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Static converters consist of electronic switches, passive components (inductor, capacitor), and resistors, allowing the conversion 

of electrical energy from one form to another. However, the uses of semi-conductor components (MOSFET, IGBT, Thyristor, 

etc.) in switching are generating rapid variations of voltage (dv/dt) and current (di/dt). This leads to high-frequency 

electromagnetic disturbances. This paper presents the study of electromagnetic disturbances conducted in common and 

differential modes in a series chopper by simulation using LTspice software. Experimental measurements validate the obtained 

results. Then, we studied the impact of variation of the switching frequency on the input current and the output voltage of the 

chopper, as well as on the disturbances conducted in two modes, common mode, and differential, by experimental measurements 

in the time and frequency domains. An Arduino program does these variations on the control signal parameters. 

1. INTRODUCTION 

The energy conversion in power electronics consists of 
two complementary phases: the switching by semiconductors 
and energy storage by passive components (capacitors and 
inductors) [1–6]. There are two types of switches: 
controlled switching (MOSFET, IGBT, thyristor, etc. and 
others with uncontrolled switching (diodes). 

Electronic switches are controlled by higher and higher 
frequencies, which generate swift variations of current and 
voltage as a function of time; this causes very constraining 
electromagnetic disturbances [7–11]. These disturbances 
are part of electromagnetic compatibility problems (EMC) 
in power electronics. 

DC/DC converters are a relatively important part of the 
conversion chain. They are widely used in connections to 
storage batteries, photovoltaic systems, wind turbines, 
hybrid systems, and automotive applications [8,12]. 

This paper's main contribution is to study the impact  
of frequency variation on the switching of series choppers 
by experimental measurements of electromagnetic 
disturbances conducted in common and differential modes. 

This paper is organized as follows: in section 2, the main 
factors of the switching cell that can affect the conducted 
electromagnetic disturbances are defined. Section 3 
presents the serial chopper schema under LTspice software, 
and the results are extracted. The circuit is realized under 
PCB to validate the simulation results using the 
experimental measurements. In section 4, we study the 
impact of varying the switching frequency of the MOSFET 
on the conducted electromagnetic disturbances. by fixing 
the duty cycle at 50%. Variation: the Arduino program does 
the frequency. The experimental results are compiled and 
analyzed. In section 5, the conclusion is drawn from the 
simulation and experimental measurements results on the 
impact of variation of frequency of switching MOSFET in a 
series chopper. 

2. SWITCHING CELL 

The cell's switching properties are highly dependent on 
the characteristics of the load, the nature of the active 
switches used, and the type of control. Various factors 

specific to the switching cell can strongly affect the 
converter's spectral signature. 

✓ Switching Time τ 

The switching time is an essential factor in the 

disturbance generation mechanism because it controls the 

"dv/dt" and "di/dt" [13-17], as shown in Fig. 1. 

✓ Switching frequency Fs 

The frequency of switching electronic switches is 

fundamental in energy conversion systems from one form 

to another [10–16].  

✓ Parasitic components of the switching cell. 

In the switching cell, parasitic elements such as wiring 

inductances, semiconductor self-capacitances, and capacitances 

between tracks and reference planes modify the converter's 

electrical functioning, creating repercussions on the 

spectrum [17–19]. 

 
Fig. 1 – Trapezoidal waveform associated with switching [13]. 

3. INTRODUCTION 

3.1. SIMULATION OF A BUCK CONVERTER  

We simulated a buck converter under the LTspice 

software, as shown in Fig. 2. The main elements of the 

LTspice software circuit are the Line Impedance 

Stabilization Network “LISN”, a DC source of 20 V, 

another square source for controlling the MOSFET type 

IRF740, a diode of type MUR460, parasitic elements, and a 

resistor load of value 1.2 kΩ. 
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Fig. 2 – Serial chopper diagram with LISN realized by LTspice software. 

The MOSFET is controlled with a duty cycle of 50% 

and a switching frequency of 10 kHz. The “LISN” device is 

connected to the start of the static converters to measure the 

conducted emissions in common mode and differential 

mode generated by this model 

3.2. EXPERIMENTAL REALIZATION 

The realization of the Buck static converter under a 

printed circuit board (PCB), as indicated in Fig. 3 is 

constituted of the following elements:  

(1) Serial chopper input (+)  

(2) Serial chopper input (–) 

(3) Arduino board input  

(4) Regulator 12 V 

(5) Regulator 15 V 

(6) Capacitors 47 µF, 2.2 µF 

(7) Driver IR2110 

(8) Resistor 1 kΩ 

(9) Diodes 1N4007 

(10) MOSFET IRF740 

(11) Chopper output (Resistance 1.2 k Ω) 

(12) Power diode MUR460. 

