wo 2025/136358 A1 |0 0000 KRN0 00 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date

‘O 000 0 0000 00 O 0
(10) International Publication Number

WO 2025/136358 Al

26 June 2025 (26.06.2025) WIPOIPCT

(51) International Patent Classification:
HOIF 27/28 (2006.01) HOIF 27/38 (2006.01)
HOIF 27/30 (2006.01) HO02M 1/00 (2006.01)
HOIF 27/32 (2006.01)

(21) International Application Number:
PCT/US2023/084793

(22) International Filing Date:
19 December 2023 (19.12.2023)

(25) Filing Language: English
(26) Publication Language: English

(71) Applicant: POWER INTEGRATIONS, INC. [US/US];
5245 Hellyer Ave., San Jose, California 95138 (US).

(72) Inventor: POLIVKA, William M.; 500 Cherry Blossom
Lane, Campbell, California 95008 (US).

(74) Agent: POLLACK, Howard et al.; 5245 Hellyer Ave., San
Jose, California 95138 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR,HU, ID, IL, IN, IQ, IR, IS, IT, IM, JO, JP, KE, KG,

84

KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC. SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM. TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,
SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: COMMUNICATION LINK ON A FLEXIBLE SUBSTRATE

(57) Abstract: A magnetic assembly comprising a first power winding

230

p
fs

COMH1 COM1 344

=

345a

348 W) FIRST SIDE

345

FIRST EDGE 322 325

Dt ettt

FIG. 56

substantially laid around a first axis, a second power winding magneti-
cally coupled to the first power winding and substantially laid around the
first axis, and a flexible circuit proximate to the first power winding and
the second power winding. The flexible circuit comprising a first com-

228 munication winding substantially laid around a second axis, and a second
communication winding magnetically coupled to the first communication
244 winding. The second communication winding is substantially laid around

a second axis, wherein the second axis is substantially perpendicular to
the first axis.
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COMMUNICATION LINK ON A FLEXIBLE SUBSTRATE

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] The present disclosure relates generally to communication between circuits with

galvanic isolation.

Discussion of the Related Art

[0002] Electronic devices use power to operate. Switched mode power converters, also
referred to as switching power converters, are commonly used to power many of today's
electronics due to their high efficiency, small size and low weight. Conventional wall
sockets provide a high voltage alternating current. In a switched mode power converter,
a high voltage alternating current (ac) input is converted to provide a well-regulated
direct current (dc) output through an energy transfer element. The switched mode power
converter usually provides output regulation by sensing one or more signals
representative of one or more output quantities and controlling the output in a closed
loop. In operation, a switch is utilized to provide the desired output by varying the duty
cycle (typically the ratio of the on time of the switch to the total switching period),
varying the switching frequency, or varying the number of pulses per unit time of the

switch in a switched mode power converter.

[0003] Safety requirements for isolated switched mode power converters typically
require the use of high frequency magnetic components to provide galvanic isolation
between the inputs and the outputs of the switched mode power converters in addition to
the voltage level change at the output. Power converters generally include one or more
controllers which sense the output of the power converter and control the operation of
the switch to regulate the output. These controllers may rely on a communication system
to send information to operate the power converter. However, this communication

system should also provide galvanic isolation.

SUMMARY OF THE DISCLOSURE
[0004] A power converter generally includes a first controller, sometimes referred to as a
primary controller, coupled to the input-side of the power converter and a second
controller, sometimes referred to as a secondary controller, coupled to the output-side of

the power converter. The first controller controls the turn ON and turn OFF of a power
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switch to transfer energy between the input and the output of the power converter. The
second controller may sense the output of the power converter and determine if and how
the power switch should be switched. The second controller can communicate with the
first controller. For example, the second controller may communicate requests to turn
ON the power switch or communicate feedback information regarding the output of the
power converter.

[0005] The power converter generally includes an energy transfer element to transfer
energy between the input-side of the isolation barrier and the output-side of the isolation
barrier in the power converter. An example energy transfer element is a
transformer. The communication link between the first controller and the second
controller conveys information between the input-side of the isolation barrier and the
output-side of the isolation barrier in the power converter. Example communication
links could include an inductive coupling, an optical coupling, or a capacitive
coupling. Examples of an inductive coupling include a transformer and a coupled
inductor. Both the energy transfer element and the communication link should provide
galvanic isolation. Typically, the energy transfer element and the communication link
are separate assemblies, which can add to the size and cost of a power converter.

[0006] Embodiments of the present disclosure include an assembly in which the energy
transfer element and communication link are integrated together. The assembly includes
coils of wire which form the energy transfer element, and a flexible circuit embedded
with the coils of wire. The flexible circuit includes the communication link. Benefits of
integrating the energy transfer element and the communication link in the same assembly
may include reduced component count, ease in assembly, reduced point of failure, and
improved reliability. The assembly may also include a magnetic core.

[0007] The energy transfer element includes a first power winding and a second power
winding. The energy transfer element is one example of an inductive coupling. The first
power winding may be an input winding of the energy transfer element while the second
power winding is an output winding of the energy transfer element. The first power
winding and second power winding are laid around a first axis. In one example, the first
power winding is wound around at least a portion of the core. The core is inside at least
one turn of the first power winding. The second power winding is wound around at least
a portion of the core and is magnetically coupled to the first power winding. The core is
inside at least one turn of the second power winding.

[0008] The flexible circuit includes a communication link which includes a first

communication winding and a second communication winding. The flexible circuit is
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located proximate to the first power winding and the second power winding. The
flexible circuit may be wound around the core. The first communication winding may be
a transmitter winding while the second communication winding may be a receiver
winding. The first communication winding and the second communication winding are
laid around a second axis. The first axis and second axis may be perpendicular to each
other. In one example, the first communication winding may be wound such that the
core 1s outside at least one turn of the first communication winding. The second
communication winding is magnetically coupled to the first communication winding.
Further, the second communication winding is wound such that the core is outside at

least one turn of the second communication winding.

BRIEF DESCRIPTION OF DRAWINGS

[0009] Non-limiting and non-exhaustive embodiments of the present invention are
described with reference to the following figures, wherein like reference numerals refer
to like parts throughout the various views unless otherwise specified. Corresponding
reference characters indicate corresponding components throughout the several views of
the figures.

[0010] FIG. 1 illustrates an example power converter with a magnetic assembly
including an energy transfer element and a communication link, in accordance with an
embodiment of the present disclosure.

[0011] FIG. 2 is a perspective view of a core with a winding.

[0012] FIG. 3A is a cross-sectional view of an example magnetic assembly of FIG. 1, in
accordance with an embodiment of the present disclosure.

[0013] FIG. 3B illustrates an example flexible circuit of FIG. 3A, in accordance with an
embodiment of the present disclosure.

[0014] FIG. 4A is a cross-sectional view of another example magnetic assembly of FIG.
1, in accordance with an embodiment of the present disclosure.

[0015] FIG. 4B illustrates an example flexible circuit of FIG. 4A, in accordance with an
embodiment of the present disclosure.

[0016] FIG. 5 is a perspective view of a flexible circuit wrapped around a core, in

accordance with an embodiment of the present disclosure.

DETAILED DESCRIPTION
[0017] Embodiments of the present disclosure include an assembly in which an energy
transfer element and a communication link are integrated together. The coils of wire
which form the energy transfer element are laid around a first axis. In one example, the
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coils of wire which form the energy transfer element are wound around a core. A
flexible circuit which includes a communication link is also located proximate to the
energy transfer element. The communication link is laid around a second axis. In one
example, the first axis and the second axis are substantially perpendicular. When the
assembly includes a core, the core is outside the turns formed by the windings of the
communication link and inside the turns formed by the energy transfer element. Further,
the assembly may include a bobbin which provides a holder for the coils of wire which
form the energy transfer element and the flexible circuit. In one embodiment, the
flexible circuit may occupy only a portion of the coils of wire that form the energy
transfer element and may wrap only partially around the core. Integrating the energy
transfer element and the communication link may reduce the size of a power converter,
increase reliability, and potentially reduce costs.

[0018] FIG.1 illustrates a power converter 100 with a magnetic assembly 124 including
an energy transfer element T1 and a communication link COM1, in accordance with an
embodiment of the present disclosure. The illustrated power converter 100 further
includes a clamp circuit 102, a power switch S1, an input return 108, an output rectifier
S2, an output capacitor Co, an output return 112, and an output sense circuit 116. The
power converter 100 includes a control system with a first controller 110 and a second
controller 118. The first controller 110 may also be referred to as a primary controller
while the second controller 118 may also be referred to as a secondary controller. The
communication link COM1 is shown between the first controller 110 and the second
controller 118.

