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Abstract

Addressing the challenges of power electronic systems for more electric aircraft (MEA), an automated
simulation-based workflow is introduced to predict conducted emissions (CE) of a multiphase frequency-
variable bidirectional DC/DC converter. The workflow evaluates over 150 operating points (OPs), iden-
tifying critical electromagnetic interference (EMI) scenarios and defining necessary filter requirements.
The analysis generates results for common mode (CM) and differential mode (DM) emissions, analyzing
the different influences of system parameters such as switching frequency and output power on CE.
These outcomes support the development of a highly optimized power electronic system and enable to

design high-performance EMI filters, ensuring compliance with aviation standards.

1 Motivation

In order to achieve the specified climate targets in
the aviation sector, increasing efforts are being
made in the area of the MEA. With the European
Union strategy for clean aviation aiming for entry
into service by 2035 [1], new challenges arise for
the performance of power electronic systems and
their components (e.g. EMI filters) [2]. High-perfor-
mance systems in the megawatt (MW) range are
needed with low weight, compact size and high
power density. Accordingly, measures must be
taken during the design of power electronic sys-
tems to prevent unwanted interference emissions
in order to ensure the specified safety require-
ments and robustness. The challenge here is to
make an initial reliable prediction of the expected
CE even before a first prototype of the power elec-
tronics system has been built. Knowledge of the
emissions is necessary for designing the required
EMI filter, which can then be integrated into the
overall system during the design phase of the
power converter to achieve the highest possible
power density.

This paper examines a multiphase high-perfor-
mance DC/DC converter for a MEA, which oper-
ates unidirectional as a boost converter at the fuel
cell (FC) or bidirectional as battery interface con-
verter to charge and discharge the battery system
(cf. Fig. 1) [3, 4]. This DC/DC converter is operated
at a variable switching frequency in order to
achieve the highest possible efficiency across the

entire operating range. From these boundary con-
ditions, the questions arise as to how it is possible
to predict CE across the entire operating range at
variable switching frequencies (cf. Fig. 2) and
which insertion losses for CM and DM must the
EMI filter achieve to meet the standards (e.g. DO-
160) across all OPs. Even if the system were avail-
able, performing the necessary measurements of
CE for such a DC/DC converter is very complex,
requires special measuring equipment for this
power range, and is very time-consuming.

Simulation based prediction of CE helps to define
the filter requirements [5]-[7], assess the system
OPs with critical EMI and starting with the filter de-
sign during the design phase of the power elec-
tronic system. This paper presents an automated
EMI simulation workflow as a solution for a com-
prehensive evaluation of the expected CE for a
five phase frequency-variable bidirectional DC/DC
converter with 500 kW output power in a clean avi-
ation application, aiming to define the filter require-
ments across the entire operating range of the sys-
tem.

The paper is organized as follows. Section 2 pro-
vides an introduction to the multiphase DC/DC
converter with boundary conditions and operating
area. Section 3 elaborates on the methodology of
the automated simulation-based workflow. Sec-
tion 4 discusses the results with dependencies on
the system parameters.
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Fig. 1 Topology of the Aircraft Half Bridge Power

Core (AHBPC) with five interleaved phases

2 Multiphase DC/DC Converter

The topology of the used system is hereafter re-
ferred to as Aircraft Half Bridge Power Core
(AHBPC) and illustrated in Fig. 1. The AHBPC
consists of five parallel phases, each implemented
as a half-bridge topology. The maximum inductor
current i max per phase is 150 A, which results in
total of 750 A. The power supply side voltage Vpsu
is in the range from 200 V (minimum FC) to 850 V
(maximum battery) and the traction network volt-
age Vnis in the range from 800 V (minimum but
should be above nominal Vpsy) to 900 V (absolute
maximum), here V1n is set to 850 V. The system
operates in Boundary Conduction Mode (BCM)
with a variable switching frequency fs in the range
of 20 kHz to 140 kHz and in Discontinuous Con-
duction Mode (DCM) with a fixed switching fre-
quency fsw of 140 kHz.

