and a load to be powered, and in particular to a power conversion system delivering pulsed

electric current to the load to be powered.

BACKGROUND

[0002] A number of techniques have been developed to accomplish efficient power delivery.
Most of them rely on delivering direct current (DC) or alternating current (AC) to apparatuses to
be powered. However, little research has been directed to optimizing energy transmission between

a power source and a load, and energy-efficient power conversion systems.

[0003] Indeed, it may be beneficial to optimize reception of electric power delivered by the
power source and to manage said electric power in a power-efficient manner based on operation
of the load. Consequently, power delivering techniques which can be implemented with less

complexity and more efficiently are desirable.

[0004] There therefore remains a desire for improved power conversion systems for

managing power delivery to a load.

SUMMARY

[0005] An aspect of the present disclosure is to provide a power conversion system for

delivering power to a load, the system being configured for electrically connecting between a DC
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power source and the load, the system comprising at least one flip-flop arrangement for creating a
first pulsed current having a first frequency; a transformer arrangement stepping up a potential of
the first pulsed current, a first transformer portion of the transformer arrangement being connected
to the at least one flip-flop arrangement; a resonance circuit arrangement connected to a second
transformer portion of the transformer arrangement, the second transformer portion being in
operation arrangement with the first transformer portion, the resonance circuit arrangement having
a resonance frequency; and an energy storage component connected between the resonance circuit

arrangement and the load when in use.

[0006] In at least one embodiment, the system further comprises at least one frequency
generating component for creating a second pulsed current at a second frequency, the at least one
frequency generating component being connected in series between the energy storage component

and the load when the system is in use.
[0007] In at least one embodiment, the first frequency is greater than the second frequency.

[0008] In at least one embodiment, the first frequency is at least ten times greater than the

second frequency.

[0009] In at least one embodiment, the at least one frequency generating component creating

the second pulsed current comprises a transistor element; and a frequency generator.

[0010] In at least one embodiment, the first transformer portion is connected in series with the

at least one flip-flop arrangement.

[0011] In at least one embodiment, the energy storage component is connected in parallel with

the resonance circuit arrangement.

[0012] In at least one embodiment, the first frequency is set to be approximately equal to the

resonance frequency of the resonance circuit arrangement.

[0013] In at least one embodiment, the first frequency is configured to be adjustable; and when
in use, the first frequency being adjusted to be approximately equal to the resonance frequency of

the resonance circuit arrangement.
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[0014] In at least one embodiment, the resonance circuit arrangement comprises an inductor
connected in series with the second transformer portion; and a capacitor connected in series with

the inductor.

[0015] In at least one embodiment, the at least one flip-flop arrangement comprises a first flip-
flop portion connected between a first end of the first transformer portion and a center of the first
portion of the transformer arrangement; and a second flip-flop portion operating in collaboration
with the first flip-flop portion, the second flip-flop portion being connected between a second end

of the first transformer portion and the center of the first transformer portion.

[0016] In at least one embodiment, each of the first flip-flop portion and the second flip-flop
portion comprises a switching device; and a frequency generator connected in series with the

switching device.
[0017] In at least one embodiment, the switching device includes a MOSFET.

[0018] In at least one embodiment, the at least one flip-flop arrangement comprises a flip-flop
device; a square-wave generator connected to the flip-flop device; a first switching device
connected between a first end of the first portion of the transformer arrangement and a center of
the first portion of the transformer arrangement, the first switching device being connected in series
with the flip-flop device; and a second switching device connected between a second end of the
first portion of the transformer arrangement and the center of the first portion of the transformer
arrangement, the second switching device being connected in series with the flip-flop device and

in parallel with the first switching device.

[0019] In at least one embodiment, the resonance circuit arrangement is connected in series

to the second transformer portion.
[0020] In at least one embodiment, the energy storage component is at least one capacitor.

[0021] In at least one embodiment, the system further comprises at least one rectifier

connected between the resonance circuit arrangement and the energy storage component.