[0019] The magnetic assembly 124 includes the energy transfer element T1 and the
communication link COM1. The energy transfer element T1 includes a first power
winding 104 and a second power winding 106. The first power winding 104 may also be
referred to as an input winding of the energy transfer element T1 while the second power
winding 106 may also be referred to as an output winding of the energy transfer element
T1. Each end of the first power winding 104 is denoted as node 103 and node 105,
respectively. Each end of the second power winding 106 is denoted by node 107 and
node 109, respectively. The two solid parallel lines between the first power winding 104
and the second power winding 106 indicate that the coupling between the first power
winding 104 and the second power winding 106 includes a core of relatively high
magnetic permeability. Example materials include iron and ferrite. However, it should

be appreciated that the coupling between the first power winding 104 and the second
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power winding 106 could also be an air-coupling, which may also be referred to as an
air-core.

[0020] The communication link COM1 includes a first communication winding 120 and
a second communication winding 122. Each end of the first communication winding
120 is denoted by node 119 and node 121, respectively. Each end of the second
communication winding 122 is denoted by node 123 and node 125, respectively. The
communication link COM1 may also be referred to as a first communication link. In the
example shown, there are no lines between the first communication winding 120 and the
second communication winding 122 indicating that the coupling between these windings
is an air-coupling. While the main coupling between the first communication winding
120 and the second communication winding 122 is through air, it should be appreciated
that the coupling between windings 120 and 122 may not be exclusively air-cored.

[0021] Further shown in FIG. 1 are an input voltage Vi, a first switch current Ip, a first
drive signal DR, a first power winding voltage Vp, a second power winding voltage Vs, a
second power winding current Is, an output voltage Vo, an output current o, an output
quantity Uo, a feedback signal FB, a second drive signal SR, a transmit voltage VT, a
transmit current I, a receive voltage Vr and a receive current Ir.

[0022] In the illustrated example, the power converter 100 is shown as having a flyback
topology. For a flyback power converter, the power switch S1 is turned ON and OFF to
control the amount of energy transferred to the output of the power converter 100. When
the power switch S1 is turned ON, it conducts current through the first power winding
104 to store energy in the energy transfer element T1. When the power switch S1 is
turned OFF, the second power winding 106 delivers energy stored in T1 to the output
capacitor Co.

[0023] Further, the input of power converter 100 is galvanically isolated from the output
of the power converter 100, such that input return 108 is galvanically isolated from
output return 112. Since the input and output of power converter 100 are galvanically
isolated, there is no direct current (dc) path across the isolation barrier of energy transfer
element T1, or between the first power winding 104 and the second power winding 106,
or between the first communication winding 120 and the second communication winding
122, or between input return 108 and output return 112. It is appreciated that other
known topologies and configurations of power converters may also benefit from the
teachings of the present disclosure.

[0024] The power converter 100 provides output power to a load 114 from an
unregulated input voltage Vin. In one example, the input voltage Vv is a rectified and
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filtered ac line voltage. In another example, the input voltage Vv is a dc input voltage.
The input voltage Vv is coupled to the energy transfer element T1. In some examples,
the energy transfer element T1 may be a coupled inductor or transformer. The energy
transfer element T1 is shown as including the first power winding 104 and the second
power winding 106. However, the energy transfer element T1 may have more than two
windings. The first power winding 104 of the energy transfer element T1 is further
coupled to the power switch S1 and the power switch S1 is further coupled to input
return 108. Coupled across the first power winding 104 is the clamp circuit 102. The
clamp circuit 102 limits the maximum voltage on the power switch S1. The first
controller 110 outputs the first drive signal DR to control the turn ON and turn OFF of
the power switch S1.

[0025] In one example, the power switch S1 may be a transistor such as a metal-oxide-
semiconductor field-effect transistor (MOSFET), bipolar junction transistor (BJT), an
insulated-gate bipolar transistor (IGBT), or a high electron mobility transistor (HEMT).
In another example the power switch may be a cascode switch including a normally-on
first switch and a normally-off second switch coupled together in a cascode
configuration. The first switch may generally be a silicon (Si), GaN, or SiC based
transistor while the second switch may be a MOSFET, BJT, or IGBT.

[0026] The second power winding 106 is coupled to the output rectifier S2. The output
rectifier S2 is exemplified as a transistor used as a synchronous rectifier. However, the
output rectifier may also be exemplified as a diode. Output capacitor Co is shown as
being coupled to the output rectifier S2 and the output return 112. The power converter
100 further includes circuitry to regulate the output quantity Uo, which in one example
may be the output voltage Vo, output current Io, or a combination of the two. The output
sense circuit 116 is configured to sense the output quantity Uo. The output sense circuit
116 provides the feedback signal FB, representative of the output of the power converter
100, to the second controller 118.

[0027] The second controller 118 is configured to output the second drive signal SR to
control the turn ON and OFF of the output synchronous rectifier S2. In one example, the
second controller is configured to output a request signal in response to the feedback
signal FB. In another example, the second controller 118 is configured to pass a signal
representative of the feedback signal FB to the first controller 110. For the example of a
request signal, the request signal is representative of a request to turn ON the power
switch S1. The request signal may include request events which are generated in

response to the feedback signal FB. The second controller 118 is configured to compare
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the feedback signal FB with a regulation reference. In response to the comparison, the
second controller 118 may output a request event in the request signal.

[0028] The second controller 118 communicates with the first controller 110 through
communication link COM1. The first controller 110 is coupled to receive information
from the second controller 118. For example, the first controller 110 may receive
information such as a request signal to turn ON the power switch S1 or a feedback signal
FB representative of the output quantity Uo. The first controller 110 provides the first
drive signal DR to the power switch S1 to control various switching parameters of the
power switch S1. The switching of power switch S1 controls the transfer of energy from
the input to the output of the power converter 100 through the energy transfer element
T1. Examples of such parameters include switching frequency fsw (or switching period
Tsw), duty cycle, on-time and off-times, or varying the number of pulses per unit time of
the power switch S1. In addition, the power switch S1 may be controlled such that it has
a fixed switching frequency or a variable switching frequency. The first controller 110
may apply jitter to the switching frequency fsw of the power switch S1 to reduce
electromagnetic interference (EMI) regardless of whether the switching frequency fsw is
fixed or variable.

[0029] First controller 110 and second controller 118 may be included in an integrated
circuit that is manufactured as either a hybrid or monolithic integrated circuit. In one
example, first controller 110 is included in a first integrated circuit die and a second
controller 118 is included in a second integrated circuit die that are both disposed in the
same integrated circuit package. The power switch S1 may be included in a monolithic
or hybrid structure in an integrated circuit package that also includes the first controller
110 and the second controller 118. In one example, power switch S1 is disposed on a
first integrated circuit die that also includes the first controller 110 and the second
controller 118 is included in a second integrated circuit die. In another example, power
switch S1 is disposed on a first integrated circuit die, the first controller 110 is included
in a second integrated circuit die, and the second controller 118 is included in a third
integrated circuit die. Further, it should be appreciated that both the first controller 110,
the second controller 118 and power switch S1 need not be included in a single package
and may be implemented in separate packages or a combination of combined/separate
packages. It should also be appreciated that the first controller 110 or the second
controller 118 need not be housed in an integrated circuit package and could be directly
attached to a circuit board. The power switch S1 may be a cascode switch including a

first switch and a second switch. The first switch may be disposed in the same integrated
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circuit die as the second switch. Alternatively, the first switch and the second switch
may be disposed on separate integrated circuit dies. The first switch and the second
switch may be included in a single package or may be implemented in separate packages.

[0030] The second controller 118 and the first controller 110 communicate via the
communication link COM1. The second controller 118 is one example of a transmitter
while the first controller 110 is one example of a receiver. However, it should be
appreciated that communication can also occur from the first controller 110 to the second
controller or be bidirectional. For the example shown, the second controller 118 is
coupled to the output side of the power converter 100 and is referenced to the output
return 112 while the first controller 110 is coupled to the input side of the power
converter 100 and is referenced to the input return 108. The first controller 110 and the
second controller 118 are galvanically isolated from one another and the communication
link COM1 provides galvanic isolation using an inductive coupling. Examples of an
inductive coupling include a transformer or a coupled inductor. While FIG. 1 illustrates
a single communication link COM], it should be appreciated that two or more
communication links may be included in the magnetic assembly 124.

[0031] The communication link COM1 includes a first communication winding 120 and
a second communication winding 122. The first communication winding 120 is one
example of a transmitter winding while the second communication winding 122 is one
example of a receiver winding. However, it should be appreciated that the first
communication winding 120 may be a receiver winding while the second communication
winding 122 may be a transmitter winding. Further the first communication winding 120
and the second communication winding 122 may be bidirectional windings.

[0032] The first communication winding 120 has two ends. The first end is denoted as
node 119 and the second end is denoted as node 121. Node 119 is shown as the triangle
end of first communication winding 120. Node 121 is shown as the non-triangle end of
the first communication winding 120.

[0033] The second communication winding 122 has two ends. The first end is denoted
as node 123 while the second end is denoted as node 125. Node 123 is shown as the
triangle end of the second communication winding 122. Node 125 is shown as the non-
triangle end of the second communication winding 122. Further, node 125 is shown as
the dot end of the second communication winding 122.

