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Experimental study of electromagnetic disturbances in common and differential modes
in a circuit based on two DC/DC boost static converter in parallel

Introduction. An electronic control and closing control at the switch (MOSFET) will allow a parallel connection of two DC/DC boost
converters. The reason for paralleling converters is to increase the efficiency of the power conversion process. This means that the overall
power loss on the main switches is half the power loss on the main switch of a converter. It has been proven that DC-DC converters operating
in parallel have different dynamics than a single converter. In this paper, the study is based on a system of two boost converters operating in
parallel under current mode control. Although two converters operating in parallel increase the efficiency of the system, if the control
parameters are not chosen correctly, the system becomes unstable and starts to oscillate. Purpose of this work is to present the analysis of high
frequency electromagnetic disturbances caused by the switching of power switches in DC/DC boost static converters mounted in parallel in
the presence of cables. We will study the improvement of the electromagnetic compatibility performances which can be brought by the choice
of a static converters for industrial use. Methods. For the study of the path of the currents in common mode and in differential mode, it was
possible to evaluate experimentally the electromagnetic compatibility impact in common mode and in differential mode of two boost converters
connected in parallel in an electric circuit in connection with the source through a printed circuit board of connection between the source and
the load, while using the two basic methods, namely the prediction of the conducted electromagnetic interference, the temporal simulation and
the frequency simulation. Results. All the obtained results are validated by experimental measurements carried out at the Djillali Liabes
University Sidi-Bel-Abbes in Laboratory of Applications of Plasma, Electrostatics and Electromagnetic Compatibility (APELEC). The
experimental results obtained in common mode and in differential mode at low, medium and high frequencies are compared between the
parallel boost test with and without electromagnetic compatibility filter. References 17, figures 10.

Key words: DC/DC converter; electromagnetic compatibility; conducted emissions; printed circuit board connection;
electromagnetic disturbances; common mode; differential mode; high frequency.