[0022] In at least one embodiment, the at least one rectifier comprises at least one diode.
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[0023] In at least one embodiment, the at least one rectifier comprises a diode bridge.

[0024] In at least one embodiment, the system is configured to be used for the load which is
an apparatus operating by Joule effect; and the at least one frequency generating component for
creating the second pulsed current at the second frequency is configured to provide short pulses to

the apparatus.

[0025] In at least one embodiment, when in use, the DC power source is connected to a

midpoint on a length of the first transformer portion.

[0026] According to another aspect of the present invention, there is provided a power
conversion system for delivering power to a load, the system being configured for electrically
connecting between a DC power source and the load, the system comprising at least one flip-flop
arrangement for creating a first pulsed current having a first frequency; a transformer arrangement
stepping up a potential of the first pulsed current, a first transformer portion of the transformer
arrangement being connected to the at least one flip-flop arrangement; a resonance circuit
arrangement connected to a second transformer portion of the transformer arrangement, the second
transformer portion being in operation arrangement with the first transformer portion, the
resonance circuit arrangement having a resonance frequency; an energy storage component
connected between the resonance circuit arrangement and the load when in use; a pair of secondary
transformer arrangements, each secondary transformer arrangement comprising a first transformer
portion connected in series with the second portion of the transformer arrangement, a second
transformer portion operatively arranged with the first transformer, and a diode bridge connected
in series with the second transformer portion; and at least one feedback energy storage component
connected to the pair of secondary transformer arrangements, the at least one feedback energy
storage component being configured to be connected in parallel with the DC power source when

1n use.

[0027] In at least one embodiment, the system further comprises at least one frequency
generating component for creating a second pulsed current at a second frequency, the at least one
frequency generating component being connected in series between the energy storage component

and the load when the system is in use.
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[0028] In at least one embodiment, the system further comprises at least one frequency
generating component for creating a second pulsed current at a second frequency, the at least one
frequency generating component being connected in series between the energy storage component

and the load when the system is in use.
[0029] In at least one embodiment, the first frequency is greater than the second frequency.

[0030] In at least one embodiment, the first frequency is at least ten times greater than the

second frequency.

[0031] In at least one embodiment, the at least one frequency generating component creating

the second pulsed current comprises a transistor element; and a frequency generator.

[0032] In at least one embodiment, the first transformer portion is connected in series with the

at least one flip-flop arrangement.

[0033] In at least one embodiment, the energy storage component is connected in parallel with

the resonance circuit arrangement.

[0034] In at least one embodiment, the resonance circuit arrangement is connected in series

with the second transformer portion.

[0035] In at least one embodiment, the at least one feedback energy storage device includes a
first capacitor, a pulse generator operatively connected to the first capacitor, and a second capacitor
connected to the pulse generator; and when in use, the DC power source is connected in parallel

with the second capacitor.

[0036] In at least one embodiment, the system is configured to be used for the load which is
an apparatus operating by Joule effect; and the at least one frequency generating component for
creating the second pulsed current at the second frequency is configured to provide short pulses to

the apparatus.

[0037] In at least one embodiment, when in use, the DC power source is connected to a

midpoint on a length of the first transformer portion.
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[0038] According to yet another aspect of the present invention, there is provided a method
for delivering power to a load, the method being performed by a power conversion system
electrically connected between a DC power source and the load, the method comprising creating
a first pulsed current by at least one flip-flop arrangement of the system, the first pulsed current
having a first frequency; stepping up a potential of the first pulsed current using a transformer
arrangement of the system; increasing the potential of the first pulsed current using a resonance
circuit arrangement of the system, the first frequency being approximately equal to a resonance
frequency of the resonance circuit arrangement; storing energy, by an energy storage component,
from the transformed first pulsed current; supplying power to the load from the energy storage

component.