[0034] The first communication winding 120 conducts a transmitter current It and there
is a transmitter voltage Vr across the first communication winding 120 as shown. The

transmitter voltage Vt is shown as positive from node 119 to 121. And transmitter
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current It is shown as positive from node 119 to 121. The second communication
winding 122 conducts a receiver current Ir and there is a receiver voltage Vr across
receiver winding as shown. The receiver voltage VR is shown as positive from node 123
to node 125. The receiver current Ir is shown as positive from node 125 to node 123.

[0035] It is also noted that the dots and triangles shown in FIG. 1 represent the polarity
of voltage that one winding induces in another due to the magnetic coupling between the
windings. In particular, the triangle denotes the polarity of voltage induced due to the
magnetic coupling between the first communication winding 120 and the second
communication winding 122. The dot denotes the polarity of voltage induced due to the
magnetic coupling between the first power winding 104 and the second power winding
106. In other words, the dots and triangles help to illustrate the relationship of the
windings with respect to each other. For example, the first communication winding 120
is magnetically coupled with the second communication winding 122 such that the
polarity of the voltage on node 119 with respect to node 121 is the same as the polarity
of voltage on node 123 with respect to note 125. However it should be appreciated that
the first communication winding 120 may be magnetically coupled with the second
communication winding 122 such that the polarity of the voltage on node 119 with
respect to node 121 is opposite of the polarity of the voltage on node 123 with respect to
node 125. Further, the dotted line 111 denotes that a magnetic coupling exists between
the energy transfer element T1 and the communication link COM1. Due to the
proximity of the energy transfer element T1 and the communication link COMI,
changing magnetic flux in the energy transfer element T1 may inadvertently induce a
voltage in the first communication winding 120 and the second communication winding
122.

[0036] The second controller 118 may send information to the first controller 110
through the magnetic coupling between the first communication winding 120 and the
second communication winding 122. The second controller 118 may communicate
information as a voltage signal and/or a current signal and the first controller 110 may
receive the information as a voltage signal and/or current signal. In embodiments, the
second controller 118 may communicate information utilizing the transmitter current Ir.
In one example, circuits within the second controller 118 may control various properties
of the transmitter current It to communicate information to the first controller 110. A
request signal or the feedback signal FB are examples of information which the second
controller 118 may communicate to the first controller 110. When the transmitter current

It is changing in magnitude, it produces a changing magnetic field in the proximity of a
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conductor. In embodiments, the second communication winding 122 is a conductor.
Due to the laws of electromagnetic induction, a voltage is generated across a conductor
that is subjected to a changing magnetic field. In embodiments, the receiver voltage Vr
is induced due to the changing magnetic field generated by changes in transmitter current
It and may result in receiver current Ir. The first controller 110 includes circuits which
may receive the transmitter induced voltage and/or current and interpret the voltage
and/or current as information. Properties of the transmitter current It which may be
controlled to communicate information may include the magnitude and the rate of
change of the transmitter current It. The communicated signals may take the form of
digital information or of analog information. In the case of digital information,
communication can be in the form of binary signals or more complex encoded digital
data as will be known to one skilled in the art. It should be appreciated that other
communication techniques may be used. In other examples, communication techniques
which take advantage of the relationship between the transmitter current It and the
resultant induced receiver voltage Vr and receiver current Ir received by the first
controller 110 may be utilized.

[0037] Energy transfer element T1 and communication link COM1 are included in the
same magnetic assembly 124. The magnetic assembly 124 may also include a core. The
first power winding 104 and the second power winding 106 are wound around a first
axis. The first power winding 104 and the second power winding 106 are wound around
at least a portion of the core such that the core is inside at least one turn of the first power
winding 104 and the second power winding 106. For example, the core may be an E-E
or an E-I core, and the first power winding 104 and the second power winding 106 are
wound around a center leg of the core. The core may also be an I core and the first
power winding 104 and the second power winding 106 are substantially wound around
the core. It should be appreciated that coils of wire may form the first power winding
104 and the second power winding 106.

[0038] The magnetic assembly 124 also includes a flexible circuit. The flexible circuit
includes the first communication winding 120 and the second communication winding
122 of communication link COM1. As will be further discussed and shown, the flexible
circuit is located proximate to the energy transfer element T1. In one example, the
flexible circuit is wound around the first axis. The flexible circuit may also be wound
around a portion of the core. The flexible circuit is located proximate to the first and
second power winding 104, 106 such that at least one turn of the first communication

winding 120 and the second communication winding 122 of communication link COM1
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are laid around a second axis. In one example, the second axis is substantially
perpendicular to the first axis. In one example, the flexible circuit is wound around the
core such that the portion of the core is outside at least one turn of the first
communication winding 120 and outside at least one turn of the second communication
winding 122.

[0039] The flexible circuit may be located between the first power winding 104 and the
second power winding 106. In another example, the flexible circuit may be located
between layers of turns of the first power winding 104. In a further example, the flexible
circuit may be located around the first power winding 104 and the second power winding
106. In another example, the flexible circuit may be located between layers of turns of
the second power winding 106.

[0040] The magnetic assembly 124 may also include a bobbin. The bobbin provides
support for the coils of wire which form the first power winding 104 and the second
power winding 106. The bobbin includes an opening. In one example, the opening is
configured to receive the portion of the core. The bobbin defines an area in which a
portion of the core may be inserted so the coils of wire which form the first power
winding 104 and the second power may encircle the portion of the core. The area around
the bobbin where the coils of wire may be wound may be referred to as the bobbin
window. The bobbin forms the bobbin window that may be occupied by conductors.
The first power winding 104, the second power winding 106 may be wound around the
opening of the bobbin. The flexible circuit may be located proximate to the opening of
the bobbin. The first power winding 104, the second power winding 106 may be wound
in the bobbin window. The flexible circuit may be located in the bobbin window.

[0041] A cartesian coordinate system is introduced to illustrate the orientation of the
various embodiments in the figures. As shown, for example in FIG. 2, the coordinates
include an x-axis, a y-axis, and a z-axis. The x-axis and the y-axis may be referred to as
a first lateral direction and a second lateral direction, respectively. The z-axis may be
referred to as a first vertical direction. The arrows illustrate the direction of the axes. It
should be appreciated that a “dot” indicates an axis coming out of the page while an “x”
indicates an axis going into the page. Each axis is substantially ninety degrees from the
others.

[0042] For FIG. 2, the first vertical direction (z-axis) is towards the top of the page, the
first lateral direction (x-axis) is diagonally towards the bottom right of the page, and the

second lateral direction (y-axis) is diagonally towards the bottom left of the page.
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[0043] FIG. 2 illustrates a perspective view of a core 226. The core 226 shown is a
generic EE-style core with a first portion 228 and a second portion 230. Each of the first
portion 228 and the second portion 230 has a center leg 234, 236, respectively with a
circular cross-section. Center leg 234 extends from the first portion 228 parallel with the
first vertical direction. Center leg 236 extends from the second portion 230 parallel with
the first vertical direction. As shown, when the first portion 228 and the second portion
230 are in position, center leg 236 extends towards center leg 234. First axis Al is
shown as the center axis of the core 226 and intersects the center legs 234, 236 in the
first vertical direction (z-axis).

[0044] In addition, there is often a discrete region of relatively low magnetic
permeability introduced in the path of the magnetic field provided by the core 226,
typically referred to as a gap. The length of the gap may be chosen to manage the
distribution of energy in the energy transfer element. The material with relatively low
magnetic permeability is typically air, and the gap is often referred to as an air gap,
although the gap may contain other material with relatively low magnetic permeability,
e.g., paper or varnish. In the example shown, a gap is illustrated between center leg 234
and center leg 236.

[0045] When the first portion 228 and the second portion 230 are aligned, the core 226
forms a window 238 in which coils of wire 240 may be wound around the center legs
234, 236. The window 238 is a volume of space in which the coils of wire may be
wound.

[0046] The coil of wire 240 is shown for illustrative purposes. The coil of wire 240
illustrates where and how the first power winding 104 and the second power winding
106 may be wound. The coil of wire 240 may be representative of the first power
winding 104 or the second power winding 106. The coil of wire 240 is wound around
the first axis A1. The coil of wire 240 is also shown as wound around the center leg 236.
In one example, core 226 has a length substantially between 25 millimeters (mm) to 40
mm in the first lateral direction (x-axis), a width substantially between 7 mm to 20 mm
in the second lateral direction (y-axis) and a height substantially between 19 mm to 45
mm in the first vertical direction (z-axis). It should be appreciated that these dimensions
are illustrative and the core 226 may have other sizes. While core 226 is shown as a
generic E-E style core, it should be appreciated that other core shapes may be utilized.
For example, an E-I core or an I core may also be used.

