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Abstract— Severe electromagnetic interference (EMI) issues in
wide-bandgap (WBG) power electronics systems result in larger
filter sizes to attenuate noise, which compromises the high power
density brought by WBG devices. To mitigate the high-frequency
EMI noises of WBG systems, integrating a common-mode filter
inside the power module is an effective way of managing parasitics
in the noise propagation paths and thereby improving the filter
performance. However, the magnetic core of a common-mode
choke (CMC) takes up considerable height and weight, which
lowers the power density of a module. In this paper, an air-cured
and module-compatible manufacturing methodology is developed
using permalloy-epoxy magnetic composites for the integrated
CMC inside a GaN power module.

The magnetic composite is mixed into a paste texture and can
conveniently mold the power module to form the CMC, improving
the space utilization and power density of the whole module. This
also offers a potential magnetic integration solution for other
WBG power modules or circuits. One of the composites has a real
part of the complex permeability of 13.5 under high frequency
with low core-loss density. A 3-D finite-element model is built to
predict the inductance of the over-molded CMC cured with the
designed magnetic composite. The manufacturing process of the
over-molded CMC is explained and the impact of the magnetic
material on the power module parasitics is analyzed. The benefits
of the over-molded CMC in EMI reduction and power density
improvement are verified by test results, and some suggestions for
future optimization are provided.

Keywords— Common-Mode Choke, EMI, Epoxy, GaN Power
Module Package, Magnetic Composite, Naturally Curable,
Permalloy Powder, Potting

I. INTRODUCTION

The broad applications of wide-bandgap (WBG) devices in
power electronics systems, with increased switching frequency
up to megahertz level, contribute to higher efficiency and
smaller system size compared to their Si-based counterparts.
However, the electromagnetic interference (EMI) noise is
aggravated by more switching commutations and higher dv/dt
[1], which results in a larger EMI filter size for more noise
suppression. To fully take advantage of the benefits of WBG
devices and maintain high system power density, different
methods are explored to mitigate the EMI issues in WBG
systems and lessen the design stress on EMI filters.
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Regarding the EMI noise source, multiple advanced pulse
width modulation methods and improved gate circuits have been
developed to reduce the common-mode (CM) current generated
by the switches [2]. For mitigation methods targeting the EMI
propagation paths, advanced substrates are used in recent power
module packaging designs, and methods of eliminating
parasitics and couplings existing in the EMI filter and the whole
WBG systems are developed and implemented in various
research [3]-[7].

Compared to externally-added EMI filters, integrating a
common-mode filter in the power module package to manage
the parasitics distribution and improve the high-frequency EMI
performance is a new attempt in exploring innovation for GaN
power modules [8], [9]. However, this filter integration
compromises the module’s power density due to the height and
weight increase brought by the commercial core used in the
integrated common-mode choke (CMC). Thus, for the best
space utilization in the power module package, there is a need
for a flexible and module-compatible magnetic realization with
low loss, adequate permeability, and high-frequency stability for
the integrated CMC. Various magnetic composites have been
developed, but either involve electroplating processes or require
high temperature or pressure [10]-[12]. For example, a
permalloy-benzocyclobutene magnetic composite designed for
high-frequency applications in [12] provides a relative
permeability of 26, but it requires a high curing temperature of
250 °C for 30 minutes, which may not be compatible with the
GaN power module package since the recommended maximum
reflowing temperature for GaN devices is 260 °C for only 30
seconds [13].

In this paper, a manufacturing methodology of permalloy-
epoxy magnetic composites is discussed for the CMC
integration with the GaN power module. The magnetic
composites are module-compatible thanks to their room-
temperature and no-pressure manufacturing process, which has
the potential for generalized use in other power modules and
circuits.

In Section II, magnetic characterization tests of the complex
permeability and core-loss density are conducted on the toroid
cores cured with the designed magnetic composites. A 3-D
finite-element model is constructed in ANSYS Maxwell 3D to
correlate the characterization results and predict the inductances
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Fig. 1. Toroidal magnetic-composite core manufacturing process.

of the inductors with magnetic-composite cores cured in various
shapes. The magnetic composite with 85.71 weight percent of
permalloy powder exhibits a real-part permeability of 13.5 and
low core-loss density under high frequency; thus, it is chosen as
the magnetic material for the over-molded CMC of a m-type
common-mode filter (CMF) as well as the potting material for
the GaN power module package.