[0039] In at least one embodiment, the method further comprises rectifying, by a rectifier of

the system, the first pulsed current prior to storing the energy to the capacitor.

[0040] In at least one embodiment, the method further comprises creating a second pulsed
current by at least one frequency generating component, the second pulsed current having a second
frequency; and supplying the second pulsed current to the load, the second frequency being

configured for use by the load.

[0041] In at least one embodiment, supplying the second pulsed current to the load includes
supplying a short, rectified pulsed current to the load, the load being an apparatus operating by

Joule effect.

[0042] In at least one embodiment, the method further comprises collecting, by a pair of
secondary transformer arrangements connected to the transformer arrangement of the system, at
least some losses of the resonance circuit arrangement; and returning at least a portion of energy

of the at least some losses to the at least one flip-flop arrangement.

[0043] In at least one embodiment, the method further comprises measuring an estimated
resonance harmonic frequency of the resonance circuit arrangement; and adjusting the flip-flop
arrangement such that the first frequency is approximately equal to the estimated resonance

harmonic frequency.

BRIEF DESCRIPTION OF THE FIGURES
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[0044] The features and advantages of the present disclosure will become apparent from the

following detailed description, taken in combination with the appended drawings, in which:

[0045] Figure 1 is a block diagram of a power conversion system for managing power delivery

according to an embodiment of the present technology;

[0046] Figure 2 is an electrical diagram of a circuit of the power conversion system of Figure

1 according to an embodiment of the present technology;

[0047] Figure 3 is an electrical diagram of a circuit of the power conversion system of Figure

1 according to another embodiment of the present technology; and

[0048] Figure 4 illustrates a flow diagram showing operations of a method for managing
power delivery to a load to be powered in accordance with an embodiment of the present

technology.

[0049] It is to be understood that throughout the appended drawings and corresponding
descriptions, like features are identified by like reference characters. Furthermore, it is also to be
understood that the drawings and ensuing descriptions are intended for illustrative purposes only

and that such disclosures are not intended to limit the scope of the claims.
DETAILED DESCRIPTION

[0050] Various representative embodiments of the disclosed technology will be described
more fully hereinafter with reference to the accompanying drawings, in which representative
embodiments are shown. The presently disclosed technology may, however, be embodied in many
different forms and should not be construed as limited to the representative embodiments set forth
herein. Rather, these representative embodiments are provided so that the disclosure will be
thorough and complete, and will fully convey the scope of the present technology to those skilled
in the art. In the drawings, the sizes and relative sizes of layers and regions may be exaggerated
for clarity. Like numerals refer to like elements throughout. And, unless otherwise defined, all
technical and scientific terms used herein have the same meaning as commonly understood by one

of ordinary skill in the art to which the described embodiments pertain.
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[0051] Various aspects of the present disclosure generally address one or more of the
problems found in conventional power supplies. To this end, the present disclosure introduces a
power conversion system connecting a DC power source to a load. In a first embodiment, the
power conversion system comprises a frequency generating component (e.g a flip-flop
arrangement) for creating a first pulsed current having a first frequency. A transformer
arrangement further steps up a potential of the first alternating current. In this embodiment, a first
transformer portion of the transformer arrangement is connected to the frequency generating
component. A resonance circuit arrangement is connected to a second transformer portion of the
transformer arrangement, the second transformer portion being in operation arrangement with the
first transformer portion. An energy storage component is connected between the resonance circuit
arrangement and the load when in use, such that the load may receive electric energy from the

energy storage.

[0052] Generally speaking, loads which are used for thermal energy generation (e.g. heaters)
are typically supplied with DC or AC current, such that the generation of thermal energy is due to
the Joule effect. In one non-limiting embodiment, the power conversion system of the present
disclosure enables delivering pulsed current to the load in a power-efficient manner such that a
duration between two consecutive pulses delivered to the load is relatively small compared to a

characteristic time of temperature variation of the load.

