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Description
TECHNICAL FIELD

[0001] The present disclosure relates to electromag-
netic components. More specifically, some embodiments
of the present disclosure relate to toroidal magnetic
assemblies integrated with magnetic shunt elements.

BACKGROUND

[0002] Toroidal magnetics (e.g., magnetic core with
doughnut-like or torus structure) are commonly used in
inductors, transformers, and other electromagnetic com-
ponents due to their efficient magnetic field containment
and reduced electromagnetic interference (EMI). How-
ever, existing designs often face challenges in optimizing
performance while maintaining compactness, particu-
larly in high-performance applications where space is
limited. There is a continuing demand for efficient elec-
tromagnetic compatibility (EMC) performance and/or im-
proved noise filtering capabilities.

SUMMARY

[0003] In some aspects, the techniques described
herein relate to a toroidal magnetic assembly including:
an electromagnetic core including a housing; a first wind-
ing atleast partially wrapping around the electromagnetic
core; a second winding at least partially wrapping around
the electromagnetic core, the first winding and the sec-
ond winding separated by a portion of the housing; and a
first magnetic shunt disposed in the portion of the hous-
ing, wherein the first winding or the second winding is
configured to at least generate a magnetic field when an
electric current passes the first winding or the second
winding, and wherein the first magnetic shunt is config-
ured to at least modify a magnetic flux associated with the
magnetic field.

[0004] In some aspects, the techniques described
herein relate to a toroidal magnetic assembly, wherein
adistance of the portion of the housing is between 4.0 mm
to 7.0 mm.

[0005] In some aspects, the techniques described
herein relate to a toroidal magnetic assembly, wherein
a distance of the portion of the housing is determined
based at least on a desired volume associated with the
electromagnetic core and a desired differential mode
inductance associated with the electromagnetic core.
[0006] In some aspects, the techniques described
herein relate to a toroidal magnetic assembly, wherein
the portion of the housing structurally forms a cavity, and
wherein the first magnetic shuntis sized to fit in the cavity.
[0007] In some aspects, the techniques described
herein relate to a toroidal magnetic assembly, wherein
the first winding includes an orthogonal plate winding or a
wire winding.

[0008] In some aspects, the techniques described
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herein relate to a toroidal magnetic assembly, wherein
the first winding includes a U-shaped plate winding and
an |-shaped plate winding that are joined in a butt weld
arrangement.

[0009] In some aspects, the techniques described
herein relate to a magnetic assembly including: an elec-
tromagnetic core including a housing; a first winding
attached to the electromagnetic core; a second winding
attached to the electromagnetic core, the first winding
and the second winding separated by the housing; and a
first magnetic shunt disposed in the housing, wherein the
first winding or the second winding is configured to at
least generate a magnetic field when an electric current
passes the first winding or the second winding, and
wherein the first magnetic shunt is configured to at least
modify a magnetic flux associated with the magnetic field.
[0010] In some aspects, the techniques described
herein relate to a magnetic assembly, wherein the first
winding includes an orthogonal plate winding.

[0011] In some aspects, the techniques described
herein relate to a magnetic assembly, wherein the elec-
tromagnetic core includes silicon steel, ferrite, or pow-
dered iron.

[0012] In some aspects, the techniques described
herein relate to a magnetic assembly, wherein the first
winding includes copper, aluminum, or composite mate-
rials.

[0013] In some aspects, the techniques described
herein relate to a magnetic assembly, wherein a distance
associated with the housing is between 4.0 mm to 7.0
mm.

[0014] In some aspects, the techniques described
herein relate to a magnetic assembly, wherein the hous-
ing structurally forms at least a cavity, and wherein the
first magnetic shunt is sized to fit in the cavity.

[0015] In some aspects, the techniques described
herein relate to a magnetic assembly, wherein the first
magnetic shunt includes a magnetic shunt core and a
shunt housing.

[0016] In some aspects, the techniques described
herein relate to a magnetic assembly, wherein the first
winding includes a U-shaped plate winding and an |-
shaped plate winding that are joined in a butt weld ar-
rangement.

[0017] In some aspects, the techniques described
herein relate to a magnetic assembly, wherein the first
magnetic shunt structurally forms an E-shape or an I-
shape.

[0018] In some aspects, the techniques described
herein relate to a process of assembling a magnetic
assembly for power conversion, the process including:
attaching first one or more windings to a first portion of a
housing of an electromagnetic core; attaching second
one or more windings to a second portion of the housing
of the electromagnetic core; and disposing a first mag-
netic shunt to a third portion of the housing that separates
the firstone or more windings and the second one or more
windings.
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[0019] In some aspects, the techniques described
herein relate to a process, wherein the third portion of
the housing structurally forms at least a cavity, and
wherein disposing the first magnetic shunt to the third
portion of the housing includes disposing the first mag-
netic shunt into the cavity.

[0020] In some aspects, the techniques described
herein relate to a process, wherein disposing the first
magnetic shunt to the cavity includes gluing the first
magnetic shunt to the third portion of the housing.
[0021] In some aspects, the techniques described
herein relate to a process, wherein the first one or more
windings include a first winding that includes a U-shaped
plate winding and an I-shaped plate winding, and wherein
attaching the first one or more windings to the first portion
of the housing includes joining the U-shaped plate wind-
ing and the I-shaped plate winding in a butt weld arrange-
ment.

[0022] In some aspects, the techniques described
herein relate to a process, wherein a distance of the third
portion of the housing that separates the first one or more
windings and the second one or more windings is be-
tween 4.0 mm to 7.0 mm.

