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This paper studies the radiated interference of the near electric
field (E-Field) generated by a series chopper, particularly in the
main components of the converter: the IR2110 driver, IRF740
MOSFET, and MUR460 diode, using Rohde & Schwarz probes in
the frequency domain (FD) by using a spectrum analyzer. The
chopper is supplied by a 20 V DC source, and the control signal
is a square wave. First, we determine the electrical diagram of
converter DC/DC using LTspice software, then implement it on a

MOSFET PCB, in order to quantify the electric field on all the electronic
components on all the components. Then the impact of variation
the frequency of the commutation the MOSFET was determinated.
The following frequencies were used while keeping the duty cycle
fixed: 5 kHz, 10 kHz, and 145.3 kHz. Then, we varied the duty
cycle, selecting the following values: 75%, 50%, and 25%, while
keeping the frequency fixed at 10 kHz. The variation of the series
chopper control signal parameters (frequency and duty cycle) is
managed by an Arduino program. The results demonstrate that
probes with larger surface areas capture a stronger field than
those with smaller surface areas. future work, we will study the
near magnetic field, and all the parameters that influence
magnetic emissions
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1 Introduction

DC/DC converters have extensive applications in connecting storage batteries, photovoltaic systems, wind
turbines, hybrid systems, and automotive applications. These converters comprise active and passive electronic
components [1-4]. With the increasing use of electronic switches controlled at high frequencies, rapid changes
in current (di/df) and voltage (dv/dr) occur, resulting in significant electromagnetic disturbances [5-9]. These
disturbances are a part of the electromagnetic compatibility (EMC) issues faced by power converters, affecting
their performance and reliability.

A chopper is a DC/DC converter able to convert a fixed DC voltage or current at a given level into a variable
DC voltage or current at another level [10].

As shown in Figure 1, a voltage with a variable average value is obtained by periodically connecting and
disconnecting the load from the source by means of switches.

Static DC/DC converters consist of active electronic components like such as diodes, MOSFETs, and
transistors, as well as passive components such as inductors, capacitors, coupling elements, and parasitic
elements. Each of these elements can contribute to electromagnetic disturbances, which can be conducted
through cables in common and differential modes or radiated through electromagnetic emissions in the air.
These disturbances are inherent to the operation of the converter and can impact the electromagnetic
compatibility of the system [11-14].

* Corresponding author
E-mail address:abdelhakim.zeghoudi@univ-sba.dz



A. Zeghoudi, A. Bendaoud: Experimental measurement of the electric near field on the buck converter 115

E(v) Va ()

Ud Udc o T T o B
— N
0 1(s) i

Figure 1. Basic principle of a Chopper.

When studying the radiation of an electromagnetic source, the concept of the radiated field is introduced.
When analyzing the radiation of the electromagnetic field, two regions are distinguished: the near-field zone
and the far-field zone [15-16].

Near-field scanning (NFS) techniques, as per the guidelines outlined in IEC 61967-3, have gained
widespread recognition and extensive industrial applications for effective electromagnetic compatibility
(EMC) design and control [13, 17]. These techniques involve the precise placement of one or more field probes
in close proximity to the device under test (DUT) and their systematic movement across a defined surface (2D)
positioned above the tested object. To capture the radiated near field, either a spectrum analyzer (SA) or a
vector network analyzer (VNA) is used in the frequency domain, or an oscilloscope is employed in the time
domain. Utilizing these methods, valuable information regarding electromagnetic emissions can be obtained,
enabling compliance with EMC standards and facilitating efficient design and performance optimization [12-
14], [18-21].

Recent studies on electromagnetic interference (EMI) in high-frequency DC-DC converters highlight the
importance of characterizing near-field emissions. Zhang et al. showed that power cables significantly
influence radiated emissions in an isolated converter[22]. Lai et al. revealed that near-field emissions strongly
depend on the switching frequency and circuit geometry[23]. Finally, Boyer et al. proposed a method to predict
common-mode conducted emissions from near-field mapping, facilitating the design of electromagnetically
compatible systems[24]. Yang et al. modeled near-field emissions of converters based on a monopole antenna,
allowing prediction of low-frequency radiation[25]. Lai et al. studied radiated emissions from inductors in
electric vehicle converters, proposing a predictive model[26].