[0053] Referring now to the drawings, Figure 1 is a block diagram of a power conversion
system 100 electrically connecting a DC voltage supply 40 to a load 20 according to an
embodiment of the present technology. The DC voltage supply 40 may, for example and without
limitation, provide a voltage Vo between 12V and 120V. In this embodiment, the power conversion
system 100 comprises a flip-flop arrangement 110 that is energized with Vo. The flip-flop
arrangement 110 generates a pulsed current having a first frequency fi1. As an example, the first
frequency f1 may be set between 3kHz and 20kHz. The pulsed current is then directed to a first
portion of a transformer arrangement 120 of the power conversion system 100. In this embodiment,
the transformer arrangement 120 is configured to increase the voltage (i.e. electrical potential, V)
between the first portion and a second portion thereof by a factor N. As an example, N may be set
to 100. As such, the second portion of the transformer arrangement 120 is energized under a

voltage Vi=Vo.N.
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[0054] The second portion of the transformer arrangement 120 is electrically connected to a
resonance circuit arrangement 130 having a resonance frequency fr. In this embodiment and as it
will be described in greater details hereafter, the first frequency of the flip-flop arrangement 110
may be adjusted to be set approximately equal to the resonance frequency fr. As such, the voltage
at an output of the resonance circuit arrangement 130 is increased. The power conversion system
100 further comprises an energy storage component 140 electrically connected at the output of the
resonance circuit arrangement 130 and configured to store electrical energy from the current
flowing from the resonance circuit arrangement 130. Electrical energy is thus delivered from the
energy storage component 140 to the load 20 via a frequency generating component 150. In this

embodiment, the load 20 is an apparatus operating by the Joule effect.

[0055] Figure 2 is a schematic diagram of a circuit of the power conversion system 100
according to a non-limiting embodiment of the present technology. In this embodiment, the DC
voltage supply 40 to which the power conversion system 100 is connected is represented as a
combination of an ideal voltage supply 1 electrically connected to a resistor 2. At its input, the
power conversion system 100 comprises a capacitor 3 electrically connected to the flip-flop
arrangement 110. In this embodiment, the flip-flop arrangement 110 comprises a first frequency
generator 5 and a second frequency generator 8, each of the first and second frequency generator
S, 8 being coupled to a Metal Oxide Semiconductor Field Effect Transistor (MOSFET) for
generating a first pulsed current. Use of any other transistor elements or switching device instead
of the MOSFETS to perform the functions of the MOSFETSs described herein is contemplated in
alternative embodiments. More specifically, the flip-flop arrangement comprises a “flip” part and
a “flop” part. The flip part comprises the first frequency generator 5, a MOSFET 4 and a resistor
6. The “flop” part comprises the first frequency generator 8, a MOSFET 7 and a resistor 9.

[0056] Each of the MOSFETs 4,7 has a drain, a gate electrically connected to its respective
one of the first and second frequency generators 5, 8, and a source. The MOSFETs 4, 7 act as
transistors whose resistance may be adjusted based on the voltage applied at their gates by their
respective frequency generator. In this embodiment, the first and second frequency generators 5,
8 may deliver square waves with an amplitude of 5V at the first frequency f1, the signals of the
first and second frequency generators 5, 8 having 180° phase difference. In use, each MOSFET 4,

7 1s alternatively turned on (i.e. closed) to allow the current to flow from the DC voltage supply
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40 to the transformer arrangement 120. As the frequency generators 5, 8 respectively cause their
MOSFETs 4, 7 to open and close at the first frequency f1, the transformer arrangement 120 receives

a first pulsed current at the frequency f1.

