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Influence of Cable Lengths on EMI Emissions of a DC/DC Converter
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The aim of this study is to evaluate the influence of the position of a DC/DC static
converter between a source and a load with regard to the conducted EMC emissions
measured on the source. An experimental model was established through the analysis
of relevant stresses, such as the variation in the lengths of the source-converter,
converter-load cables and the impact of the shield connection. Through this study, it
was observed that the circuit was sensitive to too large variations in the capacities of
common mode and of the link, and the results obtained make it possible to confirm

the reality of the electromagnetic pollution of the static DC/DC converter "Buck" as
a function of connections. The results of this research can be used in DC/DC
network designs based on buck converters.

1. INTRODUCTION

In recent years, the increase in equipment in automobiles
and the need to reduce fuel consumption has led to the search
for a less mechanical and more electric automobile.

To this end, the distribution of controls has become more
and more electric and as a result a large number of static
power converters are present.

Given this high proportion of converters based on the
semiconductors used operate at higher and higher
frequencies, this generates very restrictive electromagnetic
disturbances.

These disruptions, which are part of the problems of
electromagnetic compatibility (EMC) [1], are attracting more
and more the attention of manufacturers, especially in the
automotive field, which orients a more electric generation
[2].

The generation of electromagnetic disturbances requires
the implementation of an electrical model of electromagnetic
compatibility based on power converters composed of
semiconductors [3].

A set of environmental testing procedures to ensure that all
equipment inside the automobile does not generate
electromagnetic interference that compromises the operation
of the equipment itself and those in its vicinity.

A circuit model for electromagnetic interference (EMI) of
a DC-DC converter has been proposed.

The aim of this article is to use this generic circuit in order
to place an experimental analysis approach of the
disturbances emitted by DC/DC converters ("Buck”
choppers) positioned, by two-wire cables between an LISN
and the load. Therefore, it will be necessary to be able to
identify the parameters of this circuit. This study is part of
the electric power networks embedded complex in a car [4-
9].
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The overall configuration of our system is represented by
the diagram of Figure 1.
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Figure 1. Overall representation of the experimental system

In order to achieve the main objective, experimental
analyzes were carried out on the circuit following several
configurations to validate the identification of the latter.

To solve this problem, this article establishes an
experimental model based on a DC/DC converter "Buck"
which it is connected to the input to the source via a shielded
two-wire cable and to the output to a load via another
shielded two-wire cable.

The electrical energy is transported in continuous form in
the first two-wire link, which can be the seat of conducted
disturbances due to the cutting of the chopper. These
disturbances are measured by the LISN interposed between
the source and the power cable. The load is connected to the
converter via a shielded two-wire cable that contributes to the
parasitic capacitances of the load with the earth, and
therefore to the common mode current generation.

It will be recalled briefly that the disturbances conducted
exist in two modes; common mode (CM) and differential
mode (DM) [10-12]. These propagation paths are favored by
the length of the cables, imposed by the arrangement of the
different parts of the electrical system [13, 14]. According to
several studies, common-mode disturbances are often
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considered to be the most restrictive [15-18]. Thus, on this
theoretical basis, the explanatory diagram of the studied
system is given in Figure 2.
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Figure 2. Full model in CM represented in block

According to several studies, conducted common-mode
disturbances are often considered to be the most restrictive
[19-21].

The results shed new light on the influence of cables in
electrical circuits. The longer the lengths of the two-wire
shielded cables are between the chopper and the source
(LISN), the less disturbances there are and the shorter they
are, the greater the disturbances and the greater the sensitivity
of the circuit to excessive variations in the common mode
capacities.

The rest of this document is organized as follows: Section
2 presents a preliminary study of which we present a
simplified model, therefore we propose an equivalent
diagram based on sources of disturbances to replace
semiconductors in order to fully understand the path of the
common mode current; Section 3 describes the presentation
of the experiment of which we have presented three possible
configurations for predicting EMC disturbances and we will
end with a conclusion and perspectives.

2. SIMPLIFIED MODEL

In order to understand and justify our choice of the electric
circuit based on a serial chopper, we will proceed to a
preliminary study.

The overall model of this set can be reduced to the
equivalent diagram shown in Figure 3. Note that the inductor
L is inserted in the load and not in the chopper. The cable 2 is
therefore subject to high voltage variations.

Cable 1

Chopper
"Buck"

Figure 3. Circuit model connected to an LISN
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In order to fully understand the common mode current
path, an equivalent diagram based on disturbance sources is
proposed to replace semiconductors (Figure 4).
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Figure 4. Model of the circuit connected to an LISN with a
modeled chopper

Before looking at the possible measures, it is important to
remember the context in which the converter works during its
identification.

During the study, we have chosen to work with a
simplified LISN [22-25], for reasons of simplicity of
implementation to stay in the context of the EMC study, and
to carry out measurements.

We start from a simplified study with an LISN, a cablel, a
chopper series, a cable 2 and a load. The two cables are
connected to the test bench mass, sometimes on the LISN
side and sometimes on the load side.

Thus, we will see later the influence of the length of the
upstream and downstream cables on the electromagnetic
disturbances of the studied system. This simplified case is
particularly interesting since the equivalent circuit can be
easily identified.

3. MEASURES AND INTERPRETATIONS

3.1 Presentation of the experimentation

Figure 5. Test bench photograph: Power + LISN + Chopper
"buck" + Load (L =2 X 500 uH, C=8 X 22 uF, R =100 Q)
with an electronic oscilloscope and a spectrum analyzer

The DC-DC static converter in the study is a 100 W Buck
chopper with an input voltage of 24 V for an output voltage
of 12V.

