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Introduction. Power electronics devices are among the most widely used equipment in all fields. The increasing performance of 
these devices makes their electromagnetic interference factor very important. On the other hand, electromagnetic compatibility 
research is more and more interested in studies on the sources of electromagnetic disturbances, their propagation paths and the 
methods of reducing these electromagnetic disturbances. The purpose is to study the behavior of the various active power 
components at high frequency as well as the evaluation of their electromagnetic noise by using simulation and experimental 
measurement. Methods. In first time, the simulation was realized with the Lt-spice software which presents many advantages in its 
use and we validate in the second time the results obtained with experimental measurements. We start by study of the behavior of the 
diode, then the behavior of MOSFET transistor and finally the study of the behavior of the IGBT transistor. Results. All the 
simulations were performed using the Lt-spice software and the results obtained are validated by experimental measurements 
performed in the APELEC Laboratory at the University of Sidi Bel-Abbes in Algeria. The waveforms of the current and voltage 
across each component during its opening are presented. The results of the simulations are compared and validated with the realized 
measurements in order to better present the influence of the fast switching of semiconductors on the electrical quantities, which 
causes electromagnetic disturbances in the interconnected electrical system. References 19, figures 19.  
Key words: electromagnetic compatibility, electromagnetic disturbances, high frequency switching of active components, 
experimental measurement.  
 

Вступ. Пристрої силової електроніки знаходяться серед обладнання, що найбільш широко використовується у всіх областях. 
Підвищення продуктивності цих пристроїв робить фактор їх електромагнітних перешкод дуже важливим. З іншого боку, 
при дослідженні електромагнітної сумісності дедалі більше цікавляться джерелами електромагнітних перешкод, шляхів їх 
поширення та методами зменшення цих електромагнітних перешкод. Мета роботи полягає в тому, щоб вивчити поведінку 
різних компонентів активної потужності на високих частотах, а також оцінити їхній електромагнітний шум за допомогою 
моделювання та експериментальних вимірювань. Методи. Уперше моделювання було реалізовано за допомогою програмного 
забезпечення Lt-spice, яке дає багато переваг при його використанні, і вдруге ми підтверджуємо результати, отримані за 
допомогою експериментальних вимірів. Ми починаємо з вивчення поведінки діода, потім поведінки MOSFET транзистора і, 
нарешті, вивчення поведінки IGBT транзистора. Результати. Усі моделювання були виконані з використанням програмного 
забезпечення Lt-spice, а отримані результати підтверджені експериментальними вимірами, проведеними в лабораторії 
APELEC в Університеті Сіді-Бель-Аббес в Алжирі. Представлені осцилограми струму та напруги на кожному компоненті під 
час його відкриття. Результати моделювання порівнюються та підтверджуються реалізованими вимірами, щоб краще 
уявити вплив швидкого перемикання напівпровідників на електричні величини, що викликає електромагнітні перешкоди у 
взаємозалежній електричній системі. Бібл. 19, рис. 19. 
Ключові слова: електромагнітна сумісність, електромагнітні перешкоди, високочастотне перемикання активних 
елементів, експериментальне вимірювання. 
 

Introduction. With the development of new sources 
of renewable energy, more static converters are connected 
to the power network. They supply of the network with 
electric power produced by generators; but in contrast to 
conventional systems, they usually introduce low 
frequency and high frequency (HF) switching harmonics 
[1-5]. These power converters use fast switching power 
semiconductor switches, such as MOSFET and IGBT 
transistors as the preferred switching devices because of 
their various properties, such as higher efficiency, smaller 
size, and lower overall cost, low losses associated with 
switching device. However, the fast switching speed of 
new converter technologies has the potential to cause 
electromagnetic disturbances and high dV/dt [6-9]. 