Bcmyn. Enexmponne kepysanns ma repyéanhs samuxanusm Ha nepemuxaui (MOSFET) Ooszeonsiome napanenvHo niokmouamu 06d
nidsuwgysanvhi DC/DC nepemeopiosaui. Ilpuuuna napaneivno2o niOKmoYeHHs. NEPemeoprosayie noiseac y ni0gUWeHH; eqhekmueHocmi
npoyecy nepemeopenns enepeii. Lle o3nauae, wo 3a2anvHi mpamu HOMYHCHOCMI HA 20I06HUX BUMUKAYAX CIMAHOGTIAMYb NOJIOBUHY 8Mpam
NOMYIHCHOCI HA 20106HOMY 8UMUKAYi nepemsoprosaya. byno dosedeno, wo DC-DC nepemsopiosaui, wjo npayiooms napanieibho, Maioms
[HWY OUHAMIKY, HIdC OOUHOUHULL Nepemeoprosay. Y yi cmammi OO0CHOXMCeHHA 3ACHO8AHe Ha CUcmemi 080X MNIO8UILLYBATLHUX
nepemeoprosayis, wWo npayiorms NAPAIeIbHO Npu YNPasuiHKHi no cmpymy. Xoua 06a nepemeopiosai, wo npayrwms napaiebHo,
nidsuwgyrome KKJ[ cucmemu, ane npu HenpaguibHoMy 6uOOpi napamempie YnpaguiHHs CUCIeMAa CIA€E HECMILIKOK | NOYUHAE 6A2AMUCH.
Memoto danoi pobomu € npedcmasnenHs aHaizy UCOKOYACIONMHUX eNeKMPOMASHIMHUX NEPEeKO0, SUKTUKAHUX NEPEMUKAHHAM CUTOBUX
xuouig y niosuugyeanvhux cmamuynux DC/DC nepemeoprosauax, 6CcmaHoGneHux napanenvho 3a HaseHocmi kabenis. Mu eusuumo
NOKPAWeHHs. NOKA3HUKIE eleKMPOMACHIMHOL CYMICHOCMI, sKe MOdce Oymu GUKTUKAHe SUOOPOM CMAMUYHUX Nepemeoplosayis Ol
npomucnosoeo uxopucmanis. Memoou. /[is1 00CiONCeHHs WXy CIPYMIE Y CUHMASHOMY Ma OUGDEPEHYIATLHOMY DPENCUMAX 80ANOCS
EKCNEPUMEHMANLHO — OYIHUMU — GIIUG  €NeKMPOMAZHIMHOI  CyMiCHOCMI Y cunghaznomy ma  OughepenyianbHomMy —pedlcumax 080X
NIOBUULYBATILHUX NEPEMBOPIOBAYis, BKIIOUEHUX NAPANETbHO 6 eleKMPUYHULL TAHYI02 NPU 3 €OHAMHI 3 0XCepeloM Yepe3 OpYKOBaHy niamy
3’ €OHaHHA MIdIC OdCEPeNoM MA HABAHMANCEHHAM, BUKOPUCTNOBYIOUU 080 OCHOBHUX MEMOOU, 4 Came NPOSHO3YEAHHA KOHOVKMUGHUX
e/IeKMPOMACHIMHUX NEPeUKo0, MUMHACO8e MOOETIO8AHHA MA YaACMOmHe MooentoéanHs. Pesynomamu. Yci ompumani pesynomamu
niomeepodiceni  excnepumenmanshumy  eumiprosannamy, nposedenumu y Dijillali Liabes University Sidi-Bel-Abbes y Laboratory of
Applications of Plasma, Electrostatics and Electromagnetic Compatibility (APELEC). Excnepumenmanshi pe3yibmamu, OmMpumati 6
cungasromy ma OughepenyianbHOMY PedCcUMAax Ha HULKUX, CePeOHIX Ma GUCOKUX YACMOMAX, NOPIGHIOIOMbCSL 3 NAPANETbHUM OPCOBAHUM
mecmom 3 iIbmpom eneKkmpomacHimtol cymichocmi ma 6e3 npoeo. bion. 17, puc. 10.

Kniouosi crosa: DC/DC nepeTBoproBay; eJIeKTPOMArHiTHA CyMiCHICTh; KOHAYKTHBHI MepelKoau; MAK/IIYeHHsS] APYKOBAHOT
IJIATH; eJIeKTPOMArHiTHI NepelKkoau; 3arajJbHuil pexxuM; AudepeHiiHMil peskuM; BUCOKA 4acTOTAa.

Introduction. Switching power supplies are widely
used in modern electronic systems because they allow a
high level of integration, low cost and high efficiency. In
the automotive field, the integrated circuits embedded in
vehicles for chassis or security applications offer all the
power components and control circuits necessary for buck
or boost energy conversion (power less than 10 W) [1-4].

Electromagnetic compatibility (EMC) is a scientific
and technical discipline which finds its justification today
in the problems of cohabitation between industrial
systems and their environment. While these problems
have always existed, they are now becoming increasingly
important due to the concentration in the same
environment of devices or systems with very different
power and sensitivity levels [1, 5].

Electrical systems based on static converters are
designed with an ever increasing level of complexity.
Effects on EMC and signal integrity are observed. The

presence of a printed circuit board (PCB) connection in a
static converter based electrical system is more than
necessary nowadays. The EMC design of PCBs plays an
important role in the electrical interconnections of any
electrical system.

On the other hand, it gives rise to many
electromagnetic interferences (EMIs) conducted and
radiated. The origin of the latter is related to variations in
electrical quantities over short periods of time with high
amplitudes and high frequencies [2, 3, 5].