[0023] Additional details of example toroidal mag-
netics that can be used in conjunction with the present
disclosure can be found in International Patent Applica-
tion No. PCT/US2023/033938, the entirety of each of the
disclosures is incorporated herein by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Embodiments of the present disclosure are de-
scribed with reference to the accompanying drawings, in
which like reference characters reference like elements,
and wherein:

Figure 1 illustrates a perspective view of an example
toroidal magnetic assembly according to some em-
bodiments of the present disclosure.

Figure 2 illustrates perspective views of individual
components in the example toroidal magnetic as-
sembly of Figure 1 according to some embodiments
of the present disclosure.

Figure 3 illustrates an exploded view of an example
toroidal magnetic assembly according to some em-
bodiments of the present disclosure.

Figure 4A and Figure 4B are perspective view photo-
graphs of an example toroidal magnetic assembly,
such as the example toroidal magnetic assembly of
Figure 1, according to some embodiments of the
present disclosure.

Figure 5 illustrates an enlarged view of a portion of
the example toroidal magnetic assembly of Figure 1
according to some embodiments of the present dis-
closure.

Figure 6Aillustrates an exploded view of an example
toroidal magnetic assembly according to some em-
bodiments of the present disclosure.
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Figure 6B illustrates a cross-sectional view repre-
sentation of the example toroidal magnetic assembly
of Figure 6A.

Figure 7Aillustrates an exploded view of an example
toroidal magnetic assembly according to some em-
bodiments of the present disclosure.

Figure 7B illustrates a cross-sectional view repre-
sentation of the example toroidal magnetic assembly
of Figure 7A.

Figure 8 is a flowchart of an example process for
assembling a magnetic assembly according to some
embodiments of the present disclosure.

DETAILED DESCRIPTION

[0025] The following description of certain embodi-
ments presents various descriptions of specific embodi-
ments. However, the innovations described herein can
be embodied in a multitude of different ways, forexample,
as defined and covered by the claims. In this description,
reference is made to the drawings where like reference
numerals can indicate identical or functionally similar
elements. It will be understood that elements illustrated
in the figures are not necessarily drawn to scale. More-
over, it will be understood that certain embodiments can
include more elements than illustrated in a drawing an-
d/or a subset of the elements illustrated in a drawing.
Further, some embodiments can incorporate any suita-
ble combination of features from two or more drawings.
Any suitable principles and advantages of the embodi-
ments disclosed herein can be implemented together
with each other.

[0026] Generally described, one or more aspects of the
present disclosure correspond to systems and methods
that relate to magnetic assemblies with improved elec-
tromagnetic performance (e.g., enhanced differential
mode inductance) while maintaining compactness
(e.g., reducing and/or without increasing a volume of
the toroidal magnetic assembly). More specifically, some
embodiments of the present disclosure disclose integrat-
ing magnetic shunts into a toroidal magnetic assembly to
enhance differential mode inductance while maintaining
compactness of the toroidal magnetic assembly. In some
embodiments, a multitude of windings (e.g., orthogonal
plate windings and/or wire windings) are disposed
around an electromagnetic core, with magnetic shunts
strategically disposed in spaces between the multitude of
windings. The toroidal magnetic assembly can be inte-
grated into power converters, onboard chargers, and/or
chokes used in electric vehicles or other electronic sys-
tems.

[0027] Advantageously, use of integrated magnetic
shunts not only enhances electromagnetic performance
(e.g., enhanced differential mode inductance, increased
inductance value, and/or improved differential mode
noise filtering) of the toroidal magnetic assembly, but
reduce size of the toroidal magnetic assembly (e.g.,
reducing the need for standalone inductors, thereby sav-
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ing space and reducing costs). Additionally and/or op-
tionally, the toroidal magnetic assembly may be as-
sembled based on a manufacturing process that involves
stack welding, where a multitude of orthogonal plate
windings are joined in a butt weld arrangement. Advan-
tageously, stack welding allows the multitude of ortho-
gonal plate windings to be joined in a compact and
efficientmanner (e.g., reducing overall size of the toroidal
magnetic assembly).

[0028] In the field of power electronics and/or electro-
magnetic systems, toroidal magnetic assemblies (e.g.,
magnetic core with doughnut-like or torus structure) are
commonly used due to their efficient magnetic field con-
tainment and reduced electromagnetic interference
(EMI). For example, a toroidal magnetic assembly may
be included in a choke that is used in electrical circuits to
block orfilter alternating current (AC) while allowing direct
current (DC) to pass through, and/or filter out electro-
magnetic interference (EMI) and radio frequency inter-
ference (RFI) in power supplies and other electronic
devices. The choke can be integrated in power conver-
ters and onboard chargers for electric vehicles.

[0029] Existing toroidal magnetic assemblies and/or
chokes often rely on standalone inductors to achieve
desired electromagnetic performance (e.g., differential
mode inductance), which canlead to increased costs and
larger footprints on printed circuit boards (PCBs). Solu-
tions that have been previously developed typically in-
volve the use of busbars and/or magnetic components to
form inductors, with the busbars arranged in various
configurations to optimize performance. However, these
configurations may result in increased volume and heat
losses, which can negatively impact the overall efficiency
of power converters and/or onboard chargers. Addition-
ally, the reliance on standalone inductors to achieve the
desired inductance values may exacerbate the issue of
space constraints on PCBs, making it difficult to achieve
the desired compactness and efficiency in modern elec-
tronic systems.