Section III illustrates the detailed manufacturing process of
the over-molded CMC, and the influence of the magnetic
material on power module parasitics is discussed through
theoretical analysis, simulation, and testing. Design and
manufacturing suggestions are provided for future optimization.

In Section IV, three generations of the power modules with
different CMCs are compared regarding their power densities
and the EMI performance. The power density of the power
module with over-molded CMC is almost twice that of power
modules with toroid CMC and planar CMC, validating the
benefit of the over-molded CMC. The measured CM EMI
performance of the power module with the over-molded CMF
(comprising both the over-molded CMC and the CM capacitors)
verifies the functionality of the over-molded CMC and proves
that the increase of the power density brought by the over-
molded CMC does not sacrifice the power module’s EMI
performance. The conclusion and future work are summarized
in Section V.

II. MAGNETIC COMPOSITE MANUFACTURING PROCESS AND
CHARACTERIZATION

Permalloy powder-325 80 from ESPI Metals with a particle
size of less than 44 microns is chosen for its high magnetic
permeability and low hysteresis and eddy-current loss. Epoxy
resin from PUDUO is selected as the thermoset polymer for its
high market availability and good natural curing characteristics.
Initially, toroidal magnetic-composite cores are produced for
the ease of magnetic characterization. The manufacturing
process is introduced, and the complex permeabilities and core-
loss densities of two magnetic composites with different weight
ratios of epoxy versus magnetic powder are measured in this
section.

Complex Permeabilities of the Two Magnetic Composites
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Fig. 2. Complex permeabilities of the designed magnetic composites.
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Fig. 3. Core-loss density comparison of the designed magnetic composites
and commercial magnetic materials.

A. Magnetic Composite Manufacturing Process

The manufacturing process is illustrated in Fig. 1. First, a
commercial toroid core [14] is placed in the cup, and silicone gel
is poured into the cup and air-cured naturally under room
temperature for a duration of over six hours to make the silicone
mold. The dimensions of the commercial toroid core can be
found in Table. I.

Next, the epoxy liquid is prepared by mixing the epoxy resin
and the hardener in a volume ratio of 1:1, which is then mixed
with permalloy powder by different weight ratios for magnetic
pastes. Subsequently, the magnetic paste is poured into the
silicone mold and shaken to eliminate any trapped air voids.
Finally, the magnetic paste is naturally air-cured at room
temperature for over 8 hours. The completed toroidal magnetic-
composite core, with a weight ratio of epoxy to permalloy
powder of 1:6, is shown in Fig. 1 Step 4.

TABLE 1. ToROID CORE DIMENSIONS [14]
Dimensions Values
Outer Diameter (mm) 25
Inner Diameter (mm) 16
Height (mm) 10
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Dimensions Values
I, (mm) 64.4
A, (mm?) 36
V. (mm®) 2318.4
(b)

Fig. 4. (a) 11-turn toroidal inductor with 1:6 magnetic composite core; (b)
3-D finite-element model of the 11-turn toroidal inductor.

B.  Magnetic Characterization

Magnetic composites with weight ratios of epoxy versus
permalloy powder at 1:2 and 1:6 are produced for comparison
purposes, hereinafter referred to as 1:2 magnetic composite and
1:6 magnetic composite, respectively. The curves of complex
permeability versus frequency for the two magnetic composites
are derived from the inductance measurement method
conducted with network analyzer E5061B (5 Hz-3 GHz) from
Keysight and shown in Fig. 2. The complex permeability of the
1:2 magnetic composite shows a similar trend to that of the 1:6
magnetic composite but with lower values. 1:6 magnetic
composite demonstrates a steady real part p’ of 13.5 up to
around 30 MHz, and the high imaginary part u”” beyond 40 MHz
provides a high impedance, also contributing to the high-
frequency attenuation of the CMC [15].

The core-loss density versus magnetic flux density under
500 kHz and 1 MHz of the two designed magnetic composites,
as well as commercial magnetic materials Kool Mp Hf 60p and
MPP 60p from Magnetics Inc., and ferrite 4F1 from Ferrocube,
are tested under room temperature using method from [16] and
compared in Fig. 3. It can be concluded that among all the
materials tested, ferrite 4F1 presents the smallest core-loss
density at 500 kHz and 1 MHz, attributing to its high-
temperature and high-pressure compressing and sintering
manufacturing process. The designed magnetic composites
present comparably low core-loss densities which are similar to
those of the commercial powder cores. It is worth noting that the
commercial powder cores are fabricated with a pressurized
process, while the magnetic composites described in this paper
involve no pressure during the fabrication. These test results
indicate that the designed magnetic composites offer effective
solutions for high-frequency magnetic integration with low core
loss.