Figure 5 shows a photograph of the test bench used which
comprises a power supply, an impedance stabilization



network (LISN), a "buck" chopper and a load (L =2 x 500
pH, C = 8 x 22 puF, R = 100 Q). An electronic oscilloscope
and a spectrum analyzer were used for the measurements.

The Buck chopper is connected as input to an LISN via a
two-wire shielded link (cable 1 of length L1-1) and output on
a fixed load via another shielded two-wire link (cable 2 of
length L2-2). (Table 1).

Table 1 shows the different lengths of the two-wire
shielded cables used.

Table 1. Core length values

LISN side Load side

Length Cable 1 Cable 2
5m
L1-1 25m X
5m
L2-2 X 25m

Tests have also been done by either connecting the
shielding of the cables or not to the plan of mass.

To visualize all temporal and frequency responses, an
electronic oscilloscope and a spectrum analyzer were
respectively used (Figure 6). Only the frequency responses
will be presented in this study.

LISN

Vol
oltage |_Im
Zenerator |

Cable
Chopper —=Load

Oscilloscope

Figure 6. Block diagram of the manipulation

3.2 EMC disturbance prediction

To see the difference between the different results, we
superimpose the two configurations as follows:

3.2.1 Configuration 1
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Short cable LISN side
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Figure 7. Frequency response of the LSIN voltage

L1-1=5m,L2-2=25m

L1-1=25m,L2-2=5m

The masses of the cables: 1 and 2 are not connected.

Figure 7 shows the frequency behavior of the LSIN
voltage as a function of the influence of the chopper (buck)
and the cables 1 and 2 (without connection to ground).

Several remarks must be made from this result:

The Ist spectrum (in red) for a long cable 1 between the
source and the chopper is overall reduced, it is the impact of
the CM capabilities of this source-side cable that reduce the
disturbances measured on the LISN.

The 2nd spectrum (in blue); for a short cable 1 between the
source and the chopper, the overall level is increased since
the CM capacities of the load (including those of the cable 2
which is long) are larger, and those of the source are reduced.
We also noticed the appearance of a resonance frequency
peak at 5 MHz and 10 MHz, which is due to the CM
capacities and the inductance of the cable 2.

3.2.2 Configuration 2

The same handling as the first case is maintained with the
same cable lengths, but this time only the cable shield 1 is
connected to the mass (Figure 8). The CM capabilities of this
cable are therefore increased.
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Figure 8. Model of the circuit connected to an LSIN with a
chopper modeled and the cable 1 connected to the ground
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Figure 9. Frequency response of the LISN voltage whose
shielding of the cable 1 is connected to the mass of the test
bench



Figure 9 shows the frequency response of the LSIN
voltage as a function of the influence of the chopper (buck)
and the shielded two-wire cables whose shielding of the cable
1 is connected to ground.

We see that for the 1st spectrum (in red), for a long cablel
between the source and the chopper, is reduced as compared
to the Ist case which confirms the positive impact of CM
capabilities.

For the second spectrum (in blue), it is noted that the
increase in the length of the cable 2 generates an increase in
common mode capabilities and therefore the spectrum. There
is also a reduction in the frequency of resonance peaks due to
this increase in CM capabilities.

3.2.3 Configuration 3

The same handling as the first case is maintained with the
same lengths of the cables, but this time the shields of the
two cables 1 and 2 are connected to the mass of the test stand
(Figure 10).
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Figure 10. Model of the circuit connected to an LISN with a
chopper modeled and the two cables 1 and 2 connected to
ground

Figure 11 shows the frequency response of the LISN

voltage whose shielding of the two cables 1 and 2 is
connected to ground
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Figure 11. Frequency response of the LISN voltage whose
shielding of the two cables1 and 2 is connected to ground

29

The 1st spectrum (in red) for a long cablel between the
source and the chopper is reduced compared to the 1st and
2nd cases. This is the most favorable case since the common
mode capacities are maximum. In addition, the disturbances
are directly replugged by the shields of the two cables
connected to the mass and no longer pass through the LISN.
Thus, the more cable 1 is long, the more resonance peak is
reduced to 5 MHz.

The influence of the mass with respect to the
electromagnetic disturbances is perfectly distinguished, from
which the cable 1 acts as CM filtering, whereas the cable 2
emits disturbances in CM.

4. CONCLUSION

The objective of this work was to understand how and why
the connecting cables between the LISN source and the DC-
DC static converter have an influence on the EMC
disturbances and how to minimize them. The longer the
length of the two-core shielded cables between the chopper
and the source (LISN), the less disturbances there are and the
shorter they are the more disturbances are important.

The cable between the power supply and the converter has
arole of filtering in CM, while the cable between the chopper
and the load emits disturbances in CM, the longer it is the
more there are strong transmissions of common mode.

Thus we have seen in our example that the circuit was
sensitive to too large variations in common mode capabilities
and link. As a result, the cables were connected to the ground
and the effect of the latter on the minimization of the IEM
was seen.

The results obtained make it possible to confirm the reality
of the electromagnetic pollution of the DC/DC "Buck" static
converter as a function of the connections.

In terms of perspectives, it seems essential to carry out the
study of a DC/DC network made up of converters which
have been studied in simulation in a circuit under other forms
of links (single-wire, twisted, etc.) with new conductive
materials.
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