[0030] To address at least a portion of the above pro-
blems, a toroidal magnetic assembly that integrates
magnetic shunts to enhance electromagnetic perfor-
mance (e.g., higher inductance value, lower electromag-
netic losses, and/or higher differential mode inductance
value) and/or reduce a volume of the toroidal magnetic
assembly is disclosed in accordance with some embodi-
ments of the present disclosure. In some embodiments, a
toroidal magnetic assembly can include an electromag-
netic core (e.g., a component made of steel, ferrite,
powdered iron, and/or the like to concentrate or guide
magnetic fields), a multitude of windings (e.g., orthogonal
plate windings and/or wire windings made of materials
such as copper), and magnetic shunts. The multitude of
windings can at least partially wrap around the electro-
magnetic core to enhance magnetic coupling and/or
reduce electromagnetic interference (e.g., by ensuring
that the magnetic field lines are efficiently contained
within the electromagnetic core). The magnetic shunts
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(e.g., components made of ferromagnetic materials) can
be disposed between different windings (e.g., disposed
in a gap or space between two sets of orthogonal plate
windings).

[0031] The magnetic shunts can advantageously en-
hance electromagnetic performance (e.g., enhanced dif-
ferential mode inductance, increased inductance value,
and/or improved differential mode noise filtering) of the
toroidal magnetic assembly and reduce size of the tor-
oidal magnetic assembly (e.g., eliminating the need for
standalone inductors, thereby saving space, enabling
dense packaging, and/or reducing costs). In some em-
bodiments, the toroidal magnetic assembly can be man-
ufactured using techniques that involve stack welding,
where plate windings are disposed in a butt weld arrange-
ment (e.g., a U-shaped plate winding is placed on top and
an I-shaped plate winding is placed at bottom) rather than
in an edge joint arrangement (e.g., the U-shaped plate
winding and the |-shaped plate winding are placed side-
by-side). By utilizing stack welding, a volume of the
toroidal magnetic assembly can be advantageously re-
duced by 60% to 70% (e.g., compared with the edge joint
arrangement). Additionally, the toroidal magnetic assem-
bly can exhibit higher inductance and lower electromag-
netic losses under a unit volume, thereby increasing
efficiency per volume and enhancing electromagnetic
compatibility (EMC) functionality of the toroidal magnetic
assembly.

[0032] As used herein, stack welding can refer to a
technique or a method to join multiple components or
layers. For example, in the context of the toroidal mag-
netic assembly, stack welding can refer to a method of
joining two orthogonal plate windings in a butt weld ar-
rangement. The butt weld arrangement can include a
plate winding placed on top and the other plate winding
placed at the bottom, rather than placing two plate wind-
ings side-by-side. In the butt weld arrangement, edges of
plate windings can be welded together (e.g., melting the
edges of two plate windings to create a strong or seam-
less joint between the two plate windings) to form a
cohesive structure. The butt weld arrangement can ver-
tically stack plate windings, and enable a more compact
design and packaging for the toroidal magnetic assem-
bly.

[0033] In some embodiments, a gap (or can also be
referred to herein as a length, or a distance of a space)
between two sets of orthogonal plate windings that is
used to accommodate a magnetic shunt can be of, of
about, of atleast, or of at least about 4.0 millimeter (mm),
4.5mm,5.0mm,5.5mm,6.0mm, 6.5mm, 7.0 mm, orany
range of values therebetween. In otherembodiments, the
gap can be less than 4.0 mm, or greater than 7.0 mm. In
some embodiments, the distance or the gap between two
sets of orthogonal plate windings can be decided based
on a combination of electromagnetic performance (e.g.,
desired inductance and magnetic flux path), physical
constraints, material properties, thermal considerations,
and/or manufacturing tolerances. For example, the gap
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or space can be determined to optimize, tradeoff, or
balance electromagnetic performance and a volume of
a toroidal magnetic assembly (e.g., differential mode
inductance and the volume may go down as the gap
decreases, and differential mode inductance may in-
crease while the volume may increase as the gap in-
creases). Advantageously, integrating a magnetic shunt
into the space may enable a toroidal magnetic assembly
to exhibit superior electromagnetic performance (e.g.,
increased differential mode inductance) while maintain-
ing the space at a volume that allows cost-effective
manufacturing.

[0034] In some embodiments, a toroidal magnetic as-
sembly can be assembled or manufactured through a
process that includes the following steps. First, an elec-
tromagnetic core can be obtained and housed in a hous-
ing. Second, a multitude of orthogonal plate windings can
be welded (e.g., using stack welding to join a U-shaped
winding and an I-shaped winding in a butt weld arrange-
ment) to the housing associated with the electromagnetic
core from a first side (e.g., a top side) of the electromag-
netic core. Third, magnetic shunt cores can be disposed
and fixated (e.g., using glue) into cavities formed by the
housing associated with the electromagnetic core. The
cavities can be on a second side (e.g., a bottom side) of
the electromagnetic core.

[0035] Although the various aspects will be described
in accordance with illustrative embodiments and combi-
nation of features, the examples and combination of
features are illustrative in nature and should not be con-
strued as limiting. More specifically, aspects of the pre-
sent application may be applicable with various types of
electric vehicles, power converters, onboard chargers,
power electronic systems, and various components of
vehicles under different contexts, such as when em-
ployed for automotives, vessels, or any kinds of vehicles.
Still further, although specific architectures of toroidal
magnetic assembly or electromagnetic infrastructure
for use in components of electric vehicles, residential
energy systems, or the like will be described, such illus-
trative toroidal magnetic assembly or electromagnetic
infrastructure should not be construed as limiting. Ac-
cordingly, one skilled in the relevant art will appreciate
that the aspects of the present application are not ne-
cessarily limited to any particular types of electric vehi-
cles, power electronic systems, magnetic assemblies, or
components of vehicles.