The orders of magnitude of the commutation 
gradients can vary between 100 to 1000 A/μs for the dI/dt 
and from 5 to 50 kV/μs for the dV/dt. Moreover, very 
high commutation frequency is another factor that 
increases the electromagnetic pollution, as it can vary 
from 100 Hz to 1 MHz. This condition presents a serious 
problem in regards to the Electromagnetic Compatibility 
(EMC) [10, 11]. 

The brutal variations of the voltage associated with 
parasitic elements between the system and the ground 
plane induce disturbing currents in the ground circuits. 

To show the role that a switch can play in the plan 
[voltage V(t) across the switch – current i(t) through the 
switch] Fig. 1 shows: 

 the feature branches where the switch can operate; 
 the branch changes it can provide [10-12]. 

 
Fig. 1. Quadrants of the plan [V(t), i(t)] [13] 

 

The first step of evaluating the conducted emission 
interferences consist of determining the sources of theses 
interferences. For this reason in this work we have made 
an evaluation of the conducted disturbances emitted 
during the HF switching of active components such as the 
diode, MOSFET, IGBT the study is made by simulation 
using the Lt-spice software and the experimental 
measurements by measurement benches carried out at the 
APELEC Laboratory at the University of Sidi Bel-Abbes. 

The purpose of this article is to study the behavior 
of the various active power components at high frequency 
as well as the evaluation of their electromagnetic noise by 
using simulation and experimental measurement. 

Study of the real behavior of active components. In 
this part of the work, the dynamic characteristics and the 
equivalent models of the real behavior for each component 
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studied were presented. These components are: the diode, 
the MOSFET and IGBT transistors. Our objective is to 
know the influence of these elements on some electrical 
quantities at well determined switching times and the 
disturbances generated in the interconnected electrical 
system [13-15]. To do this, we will first study the switching 
cells (Fig. 2), which allows us to describe the operation of 
power electronics structures and also gives us a more 
detailed analysis of switching phenomena [16, 17]. The 
benches used have been developed for many years for the 
characterization of power components in switching whose 
operation has been largely validated by experimental 
measurements. In order to represent the switching 
characteristics of the components mentioned above, we 
have carried out simulations under Lt-spice software, where 
the results are validated by experimental measurements. 

 
Fig. 2. Switching cell and associated waveforms 

 

The main switch is controlled by a periodic 
modulation function fm(t) with Td as the binary period 
value and α = ton/Td as a variable duty cycle. This duty 
cycle modulates the power transfer. For simplification, 
the external switching cell values (E, I0) are considered 
constant while internal ones (Ie, Vk) are taken as variables 
modulated by the fm(t) function [3, 4] 

Study of the behavior of the diode. For the 
identification of the dynamic characteristics of the diodes, 
we used the circuit presented in Fig. 3. 

 
Fig. 3. Simulation diagram for the switching of a power diode, 

(M: IRF740, D: BYT12P1000) 
 

This circuit presents the switching of a 
MOSFET/diode cell, in which the switch is a MOSFET 
transistor of type IRF740 connected with a diode of type 
BYT12P1000. For this simulation, we used directly the 
component models provided by the Lt-spice library. The 
inductance Ld represents the global parasitic inductances 
in the circuit [18, 19]. It is a series inductance introduced 
in particular by the legs of the diode in order to simulate 
the dynamic behavior of the diode. Figure 4 represents a 
photo of the measurement bench to compare the 
simulation results of the voltage across the diode and the 
current through it with the measurements. 
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Fig. 4. Photo of the measurement bench [14]: 

1 – oscilloscope; 2 – pulse generator; 3 – stabilized power 
supply; 4 – amperometric probe; 5 – driver IR2110; 

6 – 12 V regulator; 7 – MOSFET IRF740; 
8 – diode BYT12P1000; 9 – resistance 15,6 Ω 

 
Figure 5 shows the descriptive diagram of the main 

elements used to switch a BYT12P1000 type power diode. 