[0047] FIG. 3A is a cross-sectional view of a magnetic assembly 324. The cross-section

of the magnetic assembly 324 is viewed in the plane of the first lateral direction (x-axis)
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and the first vertical direction (z-axis). As shown, the first lateral direction (x-axis) is
pointing towards the right-hand side of the page, the second lateral direction (z-axis) is
pointing up the page, and the second lateral direction (y-axis) is pointing out of the page.
Magnetic assembly 324 is one example of magnetic assembly 124 of FIG. 1.

[0048] The magnetic assembly 324 shown includes core 226, first power winding 304,
second power winding 306, and flexible circuit 344. The flexible circuit 344 includes
the first communication winding 320 and the second communication winding 322 of
communication link COMI.

[0049] The cross-section of core 226 is shown in diamond fill. The core 226 includes a
first portion 228 with a center leg 234. The core 226 also includes a second portion 230
with a center leg 236. When the first 228 and second 230 portions are positioned to form
the core 226, the center legs 234 and 236 are substantially aligned and the core 226
forms a window 238. In the example shown, the window 238 refers to the area to the left
and right side of center legs 234, 236 and surrounded by the first 228 and second 230
portions of the core 226. The first axis A1 is shown as the center axis of the core 226
and intersects the center legs 234, 236 in the first vertical direction (z-axis).

[0050] The first power winding 304 is illustrated as a coil of wire wound around the first
axis Al. As shown, the first power winding 304 is wound around a portion of core 226.
In the example shown, the first power winding 304 is wound around the center legs 234,
236. The first power winding 304 is one example of the first power winding 104 of FIG.
1. The small circles are illustrative of the cross-section of the coil of wire which forms
the first power winding 304. Each small circle on one side of the first axis Al is
representative of one turn of the first power winding 304. One turn of a winding
substantially forms a conductive path which encircles the first axis A1. In another
example, one turn of a winding forms a conductive path which encircles a portion of the
core 226. The turns may be organized in layers around the portion of the core. As
shown, a layer of turns is substantially the turns which are equidistant to the first axis A1l
in the first lateral direction (x-axis).

[0051] Each turn of the first power winding 304 is laid around the first axis Al such that
each turn traverses the plane of the first lateral direction (x-axis) and the second lateral
direction (y-axis). As shown, each turn of the first power winding 304 is wound around
the portion of the core (e.g., center legs 234, 236). The turns of the first power winding
304 encircle the center legs 234, 236 of the core 226. In other words, the center legs
234, 236 are inside the turns of the first power winding 304. In FIG. 3 A, the first power
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winding 304 has four layers of turns, each layer having nine turns for a total of thirty-six
turns in the first power winding 304.

[0052] The second power winding 306 is illustrated as a coil of wire laid around the first
axis Al. The second power winding 306 is wound around the portion of the core 226,
e.g., the center legs 234, 236. The second power winding 306 is one example of the
second power winding 106 of FIG. 1. The large circles are illustrative of the cross-
section of the coil of wire which forms the second power winding 306. In the example
shown, the coil of wire which forms the second power winding 306 is thicker than the
coil of wire which forms the first power winding 304. The first power winding 304 and
the second power winding 306 are magnetically coupled to each other. Further, the core
226 strengthens the magnetic coupling between the first power winding 304 and the
second power winding 306.

[0053] Each large circle on one side of the first axis Al is representative of one turn of
the second power winding 306. Each turn of the second power winding 306 is laid
around the first axis A1 such that each turn traverses the plane of the first lateral
direction (x-axis) and the second lateral direction (y-axis). As shown, each turn of the
second power winding 306 is wound around the portion of the core (e.g., center legs 234,
236). Each turn of the second power winding 306 encircles the center legs 234, 236 of
core 226. In other words, the center legs 234, 236 are inside the turns of second power
winding 306. In FIG. 3A, the second power winding 306 has five turns in one layer.

[0054] The flexible circuit 344 is wound around a portion of the core 226. As shown,
the flexible circuit 344 is wound around the center legs 234, 236. The flexible circuit
344 includes a substrate 345. The flexible circuit 344 includes the conductive paths
which form the first communication winding 320 and the second communication
winding 322 of communication link COM1. The cross-section of the substrate 345 is
shown in diagonal hatched lines. The cross-sections of the first communication winding
320 and the second communication winding 322 are shown in solid black fill.

[0055] The flexible circuit 344 is disposed between layers of the first power winding
304. As shown, the flexible circuit 344 is shown as disposed between the second and
third layer of the first power winding 304. The flexible circuit 344 is laid around the first
axis Al such that the first communication winding 320 substantially overlays the second
communication winding 322. The first communication winding 320 overlays the second
communication winding 322 in a direction substantially perpendicular to the first axis
Al. In other words, the first communication winding 320 and the second communication

winding 322 overlay in a direction perpendicular to the first vertical direction (z-axis).
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The turns of the first communication winding 320 and the second communication
winding 322 are laid around a second axis A2. The second axis A2 is substantially
perpendicular to the first axis Al. Further, the flexible circuit 344 is located such the
center legs 234, 236 are outside of the turns formed by the first communication winding
320 and the second communication winding 322. It should be appreciated that the
relative positioning of the flexible circuit 344 with respect to the first power winding 304
or the second power winding 306 may be chosen to minimize the magnetic coupling
between the power windings 304, 306 to the communication windings 320, 322. In other
words, the relative positioning of the second axis A2 along the first axis A1 may be
chosen to minimize the magnetic coupling between the power windings 304, 306 to the
communication windings 320, 322.

[0056] As will be discussed with FIG. 3B, the first communication winding 320 and the
second communication winding 322 are disposed on the same side of the flexible circuit
344. The flexible circuit 344 may have an inner side and an outer side. The inner side
corresponds to the side facing the axis A1. The outer side corresponds to the side not
facing the axis A1l. The inner side corresponds to the side facing center legs 234, 236
and the outer side is the side not facing center legs 234, 236. The outer side may be
referred to as a first side while the inner side may be referred to as a second side. The
first communication winding 320 and the second communication winding 322 are
disposed on the outer side of the flexible circuit 344.

[0057] The substrate 345 is shown as wound around the center legs 234, 236 of the core
226 twice to overlay the first communication winding 320 and the second
communication winding 322. From the first axis A1 in the negative first lateral direction
(negative x-axis), the second layer of the first power winding 304 is followed by the
substrate 345, then the second communication winding 322, then the substrate 345 and
then the first communication winding 320. In the example shown, the flexible circuit
344 includes one communication link COM1. As such, the first communication winding
320 and the second communication winding 322 are disposed on one side of axis Al
(e.g., the left side of axis Al). As shown, the first and second communication windings
320, 322 are disposed on one side of center legs 234, 236 (e.g. the left side of center legs
234, 236).

[0058] The magnetic assembly 324 as shown includes the bobbin 341. The cross-section
of the bobbin 341 is shown in diagonal lines. The bobbin 341 includes an opening 342.
The opening 342 intersects the bobbin 341 in the first vertical direction (z-axis). The

first axis A1l is shown as intersecting the opening 342 parallel with the first vertical
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direction (z-axis). The opening 342 is configured such that the center legs 234, 236 may
be inserted into the opening 342. The bobbin 341 is also disposed within window 238 of
the core 226.

[0059] The bobbin 341 provides support for the first power winding 304, the second
power winding 306, and the flexible circuit 344. The shape of the bobbin 341 also
outlines a bobbin window 338. The first power winding 304, the second power winding
305, and the flexible circuit 344 are disposed in the bobbin window 338.

[0060] The first power winding 304 is disposed in the bobbin window 338 such that at
least one turn of the first power winding 304 is wound around the opening 342 of bobbin
341. In the example shown, the first power winding 304 includes thirty-six turns over
four layers which encircle the opening 342. The second power winding 306 is disposed
in the bobbin window 338 such that at least one turn of the second power winding 306 is
wound around the opening 342 of bobbin 341. In the example shown, the second power
winding 306 includes five turns over one layer which encircle the opening 342. The
flexible circuit 344 is also wound around the opening 342. The flexible circuit 344 is
wound around the opening 342 such that the opening 342 is outside of the turns formed
by the first communication winding 320 and the second communication winding 322.

[0061] It should be appreciated that the magnetic assembly 324 may not include the core
226 if the first power winding 304 and the second power winding 306 are air-cored. The
bobbin may provide support for the first and second power windings 304, 306 and the
flexible circuit 344 without the use of a core. Further, the opening 342 may be optional.

[0062] FIG. 3B illustrates the flexible circuit 344 including a substrate 345, a first
conductive path 346, and a second conductive path 348. The substrate 345 has a first
side 345a and a second side 345b. A first edge of the substrate 345 is shown in dotted
lines to provide a visual reference of the positioning of the flexible circuit 344. A marker
is shown as a circle overlayed with a cross and is also utilized to provide a visual
reference for the positioning of the flexible circuit 344. It should be appreciated that the
marker on the first side 345a substantially overlays the marker on the second side 345b.
The marker is shown on the top left of the first side 345a of substrate 345. The marker is
also shown on the bottom left of the second side 345b of substrate 345. As such, visually
the flexible circuit 344 is shown as rotated about the first edge. The substrate 345 may
be a flexible material. Example substrates include tape or a flexible printed circuit
board. The substrate 345 may also include Mylar or Kapton.