[0036] Figure 1 illustrates a perspective view of an
example toroidal magnetic assembly 100 according to
some embodiments of the present disclosure. The tor-
oidal magnetic assembly 100 can be at least used or
integrated in power converters, onboard chargers, an-
d/or other parts for electric vehicles to filter electromag-
netic interference (EMI) noise or support other function-
alities. As shown in Figure 1, the toroidal magnetic as-
sembly 100 can include an electromagnetic core 102,
windings 104A, windings 104B, windings 104C, and
windings 104D. The electromagnetic core 102 can in-

10

15

20

25

30

35

40

45

50

55

clude a housing 102A and a housing 102B. Although not
readily observed in Figure 1, the toroidal magnetic as-
sembly 100 also includes a magnetic shunt 106A, a
magnetic shunt 106B, a magnetic shunt 106C that are
sized to fit in cavities (shown in Figure 2) formed by the
housing 102A.

[0037] In some examples, the electromagnetic core
102 is made of example materials such as silicon steel,
ferrite, powdered iron, and/or other materials that can
concentrate and guide magnetic fields. As shown in
Figure 1, the electromagnetic core includes the housing
102A and the housing 102B, which can provide mechan-
ical support and protection. As noted above, the housing
102A can form cavities that are used to accommodate the
magnetic shunt 106A, the magnetic shunt 106B, the
magnetic shunt 106C.

[0038] In some examples, the windings 104A, the
windings 104B, the windings 104C, and the windings
104D can be made of materials such as copper, alumi-
num, composite materials, and/or other metals that can
improve magnetic coupling or reduce electromagnetic
interference. The windings 104A, 104B, 104C, and 104D
are disposed around the electromagnetic core 102 to
generate magnetic fields when an electric current passes
through the windings 104A, 104B, 104C, and 104D. In
some examples, each of the windings 104A, the windings
104B, the windings 104C, and/or the windings 104D can
be or include orthogonal plate windings. Although Figure
1 illustrates that each of the windings 104A, 104B, 104C,
and 104D includes at least four windings, it should be
noted that the number of windings in each of the windings
104A, 104B, 104C, and 104D can be more or less than
four. As will be described with reference to Figure 5, a
winding in each of the windings 104A, 104B, 104C, and
104D can include a U-shaped winding and an |-shaped
winding that are joined in a butt weld arrangement to
advantageously reduce the size of the toroidal magnetic
assembly 100.

[0039] In some examples, the magnetic shunts 106A,
106B, and 106C are made of ferromagnetic materials to
modify the magnetic flux associated with the magnetic
fields generated by the windings 104A, 104B, 104C, and
104D and/or the electromagnetic core 102. As used
herein, to modify the magnetic flux can refer to influence,
alter, change, direct, or adjust the magnetic flux without
requiring any external input or active intervention. For
example, because of their presences and material prop-
erties, the magnetic shunts 106A, 106B, and 106C can
influence, alter, change, or otherwise modify the path and
distribution of magnetic field lines associated with the
toroidal magnetic assembly 100. As noted above,
although not readily observed in Figure 1, the magnetic
shunts 106A, 106B, and 106C are disposed or positioned
in spaces between the windings 104A, 104B, 104C, and
104D. Advantageously, by integrating magnetic shunts
106A, 106B, and 106C into the toroidal magnetic assem-
bly 100, the differential mode inductance can be in-
creased, thereby leading to improved noise filtering cap-
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abilities and reduced electromagnetic losses. The inclu-
sion of magnetic shunts 106A, 106B, and 106C can also
eliminate the need for standalone inductors, resulting in
cost savings and a more efficient use of space on printed
circuit boards (PCBs) for integration of the toroidal mag-
netic assembly 100.

[0040] Figure 2 illustrates perspective views of indivi-
dual components in the example toroidal magnetic as-
sembly 100 of Figure 1 according to some embodiments
of the present disclosure. As noted above, the toroidal
magnetic assembly 100 includes at least the windings
104A, the windings 104B, the windings 104C, the wind-
ings 104D, the magnetic shunt 106A, the magnetic shunt
106B, the magnetic shunt 106C, the electromagnetic
core 102 that includes the housing 102A and the housing
102B. Each of the windings 104A, the windings 104B, the
windings 104C, and/or the windings 104D can be or
include orthogonal plate windings

[0041] As shown in Figure 2, the housing 102A of the
electromagnetic core 102 can form a cavity 202, a cavity
204, and a cavity 206. In some examples, the magnetic
shunt 106A can be sized to be disposed and fixated (e.g.,
using glue) in the cavity 202; the magnetic shunt 106B
can be sized to be disposed and fixated in the cavity 204;
the magnetic shunt 106C can be sized to be disposed and
fixated in the cavity 206.

[0042] As noted above, by disposing the magnetic
shunt 106A into a space (e.g., a space that includes
the cavity 202 formed by the housing 102A) between
the windings 104A and the windings 104B, electromag-
netic performance (e.g., differential mode inductance,
inductance value, and/or differential mode noise filtering)
of the toroidal magnetic assembly 100 can be advanta-
geously enhanced. Additionally, size and/or cost of the
toroidal magnetic assembly 100 can be reduced (e.g.,
reducing the need for standalone inductors, thereby sav-
ing space and reducing costs).