For our considerations the focus is on the BCM
and DCM in boost mode operation, which is the
most frequent use case in this application and the
energy is converted from the power supply side
(PSU) to the traction network (TN) side [3]. In
Fig. 2 the 150 selected OPs are shown which are
used to analyze EMI behavior over the entire op-
erating area at Vi = 850 V and i, max = 150 A with
a maximum power of 120 kW per phase. The se-
lected Vn can be assumed to represent the worst-
case scenario for CM disturbances in boost mode,
since lower voltages result in lower interference
levels. The DCM mode is colored in green and the
BCM mode is shown in blue.

To gain a deeper understanding of the behavior of
the AHBPC, we will first examine the influence of
the switching frequency fsw and the duty cycle & on
the converter behavior within the output power op-
erating range for a single phase shown in Fig. 2.

Figure 3 illustrates the relationship between the
selected OPs with different output powers and the
variable switching frequency fsw by showing the
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Fig. 2 Operating range of the AHBPC for a single
phase with selected OPs (marked with numbers) and
labelled BCM (blue) and DCM (green) areas
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Fig. 3 Output power operating range of the DC/DC
converter for a single phase plotted vs. PSU voltage;
switching frequency fsw for each selected OP (cf. Fig. 2)
added as color-coded third parameter

switching frequency range as a third parameter in
the output power curves. In DCM mode, the
switching frequency is fixed at 140 kHz and the
output power is set by specifying the duty cycle. In
BCM mode, the switching frequency and duty cy-
cle are adjusted so that a triangular current wave-
form without offset is achieved for each phase.
This results in low switching frequencies lower
90 kHz for Vpsy > 600 V in order to reach high out-
put power levels and, consequently, high phase
currents i avg.

In Fig. 4, the duty cycle & is plotted as a second
control parameter across the selected OPs in
color-coded form. Unlike the switching frequency
in Fig. 3, the duty cycle decreases monotonically
over a wide range in Fig. 4, starting at low Vpsu
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Fig. 4 Output power operating range of the DC/DC
converter for a single phase plotted vs. PSU voltage;
duty cycle & for each selected OP (cf. Fig. 2) added as
color-coded third parameter

values and continuing down to small duty cycles at
VPSU =850 V.

3 Methodology and Design Work-
flow

In this chapter the methodology for the automated
simulation-based design workflow including the
description of the individual steps for the AHBPC
is described. The workflow can be divided into
three areas - modeling, automation, and prediction
- and is broken down into a total of nine individual
calculation and analysis steps (cf. Fig. 5). Select-
ing EMI-critical OPs in a frequency-variable sys-
tem and manually simulating individual OPs can
be cumbersome. With the automated EMI simula-
tion workflow, graphical representations can be
quickly generated across a wide range of OPs.
Changes to converter parameters within the oper-
ating range can be implemented flexibly and eval-
uated rapidly. The goal is to provide a tool that
supports EMI filter design and clarifies the depend-
encies of system parameters with regard to EMI.

3.1 Modelling

In the first part of the simulation-based workflow,
the necessary CE simulation models are prepared
(cf. Fig. 5). A functional electrical simulation that
models the characteristic current and voltage
waveforms at various OPs is a useful starting
point. In our case, a double-pulse simulation for
the AHBPC was available in LTspice. In Step 1,
the system components are analyzed with the nec-
essary, non-negligible parasitic properties. This

primarily concerns the power module used, the DC
link, and the inductance of the buck-boost con-
verter. The RF models and the parasitic properties
of the components result from measurements per-
formed on existing components (e.g., using an im-
pedance analyzer (IA)) and from information in the
datasheets of the selected components.