C. Simulation for Inductance Prediction

Based on the magnetic characterization results, 1:6 magnetic
composite is selected as the magnetic material for the over-
molded CMC because of its higher permeability and lower core-
loss density. The material properties are input into ANSYS
Maxwell 3D to build a 3-D finite-element model of an 11-turn
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Fig. 5. Fabrication process of the GaN power module with over-molded
CMF.

Step 1: Solder the CM capacitors Silicone
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v

Flowable Paste of 1:6
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the mold to certain height.
v
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paste under room temperature
for over 8 hours.

v
Step 5: Clean the edges of the over-molded
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Step 1 & Step 2 ¥ Sealin,

Fig. 6. Flow chart for CMF over-molding on the GaN power module
(Fig. 5(e)).

toroidal inductor shown in Fig. 4(b). The simulated inductance
value obtained from the model is 2.01 pH, which closely
matches the measured inductance of 1.91 pH for the inductor
shown in Fig. 4(a), enabling the capability of the model to
predict the inductance of the over-molded choke when
integrated with the GaN power module.

III. GAN POWER MODULE WITH OVER-MOLDED CHOKE

In this section, the module-compatible manufacturing
process of the over-molded CMC is explored. The inductance of
the CMC is determined by comparing the impedance
measurement of the CMF with the simulated results obtained
through parameter sweeping in LTspice. The influence of the
magnetic material on two power module parasitics is analyzed,
and design and manufacturing suggestions are provided for
future optimization.

A. Over-molded Choke Manufacturing Process

The structure and fabrication process of the GaN power
module with a non-over-molded CMC are illustrated in Fig. 5 of
[17]. However, in the manufacturing process of the power
module with over-molded CMC, due to the irreversibility of the
over-molding process, the power module is first tested with
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Fig. 7. (a) Prototype of the GaN power module with over-molded CMF,
(b) m-type CMF structure. (¢) GaN power module PCB top view.

DBC attached before over-molding the CMC to ensure its
electrical function. Thus, the fabrication process of the GaN
power module is optimized as Fig. 5(a)-(e) show, where
Fig. 5(e) is further explained by a flow chart in Fig. 6.

After testing the power module with DBC, the two 3-turn
coupled coils of the CMC hand-wound with magnet wires, and
four 1-nF CM capacitors are soldered on the printed circuit
board (PCB) of the power module. Next, a tube-shaped silicone
mold with a height scale that encloses the area of the over-
molded choke is placed on the PCB. To prevent magnetic paste
leakage, water-proof caulk is applied around the power module
to seal the gap between the silicone mold and the PCB. The
flowable paste of 1:6 magnetic composite is then made and
poured into the mold to a certain height. Finally, the power
module is naturally air-cured under room temperature for over 8
hours.

The finished over-molded CMC with a height of 4.5 mm is
shown in Fig. 7(a). This approach allows the 1:6 magnetic
composite to serve not only as the magnetic material for the
high-frequency integrated CMC but also as the potting material
of'the GaN power module to encapsulate the top side of the PCB.

B. Over-molded Choke Characterization

The characterization procedure for the over-molded
structure, in general, is nontrivial since the choke inductor, as
well as its peripheral components, are connected and
encapsulated, making it difficult to decouple the measurement
results from other components and parasitics. The equivalent
circuit of the n-type CMF over-molded on the GaN power
module is presented in Fig. 7(b). Here, Lcuc and Cy represent
the CMC inductance and CM capacitance (Cy= 1 nF). Lcyr.is 18
a non-negligible parasitic inductance labeled in Fig. 7(c), caused
by the PCB trace that connects the CM capacitors to the heatsink
which is assumed to be connected to the ground. Ports 1 to 5, as
labeled in Fig. 7(a), can be leveraged as filter impedance-

CMF Impedance Measurement and Simulation Result Matching
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Fig. 8. CMF impedance measurement and simulation result matching.

measuring ports. In this case, the impedance of the whole CMF
is measured with network analyzer ES061B across a frequency
range of 1 MHz to 500 MHz, and an LTspice model is
constructed for parameter sweeping to match the impedance
measurement and obtain the inductance of the over-molded
CMC.