[0057] More specifically, in this embodiment, the transformer arrangement 120 comprises a
first portion receiving the first pulsed current, the first portion comprising a first coil portion 10
and a second coil portion 11 electrically connected to the first coil portion 10. The DC voltage
supply 40 is electrically connected to the first portion of the transformer arrangement 120 at a
connection between the first and second coil portions 10, 11 such as to form a center-tapped
transformer. As such, in response to the MOSFET 4 being closed and the MOSFET 7 being open,
the current flows through the first coil portion 10 and though the MOSFET 4. Similarly, in response
to the MOSFET 7 being closed and the MOSFET 4 being open, the current flows through the
second coil portion 11 and through the MOSFET 7. Pulses are thereby generated in the first portion

of the transformer arrangement 120.

[0058] The transformer arrangement 120 comprises a second portion comprising a coil 12. As
an example, in this embodiment, the turns ratio of the transformer arrangement 120 is set such that
the potential Vs at the second portion of the transformer arrangement 120 is 100 higher than the
potential Vp at the first portion of the transformer arrangement 120. More specifically, the number

of turns Np at the first portion (i.e. addition of turns of the first and second coil portion 10 ,11) and

. Ns _V . N
the number of turns Ns at the second portion are set such that: N—S = V—S = 100. The turns ratio N—S
P P P

may be different in alternative embodiments.

[0059] In use, the first pulsed current flowing in the first portion of the transformer
arrangement 120 induces, via a magnetic field of the first and second coil portion 10, 11, an
induced current in the second portion of the transformer arrangement 120. In the context of the
present, the induced current is also referred to as the “first current”. It should thus be understood
that the first current flows through transformer arrangement 120, the transformer arrangement 120
stepping up the potential of the first current at the between the first and second coil portion 10, 11
and the coil 12.

-10 -
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[0060] Terminals of the coil 12 are connected to the resonance circuit arrangement 130 such
that the first pulsed current may flow therein. In this embodiment, the resonance circuit
arrangement 130 comprises a coil 13 and a capacitor 14 connected in parallel (i.e. LC circuit) and
has the resonance frequency fr. The first frequency f1 of the frequency generators 5, 8 of the
frequency generating component 110 is set approximately equal to the resonance frequency fk to
increase the potential at the capacitor 14. In an embodiment, an estimated resonance harmonic
frequency of the resonance circuit arrangement 130 may be measured (e.g. based on impendences
of the coil 13 and the capacitor 14) and the first frequency of the frequency generators 5, 8 may be
adjusted accordingly.

[0061] The power conversion system 100 may comprise a diode 15 for rectifying the first
pulsed current. The second current may be then directed to the energy storage component 140
being, in this embodiment, implemented as a capacitor 16. In this embodiment, the energy storage

component 140 is connected in parallel with the resonance circuit arrangement 130.

[0062] In this embodiment, the frequency generating component 150 of the power conversion
system 100 comprises a frequency generator 19, a MOSFET 18 and a resistor 17. The frequency
generator 19 may generate a square wave with an amplitude of 5V at a second frequency f> that
may be, for example and without limitation, set at 60Hz approximately. In this embodiment, the
first frequency fi is greater (e.g. a hundred times greater) than the second frequency f2. As such,
by alternatively opening and closing the MOSFET 18, the frequency generator 19 causes the
energy stored in the capacitor 16 to pulsed to the load 20 at the frequency f>, thereby creating a

second pulsed current flowing from the capacitor 16 to the load 20.

[0063] Figure 3 i1s a schematic diagram of a circuit of a power conversion system 200
according to another non-limiting embodiment of the present technology. Elements of the system
200 that are similar to those of the system 100 retain the same reference numeral and will generally

not be described again.

[0064] In this embodiment, the frequency generating component comprises a single frequency
generator 21 generating a square wave signal with, for example, an amplitude of 5V at the first

frequency f1, and a SR latch 22. The SR latch 22 may facilitate alternating openings of the

-11 -
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MOSFETs 4, 7. Indeed, the SR latch 22 automatically causes closing of one of the first and second
MOSFETs 4, 7 in response to opening another one of the first and second MOSFETs 4, 7.