[0043] Figure 3 illustrates an exploded view of an ex-
ample toroidal magnetic assembly 300 according to
some embodiments of the present disclosure. As shown
in Figure 3, the toroidal magnetic assembly 300 includes
at least a magnetic shunt core 306, a magnetic shunt
housing 308, an electromagnetic core 302, windings
304A, and windings 304B. The windings 304A and
304B are separated by a space 320.

[0044] In some examples, the electromagnetic core
302 is made of materials such as silicon steel, ferrite,
powdered iron, and/or other materials that can concen-
trate and guide magnetic fields. The windings 304A and
windings 304B can be made of materials such as copper,
aluminum, composite materials, and/or other metals that
can improve magnetic coupling or reduce electromag-
netic interference. The windings 304A and 304B are
disposed to at least partially wrap the electromagnetic
core 302 for generating magnetic fields when an electric
current passes through the windings 304A and 304B.
[0045] Insomeexamples, the magnetic shuntcore 306
is made of ferromagnetic materials to modify the mag-
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netic flux associated with the magnetic fields generated
by the windings 304A and 304B and/or the electromag-
netic core 302. The magnetic shunt core 306 can modify
the magnetic flux within the toroidal magnetic assembly
300, thereby enhancing the differential mode inductance
and improving noise filtering capabilities.

[0046] Insome examples, the magnetic shunt housing
308 can provide structural support and protection for the
magnetic shunt core 306. The magnetic shunt housing
308 can ensure that the magnetic shunt core 306 is
securely positioned within the toroidal magnetic assem-
bly 300 to maintain the integrity and performance of the
toroidal magnetic assembly 300. Although not illustrated
in Figure 3, the magnetic shunt core 306 and the mag-
netic shunt housing 308 can be disposed in the space 320
(e.g., a space structurally formed by the electromagnetic
core 302) that separates the windings 304A and windings
304B.

[0047] Figure 4A and Figure 4B are perspective view
photographs of an example toroidal magnetic assembly,
such as the example toroidal magnetic assembly 100 of
Figure 1, according to some embodiments of the present
disclosure. Figure 4A can illustrate a bottom view of the
toroidal magnetic assembly 100, and Figure 4B can
illustrate a top view of the toroidal magnetic assembly
100.

[0048] As shown in Figure 4A, the toroidal magnetic
assembly 100 includes the windings 104A, 104B, 104C,
and 104D that are disposed around the electromagnetic
core 102 that includes the housing 102A. The magnetic
shunts 106A, 106B, and 106C are disposed between the
windings 104A, 104B, 104C, and 104D to at least modify
the magnetic flux and enhance the differential mode
inductance of the toroidal magnetic assembly 100. For
example, because of their placements and material prop-
erties, the magnetic shunts 106A, 106B, and 106C can
alter, redirect, contain, guide, or concentrate magnetic
field lines, thereby enhancing the electromagnetic per-
formance of the assembly (e.g., higher differential mode
inductance and better noise suppression). As another
example, the magnetic shunts 106A, 106B, and 106C
can change the distribution of magnetic flux and provide
preferred and/or concentrated paths for magnetic field
lines, which can lead to increased inductance, improved
noise filtering, and/or reduced electromagnetic interfer-
ence. The housing 102A provides structural support and
protection for the toroidal magnetic assembly 100.
[0049] Figure 4B illustrates a top view of the toroidal
magnetic assembly 100. As shown in Figure 4B, the
housing 102A of the electromagnetic core 102 can at
least partially encapsulate windings (e.g., the windings
104A, 104B, 104C, and 104D) and magnetic shunts (the
magnetic shunts 106A, 106B, and 106C). Figure 4B
illustrates the compact design of the toroidal magnetic
assembly 100, which allows for efficient use of space
while maintaining or improving electromagnetic perfor-
mance. The integration of magnetic shunts 106A, 106B,
and 106C within the toroidal magnetic assembly 100
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eliminates the need for standalone inductors, resulting in
cost savings and a more efficient use of space on printed
circuit boards (PCBs) for integrating the toroidal mag-
netic assembly 100.

[0050] Magnetic shunts (e.g., the magnetic shunts
106A, 106B, 106C, or the magnetic shunt core 306)
integrated in a toroidal magnetic assembly (e.g., the
toroidal magnetic assembly 100, the toroidal magnetic
assembly 300) can be made of ferromagnetic materials
(e.g., material with high magnetic permeability), and can
modify the magnetic flux associated with the magnetic
fields generated by windings (e.g., the windings 104A,
104B, 104C, 104D, 304A, 304B) and/or an electromag-
netic core (e.g., the electromagnetic core 102, the elec-
tromagnetic core 302) associated with the toroidal mag-
netic assembly. In some examples, the magnetic shunts
can be structured in various shapes, such as E-shaped, I-
shaped, or other shapes. As noted above, based on their
placements and material properties, the magnetic shunts
can modify the magnetic flux by altering, redirecting,
containing, guiding, and/or concentrating magnetic field
lines without requiring external input (e.g., do not require
current to flow through) or active intervention. In some
examples, the magnetic shunts are not required to be
electrically coupled with the windings (e.g., not electri-
cally coupled in series with the windings). Rather, based
on their placements and material properties, the mag-
netic shunts can help mitigate differential mode noise that
can occur when there is a difference in voltage between
two conductors (e.g., two windings) carrying the same or
similar current.