To simplify the filter structure and facilitate impedance
matching, Port1 is connected with Port2, and Port3 is
connected with Port 4 and Port 5. The measurement is taken at
Port 2 and Port 5. Since the LTspice model does not incorporate
resistances, the focus of the impedance matching lies in the
resonant frequencies rather than the amplitude. The coupling
coefficient K used in the LTspice model is obtained as 0.7 by
measuring a coupled inductor with the same coil structure as the
over-molded CMC.

According to the parameter sweeping result, Lcyc= 240 nH
is obtained which aligns with the first resonant peak of the
measured impedance curve caused by the resonance of the CMC
inductance and the CM capacitance. This value is lower than the
simulated inductance from ANSYS, mainly due to the limited
volume of the magnetic material and the air voids induced by
the complex and irregular hand-wound coils of the CMC, which
cannot be fully depicted in the simulation model. The value of
Leyr-ns 1s swept from 10 nH to 30 nH to match the remaining
resonant frequency, and it is found that the matching is
optimized when Lcurrs equals 30 nH.

The results of the impedance measurement and the LTspice
model simulation are shown in Fig. 8, where a good match is
achieved using the results of parameter sweeping for simulation.
It should be noted that if there are multiple sets of parameters
that can fit the measurement result, then different structures
should be measured and simulated by connecting the five ports
in different ways to obtain the most optimized set of parameters.

C. Molding Material’s Influence on the Parasitics in the
Power Module

One major concern of magnetic integration in the WBG
power module package is that the magnetic material may impact
the parasitic inductances of the power module and undermine
the power module’s performance. For instance, the power loop
parasitic inductance Lo 1s a parasitic existing in the power
module power loop, which significantly affects the switching
performance of the switching devices, making it an essential
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Over-molded CMC

(b)

Fig. 9. (a) magnetic flux cancellation in vertical power loop of the designed
GaN power module with over-molded CMC, (b) equivalent circuit.

factor to evaluate a power module design. A large Ly, leads to
higher voltage overshoot on the device and worsens the EMI
performance. Therefore, minimizing Ly, is a key design
objective for power modules [18], while including magnetic
material in the package may cause the opposite effect.

This requires some special considerations in the design
phase of the power module package. Forming a vertical power
loop by the switches and the decoupling capacitors is a popular
design method used for power module layout, which utilizes
magnetic flux cancellation to reduce the power loop parasitic
inductance. While the size of the lateral power loop is usually
restricted by the sizes of the components and the required
creepage distance, and cannot be minimized, the vertical power
loop can be seen as two horizontal conductors placed closely in
parallel because of the short length of the vertical traces in a
PCB.

The principle of magnetic flux cancellation is depicted in
Fig. 9(a). Because the currents flowing through the two
conductors are in opposite directions, the two types of magnetic
flux existing in their outer area are also in opposite directions,
realizing the magnetic flux cancellation and effectively reducing
the parasitic inductance [19]. The equivalent circuit is shown in
Fig. 9(b). Compared to a lateral design, the vertical power loop
parasitic inductance Li,op is reduced by 2*M;; as (1) calculates

Lloop =L+ L, —2My, (1

In the designed GaN power module with over-molded CMC, the
magnetic paste only covers the area where the magnetic flux
cancels, while the center area inside the vertical loop where the
magnetic fields superimpose is not affected. Therefore, the loop
inductance is expected to remain similar to that without
magnetic molding.
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Fig. 10. DPT results under 160 V/10 A for (a) power module without over-
molded CMF, (b) power module with over-molded CMF.

The assumption above is validated by both simulations and
measurements. Models of the GaN power modules with and
without over-molded CMC are constructed in ANSYS Q3D
Extractor. The power loop parasitic inductance of the power
module without over-molded CMC is extracted as 1.098 nH
while that of the power module with the over-molded CMC is
1.165 nH. Thus, there is no obvious difference between the
power loop parasitic inductances extracted under both
conditions.

Double-pulse tests (DPTs) are conducted to verify the
simulations. Power loop parasitic inductance can be calculated
by (2) through the DPT, where 7T is the ringing time period,
measured by the time interval of the first and second oscillation
peaks of the turn-off waveform; C,, is the output capacitance
of the device under test, which is 261 pF at 160 V; Cparaisa 1.5-
pF parasitic capacitance caused by PCB traces; and Cpope 1S a
1.8-pF parasitic capacitance caused by passive probe [17].