In Step 2, separate simulation models are set up
based on the converter characteristics, divided be-
tween the EMI disturbance modes CM and DM [6].
The relevant converter and system components
are included in the equivalent circuits according to
the respective EMI disturbance modes and sup-
plemented with the exciting Vcm and Ilpw noise
sources. The model also includes a line imped-
ance stabilization network (LISN) in accordance
with the applicable EMC standard, as well as cou-
pling paths and the grounding concept at system
level. For the early prediction of CE, the CM and
DM equivalent circuits are designed such that, on
the one hand, they include all necessary coupling
paths and parasitic characteristics to ensure suffi-
cient accuracy and, on the other hand, are kept as
streamlined as possible so that the modeling and
simulation time for the automated process can be
minimized [5]-[7].

In total, we have developed one CM equivalent cir-
cuit and two DM equivalent circuits for evaluating
the CE in the present AHBPC system. This is be-
cause, in the AHBPC system, the input and output
terminals of the DC/DC converter are located on
the same side of the converter housing and close
to each other due to construction constraints [3].
Furthermore, the negative terminals are con-
nected to each other, resulting in 3 available ter-
minals (see Fig. 6). A tri-port approach is intended,
combining the conventional input and output filters
for the DC/DC converter into a single EMI filter to
be developed. To define the filter requirements,
the CM interference is analyzed across all three
terminals, and the DM interference is analyzed on
the TN side and on the PSU side, resulting in three
equivalent models.

As previously mentioned, the CM and DM disturb-
ance modes are modeled in the equivalent circuits
using parameterizable Vcm and Ipw noise sources.
To model the interference level with sufficient ac-
curacy, the waveform of the noise voltage or cur-
rent is modeled and simulated in the time domain.
With knowledge of the switching frequency (and its
harmonics) present at the evaluated OP, the
. four directive implemented in LTspice is used
for the subsequent automated calculation of the
sought CE levels.

During the development process of the CM and
DM simulation models, a limited verification was
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performed by comparing the simulation results
with CE measurements of a first prototype with lim-
ited power and simplified control methods. The
validation was performed only at low and medium
output power levels at a few individual OPs, but
showed good agreement with the simulated CE
levels.

Through modeling of elements at the device, con-
verter, and system level, as well as the setup of
the CM and DM equivalent circuits including
LTspice instructions and verification, the modeling
step is done, and the simulation can now be em-
bedded into the automatization environment.
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3.2 Automatization

The second part of the workflow focuses on auto-
mating the simulation and evaluating them for var-
ious OPs (cf. Fig. 5). Step 3 defines the operating
area by selecting the converter parameters: power
P, input and output voltages Vpsu, V1N, inductor av-
erage current per phase i avg, switching frequency
range fminmax and specifying the location and num-
ber of the OPs within this defined area, as shown
in Fig. 2.

For each defined OP in Fig. 2, Step 4 uses the
known equations for boost operation to automati-
cally calculate the duty cycle & and zero-current
interval ratio € for DCM mode (in CCM ¢ = 1), the
minimum and maximum inductor current i min/max,
and the switching frequency fsw as a function of the
specified parameters. The calculated values are
used to parameterize the noise sources: the DC-
link voltage, & and ¢, and the switching frequency
are used as input variables for the CM noise
source; the inductor current, the duty cycle, and
the switching frequency serve as parameters for
the DM noise source. To efficiently calculate these
quantities, the input variables are organized as
vectors, and the results are stored in matrix nota-
tion for the range of OPs.

In Step 5, the implemented script automatically
triggers one simulation in LTspice for each defined
OP based on the established result matrix. As a
result, the script receives the simulated and ex-
tracted Fourier coefficients of the CM, DM-PSU,



and DM-TN noise currents, as determined by the
Fourier Series in LTspice. These coefficients are
then evaluated in Step 6 for each OP, and only the
highest noise level is converted into decibel
(dBuA) and stored in the result matrix. Coefficients
below 150 kHz (start of the limit line) are not taken
into account.