 

 

Fig. 3 – Printed circuit board of series chopper. 

When the realization of the chopper was finished, we 

started to realize an experimental bench which is 

constituted by the following elements: a power supply in 

direct current 20 V to feed the chopper, an oscilloscope, a 

spectrum analyzer, and an amperometric probe for the 

measurement and the visualization of the electric 

magnitudes, and the electromagnetic disturbances in 

common and differential mode, a laptop and an Arduino 

card to generate the signal of command of the MOSFET of 

the static converter. The measurement bench realized in the 

APELEC laboratory is represented in Fig. 4.  

Figure 5 presents a descriptive schema of the 

measurement bench of the conducted emissions generated 

by a chopper series. 

 

Fig. 4 – Photograph of the measurement bench of the electromagnetic 

disturbances generated by the buck converter. 

 

Fig. 5 – Descriptive diagram of the bench for measuring electromagnetic 

interference. 

4. EMI MEASUREMENT 

Figure 6 shows the temporal variation of the voltage 

across the load at the output of the converter. Where we 

notice a concordance between the simulation and the 

experimental results, we see that the voltage presents a 

square signal, which depends on the control signal of the 

MOSFET transistor with a duty cycle equal to 50 % of the 

switching frequency f = 10 kHz. 

 

 

Fig. 6 – Temporal voltage response at the output of the series chopper. 

4.1. COMMON MODE 

In the common mode, the current flows in all 

conductors, and the ground returns in the same direction. 

Figure 7 shows the method of measuring the disturbances 

conducted in common mode by the amperometric probe 

[20–22]. 
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Fig. 7 – Descriptive diagram of electromagnetic disturbances in common 

mode. 

Figures 8 and 9 show the time and frequency variation of 

the common mode current obtained by the simulation and 

experimental measurements. As shown in Fig. 8, we notice 

a noise of about two mA with disturbance peaks.  

In the frequency domain, Fig 9 shows an amplitude of 

width –90 dB to –180 dB in the range from 1 kHz to 100 

MHz. We observe a slight disturbance between –90 dB and  

–140 dB in the frequency range from 1 kHz to 1 MHz. 

 

 

Fig. 8 – Temporal variation of the current in common mode. 

 

Fig. 9 – Frequency variation of the current in common mode. 

4.2. DIFFERENTIAL MODE 

In the differential mode, the current flows through a 

conductor to the victim and back through another conductor 

in the opposite direction, as shown in Fig. 10, which 

presents the method of measuring the noise conducted in 

differential mode by the amperometric probe [20–22]. 

Figures 11 and 12 present the current in differential 

mode, respectively, in the time and frequency domains 

obtained by the simulation and the experimental 

measurements.  

 

Fig. 10 – Descriptive diagram of electromagnetic disturbances in 

differential mode. 

In Fig. 11, we notice the variation of the noises that 

depends on the MOSFET's switching frequency between  

–3 mA and 8 mA for the experimental results. In Fig. 12, 

for the frequency domain, we notice a gain of the 

disturbances of amplitude –50 dB for the switching 

frequency f = 10 kHz, then a minimization of the 

disturbances towards high frequencies. 

 

 

Fig. 11 – Temporal variation of the current in differential mode. 

 

Fig. 12 – Differential mode current spectrum of a serial chopper. 

5. IMPACTS OF VARYING THE SWITCHING 

FREQUENCY ON THE MOSFET 

In this part, we are interested in measuring and 

visualizing the impact of variation of the parameters of 

control signal MOSFET in a serial chopper of square shape 

generated by the Arduino board on the noise in common 

mode and differential mode. Table 1 presents the switching 

frequencies that we have used in this work. 
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Table1 

Frequencies generated by Arduino cards 

Frequency 
Duty Cycles 

(%) 

Time turn on 

(µs) 

Time turn off (µs) 

10 kHz 50 48 48 
15 kHz 50 31 31 

20.6 kHz 50 22 22 

145.3 kHz 50 1 1 

 

Figures 13 and 14 show the temporal and frequency 

response of the input current of the buck chopper as a 

function of the frequency variation. We have taken the 

following frequencies, f = 145.3 kHz, f = 20.6 kHz, and  

f = 15 kHz, by fixing the duty cycle at 50%. 