[0051] Figure 5illustrates an enlarged view of a portion
of the example toroidal magnetic assembly 100 of Figure
1 according to some embodiments of the present dis-
closure. The toroidal magnetic assembly 100 includes at
least the housing 102A, the housing 102B, a winding
104C thatincludes a U-shaped winding 104C-2 and an I-
shaped winding 104C-1. As shown in Figure 5, the U-
shaped winding 104C-2 and the I-shaped winding
104C-1 are joined together in a butt weld arrangement
using stack welding techniques. More specifically, in the
butt weld arrangement, the U-shaped winding 104C-2
can be placed on top and the I-shaped winding 104C-1
can be placed at the bottom (e.g., along a "y" direction
that is perpendicular to the "x" and "z" direction).
[0052] Insome examples, a gap 502 or a distance of a
space (e.g., a length in the "x" direction of the space that
separates the winding 104C and the winding 104D)
between the winding 104C and the winding 104D can
be of, of about, of at least, or of at least about 4.0
millimeter (mm), 4.5 mm, 5.0 mm, 5.5 mm, 6.0 mm,
6.5 mm, 7.0 mm, or any range of values therebetween.
In other embodiments, the gap 502 can be less than 4.0
mm, or greater than 7.0 mm. The space can include the
cavity 206 shown in Figure 2 that can accommodate a
magnetic shunt (e.g., the magnetic shunt 106C).
[0053] Compared with other implementations (e.g.,
edge joint arrangement) where the U-shaped winding
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104C-2 and the I-shaped winding 104C-1 are placed
side-by-side (e.g., the U-shaped winding 104C-2 and
the I-shaped winding 104C-1 are adjacent to or beside
each other along the "x" direction), a volume of the
toroidal magnetic assembly 100 can be advantageously
reduced by 60% to 70%. Additionally, the toroidal mag-
netic assembly 100 can exhibit higher inductance and
lower electromagnetic losses under a unit volume, there-
by increasing efficiency per volume and enhancing elec-
tromagnetic compatibility (EMC) functionality of the tor-
oidal magnetic assembly 100.

[0054] Figure 6A illustrates an exploded view of an
example toroidal magnetic assembly 600 according to
some embodiments of the present disclosure. The tor-
oidal magnetic assembly 600 can be structurally and/or
functionally the same as or similar to the toroidal mag-
netic assembly 100. As shown in Figure 6A, the toroidal
magnetic assembly 600 can include at least an electro-
magnetic core 602, magnetic shunts 606A, magnetic
shunts 606B, and windings 604. Unless otherwise noted,
the components of Figure 6A can be the same as or
generally similar to like-numbered components of Figure
1.

[0055] As shown in Figure 6A, the magnetic shunts
606A and the magnetic shunts 606B can be structurally
configured to form an E-shaped structure. Each of the
magnetic shunts 606A and/or the magnetic shunts 606B
can form an individual E-shaped structure. The magnetic
shunts 606A and the magnetic shunts 606B can be
oriented differently for integration with the electromag-
netic core 602 from opposite sides (e.g., a top side and a
bottom side) of the electromagnetic core 602. The E-
shaped configuration associated with the magnetic
shunts 606A and the magnetic shunts 606B can provide
structural support, enhance electromagnetic perfor-
mance, and/or effective assembly of the toroidal mag-
netic assembly 600.

[0056] Figure 6B illustrates a cross-sectional view re-
presentation of the example toroidal magnetic assembly
600 of Figure 6A. As shown in Figure 6B, the magnetic
shunts 606A can be integrated with the electromagnetic
core 602 from a first side (e.g., a top side) of the electro-
magnetic core 602. The magnetic shunts 606B can be
integrated with the electromagnetic core 602 from a
second side (e.g., a bottom side) of the electromagnetic
core 602.

[0057] Figure 7A illustrates an exploded view of an
example toroidal magnetic assembly 700 according to
some embodiments of the present disclosure. The tor-
oidal magnetic assembly 700 can be structurally and/or
functionally the same as or similar to the toroidal mag-
netic assembly 100. As shown in Figure 7A, the toroidal
magnetic assembly 700 can include at least an electro-
magnetic core 702, magnetic shunts 706A, magnetic
shunts 706B, and windings 704. Unless otherwise noted,
the components of Figure 7A can be the same as or
generally similar to like-numbered components of Figure
1.
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[0058] As shown in Figure 7A, the magnetic shunts
706A can be structurally configured to form an E-shaped
structure. The magnetic shunts 706B can be structurally
configured to form an I-shaped structure.

[0059] Figure 7B illustrates a cross-sectional view re-
presentation of the example toroidal magnetic assembly
700 of Figure 7A. As shown in Figure 7B, the magnetic
shunts 706A can be integrated with the electromagnetic
core 702 from a first side (e.g., a top side) of the electro-
magnetic core 702. The magnetic shunts 706B can be
integrated with the electromagnetic core 702 from a
second side (e.g., a bottom side) of the electromagnetic
core 702.

[0060] It will be understood that various combinations
or configurations for integrating magnetic shunts with an
electromagnetic core are within the scope of the present
disclosure. In some examples, E-shaped and/or I-
shaped magnetic shunts can be integrated on a top side
of an electromagnetic core. In some examples, E-shaped
and/or |I-shaped magnetic shunts can be integrated on a
bottom side of an electromagnetic core. In some exam-
ples, E-shaped and/or I-shaped magnetic shunts can be
integrated on both a top side and a bottom side of an
electromagnetic core. In some examples, magnetic
shunts integrated with an electromagnetic core can be
structurally configured to form other shapes (e.g., a U-
shape).

[0061] Figure 8 is a flowchart of an example assembly
process 800 (or simply referred to herein as a process) for
assembling a magnetic assembly according to some
embodiments of the present disclosure. In some exam-
ples, the process 800 can be used to assemble the
toroidal magnetic assembly 100 of Figure 1, the toroidal
magnetic assembly 600 of Figure 6B, and the toroidal
magnetic assembly 700 of Figure 7B.