[0063] The first conductive path 346 and the second conductive path 348 form the
windings of the communication link COM1. Both the first conductive path 346 and the
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second conductive path 348 are disposed on the first side 345a of substrate 345. For the
example of FIG. 3B, the second side 345b does not include conductive paths for the
communication link COM1. It should be appreciated that the first side 345a and the
second side 345b may include other circuit elements independent of communication link
COMI1. For example, the circuit elements may include logic circuits. The first side 345a
may be an outer side of the flexible circuit 444 while the second side 345b may be an
inner side of the flexible circuit.

[0064] The first conductive path 346 forms the first communication winding 320 and is
one example of the first communication winding 120 of FIG. 1. The first conductive
path 346 has an end 319 and end 321. End 319 of the first conductive path 346
corresponds to the electrical node 119 shown in FIG. 1. The end 321 of the first
conductive path 346 corresponds to the electrical node 121 shown in FIG. 1. End 319
may be the triangle end of the first communication winding 320 while end 321 may be
the non-triangle end of the first communication winding 320. In one example, end 319
may be the positive labeled terminal of transmit voltage Vt while end 321 may be the
negative labeled terminal of transmit voltage Vr. First communication winding 320 may
be one example of a transmitter winding.

[0065] End 321 is an outer end and is disposed outside of the turns formed by the first
conductive path 346 of the first communication winding 320. End 319 is an inner end
and is within the turns formed by the first conductive path 346 of the first
communication winding 320. Conductive path 346, end 319, and end 321 may be
comprised of a conductive material. Copper is one example of a conductive material, but
it should be appreciated that other conductive materials may be used.

[0066] For the purposes of this disclosure, the direction which a winding is wound s
determined by the direction which a winding traverses from the positive labeled terminal
of the winding to the negative labeled terminal of the winding. However, it should be
appreciated that other conventions may be utilized. For example, the winding direction
may also be determined by the direction in which the winding traverses from the
negative labeled terminal to the positive labeled terminal of the winding, the direction
the winding is wound from an inner end to an outer end, or vice versa.

[0067] The first conductive path 346 traverses the first side 345a in a clockwise direction
from end 319 to end 321. From end 319, the first conductive path 346 traverses in an
outward spiral towards end 321. As such, the first communication winding 320 is wound
in a clockwise direction. It should be appreciated that the first communication winding

320 may also be wound counter-clockwise. The first conductive path 346 is laid around
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the second axis A2. The turns of the first communication winding 320 are wound
orthogonally from the turns of first power winding 304. As shown, the turns of the first
communication winding 320 are laid around the second axis A2 while the turns of first
power winding 304 is laid around the first axis A1. The second axis A2 is substantially
perpendicular from the first axis Al.

[0068] The first conductive path 346 forms a spiral which is substantially rectangular in
shape. However, it should be appreciated that the first conductive path 346 may spiral in
other shapes. In FIG. 3B, the first communication winding 320 is shown as having three
turns.

[0069] The second conductive path 348 forms the second communication winding 322
and is one example of the second communication winding 322 of FIG. 1. The second
conductive path 348 has an end 323 and an end 325. End 323 of the second conductive
path 348 corresponds to the electrical node 123 shown in FIG. 1. End 325 of the second
conductive path 348 corresponds to the electrical node 125 shown in FIG. 1. End 323
may be the triangle end of the second communication winding 322 while end 325 may be
the non-triangle end of the second communication winding 322. In one example, end
321 may be the positive labeled terminal of receiver voltage Vr while end 325 may be
the negative labeled terminal of receiver voltage Vr. The second communication
winding 322 may be one example of a receiver.

[0070] End 325 is an outer end disposed outside of the turns formed by the second
conductive path 348 of the second communication winding 322. End 321 is an inner end
disposed inside the turns formed by the second conductive path 348 of the second
communication winding 322. Conductive path 348, end 323, and end 325 may be
comprised of a conductive material. Copper is one example of a conductive material, but
it should be appreciated that other conductive materials may be used.

[0071] The second conductive path 348 traverses the first side 345a in a clockwise
direction from end 323 to end 325. From end 323, the second conductive path 348
traverses in an outward spiral towards end 325. As such, the second communication
winding 322is wound in a clockwise direction. It should be appreciated that the second
communication winding 322 may also be wound counter-clockwise. The second
conductive path 348 is laid around the second axis A2. The turns of the second
communication winding 322 are wound orthogonally from the turns of first power
winding 304. As shown, the turns of the second communication winding 322 are laid
around the second axis A2 while the turns of first power winding 304 are laid around the

first axis A1. The second axis A2 is substantially perpendicular from the first axis Al.
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[0072] The second conductive path 348 forms a spiral which is substantially rectangular
in shape. However, it should be appreciated that the second conductive path 348 may
spiral in other shapes. In FIG. 3B, the second communication winding 322 is shown as

having three turns.

[0073] When the flexible circuit 344 is positioned in the magnetic assembly 324, the first
conductive path 346 and the second conductive path 348 substantially overlay. Further,
end 319 and end 323 substantially overlay and end 321 and end 325 substantially
overlay. From the first side 345a, the second conductive path 348 is shown as disposed
on the left-hand side of first conductive path 346. As shown, the first communication
winding 320 is substantially the same in size and shape as the second communication
winding 322. However, it should be appreciated that their size and shapes may be
different.

[0074] FIG. 4A is a cross-sectional view of a magnetic assembly 424. The cross-section
of the magnetic assembly 424 is viewed in the same perspective as the magnetic
assembly 324 of FIG. 3A. Magnetic assembly 424 is one example of magnetic assembly
124 of FIG. 1.

[0075] Magnetic assembly 424 is shown as including core 226, first power winding 304,
second power winding 306, and flexible circuit 444. Magnetic assembly 424 also
includes bobbin 341. It should be appreciated that magnetic assembly 424 shares many
similarities with magnetic assembly 324 of FIG. 3A and the detailed description for
similarly named and numbered elements in FIG. 4A may be found with reference to FIG.
3A.

[0076] At least one difference, however, is the flexible circuit 444 includes two
communication links, first communication link COM1 and second communication link
COM2. Communication link COM1 includes the first communication winding 420a and
the second communication winding 422a. Communication link COM2 includes first
communication winding 420b and second communication winding 422b. Further, first
communication winding 420a and second communication winding 422a of
communication link COM1 are on opposite sides of flexible circuit 444. Similarly, first
communication winding 420b and second communication winding 422b of
communication link COM2 are on opposite sides of flexible circuit 444.

[0077] The flexible circuit 444 is located proximate to the first power winding 304 and
the second power winding 306. In one example, the flexible circuit 444 is laid around
the first axis Al. In a further example, the flexible circuit 444 is wound around a portion

of core 226. As shown, flexible circuit 444 is wound around center legs 234, 236.
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Flexible circuit 444 includes the conductive paths which form first communication
winding 420a and second communication winding 422a of communication link COM1
and first communication winding 420b and second communication winding 422b of
communication link COM2. Flexible circuit 444 includes a substrate 445. The cross-
section of substrate 445 is shown in diagonal hatched lines. The cross-sections of first
communication windings 420a, 420b and second communication windings 422a, 422b
are shown with solid black fill.

[0078] The flexible circuit 444 is disposed between layers of first power winding 304.
Flexible circuit 444 is disposed between the second and third layer of first power
winding 304. Flexible circuit 444 is located around first axis A1 such that the windings
of communication link COM1 are on the opposite side of the first axis A1l as the
windings of communication link COM2. Said differently, the flexible circuit is located
around the center legs 234, 236 such that the windings of communication link COM1 are
on the opposite side of center legs 234, 236 as the windings of communication link
COM2. As shown, first communication winding 420a and second communication
winding 422a are on the left side of first axis A1 while first communication winding
420b and second communication winding 422b are on the right of first axis A1. The
flexible circuit 444 is wound such that center legs 234, 236 are outside of the turns
formed by the first communication windings 420a, 420b, and the second communication
windings 422a, 422b.