3.3 Prediction

In the third part of the workflow, the CE values for
each defined OP are displayed graphically based
on the simulation results obtained in the second
part of the workflow (cf. Fig. 5). We have therefore
decided to display only the highest interference
level for each OP, since superimposing the noise
spectrum of more than three OPs quickly becomes
confusing, and such a representation is of little
help in evaluating the noise of 150 OPs. Accord-
ingly, Fig. 7 shows the highest CM interference
level per OP in gray for all evaluated OPs, rather
than multiple CM interference spectra; in addition,
the CM interference spectrum for OP no. 132 is
shown in blue as an example. The known literature
focuses on single individual OP and thus on a fixed
switching frequency of the system, as shown here
in the example for OP no. 132. It is clear that, for
a spectrum with only one OP, the levels are under-
estimated compared to the results of a frequency-
variable system where all OPs are taken into ac-
count. By adding a color scale to the scatter plot,
e.g. for switching frequency, effects of the DC/DC
converter and its operating parameters on CE can
be highlighted and will be discussed in the next
chapter. Using the implemented script and the
LTspice simulation, the frequency range under
consideration is limited to frequencies below
1 MHz, since the maximum simulated interference
level is restricted to the range between 150 kHz
and the selected maximum switching frequency
for five phases (see Fig. 7). However, the script of-
fers the option of either including additional maxi-
mum values in addition to the highest simulated
noise level per OP or using the order of the ex-
tracted Fourier coefficients (1st, 2nd, 3rd harmon-
ics) for the OPs to cover the frequency range
above 1 MHz. For the sake of clarity, this option
has been omitted here.

The proposed DC/DC converter equipped with the
developed EMI filter should meet the airborne
equipment standard DO-160G section 21-4 for
conducted RF emissions in category L, M & H. The
permissible limits for all categories of this standard
are shown in Fig. 8 and are defined in dBuA using
the current measurement method.

In Step 8 of the proposed workflow, the envelope
is derived from the individual simulated noise lev-
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Fig. 7 Simulated CM interference scatter plot

(gray) for all OPs and as example a single CM CE spec-
trum for OP no. 132 (blue)
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Fig. 8 Limit level for DO-160 standard, section 21-
4, maximum level for power lines

els, and this curve is subtracted from the selected
limit line to calculate the filter requirements. The
corresponding plots will be discussed in Section 4.
Finally, in Step 9 we can derive the required filter
specifications regarding the insertion loss to be
achieved for the CM and DM interference.

For EMI filter design, the frequency range under
consideration up to 10 MHz is sufficient and EMI
filter components can be dimensioned. Hence, the
CE simulation model doesn’t need to be able to
predict the emissions in the MHz range above
10 MHz; moreover, it is not capable doing so,
since EMI in the higher frequency range is primar-
ily caused by inductive and capacitive coupling,
which cannot be determined in an early prototype
stage. It should also be noted that the later inser-
tion loss of the designed EMI filter will not exactly
match the curve shape specified in the filter re-
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quirements; rather, it is determined by the topology
and filter component arrangement. The values of
the filter components are determined by attenua-
tion in the frequency range below 1 MHz and a lit-
tle safety margin is most typically planned into the
sizing of the EMI filter.

The workflow shown allows a system-related EMI
filter design based on the early development sta-
tus of the AHBPC. The authors are aware that the
workflow described here loses some accuracy due
to various simplifications, but provides a quick tool
for the analysis of a frequency-variable system
with many different OPs in a short time and at an
early stage of development, allowing a rough esti-
mation of the filter volume.

4 Results and evaluation

This section will take a closer look at the results
which are generated in the third block of the work-
flow. The results distinguish between CM and DM.