T2
4"2(Coss+cpara+cprobe) (2)

DPTs are conducted under 160 V/10 A for both power
modules with and without over-molded CMC, as shown in
Fig. 10, to compare the impact of the magnetic material on the
power loop parasitic inductance. For the power module without
over-molded CMC, the time period T is tested to be 2.9 ns,
resulting in a calculated Lo, of 0.806 nH. And for the power
module with over-molded CMC, the time period is tested as

Lloop =
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Fig. 11. Roadmap for power densities of power module with different
CMCs [8], [9].

3.0 ns, S0 Ly is calculated as 0.863 nH. The difference in the
loop inductances between the two cases is relatively minor, with
a difference percentage of 7.07%, indicating that the magnetic-
composite core does not have a significant influence on the
parasitic inductance in the vertical power loop. Besides, the
permeability of the 1:6 magnetic composite is only 13.5 under
ideal conditions. In the real over-molded CMC, it could
potentially be even lower due to the presence of air voids caused
by the complex coil structure and the limited volume of
magnetic material, which is further reduced by the inclusion of
capacitors and coils within the magnetic-composite core.

However, the presence of the magnetic material in the over-
molded CMC does have an appreciable impact on parasitic
inductance from exposed PCB traces, such as the CMF-to-
heatsink parasitic inductance Lcuyr.is caused by the PCB trace
that connects the CM capacitors and the grounded heatsink as
Fig. 7(c) shows. The parameter sweeping result of Lcuris 18
30 nH, which reveals a noticeable increase of Lcyr.ns measured
with the over-molded CMC, compared to the value of 9.6 nH
extracted by ANSYS Q3D extractor without the over-molded
CMC [8]. This increase may undermine the benefit of the CMF
integration, as a small Lcurss is desired for optimal EMI
performance. The reason is that this PCB trace is placed laterally
under and directly contacts the magnetic material with a long
return path. As a result, it is more susceptible to the influence of
the magnetic material, leading to the observed higher value of
Leyrns when the over-molded CMC is present. The behavior
comparison of the two parasitic inductances inspires some
design considerations for the WBG power module with
magnetic integration as illustrated in Section III-D.

D. Design and Manufacturing Considerations

Based on previous analysis, several design considerations
are given below for future optimization of the power module
design and over-molded CMC manufacturing. For the power
module design, vertical loops are preferred when integrating
magnetic materials, which help to mitigate the influence of the
magnetic material on loop parasitic inductance. For lateral loops
that may be affected by the integrated magnetic material,
additional design techniques such as shielding layers should be
applied to the design [20].

LISNs (connected )
to CM separator
ise receiver)

Auxiliary
Power Supply and

and PWM

Generator

Grounded Copper Plate

Fig. 12. CM EMI test setup.

For over-molded CMC design and manufacturing,
improving the design of CMC coils to increase the coupling
coefficient and minimize the complexity of the coil structure is
the next step. The current CMC coils are made by hand-wound
magnet wires, and the two sides of windings are twisted together
to increase the coupling coefficient, introducing air voids within
the magnetic-composite core and leading to reduced inductance.
Curing the over-molded CMC in a vacuum chamber can help
eliminate or reduce the presence of air voids within the
magnetic-composite core, ensuring better performance and
higher inductance. These improvement measures will be
evaluated in subsequent work.

IV. EXPERIMENTAL VERIFICATION OF OVER-MOLDED CHOKE

In this section, the power densities of power modules with
different CMCs are compared to verify the benefit of the over-
molded CMC. The function of the over-molded CMC is
validated by measuring the CM EMI spectra of the power
module with over-molded CMC and comparing them with those
of the power module without CMF and with planar CMC. The
results prove that the over-molded CMC realizes the increase of
the power density while not sacrificing the EMI filtering ability.

A. Power Density Comparison

The roadmap for the power densities of the 10-kW power
module with developing CMCs is shown in Fig. 11, where three
generations are compared with the power module without CMF,
and a clear increase of the power density has been realized by
the power module with over-molded CMC. The dimension of
the power module is 27 mm in length and 18 mm in width. The
height from DBC to PCB is 1.434 mm, which is the same for all
three generations. However, the overall height of each
generation differs due to the components above the power
module PCB. The GaN power module without CMF is
4.934 mm in height because 3.5-mm high decoupling capacitors
are used. The heights for the toroid CMC and the planar CMC
are 6.5 mm and 5.5 mm so the overall heights of Generation 1
and 2 are 11.434 mm and 10.434 mm, respectively.