The static DC/DC converter, which is realized with
the help of controllable on/off power switches such as
MOSFETS, consists of periodically establishing and then
interrupting the source-load link by means of the power
switch [6-8]. The present work is devoted to the study of
low and high frequency conducted electromagnetic
disturbances in common mode (CM) and differential
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mode (DM) generated by two step-up choppers in parallel
in the presence of a connection PCB in the electrical study
circuit. Thus to highlight the disturbances caused by these
converters, we conducted experimental tests on a test
bench consisting of a source + LISN (line impedance
stabilization network) + cable + connection PCB + cables +
+ two converter «Boost» in parallel + cables + load.

Our study presents the comparison of the spectral
envelopes of the currents at the LISN in CM and DM of
the electrical circuit with and without filter for the case of
two boosts in parallel.

Disruptive effect of a step-up chopper on a DC
voltage source. With the advent of dispersed generation,
more and more static converters are being connected to
power grids. They inject the electrical power supplied by
the generators, but unlike conventional electric systems,
they also introduce low and high frequency disturbances.
The objective of this experimental research work is to
study the EMC impact of MOSFET-based step-up
choppers on a DC voltage source in an electric circuit [9].
In order to highlight the principle of creation of low
frequency disturbances by the chopper, we considered the
basic model illustrated in Fig. 1. This model allows us to
determine the LISN current in CM and DM with and
without a filter in a mode where the two boosts are
connected in parallel.

Coil 47uH/8a  Diode MUR 460
" | i J_ "
Battery 15V (T ‘ Load
7 N
7 L A\
MOSFET Capacitor
IRFP250N 630 nF

Fig. 1. Boost chopper circuit integrating the elements [7]

Principle of frequency modeling. The boost
chopper circuit is shown in Fig. 1. The parasitic
inductances and capacitances of the components and
tracks are represented and taken into account in the
simulation because they will modify the propagation of
the HF harmonic currents. These currents are generated
by switching the current and voltage. Figure 2 shows the
waveform of the switched voltage across the MOSFET.

Amplitude (V) Amplitude (V)
i Opam.ﬂ%‘ Closing 1
— Tiate,

T lowver

Fig. 2. Temporal model of the disturbance source [8]

This voltage is the sum of a trapezoidal voltage at
the switching frequency and damped sinusoidal ripples
produced by the parasitic components. The amplitude of
this voltage is determined by the V¢ bus voltage. The rise
and fall times depend on the intrinsic parameters of the
power components and the gate resistance of the
MOSFET [7, 10]. To realize a boost converter it is
necessary to have four electronic components: a coil, a
diode, a capacitor and a switch controllable with the
ignition and the de-ignition typically a transistor (Fig. 1).

By replacing the diode and MOSFET with voltage
sources reproducing trapezoidal and damped oscillatory
shapes, we can simulate CM conducted electromagnetic
disturbances (Fig. 2). In the literature, it is recommended to
replace the switching cell with current sources in the case of
DM disturbances [8, 11].

Analysis of high frequency EMC disturbances
caused by switching. This work is based on the study of
two boost converters in parallel in an electrical circuit
connected to the source via a PCB which is loaded by a
resistor. One of the two boosts used in the electrical
circuit it’s essentially composed of:

e MOSFET IRFP250N;
e Diode MUR460;
e Filter capacitor with its parasitic elements.

Disturbing effect of a boost chopper in an electric
circuit. The electronic structures of energy conversion are
well suited to illustrate the mechanisms of conducted
emissions and provide the building blocks for modeling
these phenomena. The EMC tends to show that it is
necessary to limit the rapid variations of electrical (voltage
and current) and electromagnetic fields quantities, whereas
switching structures generate brutal variations, at least
electrically, to manage the desired energy transfer with
lower losses [10]. Indeed, the switching cell, easily
identifiable in non-insulated structures, represents the
association of two switches, controlled or not. It is the seat
of strong voltage and current gradients [12-14].

Average model of the studied system. The model
must be close enough to the original system so that the
study through the derived model can be performed which
is illustrated in Fig. 3. The two boost choppers are
connected at the input to a LISN [10] (Fig. 4) via a two-
wire shielded connection (cable 1), a connection PCB,
cable 2 and cable 3 and at the output, cables 4 and 5
directly connected to the load (Fig. 4).