[0062] The process 800 begins at block 802. At block
802, first one or more windings can be attached to a
housing of an electromagnetic core. For example, first
one or more windings (e.g., the windings 104C of Figure
2) can be attached to the housing 102A of the electro-
magnetic core 102. The housing 102A can be attached to
the housing 102B before the first one or more windings
are attached.

[0063] In some examples, a winding 104C of Figure 5
can be attached to the housing 102A and/or the housing
102B using stack welding techniques. In some examples,
the windings 604 can be attached to the electromagnetic
core 602 using stack welding techniques. In some ex-
amples, the windings 704 can be attached to the electro-
magnetic core 702 using stack welding techniques. For
example, as noted above, the winding 104C caninclude a
U-shaped winding 104C-2 and an I-shaped winding
104C-1. The U-shaped winding 104C-2 and the I-shaped
winding 104C-1 can be joined together in a butt weld
arrangement using stack welding techniques. In the butt
weld arrangement, the U-shaped winding 104C-2 can be
placed on top and the I-shaped winding 104C-1 can be
placed at the bottom (e.g., along a "y" direction that is
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perpendicular to the "x" and "z" direction as shown in
Figure 5).

[0064] Atblock 804, second one or more windings can
be attached to a housing of an electromagnetic core. For
example, second one or more windings (e.g., the wind-
ings 104D) can be attached to the housing 102A of the
electromagnetic core 102. In some examples, similar to
attaching the winding 104C of Figure 5 to the housing
102A and/or the housing 102B, a winding 104D of Figure
5 can be attached to the housing 102A and/or the housing
102B using stack welding techniques such that a U-
shaped winding of the winding 104D and an I-shaped
winding of the winding 104D can be joined together in a
butt weld arrangement.

[0065] Atblock 806, a magnetic shunt can be disposed
to a space that separates the first one or more windings
and the second one or more windings. For example, the
magnetic shunt 106C of Figure 4A can be disposed to a
space (e.g., the space including the gap 502 of Figure 5)
that separates the windings 104C and the windings
104D. The space can be structurally formed by the hous-
ing 102A of the electromagnetic core 102. More specifi-
cally, the magnetic shunt 106C can be disposed in (e.g.,
using glue for gluing the magnetic shunt 106C to the
housing 102A) the cavity 206 (shown in Figure 2) formed
by the housing 102A.

[0066] It should be noted that descriptions above with
reference to Figure 8 focus on examples of using U-
shaped and I-shaped windings that are illustrated in
Figure 2 and/or

[0067] Figure 5 (e.g., the U-shaped winding 104C-2
and the I-shaped winding 104C-1) in the process 800. It
will be understood that other shapes of windings (such as
those illustrated in Figures 6A and 7A) can be used in an
assembly process (e.g., the process 800) and fall within
the scope of the disclosure.

[0068] The foregoing disclosure is not intended to limit
the present disclosure to the precise forms or particular
fields of use disclosed. As such, it is contemplated that
various alternate embodiments and/or modifications to
the present disclosure, whether explicitly described or
implied herein, are possible in light of the disclosure.
Having thus described embodiments of the present dis-
closure, a person of ordinary skill in the art will recognize
that changes may be made in form and detail without
departing from the scope of the present disclosure. Thus,
the present disclosure is limited only by the claims.
[0069] In the foregoing specification, the disclosure
has been described with reference to specific embodi-
ments. However, as one skilled in the art will appreciate,
various embodiments disclosed herein can be modified
or otherwise implemented in various other ways without
departing from the spirit and scope of the disclosure.
Accordingly, this description is to be considered as illus-
trative and is for the purpose of teaching those skilled in
the art the manner of making and using various embodi-
ments of the disclosed display assemblies.

[0070] Itistobeunderstoodthatthe formsofdisclosure
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herein shown and described are to be taken as repre-
sentative embodiments. Equivalent elements, materials,
processes or steps may be substituted for those repre-
sentatively illustrated and described herein. Moreover,
certain features of the disclosure may be utilized inde-
pendently of the use of other features, all as would be
apparentto one skilled in the art after having the benefit of
this description of the disclosure. Expressions such as
"including", "comprising", "incorporating", "consisting of",
"have", "is" used to describe and claim the present dis-
closure are intended to be construed in a non-exclusive
manner, namely allowing for items, components or ele-
ments not explicitly described also to be present. Refer-
ence to the singularis also to be construed to relate to the
plural. Further, various embodiments disclosed herein
are to be taken in the illustrative and explanatory sense,
and should in no way be construed as limiting of the
present disclosure.

[0071] All joinder references (e.g., attached, affixed,
coupled, connected, and the like) are only used to aid the
reader’s understanding of the present disclosure, and
may not create limitations, particularly as to the position,
orientation, or use of the systems and/or methods dis-
closed herein. Therefore, joinder references, ifany, are to
be construed broadly. Moreover, such joinder references
do not necessarily infer that two elements are directly
connected to each other. Additionally, all numerical
terms, such as, but not limited to, "first", "second", "third",
"primary", "secondary", "main" or any other ordinary
and/or numerical terms, should also be taken only as
identifiers, to assist the reader’s understanding of the
various elements, embodiments, variations and/or mod-
ifications of the present disclosure, and may not create
any limitations, particularly as to the order, or preference,
of any element, embodiment, variation and/or modifica-
tion relative to, or over, another element, embodiment,
variation and/or modification.