Notably, for the power module with over-molded CMC, the
decoupling capacitors and the CM capacitors are molded inside
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the 1:6 magnetic-composite core, so only the 4.5-mm height of
the over-molded CMC is added to the total height of the power
module, while the capacitors remain within the core. The over-
molded CMC achieves a better magnetic design and optimizes
the space utilization within the power module, resulting in only
a 1-mm increase in height compared to the power module
without CMF. The power density is nearly doubled compared to
power modules employing toroid CMC and planar CMC,
primarily due to the significant reduction in overall height, as
depicted in Fig. 11.

B. EMI Test Results

In this paper, the frequency range of the radiated EMI is
focused on due to the increasing high-frequency noise generated
by WBG devices. The CM conduction current as the radiation
source is measured by a pair of line impedance stabilization
networks (LISNs) as an indicator of the radiated EMI noise [8].
The CM EMI test setup is shown in Fig. 12. The DC voltage is
applied to the half-bridge power module without loads. The CM
conduction current is generated by continuous hard-switching
operations of the half-bridge under 70 V/80 kHz. The spectra of
the CM voltages, obtained by LISNs’ measurement, are shown
in Fig. 13. The CM EMI noise of the following three cases is
compared under the same test setup and conditions: 1) the power
module without CMF, 2) the power module with planar CMC,
and 3) the power module with over-molded CMC.

As shown in Fig. 13, the power module with over-molded
CMC exhibits good EMI noise attenuation across the entire
frequency range of 30-100 MHz compared to the power module
without CMF, showing that the over-molded CMC serves its
function as an EMI noise filter. And compared to that of the
power module with planar CMC, the CM EMI spectra of the
power module with over-molded CMC have similar but shifted
resonances. This disparity is caused by the different inductances
and coupling coefficients of the two generations of the CMCs.
For future work, the optimization of over-molded CMC
manufacturing is anticipated to increase the inductance, thereby
shifting the resonance peak to a lower frequency range, thus
minimizing its impact on the high-frequency performance of the
CMF.

V. CONCLUSIONS

This paper presented an air-cured manufacturing
methodology of permalloy-epoxy magnetic composites, aimed
at increasing the overall power density of GaN power module
packages with high-frequency integrated CMC. Two types of
magnetic composites, with epoxy and permalloy powder weight
ratios of 1:2 and 1:6, were fabricated and compared, finding that
under room temperature 1:6 magnetic composite has a complex
permeability of 13.5 for the real part, good high-frequency
stability and low core-loss density, making it a good choice of
the CMC’s core material.

The power module with over-molded CMC made by 1:6
magnetic composite was fabricated with CMC coils, decoupling
capacitors, and CM capacitors molded inside the magnetic-
composite core to form an integrated m-type CMF. The
manufacturing process of the over-molded CMC was explained,
and the influence of the magnetic material on two power module
parasitics, namely power loop parasitic inductance and the

Comparison for CM EMI Performance of Power Module with
Different CMCs
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Fig. 13.Comparison of CM EMI spectra for the power module with
different CMCs from 30 MHz to 100 MHz [8].

CMF-to-heatsink parasitic inductance, was discussed through
theoretical analysis, simulation and testing. Based on these
findings, suggestions on power module design and over-molded
CMC manufacturing were provided for future improvement.

The vertical loop can effectively mitigate the increase of the
loop parasitic inductance, underscoring the importance of
realizing a vertical power loop configuration for power modules.
CM EMI tests were conducted for power modules without filter,
with planar CMC, and with over-molded CMC, confirming the
functionality of the over-molded CMC in reducing CM EMI
noise. The power density of the GaN power module with over-
molded CMC was calculated and compared with those of the
power module with other CMCs, validating the high power
density brought by the magnetic integration with the designed
magnetic composite.

In the future, this easy-to-implement air-cured
manufacturing methodology holds potential as a magnetic
integration solution for other WBG power modules or circuits
while maintaining vertical power loops. It would particularly
benefit applications that are more sensitive to the power loop
parasitic inductance, such as point of load module, enabling high
integration and efficiency simultaneously.
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