The objective of this work is primarily to analyze the radiated electric emissions in the DC/DC converter,
particularly in the following electronic components: the IR2110 driver, the IRF740 MOSFET, and the
MURA460 diode. The rest of this paper is organized as follows: Section 2 describes the electrical diagram of
the converter, followed by the PCB implementation, and presents the measurement technique for the near E-
field in the components of the series chopper at various MOSFET switching frequencies and duty cycles. In
Section 3 presents and discusses the results of the near electric field measurements for all the components
mentioned above, focusing on the IR2110 driver and its variation with the control frequency. Section 4 shows
the electric field at points A and B, located beneath the diode and the MOSFET, as a function of frequency
variation and duty cycle to analyze the obtained results. Finally, Section 5 presents the main conclusions of
this work

2. Methodology
2.1 Experimental Setup

Figure 2 shows the electrical diagram in LTspice software, which consists of the following elements: the
IR2110 driver, the IRF740 MOSFET, the MUR460 diode, and the 5V and 12V regulators. The serial chopper
supplied by a DC source of value 20 V and The series chopper is supplied by a 20V DC source, and its square-
wave control signal is generated by the Arduino board. The load is a 1.2 kQ resistor.

Figure 3 shows a photograph of the experimental setup for measuring the near electric field in a series
chopper, which consists of the following equipment: a spectrum analyzer and a Rohde & Schwarz electric
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probe to measure and visualize the electric field, an oscilloscope to display the MOSFET control signal
generated by the Arduino board, and a chopper powered by a DC source.

Figure 4 presents a descriptive diagram of the near electric field measurement technique around the Buck
converter, focusing on the diode, the MOSFET, and the IR2110 driver, with one analysis based on frequency
variation and the other on duty cycle variation.

MOSFET or other switch is used in a DC/DC converter, rapid switching creates voltage variations in the
circuit. These voltage variations generate a dynamic electric field. Assuming that the voltage variation V(t) is
localized, the component of the electric field due to this variation can be approximated by :

E(r) = dv(t) 1
O="3 3

Where:
dV(t) is the variation in voltage V(t) over a time interval dt due to switching,
d is the distance between the elements of the circuit where the field is measured.
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Figure 3. photograph of the near electric field measuring bench.
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Figure 4. Descriptive diagram of the E-Field measuring bench.
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2.2 Measurement Procedure

Figure 5 shows the positions of the E-Field measurement points using the RSE10 electric probe above the
series chopper, specifically at point A (x = 0.5 cm, centered on the diode), point B (x = 0.5 cm, centered on
the MOSFET), and at the center of the IR2110 driver.

d=0.5 em

Figure 5. Position of the measurement points of the nearby electric field in the Buck converter.

2.3 Frequency and Duty Cycle Variation

Table 1 presents the control signal frequencies of the MOSFET generated by the Arduino board. The
selected frequencies are 145.3 kHz, 10 kHz, and 5 kHz, with the following duty cycles: 75%, 50%, and 25%.
The signal waveform used is a square wave.

Table 1. Different duty cycles and frequencies generated by the Arduino board.

Frequency (kHz) Duty cycle (%)

75
5 50
25
75
10 50
25
75
145.3 50
25

The APELEC laboratory is equipped with two types of electric field probes manufactured by Rohde &
Schwarz: (1) RSE02 and (2) RSE10. These probes are depicted in Figure 6.
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2.4 Measurement Points Selection

The RSEO02 probe is designed to detect E-fields emitted by bus structures, large components, or power
supply structures. These fields can potentially cause electromagnetic interference (EMI). The RSE02 probe
has a detection area on its bottom surface, measuring approximately 2 cm % 5 cm, as shown in Figure 6.

The RSE10 probe, on the other hand, is equipped with a narrow electrode, allowing the selection of a single
conductive track from a bundle of tracks that are only 0.2 mm wide. This capability is illustrated in Figure 11.
The light-colored probe tip provides a noticeable contrast with the dark green PCB (printed circuit board) [22].

Figure 6. Probes of type ROHDE SHWARZ, probe (1) RSE 02, and probe (2) RSE-10.

The electric field is measured in three components (Ex, Ey, and Ez), as shown in Figure 7, all of which
must be considered. Dipole probes are used to measure the electric field. These probes are specifically designed
to measure a single component of the electric field. The orientation of the dipole determines the direction of
the measured electric field.

¥ Circuit under test ¥ Circuit under test "% Circuit under test
Ex Evy Ez

Figure 7. Design and positioning of near field probes for the measurement of all components.