[0079] As will be discussed with FIG. 4B, the first communication windings 420a, 420b
are disposed on the same side of the flexible circuit 444. As shown, communication
windings 420a, 420b are disposed on the outer side of flexible circuit 444. The second
communication windings 422a, 422b are disposed on the same side of flexible circuit
444, Further, second communication windings 422a, 422b are disposed on the opposite
side of flexible circuit 444 from first communication windings 420a, 420b. The second
communication windings 422a, 422b are disposed on the inner side of flexible circuit
444,

[0080] For communication link COMI, the first communication winding 420a
substantially overlays the second communication winding 422a. The first
communication winding 420a and the second communication winding 422a are laid
around the second axis A2. For communication link COM2, the first communication
winding 420b substantially overlays the second communication winding 422b. The first
communication winding 420b and the second communication winding 422b are laid

around the third axis A3. The second axis A2 and third axis A2 are perpendicular to the
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first axis Al. Since the first communication windings 420a, 420b overlay and are on
opposite sides of the flexible circuit 444 to their corresponding second communication
windings 422a, 422b, the substrate 445 is shown as wound around the first axis A1 once.
As shown, the substrate 445 is wound around the center legs 234, 236 once. It should be
appreciated that the relative positioning of the flexible circuit 444 with respect to the first
power winding 304 or the second power winding 306 may be chosen to minimize the
magnetic coupling between the power windings 304, 306 to the communication windings
420a, 422a, 420b, 422b. In other words, the relative positioning of the second axis A2
and the third axis A3 along the first axis A1 may be chosen to minimize the magnetic
coupling between the power windings 304, 306 to the communication windings 420a,
422a, 420b, 422b.

[0081] The flexible circuit 444 is also wound around opening 342. The flexible circuit
444 is wound around opening 342 such that opening 342 is outside of the turns formed
by the first communication windings 420a, 420b and the second communication
windings 422a, 422b.

[0082] It should be appreciated that the magnetic assembly 424 may not include the core
226 if the first power winding 304 and the second power winding 306 are air-cored. The
bobbin may provide support for the first and second power windings 304, 306 and the
flexible circuit 444 without the use of a core. The opening 342 may be optional.

[0083] FIG. 4B illustrates flexible circuit 444 including a substrate 445, a first
conductive path 446a and a second conductive path 448a of communication link COMI,
and a first conductive path 446b and second conductive path 448b of communication link
COM2. Substrate 445 has a first side 445a and a second side 445b. A first edge of
substrate 445 is shown in dotted lines to provide a visual reference of the positioning of
the flexible circuit 444. A marker is shown as a circle overlayed with a cross and is also
utilized to provide a visual reference for the positioning of the flexible circuit 444. It
should be appreciated that the marker on the first side 445a substantially overlays the
marker on the second side 445b. The marker is shown on the top left of the first side
445a of substrate 445. The marker is also shown on the bottom left of the second side
445b of substrate 445. As such, visually the flexible circuit 444 is shown rotated about
the first edge. The substrate 445 may be a flexible material. Example substrates include
tape or a flexible printed circuit board. The substrate 445 may also include Mylar or
Kapton.

[0084] The first conductive path 446a and the second conductive path 448a form the

windings of the communication link COM1. The turns formed by the first conductive
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path 446a and the second conductive path 448a are laid around the second axis A2. The
second axis A2 is substantially perpendicular to the first axis Al. The first conductive
path 446a is disposed on the first side 445a while the second conductive path 448a is
disposed on the second side 445b of substrate 445. The first side 445a may be an outer
side of the flexible circuit 444 while the second side 445b may be an inner side of the
flexible circuit. The first conductive path 446a forms first communication winding 420a
and conductive path 448a forms second communication winding 422a. The second side
445b is shown as rotated about the first edge. As such, the second conductive path 448a
is a mirror image of the first conductive path 446a.

[0085] The first conductive path 446b and the second conductive path 448b form the
windings of the communication link COM2. The turns formed by the first conductive
path 446b and the second conductive path 448b are laid around a third axis A3. The
third axis A3 is substantially perpendicular to the first axis Al. In the example shown,
the second axis A2 and the third axis A3 are substantially parallel. It is appreciated that
the third axis A3 need not be parallel to the second axis A2, and that it could be rotated
in the plane of A2 through an angle such as 90 degrees with respect to A2. The first
conductive path 446b is disposed on the first side 445a while the second conductive path
448ba 1s disposed on the second side 445b of substrate 445. The first conductive path
446b forms first communication winding 420b and second conductive path 448b forms
second communication winding 422b. The second side 445b is shown as rotated about
the first edge. As such, the second conductive path 448b is shown as a mirror image of
the first conductive path 446b. It should be appreciated that the first side 445a and the
second 445b may include other circuit elements independent of communication links
COM1 and COM2.

[0086] As shown in the illustrated example, the conductive paths of the first
communication windings 420a, 420b are laid out in substantially the same manner as
discussed with regard to the conductive paths of first communication winding 320.
Similarly, the conductive paths of the second communication windings 422a, 422b are
laid out in substantially the same manner as discussed with regard to the conductive
paths of second communication winding 322.

[0087] The first conductive path 446a substantially overlays the second conductive path
448a. Further, end 419a and end 423a substantially overlay each other, and end 421a
and end 425a substantially overlay each other. Conductive path 446b substantially
overlays conductive path 448b. End 419b and 423b substantially overlay each other,
while end 421b and end 425b substantially overlay each other. As shown, the first
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communication windings 420a, 420b are substantially the same in size and shape as their
corresponding second communication windings 422a, 422b. However, it should be
appreciated that size and shapes may be different.

[0088] Further, conductive paths 446a, 448a, 446b, 448b are shown as wound in a
clockwise direction from their positively labeled terminals to their negatively labeled
terminals. However, it should be appreciated that they need not all be wound in the same
direction.

[0089] FIG. 5 illustrates flexible circuit 344 laid around axis A1. Further, the flexible
circuit 344 is shown as laid around center legs 234, 236 of core 226. The core 226 of
FIG. 5 is shown in the same perspective as the core in FIG. 2. Core 226 is shown a
including a first portion 228 with center leg 234, and a second portion 230 with center
leg 236. It should be appreciated that core 226 shown in FIG. 5 shares many similarities
with core 226 of FIG. 2 and the detailed description for similarly named and numbered
elements in FIG. 5 may be found with respect to FIG. 2. The first side 345a of flexible
circuit 344 is reproduced in FIG. 5. The details of similarly named and numbered
elements of flexible circuit 344 may be found with respect to FIG. 3B. It should be
appreciated that the first power winding and the second power winding are not shown for
clarity.

[0090] As shown, the flexible circuit 344 is wrapped around the portion of the core 226.
In particular, the flexible circuit 344 is wrapped around center legs 234, 236 of core 226.
FIG. 5 is provided to illustrate the positioning of flexible circuit 344. The second axis
A2 is shown as substantially perpendicular to the first axis A1. While flexible circuit
344 1s reproduced in FIG. 5, it should be appreciated that the flexible circuit 444 may
also be shown.

[0091] Numerous specific details are set forth above in order to provide a thorough
understanding of the present invention. It will be apparent, however, to one having
ordinary skill in the art that the specific detail need not be employed to practice the
present invention. In other instances, well-known materials or methods have not been
described in detail in order to avoid obscuring the present invention. For example,
skilled artisans will appreciate that elements in the previously described figures are
illustrated for simplicity and clarity and have not necessarily been drawn to scale. For
example, the dimensions of some of the elements in the figures may be exaggerated
relative to other elements to help to improve understanding of various embodiments of
the present invention. Also, common but well-understood elements that are useful or

necessary in a commercially feasible embodiment are often not depicted in the figures in
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order to facilitate a less obstructed view of these various embodiments of the present
invention.

[0092] Reference throughout this specification to “one embodiment”, “an embodiment”,
“one example” or “an example” means that a particular feature, structure or characteristic
described in connection with the embodiment or example is included in at least one
embodiment of the present invention. Thus, appearances of the phrases “in one

2% ey

embodiment”, “in an embodiment
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2

one example” or “an example” in various places
throughout this specification are not necessarily all referring to the same embodiment or
example. Furthermore, the particular features, structures or characteristics may be
combined in any suitable combinations and/or subcombinations in one or more
embodiments or examples. Particular features, structures or characteristics may be
included in an integrated circuit, an electronic circuit, a combinational logic circuit, or
other suitable components that provide the described functionality.

[0093] The description of illustrated examples of the present invention, including what is
described in the Abstract, are not intended to be exhaustive or to be a limitation to the
precise forms disclosed. While specific embodiments of, and examples for, the invention
are described herein for illustrative purposes, various equivalent modifications are
possible without departing from the broader spirit and scope of the present invention.
Indeed, it is appreciated that any specific example voltages, currents, frequencies, power
range values, times, etc., are provided for explanation purposes and that other values may
also be employed in other embodiments and examples in accordance with the teachings
of the present invention.

[0094] Although the present invention is defined in the claims, it should be understood
that the present invention can alternatively be defined in accordance with the following
examples:

[0095] Example 1. A magnetic assembly, comprising a core; a first power winding
wound around at least a portion of the core, wherein the portion of the core is inside at
least one turn of the first power winding; a second power winding magnetically coupled
to the first power winding and wound around the portion of the core, wherein the portion
of the core is inside at least one turn of the second power winding; and a flexible circuit
wound around the core, the flexible circuit comprising a first communication winding,
wherein the portion of the core is outside at least one turn of the first communication
winding; and a second communication winding magnetically coupled to the first
communication winding, wherein the portion of the core is outside at least one turn of

the second communication winding.
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[0096] Example 2. The magnetic assembly of example 1, wherein the first power
winding and the second power winding are wound around a first axis, wherein the first
axis intersects the portion of the core, the first communication winding and the second
communication winding are laid around a second axis, wherein the first axis is
substantially perpendicular to the second axis.