[0065] Additionally, in this embodiment, the power conversion system 200 further comprises
a second transformer arrangement 23 electrically connecting the second portion of the transformer
arrangement 120 to the resonance circuit arrangement 130. More specifically, the second
transformer arrangement 23 comprises a pair of secondary transformer arrangements, each one of
the secondary transformer arrangements being electrically connected to one of the terminals of the

coil 12 of the second portion of the transformer arrangement 120.

[0066] In this embodiment, each one of the pair of secondary transformer arrangements collect
energy from the first pulsed current flowing from the transformer arrangement 120 to the resonance
circuit arrangement 130. A first secondary transformer arrangement includes a coil LS electrically
connected to the coil 12 of the transformer arrangement 120 and the coil 13 of the resonance circuit
arrangement 130. The first secondary transformer arrangement further includes a coil L4 coupled
to the coil L5 such that the first pulsed current flowing in the coil LS induces a first induced current
in L4. The first induced current is then directed to a first diode bridge formed by four diodes D1,
D2, D3 and D4 of the first secondary transformer arrangement. The power conversion system
further includes feedback energy storage component implanted, in this embodiment, as a capacitor
25, to store electrical energy of the second transformer arrangement 23. As such, the first induced

current is rectified by the first diode bridge before its energy is stored in the capacitor 25.

[0067] Similarly, in this embodiment, a second secondary transformer arrangement comprises
a coil L7 electrically connected to the coil 12 of the transformer arrangement 120 and the capacitor
14 of the resonance circuit arrangement 130 (i.e. at a terminal of the resonance circuit opposite to
the first secondary transformer arrangement). The second secondary transformer arrangement
further comprises a coil L6 coupled to the coil L7 such that the first pulsed current flowing in the
coil L7 induces a second induced current in L6. The second induced current is then directed to a
second diode bridge formed by four diodes DS, D6, D7 and D8 of the second secondary
transformer arrangement. The second induced current is further rectified by the second diode

bridge before its energy is stored in the capacitor 25.

-12 -
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[0068] In the embodiment of system 200, the capacitor 25 is electrically connected to a
frequency generating component 160 comprising a MOSFET, a resistor and a frequency generator
that may deliver, for example and without limitation, square waves with an amplitude of 5V at the

first frequency f1.

[0069] As such, by alternatively opening and closing the MOSFET of the frequency
generating component 160, said frequency generator generates, in collaboration with the capacitor
25, a third pulsed current flowing from the capacitor 25 to the capacitor 3, such that electrical
energy may be reintroduced in the flip-flop arrangement 110 of the power conversion system via
connection lines a and b. It can be said that the second transformer arrangement 23 may thus collect
at least some losses of the resonance circuit arrangement 130 occurring at an input thereof.
Connection line a includes a diode to prevent the DC voltage supply 40 from directly providing

current to the capacitor 25.

[0070] In the illustrative embodiment of Figure 3, the diode 15 of system 100 has been
replaced by a diode bridge 15 formed by four diodes D9, D10, D11 and D12 such that the first
pulsed current is rectified before being received by the energy storage component 140 (i.e. the

capacitor 16).

[0071] With reference to Figure 4, a method 400 for delivering power to the load 20, the
method being performed by the power conversion system 100 electrically connecting the DC
power source 10 to the load 20, according to some implementations of the present technology is
illustrated in the form of a flow chart. In one or more aspects, the method 400 or one or more step
thereof may be performed by the power conversion system 100. It is also contemplated that the
method 400 could be performed by the system 200, mutatis mutandis. In some implementations,
one of more steps of the method 400 could be implemented, whole or in part, by another electronic
device. Some steps or portions of steps in the flow diagram may be possibly being executed

concurrently, omitted or changed in order.

[0072] The method 400 begins with creating, at step 405, the first pulsed current by the flip-
flop arrangement 110, the first pulsed current having a first frequency f1. In this embodiment and

as described hereabove, the flip-flop ar