 
Fig. 5. Descriptive diagram of the test bench 

for switching a power diode 
 

According to the diagram (Fig. 3), we can establish 
the equation that describes the mesh of this circuit [15]: 

DSDdR VV
t
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LV 

d
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,                    (1) 

where VR is the source voltage; VD is the voltage at the 
diode terminal; VDS is the voltage between drain source of 
MOSFET; Ld represents the global parasitic inductances 
in the circuit. 

If the MOSFET does not intervene during switching 
(VDS<<VR), then we have: 
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The simulation diagram has the following 
characteristics: the current If generates by the current 
source If = 2 A, VR = 150 V, Rc = 15.6 Ω; LD = 12 nH. 

Results and analysis. Figures 6, 8 show the 
temporal variations in the blocking of the diode tested 
according to the simulation and measurements, they also 
illustrate the phenomenon of reverse overlap on the 
current and voltage when the diode is blocked. For the 
frequency response, the results are shown in Fig. 7, 9, 
where we note respectively a decrease of amplitude from 
20 dB to –80 dB for the current and a decrease of 
amplitude from 30 dB to –70 dB for the voltage. 
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Fig. 6. Temporal characteristics of the ID current at the opening 

of the diode 
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Fig. 7. Frequency characteristics of the ID current at the opening 

of the diode 
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Fig. 8. Temporal characteristics of the voltage VD at the opening 

of the diode 
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Amplitude, dB 

 
Fig. 9. Frequency characteristics of the voltage VD at the 

opening of the diode 
 

From Fig. 6, 8, we notice a good agreement between 
the simulation results and the experimental measurements. 
We can extract the transient parameters of the studied diode 
such as: VRM – maximum reverse voltage; IRM – maximum 
reverse recovery current of the diode; tRR – reverse recovery 
time. At the beginning, a current If flows in the power diode. 
From the conduction of the MOSFET (M: closed switch, 
VDS = 0), the current in the diode starts to decrease from the 
value If = ID with a slope: 
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The slope is imposed by the inductance LD (VD is 
negligible compared to VR). We obtain the following 
results: IRM = 14,5 A; tRR = 38 ns; VRM = 340 V. 

At the end of recovery, the diode then behaves as a 
nonlinear capacitor in series with the inductance and 
resistance of the circuit, resulting in a damped oscillatory 
response of the system with a rapid decay of the current. 

We have therefore defined with these results the 
transient parameters describing the switching at the 
opening of the diode. It appears clearly the transient 
oscillatory phenomenon whose period is of the order of 
the hundred of nanoseconds. 

For the frequency responses shown in Fig. 7, 9, we 
notice from the conduction of the MOSFET of frequency 
300 kHz, an electromagnetic disturbance created between 
–20 dB and 20 dB due to the variation of current and 
voltage. 

Study of the behavior of MOSFET transistor. 
Figure 10 shows the electrical circuit used to record the 
dynamic characteristics of the MOSFET. In this simulation 
circuit, the inductance Ld represents the overall parasitic 
inductances in the circuit that causes the oscillation when 
the MOSFET opens [15-19]. The simulation results will be 
validated by experimental measurements carried out on the 
experimental bench shown in Fig. 4. 

 
Fig. 10. Simulation scheme used to identify the dynamic 

parameters of the IRF740 MOSFET 
 

According to the diagram presented in Fig. 10, we can 
establish the equations that describe the mesh of this 
circuit. The opening of the MOSFET starts with a decrease 
of the control voltage to zero. Consequently, the voltage 
across this component increases from 0 V to VR. In this 
phase, the current growth rate can be expressed by (4) 
linking the voltage VDS, VR, and the resistances Rc and Rshunt 
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Results and analysis. The waveforms of the current 
and voltage across the MOSFETs during their opening are 
presented in Fig. 11, 13. The results of the simulations are 
validated with the realized measurements. For the frequency 
response, the results are shown in Fig. 12, 14. The simulated 
scheme has the following characteristics: Rg = 100 Ω, 
Rc = 15.6 Ω, LD = 2 µH, VR = 150 V, Rshunt = 1 Ω.  
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Fig. 11. Temporal characteristics of the ID current at the opening 