4.1 Common mode interference spectra

In Fig. 9 the results of the simulated maximum CM
magnitude Acw for three different Vtn are shown for
the operating area of the DC/DC converter. The in-
dividual numbered data points in blue for Vv at
850 V correspond directly to the OPs selected in
Fig. 2. The other two scatter plots are for V1 val-
ues at 700 V (orange) and 500 V (green). Various
V1N values are taken into account to analyze the
influence of the DC link voltage V1~ together with
the power semiconductors on the CM interference
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Fig. 10  Output power operating range of the DC/DC
converter for a single phase plotted vs. PSU voltage;
simulated CM magnitude Acm above 110 dBuA for each
selected OP (cf. Fig. 2) added as color-coded third pa-
rameter

spectrum. As shown by the blue values for V1 at
850 V in Fig. 9, OPs with Vpsu larger than 700 V
lead to the highest noise magnitudes. The CM
magnitudes decrease with increasing frequency
and this behavior can be described by the wave-
form of the CM noise source: The CM noise source
is a trapezoidal voltage source with constant V1.
Atrapezoidal signal converted in the frequency do-
main attenuates by 20 dB per decade after its in-
flection point, as can be seen here. The envelopes
of the individual scatter plots depending on Vin
show, that the CM noise levels depend signifi-
cantly on the selected value for Vrn: as the DC link
voltage Vin decreases, the overall interference
level drops across the frequency range under con-
sideration. This is because the amplitude of the
CM noise source is proportional to the applied volt-
age. It should be noted that CM CEs depend less
on the converter parameters (switching frequency,
duty cycle) themselves and more on the system
configuration. Notable factors here include para-
sitic capacitance and inductance of the supply line,
which influence the peak at 280 kHz.

In addition, the resulting simulated maximum CM
magnitudes were superimposed on the selected
OPs shown in Fig. 10. Within the resulting CM
magnitude range of 60 dBuAto 130 dBuA, only the
top third, starting at 110 dBuA, was highlighted in
the color scale. It is easy to see that the maximum
CM magnitudes do not occur at the maximum out-
put powers, but rather at high Vpsy values and op-
eration in BCM mode at low switching frequencies
(cf. Fig. 3); about 78% of the OPs have CM mag-
nitudes Acwmin the range of 90 dBuA to 110 dBuA.
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Fig. 11 Maximum DM-PSU magnitude Aowmpsu for

each selected OP (cf. Fig. 2) plotted vs. frequency; in-
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verter added as color-coded third parameter

4.2 Differential mode interference spec-
tra

In this section, we will now discuss the results of
the two DM equivalent circuits on the TN side and
on the PSU side as well as the influence of their
five phase peak-to-peak (PP) currents on these re-
sults.

The noise sources in the DM equivalent circuits
are current sources. It should be noted at this point
that the waveforms of the DM noise sources in the
time domain correspond to a triangle wave for the
PSU side and a sawtooth wave for the traction net-
work side.

To show the impact of the results, the simulated
DM noise current were evaluated based on their
peak-to-peak (PP) value from the superposition of

the five phase currents and used for the illustration.

The simulation results for the maximum DM mag-
nitude at the PSU side Apmpsu plotted vs. fre-
quency are depicted in Fig. 11. As a third parame-
ter the input current ripple of the five phases at the
PSU side of the DC/DC converter is color-coded
for each OP in a range from 0 A to 250 A. A con-
tinuous color scale across the frequency range is
visible. In DCM operating mode, the simulated DM
magnitudes of the AHBPC remain at 700 kHz
throughout (which is five times the maximum
switching frequency of 140 kHz) with values of up
to 70 dBuA, covering below irppsy values of 45 A.

For a more detailed analysis of ipppsu values be-
tween 45 A to 250 A the illustration in Fig. 12 is an-
alyzed with the simulated maximum DM magni-
tudes Apmpsu superimposed on the selected OPs.
Within the resulting DM magnitude range of
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Fig. 12  Output power operating range of the DC/DC

converter for a single phase plotted vs. PSU voltage;
simulated DM magnitude Apmpsu above 70 dBuA for
each selected OP (cf. Fig. 2) added as color-coded third
parameter
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Fig. 13  Maximum DM-TN magnitude Aowm,t~ for each

selected OP (cf. Fig. 2) plotted vs. frequency; output
current ripple at the TN side irrn Of the DC/DC con-
verter added as color-coded third parameter

50 dBuA to 85 dBuUA, only the top 46%, starting at
69 dBuA, was highlighted in the color scale. Clus-
ters of OPs can be identified, values below
650 Vpsu having an ipppsu Of less than 100 A, and
values above 650 Vpsuy having values of ipppsu Up
to 250 A. Overall, 19% of the OPs have DM mag-
nitudes Apmpsu above 69 dBUA and are located in
the BCM region.