From the obtained results shown in Fig. 13, it is observed 

that with the increase of the control frequency, a very rapid 

oscillation of the current remains in a very low range of 

variation between 4 mA and 5 mA, as indicated in Fig. 13 

by the green color, and the range of variation of the current 

increases with the reduction of the control frequency. 

However, in the frequency of f = 145.3 kHz, interesting 

peaks are observed due to the rapid variation of the current 

as a function of time. In the frequency domain shown in 

Fig. 14, it is consistent that the increase in frequency makes 

the disturbance peaks move away from high frequencies, 

but the noise in the range [145 kHz–100 MHz], which 

means that after the significant switching frequency of our 

test is still more important than other cases of frequencies: 

 f = 15 kHz, f = 20.6 kHz and f = 145.3 kHz. 

 

Fig. 13 – Temporal response of the input current as a function of the 

variation of the frequency of the MOSFET control signal generated by 
Arduino for duty cycle 50 %. 

 

Fig. 14 – Frequency spectra of the input current as a function of the 

variation in the frequency of the MOSFET control signal generated by 
Arduino for duty cycle 50%. 

5.1. COMMON MODE SWITCHING FREQUENCY 

Figures 15 and 16 show the electromagnetic disturbance 

of common mode currents in time and frequency domains 

as function of the variation of the switching frequency of 

the MOSFET, fixing the duty cycle at 50%. 

 

Fig. 15 – Temporal response of common mode current as a function of 
switching frequency variation of the MOSFET for a duty cycle of 50 %. 

 

Fig. 16 – Frequency spectra of common mode current as a function of 

switching frequency of the MOSFET. 

From the obtained results in Fig. 15, we notice that with 

the increase of the frequency, the oscillatory phenomenon 

increases with significant peaks compared to the 

fundamental frequencies, as indicated in Fig. 15. For Fig. 

16 in the frequency domain, we observe the disturbances 

increases with the increase of the switching frequency with 

considerable gains in the range of frequency 100 kHz to 

500 kHz, then minimization of disturbance for all the cases 

of towards the high frequencies. 

5.2. DIFFERENTIAL MODE SWITCHING 

FREQUENCY 

Figures 17 and 18 indicate the temporal and frequency 

response of the current disturbances in differential mode in 

the temporal and frequency domains for various frequencies 

by fixing the duty cycle at 50%. We notice an oscillatory 

phenomenon in the temporal domain with current peaks for 

the frequency f = 145.3 kHz. This phenomenon can be 

explained by the fast variation of switching the MOSFET, 

which causes a variation of voltage and current very fast 

according to time. For Fig. 18, which presents the 

frequency domain, one notices a gain of amplitude –60 dB 

for the frequency of approximately 20 kHz. With the 

increased frequency of switching the MOSFET, for 

example, f = 145.3 kHz, we also observe an amplitude gain 

of –70 dB at the switching frequency. So, we observe the 

conducted disturbances in the first range between [1 kHz – 

145.3 kHz] essential in the case of the frequency is low; 

after the large switching frequency, the noise in this last 

frequency becomes very important, as indicated in Fig. 18 

with f = 145.3 kHz. 
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Fig. 17 – Temporal response of the current in differential mode as a 

function of the switching frequency variation of the MOSFET for a  

duty cycle of 50%. 

 

Fig. 18 – Frequency spectra of the current in differential mode as a 

function of the switching frequency of the MOSFET. 

6. CONCLUSION 

This paper presents a comparative study of the impact 

of varying the switching frequency of the MOSFET by 

fixing the duty cycle at 50 % in the time and frequency 

domains to measure the electromagnetic disturbances in 

common mode and differential mode. 

First, we started by studying a serial chopper under 

LTspice software, then with experimental measurements on 

the serial chopper realized in the laboratory to validate the 

obtained results. Then, we varied the switching frequency of 

control the MOSFET by the Arduino program: f = 10 kHz,  

f = 15 kHz, f = 20.6 kHz, and f = 145.3 kHz, and finally 

measured the conducted electromagnetic disturbances in two 

modes. 

It is concluded that the conducted disturbance in differential 

mode is much more significant than the common mode, as 

well as the increase of the frequency has two different points: 

before the switching frequency, the disturbances are less 

intense, and after the switching frequency, the disturbances are 

increased with essential peaks. For this case, the increase of 

frequency in the electronic systems plays the role of the system 

speed and distancing the disturbances towards the high 

frequencies; therefore, it is necessary to choose well the 

frequency of control of the MOSFET that depends on the 

electrical systems that we use, concerning the requirement of 

the EMC standard. 
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