3. Results and Discussion
3.1 Influence of Frequency on EMI
A. Nearby Electric Field above IR2110 Driver

Figure 8 shows the near electric field close to the whole component at z = 0 cm at the center of driver IR2110
for the frequency f = 145.3 kHz, and the duty cycle is 50 %. A greater field is observed in the components Ez
and EX compared to Ey at -65 dBm for frequency f = 50 MHz, with a subsequent reduction towards the
frequency f= 100 MHz.
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Figure 8. Measured E-Field of all components at z = 0 cm at the center of the driver for the frequency f=
145.3 kHz, and the duty cycle 50%.

Figure 9 shows the electrical emissions as a function of the variation in amplitude z above the driver center
for a frequency of f= 145.3 kHz. It is observed that with the increase in distance between the driver and the
electric probe, the electric field reduces. For the component Ey, A very weak reduction is observed a very slight
reduction with the increase in amplitude z, as shown in Figure 10.

Figure 11 shows the electric field £z as function of the variation in amplitude above the center of Driver
IR2110. It is noted that the measured electric field is greater than that of the other components. Additionally,
we observe a reduction in electrical emissions as the distance from the measurement point increases.

Electrical Near Field(dBm)

- 100M 200M 300M 400M 500M
Frequency (Hz)
Figure 9. E-Field Exas a function of the distance above The driver center for the frequency f= 145.3 kHz
and duty cycle of 50%

Electrical Near Field (dBm)
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Figure 10. E-Field Ey as a function of the distance above the driver center for The frequency f = 145.3 kHz
and duty cycle of 50% .
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Figure 11. E-Field Ezas function of the distance above the driver center for the frequency f=145,3 KHz and
duty cycle of 50 %.

Figure 12 shows the EZ component of the electric field as a function of the variation in the MOSFET
switching frequency, where radiated emissions increase with frequency, starting from about 50 MHz.
However, beyond this point, emissions weaken.
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Figure 12. E-Field E7 as function of the variation of the frequency of MOSFET control at z= 0 cm at the
center of the driver.

In this part, the nearby electric field of the component £ on the surface of Driver IR2110 was measured by
RSEO02 probe as shown in Figure 13.

Figure 14 presents the electrical emissions £. measured by the probe RSE(02 according to the variation of
the frequency of the switching of the MOSFET to z = 0.5 cm above the driver IR2110. It is observed that the
radiated emissions are significant and exceed the CISPR 11 standard limit, followed by a reduction at higher
frequencies.

Figure 13. Nearby electric field measurement on the IR2110 driver surface.
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Fig 14. E; field measured by the RSEQ2 probe as Function of the variation of the MOSFET control
Frequency at z= 0.5 cm above the driver surface.

Figure 15 shows the impact of varying the duty cycle of the MOSFET switching frequency at z = 0.5 cm.
No variation in the radiated emissions is noted in relation to the variation of the ratio, while a reduction is
observed towards the higher frequencies.

Electrical Near Field (dBm)
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Figure 15. Ezfield measured by the probe RSEQ2 as fucntion of the variation of the duty cycle f=145.3 at d =
0.5 cm above the driver surface.

Figure 16 shows the impact of variation of the amplitude between the driver IR2110 and the electric probe
RSEO2. it is observed that as the distance increases, the electric field decreases. This can be explained by the
distribution of flux lines in the air.
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Figure 16. E; field measured as function of the variation of the distance above the driver surface for the
frequency = 145.3 kHz and duty cycle 50%
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B. E-Field above the Diode

The measurement of the electric field for all components around the diode type MUR460 was initiated. The
impact of distance variation and the frequency variation of the control signal in the chopper series were
analyzed. Next, the impact of variation of the duty cycle is studied. Figure 17 presents the electric field
measured by the probe RSE10 of all the components for the frequency f= 145. 3 kHz, and the duty cycle is
equal to 50%. It is observed that the electric field is very low. However, the EZ component is stronger than the
EY and EX components at 50 MHz (-65 dBm), followed by a rapid decrease towards 100 MHz. Beyond this
frequency range, the electric field is negligible.

Figures 18, 19 and 20 show the electric field of all components Ex, Ey, Ez respectively as function of the
variation of the distance between the measuring point and the diode terminals in the X direction. It is noted that
as the measuring point increases, the electric field decreases. However, this reduction is minimal due to the
small surface area of the measuring dipole. A further reduction occurs towards 100 MHz, and beyond this
frequency, the electric field is negligible.

Electrical Near Field (dBm)

0 TOOM 200M 300M 400M 500M
Frequency (Hz)

Figure 17. electric field of all components measured by the probe RSE10, at point A for the Frequency
f=145.3 KHz, and Duty cycle 50%.
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Figure 18. Exfield as function of the variation of the distance to the diode at point A for the frequency f =
145.3 kHz.
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Figure 19. E, field as function of the variation of the distance to the diode at point A forthe frequency f =
145.3 kHz.
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Figure 20. E- field as function of the variation of the distance to the diode at point A for the frequency f =
145.3 kHz.