In Fig. 13 the results of the simulated maximum
DM magnitude at the TN side Apm,n are plotted vs.
frequency. As a third parameter the output current
ripple of the five phases at the TN side of the
DC/DC converter is color-coded for each OP in a
range from 20 A to 330 A. In contrast to the results
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in Fig. 11 for Apwmpsu, the distribution of Apm1n in
Fig. 13 does not show a horizontal color gradient
across the frequency range (x-axis), but rather a
vertical color gradient along the interference level
(y-axis).

In addition, the resulting simulated maximum DM
magnitudes ApmTn Were superimposed on the se-
lected OPs shown in Fig. 14. Within the resulting
DM magnitude range of 60 dBuA to 85 dBuA, only
the top 20% of the values, starting at 80 dBuA,
were highlighted in the color scale. Approximately
28% of the OPs have DM magnitudes Apwmtn
above 80 dBuA and are located in the BCM mode
with single phase i_avg currents between 100 A and
150 A. It is evident that the levels increase as the
inductor current rises. Reducing the ripple current
by a factor of two results in interference levels that
are approximately 6 dB lower.

The simulation results and the presented workflow
approach demonstrate that it is possible to identify
the worst case CE across a wide operating range
of the system. The automation allows quick adjust-
ments of system parameters, enabling a focused
analysis on specific sections of the operating area
and facilitating the observation of influences and
results.

4.3 Filter requirements for CM and DM

In this section, based on the previous results from
the workflow in Section 4.2, we will discuss the re-
sulting filter requirements for the tri-port EMI filter
approach mentioned in Section 3.1. As noted
there, we distinguish as before between CM, DM-
PSU, and DM-TN.

Vyy @ 850 V @ 700 V * 500 V

OP - 64—132— 96
=== Envelope
=== Filter requirement

Frequency f (Hz)

Fig. 15  Simulated CM magnitude Acm for TN volt-
ages 850 V, 700 V and 500 V; CE CM spectrum for OP
no. 64, 132 and 96; envelope of the maximum interfer-
ence levels compared with DO-160 limit lines, in special
CAT L, M & H for CM filter requirement

The previous figures show scatter plots for a Vi
voltage of 850 V (blue), as specified in Fig. 2. This
voltage defines the worst-case scenario for CM CE
in boost mode. The following figures are extended
to include lower Vn voltages of 700 V (orange)
and 500 V (green) for additional reference. In ad-
dition, the known limit lines of the DO-160 stand-
ard, as shown in Fig. 8, have been included.

To define the filter requirements (red), the highest
requirement in CAT L, M, and H (black) is used
and compared with the envelope (dark red). Po-
tentially critical EMI OPs for filter design can be
derived from the maximum difference of these
curves. The CE spectrum of these OPs can enable
prediction up to 10 MHz. Likewise, critical points
on the limit line at the transition from the decreas-
ing to the linear region should be examined more
closely.

For the simulated results for CM and DM one sin-
gle OP was analyzed in more detail for each. For
completeness, however, all three CE spectra are
shown in the graphs.

4.3.1

In Fig. 15 a significant peak in the CM scatter plot
is observable, which is attributed to resonance
with the cable model. OP no. 132 was selected be-
cause it exhibits the highest envelope levels. The
spectrum of OP no. 132 decrease with increased
frequency. For the CM part of the EMI filter design,
critical values of 54 dB at 176 kHz and 82 dB at
279 kHz are observed, which significantly influ-
ence the determination of the EMI filter cutoff fre-
quency and CM component values as CM choke
or Y-capacitances.