L &
Cable 1 Cable 2 Boost 1| Cable 4 R1
I L
S |
cible3 |Boost2] caples | R2
N
Linking PCB

Fig. 3. Block diagram of studied model

For different types of cable lengths upstream and
downstream from the PCB, which is intended for the
connection of cables to supply two static boost converters
in parallel loaded by two resistors there are several
structures for an LISN. The one used in this work is
shown in Fig. 4. It is compatible with international
standards and is the structure available in the laboratory
for the experimental tests carried out [15-17].

. ~EEA
Network Dcwce under Test
We call this branch
1= —l LISN

“H

Fig. 4. Line 1mpedance stablhzlng network [10]
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This paper presents the operation of two DC/DC
boost converters in parallel and what problems this can
cause without changing the cable lengths. Finally, the
possible solutions will be presented, especially the one
applied in this study, which worked well.

Experimental results for sum test measurement
(both boosts connected in parallel). In this case, we supply
both converters boost 1 and boost 2 at the same time, the
electrical data of the study system are: V, =164 V; [;=2.12 A;
Vi, (boost) =14 V; V,,, (boost) =42.1 V; Ry =R, =70 Q
(Fig. 3).

For the test bench, the materials and tools used are:
DC source (AL936N 60 V 6 A);
LISN with Ly=250 uH, C, =1 puF, Cy =220 nF;
L,=50 uH, R, =5 Q;
Two identical boost converters (14 V /42 V);
Two loads 54 Q /5 A;

e Electronic oscilloscope (Tektronix MSO 5204);

e Spectrum analyzer (ROHNDE / SCHWARZ 10 Hz —
3,6 GHz);

o A current probe (Tektronix P6021A);

e Two-wire cables.

Both converters have been sized to switch at a
frequency of 100 kHz. For the measurement of the LISN
currents, a spectrum analyzer and an electronic
oscilloscope were used. It was also necessary to use an
interconnection device to allow reproducibility of the
measurements for the experimental study, the
measurement of LISN current in both DM and CM with
and without a filter according to the circuit Fig. 3.

Measurement without filter. Our study system
follows the circuit (LISN + cable 1 + connecting PCB +
cable 2 + boost 1 + cable 3 + load) in parallel with the
circuit (cable 4 +boost 2+ cable 5 + load), without filter.

Differential mode. For the experimental study, the
measurement of the LISN current in DM following the
circuit (LISN + cable 1 + PCB connection + cable 2 +
boost 1 + cable 3 + load R)) in parallel with the circuit
(cable 4 + boost 2 + cable 5 + load R,) is shown in Fig. 5.
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Fig. 5. Frequency response of the LISN current in DM without
filter for a circuit with two boosts connected in parallel

In Fig. 5 we notice that the signal presents resonance
peaks with amplitudes from 10 dBpA to 10° dBpA
with frequencies from 1 MHz to 100 MHz due to the
disturbances of the switching cell at the level of the two
boosts in parallel and to the impact of the cable parasites.
Not forgetting the impact of the input impedance of the
two converters, as well as the blocked state capacitances
of the semiconductors on the signal.

Common mode. We use the same electrical study
circuit as in the DM (Fig. 6).
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Fig. 6. Frequency response of the LISN current in CM without
filter for a circuit of two boosts in parallel

In Fig. 6, the signal clearly shows resonance peaks
with amplitudes of 10* dBpA to 10® dBpA from 1 MHz
to 120 MHz due to the effects of the parasitic CM
capacitances of the two boosts, and then from 150 MHz
onwards, the signal shows slight EMI due to the inductive
effect of the power cables.

Measurement with filter. Our study system follows
the circuit (LISN + cable 1 + connecting PCB + cable 2 +
boost 1 + cable 3 + load) in parallel with the circuit (cable
4 + boost 2 + cable 5 + load), with filter.