[0097] Example 3. The magnetic assembly of example 1 or 2, wherein the flexible
circuit is wound between the first power winding and the second power winding,

[0098] Example 4. The magnetic assembly of any one of examples 1 to 3, wherein the
flexible circuit is wound between layers of turns of the first power winding.

[0099] Example 5. The magnetic assembly of any one of examples 1 to 4, further
comprising: a bobbin including an opening configured to receive the portion of the core,
wherein the first power winding, the second power winding, and the flexible circuit are
wound around the bobbin.

[0100] Example 6. The magnetic assembly of any one of examples 1 to 5, wherein the
magnetic assembly is configured to be used as an energy transfer element.

[0101] Example 7. The magnetic assembly of any one of examples 1 to 6, the flexible
circuit comprising: a flexible substrate with a first side and a second side, wherein the
first communication winding and the second communication winding are disposed on the
flexible substrate.

[0102] Example 8. The magnetic assembly of any one of examples 1 to 7, wherein the
first communication winding and the second communication winding are disposed on the
first side of the flexible substrate such that the first communication winding and the
second communication winding are configured to substantially overlay when the flexible
circuit is wound around the portion of the core.

[0103] Example 9. The magnetic assembly of claim 7, wherein the first communication
winding is disposed on the first side of the flexible substrate and the second
communication winding is disposed on the second side of the flexible substrate such that
the first communication winding and the second communication winding substantially
overlay.

[0104] Example 10. The magnetic assembly of any one of examples 1 to 9, wherein the
flexible circuit further comprises: a third communication winding, wherein the portion of
the core is outside at least one turn of the third communication winding; and a fourth
communication winding magnetically coupled to the third communication winding,
wherein the portion of the core is outside at least one turn of the second communication

winding, wherein the first communication winding and second communication winding
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forms a first communication link and the third communication winding and the fourth
communication winding forms a second communication link.

[0105] Example 11. The magnetic assembly of any one of examples 1 to 10, wherein the
core comprises a material of relatively high magnetic permeability.

[0106] Example 12. A magnetic assembly configured to be used with a core, comprising:
a bobbin including an opening configured to receive at least a portion of the core,
wherein the bobbin forms a bobbin window; a first power winding disposed in the
bobbin window, wherein the opening is inside at least one turn of the first power
winding; a second power winding magnetically coupled to the first power winding and
disposed in the bobbin window, wherein the opening is inside at least one turn of the
second power winding; and a flexible circuit disposed in the bobbin window, the flexible
circuit comprising: a first communication winding, wherein the opening is outside at
least one turn of the first communication winding; and a second communication winding
magnetically coupled to the first communication winding, wherein the opening is outside
at least one turn of the second communication winding.

[0107] Example 13. The magnetic assembly of example 12, wherein the first power
winding and the second power winding are wound around a first axis, wherein the first
axis intersects the opening, the first communication winding and the second
communication winding are laid around a second axis, wherein the first axis is
substantially perpendicular to the second axis.

[0108] Example 14. The magnetic assembly of example 12 or 13, wherein the flexible
circuit is wound between the first power winding and the second power winding.

[0109] Example 15. The magnetic assembly of any one of examples 12 to 14, wherein
the flexible circuit is wound between layers of turns of the first power winding.

[0110] Example 16. The magnetic assembly of any one of examples 12 to 15, wherein
the magnetic assembly is configured to be used as an energy transfer element.

[0111] Example 17. The magnetic assembly of any one of examples 12 to 16, the
flexible circuit comprising a flexible substrate with a first side and a second side,
wherein the first communication winding and the second communication winding are
disposed on the flexible substrate.

[0112] Example 18. The magnetic assembly of any one of examples 12 to 17, wherein
the first communication winding and the second communication winding are disposed on
the first side of the flexible substrate such that the first communication winding and the
second communication winding are configured to substantially overlay when the flexible

circuit is wound around the opening.
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[0113] Example 19. The magnetic assembly of any one of examples 12 to 18, wherein
the first communication winding is disposed on the first side of the flexible substrate and
the second communication winding is disposed on the second side of the flexible
substrate such that the first communication winding and the second communication
winding substantially overlay.

[0114] Example 20. The magnetic assembly of any one of examples 12 to 19, wherein
the flexible circuit further comprises: a third communication winding, wherein the
opening is outside at least one turn of the third communication winding; and a fourth
communication winding magnetically coupled to the third communication winding,
wherein the opening is outside at least one turn of the second communication winding,
wherein the first communication winding and second communication winding forms a
first communication link and the third communication winding and the fourth
communication winding forms a second communication link.

[0115] Example 21. The magnetic assembly of any one of examples 12 to 20, wherein
the core comprises a material of relatively high magnetic permeability.

[0116] Example 22. A flexible circuit comprising a flexible substrate including a first
side and a second side; a first conductive path disposed on the flexible substrate, wherein
the first conductive path spirals outward from an inner end of the first conductive path to
an outer end of the first conductive path; and a second conductive path disposed on the
flexible substrate, wherein the second conductive path is configured to be magnetically
coupled to the first conductive path, the second conductive path spirals outward from an
inner end of the second conductive path to an outer end of the second conductive path.

[0117] Example 23. The flexible circuit of example 22, wherein the first conductive
path and the second conductive path are substantially similar in size and shape.

[0118] Example 24. The flexible circuit of example 22 or 23, wherein the first
conductive path and the second conductive path are substantially rectangular in shape.

[0119] Example 25. The flexible circuit of any one of examples 22 to 24, wherein the
first conductive path and the second conductive path are disposed on the first side.

[0120] Example 26. The flexible circuit of any one of examples 22 to 25, wherein the
first conductive path is disposed on the first side and the second conductive path is
disposed on the second side, wherein the first conductive path and the second conductive
path substantially overly.

[0121] Example 27. A magnetic assembly, comprising: a first power winding
substantially laid around a first axis; a second power winding magnetically coupled to

the first power winding and substantially laid around the first axis; and a flexible circuit
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proximate to the first power winding and the second power winding, the flexible circuit
comprising: a first communication winding substantially laid around a second axis; and a
second communication winding magnetically coupled to the first communication
winding, the second communication winding is substantially laid around a second axis,
wherein the second axis is substantially perpendicular to the first axis.

[0122] Example 28. The magnetic assembly of example 27, wherein the flexible circuit
is located between the first power winding and the second power winding.

[0123] Example 29. The magnetic assembly of example 27 or 28, wherein the flexible
circuit is located between layers of turns of the first power winding.

[0124] Example 30. The magnetic assembly of any one of examples 27 to 29, further
comprising: a core, wherein the first axis intersects the core, wherein a portion of the
core is inside at least one turn of the first power winding and at least one turn of the
second power winding, the portion of the core is outside at least one turn of the first
communication winding and at least one turn of the second communication winding.

[0125] Example 31. The magnetic assembly of any one of examples 27 to 30, further
comprising: a bobbin including an opening, wherein the first axis intersects the opening
and the first power winding, the second power winding, and the flexible circuit are laid
around the opening.

[0126] Example 32. The magnetic assembly of any one of examples 27 to 31, wherein
the magnetic assembly is configured to be used as an energy transfer element.

[0127] Example 33. The magnetic assembly of any one of examples 27 to 32, the
flexible circuit comprising: a substrate with a first side and a second side, wherein the
first communication winding and the second communication winding are disposed on the
substrate.

[0128] Example 34. The magnetic assembly of any one of examples 27 to 33, wherein
the first communication winding and the second communication winding are disposed on
the first side of the substrate such that the first communication winding and the second
communication winding are configured to substantially overlay when the flexible circuit
is wound around the first axis.

[0129] Example 35. The magnetic assembly of any one of examples 27 to 34, wherein
the first communication winding is disposed on the first side of the substrate and the
second communication winding is disposed on the second side of the substrate such that
the first communication winding and the second communication winding substantially

overlay.
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[0130] Example 36. The magnetic assembly of any one of examples 27 to 35, wherein

the flexible circuit further comprises: a third communication winding substantially laid
around a third axis; and a fourth communication winding magnetically coupled to the
third communication winding and substantially laid around the third axis, wherein the
third axis is substantially perpendicular to the first axis, the first communication winding
and second communication winding forms a first communication link and the third
communication winding and the fourth communication winding forms a second

communication link.