Common mode filter requirements
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Fig.16  Simulated DM-PSU magnitude Apm,psu for
TN voltages 850 V, 700 V and 500 V; CE CM spectrum
for OP no. 64, 132 and 96; envelope of the maximum
interference levels compared with DO-160 limit lines, in
special CAT L, M & H for DM-PSU filter requirement

4.3.2 Differential mode filter requirements

At frequencies close to the maximum switching
frequency of 700 kHz, Fig. 16 shows an increase
in the DM-PSU filter requirements (red). OP no. 96
was selected as the critical EMI OP because it has
a first harmonic at 657 kHz, and its third harmonic
is therefore at approximately 1.97 MHz, just before
the linear transition of the limit line. It can be seen
that the DM-PSU filter requirement in this range
remains constant at about 35 dB. The DM-PSU
spectrum of OP no. 96 decreases with 40 dB per
decade at increased frequencies, due to the trian-
gular wave noise source in the time domain men-
tioned at the beginning of Section 4.2.

As was already the case for DM-PSU (cf. Fig. 16),
DM-TN also shows in Fig 15 an increase in filter
requirements (red) at frequencies close to the
maximum switching frequency of 700 kHz. OP
no. 64 was selected as the critical EMI OP be-
cause, similar to the previous description, the third
harmonic in the transition region of the limit line
leads to a maximum difference of 55 dB. In con-
trast to DM-PSU, the spectrum for DM-TN does
not appear to decrease with increasing frequency;
the interference levels remain almost constant up
to about 8 MHz. This is due to the sawtooth wave
noise source in the time domain, which attenuates
by only 20 dB per decade in the frequency domain.
It thus becomes apparent that a high, constant DM
filter attenuation of approximately 50 dB is neces-
sary within a broad frequency range from 1 MHz
to 10 MHz.

The DM components of the tri-port EMI filter must
be designed separately due to their different char-
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Fig. 17  Simulated DM-TN magnitude ApmTn for TN
voltages 850 V, 700 V and 500 V; CE CM spectrum for
OP no. 64, 132 and 96; envelope of the maximum inter-
ference levels compared with DO-160 limit lines, in spe-
cial CAT L, M & H for DM-TN filter requirement

acteristics and noise levels in Fig. 16 and Fig. 17.
This ensures that the filter is designed as optimally
as possible and that the DM components such as
DM chokes and Y-capacitors are selected to be as
small as possible.

5 Summary and Outlook

This paper demonstrates an automated, simula-
tion-based workflow for predicting CE in a multi-
phase, frequency-variable, bidirectional DC/DC
converter designed for MEA. The approach com-
prises a three-block methodology: building CM
and DM equivalent circuit models, automating the
process with a script that generates more than
150 OPs, runs LTspice simulations, extracts Fou-
rier coefficients, and identifies the highest interfer-
ence levels (in dBuA) per OP, and predicting CE
using envelope representations up to 10 MHz and
deriving initial filter requirements. The workflow is
readily extensible to other multiphase or fre-
quency-variable DC/DC topologies and to addi-
tional operating modes. CM and DM interferences
and their dependencies on the DC/DC converter
parameters and the selected OP are examined.
The goal is to define quantitative filter require-
ments for a passive tri-port EMI filter in the MW
range enabling efficient and reliable filter develop-
ment.

Looking ahead, the next steps include validating
the inference results by measurements on a pro-
totype to quantify discrepancies between simula-
tion and measurement and to further calibrate the
model. The model will be extended, such as para-



sitic couplings and layout-induced effects, to in-
crease the robustness of filter decisions. Further
publications will provide an overview of the sizing
and development process of the passive filter as
well as CE measurements to validate the shown
workflow and effectiveness of the passive filter.
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