of the MOSFET 
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Fig. 12. Frequency characteristics of the ID current at the 

opening of the MOSFET 
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Fig. 13. Temporal characteristics of the VDS voltage at the 

opening of the MOSFET 
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Fig. 14. Frequency characteristics of the VDS voltage at the 

opening of the MOSFET 
 

From the results illustrated in Fig. 11, 13, we notice 
that the switching of the MOSFET causes an overvoltage 
with an overshoot Vmax = 170 V and a switching time 
tc very reduced, of the order of ns which implies very 
important dv/dt and di/dt. In addition, an oscillatory 
phenomenon appears after the opening of the MOSFET. 
This phenomenon is explained by the effect of the 
connection inductance in the circuit. It can be said that the 
oscillatory and steep-edge phenomena of current and 
voltage are the cause of electromagnetic disturbances in 
electronic devices. For EMC problems, it is therefore 
essential to define the dv/dt and di/dt and the evolution of 
the current ID and the voltage VDS during the switching of 
the active components. 

From the frequency results illustrated in Fig. 12, 14, we 
notice respectively a decrease of amplitude from 10 dB 
to –100 dB for the current and for the voltage a decrease 
of amplitude from 30 dB to –70 dB. We see in Fig. 14 
that from 30 dB to –30 dB, there is a slight disturbance 
for the voltage VDS. 

Study of the behavior of the IGBT transistor. Figure 
15 shows the electrical circuit used to identify the dynamic 
characteristics of the IGBT under Lt-spice software. 

The experimental bench used for the switching of 
the IGBT remains the same used in Fig. 4, except that the 
MOSFET must be replaced by the IGBT transistor of type 
APT 25GF100BN, in order to visualize the voltage across 
the IGBT transistor and the current flowing through. 

 
Fig. 15. Simulation diagram used to identify the dynamic 

parameters of the IGBT transistor 
 

The study of dynamic behavior of the power IGBT 
transistor in a switching cell allowed us to define the transient 
and frequency parameters of the latter to represent the 
switching phase. The IGBT transistor used in this study is type 
of APT25GF100BN. Figures 16, 18 show the current and 
voltage time characteristics obtained from respectively 
simulation and measurements. Figures 17, 19 show the 
frequency characteristics of respectively the current and 
voltage at the opening of the APT25GF100BN IGBT.  
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Fig. 16. Transient characteristics of the IC current when the 

IGBT transistor is open 
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Fig. 17. Frequency characteristics of the IC current at the 

opening of the IGBT transistor 

t, s

VCE, V 1 
2 1

2

 
Fig. 18. Temporal characteristics of the voltage VCE at the 

opening of the IGBT transistor 
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Fig. 19. Frequency characteristics of the VCE voltage at the 

opening of the IGBT transistor 
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In the simulations carried out, we considered the 
values of the following parameters: Rg = 100 Ω, Rc = 15.6 Ω, 
LD = 2 µH, VR = 150 V, Rshunt = 1 Ω. 

In this study, we used the same switching cell of the 
MOSFET, so the waveform of the current and the voltage 
at the terminals of the IGBT transistor remains similar to 
those of the MOSFET (temporal and frequency), what 
changes are the amplitudes and the frequency of these 
waves. The aspects of the dynamic behavior of an IGBT 
are similar to those of a MOSFET. 

Conclusions. 
1. Numerous electromagnetic disturbances mainly due 

to fast switching of the semiconductors. The disturbances 
propagate towards the power source of the converter and 
towards the load that it feeds and a part of this energy is 
radiated. 

2. An experimental evaluation was presented in this work 
compared by simulation results in order to better present the 
influence of the fast switching of semiconductors on the 
electrical quantities, which causes electromagnetic 
disturbances in the interconnected electrical system. 

3. These disturbances can be minimized by using an 
optimized EMC filter according to the international 
standards of our future work. 
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