29



WO 2025/136358 PCT/US2023/084793
CLAIMS

What is claimed is:

1. A magnetic assembly, comprising:

a core;

a first power winding wound around at least a portion of the core, wherein the portion of
the core is inside at least one turn of the first power winding;

a second power winding magnetically coupled to the first power winding and wound
around the portion of the core, wherein the portion of the core is inside at least one turn of the
second power winding; and

a flexible circuit wound around the core, the flexible circuit comprising:

a first communication winding, wherein the portion of the core is outside at least
one turn of the first communication winding; and

a second communication winding magnetically coupled to the first
communication winding, wherein the portion of the core is outside at least one turn of the

second communication winding.

2. The magnetic assembly of claim 1, wherein

the first power winding and the second power winding are wound around a first axis,
wherein the first axis intersects the portion of the core,

the first communication winding and the second communication winding are laid around

a second axis, wherein the first axis is substantially perpendicular to the second axis.

3. The magnetic assembly of claim 1, wherein the flexible circuit is wound between the

first power winding and the second power winding,

4. The magnetic assembly of claim 1, wherein the flexible circuit is wound between

layers of turns of the first power winding.

5. The magnetic assembly of claim 1, further comprising:
a bobbin including an opening configured to receive the portion of the core, wherein the
first power winding, the second power winding, and the flexible circuit are wound around the

bobbin.
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6. The magnetic assembly of claim 1, wherein the magnetic assembly is configured to be

used as an energy transfer element.

7. The magnetic assembly of claim 1, the flexible circuit comprising:
a flexible substrate with a first side and a second side, wherein the first communication

winding and the second communication winding are disposed on the flexible substrate.

8. The magnetic assembly of claim 7, wherein the first communication winding and the
second communication winding are disposed on the first side of the flexible substrate such that
the first communication winding and the second communication winding are configured to

substantially overlay when the flexible circuit is wound around the portion of the core.

9. The magnetic assembly of claim 7, wherein the first communication winding is
disposed on the first side of the flexible substrate and the second communication winding is
disposed on the second side of the flexible substrate such that the first communication winding

and the second communication winding substantially overlay.

10. The magnetic assembly of claim 1, wherein the flexible circuit further comprises:

a third communication winding, wherein the portion of the core is outside at least one
turn of the third communication winding; and

a fourth communication winding magnetically coupled to the third communication
winding, wherein the portion of the core is outside at least one turn of the second
communication winding, wherein the first communication winding and second communication
winding forms a first communication link and the third communication winding and the fourth

communication winding forms a second communication link.

11. The magnetic assembly of claim 1, wherein the core comprises a material of

relatively high magnetic permeability.

12. A magnetic assembly configured to be used with a core, comprising:

a bobbin including an opening configured to receive at least a portion of the core,
wherein the bobbin forms a bobbin window;
a first power winding disposed in the bobbin window, wherein the opening is inside at

least one turn of the first power winding;
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a second power winding magnetically coupled to the first power winding and disposed in
the bobbin window, wherein the opening is inside at least one turn of the second power winding;
and
a flexible circuit disposed in the bobbin window, the flexible circuit comprising:
a first communication winding, wherein the opening is outside at least one turn of
the first communication winding; and
a second communication winding magnetically coupled to the first
communication winding, wherein the opening is outside at least one turn of the second

communication winding.

13. The magnetic assembly of claim 12, wherein

the first power winding and the second power winding are wound around a first axis,
wherein the first axis intersects the opening,

the first communication winding and the second communication winding are laid around

a second axis, wherein the first axis is substantially perpendicular to the second axis.

14. The magnetic assembly of claim 12, wherein the flexible circuit is wound between

the first power winding and the second power winding.

15. The magnetic assembly of claim 12, wherein the flexible circuit is wound between

layers of turns of the first power winding.

16. The magnetic assembly of claim 12, wherein the magnetic assembly is configured to

be used as an energy transfer element.

17. The magnetic assembly of claim 12, the flexible circuit comprising:
a flexible substrate with a first side and a second side, wherein the first communication

winding and the second communication winding are disposed on the flexible substrate.

18. The magnetic assembly of claim 17, wherein the first communication winding and
the second communication winding are disposed on the first side of the flexible substrate such
that the first communication winding and the second communication winding are configured to

substantially overlay when the flexible circuit is wound around the opening.
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19. The magnetic assembly of claim 17, wherein the first communication winding is
disposed on the first side of the flexible substrate and the second communication winding is
disposed on the second side of the flexible substrate such that the first communication winding

and the second communication winding substantially overlay.

20. The magnetic assembly of claim 12, wherein the flexible circuit further comprises:

a third communication winding, wherein the opening is outside at least one turn of the
third communication winding; and

a fourth communication winding magnetically coupled to the third communication
winding, wherein the opening is outside at least one turn of the second communication winding,
wherein the first communication winding and second communication winding forms a first
communication link and the third communication winding and the fourth communication

winding forms a second communication link.

21. The magnetic assembly of claim 12, wherein the core comprises a material of

relatively high magnetic permeability.

22. A flexible circuit comprising:

a flexible substrate including a first side and a second side;

a first conductive path disposed on the flexible substrate, wherein the first conductive
path spirals outward from an inner end of the first conductive path to an outer end of the first
conductive path; and

a second conductive path disposed on the flexible substrate, wherein the second
conductive path is configured to be magnetically coupled to the first conductive path, the second
conductive path spirals outward from an inner end of the second conductive path to an outer end

of the second conductive path.

23. The flexible circuit of claim 22, wherein the first conductive path and the second

conductive path are substantially similar in size and shape.

24. The flexible circuit of claim 22, wherein the first conductive path and the second

conductive path are substantially rectangular in shape.

25. The flexible circuit of claim 22, wherein the first conductive path and the second

conductive path are disposed on the first side.
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26. The flexible circuit of claim 22, wherein the first conductive path is disposed on the
first side and the second conductive path is disposed on the second side, wherein the first

conductive path and the second conductive path substantially overly.

27. A magnetic assembly, comprising:

a first power winding substantially laid around a first axis;
a second power winding magnetically coupled to the first power winding and
substantially laid around the first axis; and
a flexible circuit proximate to the first power winding and the second power winding, the
flexible circuit comprising:
a first communication winding substantially laid around a second axis; and
a second communication winding magnetically coupled to the first
communication winding, the second communication winding is substantially laid around a

second axis, wherein the second axis is substantially perpendicular to the first axis.

28. The magnetic assembly of claim 27, wherein the flexible circuit is located between

the first power winding and the second power winding.

29. The magnetic assembly of claim 27, wherein the flexible circuit is located between

layers of turns of the first power winding.

30. The magnetic assembly of claim 27, further comprising:

a core, wherein the first axis intersects the core, wherein

a portion of the core is inside at least one turn of the first power winding and at least one
turn of the second power winding,

the portion of the core is outside at least one turn of the first communication winding and

at least one turn of the second communication winding.

31. The magnetic assembly of claim 27, further comprising:
a bobbin including an opening, wherein the first axis intersects the opening and the first

power winding, the second power winding, and the flexible circuit are laid around the opening.

32. The magnetic assembly of claim 27, wherein the magnetic assembly is configured to

be used as an energy transfer element.
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33. The magnetic assembly of claim 27, the flexible circuit comprising:
a substrate with a first side and a second side, wherein the first communication winding

and the second communication winding are disposed on the substrate.

34. The magnetic assembly of claim 33, wherein the first communication winding and
the second communication winding are disposed on the first side of the substrate such that the
first communication winding and the second communication winding are configured to

substantially overlay when the flexible circuit is wound around the first axis.

35. The magnetic assembly of claim 33, wherein the first communication winding is
disposed on the first side of the substrate and the second communication winding is disposed on
the second side of the substrate such that the first communication winding and the second

communication winding substantially overlay.

36. The magnetic assembly of claim 27, wherein the flexible circuit further comprises:

a third communication winding substantially laid around a third axis; and

a fourth communication winding magnetically coupled to the third communication
winding and substantially laid around the third axis, wherein the third axis is substantially
perpendicular to the first axis, the first communication winding and second communication
winding forms a first communication link and the third communication winding and the fourth

communication winding forms a second communication link.
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1. claims: 1-21, 27-36

A magnetic assembly as claimed in present claims 1, 12, 27,
respectively, with the particular arrangement of the first
power winding and of the second power winding with regard to
the core portion / bobbin opening / first axis, and with the
particular arrangement of the first communication winding
and of the second communication winding with regard to the
core portion / bobbin opening / second axis.

2. claims: 22-26

A flexible circuit as claimed in present claim 22, with

a flexible substrate including a first side and a second
side;

a first conductive path disposed on the flexible substrate,
wherein the first conductive path spirals outward from an
inner end of the first conductive path to an outer end of
the first conductive path; and

a second conductive path disposed on the flexible substrate,
wherein the second conductive path is configured to be
magnetically coupled to the first conductive path, the
second conductive path spirals outward from an inner end of
the second conductive path to an outer end of the second
conductive path.

Further, in claims 23-26 the size, shape and position of the
first and second conductive paths is particularly specified.
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