[0072] Theillustrative algorithms described in connec-
tion with the embodiments disclosed herein can be im-
plemented as electronic hardware (e.g., ASICs or FPGA
devices), computer software that runs on computer hard-
ware, or combinations of both. Moreover, the various
illustrative logical blocks and modules described in con-
nection with the embodiments disclosed herein can be
implemented or performed by a machine, such as a
processor device, a digital signal processor ("DSP"),
an application specific integrated circuit ("ASIC"), a field
programmable gate array ("FPGA") or other program-
mable logic device, discrete gate or transistor logic, dis-
crete hardware components, or any combination thereof
designed to perform the functions described herein. A
processor device can be a microprocessor, but in the
alternative, the processor device can be a controller,
microcontroller, or state machine, combinations of the
same, or the like. A processor device can include elec-
trical circuitry configured to process computer-executa-
ble instructions. In another embodiment, a processor
device includes an FPGA or other programmable device
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that performs logic operations without processing com-
puter-executable instructions. A processor device can
also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a micropro-
cessor, a plurality of microprocessors, one or more mi-
croprocessors in conjunction with a DSP core, or any
other such configuration. Although described herein pri-
marily with respect to digital technology, a processor
device may also include primarily analog components.
For example, some or all of the rendering techniques
described herein may be implemented in analog circuitry
or mixed analog and digital circuitry. A computing envir-
onment can include any type of computer system, includ-
ing, but not limited to, a computer system based on a
microprocessor, a mainframe computer, a digital signal
processor, a portable computing device, a device con-
troller, or a computational engine within an appliance, to
name a few.

[0073] Itwillalso be appreciated thatone or more of the
elements depicted in the drawings/figures can also be
implemented in a more separated or integrated manner,
or even removed or rendered as inoperable in certain
cases, as is useful in accordance with a particular appli-
cation.

Claims
1. A magnetic assembly comprising:

an electromagnetic core comprising a housing;
a first winding at least partially wrapping around
the electromagnetic core;

a second winding at least partially wrapping
around the electromagnetic core, the first wind-
ing and the second winding separated by a
portion of the housing; and

a first magnetic shunt disposed in the portion of
the housing,

wherein the first winding or the second winding
is configured to at least generate a magnetic
field when an electric current passes the first
winding or the second winding, and wherein the
first magnetic shunt is configured to at least
modify a magnetic flux associated with the mag-
netic field.

2. A magnetic assembly comprising:

an electromagnetic core comprising a housing;
a first winding attached to the electromagnetic
core;

a second winding attached to the electromag-
netic core, the firstwinding and the second wind-
ing separated by the housing; and

a first magnetic shunt disposed in the housing,
wherein the first winding or the second winding
is configured to at least generate a magnetic
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field when an electric current passes the first
winding or the second winding, and wherein the
first magnetic shunt is configured to at least
modify a magnetic flux associated with the mag-
netic field.

The magnetic assembly of claim 1 or 2 whereinitis a
toroidal magnetic assembly.

The magnetic assembly of one of the preceding
claims, wherein

a distance of the portion of the housing is between
4.0 mm to 7.0 mm; an/or a distance of the portion of
the housingis determined based atleaston a desired
volume associated with the electromagnetic core
and a desired differential mode inductance asso-
ciated with the electromagnetic core.

The magnetic assembly of one of the preceding
claims, wherein the portion of the housing structu-
rally forms a cavity, and wherein the first magnetic
shunt is sized to fit in the cavity.

The magnetic assembly of one of the preceding
claims, wherein

the first winding comprises an orthogonal plate
winding or a wire winding; and/or

the first winding comprises a U-shaped plate
winding and an I-shaped plate winding that
are joined in a butt weld arrangement.

The magnetic assembly of one of the preceding
claims, wherein

the electromagnetic core comprises silicon
steel, ferrite, or powdered iron; and/or

wherein the first winding comprises copper, alu-
minum, or composite materials.

The magnetic assembly of one of the preceding
claims, wherein a distance associated with the hous-
ing is between 4.0 mm to 7.0 mm.

The magnetic assembly of one of the preceding
claims, wherein the housing structurally forms at
least a cavity, and wherein the first magnetic shunt
is sized to fit in the cavity.

The magnetic assembly of one of the preceding
claims, wherein the first magnetic shunt comprises
a magnetic shunt core and a shunt housing.

The magnetic assembly of one of the preceding
claims, wherein the first magnetic shunt structurally

forms an E-shape or an I-shape.

A process of assembling a magnetic assembly for
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14.
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18
power conversion, the process comprising:

attaching first one or more windings to a first
portion of a housing of an electromagnetic core;
attaching second one or more windings to a
second portion of the housing of the electromag-
netic core; and

disposing a first magnetic shunt to a third portion
of the housing that separates the first one or
more windings and the second one or more
windings.

The process of claim 12, wherein the third portion of
the housing structurally forms at least a cavity, and
wherein disposing the first magnetic shunt to the
third portion of the housing comprises disposing
the first magnetic shunt into the cavity; preferably
wherein disposing the first magnetic shunt to the
cavity comprises gluing the first magnetic shunt to
the third portion of the housing.

The process of one of claims 12 to 13, wherein the
first one or more windings comprise a first winding
that includes a U-shaped plate winding and an I-
shaped plate winding, and wherein attaching the first
one or more windings to the first portion of the
housing comprises joining the U-shaped plate wind-
ing and the I-shaped plate winding in a butt weld
arrangement.

The process of one of claims 12 to 14, wherein a
distance of the third portion of the housing that
separates the first one or more windings and the
second one or more windings is between 4.0 mm to
7.0 mm.
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