Differential mode. We use the same electrical study
circuit as the one without filter (Fig. 7). Figure 7 shows
the frequency response of the LISN current in DM with
filter for a circuit with two boosts in parallel. The signal
shows resonance peaks with amplitudes of 10~ dBpA to
10" dBpA in the frequency range from 1 MHz to 40 MHz,
which are due to switching disturbances at the boosts and
cable inductances. At 40 MHz, it can be seen that there is
a suppression of the electromagnetic interference due to
the presence of the filter.
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Fig. 7. Frequency response of the LISN current in DM
with filter for a circuit of two boosts in parallel

Common mode. The measurement of the LISN
current in CM with filter according to the circuit (LISN +
cable 1 + connection PCB + cable 2 + boost 1 + cable 3 +
load R)) in parallel with the circuit (cable 4 + boost 2 +
cable 5 + load R,), is shown in Fig. 8. Figure 8 shows the
frequency response of the LISN current in CM with filter
for a circuit of two boosts in parallel whose signal shows
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resonance peaks of amplitude 10~ dBuA to 107'° dBpA
from 1 MHz to 30 MHz due to the inductance of the cables
and the parasitic capacitances in CM of the two boosts,
then from 40 MHz and above, it can be seen that the signal
shows slight EMI due to the presence of the filter.
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Fig. 8. Frequency response of the LISN current in CM
with filter for a circuit of two boosts in parallel

Comparison test in CM with and without filter.
Figure 9 shows clearly the CM comparison test for a two
boost circuit in parallel between the two cases without and
with filter. Figure 9 shows the frequency response of the
LISN current in CM with and without filter, as function of
the disturbances generated by the two boosts. It can be
clearly seen that, over the whole frequency range, the
disturbances of CM with filter (blue spectrum) are largely
minimal and have low amplitudes of the order of 10* dBpA
compared to that without filter (red spectrum) which are
due on the one hand to the effect of the filter, the inductive
effect of the power cables and on the other hand to the
effect of the CM capacitances of the two boosts.
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Fig. 9. Frequency response of the CM LISN current
with and without filter for the two boost circuit in parallel
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Comparison test in DM with and without filter.
Figure 10 shows clearly the comparison test in DM
between the two cases without and with filter.

We notice that there is no concordance between the
two spectra. The spectrum (blue) has less amplitude
because of the presence of the filter, but the signal (red)
has resonance peaks on the frequency range from 1 MHz
to 120 MHz. On the other hand, beyond 150 MHz the two
signals present the same EMI appearance because of the
inductance of the cables and the parasitic capacities in
DM of the two boosts.
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Fig. 10. Frequency response of the LISN current in DM

with and without filter for a two boost circuit in parallel

Conclusions.

1. Experimental results showed that parallel connected
boost converters start oscillating at 1 MHz up to 110 MHz,
but are perfect beyond that. Nevertheless, the overall
electromagnetic compatibility disturbance result for the
«sumy test case of two boosts with and without a filter in
differential and common mode is the main focus, and is
illustrated by the line impedance stabilizing network current.

2. It can be seen that the differential or common mode
capacitive effect generated by the two boosts is very
important. Common mode impedances are usually low
parasitic capacitances and therefore high at low frequencies,
while differential mode impedances are high parasitic
capacitances (negligible compared to the common mode).

3. It can be said that electromagnetic disturbances are
transmitted to the outside of any electrical study system
via various couplings. The objective of this paper was to
present some experimental methods in differential and
common mode, which complement other theoretical
research previously conducted in order to identify and
define the source of electromagnetic interferences that are
generated by parallel boosts in a power system.

4. It can be clearly seen that electromagnetic interferences
will be increasingly lower in filtered differential mode than
in common mode. The experimental results of parallel
converters have been presented as a proof of concept. The
proposed method can be easily applied to support high
power levels. The design of two static DC/DC boost
converters in parallel in an electrical circuit is more than
desirable in relation to electromagnetic interferences
minimization.
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