Figure 21 presents the electric field £z as function of the variation of the control frequency of the MOSFET
at point A. A peak in the radiated emissions is observed, exceeding -65 dBm at the frequency f = 145.3 kHz.
followed by an alignment between the three cases beyond 100 MHz
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Figure 21. E; field as function of the variation of the MOSFET control frequency at point A.

Figure 22 presents the electrical emissions measured by the probe RSE02 at the surface of diode and
MOSFET in the direction X at x = 0 cm between the electric probe and the diode. The near electric field
measured presents the field emitted by the diode and the MOSFET, and the output of series chopper.
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Figure 22. Position of the measuring probe RSEQ2 in the X direction.

Figure 23 shows E field as function of the variation in distance between the RSE02 probe and the diode in
the X direction for the frequency f = 145.3 kHz, where it is clearly seen with increasing distance, the electric
field reduces. So, the eclectric noise exceeds the limit of CISPR 11 class A. Next, a reduction at higher

frequencies.

Figure 24 shows the electric field at d = 0 cm in the X direction as function of the variation of the switching
frequency of the MOSFET. It is noticed that a peak in electric noise at 50 MHz exceeding -40 dBm, followed
by a reduction at higher frequencies, with oscillations observed between 200 MHz and 500 MHz.

Electrical Near Field (dBm)

Electrical Near Field (dB)

Frequency (Hz)
Figure 23. E-Field Ez as function of the variation of the distance X to the diode and MOSFET for the

frequency f= 145.3 kHz.
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Figure 24. E-Field Ez as function of the variation of the switching frequency of the serie chopper at x=0 cm

with respect to the diode and MOSFET
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C. Near Electric Field above the MOSFET

In the second part, the electric field emitted by the MOSFET terminals at point B was measured across all
components. Figure 25 illustrates the electric field measured by the RSE10 probe at point B for the frequency
f=145.3 kHz, with a duty cycle of 50%. It is observed that the maximum of the EX component exceeds the
other components at f= 50 MHz, attributed to the terminals being oriented in the X direction, followed by a
reduction towards 100 MHz.

__________________________________

——————————————————————————————————

Electrical Near Field (dBm)
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Figure 25. Electric field of all the components measured by the RSE10 probe, at point B for the frequency f=
145.3 KHz, and duty cycle 50%.

Figures 26, 27 and 28 present the impact of variation the distance between the point of measurement and
the center of MOSFET type IRF740 on the near electric field for f= 145.3 kHz in all components Ex, Ey and
E7 respectively. It is observed that the electric field is very weak due to the small surface area of the
measurement dipole, making the impact of field variation with distance minimal.

Electrical Near Field (dBm)
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Figure 26. Exfield as function of the variation of the distance to the MOSFET at point B for the frequency f
= 145.3 kHz.
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Fig 27. E,field as function of the variation of the distance to the MOSFET at point B for the f = 145.3 kHz.
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Figure 28. E.field as function of the variation of the distance to the MOSFET at point B

for the frequency f = 145.3 kHz.

Figure 29 presents the electric field at the point B according to the variation of the frequency of
commutation. We notice that the near electric field measured in the MOSFET at d = 0.5 cm by the probe
RSE10, and in the diode at d = 0.5 cm (Fig. 21) almost identical. So, A peak in the radiated emissions is noted,
exceeding -67 dBm at the frequency f = 50 MHz. These emissions increase with frequency, then rapidly
decrease up to 100 MHz, after which the electric field becomes insignificant.

Electrical Near Field (dBm)
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Fig 29. Ex field as function of the frequency variation of the signal at point B.

From the obtained results, it can be concluded that the near electric field depends on the variation in distance
between the measurement point and the circuit under test. The measured components (X, Y, and Z) are
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influenced by the MOSFET switching frequency variation, duty cycle, and the measurement dipole surface
area.

4 Conclusion

In this study, A method for measuring the near electric field was explored using available probes in the
frequency domain, specifically employing a spectrum analyzer along with the serial chopper. The study
focused on electronic components such as the IR2110 driver, IRF740 MOSFET, and diode, examining their
behavior in relation to distance variation and the switching frequency of the MOSFET. Additionally, the impact
of varying the duty cycle on the electric probes available in the laboratory was analyzed. The findings reveal
that probes with larger surface areas capture a more significant field compared to those with smaller surface
areas.
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